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Introduction

Barrett’s esophagus (BE) identifies the replacement of the 
esophageal squamous mucosa with a metaplastic specialized 
intestinal columnar type epithelium, extending at least one 
centimeter above the gastroesophageal junction (1,2). It is 
thought to occur as a consequence of chronic injury, likely 
mediated by acidic reflux from the stomach. 

The significance of BE lies in being the strongest risk 
factor and precursor of esophageal adenocarcinoma (EAC), 

arising as the end result of a stepwise transformation 
from metaplasia to dysplasia (low grade and high grade) 
to adenocarcinoma. Dysplasia is defined as neoplastic 
epithelium that is confined to the basement membrane 
and the use of the descriptors “low grade” or “high grade” 
is based upon the severity of architectural distortion, seen 
histologically. Advancing age, increasing Barrett’s segment 
length, and endoscopic irregularities of the mucosa (e.g., 
nodules, ulcers) are risk factors for dysplasia (1,2). 

The risk of EAC is proportional to the degree of 
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dysplasia, and survival in EAC is stage-dependent. Patients 
with non-dysplastic (ND) BE or low-grade dysplasia (LGD) 
were enrolled in a prospective Dutch multicenter study 
that aimed to identify predisposing factors for the onset 
of EAC on BE and it emerged that the risk of developing 
EAC is predominantly determined by the presence of 
LGD. In fact, patients with ND Barrett esophagus and 
no other risk factors (esophagitis, BE longer >10 cm and 
BE >10 years) had a risk of malignant progression of <1%, 
whereas those with LGD and at least one other risk factor 
had a risk of developing high-grade dysplasia (HGD) or 
EAC of 18–40% (3).

Afterwards, another Dutch multi-center study confirmed 
that the presence of LGD in BE is associated with a 
markedly increased risk of malignant progression. In 
particular, it has been reported that, for patients with BE 
with confirmed LGD, the risk of HGD/EAC was 9.1% per 
patient-year, while patients with ND BE had a malignant 
progression risk of 0.6% and 0.9 % for patient-year, 
respectively (4).

Based on this evidence, which has been confirmed in 
other studies (5-7), medical societies currently recommend 
no treatment but regular endoscopic surveillance at intervals 
of 3 to 5 years for ND BE with the aim of identifying 
suspicious areas for dysplasia and acquiring histological 
confirmation. (8,9). The currently available international 
guidelines recommend ablative treatment in the case of 
LGD or HGD on random biopsies of BE without visible 
lesions aiming to reduce the risk of progression towards 
EAC (8,9). Table 1 summarizes current recommendations 
for surveillance and treatment of BE.

In addition, ablative treatment is also recommended 

in the case of residual BE after endoscopic removal [by 
endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD)] of visible dysplastic lesions, 
with the objective of preventing recurrence and/or 
metachronous neoplastic lesions (8,9). 

Among ablative treatments for BE, at  present, 
radiofrequency ablation (RFA) is the most widely available 
and used technique. A specific catheter applies the 
radiofrequency, which heats intracellular water to induce 
cell necrosis of the target mucosa. Catheters can have a 
balloon or a pad on the tip and are available in different 
sizes. Some RFA generators deliver power in a “stepwise” 
algorithm that provides lower starting power that increases 
(i.e., from 5 to 10 W/min) gradually. As concerns technical 
aspects, there are several FDA-approved RFA devices on the 
market: the main differences are the power of the generator, 
the technique used to maximize treatment volumes, size 
of the needles, and the electrical parameters that can 
be monitored. The rate of efficacy of RFA, in terms of 
complete eradication of dysplasia (CE-D), varies from 90% 
to 95% (10-14); while minimally lower rates are observed 
with respect to complete eradication of intestinal metaplasia 
(CE-IM) (10-14). The most common adverse event (AE) 
reported is esophageal stricture formation, followed by 
bleeding, retrosternal chest pain and perforation. Stricture 
formation after RFA occurs in around 5% of the patients 
and often requires subsequent endoscopic dilatation (14). 
Cases of buried glands with evidence of sub-squamous IM 
on surveillance biopsy have also been reported in a few 
studies (10-14). 

To date, RFA is not able to guarantee a complete ablation 
success and a certain amount of patients, estimated to be 

Table 1 Current recommendations for surveillance and treatment of Barrett’s esophagus

BE Surveillance interval Treatment

Non-dysplastic BE

≥1, ≤3 cm 5 years Not indicated

≥3, ≤10 cm 3 years Not indicated

Dysplastic BE

LGD visible lesion – Endoscopic resection (EMR, ESD)

LGD without visible lesions Re-evaluation after 6 months, if confirmed treatment is indicated Endoscopic ablation (i.e., RFA)

HGD visible lesion – Endoscopic resection (EMR, ESD)

HGD without visible lesions Re-biopsy, if confirmed treatment is indicated Endoscopic ablation (i.e., RFA)

LGD, low-grade dysplasia; HGD, high-grade dysplasia; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; 
RFA, radiofrequency ablation.
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around 10%, does not reach the CE-IM (10-14).
Recently, further endoscopic techniques that employ 

thermic energy to remove the metaplastic tissue, such as 
argon plasma coagulation (APC) and cryotherapy, and 
others, such as hot avulsion and EndoRotor, are emerging 
as alternative treatments. Their efficacy with the particular 
indication of treating BE is under investigation and, beyond 
treatment success, the potential risk of post-therapeutic 
AEs, in particular stenosis, is yet to be evaluated. 

We aim to provide a review of the current evidence about 
the novel endoscopic technologies in the treatment of BE, 
focusing on new ablative techniques, and to discuss their 
limitations, advantages and potential implementation.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/aoe-20-76). 

Methods

A PubMed search was conducted up to August 2020 to 
identify relevant studies about novel ablation techniques 
for BE.

The search for studies of relevance was performed 
using the following text words and corresponding Medical 
Subject Heading/Entree terms when possible: “Barrett’s 
esophagus”, “argon plasma coagulation”, “hybrid-argon 
plasma coagulation”, “treatment of Barrett’s esophagus”, 
“Endorotor”, “hot avulsion”, “cryotherapy”. Studies 
reporting data animal models were not also considered for 
data presentation and discussion. Studies not published in 
the English language were excluded. All papers presented in 
our review have been published between 2008 and 2019.

Discussion

Hybrid-APC (H-APC)

APC is an alternative ablative technique for residual 
BE and is effective in reducing neoplasia recurrences, 
compared to surveillance alone over a follow-up of 2 years, 
as demonstrated by randomized clinical trials (RCTs) (15). 
However, the development of post-treatment strictures 
requiring endoscopic dilatation is a relevant major AE, 
occurring in about 9% of patients (15). Furthermore, after 
APC, as well as after RFA, a certain rate of buried Barrett’s 
glands that remain below the newly formed squamous 
epithelium has been reported (16). These glands are 
associated with a potential risk of neoplastic progression (16). 

H-APC is a new arising technique that involves 
submucosal fluid injection (e.g., 0.9% sodium chloride 
solution, with or without supplementation of epinephrine) 
prior to performing APC. It was first reported by Norton 
et al. and Fujishiro et al. as an alternative technique for 
BE ablation, aiming to reduce the depth of thermal injury 
(17-19). Usually, the technique involves a high pressure 
needleless submucosal injection of saline via a built-in water 
jet within the APC catheter itself. In an initial randomized 
ex-vivo study evaluating the tissue effect after H-APC, 
the coagulation depth was halved compared with standard 
APC and no thermal injury to the proper muscle layer was 
observed (20). 

So far, literature data and studies on H-APC, both 
as a primary modality and after RFA failure, are mostly 
derived from small cohorts. In their pilot study, Manner 
et al. included patients treated with H-APC who had a 
residual non-neoplastic Barrett’s segment of at least 1 cm 
after endoscopic resection of early neoplasia. The authors 
assessed a macroscopically complete remission of 96% 
and a histological eradication of dysplasia of 78%, after 
a median of 3.5 sessions of H-APC. Furthermore, in this 
study the rate of stricture formation was estimated at 
2%, and buried Barrett’s glands were observed in 7% of 
patients. Minor AEs of H-APC were observed in 22% of 
patients (e.g., retrosternal pressure/pain, heartburn and 
odynophagia) (21). Effectiveness and safety of H-APC 
has been also investigated prospectively in a small 
cohort in Russia. Twelve patients (mean age 54 years;  
range, 40–68 years) with BE (median length C1/M2) with 
LGD were selected for H-APC. Complete macroscopic 
BE ablation was achieved after a mean of 3.4 treatment 
sessions; the rate of histologically complete Barrett’s 
ablation was 100% after a mean follow-up of 4.5 months. 
No perforations, no uncontrollable bleeding, or strictures 
occurred (22).

In a US series of patients with BE refractory after 
Barrx RFA, the investigators performed H-APC, reaching 
a complete eradication in 5 of 6 patients (23). None of 
the patients developed immediate (e.g., bleeding and 
perforation) or late complications, such as dysphagia or 
strictures (23). From the above-mentioned preliminary data, 
H-APC appears safe and effective in the treatment of RFA 
refractory Barrett’s mucosa (23,24).

In a more recent cohort pilot study, the efficacy of H-APC 
in the treatment of BE was evaluated both in naïve and 
previously treated patients (59% prior RFA, 18% EMR, 
12% cryotherapy and 35% naive) (25). The treatment 
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protocol was different from previous reports as they used 
an EMR-cap to allow stability, better visibility and a more 
precise focal distance for APC application. Moreover, after 
submucosal injection, APC was applied to all visible Barrett’s 
areas; coagulated tissue was removed with the cap and 
water jet and then a second application of APC at a lower 
energy setting was carried out. In the short-term follow-
up, 17 of 22 patients (77%) achieved CE-IM and there 
were two treatment-related strictures (9%) that required 
a single balloon dilation with no other complications (25). 
The investigators concluded that H-APC showed efficacy, 
tolerability and a safety profile similar to RFA ablation (25). 
Taking into account the differences in terms of expense 
between H-APC and other modalities for Barrett’s ablation, 
this technique may represent a favorable cost-effective 
profile (25).

Currently, in Germany and in the Netherlands, a multi-
center study is evaluating if the safety profile and the 
promising effectiveness of H-APC observed in the pilot 
study of Manner et al. can be confirmed. An abstract of 
the first 3 months follow-up data has been presented at 
United European Gastroenterology Week 2018. Patients 
diagnosed with visible lesions and/or cancer underwent a 
combination of resection (EMR/ESD) plus a maximum 
of five H-APC sessions, while ablation was performed 
exclusively on patients with neoplastic BE (LGIN/HGIN) 
without visible lesions. After a 3-month follow-up 126 of 
164 included patients (109 males, mean age 64 years) have 
completed therapy, and short-term eradication rates were 
92% [116/126]. Some immediate complications occurred, 
such as bleeding in five patients and one case of perforation 
treated conservatively by clipping. There were six reported 
cases of strictures that required a single balloon dilation. 
Despite a relatively short follow-up, H-APC appears to be 
feasible and safe and may have a similar effectiveness and 
safety profile as RFA ablation with a short-term efficacy of 
around 90% (26).

The final results of this large prospective study are 
pending; in addition, RCTs directly comparing H-APC 
and RFA are required to validate these emerging data. In 
this respect, a US multi-center RCT (clinicaltrials.gov 
NCT03621319) is in progress in patients with BE after 
EMR of visible lesions, with the aim of comparing H-APC 
and RFA in terms of rate of stricture-free eradication of 
dysplastic BE at 12 months follow-up, post- operative pain  
(7 days after procedure) and cost-effectiveness. 

To date, a direct comparison with RFA is available only 
for standard APC in patients with BE and HGD or EAC: 

this study has reported similar dysplasia and BE clearance 
at one-year of follow-up (CE-D 83.8% vs. 79.4% and CE-
IM 48.3% vs. 55.8%, respectively). As concerns adverse 
effects, stricture rate was documented by 8.3% and by 
8.1% for RFA and APC, respectively, while, buried BE 
glands were observed in 6.1% and 13.3% of the patients, 
treated with RFA and APC, respectively. Finally, the study 
authors performed a cost analysis of these two procedures 
and estimated RFA-costs to be over $27,000 per case more 
than APC (RFA mean cost $33,170 vs. APC mean cost 
$5,678) (27).

Cryotherapy

As an alternative ablative technique, or in case of BE 
refractory to RFA, cryotherapy represents one of 
the modalities of choice. In contrast to RFA, which 
directly applies heat, cryotherapy induces necrosis of 
the target tissue through the employment of a cryogen. 
The application of cryogens causes multiple cycles of 
freezing and thawing, inducing immediate cell injury by 
intracellular and extracellular ice formation. Delayed effects 
include microvascular injury, with subsequent anoxia and 
stimulation of cytotoxic T-cells leading to apoptosis and cell 
death (28).

Currently, the available cryogens used in clinical practice 
are liquid nitrogen (LN) (TrueFreeze Cryospray, CSA 
Medical, Lexington, Massachusetts, USA) and nitrous oxide 
(NO) (Coldplay CryoBalloon Focal Ablation System, C2 
Therapeutics, Redwood City, California, USA). In terms 
of costs, cryotherapy is comparable to RFA. Moreover the 
cryotherapy delivery systems are a rather easy technology 
for physicians: 5 to 10 treatment sessions allow for a 
physician to become comfortable performing this ablative 
treatment.

In 2016 the production of cryotherapy platforms that 
used liquid carbon dioxide as a cryogen (Polar wand, GI 
Supply, Camp Hill, PA, USA) ceased; therefore data related 
to this technique will not be reported in this review.

Liquid nitrogen 
LN is delivered through a catheter passing through the 
operative channel of the endoscope. The LN rapidly 
expands into a gas and freezes tissues at temperatures down 
to −196 ℃. The site is frozen for a total of two cycles that 
last for 20 seconds each, with 45 seconds of pauses between 
each cycle, which allows for re-cooling. The non-contact 
delivery enables the ablation of areas with an irregular 
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surface such as nodules, masses and plaques. 
Data about the efficacy of LN-cryospray (LNC)-based 

ablation have been endorsed by meta-analysis, both for first-
line treatment and rescue treatment after failure of RFA. 
A recent systematic review with meta-analysis including 
12 studies (n=386) assessed a pooled rate of CE-IM at 
56.5% (95% CI: 48.5–64.2%) (29), while the estimated 
pooled CE-D rate and complete eradication of HGD (CE-
HGD) were 83.5% (95% CI: 78.3–87.7%) and 86.5% 
(95% CI: 64.4–95.8%), respectively (29). These outcomes 
were achieved both in naïve and non-naïve patients, with 
slightly higher rates in the subgroup of naïve patients. 
Cryotherapy has been also demonstrated to be effective as 
a rescue therapy in patients with previous failure of RFA 
(CE-IM 58.4%, 95% CI: 47.2–68.8%) (29). In this analysis 
the pooled rate of AEs was calculated at 4.7% (95% CI: 
1.6–12.9%), with esophageal stricture and chest pain the 
most reported AEs, confirming the safety profile of this 
technique (29). 

Currently, few retrospective studies have been published 
regarding the long-term clinical success and the safety of 
cryotherapy.

Gosain et al. retrospectively observed 100% [32/32] of 
CE-D and 84.4% [27/32] of CE-IM at 2-year follow-up in 
patients treated with LNC every 8 weeks until CE-HGD 
and CE-IM. At a median last follow-up of 37 months (range, 
24–57 months), the authors assessed CE-D and CE-IM at 
97% and 81%, respectively (30). In this study, complete 
eradication of both metaplasia and dysplasia were similar to 
those estimated for a 2-year follow-up after RFA (30). 

Moreover, in a further retrospective single-center study, 
the efficacy of LNC was evaluated in terms of CE-HGD, 
dysplasia and intestinal metaplasia at 5-year follow-up in 
patients with BE-HGD/intramucosal adenocarcinoma. 
Among the 40 patients included, complete CE-HGD, 
CE-D and CE-IM were seen in 93%, 88% and 75% of the 
patients respectively. Incidence rates of recurrent intestinal 
metaplasia, dysplasia and HGD/EAC per person-year 
of follow-up after initial CE-IM were 12.2%, 4.0% and 
1.4%, each, and most of the recurrences were observed 
immediately below the neo squamocolumnar junction. 
These results underline the efficacy of LNC in the 
treatment of BE over the long-term, which is a fundamental 
feature for the management of eventual recurrences (31).

Robust evidence from clinical trials and meta-analysis has 
established RFA as a safe and highly effective endoscopic 
ablation for BE, with the consequent need to compare any 
other ablative therapy with RFA. 

At present, data are sparse and do not allow for 
establishing cryo-ablative modalities as inferior or superior 
to RFA, especially in treatment-naive patients. A head-to-
head prospective trial aiming to directly compare RFA and 
cryotherapy is warranted. To date, an RCT (clinicaltrials.
gov NCT01961778) comparing Barrx RFA vs. LNC 
(TrueFreeze Cryospray) in patients with HGD/EAC BE is 
ongoing and is investigating both treatment success (defined 
as CE-IM) and safety. 

Among the available data, a retrospective analysis 
including 154 patients (73 RFA and 81 cryotherapy), 
comparing cryotherapy (LN cryotherapy) and RFA for 
Barrett’s dysplasia or IMC was conducted by Thota et al. 
The authors assessed a superior efficacy of RFA since, 
on multivariate analysis, patients in the RFA group had a 
threefold increased odd of having CE-IM than those who 
underwent LN cryotherapy [odds ratio (OR) 2.9, 95% 
confidence interval (CI): 1.4–6.0, P=0.004]. However, in this 
study CE-D were comparable in the two treatment groups 
(OR 1.7, 95% CI: 0.66–4.3, P=0.28). A possible selection 
bias might explain these results, as the patients treated with 
cryotherapy were older and less likely to have undergone 
EMR (32).

Finally, a possible technical advantage of cryotherapy 
that may find a specific indication in the future is the ease of 
use in a dilated esophagus.

Nitrous oxide
Newly arising as an implementation of the traditional 
cryotherapy technique, the cryoballoon focal ablation 
system employs NO; the cryogen contacts the balloon 
resulting in the freezing of the targeted mucosa. 

The balloon catheter, measuring 3.7 mm, is passed 
through the operative channel of the endoscope and 
attached to a handle that contains a cartridge with liquid 
NO. When pressing the trigger, the balloon is insufflated, 
and the cryogen is delivered to the ablation site for 10 
seconds, cooling the tissue at temperatures up to −85 ℃.  
Looking through the transparent balloon enables the 
treatment of multiple visible BE areas with targeted 
focal ablations that can be, in this way, delivered under 
endoscopic guidance with a distal to proximal progression 
from the gastro-esophageal junction. 

Results from a recent clinical trial, including both 
treatment-naïve and previously ablated patients with BE 
dysplasia, showed an overall CE-D and CE-IM rates at 1-year 
of 95% and 88%, respectively, with no difference between 
patients with or without prior endoscopic ablation (33). 
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Importantly, no esophageal perforations and no progression 
to esophageal cancer were observed in this study; while 
9.7% of the patients developed strictures and 2% had minor 
bleeding (33). These results suggest cryoballoon focal 
ablation as a comparable modality in terms of efficacy and 
safety with LCN, with even higher CE-D and CE-IM rates. 

As concerns the current research on CryoBallon, 
the European Multicenter EURO-COLDPLAY study 
(clinicalTrials.gov NCT02514525) is prospectively evaluating 
the efficacy and safety of the Focal C2 CryoBalloonTM 
Ablation System in untreated patients with BE-related 
neoplasia. 

Hot avulsion 

Hot avulsion with hot biopsy forceps is a technique that 
has been proposed to resect Barrett esophagus in case of 
residual focal areas <1 cm, not suspected for dysplasia, 
following previous endoscopic treatment for dysplasia or 
intramucosal cancer. 

In the only published retrospective study, data from 35 
patients harboring 124 residual areas were analyzed with 
a mean follow-up of 17.4 months. All patients achieved 
complete eradication of residual focal BE and only one of 
the patients required a second hot avulsion treatment. A 
limitation of this technique observed in the study was that, 
although hot avulsion provided samples in all cases, due 
to a cautery artifact, a proper microscopic assessment of 
dysplasia was possible only in 20.2% of the cases (34).

Further studies are required before this technique can be 
incorporated into routine clinical practice. 

EndoRotor

An additional promising device for refractory BE is the 
EndoRotor (Endoscopic Resection System, Interscope 
Medical, Inc., Whitinsville, MA, USA), originally intended 
for the endoscopic treatment of colonic adenomatous lesions 
and, to date, FDA-approved for removal of remaining 
tissue of the margins after EMR. EndoRotor consists of an 
automated, exclusively mechanical, resection system: the 
absence of thermal delivery is a potential strength in terms 
of lowering the occurrence of post-treatment strictures. 
The main components of the EndoRotor system are a 
console with the motor drive, the peristaltic pump and 
the vacuum regulation, a catheter with the cutting device 
that is activated by the foot pedal, and a dedicated trap for 
specimen collection.

This technique has been investigated by Knabe et al. in 
their pilot study, in which 14 patients with remaining Barrett’s 
mucosa after ER of early mucosal adenocarcinoma (pT1a) 
underwent treatment with EndoRotor (35). All the patients 
were successfully treated after a 3-month follow-up; the authors 
observed intra-procedural bleeding requiring endoscopic 
hemostasis in 42.9% of the cases (6/14 patients) (35).  
In this pilot study, of note, no post-therapeutic stenosis 
occurred within a 3-month follow-up (35). From these 
preliminary data, the non-thermal resection with EndoRotor 
appears to have a higher bleeding rate compared with RFA, 
where it is estimated to be around 1% (36). Randomized 
multi-center studies are required to support the indications 
of this technique in the treatment of BE and to compare it to 
the currently established ablative modalities.

To date, an ongoing prospective, randomized trial 
(clinicaltrials.gov NCT03364114) aims to compare the 
safety and performance of the EndoRotor mucosal resection 
system with continued ablative therapy in dysplastic BE 
refractory after 3 failed RFAs. The primary outcome will be 
the complete removal of Barrett’s metaplasia after no more 
than two treatments. The results of this study are avidly 
awaited. 

Conclusions

Endoscopic ablative therapy is indicated after effective 
endoscopic resection of any visible lesion of BE histologically 
confirmed with dysplasia or early cancer. The ablative 
treatment aims to eradicate non-visible dysplasia in these 
patients, reducing the risk of recurrence of dysplasia and the 
occurrence of cancer (8,10). At present, RFA represents the 
gold standard as ablative therapy, being the most validated 
with endorsed evidence from meta-analysis (13,14). 

This review highlights the novel emerging endoscopic 
therapies that appear very promising, both in the treatment 
of residual Barrett’s after ER of visible lesions and in case of 
dysplastic BE without visible lesions. Table 2 summarizes the 
results of the studies presented in our review. 

Among the potential advantages of these techniques 
over RFA, especially regarding H-APC and EndoRotor, 
there is a reduced risk of post-therapeutic strictures. As 
from the preliminary data exposed in this review, the rate 
of stricture formation has been estimated at 2% and at 
0% for H-APC and EndoRotor, respectively (20,21,35). 
Still, it appears clear that these data need confirmation. 
Concerning EndoRotor, such a low risk of post-procedural 
stricture might be related to a short surface of removed 
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Barrett’s mucosa: the application of EndoRotor to a whole 
circumference would necessarily increase the strictures’ 
occurrence rate. The proper length of safely removable 
tissue through EndoRotor requires further investigation. 
Favorable characteristics of the novel endoscopic treatments 
presented in our review are exposed in Table 3. Notably, 
post-procedural pain is unremarkable after cryotherapy 
(29,30) but no data are available with this respect for 
EndoRotor or hot avulsion. 

A relevant limitation of conventional thermal ablation 
therapy (i.e., RFA and APC/H-APC) is the progression 
to dysplasia/neoplasia of the buried glands: non-thermal 
techniques such as EndoRotor theoretically carry a lower 
risk of buried dysplasia, that needs dedicated inquiry.

Beyond safety, the proper indication of any of these 
endoscopic modalities needs further clarification; if the 
efficacy rates assessed for naïve patients will be confirmed by 
future data, the algorithm of treatment will anticipate less 
expensive techniques (i.e., cryotherapy or H-APC) and those 

that imply the possibility of an histological assessment (i.e., 
hot avulsion or EndoRotor). Of critical importance is that 
the efficacy and safety of these new treatments in previously 
treated patients (e.g., prior RFA) needs to be thoroughly 
evaluated: this would allow physicians and medical societies 
to establish the most correct sequence of treatments and 
customize it depending on thermal/non-thermal techniques 
and on the possibility of an histological assessment, which is 
unavoidable in high-risk or highly pre-treated patients.

Notably, in the future, some of the presented endoscopic 
techniques might be designated as treatment of choice in 
particular cases such as short-segment BE, residual BE area 
on squamocolumnar junction, need for focal “touch-up” 
treatments, or, in case of a dilated esophagus: conditions, that 
are extremely challenging to be approached with RFA alone.

Prospective randomized trials properly designed to 
compare RFA with novel ablative techniques are currently 
ongoing with warranted results, in order to confirm the 
efficacy and safety of these treatments.

Table 2 Evidence on novel endoscopic treatments for Barrett’s esophagus

Reference Study design Technique Efficacy Notes

Manner H,  
et al. (21)

Prospective 
(N=50)

Hybrid-APC After a median of 3.5 H-APC sessions, 
96% of the patients achieved 
macroscopically complete remission. 
Histopathological remission observed in 
39/50 patients (78%)

–

Mohan BP,  
et al. (29)

Systematic 
review with meta-
analysis (N=386)

Liquid nitrogen 
cryospray

Pooled CE-IM was 56.5%; pooled CE-D 
was 83.5%; pooled CE-HGD was 86.5%

Estimated rate of AEs was 4.7%; 
LNC can be considered as rescue 
option after RFA failure

In patients with RFA-failure, pooled CE-
IM was 58.4%, Pooled CE-D was 81.9%

Gosain S,  
et al. (30)

Retrospective 
(N=32)

Liquid nitrogen 
cryospray

At 2-years follow-up, CE-HGD was 
100% [32/32], CE-IM was 84% [27/32] 

–

Ramay FH,  
et al. (31)

Retrospective 
(N=40)

Liquid nitrogen 
cryospray

At 5 years follow-up, CE-HGD was 93% 
[37/40], CE-D was 88% [35/40], CE-IM 
was 75% [30/40]

Patients with precious endoscopic 
resection were included

Canto MI,  
et al. (33)

Prospective 
(N=41)

Cryoballoon 
focal ablation

Overall 1-year CE-D and CE-IM rates 
were assessed by 95% and 88%, 
respectively

Patients with or without prior 
ablation included; previous EMR 
for nodular lesions included

Knabe M,  
et al. (35)

Prospective 
(N=14)

EndoRotor 100% of treatment success Treatment of residual Barrett’s 
after EMR; intra-procedural 
bleeding occurred 37.5%; 
no post-therapeutic stenosis 
observed

CE-IM, complete eradication of intestinal metaplasia; CE-D, complete eradication of dysplasia; CE-HGD, complete eradication of high-
grade dysplasia; EMR, endoscopic mucosal resection; APC, argon plasma coagulation.
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Table 3 Arguments in favor of novel endoscopic treatments for Barrett’s esophagus against RFA

Technique Advantages Disadvantages

Hybrid-APC Short-term efficacy around 90% (26) Higher buried glans rate than RFA (to 
be confirmed by ongoing RCTs)

Reduced costs ($25,000 per case less than RFA) (27)

Lower post-treatment stricture rate

Cryotherapy

Liquid nitrogen Low/absent post-procedural pain Longer learning curve (5 to  
10 sessions); comparable costs

Applicable in dilated esophagus

Effective as rescue therapy in patients with previous failure of RFA

Long-term CE-D and CE-IM of 97% and 81%, respectively (30)

Safety (pooled AEs rate by 4.7% (29)

Nitrous oxide CE-D and CE-IM rates of 95% and 88% at 1 year, respectively (33) –

Absents or extremely low risk of perforations or progression to 
cancer

EndoRotor Absent or extremely risk of post-therapeutic strictures (0%) (35) Very limited data

Histologic assessment

Hot avulsion Histologic assessment Proper microscopic assessment is 
possible in a minority of cases

Proposed for Barrett’s areas <1 cm

Very limited data

RFA, radiofrequency ablation; APC, argon plasma coagulation; CE-D, complete eradication of dysplasia; CE-IM, complete eradication of 
intestinal metaplasia; AEs, adverse events.
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