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ABSTRACT

Background Focal cryoballoon ablation (FCBA) is a rela-
tively new modality for treatment of Barrett esophagus
(BE)-related neoplasia. This study evaluated the efficacy
and safety of FCBA for BE.

Methods Patients with BE segments (Prague classification
C<2Ms<5) with dysplasia or early cancer were eligible for in-
clusion. Following endoscopic resection of visible lesions,
FCBA was performed at 3-month intervals until complete
eradication of BE (maximum five sessions). After 22 FCBA
sessions, add-on treatment was allowed. Follow-up endos-
copy was scheduled at 6 months and annually thereafter.
Outcomes were complete eradication of endoscopically
visible BE (CE-BE), intestinal metaplasia (CE-IM), and dyspla-
sia (CE-D), durability of treatment response, and adverse
events.

Results 107 patients (mean age 65 years, 91 males, medi-
an BE COM2) were included. Endoscopic resection was per-
formed at entry in 65% (69/107). Patients received a medi-
an of 2 FCBA treatments. Add-on treatment was performed
in 40% (43/107), mainly APC for small remaining islands
(38%; 41/107). CE-BE and CE-D were achieved in 94% (101/
107; 95%Cl 90%-98%) and CE-IM in 91% (97/107; 95%Cl
85%-95%), per intention-to-treat analysis. In per-protocol
analysis, CE-BE and CE-D was achieved in 100% (101/101;
95%Cl 100%-100%), and CE-IM in 96% (97/101; 95%Cl
92%-99%). After a median follow-up of 18 months, 96%
(97/101; 95%Cl 92%-99%) remained free of endoscopically
visible BE. Esophageal stricture was the most common ad-
verse event, in 13% (13/101; 95%Cl 6%-20%).

Conclusion FCBA was highly effective in selected patients
with BE of limited length, although the potential risk for
stricture formation warrants further research.

Introduction

Barrett esophagus (BE) is an important precursor lesion for
esophageal adenocarcinoma, which is believed to progress
through a stepwise manner from intestinal metaplasia (IM) to
low grade dysplasia (LGD), high grade dysplasia (HGD), and
eventually cancer [1]. Current guidelines unanimously recom-
mend endoscopic eradication therapy for BE with early neo-
plasia (i.e. LGD, HGD, or early T1 cancer). Endoscopic eradica-
tion therapy typically consists of a two-step approach involving
endoscopic resection (ER), if a visible lesion is present, followed
by ablation therapy for any residual flat Barrett epithelium [2,
3].

Although radiofrequency ablation (RFA) is currently the
most established ablation modality in this treatment approach
[4,5,6], new endoscopic ablation techniques have been devel-
oped to overcome the limitations of RFA, including a substantial
stricture rate varying from 7% to 15% [4,5,6,7], considerable
post-procedural pain and dysphagia [8], limited availability of
a device that can be applied through the working channel of
an endoscope, and relatively high costs. One of these tech-
niques is cryoballoon ablation [9], which is associated with bet-
ter patient tolerability compared with RFA [10]. In addition,
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cryoballoon ablation is believed to preserve the extracellular
matrix, which potentially enables deeper tissue ablation [11].

Initially, focal cryoballoon ablation (FCBA) was introduced to
target small surfaces, with each ablation covering approximate-
ly 2 cm?. Previous studies have demonstrated that FCBA is a fea-
sible, safe, and effective treatment for flat-type BE of small ex-
tent, with complete eradication rates reported to be 72%-100%
[12,13,14,15]. However, these clinical trials were limited by
small sample sizes, relatively short follow-up, single treatment
sessions, and/or the use of the first-generation device. The aim
of this prospective, European, multicenter study was to investi-
gate whether the efficacy, safety, and tolerability of FCBA for
treatment of a BE segment of up to 5cm could be confirmed in
a large, international setting.

Methods
Study setting

In this prospective, multicenter, intervention study, patients
were included at eight European centers with a tertiary referral
function for endoscopic management of early Barrett neo-
plasia. These referral centers all met the requirements of a Bar-
rett expert center according to the recently revised European

Frederiks Charlotte N et al. Endoscopic eradication therapy ... Endoscopy 2026; 58: 323-333 | © 2025. The Author(s).



Society of Gastrointestinal Endoscopy guideline [3]. To ensure
standardization of the FCBA technique, the principal investiga-
tor(s) of each center received hands-on training. In addition, a
minimum of five lead-in cases under supervision on site by the
principal investigator of the study (B.L.A.M.W.) was required
prior to enrolling patients. A study representative from the co-
ordinating center (C.N.F., A.O.) attended all FCBA procedures
on site to ensure protocol adherence and high-quality data.

Patient selection

Patients were eligible for study participation if they were aged
218 years and had a BE segment of limited extent (circumferen-
tial extent [C] £2cm and maximum extent [M] <5cm according
to the Prague classification) and an indication for ablation ther-
apy. Ablation therapy was indicated for patients with flat BE
with either LGD (i. e. histopathologically confirmed during two
consecutive endoscopies) or HGD in the 6 months prior to in-
clusion, or residual BE after ER (i. e. endoscopic mucosal resec-
tion [EMR] or endoscopic submucosal dissection [ESD]) of a
visible lesion at least 6 weeks prior to inclusion containing any
degree of dysplasia or low-risk early esophageal adenocarcino-
ma (i.e. invasion depth of <500 pm, good-to-moderate differ-
entiation, absence of lymphovascular invasion, and tumor-neg-
ative vertical resection margins). The maximum extent of ER
was limited to 2 cm in length and 50% of the circumference. Ex-
clusion criteria were prior endoscopic ablation therapy, esoph-
ageal stricture preventing passage of a therapeutic endoscope,
active esophagitis (higher than Los Angeles grade A), and
esophageal varices (see Table 1s in the online-only Supplemen-
tary Material).

Focal cryoballoon ablation system

The C2 Cryoballoon Ablation system (PENTAX Medical, Red-
wood City, California, USA) has been described in detail pre-
viously [16,17]. In short, the next-generation system compri-
ses a handheld controller, foot pedal, balloon catheter with ro-
tatable spray diffuser, and disposable cartridges containing li-
quid nitrous oxide (Fig.1s). For this study, we used the focal
cryoballoon catheter covering a surface area of approximately
2 cm? per ablation. This catheter was available in either cylinder
or pear shape at the discretion of the treating endoscopist.

Treatment protocol

All study procedures were performed on an in- or outpatient
basis according to the site’s standard of care for anesthesia
and sedation. The endoscopy system included high-resolution
white-light endoscopy and i-SCAN Optical Enhancement imag-
ing (PENTAX Medical). During each procedure, the BE segment
was carefully inspected with documentation of the C&M classi-
fication. Thereafter, FCBA was performed using side-by-side ab-
lations as described previously [16].

Although the study originally started with a dose of 10 sec-
onds per ablation, this initial dose resulted in a higher stricture
rate than expected based on previous studies. After a tempor-
ary pause, the study was amended and restarted using 8 sec-
onds per ablation as the standard dose [16]. This main article
describes the results of the complete target population treated
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D Video 1 Focal cryoballoon ablation treatment.
Online content viewable at:
https://doi.org/10.1055/a-2710-6551

with 8 seconds (n =107); details of the results from the sepa-
rate, distinct cohort of patients treated with the initial dose of
10 seconds before the study was restarted (n =28) are provided
in the Supplementary Text 1s. The standard dose of 8 seconds
could be lowered to 6 seconds at the discretion of the treating
endoscopist in cases of severe scarring or to prevent high dos-
ing in a small untreated area with risk of overlapping ablations.
The protocol dictated that the gastroesophageal junction
(GE)) at the upper end of the gastric folds was treated circum-
ferentially during every FCBA session, followed by all visible BE
including islands (> Video. 1). FCBA treatment was performed
at 3-month intervals until endoscopic clearance of BE was
achieved, with a maximum of five treatment sessions (> Fig.
1). After at least two FCBA sessions, circumferential ablation
of the GE] could be omitted at the discretion of the treating
endoscopist (e. g. significant scarring at the GE] with high stric-
ture risk), and add-on treatment for residual BE was allowed.
Add-on treatment was performed at the same 3-month inter-
vals immediately following FCBA, with either a single EMR for
areas >5mm or a maximum of two argon plasma coagulation
(APC) sessions for diminutive residual islands of <5mm. Any
new visible lesion detected at a scheduled therapeutic session
was treated with ER at the discretion of the local treating physi-
cian. When all endoscopically visible BE was eradicated, random
four-quadrant biopsies were taken immediately distal to the GEJ
(<5mm) and from every 2cm throughout the original length of
the BE segment. If these biopsies showed persistent IM, one fi-
nal additional FCBA of the GE] was allowed.
During the entire treatment phase, patients received high-dose
proton pump inhibitors (equivalent to esomeprazole 40mg
twice daily). Additional acid-inhibiting medication (e.g. H,-re-
ceptor antagonist and/or sucralfate suspension) was prescribed
after each therapeutic endoscopy at the discretion of the treat-
ing physician.
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» Fig. 1 Endoscopic eradication therapy with multifocal cryoballoon ablation. a,b Endoscopic images of a flat-type COM2 Barrett esophagus
with low grade dysplasia. c During the first focal cryoballoon ablation session, the entire Barrett segment, including the gastroesophageal
junction (GEJ), was treated with seven ablations of 8 seconds each. d The next endoscopy at 12 weeks showed some small remaining Barrett
islands at the 1, 3, and 4 o’clock positions, which were treated consecutively along with the GE|. e After two focal cryoballoon ablation sessions,
all endoscopically visible Barrett esophagus was eradicated. f Biopsies were taken just below the GEJ, confirming complete eradication of
intestinal metaplasia.

Follow-up protocol

After each FCBA treatment, the endoscopist was asked to re-
cord a score reflecting overall procedural satisfaction, using a
numeric rating scale from 1 (poor) to 10 (excellent). Further-
more, patients were asked to register retrosternal pain at rest
and during eating (numeric rating scale from 0 [no pain] to 10
[worst pain ever experienced]), dysphagia (validated scale from
0 [no dysphagia] to 4 [no passage even for liquids]), and analge-
sic use in a daily symptom diary over 14 days (Fig. 2s). In addi-
tion, patients were contacted on Day 7 (2 days) to evaluate
retrosternal pain, dysphagia, analgesic use, time to resume nor-
mal daily activities, and adverse events.

After completion of the treatment phase, patients entered
follow-up, consisting of endoscopic surveillance at 6 months
and annually thereafter up to 5 years. During follow-up, biop-
sies of any recurrent BE were taken at the discretion of the local
principal investigator(s). Given that the predefined 5-year
follow-up period is still ongoing, we present here the interim
follow-up results to date.

Outcomes

The primary outcomes were as follows.

1. Complete eradication of BE (CE-BE), defined as absence of
any endoscopically visible Barrett mucosa after completion
of the treatment phase.
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2. Complete eradication of intestinal metaplasia (CE-IM), de-
fined as absence of IM in all biopsies obtained at the first
endoscopy with CE-BE or after the final FCBA of the GE| for
persisting IM.

3. Complete eradication of dysplasia (CE-D), defined as ab-
sence of LGD, HGD, and cancer in all biopsies obtained at the
first endoscopy with CE-BE, after the final FCBA of the GE] for
persisting IM, or from residual BE after the maximum num-
ber of FCBA and add-on treatment sessions.

The secondary outcomes were as follows.

1. Adverse events, defined as acute (during the procedure),
early (0-48 hours after the procedure), and late (>48 hours
after the procedure). Adverse events were graded | to V ac-
cording to the definitions of the AGREE classification [18]. In
cases of esophageal stricture, endoscopic dilation was typi-
cally repeated at a 2-week interval until resolution of dys-
phagia. A stricture was considered severe when >3 endo-
scopic dilations were required.

2. Feasibility and tolerability, assessed through several out-
come variables as defined in Table 2s. For the tolerability
analyses, we evaluated the symptom diaries completed after
the first FCBA session, given that the symptom diaries of
consecutive sessions were potentially influenced by the
patient’s habituation to pain and decreasing BE length. In
cases with a missing symptom diary, reported scores during
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the follow-up phone call at Day 7 were included in the
analyses.

3. Durability of the treatment response during follow-up, with
follow-up defined as the interval between the first post-
treatment control endoscopy with no endoscopically visible
BE and the last follow-up endoscopy or date of recurrence.

Histopathological evaluation

Histopathological assessments at baseline and during treat-
ment were performed by the local expert pathologist at each
study site. ER specimens were evaluated for dysplasia and can-
cer including tumor invasion depth, differentiation grade, pres-
ence of lymphovascular invasion, and radicality at the vertical
resection margins. Biopsies were evaluated for presence of IM
or dysplasia, and additionally for the presence of buried Barrett
glands in those from the neosquamous epithelium.

Statistical analysis

The sample size calculation was based on the primary efficacy
outcome. A sample size of 97 was required for a 95%Cl with a
6% margin of error when CE-IM was expected to be 90%. The re-
ference CE-IM rate was based on prior studies on FCBA (CE-IM
88%) [14] and RFA (CE-IM 88%-93%) [4,5, 19]. Assuming a 10%
dropout rate, the targeted enrollment was 107.

Statistical analysis was performed using the Statistical Soft-
ware Package SPSS version 27 for Windows (IBM Corp.,
Armonk, New York, USA). For descriptive statistics, mean with
SD and median with 25th and 75th percentiles (p25-p75)
were used for variables with respectively normal and skewed
distributions. Outcome variables were reported as proportions
or medians, including 95%Cls where appropriate. All reported
95%Cls were constructed using simple bootstrapping with
1000 samples. For esophageal stricture formation, an addition-
al univariable logistic regression analysis was performed to
identify potential risk factors (i.e. BE length, prior ER, and me-
dian number of ablations per FCBA session). Tolerability and
durability analyses were performed in R version 4.3.2 for Mac
(R Foundation for Statistical Computing, Vienna, Austria).
Durability was estimated using both crude proportions and
the Kaplan-Meier method. All analyses were considered
exploratory, and no formal correction for multiple testing was
applied.

Ethics

The study protocol and subsequent amendments were
reviewed and approved by the Medical Research Ethics Com-
mittees United (NL64555.100.18). In addition, the institutional
review board of each participating center approved the study
protocol. Written informed consent was obtained from all
patients participating in the study. An independent data and
safety monitoring board was established to monitor patient
safety and to decide on continuation of the study based on in-
terim analyses conducted after enrollment of 25% and 50% of
the planned sample size.
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> Table1 Baseline characteristics.

Intention to Per protocol
treat (n=101)
(n=107)
Male sex, n (%) 91 (85) 85 (84)
Age, mean (SD), years 65 (10) 65 (10)
BMI, mean (SD), kg/m? 28 (5) 27 (5)
ASA classification, n (%)
« ASAI 23(22) 22 (22)
= ASAII 69 (65) 65 (64)
= ASALIl 15 (14) 14 (14)
« ASAIV 0(0) 0(0)
Prior fundoplication, n (%) 3(3) 3(3)
Hiatal hernia, n (%) 98 (92) 92(91)
Hiatal hernia length, mean (SD),  2(1) 2(2)
cm
Prior endoscopic resection, n 69 (65) 65 (64)
(%)
Endoscopic resection technique, n (%)
« EMR-Cap 19(18) 15(15)
= EMR-MBM 45 (42) 45 (45)
= ESD 5(5) 5(5)
Endoscopic resection type, n (%)
« Enbloc 33(31) 30(30)
= Piecemeal’ 36 (34) 35(35)
Worst pre-ablation histology, n (%)
« LGD 34(32) 30(30)
« HGD 34(32) 34(34)
= Mucosal cancer 36 (34) 35(35)
= Submucosal cancer 3(3) 2(2)
Pre-ablation BE extent, median (p25-p75), cm
= Circumferential 0(0-1) 0(0-1)
= Maximum 2(1-3) 2(1-3)

BE, Barrett esophagus; BMI, body mass index; EMR, endoscopic mucosal re-
section; EMR-Cap, cap-assisted EMR; EMR-MBM, EMR with multi-band mu-
cosectomy device; ESD, endoscopic submucosal dissection; HGD, high
grade dysplasia; LGD, low grade dysplasia; p25-p75, 25th to 75th percentile.
"Median number of resected pieces was 2 (p25-p75 2-4).

Results
Study population

Between November 2019 and July 2022, 107 patients were in-
cluded. Baseline characteristics are summarized in » Table1.
The mean age of patients was 65 years (SD 10), and the major-
ity were male (91/107; 85%). The median pre-ablation BE
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Inclusion
n=107

Device malfunction
n=1/107 (1%)

Start of treatment
n=106/107 (99%)

Premature study exit
n=>5/106 (5%)

Completion of treatment
n=101/106 (95%)

CE-BE (per protocol)
n=101/101(100%)

CE-IM (per protocol)
n=97/101 (96 %)

CE-D (per protocol)
n=101/101 (100%)

Median 18 (p25-p75 9-26)
months of follow-up

Sustained CE-BE Sustained CE-BE
n =94/97 (97%) n=97/101 (96 %)

» Fig.2 Flow chart of patient inclusion and treatment outcomes.
One of the 107 included patients could not be treated with focal
cryoballoon ablation as a result of a device malfunction, requiring
a switch to radiofrequency ablation, and five patients discontinued
treatment, resulting in 101 patients who finished the treatment
phase per protocol. BE, Barrett esophagus; CE, complete eradica-
tion; D, dysplasia; IM, intestinal metaplasia.

length was COM2 (p25-p75 CO-1M1-3), and contained LGD
(32%), HGD (32%), or early cancer (37%) as worst baseline histo-
pathology. ER at entry was performed in 69/107 patients (65%).
As can been seen in »Fig.2 detailing the flow of patients
throughout the study, one patient (1/107; 1%) was not treated
with FCBA owing to a device malfunction requiring a switch to
RFA. In addition, five patients (5/107; 5%) left the study prema-
turely after a median of 2 FCBA sessions (min-max 2-4) due to
a withdrawal of consent (n =1), an investigator’s decision due
to recurrent esophagitis as a result of the patient’s inability to
take high-dose proton pump inhibitors (n =1), or unrelated
comorbidity (n =3). The remaining patients (101/107; 94%)
finished the treatment phase per protocol.

Feasibility

As shown in » Table 2, patients underwent a median of 2 FCBA
sessions (p25-p75 2-3). The majority of patients (97/107; 91%)
underwent at least two FCBA sessions according to the proto-
col. In the remaining patients, a second FCBA was omitted due
to a premature study exit (n =1), protocol deviation (n =4), or
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» Table2 Overview of treatment characteristics.

Intention to Per protocol
treat (n=101)
(n=107)

No. of FCBA sessions, median 2(2-3) 2(2-3)

(p25-p75)

Additional FCBA for persisting IM 7(7) 7(7)

at endoscopically normal GEJ, n

(%)

Procedure time per FCBA ses- 18 (13-24) 18 (13-23)

sion, median (p25-p75), min-

utes

Ablation time per FCBA session, 9(6-12) 9(6-13)

median (p25-p75), minutes

No. of ablations per FCBA ses- 7 (5-9) 7 (5-9)

sion, median (p25-p75)

Add-on treatment, n (%)

= APC 41 (38) 41 (47)

= EMR 2(2) 2(2)

Total no. of treatment sessions, 3(3-4) 3(2-3)

median (p25-p75)

APC, argon plasma coagulation; EMR, endoscopic mucosal resection; FCBA,
focal cryoballoon ablation; GEJ, gastroesophageal junction; IM, intestinal
metaplasia; p25-p75, 25th to 75th percentile.

scarring resulting in the physician’s decision to refrain from a
second ablation owing to fear of (recurrent) stricture formation
(n =5). Throughout the study, a total of 248 FCBA procedures
were performed, during which a device malfunction occurred
in 8% (20/248; 95%Cl 5%-12%). One device malfunction requir-
ed a switch to RFA as a result of an ongoing controller error,
while in all other cases with device malfunctions, the FCBA pro-
cedure could be completed successfully after replacement of
an FCBA component.

The median procedure and ablation times were 18 minutes
(p25-p75 13-24) and 9 minutes (p25-p75 6-12), respectively.
A median of 7 ablations (p25-p75 5-9) were performed per
FCBA session (> Table 2).

The technical success rate was high, with all visible BE treat-
ed as intended in 242248 (98%; 95%Cl 96%-99%) FCBA proce-
dures. The feasibility of FCBA was further reflected by a high sa-
tisfaction score (median 8 [p25-p75 7-9]) recorded by the
treating endoscopists.

Add-on treatment

After at least two FCBA sessions, add-on treatment was per-
formed in 43/107 patients (40%; 95%Cl 32%-50%), most of
whom were treated with APC for small remaining nonsuspi-
cious islands (41/107; 38%; 95%Cl 30%-48%) with a median of
1 session (p25-p75 1-1). Only two patients underwent an
add-on EMR for residual Barrett mucosa (» Table2). In one of
these cases, the treating endoscopist decided to resect instead
of ablate an island of 1cm near the GE] after the patient suf-
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» Fig.3 Tolerability during the 14-day period after focal cryoballoon ablation treatment. a Median composite pain score including the inter-
quartile ranges indicated by the error bars. b Presence of dysphagia. ¢ Use of painkillers. The composite pain score was defined as the maximum
value of two questions in the symptom diary regarding pain at rest and pain when eating (scale 0-10, with 0 indicating no pain and 10 indicating

worst pain ever experienced).

fered a severe stricture requiring four dilations immediately fol-
lowing the first FCBA session (Table 3s). The other patient had a
BE island of 1cm in the tubular esophagus 5cm above the GEJ,
which was resected en bloc with EMR due to an irregular aspect,
although pathology showed no dysplasia. Overall, the median
total number of treatment sessions (i.e. FCBA and add-on ther-
apy) was 3 (p25-p75 3-4) (» Table 2) with a median treatment
period of 8 months (p25-p75 6-10).

Efficacy

All endoscopically visible BE was eradicated in 101/107 patients
(94%; 95%Cl 90%-98%) and 101/101 patients (100%; 95%Cl
100%-100%) by intention-to-treat and per-protocol analyses,
respectively. Biopsies from the GEJ after CE-BE showed persist-
ing IM in 8/107 patients (8%; 95%Cl 3%-13%). In the majority of
these patients (7/8; 88%), one additional FCBA of the GE] was
performed according to the protocol (> Table2). Ultimately,
CE-IM was reached in 91% (97/107; 95%Cl 85%-95%) and CE-D
in 94% (101/107; 95%Cl 90%-98%) by intention-to-treat analy-
sis. In the per-protocol analysis, CE-IM and CE-D were achieved
in 96% (97/101; 95%Cl 92%-99%) and 100% (101/101; 95%Cl
100%-100%), respectively (> Fig. 2).

While CE-D was achieved in all patients who completed the
study per protocol, CE-IM was not achieved in four patients.
Two patients had persisting IM at the GE] after one final addi-
tional FCBA of the GEJ, whereas the other two patients had
persisting IM at the GE] after an elective decision to withhold
further treatment due to unrelated comorbidity (n =1) or for
prevention of recurrent stricture formation (n =1). None of the
patients required additional off-protocol endoscopic treatment
after completing the maximum number of FCBA and add-on
treatment sessions.

In the biopsies obtained from the neosquamous epithelium,
buried BE glands were detected in 1/107 patients (1%; 95%Cl
0%-3%) in only a single biopsy. This patient was treated suc-
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cessfully for a C2M5 BE after a prior EMR for a low-risk, well dif-
ferentiated, TIm3 cancer. As no endoscopically visible Barrett
mucosa or buried BE glands were detected during two follow-
up endoscopies at 6 and 18 months, no additional endoscopic
treatment has been performed thus far.

Disease progression

During the treatment phase, 3/107 patients (3%; 95%Cl 0%-7%)
developed a new, visible, neoplastic lesion that was amenable
to ER. One of these patients had received a single FCBA session
for a C2M3 flat BE containing LGD before a Paris 0-lla lesion of 2
cm was detected at the GE]. After subsequent resection by ESD,
histopathology showed HGD. In the second patient, a new Paris
0-11b/c lesion of 1cm was detected at the GE| after a single
FCBA session for a COM1 BE originally containing a low-risk
T1m3 cancer removed by EMR. This new pop-up lesion contain-
ing HGD was resected through ESD. The last patient with pro-
gression developed a lesion of 2.5cm at the GE| classified as
Paris 0-Is-lla after three prior FCBA sessions for COM1 flat BE
with HGD. After resection through ESD, histopathology re-
vealed a moderately differentiated TIm3 cancer with no lym-
phovascular invasion. Eventually, all three patients achieved
CE-IM after a median of 2 FCBA sessions (min-max 1-3).

Safety

No acute or early adverse events occurred during any of the
study procedures. Esophageal stricture was the most common
adverse event in 13/107 patients (12%; 95%Cl 7%-19%; per-
protocol analysis 13/101 [13%]; 95%Cl 6%-20%), which re-
solved after a median of 2 dilations (p25-p75 1-3). While 3/
107 patients (3%; 95%Cl 0%-7%) developed a severe stricture
requiring >3 dilations (4, 5, and 6 dilations, respectively), none
of the patients with a stricture required stent placement or in-
cisional therapy (Tabled4s). In general, strictures developed
after a median of 1 FCBA session (p25-p75 1-1) and within a
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» Fig.4 Durability of treatment response after focal cryoballoon ablation treatment. This figure depicts the Kaplan-Meier curves showing
the estimated cumulative incidence rates of sustained complete eradication of Barrett epithelium (CE-BE) during follow-up, after complete
eradication of dysplasia (a) and intestinal metaplasia (b) was established in 101 and 97 patients, respectively. Any recurrent visible Barrett
epithelium after the first post-treatment control endoscopy with no endoscopically visible BE was considered a failure for recurrence-free sur-
vival, even though complete eradication was re-established after additional endoscopic treatment. Patients who discontinued follow-up were

censored at the date of their last control endoscopy.

median of 26 days (p25-p75 18-33) after the respective FCBA
session. The details of all patients who developed a stricture are
shown in Table 3s. An additional univariable logistic regression
analysis identified the median number of ablations during each
FCBA session per patient as an independent risk factor for stric-
ture development (odds ratio 1.20; 95%Cl 1.04-1.39) (Table
5s).

Five patients were admitted to hospital due to an adverse
event not associated with FCBA, and three patients (3/107;
3%) died due to unrelated severe comorbidity (Table 4s).

Tolerability

Six symptom diaries (6%) were missing for the 107 first FCBA
sessions. Based on all available symptom diaries, FCBA was
well tolerated with low post-procedural pain scores and low in-
cidence of dysphagia and analgesic use (» Fig.3). Overall, 47/
107 patients (44%) reported having to adjust their daily activ-
ities after treatment with FCBA, with normal daily activities
generally being resumed in a median of 2 days (p25-p75 1-3).

Durability of treatment response

Of the 101 patients who entered follow-up after CE-D was
established, 96% (97/101; 95%Cl 92%-99%) remained free of
endoscopically visible Barrett epithelium. The majority of
patients with a recurrence (3/4; 75%) only had small visible
islands, which were retreated with APC (n =2) or kept under
endoscopic surveillance (n =1). The remaining patient was di-
agnosed with a recurrent Barrett tongue of COM1 at 18 months
post-treatment, which was re-treated with FCBA. More impor-
tantly, none of the patients who entered follow-up developed
a neoplastic recurrence.
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Of the 97 patients who achieved CE-IM after treatment, CE-
BE was maintained in 97% (94/97; 95%Cl 92%-100%). The ma-
jority with a recurrence (2/3; 67%) only had small visible islands,
and the remaining patient was diagnosed with a nondysplastic
Barrett tongue, as described above.

Notably, besides the aforementioned patients with recur-
rences, 12 patients (12/101; 12%) were diagnosed with small
BE islands during the first follow-up endoscopy after CE-IM or
CE-D was established. These patients were not considered as
recurrent BE but were assumed to have persistent small BE is-
lands overlooked at the first follow-up endoscopy. While three
of these patients were kept under endoscopic surveillance, the
majority of patients were successfully re-treated with APC (n =
9).

» Fig. 4 shows the Kaplan-Meier curves for the cumulative
rates of sustained CE-BE after the first negative control endos-
copy for the patients who achieved CE-D (n=101) and CE-IM (n
=97). During a median follow-up of 18 months (p25-p75 9-26;
min-max 0-42), patients underwent a median of 2 follow-up
endoscopies (min-max 0-4).

Discussion

This is the largest prospective, multicenter study to date on
endoscopic eradication therapy with multifocal cryoballoon ab-
lation for BE of limited extent with early neoplasia using a ther-
apeutic dose of 8 seconds per ablation. This trial confirms that
FCBA is safe, well tolerated, and effective for the induction and
sustainment of complete eradication. Treatment typically con-
sisted of two repetitive FCBA sessions complemented with APC
for minute BE islands. Also, additional ER with ESD proved to be
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a safe rescue modality for diagnosis and treatment of new visi-
ble lesions during the treatment phase.

The ease of use of FCBA was reflected in the high technical
success rate and high satisfaction scores reported by the treat-
ing endoscopists. Furthermore, ablation and procedure times
were relatively short (9 and 18 minutes, respectively), especial-
ly compared with other studies on FCBA (11-17 and 30 min-
utes, respectively) [14,15]. Nonetheless, the incidence of de-
vice malfunctions was substantial (8%); most device malfunc-
tions could be resolved easily by replacing one of the FCBA
components, but one case required a switch to RFA. More im-
portantly, endoscopic eradication therapy with FCBA was
shown to be highly effective, with high eradication rates for
dysplasia (intention to treat 94%; per protocol 100%) and IM (in-
tention to treat 91%; per protocol 96%). Although these eradi-
cation rates are higher than those reported in similar studies
on RFA, which demonstrated CE-D and CE-IM in 81%-93% and
77%-88%, respectively [4,5,6], it should be noted that our
study consisted of a more favorable subset of patients with
smaller BE segments (median COM2). A similar rationale applies
to hybrid APC, another alternative heat-based technique with
reported CE-IM rates ranging from 79% to 100% [20,21,22].
While the observed efficacy of FCBA appears comparable, hy-
brid APC was generally applied in patients with longer BE seg-
ments, which may indicate a higher therapeutic potential.

Notably, our eradication rates lie at the upper end of the
spectrum compared with other recent similar cohort studies
on FCBA, which reported CE-D and CE-IM rates of 76%-95%
and 72%-88%, respectively [14, 15]. Our high rates of complete
eradication may be partly attributed to the rigorous treatment
of the GEJ, which was ablated circumferentially at least twice in
nearly all patients, irrespective of any remaining BE. Another
important difference from other trials on FCBA is the strict
quality control, which involved exclusive participation of expert
centers, hands-on training for each of the treating endos-
copists, and on-site supervision during each treatment endos-
copy to ensure adherence to the treatment protocol.

Once CE-BE, CE-D, and CE-IM was established, CE-BE was
maintained in the majority of patients (96%, 96%, and 97%,
respectively). Despite these high rates of sustained eradication,
it must be noted that follow-up is still ongoing and complete
durability analysis will be reported after 5 years of follow-up.
Thus far, most recurrences consisted of small BE islands,
whereas only a single patient was diagnosed with a recurrent
flat Barrett tongue. More importantly, all recurrences were
managed endoscopically, and no neoplastic recurrences were
detected during follow-up.In addition to these “actual” recur-
rences, a small group of patients were found to have small is-
lands during the first control endoscopy at 6 months post-
treatment. These findings imply that follow-up may have been
initiated too early, despite negative biopsies, as these small is-
lands were likely overlooked and not all endoscopically visible
BE was completely eradicated at the first follow-up endoscopy;
diminutive islands can easily be missed. However, whether
these small islands represent residual BE that was initially mis-
sed or true recurrences cannot be determined with absolute
certainty. Compared with a previous study on FCBA, APC had

to be used more frequently to patch up small BE islands (3% vs.
40%, respectively) [15]. Nevertheless, APC is a cheap and wide-
spread endoscopic technique that can be used complementari-
ly to ER and any type of ablation method, especially considering
that endoscopic eradication therapy is a multimodal treatment
strategy. Therefore, the use of APC was not restricted in our
study, in contrast to the study from Canto et al. where APC
could only be applied in cases with <3 remaining BE islands
[15]. However, the application of APC was also lower in a com-
parable landmark study on RFA (11%) [5]. This difference might
be a direct consequence of small untreated areas that arise
when overlapping ablations are avoided during FCBA, resulting
in a higher probability of residual BE islands.

As for safety, our stricture rate of 13% is within the range of
other studies, which report strictures in 10%-16% after treat-
ment with FCBA [14,15], and is, as expected, lower compared
with our separate cohort that was treated with the initial dose
of 10 seconds (21%; Supplementary Text 1s). Compared with
similar landmark studies on RFA, reporting stricture rates of
7%-12% and including patients with relatively longer BE seg-
ments (median <6cm) [4,5,6], the risk of stricture seems to
be somewhat higher after FCBA. Similarly, hybrid APC has
shown even lower reported stricture rates of 0%-4% [20,21,
22], despite being used in patients with longer BE segments,
further suggesting a potentially lower risk profile than FCBA.
One potential contributing factor to the risk of stricture forma-
tion after FCBA is the overtreatment of specific areas as a result
of overlapping ablations. This theory is supported by the fact
that the median number of ablations per FCBA session was an
independent risk factor for stricture formation. In addition, 6/
13 patients (46%) who developed a stricture received more
than 10 ablations per FCBA session, which is higher than the
median number of 7 ablations (Table3s). These findings em-
phasize the paramount importance of carefully preventing any
overlap of ablations or reducing the dose to 6 seconds when
overlapping is inevitable. Based on these observations, in com-
bination with the established high efficacy rates when using 8
seconds as the standard dose, 6 seconds might be an interest-
ing dose for future research to further improve the safety pro-
file of cryoballoon ablation.

Our findings may support the notion that FCBA offers im-
proved tolerability compared with RFA, a potential advantage
that has been suggested in the literature [10]. In our cohort,
dysphagia was reported in 52% of patients (> Fig.3), which is
lower than the 83% reported in a recent observational study of
patients treated with RFA [8]. Additionally, the median post-
procedural pain score following FCBA did not exceed 2 (» Fig.
3), which is consistent with earlier reports on the tolerability
of FCBA[10,14,15,16]. Given that a pain score above 5 was re-
ported in 43% of RFA procedures [8], these findings may point
toward a more favorable post-procedural pain profile for FCBA.
However, any suggestion of improved tolerability with FCBA
should be interpreted with caution, as no direct head-to-head
comparison was performed, and our cohort consisted of
patients with BE segments of limited length, which may have
influenced outcomes such as dysphagia and pain.
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One of the strengths of this study is the large sample size
with low dropout rate, resulting in a high number of patients
in the per-protocol analysis. Another important strength is the
European multicenter setting in Barrett expert centers, which
enabled a study population with widespread demographic
background. Moreover, the standardized treatment and fol-
low-up protocol was largely based on the current recommenda-
tions for endoscopic eradication therapy and therefore mimics
daily clinical practice. All FCBA procedures were performed so-
lely by trained and experienced endoscopists to ensure standar-
dization of the technique. In addition, high-quality data and ad-
herence to the protocol were guaranteed by attendance of a
study representative on site at almost every FCBA session,
even during the start of the COVID-19 pandemic in 2020. Final-
ly, we were able to evaluate post-procedural tolerability
through patient-reported outcomes, which may be relevant
for future guidance and counseling of patients in the choice
for ablation technique.

This study also has several limitations that need to be
addressed. First, this prospective trial was designed as an inter-
ventional study with no comparative arm. The lack of standardi-
zation of the number of ablations and the decision to further
reduce the dose to 6 seconds left room for interuser variability,
even though the treating endoscopists were extensively trained
in the technique. Although multiple centers were involved, we
did not adjust for center effects in our analysis. This was a delib-
erate choice given the relatively small sample size and our sub-
stantial efforts to minimize the intercenter variability through
investigator meetings, endoscopist training, and close treat-
ment monitoring. Another limitation that should be noted is
that the results of this study may not be applicable to patients
with longer Barrett segments; we only treated BE of limited ex-
tent (maximum C2M5) owing to the focal nature of the current
device. The generalizability of our results is also limited by the
exclusion of patients who required a more extensive ER, which
is associated with a higher risk of stricture formation [7]. More-
over, the results of this study cannot automatically be extrapo-
lated to general clinical practice, as all patients underwent
endoscopic work-up and treatment in dedicated centers with
expertise in BE care. However, current guidelines strongly
recommend the centralization of endoscopic management of
patients with Barrett neoplasia in expert centers that meet es-
sential criteria, such as sufficient experience in ER and ablation
techniques, expert pathology review, adequate annual case
load, case discussion in multidisciplinary meetings, and access
to esophageal surgery [2,3]. The expert setting of this study
also led to the omission of routine histological sampling during
follow-up after successful treatment. Although this may have
resulted in an underestimation of the recurrence rates, the
clinical significance of IM in an endoscopically normal esopha-
gus remains questionable [23,24]. Finally, some therapeutic
sessions had to be postponed due to a lack of endoscopy capa-
city during the COVID-19 pandemic, which may have negatively
influenced the total treatment time per protocol.

Given that a versatile ablation tool must be able to treat BE
of different sizes, several essential steps need to be taken be-
fore cryoballoon ablation will find more widespread implemen-
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tation in future clinical practice. A prior study from our research
group has evaluated a cryoballoon ablation device that enables
treatment of larger surface areas [17]. Despite treatment with
this large-area device appearing to be feasible, the exact dosing
regimen is currently still under investigation in a dose de-esca-
lation study (NCT05740189). In the future, the combination of
initial treatment with this large-area device followed by treat-
ment with the focal device for complete eradication should be
investigated in patients with longer BE segments. Finally, direct
head-to-head comparison between cryoballoon ablation and
RFA is lacking, although the two techniques should not neces-
sarily need to compete and might be complementary modal-
ities in the future.

To conclude, in expert hands, endoscopic eradication
therapy with multifocal cryoballoon ablation demonstrated
high efficacy for the treatment of BE of limited extent, although
the risk for stricture formation warrants consideration. Our
results should be interpreted with caution given the absence
of a direct comparator and the strictly selected cohort limiting
external validity.
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