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Prophylactic eradication of non-dysplastic Barrett’s esophagus
to prevent progression to esophageal adenocarcinoma
—a systematic review and meta-analysis
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Background: Eradication of non-dysplastic Barrett’s esophagus (NDBE) to prevent the development of
esophageal adenocarcinoma (EAC) is controversial. Our aim was to complete a systematic review on the
efficacy, durability and safety of endoscopic eradication therapy (EET) for NDBE and its effect on reducing
EAC incidence compared with surveillance-only.

Methods: We systematically searched Ovid Medline/PubMed, EMBASE, and Cochrane Central (up to
November 26, 2020) for prospective studies including NDBE patients managed with EET. The outcome
measures were complete eradication of intestinal metaplasia (CE-IM), recurrence of intestinal metaplasia
(IM), progression to high-grade dysplasia (HGD) or EAC, presence of sub-squamous glands and adverse
events.

Results: Twenty-one studies including 1,050 patients with 4,026 patient-years of follow-up were identified.
EET was performed with argon plasma coagulation (APC) in 13 studies, radiofrequency ablation (RFA) in
3 studies, multipolar electrocoagulation in 3 studies, photodynamic therapy (PDT) in 1 study and laser
ablation in 1 study. Median follow-up ranged from 12 to 127 months. The pooled proportion of patients
achieving CE-IM was 81.3% [95% confidence interval (CI) 73.6-88.1%]. IM recurred in 3.2% per patient-
year (95% CI: 0.9-6.4%). Progression to EAC occurred in 0.14% per patient-year (95% CI: 0.00-0.55%)
after eradication and in 0.30% per patient-year (95% CI: 0.21-0.39%) after surveillance-only. Two of 4 post-
eradication EACs developed in sub-squamous glands in neo-squamous epithelium. The combined adverse
event rate related to EET was 6.7% (95% CI: 1.7-14.1%), with 15 (1.5%; 95% CI: 0.6-2.6%) patients
developing an esophageal stricture, 5 (0.8%; 95% CI: 0.1-1.9%) a bleeding and 1 (0.5%; CI: 0.06-1.42%) a
perforation.

Conclusions: We recommend against prophylactic EET for all patients with NDBE due to the unknown
long-term efficacy, unclear cost-efficacy and occurrence of adverse events related to EET. Targeted EET for
high-risk NDBE patients identified through risk-stratification may however be a feasible future approach.
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Introduction

Although Barrett’s esophagus (BE) is a precursor of
esophageal adenocarcinoma (EAC), optimal management for
non-dysplastic Barrett’s esophagus (NDBE) remains unclear.
BE usually develops as a complication of gastro-esophageal
reflux disease (GERD) (1). In some patients with GERD,
repair of the esophageal lining occurs through formation
of metaplastic columnar epithelium (Barrett’s metaplasia)
instead of squamous epithelium. BE is associated with a
0.1-0.5% annual risk of malignant progression to EAC (2-4).
Progression from columnar metaplasia to EAC usually occurs
through a series of premalignant changes histologically
characterized as low-grade dysplasia (LGD) and high-grade
dysplasia (HGD), which may lead to intramucosal carcinoma
and eventually progression to invasive adenocarcinoma
(5,6). Endoscopic eradication therapy (EET), including the
currently most common used technique radiofrequency
ablation (RFA) but also other modalities such as argon
plasma coagulation (APC) photodynamic therapy (PDT)
or cryotherapy, has been suggested to prevent EAC
development by eradication of the BE mucosa, allowing
the formation of neo-squamous epithelium. While EET of
dysplastic BE is widely accepted (7-9), its use in NDBE to
prevent progression to HGD and EAC is controversial.

Reported strategies for the management of NDBE
include: (I) prophylactic eradication of intestinal metaplasia
(IM) to reduce the incidence of EAC; (II) surveillance to
detect incident dysplasia and EAC at an early stage followed
by endoscopic treatment; or (III) no action. Societal
guidelines advise against eradicating NDBE because of
its low risk of progression to EAC, resulting in a high
number-needed-to-treat to prevent one case of EAC, and
complications associated with EET (7-9). Some clinicians
however prefer treating NDBE with EET (10), but this
can be questioned because it is associated with high costs
with unclear benefit to the patient (11). Previous meta-
analyses reporting on treatment outcomes after EE'T mostly
included both NDBE and dysplastic BE patients (12-15). A
better quantification of treatment outcomes, specifically for
NDBE, could help both clinicians and patients to adequately
weigh the benefits and risks of prophylactic EET.

In this systematic review and meta-analysis, we aimed
to determine: (I) the incidence of EAC in patients with
NDBE that have undergone prophylactic EET, compared
with patients undergoing surveillance-only; (II) the efficacy,
durability and safety of prophylactic EET and (III) whether
subgroups of NDBE patients could benefit from EET.
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We present this article in accordance with the PRISMA
reporting checklist (available at https://aoe.amegroups.com/
article/view/10.21037/a0e-21-43/rc) (16).

Methods

The protocol for this systematic review has been registered
on PROSPERO (CRD42021225405).

Search strategy and study selection

Three databases (Ovid Medline/PubMed, Ovid
EMBASE and the Cochrane Controlled Trials Register)
were systematically searched for relevant articles from
January 1990 to November 2020. Keywords used in the
search included a combination of Barrett’s esophagus or
oesophagus, ablation, APC, multipolar electrocoagulation,
laser, RFA, PDT, cryoablation, esophageal bleeding,
esophageal stricture, esophageal perforation, buried glands,
sub-squamous glands, reduction, recurrence, progression,
survival. The search strategy is available as Appendix 1.
Reference lists of suitable articles, including studies selected
for inclusion, (systematic) reviews and practice guidelines
were additionally evaluated for missed but potentially
relevant articles.

Each abstract identified by the search strategy was
reviewed by two independent authors (JS and YP, who had
no conflicts of interest) for inclusion in the study. After
abstract review, full text manuscripts were obtained and
reviewed according to strict eligibility criteria. A study was
included if it: (I) was a prospective (randomized controlled)
trial, cohort study, or case series written in English; (II)
included NDBE patients who were treated using any form
of EET to eradicate NDBE; (III) monitored and reported
the number of patients with complete eradication of
intestinal metaplasia (CE-IM), recurrent IM, progression
to HGD/EAC, adverse events and/or buried glands; (IV)
documented follow-up data either in person-years or
mean/median follow-up period and with a mean or median
follow-up of at least 12 months. A study was excluded if it:
(I) was a case report, cross-sectional study, editorial, letter
to the editor, (systematic) review or book chapter; (II) had a
retrospective study design, because adverse events and EAC
incidence might have been underestimated; (III) included
patients with any histologic grade of dysplasia at baseline
and outcome measures were not stratified by histological
grade; (VI) contained fewer than 15 NDBE patients,

because studies with minimal weight will unlikely impact
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pooled effect sizes in meta-analyses; (V) was available as
(conference) abstract only. In the event when more than one
manuscript included the same cohort of patients, the study
with the longest follow-up interval was included.

Data collection

For each selected study, key study characteristics were
extracted, including publication year, country, study design,
gender, age, BE length, chronic GERD symptoms, body
mass index (BMI), ethnicity, smoking status, familial history
of BE or EAC, type of endoscopic treatment and number of
patients with CE-IM, recurrent IM, progression to HGD/
EAC, buried glands and adverse events. The total follow-
up time in person-years was extracted from the studies, if
reported, or was estimated by multiplying the number of
enrolled patients in the study by the mean or median period
of follow-up in years.

The quality of each study was assessed using the
Downs and Black instrument (17), which is validated for
the assessment of both randomized and nonrandomized
studies. This tool assesses the quality of reporting, external
validity, bias, confounding, and power using a checklist of
27 items. Scores <15, 15-19, and >20 were considered as
low, moderate, and high-quality studies, respectively. For
criterium 5 (i.e., is the distribution of principal confounders
in each group to be compared clearly described),
confounders evaluated were gender, age, BE length, chronic
GERD symptoms, BMI, ethnicity, smoking status and
familial history of BE or EAC.

Definitions and outcomes

Primary outcomes were: (I) CE-IM, defined as both
endoscopic and histologic eradication of IM and dysplasia
during at least one endoscopic follow-up after EET; (II)
recurrence of IM, defined as the presence of IM in the
esophagus after achieving CE-IM, with IM in biopsies of
the gastric cardia alone not considered as recurrence; and
(III) progression to EAC and/or HGD combined, defined
as incident cases of HGD/EAC that were diagnosed at least
12 months after starting surveillance.

Secondary outcomes were: (I) adverse events, including
esophageal stricture, bleeding (reported as significant
bleeding by the study authors), perforation and chest pain
(defined as significant pain requiring evaluation in an
emergency department or administration of analgesics,
including paracetamol); and (II) buried glands, defined as
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presence of IM underneath the (neo)squamous layer in
histological biopsies.

Statistical analysis

The number of patients achieving CE-IM was divided by
the number of patients initially enrolled (intention-to-treat
analysis) to calculate CE-IM proportions for each study.
This method was also used to calculate the proportion
of patients experiencing adverse events. Recurrence and
progression rates were adjusted for follow-up time. The
denominator for the IM recurrence outcome comprised
only patients who had achieved CE-IM after ablation.
Pooled annual cumulative incidence rates of EAC in BE
were calculated by dividing the number of EACs by the
total number of person-years. The 95% confidence intervals
(CI) were calculated using the Wilson score method.

The pooled effect sizes for each of the outcome measures
were calculated using a random-effects model with restricted
maximum-likelihood estimator. We used the double-
arcsine transformation for variance stabilization for meta-
analysis of proportions (18). When the counts of EAC/
adverse events were zero, a correction of 0.5 was added to
the number of incident cases of EAC/adverse events and the
number of person-years of follow-up, to allow for statistical
analysis (19). Heterogeneity was quantified using I statistic
and associated tests, with values <25% indicating low and
>75% indicating high heterogeneity (20).

We intended to calculate relative risk ratios for EAC
incidence post-eradication versus surveillance-only, but
only a limited number of studies directly compared these
two management strategies. To allow for an indirect
comparison, we analyzed progression rates reported in a
previous systematic review on EAC incidence in NDBE
after surveillance-only (3) using the statistical methods
described above (Figure S1).

Possible moderators, including study quality and
treatment modality, were investigated to further explore
heterogeneity using subgroup analysis. Meta-regression
analysis (BE-length and waist circumference) and subgroup
analyses (active reflux, and smoking status) were intended
to specify treatment outcomes for subgroups at higher risk
for EAC. Sensitivity analysis was performed using the leave-
one-out approach to ensure no major study effects were
present. We assessed publication bias by visual inspection of
funnel plots and by using Egger’ test. R version 3.5.3. was
used for all statistical analyses, in which a 2-tailed P value
<0.05 was considered significant.
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- EMBASE (n=1,386)
- Cochrane (n=147)

Records identified through database searching:
- Ovid Medline/PubMed (n=1,460)

Y

;I Duplicates excluded (n=982)

Additional records identified

through citation searching (n=4)

Unique records (n=2,015)

Y

:I Records excluded based on title/abstract (n=1,924)

| Full-text records assessed for eligibility (n=91) |

Records excluded based on full-text (n=70):
- No full-text available (n=4)

- Retrospective design, review or
conference abstract (n=17)
- No population of interest (n=5)

Y

Y

- <15 NDBE subjects (n=20)
- Duplicate reports of a cohort (n=5)
- Less than 12 months of follow-up (n=4)

Records included for quantitative data
synthesis (meta-analysis): (n=21)

- No outcome of interest (n=4)
- Outcome data not stratified by baseline histology (n=11)

Figure 1 Flow chart summarizing study identification and selection.

Results
Literature search

Of 2,015 unique identified articles reporting on treatment
outcome after EET, 1,920 were excluded based on title
and abstract review (Figure I). Ninety-one unique articles
were fully reviewed of which 21 were included in this meta-
analysis with a total of 1,050 patients and 4,026 person-
years of follow-up.

Study and population characteristics are summarized
in Tuble 1. Most studies were performed in Europe
(11 studies), followed by the United States (4 studies),
South America (2 studies), Australia (2 studies) and China
(1 study). Fourteen studies were prospective case series
(21-29,32,33,36,39,41), and 6 were randomized controlled
trials (RCTs) (31,34,35,37,38,40). EET modalities
included APC (12 studies), RFA (3 studies), multipolar
electrocoagulation (MPEC) (3 studies), PDT (1 study) and
laser therapy (1 study). Thirteen studies included patients
treated for NDBE only, 6 studies included a combination
of NDBE and LGD and 1 study included a combination
of NDBE, LGD, HGD and intramucosal cancer patients.
Outcome data was stratified for NDBE and dysplasia
patients in all included studies.

Study quality
Study quality of EET studies ranged from 9 to 25 on

© Annals of Esophagus. All rights reserved.

the Downs and Black instrument (maximum possible
score 28) (17) (Table S1). Of the 6 RCTs, only Dulai
et al. (38) and Saligram er al. (40) were considered to be
of high quality (both comparing APC to MPEC). The
3 RCTs comparing APC to surveillance were considered
of moderate quality, as these studies scored poorly on
adjustment for confounding and losses to follow-up. None
of the 14 observational studies had a control cohort, which
resulted in low (n=8) to moderate (n=6) quality scores.

CE-IM

All included studies reported on the proportion of patients
achieving CE-IM after EET, ranging from 48.6% (37) to
100% (24,28,40). The overall pooled proportion of CE-
IM after EET was 81.3% (95% CI: 73.6-88.1%; I'=87%)
(Figure 2). Stratified by treatment modality, the pooled
proportion of CE-IM after RFA was 83.9% (95% CI: 65.6-
96.4%; 1'=86%), after APC 81.9% (95% CI: 72.0-90.3%;
I’'=88%) and after MPEC/Laser/PDT 77.4% (95% CI:
55.5-93.8%; I'=87%).

Recurrvence of IM

Recurrence of IM after CE-IM ranged from 0% (30,35) to
15.4% (41) (n=8 studies) (23,24,27,28,30,35,40,41). The
combined IM recurrence rate was 3.2% per patient-year
(95% CI: 0.87-6.41%; I’=44%) (Figure 3).
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Study CE-IM (%) 95%C.l.
RFA

Fleischer (2010) 686 [57.0; 78.2)
Skrobic (2015) 842 [69.6; 92.6]
Komanduri (2017) 955 [84.9; 98.7]
Random effects model 83.9 [65.6; 96.4]

Heterogeneity: /% = 86%, 7 = 0.0286, p < 0.01

APC

Tigges (2001) 100.0 [88.6; 100.0]
Kahaleh (2002) 562 [39.3; 71.8]
Basu (2002) 600 [46.2; 724]
Pagani (2003) 723 [62.6; 80.4]
Kelty B (2004) 892 [753; 95.7]
Pinotti (2004) 1000 [83.2;100.0]
Dulai B (2005) 654 [46.2; 80.6]
Madisch (2005) 945 [86.7, 97.8]
Manner (2006) 61.7 [49.0; 72.9]
Bright (2007) 600 [387; 78.1]
Ferraris (2007) 979 [92.7, 994]
Mork (2007) 826 [62.9; 93.0)
Bright (2009) 692 [50.0; 83.5]
Zhang (2009) 778 [54.8; 91.0
Milashka (2014) 926 [76.6; 97.9]
Random effects model 81.9 [72.0; 90.3]

Heterogeneity: /2 = 88%, 7= 0.0432, p <0.01

Other eradication modalities
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Random effects model 77.4 [55.5; 93.8]

Heterogeneity: /2 = 87%, ¥ = 0.0582, p < 0.01

Random effects model 81.3

[73.6; 88.1]

Heterogeneity: /2 = 87%, 7 = 0.0403, p <0.01
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Figure 2 Effect of endoscopic eradication therapy on the CE-IM in patients with non-dysplastic Barrett’s esophagus. Proportions are shown

with 95% CIs. CE-IM, complete eradication of intestinal metaplasia; CIs, confidence intervals; RFA, radiofrequency ablation; APC, argon

plasma coagulation.

Progression to bigh grade dysplasia or EAC

Two studies that directly compared EET (using APC)
with surveillance-only reported progression from NDBE
to HGD/EAC, i.e., 2 patients in the surveillance group
progressed to HGD versus 0 in the APC group, while no
cases of EAC were reported in these studies (31,34).

When including single-arm studies, 17 studies reported
progression to EAC after EET (21,24-34,36-39,41). EAC
was found in 4 of 928 NDBE patients treated with EET
(during 3,652 patient-years of follow-up). Median time to

© Annals of Esophagus. All rights reserved.

EAC diagnosis was 18 months (IQR, 16.5-61.5 months).
EET was performed with APC in all four cases. Of these,
two were found in IM underneath neo-squamous epithelium.
An additional case of EAC following APC treatment was
reported in the study by Saligram ez 4l. (40); however, it was
unclear whether baseline histology was NDBE or LGD.
Bonavina ez al. reported also a case of progression to EAC in
buried IM, which was not included in our analysis because
it occurred within 6 months after EET (41). The pooled
annual cumulative incidence of EAC post-eradication was

0.14% (95% CI: 0.00-0.55%; ’=38%) (Figure 4).
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Figure 3 Effect of endoscopic eradication therapy on the recurrence of intestinal metaplasia post-eradication in patients with non-dysplastic

Barrett’s esophagus. Annual cumulative incidences are shown with 95% ClIs. IM, intestinal metaplasia; PY, patient-year; Cls, confidence

intervals; RFA, radiofrequency ablation; APC, argon plasma coagulation.

In both single-arm studies reporting EAC cases after
EET, HGD incidence was not an outcome measure (25,36).
Thirteen other studies reported on a combined HGD/EAC
incidence (21,24,26-29,31-34,37-39), but no cases of HGD
were reported after EET (Table 1).

Adverse events

Adverse events were reported in 16 studies (21,24,26-32,
34-39,41). The study by Komanduri et /. (23) also reported
adverse events but it was not possible to identify baseline
histology in the patients with adverse events.

A total of 15 strictures, 5 significant bleedings,
1 perforation and 44 transient (retrosternal) pain episodes
were reported (Table 2). The pooled rate of overall adverse
events was 6.7% (95% CI: 1.7-14.1%; 1’=90%). Pain
accounted for the majority of reported adverse events
with a pooled rate of 7.3% (95% CI: 0.1-21.5%; I’'=94%),
followed by stricture formation 1.5% (95% CI: 0.6-2.6%;
I’=0%) and bleeding 0.8% (95% CI: 0.1-1.9%; I’'=0%)
(Figure S2). Strictures occurred most frequently after APC
with a pooled rate of 1.8% (95% CI: 0.7-3.3%; I’=0%),

© Annals of Esophagus. All rights reserved.

followed by MPEC/Laser/PDT 1.5% (95% CI: 0.0-4.8%;
I’=29%) (Figure S2B). Bleeding occurred most frequently
after APC with a pooled rate of 1.2% (95% CI: 0.2-2.8%;
I’=0%), followed by RFA 0.7% (95% CI: 0.0-4.6%; I'= NA)
(Figure S2C). The esophageal perforation occurred after
APC therapy.

Sensitivity and subgroup analysis

Significant heterogeneity between studies was identified
for all outcomes. Sensitivity analysis identified one outlier
study for adverse events. This study reported pain requiring
analgesics in 86.5% of patients (37). Leaving out the latter
study reduced heterogeneity and resulted in a pooled overall
adverse event rate of 3.5% (95% CI: 1.63-5.91; I’'=46%)
(Figure 5) and a pooled rate of pain requiring analgesics of
2.1% (95% CI: 0.64-4.22; I’=12%). Sensitivity analysis by
excluding 1 study at a time revealed that none of the studies
had an excessive effect on CE-IM, IM recurrence and EAC
incidence outcomes.

We performed predefined subgroup analysis to explore
possible causes of heterogeneity, of which the results are
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Figure 4 Effect of endoscopic eradication therapy on the progression to EAC in patients with non-dysplastic Barrett’s esophagus. Annual

cumulative incidences are shown with 95% Cls. EAC, esophageal adenocarcinoma; CIs, confidence intervals; RFA, radiofrequency ablation;

APC, argon plasma coagulation.

highlighted in 7able 3. However, data on BMI, ethnicity,
smoking status and familial history of BE or EAC were
only rarely reported. A history of chronic GERD symptoms
was reported more frequently but was differently defined
in the studies (e.g., symptom duration >5 years, symptom
frequency >2 times/week, symptoms requiring (anti-reflux)
surgery or medication). Data on presence of chronic GERD
symptoms was therefore considered too heterogenous for
subgroup analysis. Stratification by treatment modality, BE
length and study quality as moderator variables resulted in
reduced heterogeneity in some subgroups for the outcomes
total adverse events and EAC progression, indicating
that these moderator variables might have been causes of
heterogeneity. However, none of the moderator variables
were significantly associated with any of the outcomes.

© Annals of Esophagus. All rights reserved.

The influence of mean/median BE length as a continuous
variable was assessed using meta-regression analysis,
which showed that mean/median BE length was positively
correlated with recurrence of IM and progression to EAC,
but results were not significant (Table S2).

Publication bias

Funnel plots for each analysis are shown in Figure S3.
Some asymmetry was noted in the funnel plots, which
indicates the possibility of publication bias. The funnel plot
Egger’s test indicated a significant small-study effect on the
outcome EAC incidence (P=0.001). No small-study effects
were seen on the outcomes CE-IM (P=0.95), recurrence of

IM (P=0.62) and adverse events (P=0.08).
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Table 2 Adverse events after EET for NDBE

Page 11 of 18

Reference No. of patients  Perforations, n  Stricture formation, n  Bleeding, n Pain, n Total adverse events, n
Bonavina et al., 1999 (41) 18 0 2 NR NR 2
Tigges et al., 2001 (24) 30 0 1 0 0 1
Basu et al., 2002 (26) 50 0 0 0 NR 0
Kahaleh et al., 2002 (25) 32 NR NR NR NR NR
Pagani et al., 2003 (27) 94 0 1 NR 0 1
Kelty et al., 2004 (37) 72 0 0 NR 34 34
Pinotti et al., 2004 (28) 19 0 0 0 NR 0
Dulai et al., 2005 (38) 52 0 0 0 1 1
Madisch et al., 2005 (29) 73 0 3 0 NR 3
Manner et al., 2006 (30) 60 1 2 2 5 10
Bright et al., 2007 (31) 20 0 2 0 NR 2
Ferraris et al., 2007 (32) 96 0 0 0 NR 0
Mork et al., 2007 (33) 23 NR NR NR NR NR
Bright et al., 2009 (34) 26 0 0 0 NR 0
Zhang et al., 2009 (35) 18 0 0 1 0 1
Fleisher et al., 2010 (21) 70 0 0 0 0 0
Allison et al., 2011 (39) 166 0 2 1 4 7
Milashka et al., 2014 (36) 27 0 2 1 NR 3
Saligram et al., 2015 (40) 22 NR NR NR NR NR
Skrobi¢ et al., 2016 (22) 38 NR NR NR NR NR
Komanduri et al., 2017 (23) 44 NS NS NS NS NS
Total 1,050 1 15 5 44 65

EET, endoscopic eradication therapy; NDBE, non-dysplastic Barrett’s esophagus; NR, not reported; NS, not stratified by baseline histology.

Discussion

In this systematic review and meta-analysis, CE-IM was
found in 81.3% of patients with NDBE, with IM recurring in
3% of patients after initial successful CE-IM. Furthermore,
EET for NDBE was not able to completely prevent
progression to EAC, as it was still seen in 4 of 928 patients.
This resulted in a post-eradication EAC risk of 0.14% per
patient-year of follow-up. Although the overall adverse events
rate was low, EET resulted in strictures in 1.5% of patients,
bleeding in 0.8% and perforation in 0.5%.

EAC progression risk after EET was 0.14% in the
current meta-analyses. A previous meta-analysis performed
in 2009 by Wani et /. was consistent with our findings
and showed an EAC incidence rate of 0.16% per patient-

© Annals of Esophagus. All rights reserved.

year after EET for NDBE (15). EET had not been
shown to convincingly reduce the incidence of developing
EAC more efficiently than surveillance-only in the data
that are available. Compared with patients receiving
surveillance-only, the reduction in progression risk after
EET was absolutely approximately 50% [based on an
indirect comparison with the 0.3% per patient-year EAC
progression risk after surveillance-only published (3)].
Another population-based study not included in the
aforementioned meta-analysis yielded an even lower EAC
risk for surveillance-only in NDBE patients of 0.12% per
patient-year (2), which makes a long-term benefit of EET
highly questionable. It is doubtful whether the unclear
long-term benefit of EET outweighs the risks in the
case of NDBE. The risk of adverse events we reported is
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Study Adverse events rate (%) 95% C.I. Weight
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Figure 5 Overall adverse events after endoscopic eradication therapy in patients with non-dysplastic Barrett’s esophagus. Proportions are

shown with 95% ClIs. CIs, confidence intervals; RFA, radiofrequency ablation; APC, argon plasma coagulation.

comparable with a meta-analysis of adverse events after RFA
that included both NDBE and BE-related neoplasia (14).
Although the overall risk of adverse events is low and the
majority can be managed with analgesics in case of pain,
or by endoscopic means in case of an esophageal stricture,
bleeding or even perforation, their occurrence negatively
affects quality of life of patients. The latter is even more
important for a non-neoplastic disorder such as NDBE,
with a very low (<0.5%) a priori risk of ever developing
EAC (2,3).

The fact that progression to EAC can still occur after
EET is likely explained by two important factors. First,
persistent IM after incomplete EET in approximately 1
of 5 patients may at least partially account for this EAC
risk. Our pooled CE-IM estimate is comparable with a

© Annals of Esophagus. All rights reserved.

previous meta-analysis that included also dysplasia patients
and reported CE-IM in 78% (12). Second, recurrent IM
in patients that had achieved CE-IM was seen in 3.2%
(per patient-year) after CE-IM in our meta-analysis which
could be another reason for the EAC risk. Presence of IM
in follow-up biopsies could represent either remaining IM
that was not detected during initial post-EET endoscopy or
could be de novo IM caused by persistent gastroesophageal
reflux in physiologically and genetically predisposed patients
(42,43). Studies have also reported EAC originating in
buried glands after EE'T for NDBE (36,41). However, these
reports likely reflect false-positive histological diagnosis of
buried BE due to accidental sampling of small islands with
remaining or recurrent IM (44). Ultimately, the malignant
potential in remaining and recurrent IM is likely responsible

Ann Esophagus 2023;6:42 | https://dx.doi.org/10.21037/ace-21-43
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for the insufficient elimination of EAC risk following EET.
Continued surveillance after EET might detect neoplasia
in remaining and recurrent IM in time but is costly and
burdensome for patients (11).

As we included studies with different treatment
modalities, generalization of our findings as being true for
all EET methods currently available may be questionable.
Severe adverse events occurred most frequently in APC
studies. Occurrence of EAC after EET for NDBE was
only reported in studies using APC and laser therapy.
Long-term treatment outcome after RFA, the currently
most commonly used technique, was only measured by a
single included study that reported no cases of EAC (21).
However, an international registry study reported a
relatively high annual incidence of HGD/EAC of 0.7%
after RFA (among 83 patients with NDBE or BE with
indefinite for dysplasia) (10). RFA and APC are both well-
known eradication techniques for EET (45-47), but efficacy
and safety have never been compared in a randomized
trial. Thus, whether RFA is more effective and safe in
treating NDBE than delineated in this meta-analysis of all
methods combined remains undetermined. Furthermore,
cryotherapy has been suggested to be a safe and effective
alternative EET technique for treatment of BE-related
neoplasia (48). The application of cryotherapy for removal
of NDBE has not been studied, leaving its potential in this
setting an open issue.

Current guidelines recommend for good reason against
EET for NDBE (7-9). Arguments for a physician to still
treat NDBE might include the feeling of reassurance
after eradicating metaplastic esophageal mucosa (49) and
avoiding the obvious shortcomings of a surveillance-only
strategy (e.g., sampling error and inability to predict which
patient will progress to HGD/EAC and when). However,
the results of this meta-analysis show serious limitations
with regard to efficacy and durability of EET for NDBE,
prevention of EAC development can therefore not be
guaranteed. A positive benefit-risk ratio is questionable due
to occurrence of adverse events. Furthermore, superiority
of EET over surveillance has never been demonstrated in a
well-designed and adequately powered study. Additionally,
an economic analysis by Hur et 4/ reported that EET for
patients with NDBE costs between $118,000 and $205,000
per QALY gained compared with surveillance-only (11).
This is likely too high for society to be willing to pay for,
given that 1 QALY is valued at $50,000 to $150,000 in
the US (50). In our opinion, EET should therefore not be
recommended to all patients with NDBE.

© Annals of Esophagus. All rights reserved.
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Then, how should we manage NDBE? Performing
routine surveillance in all NDBE patients might be
leading to escalated use of financial and medical resources
potentially without substantial benefit. A personalized
approach through risk stratification of NDBE may lead
to a more rational application of endoscopic surveillance
and the use of EET for those most likely to progress to
EAC. Identifying NDBE subgroups with an increased
risk of neoplastic progression, such as long-segment BE,
active reflux, and/or smoking (51), may be arguments
to perform EET in these subgroups. Studies included
in the current meta-analysis only provided data on BE
length. Despite EET, increasing mean BE-length was still
positively correlated with progression to EAC (although
not significant, Table S2). Reduced effectivity to EET for
long-segment BE has been reported previously (12), which
may be contributable to the greater surface area that must
be treated and the risk of insufficient eradication of BE.
Targeted EET of NDBE merely based on segment-length
therefore seems undesirable. Accurate prediction models
to stratify risk in NDBE are crucial to efficiently select and
potentially treat NDBE patients with high susceptibility for
neoplastic progression (52). Current risk models might be
supplemented with biomarker components and should be
externally validated in population-based studies. Thereafter,
studies investigating whether NDBE patients with high-risk
scores truly benefit from EET are required. Additionally,
we suggest that patients with NDBE with intermediate
or low risk might be managed with surveillance or even
discontinuation of surveillance based on a previous study
that we performed (4). Another approach might be to utilize
improved endoscopic and histologic surveillance techniques
to increase detection of dysplasia in BE mucosa. Wide area
tissue sampling (improved sampling using brushes combined
with computer-assisted neural network analysis) (53),
(computer-assisted) volumetric laser endomicroscopy (54),
and p53 staining in biopsies from BE (55) show promise in
detecting dysplasia and stratifying risk of progression in BE.

This meta-analysis has a number of strengths. We
provided a quantification of treatment outcome after EET
specifically for NDBE, including more than 1,000 patients.
This may well help in understanding the benefits and risks
of EET. Only prospective studies were included. The
outcome measures were clearly and consistently defined in
included trials and observational studies, which allowed us
to perform this meta-analysis. Furthermore, exclusion of
individual studies did not change the pooled estimates of
CE-IM, IM recurrence and EAC progression substantially,
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and the estimates appear therefore robust to the effects of
individual studies despite heterogeneity among studies.

This systematic review also has some limitations.
First, the quality of the majority of included studies
was suboptimal, which was partly contributable to the
lack of randomization in studies and to the absence of
a control group in the majority of included case series.
This also precluded a direct comparison of the results
between patients that underwent EET and those that were
undergoing surveillance-only. An accurate calculation of
relative risk reduction following EET was therefore not
possible. This was also the case for performing a survival
analysis as patient-level censoring events were not available
in most included studies. On the other hand, the likelihood
that an RCT with sufficient follow-up time (>5 years) and
comparing EET with surveillance will ever be performed is
unlikely, given the yet unclear benefit of eradicating NDBE
and associated risks. Instead, we obtained and analyzed
follow-up data of patients undergoing surveillance-only
using a previous systematic review (3), which allowed to
indirectly compare the outcomes of interest. It should
be noted that this indirect comparison between the two
strategies is limited by potential variation in patient
populations, follow-up periods and surveillance protocols.
Furthermore, the included studies provided limited
data on risk factors for neoplastic progression of NDBE
(other than segment length). This precluded comparing
treatment-outcome between low- and high-risk NDBE
subgroups. Finally, there was significant heterogeneity in
all pooled effect sizes. We performed multiple subgroup
analyses to explore the source of heterogeneity. Although
the heterogeneity decreased in the subgroup analysis, it
continued to remain significantly present for the pooled
proportions of CE-IM and total adverse events.

This systematic review and meta-analysis endorses that
providing prophylactic EET uniformly for all NDBE
patients should be discouraged due to continued risk of
EAC. Based on the scarceness of evidence for a long-term
benefit and the considerable risk of serious adverse events,
we recommend against EET of all patients with NDBE.
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Supplementary

Appendix 1 Search strategies
Ovid Medline/Pubmed 1990 — Current. Run 26-11-2020

1. Barrett Esophagus/
2. (Barret$ adj1 (esophag$ or oesophag$ or epitheli$ or metaplasi$ or syndrome?)).tw,kw.
3. (((no or non or without) adjl (dysplasia or dysplastic$)) or non-dysplastic or nondysplastic).tw,kw.
4.1or2
5.3and 4
6.1or2or5

7. Catheter Ablation/

8. Laser coagulation/

9. photochemotherapy/

10. Cryoablation/

11. Esophagoscopy/

12. (eradicat$ adj3 (endoscopi$ or strateg$)).tw,kw.

13. (ablati$ or coagulate$ or radiofrequen$ or photodynamic$ or cryo$).tw,kw.
14.70or8or9or10or 11 or 12 or 13

15. 6 and 14

16. postoperative complications/ or pain, postoperative/ or postoperative hemorrhage/
17. Treatment outcome/

18. Recurrence/

19. Disease progression/

20. Disease free survival/

21. Cost-Benefit Analyses/

22. Cost savings/

23. (stricture$ or bleed$ or hemorrhage$ or haemorrhage$ or pain or perforat$).tw,kw.
24. (respon$ or recurren$ or reduction or durability).tw,kw.

25. ((bury or buried or subsquamous or sub-squamous) adj2 (metaplas$ or gland?)).tw,kw.
26. (survival or mortality).tw,kw.

27. ((cost adjl effect$) or cost-effect$ or cost-utility or economi$).tw,kw.

28.16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29.15 and 28

30. limit 29 to yr="1990 -Current"

Hits: 1460

EMBASE 1990-current. Run 26-11-2020

1. Barrett Esophagus/

2. (Barret$ adjl (esophag$ or oesophag$ or epitheli$ or metaplasi$ or syndrome?)).tw,kw.
3. (((no or non or without) adj1 (dysplasia or dysplastic$)) or non-dysplastic or nondysplastic).tw,kw.
4.1or2

5.3and 4

6.1or2or5

7. Catheter Ablation/

8. Laser coagulation/

9. photochemotherapy/

10. Cryoablation/

11. Esophagoscopy/

12. (eradicat$ adj3 (endoscopi$ or strateg$)).tw,kw.

13. (ablati$ or coagulate$ or radiofrequen$ or photodynamic$ or cryo$).tw,kw.
14.7or8or9or10or 11 or 12 or 13

15. 6 and 14

16. postoperative complications/ or pain, postoperative/ or postoperative hemorrhage/
17. Treatment outcome/

18. Recurrence/

19. Disease progression/

20. Disease free survival/

21. "cost benefit analysis"/

22. Cost savings/

23. (stricture$ or bleed$ or hemorrhage$ or haemorrhage$ or pain or perforat$).tw,kw.
24. (respon$ or recurren$ or reduction or durability).tw,kw.

25. ((bury or buried or subsquamous or sub-squamous) adj2 (metaplas$ or gland?)).tw,kw.
26. (survival or mortality).tw,kw.

27. ((cost adjl effect$) or cost-effect$ or cost-utility or economi$).tw,kw.

28.16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29.15 and 28

30. limit 29 to yr="1990 -Current"

31. limit 30 to conference abstract

32.30 not 31

Hits: 1386
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Cochrane central 1990-current. Run 26-11-2020

1. Barrett Esophagus/

2. (Barret* NEAR/1 (esophag* or oesophag* or epitheli* or metaplasi* or syndrome?)):ti,ab,kw
7. Catheter Ablation/

8. Laser coagulation/

9. photochemotherapy/

10.
11.
12.
13.
16.
17.
18.
19.
20.

21

22.

23
24
25
26
27

Cryoablation/

Esophagoscopy/

(eradicat* NEAR/3 (endoscopi* or strateg®)):ti,ab,kw

(ablati* or coagulate* or radiofrequen* or photodynamic* or cryo*):ti,ab,kw
postoperative complications/ or pain, postoperative/ or

"Treatment outcome/

Recurrence/

Disease progression/

Disease free survival/

. "cost benefit analysis"/

Cost savings/

. (stricture* or bleed* or hemorrhage* or haemorrhage* or pain or perforat*):ti,ab,kw
. (respon* or recurren* or reduction or durability):ti,ab,kw

. ((bury or buried or subsquamous or sub-squamous) adj2 (metaplas® or gland?)):ti,ab,kw
. (survival or mortality):ti,ab,kw

. ((cost adj1 effect®) or cost-effect” or cost-utility or economi*):ti,ab,kw

Hits: 147

Study EAC incidence (per PY) 95% C.L

Eckhardt (2001) 0.002  [0.000; 0.011] 4—

Dulai (2003) 0.001  [0.000;0.003]

Oberg (2005) 0.004 [0.001;0.011] #—

Vieth (2006) 0.002  [0.001; 0.004)

Kelty (2007) 0004  [0.002;0.006) I

Lim (2007) 0.005 [0.003;0.008) &

Martinek (2008) 0.003  [0.001;0.010] #—

Nguyen (2009) 0.005 [0.003;0.008] M

Jung (2011) 0003 [0.001;0.006] ¥

Schouten (2011) 0003  [0.002; 0.006) W

Random effects model 0.003 [0.002;0.004] &

Heterogeneity: /° = 23%, ©* < 0.0001, p = 0.23 : ! ! ' ! '
0 002 004 006 008 0.1

Cumulative incidence and 95% C.I.

Weight

3.0%
10.3%

46%
16.4%
16.0%
11.3%

41%
11.5%
10.5%
12.4%

100.0%

Figure S1 Effect of surveillance on the progression to esophageal adenocarcinoma (EAC) in patients with non-dysplastic Barrett’s esophagus. Annual cumulative incidences are shown with 95 %

confidence intervals (CIs).
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A
Study

RFA

Fleischer (2010)

Random effects model
Heterogeneity: not applicable

APC

Tigges (2001)

Pagani (2003)

Dulai B (2005)

Manner (2006)

Zhang (2009)

Random effects model

Pain (%) 95% C.I.

07 [0.0; 46] .—
0.7 [0.0; 4.6] <—

16 [0.0;105] —#=——

05 [0.0; 35 B

38 [00;158 ——&—m
83 [24,169] —@#——
28 [0.0;174 —8—0m————
26 [0.2; 7.0] <=——

Heterogeneity: /% = 40%, © = 0.0045, p =0.16

Other eradication modalities

Kelty A (2004)
Dulai A (2005)
Allison (2011)
Random effects model

57 [0.1,165] —&——————
19 [0.0;12.0] —q—

24 [05 54 ——

23 [0.5; 5.0] <=

Heterogeneity: /2 = 0%, t° = 0, p = 0.55

Random effects model 2.1 [0.6; 4.2] <

Weight

14.0%
14.0%

7.3%
17.0%
6.4%
12.5%
4.7%
47.8%

8.2%
6.5%
23.5%
38.2%

100.0%

Heterogeneity: /2 = 12%, 2 = 0.0015,p =0.33 | J T J J

25 30

10 15 20
Proportion and 95% CI
B
Study Stricture (%) 95% C.I.
RFA :
Fleischer (2010) 07 [00; 46] @—

Random effects model

Heterogeneity: not applicable

0.7 [0.0; 46] <=

APC

Tigges (2001) 33 (00,138 —

Basu (2002) 10 [0.0; 6.4] #———
Pagani (2003) 11 [00; 45 -@——

Kelty B (2004) 13 [0.0; 8.6] ————
Pinotti (2004) 26 [0.0;16.1] —

Dulai B (2005) 19 (00,120 —

Madisch (2005) 41 [05102 —%——
Manner (2006) 33 (01,08 —— =
Bright (2007) 100 [0.2;,27.8] —

Ferraris (2007) 05 [00; 3.4] ®—

Bright (2009) 19 [0.0;12.0) —

Zhang (2009) 27 [0.0;17.0]

Milashka (2014) 74 [0.1;21.0]

Random effects model

Heterogeneity: /2 = 0%, © =0, p = 0.68

18 [0.7; 3.3] <=

Other eradication modalities

Bonavina (1999) 111 [0.2;30.6]

Kelty A (2004) 14 [0.0; 9.1] —4——
Dulai A (2005) 19 [0.0;12.0) —

Aliison (2011) 12 [00; 3.6 —l—

Random effects model

15 [0.0; 4.8] <=

Heterogeneity: /2 = 29%, t° = 0.0018, p = 0.24

Study Bleeding (%) 95% C.I. Weight
RFA
Fleischer (2010) 07 [0.0; 46] - 9.9%
Random effects model 0.7 [0.0; 4.6] < 9.9%
Heterogeneity: not applicable
APC
Tigges (2001) 16 [0.0;10.5] —07 4.3%
Basu (2002) 10 [0.0; 64] #— 71%
Pinotti (2004) 26 [0.0;16.1] 2.8%
Dulai B (2005) 19 [0.0;120) —8—————— 38%
Madisch (2005) 07 [00; 44] #—— 10.3%
Manner (2006) 33 [0.1; 98 —&— 8.4%
Bright (2007) 24 [00;154] 2.9%
Ferraris (2007) 05 [0.0; 34] ®— 13.5%
Bright (2009) 19 [0.0;120) —8————— 38%
Zhang (2009) 56 [0.0;22.3] 26%
Milashka (2014) 37 [0.0;152] — 38%
Random effects model 1.2 [0.2; 2.8] == 63.2%
Heterogeneity: /> = 0%, ©* =0, p = 0.89
Other eradication modalities :
Dulai A (2005) 19 [0.0;12.0] — 3.8%
Allison (2011) 06 [0.0; 26] H— 23.2%
Random effects model 0.3 [0.0; 2.2] & 26.9%
Heterogeneity: /> =0%, =0, p = 0.38
Random effects model 0.8 [0.1; 1.9] <= 100.0%
Heterogeneity: /2= 0%, ©*=0, p = 0.87 f ! ! T !

0 5 10 15 20

Proportion and 95% CI

Figure S2 Forest plots for secondary outcomes of adverse events after endoscopic therapy in patients with non-dysplastic Barrett's esophagus. (A) Pain requiring analgesics. (B) Formation of

strictures. (C) Bleeding.
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Figure S3 Funnel plots of the main study outcomes. (A) Funnel plot of the effect of endoscopic eradication therapy on the complete eradication of intestinal metaplasia (CE-IM). (B) Funnel plot

of the effect of endoscopic eradication therapy on the recurrence of intestinal metaplasia post-eradication. (C) Funnel plot of the effect of endoscopic eradication therapy on the progression to

esophageal adenocarcinoma (EAC). (D) Funnel plot of overall adverse events after endoscopic eradication therapy. SE, standard error.
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Table S1 Quality assessment of the full text randomized control trials and cohort studies

Bonavina Tigges Basu Kahaleh Pagani Kelty Pinotti Dulai Manner Bright Ferraris Bright Mork Zhang Fleisher Allison Madisch Milashka Saligram Skrobi¢ Komanduri
1999 2001 2002 2002 2003 2004 2004 2005 2006 2007 2007 2009 2007 2009 2010 2011 2005 2014 2015 2016 2017

Reporting
Hypothesis/aim 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Main outcomes 0 1 1 1 0 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1
Characteristics of 1 1 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1
included patients
Interventions 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Distributions of 0 0 0 0 0 0 0 2 0 1 0 1 0 1 0 0 0 0 1 0 0
principal confounders
Main findings 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Estimates of random 0 0 1 0 1 1 0 1 1 0 1 0 0 1 1 1 0 0 1 1 1
variability
Important adverse 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1
events
Characteristics 1 0 0 0 0 1 0 1 1 0 0 1 1 0 1 1 1 1 1 1 1
of patients lost to
follow-up
Actual probability 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 1 1 0 1 1 1
values

External validity

Subjects asked to 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1
participate

Subjects prepared to 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
participate

Staff, places, and 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
facilities

Internal validity —bias

Blinding of subjects 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Blinding of those 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0
measuring outcomes

Data dredging 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Adjustment for 0 1 1 1 0 1 0 1 0 1 1 1 0 0 1 0 1 1 1 1 1
different follow-up

time

Statistical testing 0 0 1 0 1 1 0 1 0 0 1 0 0 1 1 0 0 0 1 1 1
Compliance to testing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
reliability

Main outcomes 0 1 1 1 0 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1
accuracy

Internal validity —confounding

Different 0 1 0 0 1 1 1 1 0 1 1 0 1 1 0 1 1 0 1 1 1

interventions

Recruitment over 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

same time period

Randomization 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 0 0 0 1 0 0

Randomization 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

concealment

Adequate adjustment 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

for confounding

Losses to follow-up 0 0 0 0 0 1 0 1 1 0 0 0 1 0 1 1 0 1 1 1 1
Power

Sufficient power 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0

Total 10 13 14 12 12 19 10 25 14 15 16 15 9 18 18 19 17 14 21 17 19

Table S2 Meta-regression analysis of moderators affecting the proportion of CE-IM, recurrence, total adverse events and EAC incidence after EET

CE-IM IM recurrence Total adverse events EAC incidence
Variable
Coefficient I” (%)" P value Coefficient I? (%) P value Coefficient I” (%)" P value Coefficient I (%)" P value
BE segment Iength* 0.08 88.2 0.78 3.03 11.2 0.08 0.05 51.7 0.81 3.59 17.6 0.058

. I? = residual heterogeneity; *, based on the study mean or median. CE-IM, complete eradication of intestinal metaplasia; EAC, esophageal adenocarcinoma; EET, endoscopic eradication
therapy; Cl, confidence interval; BE, Barrett’s esophagus.

© Annals of Esophagus. All rights reserved. https://dx.doi.org/10.21037/a0e-21-43



