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Background and Aims: Barrett’s esophagus with low-grade dysplasia (BE-LGD) carries
a risk of progression to Barrett’s esophagus with high-grade dysplasia (BE-HGD) and
esophageal adenocarcinoma (EAC). Radiofrequency ablation (RFA) appears to be a safe
and efficacious method to eradicate Barrett’s esophagus. However, a confirmed
consensus regarding treatment of BE-LGD with RFA vs. endoscopic surveillance is
lacking. Therefore, this study aimed to elucidate the efficacy and safety for RFA vs.
endoscopic surveillance in decreasing the risk of BE-LGD progression to BE-HGD or
EAC.

Methods: Relevant studies published before May 1, 2021 were identified by searching
relevant medical databases. The primary outcome was the rate of progression BE-LGD to
HGD and/or EAC after treatment with RFA and endoscopic surveillance. The secondary
outcome was the rate of complete eradication of dysplasia (CE-D) and complete
eradication of intestinal metaplasia (CE-IM) after treatment with RFA and endoscopic
surveillance. Adverse events were also extracted and evaluated.

Results: Three randomized controlled trials were eligible for analysis. The pooled estimate
of rate of neoplastic progression of BE-LGD to HGD or EAC was much lower in the RFA
group than the endoscopic surveillance group (RR, 0.25; 95% CI, 0.07–0.93; P = 0.04),
with moderate heterogeneity (I2 = 55%). Subgroup analysis based on progression grade
was performed. The pooled rate of progression of BE-LGD to HGD was much lower in the
RFA group than the endoscopic surveillance group (RR, 0.25; 95% CI, 0.07–0.71; P =
0.01), with low heterogeneity (I2 = 15%). Although the pooled risk of progression of BE-
LGD to EAC was slightly lower in the RFA group than the endoscopic surveillance group
(RR, 0.56; 95% CI, 0.05–6.76), the result was not statistically significant (P = 0.65). RFA
also was associated a higher rate of CE-D and CE-IM both at the end of endoscopic
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treatment and during follow-up. However, the rate of adverse events was slightly higher
after RFA treatment.

Conclusion: RFA decreases the risk of BE-LGD progression to BE-HGD. However, given
the uncertain course of LGD and the potential for esophageal stricture after RFA,
treatment options should be fully considered and weighed.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42021266128, identifier PROSPERO (CRD42021266128).
Keywords: Barrett’s esophagus, radiofrequency ablation, endoscopic surveillance, high-grade dysplasia (HGD),
esophageal adenocarcinoma (EAC), low-grade dysplasia (LGD)
BACKGROUND

Barrett’s esophagus (BE) results in a significant histological change
in which the normal squamous epithelium is replaced by columnar
epithelium, an outcome known as intestinal metaplasia (1). This
metaplastic change is caused by gastroesophageal reflux disease (2).
The prevalence of BE in Europe and the USA has been estimated to
be 1.6%, and 1.7–5.6%, respectively (2). The neoplastic progression
of BE ranges from nondysplastic intestinal metaplasia to low-grade
dysplasia (LGD), high-grade dysplasia (HGD) and eventually
esophageal adenocarcinoma (EAC).

According to a previous study, the neoplastic progression of BE
results in nondysplastic intestinal metaplasia or transient LGD in
most cases (3), it can also lead to HGD and EAC. Hence, endoscopic
surveillance is advisable for most patients. For HGD and EAC, the
consensus treatment is endoscopic resection of visible lesions and
radiofrequency ablation (RFA) of residual BE (4, 5). However, for
BE with LGD (BE-LGD), some uncertainties exist regarding
diagnosis and the natural disease course: some cases may progress
to HGD or EAC, whereas others may remain stable, degenerate or
even result in nondysplastic intestinal metaplasia (6). Therefore,
whether BE-LGD should be treated with RFA or just endoscopic
surveillance remains an open question.

Few studies have compared the risk of progression to HGD or
EAC after treatment with RFA vs. endoscopic surveillance in
patients diagnosed with BE-LGD (7, 8). However, retrospective
results could not provide a convincing conclusion because of the
heterogeneous study characteristics.

Recently, several RCTs have evaluated the risk of BE-LGD
progression to the next neoplastic stage between endoscopic RFA
and surveillance. However, the number of cases in these studies
has been limited, and the results have been somewhat inconsistent.

The aim of this meta-analysis was to evaluate the efficacy and
safety of RFA compared with endoscopic surveillance in
reducing the risk of progression of BE-LGD to BE-HGD or EAC.
METHODS

Study Searching and Search Strategy
Three databases (PubMed, the Cochrane Central Register of
Controlled Trials and Web of Science) were searched for eligible
2

publications according to the Preferred Reporting items for
Systematic Review and Meta-Analysis (PRISMA) guidelines
(9). The most recent search was performed on May 1, 2021.
The full search strategies for the three databases are presented in
Supplementary Table 1. A PRISMA checklist is provided in
Supplementary Table 2. The time period was not limited.
Additional studies were identified by searching the remaining
articles after exclusion of those unrelated to our questions of
interest. The protocol of this meta-analysis was registered at
PROSPERO (CRD42021266128).

Inclusion and Exclusion Criteria
Two investigators (YZ.W. and B.M.) independently screened all
relevant studies and reviewed the full text of the included studies.
Any disagreements were discussed with a third reviewer (PW.L.)
and resolved by consensus.

The inclusion criteria were as follows: (1) randomized
controlled trials (RCTs); (2) studies presenting clinical data on
patients with a confirmed diagnosis of BE-LGD treated with RFA
or endoscopic surveillance, e.g., the rate of progression to HGD
and/or EAC, rate of complete eradication of dysplasia (CE-D) or
rate of complete eradication of intestinal metaplasia (CE-IM).

The exclusion criteria were as follows: (1) fewer than ten cases
in the study; (2) treatment (RFA or surveillance) combined with
other therapy; (3) reviews, comments or conference abstracts;
(4) publications not in English; and (5) animal experiments.

Data Collection and Assessment of the
Risk of Bias in the Included Studies
A formalized table was independently used to extract the data
from each paper by YW and BM. The following information was
included: (1) authors; (2) publication year; (3) study design;
(4) setting (single center/multicenter); (5) number of patients;
(6) patient sex; (7) patient age; (8) length of BE; (9) multifocal
dysplasia; (10) rate of technical success (en bloc); (11) rate of
LGD progression to HGD and/or EAC; (12) rate of CE-D and
CE-IM; and (13) adverse events.

Cochrane analysis was conducted to assess the risk of bias for
the RCTs (10). Five aspects of bias—selection bias, performance
bias, detection bias, attrition bias and reporting bias—were
evaluated. The results of the assessment of the included RCTs
are provided in Supplementary Table 3.
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Primary and Secondary Outcomes
The primary outcome of this study was the rate of progression of
BE-LGD to HGD and/or EAC in patients treated with RFA or
endoscopic surveillance. The secondary outcome was the rate of
CE-D and CE-IM in patients treated with RFA and endoscopic
surveillance. Adverse events were also extracted and evaluated.

Statistical Analysis
RevMan 5.3 (Cochrane) was used for the statistical analysis. The
Mantel–Haenszel random effects model and risk ratios (RRs)
were used. The random-effects model was used for all outcomes,
because it provided more conservative estimates and was tailored
to multicenter studies in which heterogeneity is typically present
(11). I2 was used to evaluate heterogeneity, and I2 > 50% and P <
0.05 were considered thresholds for significant heterogeneity.
Subgroup analyses were performed for progression of BE-LGD
to HGD and BE-LGD to EAC. If the number of included studies
exceeded ten, assessment of publication bias was planned to be
performed. All statistical values are reported with 95%
confidence intervals (CI). Moreover, the overall assessment of
certainty of evidence was conducted according to the Grading of
Recommendations Assessment, Development and Evaluation
approach (GRADE) (12) by using GRADEprofiler (version 3.6).

IRB Approval
This meta-analysis is not related with any patient privacy or
related information, so there is no need for IRB approval.
RESULTS

Search Results
A total of 150 studies were found by searching the PubMed,
Cochrane Library and Web of Science databases. The study
flowchart is shown in Figure 1. Thirty-three duplicate studies
were excluded, and an additional 96 studies were removed for
reasons associated with the title, abstract and language. Twenty-
one records were eligible for full text review. Further screening
was conducted on the basis of the inclusion and exclusion
criteria, and the reasons for exclusion are shown in Figure 1.
Finally, only three RCTs were eligible for the final meta-analysis
(1, 2, 13). The main characteristics of the included studies are
shown in Table 1, and the summary characteristics of the
patients in the included studies are shown in Table 2.
Frontiers in Oncology | www.frontiersin.org 3
Methodological Quality of Included
Studies (Risk of Bias)
Methodological quality was evaluated for the included studies, as
shown in Supplementary Table 3. The concealment of
randomization and allocation were clearly described in all included
studies. The RFA device was the same across studies (HALO360 and
HALO90, using the BarrX system from Medtronic). The methods of
endoscopic biopsy of specimens were nearly the same across studies,
with collection every 1 or 2 cm and from any visible abnormalities.
All biopsies were assessed by two expert pathologists; if the readings
were discordant, a third pathologist was assigned to review the
results. Hence, the detection bias among the studies was also low. All
studies reported the reasons for loss to follow-up and further
treatment in detail, thus making the attrition bias and reporting
bias low. Hence, the overall risk of bias in the included studies
was low.

Primary Outcome
All included studies, including 282 patients, presented the rate of
progression of BE-LGD to HGD and/or EAC. Overall, eight
FIGURE 1 | Flow chart of this meta-analysis.
TABLE 1 | The main characteristics of the included studies.

Authors Year Country Setting Study design Patients (n) Mean age (year) Male/Female

RFA* Surveillance RFA Surveillance RFA Surveillance

1.Shaheen 2009 USA Multicenter RCT 42 22 66.3 ± 1.4 64.6 ± 1.9 33/9 19/3
2.Phoa 2014 Netherlands Multicenter RCT 68 68 63 ± 10 63 ± 9 55/13 61/7
3.Barret 2021 France Multicenter RCT 40 42 62.8 ± 10.2 61.8 ± 9.9 36/4 10/2
February 2022 | Vol
ume 12 | A
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patients progressed to HGD and EAC in the RFA group
compared with 32 in the endoscopic surveillance group. The
pooled estimate of the rate of neoplastic progression of BE-LGD
to HGD or EAC was much lower in the RFA group than the
endoscopic surveillance group (RR, 0.25; 95% CI, 0.07–0.93; P =
0.04), with moderate heterogeneity (I2 = 55%); however, the
heterogeneity was not statistically significant (P = 0.11)
(Figure 2). Subgroup analysis of the final progression grade
was performed. The pooled rate of progression of BE-LGD to
HGD was much lower in the RFA group than the endoscopic
surveillance group (RR, 0.25; 95% CI, 0.07–0.71; P = 0.01), with
low heterogeneity (I2 = 15%) (Figure 2). The pooled rate of
progression of BE-LGD to EAC was slightly lower in the RFA
group than the endoscopic surveillance group (RR, 0.56; 95% CI,
0.05–6.76), and the result was not statistically significant (P =
0.65) (Figure 2). GRADE indicated low certainty of evidence,
owing to the large confidence intervals, and publication bias was
not assessed because of the small number of studies
(Supplementary Table 4).

Secondary Outcomes
All the included studies reported the rates of CE-D in the RFA
group and surveillance group at the end of endoscopic treatment
and during the follow-up. At the end of endoscopic treatment,
the rate of CE-D was higher in the RFA group than the
endoscopic surveillance group (RR, 6.31; 95% CI, 1.03–38.88; P
= 0.05), and the result was not statistically significant
(Figure 3A). However, during follow-up, the rate of CE-D was
higher in the RFA group than the endoscopic surveillance group
(RR, 3.49; 95% CI, 1.81–6.76; P < 0.01), with moderate
heterogeneity (I2 = 61%) (Figure 3B). The certainty of
evidence according to GRADE was low and moderate for CE-
D at the end of endoscopic treatment and during follow-up,
respectively (Supplementary Table 4).

Two included studies presented the rates of CE-IM in the
RFA group and surveillance group at the end of endoscopic
treatment and during the follow-up. At the end of endoscopic
treatment, the rate of CE-IM was much higher in the RFA group
than the endoscopic surveillance group (RR, 77.29; 95% CI,
10.85–550.72; P < 0.01), with low heterogeneity (I2 = 0%)
(Figure 4A). Similarly, during the follow-up, the rate of CE-IM
was also clearly higher in the RFA group than the endoscopic
surveillance group (RR, 61.6; 95% CI, 8.66–438.21; P < 0.01),
with low heterogeneity (I2 = 0%) (Figure 4B). The certainty of
evidence according to GRADE was moderate both for CE-IM at
Frontiers in Oncology | www.frontiersin.org 4
the end of endoscopic treatment and during the follow-up
(Supplementary Table 4).

Adverse Events
All three included studies presented the adverse events, which
could be classified into mild adverse events, severe adverse events
and esophageal strictures (Table 3). In general, the adverse
events occurred more frequently in the RFA group than the
surveillance group. Chest pain was the most common adverse
event, and was mild and treated by analgesics. Fever, bleeding,
vomiting and nausea were the most common severe adverse
events; however, the number of patients with these symptoms
was small, and the symptoms could be treated conservatively.
Esophageal stricture requires treatment with an endoscopic
procedure. The mean/median sessions of endoscopic dilation
ranged from 1 to 2.6 (Table 3). No severe adverse events and
esophageal strictures were reported in the endoscopic
surveillance group. Moreover, no perforations or procedure-
related deaths occurred.
DISCUSSION

In the past 30 years, the incidence of esophageal adenocarcinoma
has clearly increased (14), and Barrett’s esophagus is the main
cause. Because of the different grades of progression of BE, the
optimal treatment varies and is a matter of controversy. For
nondysplastic intestinal metaplasia, endoscopic surveillance is
feasible and rational. Endoscopic resection of visible lesions and
ablation of residual BE are widely accepted treatments for BE-
HGD and early EAC (5, 15). However, substantial evidence is
lacking regarding the optimal intervention for BE-LGD, whose
histopathological diagnosis is challenging and whose course is
uncertain. To our knowledge, only three RCTs have compared
RFA and endoscopic surveillance in patients with a confirmed
diagnosis of BE-LGD. Hence, this meta-analysis aimed to
compare the efficacy and safety between these two procedures.

Several retrospective studies have also reported results of
interest (1, 7); however, the unavoidable bias in the study
design made them unsuitable for inclusion in our analysis. All
three included RCTs had high study design quality, from
calculation of the sample size to administration of
randomization, and reported the details of results. The pooled
results indicated that RFA, compared with endoscopic
TABLE 2 | The summary characteristics of the patients in the included studies.

Authors Length of Barrett’s esophagus
(cm)

Multifocal
dysplasia

Time since diagnosis of Barrett’s esophagus
(year)

Time since diagnosis of dyplasia
(year)

RFA Surveillance RFA Surveillance RFA Surveillance RFA Surveillance

1.Shaheen 4.6 ± 0.4 4.6 ± 0.5 32 13 5.8 ± 0.7 5.2 ± 1.0 2.2 ± 0.5 2.4 ± 0.6
2.Phoa median 4 (2-8) median 4 (3-6) NA NA median 5 (2-10) median 7 (3-11) median 1 (0-5) median 2 (0-5)
3.Barret NA NA NA NA 6.1 ± 5.6 5.5 ± 5.0 2.2 ± 3.2 2.2 ± 2.4
Febr
uary 2022 | Volume
NA, not available.
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surveillance, indeed decreased the risk of BE-LGD progression to
BE-HGD or EAC by a total of up to 75%. Subgroup analysis
revealed that RFA reduced the risk of progression of BE-LGD to
BE-HGD by 75%. However, the reduced risk of progression of
BE-LGD to EAC was not statistically significant, possibly because
the progression of BE-LGD occurs in a stepwise manner. More
time might have been needed to observe the natural progression
of BE-HGD to EAC, and thus only a small number of patients
showed BE-LGD progression to EAC. In the endoscopic
surveillance group, only seven patients progressed to EAC,
whereas, 25 patients progressed to BE-HGD. Although the
pooled estimate of RFA in reducing the risk of LGD to HGD is
encouraging, the results should be interpreted with caution. The
Frontiers in Oncology | www.frontiersin.org 5
certainty of evidence according to GRADE is low, owing to the
large confidence interval and unavailable assessment of
publication bias. Phoa et al. (2) reported that 28% of the
control group in their study presented no dysplasia
progression, findings similar to those of Shaheen et al., in
which 26% of the control remained in LGD without showing
dysplasia during the follow-up. Consequently, the same
proportion of patients might theoretically exist in the RFA
group with low risk of dysplasia progression, and might have
been overtreated by RFA. Furthermore, Barret et al. (13) reported
a 31% rate of spontaneous clearance of LGD in their included
patients. Together, these results illustrate the difficulty in
diagnosing BE-LGD and making appropriate treatment
A

B

FIGURE 3 | (A) RFA vs. surveillance for CE-D at the end of endoscopic treatment. (B) RFA vs. surveillance for CE-D during the follow-up.
FIGURE 2 | Pooled risk of BE-LGD progression to HGD or EAC (RFA vs. surveillance).
February 2022 | Volume 12 | Article 801940
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decisions. In fact, Phoa et al. (2) analyzed the predictors of
progression in the endoscopic surveillance group and found that
the number of years after BE diagnosis, the number of
endoscopies with dysplasia before inclusion and the length of
circumferential BE were independent predictors. However, the
study did not find predictors of the spontaneous regression of
BE. Therefore, as suggested by Krishnamoorthi (16),
development of a risk assessment tool including the clinical
risk factors and biomarkers is urgently needed to enable
appropriate decisions for each patient.

Both the pooled estimates of CE-D and CE-IM at the end of
endoscopic treatment and during the follow-up were higher in
the RFA group than the endoscopic surveillance group. Of note,
the rate of CE-D clearly decreased from the end of endoscopic
treatment to the follow-up (RR: from 6.31 to 3.49). A potential
explanation is that 14 more patients had spontaneous clearance
Frontiers in Oncology | www.frontiersin.org 6
of dysplasia in the surveillance group during the follow-up
compared with at the endoscopic treatment. Barret et al. (13)
described a spontaneous clearance rate (31%) slightly higher
than those reported by Shaheen et al. (1) and Phoa et al. (2)
(22.7% and 27.9%, respectively), whereas much higher rates of
degeneration ranging from 34% to 75% have been reported in
previous studies (6, 17, 18). To exclude sampling error, all three
studies conducted repeated strict biopsy measurements;
moreover, at least two expert pathologists evaluated the results.
All these findings illustrate that BE-LGD should be prudently
chosen for indications in patients under surveillance, given the
uncertain course of disease, progression.

RFA is considered a safe and efficacious technique for BE-
LGD with non-visible lesions, as compared with endoscopic
resection (19, 20). The most common adverse event after the
RFA procedure is chest pain, which can be treated conservatively.
TABLE 3 | The information of adverse event.

Authors Adverse events

Mild adverse event Severe adverse event Esophageal stricture

RFA Surveillance RFA Surveillance RFA Surveillance
1.Shaheen 40 patients have chest

pain.
20 patients
have chest
pain

3* (upper gastrointestinal hemorrhage, chest-pain 8 days after
RFA, chest discomfort and nausea immediately after RFA

0 5 patients
required dilation
(mean 2.6
dilation)

0

2.Phoa 3 patients have small
mucosal laceration; One
has retrosternal pain 3
weeks after RFA.

0 3 (abdominal pain 4 days after RFA; one patient has two adverse
event: bleeding 7 days after RFA followed by endoscopic
resection, later the same patients was dilated for stricture and
developed fever and chills)

0 8 patients
required dilation
(median 1
dilation (IQR#, 1-
2)

0

3.Barret 9 patients have chest pain 0 3 patients have vomiting; 4 patients have fever. 0 1 patient (no
information for
treatment)

0

February 2022
 | Volume 12 | Ar
*This number of adverse event contained all the patient treated with RFA.
IQR, interquartile range.
A

B

FIGURE 4 | (A) RFA vs. surveillance for CE-IM at the end of endoscopic treatment. (B) RFA vs. surveillance for CE-IM during the follow-up.
ticle 801940
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Sporadic severe adverse events, such as bleeding, fever, nausea
and vomiting, may occur. Esophageal stricture is another adverse
event almost always requiring endoscopic dilation.

This is the first meta-analysis of the efficacy and safety of RFA
vs. endoscopic surveillance for BE-LGD based on RCTs. This
study has several strengths. First, the quality of all included
studies was high; moreover, the study design was consistent
among the included RCTs, thus decreasing the heterogeneity to
the greatest extent possible. Second, all studies clarified the power
analysis used to calculate the sample size, thereby supporting the
validity of the results. Third, the GRADE evaluation system was
used to estimate the certainty of the evidence, beyond the
statistical results. However, some study limitations must also
be noted. First, the number of included studies was small, with a
small number of cases overall. Second, the heterogeneity of some
pooled results was moderate to substantial, although there is no
statistically significant of these heterogeneity, prudent
interpretation for these results. Finally, because all the studies
were conducted in expert medical centers, they appear to be
difficult to generalize to community-practice settings.

In conclusion, RFA appears to decrease the risk of
progression of BE-LGD to BE-HGD, while simultaneously
achieving a higher rate of CE-D and CE-IM, both at the end of
endoscopic treatment and during follow-up. However, given the
uncertain course of LGD and the possibility of esophageal
stricture after RFA, the treatments should be fully considered
and weighed. More studies and more cases are needed to
elucidate the ability of RFA to decrease the risk of progression
of BE-LGD to higher grades.
Frontiers in Oncology | www.frontiersin.org 7
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

YW and BM designed the study idea and the study methodology.
SY and WL conducted the research and analyzed data. PL
participated in the coordination of the study and provided
specific support in quantitative data analysis. YW and PL
wrote the manuscript. All authors read and approved the
version of the manuscript.
FUNDING

YW has received research funding by 345 Talent Project from
Shengjing Hospital of China Medical University.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
801940/full#supplementary-material
REFERENCES
1. Shaheen NJ, Sharma P, Overholt BF, Wolfsen HC, Sampliner RE, Wang KK,

et al. Radiofrequency Ablation in Barrett’s Esophagus With Dysplasia. N Engl
J Med (2009) 360:2277–88. doi: 10.1056/NEJMoa0808145

2. Phoa KN, van Vilsteren FG, Weusten BL, Bisschops R, Schoon EJ, Ragunath
K, et al. Radiofrequency Ablation vs Endoscopic Surveillance for Patients
With Barrett Esophagus and Low-Grade Dysplasia: A Randomized Clinical
Trial. Jama (2014) 311:1209–17. doi: 10.1001/jama.2014.2511

3. Sharma P, Falk GW, Weston AP, Reker D, Johnston M, Sampliner RE.
Dysplasia and Cancer in a Large Multicenter Cohort of Patients With
Barrett’s Esophagus. Clin Gastroenterol Hepatol: Off Clin Pract J Am
Gastroenterol Assoc (2006) 4:566–72. doi: 10.1016/j.cgh.2006.03.001

4. van Vilsteren FG, Pouw RE, Seewald S, Alvarez Herrero L, Sondermeijer CM,
Visser M, et al. Stepwise Radical Endoscopic Resection Versus
Radiofrequency Ablation for Barrett’s Oesophagus With High-Grade
Dysplasia or Early Cancer: A Multicentre Randomised Trial. Gut (2011)
60:765–73. doi: 10.1136/gut.2010.229310

5. Sharma P, Shaheen NJ, Katzka D, Bergman J. AGA Clinical Practice Update
on Endoscopic Treatment of Barrett’s EsophagusWith Dysplasia and/or Early
Cancer: Expert Review. Gastroenterology (2020) 158:760–9. doi: 10.1053/
j.gastro.2019.09.051

6. Vieth M. Low-Grade Dysplasia in Barrett’s Esophagus - An Innocent
Bystander? Contra Endoscopy (2007) 39:647–9. doi: 10.1055/s-2007-966638

7. Kahn A, Al-Qaisi M, Kommineni VT, Callaway JK, Boroff ES, Burdick GE, et al.
Longitudinal Outcomes of Radiofrequency Ablation Versus Surveillance
Endoscopy for Barrett’s Esophagus With Low-Grade Dysplasia. Dis Esophagus:
Off J Int Soc Dis Esophagus (2018) 31:1–8. doi: 10.1093/dote/dox120

8. Small AJ, Araujo JL, Leggett CL, Mendelson AH, Agarwalla A, Abrams JA,
et al. Radiofrequency Ablation Is Associated With Decreased Neoplastic
Progression in Patients With Barrett’s Esophagus and Confirmed Low-
Grade Dysplasia. Gastroenterology (2015) 149:567–76.e3. doi: 10.1053/
j.gastro.2015.04.013

9. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA Statement. J Clin
Epidemiol (2009) 62:1006–12. doi: 10.1016/j.jclinepi.2009.06.005

10. Higgins J, Green SR. Cochrane Handbook for Systematic Review of
InterventionsVersion 5.1.0. New York: Wiley-Blackwell. (2011).

11. Ma B, Ren Y, Chen Y, Lian B, Jiang P, Li Y, et al. Is Adjuvant Chemotherapy
Necessary for Locally Advanced Rectal Cancer Patients With Pathological
Complete Response After Neoadjuvant Chemoradiotherapy and Radical
Surgery? A Systematic Rev Meta-Analysis (2019) 34:113–21. doi: 10.1007/
s00384-018-3181-9

12. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
et al. GRADE: An Emerging Consensus on Rating Quality of Evidence and
Strength of Recommendations. BMJ (Clin Res Ed) (2008) 336:924–6. doi:
10.1136/bmj.39489.470347.AD

13. Barret M, Pioche M. Endoscopic Radiofrequency Ablation or Surveillance in
Patients With Barrett’s Oesophagus With Confirmed Low-Grade Dysplasia: A
Multicentre Randomised Trial. Gut (2021) 70:1014–22. doi: 10.1136/gutjnl-
2020-322082

14. Pohl H, Welch HG. The Role of Overdiagnosis and Reclassification in the
Marked Increase of Esophageal Adenocarcinoma Incidence. J Natl Cancer
Institute (2005) 97:142–6. doi: 10.1093/jnci/dji024

15. Weusten B, Bisschops R, Coron E, Dinis-Ribeiro M, Dumonceau JM, Esteban
JM, et al. Endoscopic Management of Barrett’s Esophagus: European Society
of Gastrointestinal Endoscopy (ESGE) Position Statement. Endoscopy (2017)
49:191–8. doi: 10.1055/s-0042-122140

16. Krishnamoorthi R. Endoscopic Therapy or Surveillance for Barrett’s
Esophagus With Low-Grade Dysplasia: Time to Involve Patients in Shared
Decision Making. Gastrointestinal Endoscopy (2020) 92:575–7. doi: 10.1016/
j.gie.2020.05.007
February 2022 | Volume 12 | Article 801940

https://www.frontiersin.org/articles/10.3389/fonc.2022.801940/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.801940/full#supplementary-material
https://doi.org/10.1056/NEJMoa0808145
https://doi.org/10.1001/jama.2014.2511
https://doi.org/10.1016/j.cgh.2006.03.001
https://doi.org/10.1136/gut.2010.229310
https://doi.org/10.1053/j.gastro.2019.09.051
https://doi.org/10.1053/j.gastro.2019.09.051
https://doi.org/10.1055/s-2007-966638
https://doi.org/10.1093/dote/dox120
https://doi.org/10.1053/j.gastro.2015.04.013
https://doi.org/10.1053/j.gastro.2015.04.013
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1007/s00384-018-3181-9
https://doi.org/10.1007/s00384-018-3181-9
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/gutjnl-2020-322082
https://doi.org/10.1136/gutjnl-2020-322082
https://doi.org/10.1093/jnci/dji024
https://doi.org/10.1055/s-0042-122140
https://doi.org/10.1016/j.gie.2020.05.007
https://doi.org/10.1016/j.gie.2020.05.007
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Radiofrequency Ablation vs. Endoscopic Surveillance
17. Lim CH, Treanor D, Dixon MF, Axon AT. Low-Grade Dysplasia in Barrett’s
Esophagus has a High Risk of Progression. Endoscopy (2007) 39:581–7. doi:
10.1055/s-2007-966592

18. Sharma P, Weston AP, Morales T, Topalovski M, Mayo MS, Sampliner RE.
Relative Risk of Dysplasia for Patients With Intestinal Metaplasia in the Distal
Oesophagus and in the Gastric Cardia. Gut (2000) 46:9–13. doi: 10.1136/
gut.46.1.9

19. Desai M, Saligram S, Gupta N, Vennalaganti P, Bansal A, Choudhary A, et al.
Efficacy and Safety Outcomes of Multimodal Endoscopic Eradication Therapy
in Barrett’s Esophagus-Related Neoplasia: A Systematic Review and Pooled
Analysis. Gastrointestinal Endoscopy (2017) 85:482–95.e4. doi: 10.1016/
j.gie.2016.09.022

20. Qumseya BJ, Wani S, Desai M, Qumseya A, Bain P, Sharma P, et al. Adverse
Events After Radiofrequency Ablation in Patients With Barrett’s Esophagus: A
Systematic Review and Meta-Analysis. Clin Gastroenterol Hepatol: Off Clin Pract J
Am Gastroenterol Assoc (2016) 14:1086–95.e6. doi: 10.1016/j.cgh.2016.04.001
Frontiers in Oncology | www.frontiersin.org 8
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Ma, Yang, Li and Li. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2022 | Volume 12 | Article 801940

https://doi.org/10.1055/s-2007-966592
https://doi.org/10.1136/gut.46.1.9
https://doi.org/10.1136/gut.46.1.9
https://doi.org/10.1016/j.gie.2016.09.022
https://doi.org/10.1016/j.gie.2016.09.022
https://doi.org/10.1016/j.cgh.2016.04.001
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Efficacy and Safety of Radiofrequency Ablation vs. Endoscopic Surveillance for Barrett’s Esophagus With Low-Grade Dysplasia: Meta-Analysis of Randomized Controlled Trials
	Background
	Methods
	Study Searching and Search Strategy
	Inclusion and Exclusion Criteria
	Data Collection and Assessment of the Risk of Bias in the Included Studies
	Primary and Secondary Outcomes
	Statistical Analysis
	IRB Approval

	Results
	Search Results
	Methodological Quality of Included Studies (Risk of Bias)
	Primary Outcome
	Secondary Outcomes
	Adverse Events

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


