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Hybrid argon plasma coagulation in Barrett’s esophagus: a
systematic review and meta-analysis

Sagar N. Shah', Nabil El Hage Chehade?, Amirali Tavangar®, Alyssa Choi’, Marc Monachese®, Kenneth J. Chang’,

Jason B. Samarasena’

'Department of Inteal Medicine, Los Angeles Medical Center, University of California, Los Angeles, CA; “Division of Internal Medicine, MetroHealth Medical
Center, Case Western Reserve University, Cleveland, OH; °H.H. Chao Comprehensive Digestive Disease Center and Division of Gastroenterology/Hepatology,

University of California, Irvine, CA, USA

Background/Aims: Patients with Barrett’s esophagus are at increased risk of developing esophageal adenocarcinoma. Endoscopic ther-
apies aim to eradicate dysplastic and metaplastic tissues. Hybrid argon plasma coagulation (hybrid-APC) utilizes submucosal fluid in-
jection to create a protective cushion prior to ablation that shields the submucosa from injury. We performed a pooled meta-analysis to
evaluate the safety and efficacy of hybrid-APC.

Methods: We conducted a systematic search of major electronic databases in April 2022. Studies that included patients with dysplastic
and non-dysplastic Barretts esophagus undergoing treatment with hybrid-APC were eligible for inclusion. Outcome measures includ-
ed complete remission of intestinal metaplasia (CR-IM), stricture formation, serious adverse events, and number of sessions necessary
to achieve CR-IM.

Results: Overall pooled CR-IM rate for patients undergoing hybrid-APC was 90.8% (95% confidence interval [CI], 0.872-0.939;
I’=0%). Pooled stricture rate was 2.0% (95% CI, 0.005-0.042; I’'=0%). Overall serious adverse event rate was 2.7% (95% CI, 0.007-0.055;
F=0%).

Conclusions: Results of the current meta-analysis suggest that hybrid-APC is associated with high rates of CR-IM and a favorable safe-
ty profile. Interpretation of these results is limited by the inclusion of retrospective cohort and case series data. Randomized controlled
trials that standardize treatment and outcome evaluation protocols are necessary to understand how this treatment option is compara-

ble to the current standards of care.

Keywords: Barrett esophagus; Esophageal stenosis; Hybrid argon plasma coagulation

INTRODUCTION

Barrett’s esophagus (BE) is a premalignant condition charac-
terized by metaplastic transformation of stratified squamous to
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columnar epithelium."” Patients with BE are at increased risk of
developing esophageal adenocarcinoma (EAC).” Transforma-
tion of the epithelium occurs in a predictable fashion: first to
metaplasia, then to low-grade dysplasia (LGD), high-grade dys-
plasia (HGD), and ultimately EAC. Management of BE is cen-
tered on endoscopic therapies aimed at eradicating dysplasia,
and ideally metaplasia. Therapy typically combines resection of
nodular or visible lesions, followed by ablation of the remaining
flat neoplasiaf"6 Several modalities exist for BE ablation, includ-
ing argon plasma coagulation (APC), electrocoagulation, pho-
todynamic therapy, cryotherapy, and radiofrequency ablation
(RFA). All modalities aim to destroy the BE mucosa, allowing
neosquamous epithelial formation. These modalities are limited
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by the risk of stricture formation, buried gland formation, and
need for multiple sessions to achieve remission.” Occurrence of
these adverse events is associated with the extent of submucosal

injury secondary to ablative therapies.”"’

The ideal therapeu-
tic modality maximizes destruction of metaplastic epithelium
down to the muscularis mucosa, while minimizing damage to
the underlying submucosa. A new technique called hybrid-APC
utilizes submucosal fluid injection to create a protective cushion
prior to ablation and shield the submucosa from injury." This
technique may allow for the ablation of a larger area to a greater
tissue depth with a lower risk of stricture formation and adverse
events.

We performed a pooled meta-analysis to evaluate the efficacy
and safety of hybrid-APC for the treatment of dysplastic and
non-dysplastic BE. Specifically, we evaluated the proportion of
patients achieving complete remission of intestinal metaplasia
(CR-IM), frequency of stricture formation and adverse event
rates, and number of treatment sessions necessary to achieve
CR-IM.

METHODS

Data sources and searches

This systematic review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for systematic reviews.'” The study protocol was
registered and published in the PROSPERO database. In April
2022, we conducted a systematic search of electronic databases,
including PubMed/Medline, Embase, Web of Science, and the
Cochrane Library with the assistance of a librarian. Detailed
search strategies for each database are included in the Supple-
mentary Material 1. The reference lists of the included studies
and relevant systematic reviews were reviewed to supplement
the initial literature search. Two investigators (SNS and NEHC)
independently reviewed the titles and abstracts to screen stud-
ies for relevance to the research question and eligibility for
inclusion. Following the initial screening, the remaining studies
were reviewed to ensure the availability of the necessary data.
Discrepancies or disagreements were resolved through discus-
sion and review by a third author (JBS) until a consensus was
reached.

Study selection
Studies involving human participants with BE who underwent
treatment with hybrid-APC were eligible for inclusion. Patients

Shah et al. Hybrid-APC in Barrett's esophagus

could have non-dysplastic BE and any degree of dysplastic BE
or EAC at the baseline. Prior treatment with other ablative
modalities prior to hybrid-APC was acceptable. Treatment
with hybrid-APC consisted of a submucosal saline injection
using a high-pressure water jet system, followed by application
of pulsed APC. Power settings were not considered when de-
termining eligibility. Studies must have followed patients until
they were evaluated for CR-IM and reported the rates of CR-IM
and stricture formation to be eligible for inclusion. Randomized
controlled trials (with hybrid-APC arms), cohort studies, and
case series were eligible for inclusion. Given that hybrid-APC
is a relatively new technique, studies published in abstract form
were eligible for inclusion given that they provided sufficient
information to meet other inclusion criteria. Single-case studies
or video cases were not eligible for inclusion. Only studies writ-

ten in English were included.

Outcomes

After nodular lesions are resected, ablative therapies are di-
rected at eradicating the remaining metaplastic and dysplastic
tissues. Therefore, we evaluated CR-IM rates. CR-IM was de-
fined as the absence of intestinal metaplasia on biopsy. CR-IM
also requires the absence of dysplasia. Tissue damage caused by
ablative therapy can lead to stricture formation. We evaluated
stricture formation rate, which is defined as the proportion of
patients with clinically significant strictures requiring endo-
scopic therapy (i.e., balloon dilation). Serious adverse events
(SAE) were defined as those requiring further interventions,
including perforation, stricture, and major bleeding."” Finally,
we evaluated the number of sessions necessary to achieve CR-
IM. When studies did not report the standard deviation for the
average number of sessions necessary to achieve CR-IM, the
standard deviations were estimated using the range according

to the following formula: (maximum-minimum)/4."

Data extraction and quality assessment

Study-level data and study characteristics were extracted inde-
pendently by two authors (SNS and NEHC). Quality assessment
of the included studies was performed using the Newcastle-Ot-
tawa scale (NOS)."” For cohort studies, the scale consists of nine
questions, each scored up to one point. A total score of 7-9,
4-6, or <4 was suggestive of high quality, high risk of bias, or
very high risk of bias, respectively. A modified NOS previously
described in the literature was used to evaluate non-compara-
tive, single-arm studies in domains pertinent to this systematic
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. 16,17
review.

The modified scale excludes items related to compa-
rability and adjustment; the scale for non-comparative studies
focuses on selection, representativeness, and ascertainment
of exposure and outcome. The modified NOS consists of five
items requiring a ‘yes’ or ‘no’ response. Studies were deemed
‘good’ quality when all five criteria are fulfilled, ‘moderate’ qual-
ity when four criteria are fulfilled, and ‘poor” when three or less
criteria are fulfilled. Two authors independently assessed the
methodological quality (SNS and NEHC) with disagreements
settled by discussion, including a third author (JBS).

Statistical analysis

We performed a pooled proportion meta-analysis to calculate
pooled outcomes. Individual study rates were transformed
using the Freeman-Tukey double-arcsine transformation.
Pooled proportions were calculated as the back-transformation
of the weighted mean (weighting by inverse variance) of the
transformed proportions in a restricted maximum likelihood
random-effects meta-analysis."™"” Heterogeneity was assessed
using the I’ statistic. Values greater than 50% or p-values greater
than 0.05 were deemed to have significant heterogeneity. In the
presence of statistically significant heterogeneity, a leave-one-
out sensitivity analysis was performed to evaluate the effects of
outlier studies. Furthermore, subgroup analysis by study quality
was performed to evaluate the association between method-
ological quality and outcome. Publication bias was assessed
via visual inspection of funnel plots and Egger’s regression.””
All statistical analyses were performed in RStudio 2021.09.1 (R
Foundation, Vienna, Austria) using metafor and meta packag-

22,23
€S.

RESULTS

Study selection

The initial search strategy yielded a total of 67 results. After
removing 29 duplicate entries, 38 studies were finally screened.
Twelve studies were excluded based on title and abstract screen-
ing. A total of 26 records were retrieved. Full texts were accessi-
ble for all records sought for retrieval. One study was excluded
for overlapping patient cohorts™ and four studies were excluded
due to lack of sufficient outcome data despite relevance to the
current systematic review.”” The remaining review articles or
case reports were excluded. Seven studies were included in the
final analysis.”* The study selection process is summarized in
Figure 1.

40

Study details

A total of 344 patients across seven studies underwent hy-
brid-APC treatment for BE (N range=11 to 146). All but one
of the included studies were single-arm observational studies.
Linn et al.” performed a retrospective cohort study using risk
factor-matched patients undergoing RFA as a comparator
group. Only two studies explicitly stated that consecutively

29,30 .
Four studies

eligible patients were enrolled in the study.
included patients with pre-treatment non-dysplastic BE, LGD,
HGD and EAC.*** Kashin et al.” treated only patients with
LGD. Two studies did not report pre-treatment dysplasia.”"
Four studies specified that all patients were prescribed
post-procedural acid-suppression therapy with proton pump

. L. 29,30,34,35
inhibitors.

None of the included studies reported adher-
ence to acid-suppression therapy. Importantly, only Manner et
al.” gave an explicit definition for ‘stricture. The other studies
reported stricture formation rates without providing a specific
definition for this outcome.

Four studies evaluated CR-IM three months after complete
S 1.** evaluated CR-
IM at one and three months following macroscopic ablation,

and Shimizu et al.” evaluated CR-IM at least three months fol-

macroscopic ablation of BE.” ™ Kashin et a

[ Identification of new studies via databases and registers J

g
S
§ 67 Records identified from 29 Records removed before
s . .
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: )
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. :
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses diagram for study selection process.



lowing completion of therapy. The beginning of the follow-up
period and timing of CR-IM evaluation were not specified in
the study conducted by Linn et al.” Only two studies specified a
limit to the number of therapies before classification as a ‘treat-

. 30,32
ment failure,

Two studies included details regarding buried
glands on biopsy results.”"” The included studies were per-
formed in the United States, Netherlands, Germany, Russia, and
Australia. Prague classifications of pre-treatment Barrett’s and
hybrid-APC settings are presented in Table 1.”°"***° The set-
tings were comparable across all studies that reported detailed

treatment settings.

Study quality assessment
Six single-arm observational studies were assessed for bias
using the modified NOS for case series (Supplementary Table

15,16,29,30,32-36 . .
1).” Four studies were deemed ‘moderate’ quali-

31,32,34,35 29,30

and two studies were deemed ‘good’ quality.”" Four

ty
studies failed to specify how patients were selected for inclu-
sion in their study and whether these patients were consecu-
31,32,34,35

tively eligible. All studies specified that biopsies were
performed prior to treatment to ensure that included patients
had dysplastic or non-dysplastic BE. Résch et al.” had a signif-
icant portion of the initially enrolled cohort that had not yet
completed therapy at the time of abstract publication. All the
included studies included data on CR-IM rates and stricture
formation.

The study performed by Linn et al.”’ was the only included
cohort study and was assessed using the NOS (Supplementary
Table 2). The study was deemed ‘good’ quality, although there
was no description of how the treated cohort was derived from
the population and it was unclear if pathologists were blinded
to the treatment modality.

Outcomes

All seven studies reported CR-IM and stricture formation rates.
Rosch et al.” did not report data for adverse events other than
stricture formation. Linn et al.” did not report the number of
sessions necessary to achieve CR-IM. The study-level outcomes
are summarized in Table 2.****”*® The overall pooled CR-IM
rate for patients undergoing hybrid-APC was 90.8% (95% con-
fidence interval [CI], 0.872-0.939; ’=0%) (Fig. 2A). No asym-
metry was noted upon visual inspection of the associated fun-
nel plot (Fig. 2B). The pooled stricture rate was 2.0% (95% CI,
0.005-0.042; ’'=0%) (Fig. 3A). No asymmetry was noted upon
visual inspection of the associated funnel plot (Fig. 3B). The
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overall SAE rate was 2.7% (95% CI, 0.007-0.055; I’=0%) (Fig.
4A). No asymmetry was noted upon visual inspection of the as-
sociated funnel plot (Fig. 4B). There were only two SAE besides
stricture formation both reported by Knabe et al.”’: one patient
experienced treatment-related bleeding requiring clipping and
one patient experienced perforation requiring clipping. The av-
erage mean number of sessions required to achieve CR-IM was
2.59 (95% CI, 2.24-2.94; ’=70%) (Fig. 5A). No asymmetry was
noted upon visual inspection of the associated funnel plot (Fig.
5B). For all analyses, no publication bias was detected using
Egger’s regression (Table 3).

Evaluation of heterogeneity

Given the presence of statistically significant heterogeneity
in the analysis of the average number of sessions required to
achieve CR-IM, prespecified leave-one-out sensitivity and sub-
group analyses by study quality were performed. With removal
of the study performed by Shimizu et al.,” the average number
of sessions necessary to achieve CR-IM was 2.65 (95% CI, 2.33-
2.97; ’'=52%).With removal of the study performed by Manner
et al,” the average number of sessions necessary to achieve
CR-IM was 2.49 (95% CI, 2.24-2.74; ’'=61%). There was no
statistically significant difference between ‘good’ and ‘moderate’
quality studies (Q,=0.18; p=0.67).

Unplanned meta-regression analysis of the average Prague
classification and year of study publication was performed to
further investigate the sources of heterogeneity in the number
of sessions needed to achieve CR-IM. There was a correlation
between average Prague M length and number of sessions re-
quired to achieve CR-IM (Qy=4.70; R*=62%; p=0.03) (Fig. 6).
There was no correlation between the average Prague C length
and number of sessions required to achieve CR-IM (Q,=1.46;
p=0.23) (Supplementary Fig. 1). There was no correlation be-
tween the date of study publication and number of sessions
necessary to achieve CR-IM (Qy=0.02; p<0.89) (Supplementary
Fig. 2).

DISCUSSION

Given the increasing incidence of EAC, improvements in BE
management are of paramount importance. Endoscopic ther-
apies play a significant role in the treatment of BE-related neo-
plasia, and the innovation and evaluation of new therapeutic
modalities impacts a large portion of the population. This study
is the first systematic review and meta-analysis to evaluate the
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safety and efficacy of this treatment modality. Hybrid-APC
appears to be an effective treatment for eradicating intestinal
metaplasia. Pooled stricture and SAE rates in the included stud-
ies were low.

Although APC was one of the earliest therapies developed for
the treatment of BE, its use is limited by the risk of perforation
and stricture formation. While these risks could be mitigated
by reducing power settings (thereby reducing the coagulation

Table 2. Summary of study-level outcomes data
Study n  CRIM Stricture

SAE Session

Kashin et al.,” 2016 12 12(100) 0(0) 0(0) 2.5
Manneretal,” 2016 46 39(84.8) 1(22) 1(22) 35
Rosch et al,,”” 2017 80 74(925) 2(25) - 25
Shimizu etal,” 2021 22 19(86.4) 2(9.1) 2(91) 12
Linn et al,” 2020 27 24(889) 0(0) 0(0) -
Staudenmann etal,” 11 11 (100) 0 (0) 0 (0) 2.7
2021
Knabe et al.,” 2022 146 129(884) 6(4.1) 8(5.5) 296

Values are presented as number only or number (%).
CR-IM, complete remission of intestinal metaplasia; SAE, serious adverse
event; -, unavailable.
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depth), lower power settings diminished the efficacy of ablative
treatments. Previous ex-vivo trials have demonstrated that cre-
ation of a ‘fluid cushion’ prior to APC reduces the coagulation
depth by half compared to conventional APC using the same
wattage and reduces the frequency of submucosal coagula-
tion.”® Similar results have been demonstrated in-vivo, albeit
for ablative therapies in the colon.” These results provide the
theoretical basis for hopes that hybrid-APC may reduce the risk
of stricture formation. Indeed, the pooled stricture rate for the
included studies was considerably lower than previously report-
ed stricture rates of 5.6% and 6% using RFA.”*”

Although the pooled CR-IM rate for hybrid-APC surpassed
those reported in previous meta-analyses of RFA while produc-

38-41 . . .
the inclusion of retrospective

ing less stricture formation,
studies and case series may overestimate effectiveness and un-
derestimate true adverse event rates. Notably, only two studies
specified that consecutively eligible patients were enrolled.””
Moreover, one prospective study included in the analysis had
a stricture rate of 4.1% compared to the pooled rate of 2.0%.”
The inclusion of retrospective studies and case series, which

are more prone to selection bias, lowers the overall quality of

Weight ~ Weight
Author CR-IM Patients Proportion 95% CI  (common) (random)
Kashin 12 12 —-—4 1.000 (0.735, 1.000) 3.6% 3.6%
Knabe 129 146 == 0.884 (0.820, 0.931) 42.2% 42.1%
Linn 24 27 —-— 0.889 (0.708, 0.976) 7.9% 7.9%
Manner 39 46 —= 0.848 (0.711, 0.937) 13.4% 13.4%
Rosch 74 80 -8 0.925 (0.844, 0.972) 23.2% 23.2%
Shimizu 19 22 — =i 0.864 (0.651,0.971) 6.5% 6.5%
Staudenmann 11 11 —t 1.000 (0.715, 1.000) 3.3% 3.3%
Common effect model 344 P 0.908 (0.872, 0.939) 100.0% -
Random effects model | | | | - | 0.908 (0.872, 0.939) - 100.0%
Q Heterogeneity: '=0%, p=0.43 0 02 04 06 08 1
0.00 + A
’ I i
. ) .
i "R

~ P o | "

8 0.05 X I 5

j= ” ! [=] N

o ) i %

T i o] 1 =1

g ’ ' .
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Freeman-Tukey double-arcsine transformed proportion

Fig. 2. (A) Forest plot of pooled complete remission of intestinal metaplasia (CR-IM) rates for included studies with I measure of heterogene-

ity. (B) Associated funnel plot. CI, confidence interval.
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Fig. 3. (A) Forest plot of pooled stricture rates for included studies with I measure of heterogeneity. (B) Associated funnel plot. CI, confidence

interval.

Fig. 4. (A) Forest plot of pooled serious adverse event (SAE) rates for included studies with I measure of heterogeneity. (B) Associated funnel

B/

B/

Weight ~ Weight
Author Strictures Patients Proportion 95% CI  (common) (random)
Kashin 0 12 0.000 (0.000, 0.265) 3.6% 3.6%
Knabe 6 146 £ 0.041 (0.015, 0.087) 42.2% 42.2%
Linn 0 27 0.000 (0.000, 0.128) 7.9% 7.9%
Manner 1 46 0.022 (0.001, 0.115) 13.4% 13.4%
Rosch 2 80 0.025 (0.003, 0.087) 23.2% 23.2%
Shimizu 2 22 e 0.091 (0.011, 0.292) 6.5% 6.5%
Staudenmann 0 11 — 0.000 (0.000, 0.285) 3.3% 3.3%
Common effect model 344 0.020 (0.005, 0.042) 100.0% -
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Author SAE Patients Proportion 95% CI  (common) (random)
Kashin 0 12 ; 0.000 (0.000, 0.265) 4.7% 4.7%
Knabe 8 146 L 0.055 (0.024, 0.105) 54.9% 54.9%
Linn 0 27 M. 0.000 (0.000, 0.128) 10.3% 10.3%
Manner 1 46 2 0.022 (0.001, 0.115) 17.4% 17.4%
Shimizu 2 22 —— 0.091 (0.011, 0.292) 8.4% 8.4%
Staudenmann 0 11 S 0.000 (0.000, 0.285) 4.3% 4.3%
Common effect model 264 0.027 (0.007, 0.055) 100.0% -—
Random effects model 0.027 (0.007, 0.055) - 100.0%
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Weight  Weight
Author Total Mean SD Mean MNSR 95% CI (common) (random)
Kashin 12 2.500 0.7500 —— 2.500 (2.076, 2.924) 7.7% 17.1%
Knabe 146 2.690 1.0000 - 2.690 (2.528, 2.852) 52.5% 21.9%
Manner 46 3.500 2.4000 ] — 3.500 (2.806, 4.194) 2.9% 12.0%
Rosch 80 2.500 1.0000 4"* 2.500 (2.281, 2.719) 28.7% 21.1%
Shimizu 22 1.840 1.2600 ———— 1.840 (1.313, 2.367) 5.0% 15.1%
Staudenmann 11 2700 1.1000 —"“— 2.700 (2.050, 3.350) 3.3% 12.8%
Common effect model 317 " 2.602 (2.485, 2.720) 100.0% -
Random effects model | | "'I_"‘I | | 2.588 (2.240, 2.936) - 100.0%
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Fig. 5. (A) Forest plot of pooled average number of sessions required to achieve complete remission of intestinal metaplasia with I measure
of heterogeneity. (B) Associated funnel plot. SD, standard deviation; MNSR, mean number of sessions required to achieve CR-IM; CI, confi-

dence interval.

Table 3. Summary of pooled results including measures of heterogeneity and publication bias

Outcome Pooled rate Confidence interval I (%) B, (Egger’s) p-value (Egger’s)
CR-IM 0.908 0.872-0.939 0 0.91 0.36
Stricture 0.020 0.005-0.042 0 -0.35 0.66
SAE 0.027 0.007-0.055 0 -0.80 0.39
Sessions 2.59 2.24-2.94 70 -0.21 0.90

CR-IM, complete remission of intestinal metaplasia; SAE, serious adverse event.

evidence. Nonetheless, given that hybrid-APC is in its nascen-
cy, the results of this meta-analysis represent the best evidence
currently available. Randomized controlled trials are necessary
to further assess the comparative safety and efficacy of this new
treatment modality.

Removal of the studies performed by Shimizu et al.”” and
Manner et al.”' on sensitivity analysis considerably reduced the
heterogeneity in the number of sessions to achieve CR-IM. This
heterogeneity could in part be explained by the extent of BE
given meta-regression demonstrated a correlation between the
number of treatment sessions necessary and Prague M length.
The study performed by Shimizu et al.” had the lowest average
Prague M length and the study performed by Manner et al.”

had the highest; these two studies had the lowest and highest
average number of treatment sessions necessary to achieve CR-
IM, respectively. The lack of a concurrent association between
Prague C length and number of sessions may reflect the lower
magnitude of variation in the circumferential extent of BE
across studies. While lack of familiarity with the procedure in
the earliest studies could have led to less aggressive therapy and
additional treatment sessions, there was no association between
the year of study publication and number of sessions necessary
to achieve CR-IM.

Despite the absence of statistical heterogeneity in the CR-
IM rates, there were variations in the definitions of treatment
success and recurrence across the included studies that affected
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Fig. 6. Meta-regression of number of sessions necessary to achieve
complete remission of intestinal metaplasia (CR-IM) and average
Prague M length with 95% confidence interval bounds.

the measurement of this outcome. Ideally, treatment success
should be evaluated at a prespecified time point or after a max-
imal number of therapies. For example, the studies performed
by Knabe et al.”’ and Rosch et al.” allowed up to five treatment
sessions to achieve success before treatment was considered to
have failed. The remaining studies did not specify how many
treatments would be allowed prior to a patient being deemed
‘treatment failure’ Without a prespecified treatment endpoint,
treatment can continue until CR-IM is achieved, rendering it
difficult to assess per-treatment effectiveness. Studies have re-
ported the average number of treatments necessary to achieve
complete eradication, which was similar to the average number
of therapies needed using RFA in previous landmark studies.”*’

Furthermore, there was variation in the timing of histologic
evaluation of CR-IM. While certain studies evaluated histologic
eradication one month after complete macroscopic ablation,™

30-32
or at

others evaluated at three to six months,” three months,
least three months™ following macroscopic eradication. When
histologic evaluation is performed, whether the presence of
intestinal metaplasia is deemed persistent or recurrent disease
affects the evaluation of treatment efficacy. Standardization of
this process is important for accurate assessment of new treat-
ment modalities.

The current systematic review was comprehensive, spanning
major electronic databases. As the first meta-analysis to evalu-
ate the efficacy of hybrid-APC, our study provides valuable pre-
liminary insight into the utility of this emerging technique. The
current study has several limitations. First, many of the includ-
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ed studies were case series, introducing the possibility of prefer-
ential inclusion of patients with desirable outcomes or exclusion
of those with unfavorable outcomes. We attempted to mitigate
the effects of these studies by using rigorous, independent qual-
ity assessments. None of the included studies was deemed to be
of poor quality. Second, limitations inherent to any meta-anal-
ysis of retrospective, non-controlled studies include variations
across patient populations and a lack of standardization of
interventions. Although there was little heterogeneity, this may
be a product of the relatively high CR-IM rates across studies
despite systematic differences in methodology. Third, a poten-
tial trade-off of reduced coagulation depth using hybrid-APC
is the formation of glands and metaplastic cells ‘buried’ beneath
the neosquamous epithelium that forms following ablative ther-
apy.” Dysplasia or neoplasia can develop under the squamous
epithelium in these areas of intestinal metaplasia.” Given the
overlying normal tissue, these areas may not be biopsied or de-
tected on subsequent endoscopy. The lower coagulation depth
of hybrid-APC could leave behind more intestinal metaplasia in
the lamina propria that ultimately becomes buried and evades
detection. Only two of the included studies reported the prev-
alence of buried glands on biopsy following therapy, limiting
the analysis of this important consideration. Finally, few of the
included studies provided data on long-term follow-up and no
studies included data on adherence to post-treatment acid sup-
pression, which could play an important role in post-procedur-
al stricture formation. Evaluation of these outcomes through
future studies is necessary to accurately assess the utility of hy-
brid-APC.

Hybrid-APC is an emerging therapeutic modality for the
treatment of dysplastic BE. The results of the current meta-anal-
ysis suggest that hybrid-APC is associated with high rates of
CR-IM and a favorable safety profile. Randomized controlled
trials that standardize the definition of ‘treatment success’ and
‘treatment failure; as well as the timing of CR-IM evaluation are
necessary to understand how this treatment option compares
to current standards of care. Particular attention should be paid
to the development of buried metaplasia and long-term durable
effectiveness using hybrid-APC given the paucity of data on
these outcomes in the current literature.
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