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Abstract

Purpose of review Endoscopic eradication therapy is an effective and durable treatment for
Barrett’s esophagus (BE) related neoplasia, but even after achieving successful eradication,
these patients remain at risk for recurrence and require ongoing routine examinations.
The optimal surveillance protocol including endoscopic technique, sampling strategy, and
timing are still being refined. The aim of this review is to discuss current management prin-
ciples for the post ablation patient and emerging technologies to guide clinical practice.
Recent findings There is increasing evidence to support less frequent surveillance exams
in the first year after complete eradication of intestinal metaplasia and a move towards
targeted biopsies of visible lesions and sampling high-risk locations such as the gastroe-
sophageal junction. Promising technologies on the horizon that could impact manage-
ment include novel biomarkers, personalized surveillance intervals, and non-endoscopic
approaches.

Summary Ongoing high-quality examinations after endoscopic eradication therapy are key
to limiting recurrent BE. Surveillance intervals should be based on the pretreatment grade
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of dysplasia. Future research should focus on technologies and surveillance practices that

are most efficient for patients and the healthcare system.

Introduction

The incidence of esophageal adenocarcinoma (EAC)
has been steadily rising in the USA and carries a poor
prognosis since most patients present with late-stage
disease [1, 2]. The only known premalignant lesion is
Barrett’s esophagus (BE), making early identification
and appropriate management of paramount impor-
tance to improve outcomes in EAC [3]. BE is defined
as intestinal metaplasia (IM, the presence of >1 cm
of columnar lined esophagus with corresponding
histology demonstrating goblet cells) and progresses
from non-dysplastic (NDBE) to low-grade dysplasia
(LGD) to high-grade dysplasia (HGD) to intramucosal
carcinoma (IMC) and then invasive cancer. Given
this sequence, gastroenterology societies worldwide

recommend endoscopic eradication therapy (EET) for
dysplastic BE with resection and ablation to restore
squamous epithelium [4, 5]. Yet even after the Bar-
rett's segment has been successfully treated or seem-
ingly “cured,” patients remain at risk for recurrent
IM and dysplasia and require ongoing surveillance
examinations. The management of a patient after BE
therapy is nuanced and requires consideration of the
original pathology, endoscopic techniques, resource
utilization, and risk tolerance. The aim of this review
is to discuss current management principles for the
post ablation BE patient and emerging technologies
to guide clinical practice.

Endpoints and outcomes of endoscopic eradication therapy

The main objectives of EET are the removal of any visible lesions which may
harbor dysplasia followed by ablation of the remaining BE segment [6]. The
immediate goal is complete eradication of intestinal metaplasia (CEIM) with
an additional intermediate endpoint of complete eradication of dysplasia
(CE-D). Rates of CEIM and CE-D for EET are high at 78% and 91%, respec-
tively, on meta-analysis |7]. Furthermore, ablation for LGD decreases the risk
of progression to HGD or IMC by 25% [8, 9]. Recent data emphasizes the
long-term durability of EET in maintaining these key outcome measures |10,
11]. CEIM is achieved after 1-2 surveillance endoscopies confirm no visible
BE and biopsies from the gastroesophageal junction (GEJ) and esophagus are
negative for IM. The question of whether 1 versus 2 endoscopies are necessary
to call CEIM is a topic of ongoing debate, and inconsistent definitions and
reporting make it difficult to compare rates and timing across studies. None-
theless, CEIM patients will need indefinite long-term surveillance for early
detection of recurrent IM and neoplasia. The recent ACG guidelines provide
a strong recommendation for ongoing endoscopic surveillance post CEIM
based on moderate quality evidence which is consistent with prior ASGE and
AGA guidelines [4, 5, 12].
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Rates of recurrent intestinal metaplasia and dysplasia

Recurrence is defined as the presence of IM (with or without dysplasia) in
the esophagus or GEJ after CEIM, recognizing that studies vary on whether
1 or 2 negative exams are necessary for the designation of CEIM. In most
studies that include a mixed cohort of baseline histology followed for
approximately 5 years, recurrence occurs in about 1/3 of the group. Several
studies have demonstrated relatively low rates of incident IM ranging from
4.9 to 10.8%/person-year and even lower rates of incident HGD or EAC
ranging from 0.3 to 1.6%/person-year (Table 1) [11, 13-18]. In a 2016 sys-
tematic review and meta-analysis of 21 studies and 3186 patients achieving
CEIM after RFA, there were 603 cases of recurrent IM over 5741 patients-
years of follow-up (annual incidence 9.5% per patient-year, 95% CI
6.7-12.3%). Recurrence of any dysplasia or HGD/EAC was much lower at
2% and 1.2%/person-year, respectively. Similar results were demonstrated
in a subsequent meta-analysis and several observational studies since [14,
16]. In a cohort of 337 veterans achieving CEIM after RFA, the incidence
of recurrent IM, dysplasia, and cancer was 10.8%, 2.2%, and 0.3%/patient-
year, respectively [15]. Predictors of recurrent dysplasia included baseline
neoplasia (dysplasia HR 1.71, IMC 2.32) and long-segment BE (> 3 cm HR
1.59). Several other studies similarly highlight this relationship between
baseline histology and risk of recurrence. In follow-up data from the AIM
dysplasia trial where 110 patients achieved CEIM, the incidence of recur-
rent IM was 8.3% compared to 13.5%)/person-year for baseline LGD ver-
sus HGD, and corresponding dysplasia recurrence rates were 3.3% versus
7.3%/person-year, though these numerical differences were not statistically
significant. The two most recent prospective studies by Wani et al. (US
multicenter cohort of 807 patients) and van Munster et al. (Netherlands
multicenter cohort of 1270 patients who achieved CEIM) both demonstrate
a lower incidence of overall recurrence (4.9-5.2%) compared to earlier
studies [11, 17]. This may reflect the high quality of care provided at large
volume centers with specialized endoscopists and pathologists with exper-
tise in BE management.

Timing of recurrent intestinal metaplasia and dysplasia

Although rates of IM seem to be consistent across the literature and lower in
more recent reports, the timing of recurrence differs considerably between
studies. This is important because it impacts the timing of surveillance
endoscopy and informs interval recommendations. The long-term analysis
from the AIM dysplasia trial showed the highest likelihood of recurrence
in the first year post CEIM compared to the next 4 years combined, with
decreasing rates over time [18]. To account for the possibility of declaring
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CEIM prematurely, they performed a sensitivity analysis requiring 2 nega-
tive endoscopies to designate CEIM and found no meaningful impact, sup-
porting their conclusion for aggressive surveillance in the first year. Results
from a systematic review and meta-analysis similarly demonstrated higher
rates of early recurrence, though corresponding high rates of HGD/EAC in
the first year suggest that recurrence rates may have been overestimated and
the findings were not actually recurrence, but rather incompletely treated
or missed prevalent disease [19]. Recently published long-term outcomes
from the UK National HALO RFA registry also showed that most recur-
rences happen in the first 2 years (4.2% recurrence rate after CEIM at 1
year, 10.1% at 2 years, 18.7% at 8 years) [10]. Results from Sami et al. (3
US and 2 UK prospective databases, recurrent IM in 151/594 patients)
demonstrated that recurrence of IM and/or dysplasia remained constant
over time or even increased progressively over time, including beyond the
4-year mark [16]. Therefore, contrary to the conclusions in the AIM dys-
plasia follow-up paper, these authors maintain that surveillance should
continue beyond 5 years. In a larger multicenter US study by Wani et al.,
recurrence was most common between 1 and 2 years and peaked at 18
months, suggesting that surveillance might not be necessary in the first
year [17]. Consistent findings from the Dutch RFA data demonstrating no
difference between an aggressive surveillance strategy during the first year
(every 3 months) versus a more relaxed approach (only at the 1-year point)
similarly suggest that lengthening the short-term surveillance intervals may
be appropriate [11]. In the VA cohort described earlier, 29.1% of the 337
patients had recurrent BE at a median of 1.9 years. The risk of BE recurrence
started around 12 months for NDBE and 6 months for dysplastic BE/IMC,
and both short- and long-segment BE had parallel curves in the first year.
Interestingly, they found a shorter time to BE recurrence among individu-
als ablated at low-volume facilities, whereas treatment at high-volume RFA
centers reduced the risk of BE recurrence (HR 0.19 for quartile 4 vs 1, 95%
CI 0.05-0.68). This concept of better outcomes among patients with BE/
EAC at high-volume centers has been previously demonstrated and further
emphasizes the importance of centralized care at experienced facilities [20].

Surveillance intervals after achieving CEIM

Until recently, recommendations for surveillance intervals for BE patients
post CEIM were largely based on data from cohort studies and expert opinion
and tended to recommend frequent exams [21, 22]. As summarized, newer
studies indicating lower rates of early recurrence in the first year seem to sup-
port a strategy of less frequent surveillance. A modeling study that used data
from the US Radiofrequency Ablation Registry and the UK National HALO
Registry recommended surveillance exams at year 1 and year 3 for LGD and
at 3 months, 6 months, 1 year then annually for HGD/IMC [23]. These find-
ings provided evidence-based support for the post CEIM recommendations



130

in both the 2020 AGA Clinical Practice Update and 2022 ACG guidelines,
which continue to be based on the worst pretreatment histology grade [4, 5].
According to the most recent ACG document, surveillance is recommended
atyear 1, year 3, and then every 2 years after for LGD. Surveillance is recom-
mended at 3 months, 6 months, then annually for HGD/early EAC [5]. The
AGA guidelines are similar with the exception that they do not recommend
further surveillance after year 3 for LGD (Fig. 1). Results from the long-term
outcomes of the EET Dutch study where dysplasia recurrence was similar with
a surveillance exam at year 1 versus every 3 months during the first year sug-
gest that less aggressive surveillance intervals could be appropriate regardless
of baseline histology [11].

Surveillance post CEIM: cost and societal implications

Another important consideration when determining surveillance intervals is
cost and resource utilization, though data on this topic is lacking. A recent
modeling study compared three different post CEIM surveillance strategies:
(1) the Cotton approach—surveillance at years 1 and 3 for LGD/IND and
every 3 months for the first year followed by annually for HGD/IMC, (2) the
2016 ACG guidelines—surveillance every 6 months then annually for LGD/
IND, and every 3 months in the first year followed by every 6 months in the
second year then annually for HGD/IMC [21], and (3) the UK approach—
every 3 months in the first year followed by every 6 months in the second year
then annually regardless of pretreatment histology [11, 24]. The 2016 ACG
approach was the most cost-effective, and the Cotton approach performed the
worst. The authors suggest that the poor performance of the Cotton approach
may be a result of less frequent surveillance leading to increased development
of advanced EAC, although EET durability studies suggest against this [11]. In
some ways, the results of this study are moot given that the ACG guidelines
referenced in the model have since been updated.

There are also important unmeasurable factors and potentially overlooked
aspects related to surveillance timing. Endoscopy has associated cost for the
patient and requires time off work. The psychological impact is also relevant
and can work on both sides, as more frequent surveillance may both con-
tribute to as well as alleviate patient anxiety and fear of cancer depending on
the individual. There is no data on patient preferences related to surveillance
endoscopy specifically after CEIM; however, among a group of patients at risk
for BE/EAC, 2/3 indicated they wanted to prioritize BE screening and that
getting an upper endoscopy would reduce their concern [25]. The frequency
of surveillance exams also stresses the healthcare system. Fewer exams may
help alleviate the growing burden on gastroenterologists to perform other
diagnostic and therapeutic procedures, especially given the backlogs created
by the COVID-19 pandemic and the new colorectal cancer screening guide-
lines that include adults age 45-49. Nevertheless, these factors should not
deter physicians or patients from remaining diligent with surveillance. Future
studies should focus not only on whether lengthening surveillance intervals
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post CEIM leads to similar clinical outcomes but how these impact patient
satisfaction and resource utilization.

High-quality endoscopy for surveillance after achieving CEIM

Surveillance endoscopy to follow patients after therapy and CEIM rely on
the same principles of a high-quality BE screening or surveillance exam with
the goal in this population to detect new dysplasia [26]. BE exams should
be performed with high-definition white light endoscopy (HD-WLE), and
a distal attachment cap can help with stabilization and up-close mucosal
visualization. Routine use of virtual or dye-based chromoendoscopy dur-
ing surveillance is recommended by major GI society guidelines due to its
ability to increase dysplasia detection compared to HD-WLE alone [4, 5, 27,
28]. A thorough and comprehensive examination means spending at least 1
min inspecting each cm of the Barrett's segment as well as a retroflexed view
of the cardia [29]. Documentation of esophageal landmarks including the
presence of a hiatal hernia, use of the Prague classification to report the cir-
cumference and maximal length of the segment, and application of the Paris
classification to describe visible lesions are key components of standardized
reporting [6, 30].

Location of recurrence and sampling strategies
after achieving CEIM

The typical location of recurrent BE is critically important and influences our
sampling protocol. In the study by Sami et al., 74% of recurrences occurred at
the GEJ, 25% of these were dysplastic, and only 40% of these dysplastic recur-
rences were visible to the endoscopist [16]. Most of the 26% of recurrences
that occurred in the tubular esophagus were visible. These results emphasize
the importance of a high-quality exam using image-enhanced endoscopy to
perform a detailed inspection of the distal esophagus and GEJ in forward view
as well as retroflexion to examine the cardia. Additional studies indicating
high rates of recurrence in the distal esophagus and GEJ have led to a shift
in the biopsy protocol for post-ablative surveillance exams [31, 32]. Previ-
ously, guidelines recommended 4 quadrant biopsies every 2 cm along the
neosquamous epithelium, similar to the Seattle protocol [33]. However, ran-
dom biopsies throughout the entirety of the neosquamous epithelium have
proven to be extremely low yield for detecting IM or dysplasia during post
CEIM surveillance [11, 16]. In fact, a modification in the sampling protocol
post CEIM midway through the Dutch EET study, from random 4 quadrant
biopsies every 2 cm to targeted biopsies for visible abnormalities, had no
impact on outcomes [11]. The standard approach has therefore evolved to a
more effective strategy that incorporates targeted biopsies of visible lesions
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with random biopsies of specific areas at high risk of recurrence such as the
GEJ. Accordingly, ACG guidelines recommend taking surveillance biopsies
post CEIM from the GEJ and the distal 2-5 cm of the tubular esophagus and
placing them in separate pathology jars [5, 16].

Additional tools for imaging post RFA epithelium such as volumetric laser
endomicroscopy require further study. Wide-area transepithelial sampling
with computer-assisted three-dimensional (WATS-3D) uses an abrasive cyto-
logic brush to sample a large region followed by computer modeling that
recreates glandular structures. Although the 2019 ASGE guidelines recom-
mended the use of WATS-3D in BE examinations based on higher rates of
dysplasia detection, the 2022 ACG guidelines do not make a recommenda-
tion regarding WATS-3D in routine surveillance given the lack of compara-
tive studies [5, 28]. Whether this adjunctive sampling strategy will have a
role in surveillance exams specifically in the post CEIM patient remains to
be seen. Artificial intelligence and machine learning for BE show promising
initial results. A meta-analysis of twelve studies indicated high sensitivity and
specificity for identifying BE-related neoplasia (90% and 84%, respectively)
[34]. While most of the current literature focuses on patients with untreated
disease, application of these technologies to post CEIM patients has great
potential to increase the yield of surveillance exams.

Management of recurrent intestinal metaplasia and dysplasia

Most recurrences after CEIM are non-dysplastic and tend to occur at a lower
grade than the baseline histology [13, 17]. Recurrent disease is typically ame-
nable to endoscopic resection, and therapy follows the same principle of
resection for any visible abnormalities followed by ablation of residual flat
IM [4, 5]. In the Dutch RFA durability cohort, 87% of patients who had recur-
rence were successfully managed endoscopically [11]. In the longitudinal
study from the UK National Halo RFA Registry, treatment of recurrent BE was
successful in over 50% of cases [10]. Even after CEIM, once daily low-dose
proton pump inhibitors should be continued in all patients. While anti-reflux
surgery may have a role in patients with treatment-refractory BE, its use after
CEIM to prevent recurrence has not been well studied.

Non-endoscopic detection of Barrett’s esophagus

In addition to optimizing surveillance examinations through endoscopy and
adjunctive technologies, investigation into complementary non-endoscopic
modalities is underway. Most of these consist of a swallowable cell collection
device that are tethered to a string and sample the distal esophagus while
being removed through the mouth. Cytology can then be combined with bio-
marker evaluation. Additional tests include the Aenose, which detects vola-
tile organic compounds from exhaled breaths [35] or unsedated transnasal
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endoscopy. These testing modalities are attractive from a resource utilization
standpoint given their ability to be used by non-physicians in an office set-
ting. Although they have mostly been studied in the screening setting, they
may eventually have a role in BE surveillance including surveillance post
CEIM.

Personalizing surveillance

The crux of optimizing surveillance recommendations for patients post CEIM
is the identification of risk factors and molecular markers to predict recur-
rence. This paradigm shift will facilitate individualized treatment plans for
each patient based on their unique features. A prognostic model was devel-
oped using data from the Dutch Barrett Expert Center Registry and deter-
mined the following predictors of visible recurrence from strongest to weak-
est: new “incident” lesion during treatment, higher number of EET sessions,
male sex, increasing BE length, HGD/cancer at baseline, and younger age. The
model was validated externally in patients treated in Switzerland and Belgium
with good discrimination and calibration (C-statistic 0.91, 95% CI 0.86-0.94)
[36]. This concept of personalizing follow-up based on individual risk offers
tremendous opportunity to improve the quality and value of clinical care and
warrants further studies in other practice settings and populations.

Biomarkers to predict progression

The issues related to predicting recurrent IM and dysplasia post CEIM are
similar to the challenges in predicting which NDBE patients or dysplastic BE
will progress. At the present time, the degree of dysplasia is the best predictor
of progression, though smoking, increasing age, male sex, and longer BE seg-
ments are also relevant risk factors [37]. Prediction models that use a combi-
nation of demographic and clinical factors coupled with molecular markers
are gaining traction. The finding that mutations in the tumor suppressor gene
p53 are associated with increased progression of BE led to interest in using
it as a predictive tool [38]. Multiple meta-analyses have shown the utility of
P53 staining to predict progression versus no progression to HGD/EAC (OR
ranges 4-17) [39-41]. TissueCypher is an assay that provides a risk score for
5-year progression to HGD/EAC and has demonstrated 68% sensitivity and
79% specificity [42-44]. The 2022 ACG guidelines were unable to recom-
mend routine use of p53 immunohistochemical staining or TissueCypher
given the overall low sensitivity [5]. Ongoing investigations will hopefully
identify subsets of patients who would benefit most from the adjunctive use
of biomarkers for risk stratification. It is possible that these tools will even-
tually also play a role in delineating a patient-tailored surveillance interval
post CEIM.
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Conclusions

Improvement in endoscopic techniques for removal of BE-related neoplasia,
refinement of therapeutic algorithms, and expansion of the toolbox for ablative
devices beyond RFA all contribute to growing efficacy and durability data for EET.
The goal of therapy is CEIM, but even once this outcome is achieved, patients must
remain in a surveillance program to detect early recurrent dysplasia. Multiple stud-
ies over the past 5 years have provided relatively consistent quantitative estimates
of recurrence rates for IM and dysplasia, though the timing of recurrence varies
considerably across studies. In some cases, a finding of early recurrence may in
fact represent prevalent or missed lesions after a label of CEIM was incorrectly
assigned. Taken together, recurrence is probably more likely to occur beyond the
first year, and a more lenient surveillance strategy in the initial 12 months follow-
ing CEIM may be appropriate. Recent updates from multiple GI societies provide
consistent recommendations that continue to separate surveillance intervals based
on pretreatment histology. Personalized post CEIM surveillance strategies that use
risk prediction models to incorporate patient characteristics, results from non-
endoscopic testing modalities, biomarkers, and that harness the power of Al and
machine learning may seem aspirational but appear to be on the horizon.
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