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INTRODUCTION:

Esophageal adenocarcinoma (EAC) is a lethal cancer with increasing incidence and
mortality rates over the last several decades; incidence rising seven-fold in the U.S. from
1975 to 2016.1 As many as 40% of patients with Barrett’s-associated EACs present

with advanced disease with a dismal 5-year survival rate. Several factors contribute to
identification at an advanced stage, including the limited effectiveness of current screening
and surveillance strategies.?

Similar to post-colonoscopy colorectal cancer,® Barrett’s Esophagus (BE)-associated high-
grade dysplasia (HGD) and EAC can be diagnosed before the next recommended
endoscopic evaluation after prior endoscopy that was negative for HGD or EAC.2 Meta-
analyses and cohort studies suggest that a high proportion of HGD or EAC are missed
within the first year following the index endoscopy that diagnosed BE.* Several factors
may contribute to missed lesions, including lack of adherence to the Seattle biopsy
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protocol, missed dysplasia due to limited mucosal sampling with standard biopsies,
inadequate BE segment inspection time (similar to colorectal cancer screening), inability

to recognize subtle findings of early neoplasia and reliance on observer dependent histologic
classification of dysplasia.> 8 These shortcomings highlight the importance of optimizing
endoscopy quality to reduce the incidence and mortality associated with EAC. An American
Gastroenterological Association Clinical Practice Update on post-endoscopy EAC (PEEC)
identified several knowledge gaps, including the need for consensus standardization of
PEEC terminology and calculation.? To address these gaps, an international working

group [28% females, mean years in clinical practice 17.7 (standard deviation 17.1)] on
post-endoscopy HGD and EAC was established to achieve the following aims using the
RAND/University of California, Los Angeles Appropriateness Methodology: (i) standardize
terminology and definitions, (ii) identify and assess potential explanations, (iii) establish

a conceptual framework for future research, (iv) introduce post-endoscopy HGD and EAC
as performance measures to facilitate benchmarking and comparisons between healthcare
settings and (v) provide best practice advice on reducing the rate of post-endoscopy EAC
and HGD in clinical practice. Detailed methodology is reported in the Supplementary Text.

Statements and Evidence Summary

The final statements that met the appropriateness criteria are listed in Table 1.

Terminology and Definitions—The group agreed to define two terms for BE-related
neoplasia following index endoscopy: 1) include EAC only (PEEC) and 2) include

both HGD and EAC (post-endoscopy esophageal neoplasia [PEEN]). Inclusion of HGD

in the PEEN definition was driven by the fact that the goal of endoscopic screening

and surveillance programs, as recommended by professional societies, is detection of
HGD and early EAC.> 7 8 Further, up to 40% of patients with HGD have prevalent

EAC (majority diagnosed with stage | or stage Ila), many of which have an actionable
recommendation for endoscopic eradication therapy, underscoring the importance of
capturing this population.?7- 10 On the other hand, using EAC is a more clinically
meaningful singular endpoint (similar to post-colonoscopy colorectal cancer), is most
impactful and is the most serious missed lesion. In addition, the potential for different
phenotypes of EACL! raise the possibility that some subset of interval HGD may represent
truly incident, rapidly growing neoplasia, especially when these lesions are detected near
the end of a 3-5 year surveillance interval. Inclusion of LGD was considered inappropriate
due to interobserver variability among pathologists, variable natural history outcomes, the
need for risk stratification to determine ideal candidates likely to benefit from endoscopic
eradication therapy compared with surveillance.12

The time interval of 6 months to 3 years following screening or surveillance endoscopy was
rated as an appropriate window for occurrence of PEEN/PEEC. A minimum of six months
was recommended to document healing and exclude BE in patients with erosive esophagitis.
An upper limit of three years was selected, as data from a national benchmarking quality
registry suggests that endoscopists recommend a 3-year interval more commonly than a
5-year interval for endoscopic surveillance of non-dysplastic BE (NDBE) patients.13 Lesions
detected beyond this window are likely incident rather than missed at the index endoscopy.
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Two analyses were conducted to provide contemporary estimates of PEEN/PEEC. In

a retrospective U.S. cohort study performed among 50,817 individuals diagnosed with
incident BE and 366 with EAC; EAC was classified as prevalent, PEEC and incident EAC,
in 67.2%, 13.7% and 19.1% cases, respectively.1* In other words, the magnitude of PEEC
approached that of incident cancer. An updated systematic review and meta-analysis of
145,726 patients revealed a PEEC and PEEN rate of 21% (95% CI 13-31) and 26% (95%

Cl 19-34), respectively. Interestingly, meta-regression analysis demonstrated a strong inverse
association between PEEC and incident EAC, suggesting that measures which augment
neoplasia detection will reduce the subsequent incidence of EAC detected in surveillance.*

Standardize Potential Explanations—While most cases of PEEN/PEEC may be
attributed to missed HGD/EAC, rapidly progressive cancer due to accelerated pathways

of neoplasia may also exist.11 15 The limited data on the natural history of progression

of NDBE to HGD limits our ability to estimate these proportions. Intuitively, the shorter
the interval between the endoscopic finding of HGD or EAC and the endoscopy finding

of NDBE, the greater the likelihood that the neoplasia was missed on the screening or
surveillance endoscopy. As with post-colonoscopy colorectal cancer, investigators need to
operationalize definitions and attempt to identify time intervals that distinguish missed
from incident PEEN/PEEC. Further, BE-associated neoplasia may be diagnosed after
successful endoscopic eradication therapy. The panelists acknowledged several factors that
contribute to the finding of neoplasia after complete eradication of intestinal metaplasia
including missed resectable lesions, incomplete resection or ablation, failure to complete
recommended follow-up treatments, and failure to achieve complete eradication of intestinal
metaplasia, among others.2 16 Given the increasing use of endoscopic eradication therapy
in patients with BE-associated neoplasia, quality indicators for endoscopic eradication
therapy have recently been developed using an evidence-based approach endorsed by
gastroenterology societies.1’

Consensus Statements for Reducing Rates of PEEN/PEEC—Classification
practices are surrogates for performance of a high-quality endoscopy exam. The Prague
classification system (www.iwgco.net) is a validated grading system associated with high
interobserver agreement among expert and non-expert endoscopists to document the
circumferential and maximal extent of the BE segment.18 The Paris classification is a
standardized morphology categorization, recommended by the US Multi-Society Task Force
on colorectal cancer, and can provide relevant information regarding the risk of a lesion
harboring submucosal invasion. Endoscopists are encouraged to use the Prague and Paris
classification in descriptive terms for BE-associated lesions.3 Nevertheless, future studies are
needed to assess whether use of these classifications leads to reduced rates of PEEN/PEEC.

Consistent with recent guidelines,® the panelists rated the statement on the use of
chromoendoscopy (virtual or traditional) in addition to high-definition white light endoscopy
during screening and surveillance endoscopy for BE patients as appropriate. In an updated
meta-analysis that included 504 patients, chromoendoscopy with high-definition white light
endoscopy was associated with a higher detection rate of HGD/EAC compared to high-
definition white light endoscopy alone [14.7% vs. 10.1%, relative risk: 1.44] (Supplementary
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Table 1, Appendix 5). There was low certainty of evidence due to risk of bias and
imprecision associated with a low event rate. Available data suggest comparable rates of
dysplasia detection between virtual and traditional chromoendoscopy techniques. Virtual
chromoendoscopy (narrow band imaging) is available in most endoscopes and thus require
no additional costs. Problems associated with dye-based chromoendoscopy include the need
for dye spraying equipment, additional time required, cumbersome nature of the procedure,
difficulty in achieving uniform coating of the mucosal surface with the dye, and inability

to detect superficial vascular patterns.® Incorporation of training in virtual and traditional
chromoendoscopy during fellowship and training programs for the practicing endoscopists
will be important for widespread routine implementation in clinical practice.

Although data are limited there was agreement that adequate inspection time would
potentially increase detection of BE-associated neoplasia.19 Future studies need to define
the optimal inspection time per cm of the BE segment. While the panel purposefully did not
provide a time period comprising an adequate exam due to lack of data on this issue, the
European societies recommend a procedure time of = 7 minutes for upper endoscopy and
inspection time of =1 minute/cm of the circumferential extent of the Barrett’s mucosa.2°

With regards to evidence supporting the routine use of the Seattle biopsy protocol in patients
undergoing screening or surveillance for BE, data from two observational studies that
included 506 patients demonstrated that the use of the Seattle biopsy protocol was associated
with a higher dysplasia detection rate (19.1% vs. 2.6%, relative risk 2.75) (Supplementary
Table 2). Selection bias and imprecision and indirectness of evidence (since detection of
dysplasia was used as a surrogate for PEEN/PEEC) limited interpretation. Endoscopists may
avoid biopsy of a visible lesion with referral for endoscopic resection. Several studies have
consistently demonstrated suboptimal adherence rates to the Seattle biopsy protocol.® Using
a community-based pathology database, Abrams et al reported that the odds of detecting
dysplasia significantly decreased with non-adherence to the Seattle biopsy protocol [odds
ratio: 0.53, 95% CI 0.35-0.82).21 A recent analysis using a national quality benchmarking
registry that included 58,709 endoscopies showed that nearly 20% of endoscopies were

not adherent to the Seattle biopsy protocol, and that endoscopists were less adherent with
increasing BE length; with the odds of non-adherence increasing by 31% with every 1-cm
increase in length.®

The panelists also acknowledged the significant interobserver variability in the interpretation
of dysplasia among pathologists and the importance of high-quality expert pathology review
in the diagnosis of dysplasia.> 10 An accurate diagnosis of dysplasia is critical for clinical
decision making and risk stratification, including the selection of endoscopic eradication
therapy vs. intensive surveillance. Guidelines recommend that dysplasia of any grade be
confirmed by a second pathologist with expertise in gastroenterology pathology.”: 10

Qualitative Review of Post-Endoscopy Esophageal Neoplasia Cases—Services
and individual endoscopists are encouraged to review PEEN/PEEC cases periodically and
identify areas for improvement. We provide a consensus-based categorization construct and
acknowledge that this construct will need to be validated in future studies. An adequate
examination was defined as one that met the following prerequisites: documentation
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of landmarks, use of high-definition white light endoscopy and chromoendoscopy and
complete sampling using the Seattle biopsy protocol. Similar to the disclaimer provided

by the World Endoscopy Organization for post-colonoscopy colorectal cancer, the panelists
recommend using the above construct of explanations to facilitate quality assurance but not
be used to support medico-legal decision making or to define accountability at an individual
level.2 An essential theme of this project is development of consistent strategies to optimize
detection of PEEN and PEEC, not to develop metrics for punitive use.

AREAS OF UNCERTAINTY AND FUTURE DIRECTIONS

In addition to the research directives outlined in the above section, the panelists

also discussed and voted on statements for which there was not sufficient agreement
(Supplementary Table 3) but consensus that some of these statements were important for
future discussion and resolution (Appendix 6). Panelists discussed that operationalizing
PEEN/PEEC as a quality indicator for providers may be challenging given the low number
of endoscopies performed for BE screening and surveillance and low annual number of
incident EAC cases. Future efforts will need to focus on standardizing how PEEN/PEEC
rates should be calculated in an automated fashion and establishing a minimum performance
standard.

The panelists acknowledged that the field would benefit from the BE equivalent of the
adenoma detection rate, used to measure quality in colorectal cancer screening. Neoplasia
detection rate, defined as the prevalence of HGD or EAC among BE patients at index
upper endoscopy has also been proposed as a quality indicator in the management of BE.22
Nevertheless, significant work is needed to establish if neoplasia detection rate can be
adopted as a quality indicator to reliably differentiate between endoscopists (or endoscopy
centers) with discordant detection rates of PEEN and PEEC, enable accountability between
providers, and demonstrably improve the quality of care provided to patients. To be
considered a high-value quality indicator, neoplasia detection rate must be shown to
correlate with important clinical outcomes such as interval development of EAC and/or
mortality. In addition, while benchmarking thresholds need to be defined, it is imperative
that these thresholds account for the different rates of neoplasia in the underlying population
undergoing an upper endoscopy. This will most likely require risk-adjustment based on
well-established risk factors for the development and progression in BE.

The routine use of wide-area transepithelial sampling in reducing rates of PEEN/PEEC in
clinical practice was voted as uncertain. An updated systematic review and meta-analysis of
the use of wide-area transepithelial sampling in BE screening/surveillance in 13,950 patients
demonstrated an increase in detection of dysplasia among patients undergoing sampling
using wide-area transepithelial sampling and forceps biopsies compared with forceps
biopsies alone (3.2% vs. 1.2%, relative risk 2.13) (Supplementary Table 4). The certainty

of evidence was reduced due to risk of bias (evidence largely driven by observational data),
inconsistency (high heterogeneity, variability in detection rates of dysplasia), indirectness
(detection of dysplasia was deemed as a surrogate for PEEN/PEEC) and uncertainty
interpreting dysplasia diagnosed alone with wide-area transepithelial sampling. No study
yet has evaluated the addition of wide-area transepithelial sampling to forceps biopsies
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for detection of dysplasia during Barrett’s surveillance when forceps biopsies are guided
both by white light and chromoendoscopy. There are also limited data on longitudinal
follow up of patients with non-dysplastic biopsies but positive wide-area transepithelial
sampling analyses to fully understand the prognostic significance of these discrepant
findings. Inherent in this need is the evaluation of other proposed sampling or diagnostic
techniques to predict development of neoplasia, such as TissueCypher or more generic
approaches including identification of additional methylation or other biomarkers.23

Efforts will also be needed to determine if implementation of further BE training leads to
increased detection of PEEN/PEEC and a reduction in cancer mortality. It is critical that
Barrett’s training courses designed to enhance detection of PEEN/PEEC undergo internal
and external validation to achieve this goal. The “Barrett’s Oesophagus-Related Neoplasia”
web-based training course is an available validated training course that primarily focuses
on improving early neoplasia detection.24 This tool can be accessed at www.iwgco.net,
WWW.Ueg.eu, or www.best-academia.eu. No comprehensive training course is currently
available that covers all facets of best practices in BE and this deficit is the focus of ongoing
research. Similarly, pathologist training may be needed to improve interobserver agreement
when assessing Barrett’s dysplasia. One study from the Netherlands demonstrated that
benchmarks defined previously by a group of core expert BE pathologists was validated

by demonstrating consistency and training potential when enlisting other core pathologists
to the group of BE experts.2 Finally, a checklist for future manuscripts on this topic is
proposed (Appendix 7).

CONCLUSIONS

Using an evidence-based consensus process, an international multidisciplinary panel
provided comprehensive guidance on standardizing the definition and etiology for PEEN/
PEEC, potential explanations and a template for the performance and improvement of
high-quality endoscopy to reduce rates of PEEN/PEEC in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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POST-ENDOSCOPY ESOPHAGEAL NEOPLASIA IN BARRETT’S ESOPHAGUS:
CONSENSUS STATEMENTS FROM AN INTERNATIONAL EXPERT PANEL

Sachin Wani MD,! Rena Yadlapati MD, MSHS,? Siddharth Singh MD, MS,? Tarek Sawas
MD, MPH3, David A. Katzka MD# on behalf of the Post-Endoscopy Esophageal Neoplasia
Expert Consensus Panel

1. Division of Gastroenterology and Hepatology, University of Colorado Anschutz Medical
Campus, Aurora, Colorado

2. Division of Gastroenterology and Hepatology, University of California, San Diego, San
Diego, California

3. Division of Gastroenterology and Hepatology, University of Texas Southwestern Medical
Center, Dallas, Texas

4. Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, Minnesota

ABBREVIATIONS:

BE Barrett’s esophagus
Cl confidence interval
EAC esophageal adenocarcinoma

GRADE Grading of Recommendations Assessment, Development and
Evaluation

HGD high-grade dysplasia

LGD low-grade dysplasia

NDBE non-dysplastic Barrett’s esophagus

PEEC Post-endoscopy esophageal adenocarcinoma

PEEN Post-endoscopy esophageal neoplasia
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Figure 1:
Study design used to develop consensus statements
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Appropriate statements determined using the RAND/University of California, Los Angeles Appropriateness

Method with median score, and number of experts in each category range

Consensus Statements

Median
Score

# of Experts 1-3
Range
(Inappropriate)
(n, %)

# of Experts
4-6 Range
(Uncertain)

(n, %)

# of Experts 7-9
Range
(Appropriate)
(n, %)

MAD-

Score

Terminology and Definitions

1) Post-endoscopy esophageal neoplasia (PEEN) is
the preferred term for high-grade dysplasia (HGD) or
esophageal adenocarcinoma (EAC) detected before the
next recommended surveillance endoscopy in a patient
with non-dysplastic Barrett’s esophagus (NDBE)

14

2(8)

22 (88)

11

2) Post-endoscopy esophageal adenocarcinoma (PEEC)
is the preferred term for esophageal adenocarcinoma
(EAC) detected before the next recommended
surveillance endoscopy in a patient with NDBE

3(12)

2(8)

20 (80)

13

3) The time interval for which the occurrence of
PEEN/PEEC applies is between 6 months and 3 years
following screening or surveillance endoscopy

14

7 (28)

17 (68)

1.2

Potential Explanations

4) The potential explanations for PEEN/PEEC include
missed HGD/EAC and rapidly progressive EAC

14

2(8)

22 (88)

0.9

Quality Review of PEEN/PEEC cases

5) Endoscopy practices can consider reviewing PEEN/
PEEC cases to understand contributing factors and
areas of improvement

0(0)

2(8)

23 (92)

6) To facilitate the use of a common language when
categorizing PEEN/PEEC cases according to their
most plausible explanations, we suggest the following
categories be used:

a. Possible missed visible lesion, prior examination
adequate
b. Possible missed visible lesion, prior examination
inadequate
c. Detected visible lesion, no or inadequate sampling
with targeted biopsies
d. Detected visible lesion, incomplete resection of
previously identified lesion
e. Prior examination adequate and clinically indicated
follow-up not recommended
f. Prior examination inadequate and clinically indicated
follow-up not recommended
g. Prior examination adequate and failure of patient to
follow-up on a recommended surveillance endoscopy
interval.

14

3(12)

21 (84)

Best Practice Advice to Reduce PEEN/PEEC

7) Endoscopists should define the extent of BE
using a standardized grading system documenting the
circumferential and maximal extent of the columnar
lined esophagus (Prague classification) with a clear
description of landmarks and characteristics of visible
lesions, when present

0(0)

14

24 (96)

0.6

8) Screening and surveillance endoscopy for BE
should be performed using high-definition white
light endoscopy (HD-WLE) and chromoendoscopy
(traditional or virtual)

0(0)

2(8)

23 (92)

0.7

9) Endoscopists should spend adequate time inspecting
the BE segment

0(0)

0(0)

25 (100)

0.4
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Page 13

# of Experts 1-3 # of Experts # of Experts 7-9 MAD-
Median Range 4-6 Range Range
Consensus Statements Score (Inappropriate) (Uncertain) (Appropriate) St!\élre
(n, %) (n, %) (n, %)
10) In patients undergoing screening or surveillance
endoscopy for BE, endoscopists should obtain biopsies
using the Seattle biopsy protocol (4-quadrant biopsies 8 0(0) 1(4) 24 (96) 06

at least every 2 cm and additional targeted biopsies
or resection or outlining a plan for resection for any
visible lesions)
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