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DEGREE OF CRYPT ATYPIA CORRELATES

WITH PROGRESSION TO HIGH GRADE DYSPLASIA/
ADENOCARCINOMA IN NON-DYSPLASTIC BARRETT’'S
ESOPHAGUS

Robert Odzel, Nicola Frei2, Amir M Khoshiwal?, Lucas C Duits?, Jacques Bergman?,
Matthew D Stachler3
LTufts university school of medicine Boston, MA, United States.

2.Amsterdam UMC Locatie AMC, Amsterdam, North Holland, Netherlands.

3.Dept of Pathology, University of California San Francisco, San Francisco, CA, United States.

Abstract

Aims: Patients with non-dysplastic Barrett’s esophagus (BE) often show a wide range of
“atypical” histologic features in the bases of the crypts. However, the significance of crypt atypia
has never been evaluated despite prior studies showing the presence of DNA content and other
molecular abnormalities in this epithelium. The aim of this study was to evaluate whether the
degree of crypt atypia in BE patients without dysplasia correlates with progression to high-grade
dysplasia/adenocarcinoma (HGD/EAC).

Methods and results: Baseline biopsies from 114 BE patients without dysplasia, 57 who
progressed to HGD/EAC (progressors) and 57 who did not progress (non-progressors), were
included in the study. Biopsies were evaluated for the degree of basal crypt atypia on a 3-point
scale according to discrete histologic criteria. In non-progressors, 64.9%, 31.6%, and 3.5% of
biopsies had a crypt atypia score of 1, 2, and 3 respectively, with a mean score of 1.39 +/-
0.56. The percentage of biopsies with an atypia score of 2 or 3 increased in progressors (42.1%,
42.1%, and 15.8% of biopsies scored 1, 2, or 3 respectively, with a mean score of 1.74 +/- 0.72
(P=0.004)). The odds ratio of grade 3 crypt atypia for progression to HGD/EAC was 5.2 (95%
Cl 1.1-25.0, P=0.04) and the findings did not change significantly when the data was analyzed
according to progression to either HGD or EAC.

Conclusions: This study shows that non dysplastic crypts in BE are biologically abnormal
suggesting that neoplastic progression begins prior to the onset of dysplasia. The degree of crypt
atypia in BE patients without dysplasia correlates with progression.
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Introduction

Barrett’s esophagus (BE) is defined as columnar metaplasia of the esophagus which is
usually associated with intestinal metaplasia (IM).(1) BE is the main precursor to esophageal
cancer, however, only a minority of patients (approximately 0.5%) actually progress to
cancer each year.(2-5) Cancer in BE develops via an inflammation-dysplasia-carcinoma
sequence, and is associated with high morbidity and mortality if diagnosed at an advanced
stage (SEER database).(6) Thus, patients with BE are advised to undergo regular endoscopic
surveillance combined with biopsies in order to detect dysplasia and early cancer that is
amenable to minimally invasive endoscopic therapy.(7)

Dysplasia is morphologically graded as either low or high based on the degree of
cytologic and architectural atypia of the epithelium. Conventional low (LGD) and high-
grade dysplasia (HGD) involves both the crypts and surface epithelium.(8,9) However, as
discussed further below, dysplasia in its early stage can involve only the crypts and not

the surface epithelium, and this provides evidence that neoplastic transformation begins in
the bases of the crypts in BE and likely from basal crypt stem cells. Currently, cancer risk
assessment is based entirely on morphologic identification, and grading, of dysplasia since
the risk of progression increases according to the presence and grade of dysplasia in the
Barrett’s segment.(10) For instance, LGD carries a lower risk of progression to cancer (0.4—
13%) compared to HGD (6-19%).(11,12) An important challenge is to determine which
patients with non-dysplastic BE are at increased risk for progression. Thus, better methods
of cancer risk prediction in BE patients are clearly needed.

Prior studies have documented the presence of a wide variety of differentiation,
proliferation, and molecular abnormalities in patients with, but also in those without,
dysplasia in their BE.(13-18) These include alterations in cell cycle, DNA content and

even tumor suppressor genes, such as 7P53, among others. Unfortunately, there is, currently,
little data regarding whether there are phenotypic alterations that can be seen in the early
stages of BE progression, prior to the onset of dysplasia, that can help predict cancer
progression. Although it is well known that Barrett’s specialized epithelium is characterized
by a variety of atypical changes that render its appearance distinct from normal intestinal
epithelium, the spectrum of changes that occur, and their possible correlation with risk of
progression, has never been studied. For instance, architecturally, Barrett’s epithelium often
shows branching, fission, and fusion of the crypts which is quite distinct from the normally
well-aligned and evenly spaced, test tube—like crypts characteristic of normal intestinal
epithelium. Cytologically, the crypt epithelium may also exhibit a range of alterations.
These include epithelium with little to no atypia, where the crypts are lined by cells with
small normo-chromatic nuclei without stratification or mitoses, to epithelium with marked
atypia characterized by nuclear hyperchromasia, enlargement, irregularity, loss of polarity,
stratification and prominent mitoses. In the extreme, these crypt changes mimic the features
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of true dysplasia, and this has been termed crypt dysplasia (CD) in prior studies.(19,20)
Several studies have confirmed the presence of p53 and DNA content abnormalities in CD,
and in one recent outcome study of brush biopsies, an increased risk of progression to
HGD/esophageal adenocarcinoma (EAC).(21-23) Unfortunately, the biological and clinical
significance of “baseline” non-dysplastic morphologic changes in BE, as described above,
have never been evaluated. Our hypothesis is that these baseline basal crypt changes in

BE likely reflect a slow and progressive evolution and proliferation of clones of cells with
increasing amounts of atypia, and that these changes may result in a corresponding increased
risk of neoplastic progression in BE. Thus, the purpose of this long-term outcome study
was to evaluate and categorize the baseline morphologic features of non-dysplastic crypt
epithelium in BE, and to correlate these findings with progression to HGD/EAC.

Patient cohort and processing

After IRB approval and consent where applicable, archived pathology blocks from the Dutch
spatial-temporal cohort were utilized for this study.(24) Briefly, this cohort consists of a
retrospective collection of patients who presented to four separate tertiary care referral
centers within the Netherlands, all with an initial baseline diagnosis of non-dysplastic BE
(defined as columnar lined epithelium on endoscopy and intestinal metaplasia on histology).
Endoscopic biopsies were originally taken as part of routine patient care, and all samples
were retrospectively collected after an extensive search using the nationwide network and
registry of histo- and cytopathology in the Netherlands (PALGAdatabase). To be included
in the cohort, an endoscopy had to average a minimum of 1 biopsy per cm of BE length

(i.e. an endoscopy had to have at least 4 biopsies taken if the patient had 4 cm of BE) and
there had to be no visible endoscopic lesions. The patient’s age, sex, BE segment length,
and clinical follow-up was recorded. All progressors had HGD or adenocarcinoma (EAC)
diagnosed by at least two independent pathologists based on biopsies from two separate
endoscopies or a single endoscopic resection specimen. We chose to use both HGD and
EAC as progression endpoints since both of these diagnoses are usually treated similarly
(endoscopic ablation). To exclude prevalent neoplasia at baseline, progressors were excluded
from the study if progression occurred less than two years after the original non-dysplastic
BE diagnosis or if the patient was diagnosed with greater than T1 disease at the time of
progression. Non-progressors had at least one follow up surveillance endoscopy showing

no progression to HGD or EAC greater than 3 years after the baseline endoscopy. Patient
demographics and characteristics were blinded to all investigators performing pathologic
evaluation. For the study, the follow-up interval was defined as the date of the endoscopy
procedure in which the baseline biopsy sample was originally obtained, to the date of the
first diagnosis of HGD or EAC for progressors, or to the date of the patients most recent
surveillance biopsy for non-progressors. Overall, this study consisted of 57 patients who
progressed to HGD or EAC, and 57 patients who did not progress after at least 3 years of
follow up.

The patient’s baseline (defined as the patients first endoscopy with biopsies in the study)
standard formalin-fixed paraffin-embedded tissue blocks were retrieved and five- micron
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thick sections of each biopsy were cut within the laboratory by a trained pathologist. Each
tissue section was stained with hematoxylin and eosin (HE). Two HE-stained glass slides
of each tissue block with ~50 microns between sections were made for morphology review,
unless the tissue in the cell block was exhausted, In which case only a single HE-stained
slide was created.

Histologic grading

Statistics

Results

Each baseline HE-stained glass slide was reviewed by a gastrointestinal pathologist (RO). If
the biopsy was confirmed as non-dysplastic, the degree of basal crypt atypia (in the basal
one third of the crypts) was then graded for each case according to the grading system
outlined in table 1. Overall, grading was performed on a scale of 1-3 as shown in figure 1A-
C. For each patient, the highest grade of atypia present in any of the patient’s biopsies within
a single crypt profile or greater, from the baseline endoscopy, was used as the patient’s
overall final atypia grade. For the majority of patients one baseline block was scored and
there was no difference in the number of baseline blocks scored for progressors (range 1-4,
mean 1.12, median 1) vs non-progressors (range 1-3, mean 1.23, median 1). Grading of
crypt atypia was performed only in areas void of active inflammation and/or erosion. The
pathologist was blinded to the original diagnosis and the progression status of all patients.

Atypia scores were correlated with patient outcome (progressor or non-progressor). A
Mann-Whitney-U test was utilized to compare atypia grades between progressors and non-
progressors. A one-way ANOVA was utilized to compare means of more than two groups.
For categorical data, a Fisher’s exact test, Chi-squared, or test for one proportion were
performed. A P value of 0.05 was considered statistically significant.

Patient characteristics

The demographic features of the study patients are summarized in Table 2. Overall, there
were 114 patients in the study. Fifty-seven patients with a baseline non-dysplastic BE
diagnosis progressed to HGD or EAC during the follow up period. 94% were male and the
mean age was 58 (39-73) years. The mean circumferential BE length was 4.75 (2-11) cm
at baseline endoscopy. Fifty-seven non-progression patients (93% male) with a mean age of
58 (30-75) had a mean circumferential BE length of 4.33 (2-12) cm. The mean follow-up
time for the progressors and non-progressors was 7.0 (1.6-14.3) and 10.4 (3.7-17.2) years,
respectively, and this difference was statistically significant (p < 0.001).

Pathology results

Of the 114 patients overall, 61 (53.5%) had grade 1 atypia, 42 (36.8%) had grade 2 atypia,
and 11 (9.7%) had grade 3 atypia as the highest grade of crypt atypia in any of their baseline
biopsies (Table 3). Patients who progressed to HGD/EAC had a significantly higher mean
baseline atypia score than patients who did not progress (1.74 vs 1.39, P=0.007). More
specifically, of the patients who progressed, 24 (42.1%) had grade 1 atypia, 24 (42.1%)

had grade 2 atypia, and 9 (15.8%) had grade 3 atypia in their baseline biopsies. Grade 2
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or 3 atypia was significantly more common in baseline biopsies from progression patients
compared to non-progression patients who showed 37 (64.9%) with grade 1 baseline atypia,
18 (31.6%) with grade 2 atypia, and only 2 (3.5%) with grade 3 atypia (P=0.05 for grade

3 vs grade 1+2 in progressors vs non-progressors and P=0.02 for grade 2+3 vs grade

1 in progressors vs non-progressors). Conversely, grade 1 atypia was significantly more
common in non-progressors (P=0.02, Table 3). The grade of crypt atypia did not correlate
with the mean length of BE in either progressors (P=0.31) or non-progressors (P=0.41). In
progressors, the distribution of crypt atypia grades was statistically similar in patients who
progressed to HGD vs EAC (P=0.40).

Since advancing grades of crypt atypia was associated with progression to HGD/EAC, we
calculated odds ratios for progression to HGD/EAC ((Table 4). In this cohort, baseline grade
3 crypt atypia revealed an odds ratio of 5.2 (95% CI 1.1-25.0, P=0.04) for progression.
Grade 3 atypia had a sensitivity for identifying a progression patient of only 15.8%, but it
had a specificity of 96.5%. The odds ratio of grade 1 atypia for progression was 0.57 (95%
Cl1 0.28-1.2, P=NS). As expected, the odds ratio of progression for grade 2 atypia was in
between grade 1 and grade 3.

To determine if crypt atypia changes over time differently among patients who progressed,
versus those who did not progress, to HGD/EAC, we determined the crypt atypia scores in a
subset of patients who had at least two separate endoscopies performed prior to the outcome
diagnosis of either HGD or EAC in the progressors or prior to the end of the follow-up
period in non-progressors (N=54 patients in total) (see supplementary table 1 for further
details). Thirty-three non-progression patients and 21 progression patients had biopsies
available from multiple successive endoscopies that contained exclusively non-dysplastic
BE. For the non-progression patients, 22/33 (66.7%) had the same crypt atypia score in
their most recent endoscopy compared to their baseline endoscopy, 6/33 (18.2%) showed a
decrease in their atypia score, and only 5/33 (15.2%) revealed an increase in their atypia
score, with none increasing to grade 3. In contrast, in the 21 progression patients, although
the same crypt atypia score was present in the patient’s most recent endoscopy with non-
dysplastic BE (prior to any diagnosis of dysplasia or EAC) in 10/21 patients (47.6%), a
significantly higher percentage of patients showed an increase in their crypt atypia score to
grade 3 (5/21 (23.8%), (P=0.03.). Only 5/21 (23.8%) progression patients showed a decrease
in their atypia score with time.

Discussion

Patients with BE are at greatly increased risk of developing EAC, but the factors involved

in the progression of neoplasia development are poorly understood.(25,26) Multiple studies
have documented the presence of abnormalities of cell differentiation and proliferation,

as well as genomic defects including mutations in common genes such as 7253, in non-
dysplastic BE well prior to the onset of dysplasia.(14,27) In addition, pathologists have long
recognized the existence of various degrees of crypt epithelial abnormalities (‘atypia’) in
non-dysplastic BE, but the significance of these changes and their potential association with
risk of progression have never been investigated. Interestingly, prior studies have shown
that dysplasia in BE normally begins in the crypt bases (where precursor stem cells are
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located) and then progresses luminally to the surface epithelium with time, similar to the
pathogenesis of neoplasia in the normal and inflamed (ex. IBD) intestinal tract.(28) This
is one of several important reasons why the functional epithelial tubular-shaped units in
BE mucosa are termed “crypts” rather than “pits”.(20) Early neoplastic clones can expand
through a process of gland duplication or fission. It is interesting to note that when there
was more than one gland crypt with grade 3 crypt atypia, the crypts were often clustered
together, which suggests that whatever genomic or other factors that are responsible for
inducing crypt atypia may be ‘inherited’ and spread in a clonal fashion.

Using a unique cohort of 114 BE patients, of which 57 progressed to HGD/EAC, and

57 did not, we have documented for the first time that the level of basal crypt epithelial
atypia graded histologically on a three - point scale in BE patients without dysplasia

is associated with neoplastic progression. The mean crypt atypia scores, as well as the
percentage of patients with grade 2 and 3 crypt atypia, were significantly higher in baseline
biopsies of BE patients without dysplasia who progressed to HGD/EAC versus those who
did not. The Odds ratio of progression was 2.1 and 5.2 for patients with grade 2 or 3

crypt atypia, respectively. We also showed that patients who progressed to HGD/EAC were
statistically more likely to progress from a lower crypt atypia grade to a higher one over the
course of time, prior to the ultimate diagnosis of HGD/EAC, indicating a likely histologic
pathogenetic sequence in this process. Based on this data, we conclude that non dysplastic
crypts in BE are biologically abnormal, and that neoplastic progression likely begins prior to
the onset of conventional dysplasia.

This is the first study to evaluate levels of crypt atypia in BE patients without dysplasia
and to correlate those results with progression to HGD and/or EAC. Our finding of a strong
positive correlation between advancing grades of crypt atypia and neoplastic progression,
combined with our finding of a significant progressive increase in crypt atypia with time,
prior to HGD/EAC development, is not surprising given the genomic abnormalities found
in prior studies of non-dysplastic BE. Although no prior studies have evaluated baseline
levels of crypt atypia in BE as in this study, several studies have been published on “crypt
dysplasia” (CD), which is a lesion that corresponds to grade 3 crypt atypia as defined in
this study. Crypt dysplasia was originally described by Lomo et al in 2006 as dysplasia—
like morphologic changes that are limited to the crypt bases without involvement of the
upper crypts and surface epithelium, thus, not fulfilling the conventional definition of
dysplasia as a lesion that involves both crypt and surface epithelium.(20) In that study,

CD showed significantly higher 17p loss of heterozygosity (LOH) and flow cytometric
DNA abnormalities compared to background non CD epithelium in BE, and a high
association with conventional dysplasia elsewhere in the esophagus from the same patients.
In another study by Zhang et al in 2008, DNA content abnormalities similar in quantity to
conventional LGD (which by definition shows surface involvement) were identified in the
basal aspects of the crypts in CD foci.(21) Furthermore, in one recent outcome study by
Shaheen et al of 4545 BE patients either without dysplasia (N=4374), with CD, (N=128)
or with LGD (N=43) identified in WATS-3D brush specimens, those with CD progressed
to HGD/EAC (confirmed in accompanying forceps biopsies) at a significantly higher rate
than non-dysplastic BE patients (1.42% per year vs 0.08% per patient-year).(22) These data,
combined with our results in this study, suggests that cancer progression in BE begins early,
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prior to the onset of “dysplasia” as currently defined by the World Health organization
(WHO), and that these changes can be detected and graded, and may in fact serve as a useful
biomarker of neoplastic progression if validated by others in the future.

Since the earliest published morphologic descriptions of BE as consisting of ‘specialized’
epithelium that resembles intestinal crypts, pathologists have long recognized the presence
of various degrees of crypt abnormalities in BE patients without dysplasia. Changes such
as nuclear enlargement, irregularity and hyperchromaticity, increased mitoses, slight loss
of cell polarity and even slight nuclear stratification, have all been interpreted as either
“normal” or “reactive” even in the absence of active inflammation (as in this study)
because these alterations are not severe enough to fulfill the WHO morphologic criteria

of dysplasia. However, as mentioned above, multiple studies have documented a wide
variety of genomic alterations in non-dysplastic epithelium in BE, and in fact, several

have been suggested as potential biomarkers for progression risk.(13,14,17,27) Based on
this data, we speculate that the degree of crypt atypia may be related to a progressive
accumulation of genomic alterations as a potential driver of histologic alterations, and
subsequent neoplasia development. Future studies with larger number of patients, that also
genomically characterize discrete cell populations across the full spectrum of histology
using technologies such as laser capture microdissection will be needed to further assess the
genetic/morphology correlations more specifically.

Several limitations of our study should be noted. First, since the study was retrospective,
potentially important clinical information such as BMI, hiatal hernia, and alcohol or tobacco
use could not be assessed. However, none of the patients had a prior history of dysplasia,
and all were evaluated at tertiary medical institutes with abundant clinical and research
experience in managing patients with BE. Second, only one pathologist (RO) evaluated the
biopsy specimens for grade of crypt atypia, so an interobserver variability assessment could
not be performed. However, our purpose in this initial discovery study was not to develop a
morphologic classification system that can be used clinically, but to evaluate the biological
spectrum of changes in the crypts of BE patients and to determine if they have biomarker
potential. Furthermore, since this was a case-control study that included equal numbers of
progressors and non-progressors, we feel that the results cannot be directly extrapolated to
the general BE population where only a small minority of patients will normally progress
to HGD or cancer. If our results are validated by other groups, further interobserver studies
should be done prior to consideration of clinical applications. Regardless, the pathologist

in this study utilized well-defined histologic criteria, and performed the review in a blinded
manner without knowledge of the patient’s outcome or the timing of the biopsy prior to
HGD/EAC development (baseline vs interval vs outcome). Another limitation was that no
attempt was made to quantify crypt atypia, rather patients were assigned a crypt atypia grade
based on their maximum value in any one biopsy. Nevertheless, our system more closely
followed the method that may be used clinically, where laborious morphologic quantitation
is typically avoided and considered cumbersome.

Conversely, there were several strengths of the study that also need to be highlighted.
These include the relatively large number of patients who progressed to HGD/EAC, the
long follow up period that, in fact, was significantly longer for non-progressed patients, and
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the ability to evaluate interval biopsies for evaluation of changes over time. Furthermore,

in order to definitively rule out the possibility of including patients who may have had
missed prevalent dysplasia at study onset, we specifically excluded those who had dysplasia
detected within two years, which is one year more than most prior published outcome
studies in BE.

In summary, this study showed that non-dysplastic epithelium in BE patients reveals a range
of atypical morphologic changes in the basal aspect of the crypts, and that the severity

of basal crypt atypia, as measured on a three-point scale, correlates with risk of future
development of HGD/EAC in a progressive, and possibly step wise, manner. This provides
evidence that the background non-dysplastic epithelium in BE is biologically abnormal.
Further studies utilizing a larger number of patients and designed to evaluate and correlate
crypt atypia with genomic abnormalities directly (by crypt or single cell analysis) should be
done to better understand the sequence of neoplastic progression in BE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding statement:

The work in this manuscript was partially supported by a Clinical Scientist Development Award from the Doris
Duke Charitable Foundation (MDS) and the NIH KO8DK 109209 (MDS).

Data Availability statement:

The dataset analyzed during the current study is available from the corresponding author on
reasonable request.

References

1. BARRETT NR. Chronic peptic ulcer of the oesophagus and “oesophagitis”. Br J Surg. 1950
Oct;38(150):175-82. [PubMed: 14791960]

2. Ormsby AH, Kilgore SP, Goldblum JR, Richter JE, Rice TW, Gramlich TL. The Location and
Frequency of Intestinal Metaplasia at the Esophagogastric Junction in 223 Consecutive Autopsies :
Implications for Patient Treatment and Preventive Strategies in Barrett ‘s Esophagus. Mod Pathol.
2000;6(13):614-20.

3. Ronkainen J, Aro P, Storskrubb T, Johansson SE, Lind T, Bolling-Sternevald E, et al. Prevalence
of Barrett’s esophagus in the general population: an endoscopic study. Gastroenterology. 2005
Dec;129(6):1825-31. [PubMed: 16344051]

4. Desai TK, Krishnan K, Samala N, Singh J, Cluley J, Perla S, et al. The incidence of oesophageal
adenocarcinoma in non-dysplastic Barrett’s oesophagus: a meta-analysis. Gut. 2012 Jul;61(7):970-
6. [PubMed: 21997553]

5. Desai M, Lieberman DA, Kennedy KF, Hamade N, Thota P, Parasa S, et al. Increasing prevalence of
high-grade dysplasia and adenocarcinoma on index endoscopy in Barrett’s esophagus over the past
2 decades: data from a multicenter U.S. consortium. Gastrointest Endosc. 2018.

6. National Cancer Institute DCCPS Surveillance Research Program. Surveillance, Epidemiology, and
End Results (SEER) Program (www.seer.cancer.gov).

7. Shaheen NJ, Falk GW, lyer PG, Souza RF, Yadlapati RH, Sauer BG, et al. Diagnosis and
Management of Barrett’s Esophagus: An Updated ACG Guideline. Am J Gastroenterol. 2022 Apr
1;117(4):559-87. [PubMed: 35354777]

Histopathology. Author manuscript; available in PMC 2023 October 09.


http://www.seer.cancer.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Odze et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 9

. Montgomery E, Goldblum JR, Greenson JK, Haber MM, Lamps LW, Lauwers GY, et al. Dysplasia

as a predictive marker for invasive carcinoma in barrett esophagus: A follow-up study based on 138
cases from a diagnostic variability study. Hum Pathol. 2001;32(4):379-88. [PubMed: 11331954]

. van der Wel MJ, Coleman HG, Bergman JJGHM, Jansen M, Meijer SL. Histopathologist features

predictive of diagnostic concordance at expert level among a large international sample of
pathologists diagnosing Barrett’s dysplasia using digital pathology. Gut. 2019 Dec 18;gutjnl-2019-
318985.

ASGE Technology Committee, Trindade AJ, Navaneethan U, Aslanian HR, Bhutani MS, Krishnan
K, et al. Advances in the diagnosis and surveillance of Barrett’s esophagus (with videos).
Gastrointest Endosc. 2019;90(3):325-34. [PubMed: 31113535]

Shaheen NJ. Risk of cancer in patients with Barrett esophagus. Gastroenterol Hepatol (N Y).
2019;15(12):688-90. [PubMed: 31892917]

Otaki F, Shaheen NJ. Stratifying Risk in Barrett’s Esophagus With Low-Grade Dysplasia: Making
the Best of a (Not So) Bad Situation. Clinical Gastroenterology and Hepatology. 2016 Mar;
(April):1-3.

Redston M, Noffsinger A, Kim A, Akarca FG, Rara M, Stapleton D, et al. Abnormal TP53 predicts
risk of progression in patients with Barrett’s esophagus regardless of a diagnosis of dysplasia.
Gastroenterology. 2021 Oct 29.

Stachler MD, Camarda ND, Deitrick C, Kim A, Agoston AT, Odze RD, et al. Detection

of Mutations in Barrett’s Esophagus Before Progression to High-Grade Dysplasia or
Adenocarcinoma. Gastroenterology. 2018;155(1):156-67. [PubMed: 29608884]

Maley CC, Galipeau PC, Li X, Sanchez CA, Paulson TG, Blount PL, et al. The Combination of
Genetic Instability and Clonal Expansion Predicts Progression to Esophageal Adenocarcinoma.
Cancer Res. 2004 Oct 15;64(20):7629-33. [PubMed: 15492292]

Merlo LMF, Shah NA, Li X, Blount PL, Vaughan TL, Reid BJ, et al. A comprehensive survey

of clonal diversity measures in Barrett’s esophagus as biomarkers of progression to esophageal
adenocarcinoma. Cancer Prev Res (Phila). 2010 Nov;3(11):1388-97. [PubMed: 20947487]

Li X, Paulson TG, Galipeau PC, Sanchez CA, Liu K, Kuhner MK, et al. Assessment of Esophageal
Adenocarcinoma Risk Using Somatic Chromosome Alterations in Longitudinal Samples in
Barrett’s Esophagus. Cancer Prev Res (Phila). 2015 Sep;8(9):845-56. [PubMed: 26130253]
Maley CC, Galipeau PC, Finley JC, Wongsurawat VJ, Li X, Sanchez C a, et al. Genetic clonal
diversity predicts progression to esophageal adenocarcinoma. Nat Genet. 2006 Apr;38(4):468-73.
[PubMed: 16565718]

Coco DP, Goldblum JR, Hornick JL, Lauwers GY, Montgomery E, Srivastava A, et al.
Interobserver variability in the diagnosis of crypt dysplasia in Barrett esophagus. Am J Surg
Pathol. 2011 Jan;35(1):45-54. [PubMed: 21164286]

Lomo LC, Blount PL, Sanchez CA, Li X, Galipeau PC, Cowan DS, et al. Crypt dysplasia with
surface maturation: a clinical, pathologic, and molecular study of a Barrett’s esophagus cohort.
Am J Surg Pathol. 2006 Apr;30(4):423-35. [PubMed: 16625087]

Zhang X, Huang Q, Goyal RK, Odze RD. DNA ploidy abnormalities in basal and superficial
regions of the crypts in Barrett’s esophagus and associated neoplastic lesions. Am J Surg Pathol.
2008;32(9):1327-35. [PubMed: 18670357]

Shaheen NJ, Smith MS, Odze RD. Progression of Barrett’s esophagus, crypt dysplasia, and low-
grade dysplasia diagnosed by wide-area transepithelial sampling with 3-dimensional computer-
assisted analysis: a retrospective analysis. Gastrointest Endosc. 2022 Mar 1;95(3):410-418.e1.
[PubMed: 34537193]

Lai LA, Paulson TG, Li X, Sanchez CA, Maley C, Odze RD, et al. Increasing genomic instability
during premalignant neoplastic progression revealed through high resolution array-CGH. Genes
Chromosomes Cancer. 2007 Jun;46(6):532—42. [PubMed: 17330261]

Frei NF, Konté K, Duits LC, Klaver E, ten Kate FJ, Offerhaus GJ, et al. The SpaTemp cohort:

168 nondysplastic Barrett’s esophagus surveillance patients with and without progression to
early neoplasia to evaluate the distribution of biomarkers over space and time. Diseases of the
Esophagus. 2020 Sep 18;1-9.

Histopathology. Author manuscript; available in PMC 2023 October 09.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Odze et al.

25.

26.

27.

28.

Page 10

Duits LC, van der Wel MJ, Cotton CC, Phoa KN, ten Kate FJW, Seldenrijk CA, et al. Patients With
Barrett’s Esophagus and Confirmed Persistent Low-Grade Dysplasia Are at Increased Risk for
Progression to Neoplasia. Gastroenterology. 2017 Apr;152(5):993-1001.e1. [PubMed: 28012849]
O’Byrne LM, Witherspoon J, Verhage RJJ, O’Brien M, Muldoon C, Ryan C, et al. Barrett’s
Registry Collaboration of academic centers in Ireland reveals high progression rate of low-grade
dysplasia and low risk from nondysplastic Barrett’s esophagus: report of the RIBBON network.
Diseases of the Esophagus. 2020;1-8.

Killcoyne S, Gregson E, Wedge DC, Woodcock DJ, Eldridge MD, de la Rue R, et al. Genomic
copy number predicts esophageal cancer years before transformation. Nat Med. 2020 Sep
7,26(11):1726-32. [PubMed: 32895572]

Ponz de Leon M, di Gregorio C. Pathology of colorectal cancer. Dig Liver Dis. 2001
May;33(4):372-88. [PubMed: 11432519]

Histopathology. Author manuscript; available in PMC 2023 October 09.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duoasnuepy Joyiny

Odze et al.

Page 11

Figure 1.
Representive histologic images of grade 1, grade 2, and grade 3 atypia scores. Grading was

performed blinded to outcome status according to the criteria outlined in Table 1.
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Table 1:

HISTOLOGIC GRADING CRITERIA

GRADE
1

Histologic criteria

Normal -sized nuclei or only mild nucleomegaly, no or only mild hyperchromasia, no mitoses, no nuclear stratification, no loss of
cell polarity.

Moderate nucleomegaly and hyperchromasia, occasional mitoses, mild variation in nuclear size and contour, focal nuclear
stratification and loss of polarity.

Marked nuclear enlargement, elongation and hyperchromaticiy, often with nuclear irregularity, frequent mitoses, diffuse concentric
nuclear stratification and loss of polarity.
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PATIENT DEMOGRAPHICS

Table 2:

# of patients

% Male

Mean age(years)
BE length(cm)

Mean time to progression or end of follow up(years)

Progressors ~ Non-Progressors

57 57
94% 94%

58 (39-73) 57.5 (30-75)

475 (2-11) 433 (2-12)

70(1.6-143) 104 (3.7-17.2)

Total

114

90%
57.8 (30-75)
454 (2-12)

8.7 (1.6-17.2) "

*
P<0.001
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Table 3:
SUMMARY OF CRYPT ATYPIA SCORES
Grade Progressors (N=57)  Non-Progressor s (N=57) Total
GRADE 1 24 (42.1%) 37 (64.9%) 61 (53.5%)
Grade 2 24 (42.1%) 18 (31.6%) 42 (36.8%)
Grade 3 9 (15.8%) 2 (3.5%) 11 (9.6%) *
Grade 2 or 3 33 (57.9%) 20 (35%) 53 (46.5%) dd

P value, grade vs other grades in progressors vs non-progressors.
*
P=0.05

*ok
P=0.02
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Table 4:
SUMMARY OF ODDS RATO’S FOR PROGRESSION

Condition Oddsratio Confidenceinterval
Grade 1 0.57 0.28-1.2
Grade 2
(Vsgradel) 21 0.93-4.6
(Vsgrade 3) 0.3 0.06-15
Grade 3 52* 1.1-25.0
Grade 2 or 3 25%%* 12-54
*
P=0.04
Ak
P=0.02
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