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BACKGROUND & AIMS: There is suboptimal inter-observer
agreement, even among expert gastrointestinal pathologists,
in the diagnosis of low-grade dysplasia (LGD) in patients with
Barrett’s esophagus (BE). We analyzed histopathologic criteria
required for a diagnosis of LGD using the new subcategories of
LGD with inflammatory and dysplastic features. We catego-
rized each diagnosis based on the level of confidence and
assessed inter-observer agreement among gastrointestinal
pathologists from 5 tertiary centers in the United States and
Europe. METHODS: In the first phase of the study, 3 pathol-
ogists held a consensus conference at which they discussed the
diagnostic criteria for LGD. In the second phase, 79 slides from
patients with BE (23 samples of non-dysplastic BE, 22 samples
of LGD, and 34 samples of high-grade dysplasia) were identi-
fied, randomly assigned to 7 pathologists (4 from the United
States and 3 from Europe), and interpreted in a blinded
fashion. k Values were calculated for inter-observer agree-
ment. We performed multinomial logistic regression analysis
to assess the weighting of histologic features with the diag-
nosis. RESULTS: The overall k value for diagnosis was
0.43 (95% confidence interval [CI], 0.42�0.48). When cate-
gorized based on degree of dysplasia, the k value was 0.22
(95% CI, 0.11�0.29) for non-dysplastic BE, 0.11 (95% CI,
0.004�0.15) for LGD, and 0.43 (95% CI, 0.36�0.46) for
high-grade dysplasia. When all pathologists made a diagnosis
with high confidence, the inter-observer agreement was
substantial among the US pathologists (k, 0.63; 95% CI,
0.61�0.66) and European pathologists (k, 0.80; 95% CI,
0.74�0.97). The k values for all diagnoses made by European
pathologists were higher than those made by US pathologists.
CONCLUSIONS: In an analysis of criteria used in histopatho-
logic diagnosis of LGD, we did not observe improvement in
level of agreement among experienced pathologists, even
after accounting for inflammation. The level of inter-
observer agreement increased with level of pathologist
confidence. There was also a difference in reading of histo-
pathology samples of BE tissues between US and European
pathologists.
Keywords: Barrett’s Esophagus; Low-Grade Dysplasia; Interob-
server Agreement; k Values.

he incidence of esophageal adenocarcinoma (EAC)
1
Tcontinues to rise every year. The prognosis of

advanced EAC is dismal, with 5-year survival close to 10%.1

Barrett’s esophagus (BE), a condition in which metaplastic
intestinal epithelium replaces normal squamous epithelium
in the distal esophagus is the only known precursor lesion
for development of EAC.2 BE is believed to progress through
stages of non-dysplastic Barrett’s esophagus (NDBE), low-
grade dysplasia (LGD), high-grade dysplasia (HGD), and
EAC.

Diagnosis of BE requires the presence of endoscopically
visible esophageal metaplasia combined with histologic
evidence of metaplasia. The degree of dysplasia is an
important determinant of disease progression and current
guidelines recommend management decisions based on
presence and histologic grade of dysplasia in BE.2–4 The
diagnosis of dysplasia in BE is graded based on architec-
tural, cytologic, and nuclear abnormalities based on
consensus criteria of 1988 (Supplementary Table 1) and
2001. However, inflammation-mediated epithelial injury can
induce regenerative cytologic changes that can be difficult to
differentiate from dysplasia.5

http://crossmark.crossref.org/dialog/?doi=10.1053/j.gastro.2016.10.041&domain=pdf
http://dx.doi.org/10.1053/j.gastro.2016.10.041


February 2017 IOA in the Diagnosis of LGD in Patients With BE 565

CL
IN
IC
AL

AT
The diagnosis of LGD is limited by poor inter-observer
agreement. Estimates of inter-observer agreement
measured using k statistics have varied from �0.17 to 0.32
on standard biopsies.6–9 Due to the poor inter-observer
agreement, rates of progression from LGD to EAC have
varied between 0.02%10,11 and 11.4%.12 In addition, while
some studies have shown increased rates of progression
when 2 or more pathologists confirm the diagnosis, others
have failed to show the same association, adding to the
overall uncertainty.8,9,12–14

The aim of the study was to re-evaluate the reproduc-
ibility of dysplasia diagnosis among pathologists, particu-
larly the histopathologic criteria for LGD with prominent
inflammatory features (LGD-I) and LGD with prominent
dysplastic features (LGD-D), in an attempt to improve inter-
observer agreement. We also measured inter-observer
agreement between US and European pathologists based
on these classification and the level of confidence.15
Materials and Methods
Study Design

The study was conducted in 2 phases. During the first
phase, a consensus meeting was held among the pathologists
for refining the criteria for LGD diagnosis. Thereafter, these
criteria were prospectively applied to a separate set of slides in
a blinded fashion. The study was approved by the Institutional
Review Board.

Consensus Meeting
During the first phase, a consensus meeting was held with 3

expert GI pathologists (1 fromKansas City, 2 fromClevelandClinic
Foundation) before initial slide evaluation. The 1988 consensus
criteria to grade BE along with modified 2001 consensus criteria
were discussed. Because the aim was to address challenges in
diagnosing LGD and differentiating this entity from distal
esophageal mucosal inflammatory changes, a consensus was
reached to subdivide LGD into LGD with predominant
inflammatory (LGD-I, Figure 1, Supplementary Figure 1)
and dysplastic features (LGD-D, Figure 2, Supplementary
Figure 2).

The pathologists also agreed on the following criteria to be
considered during the assessment of dysplastic changes: glan-
dular crowding; cribriform glands; cytologic atypia extending to
the surface; nuclear enlargement; nuclear hyperchromasia;
nuclear crowding or pseudostratification; irregular nuclear
contours; and mucin depletion (Supplementary Figure 3). The
pathologists separated cases with atypia into primarily
dysplasia or primarily inflammation, and degree of confidence
was indicated for each slide. In addition, pathologists also
commented whether any of these criteria were highly weighted
in arriving at the diagnosis.

Slide Selection and Interpretation
For the second phase of the study, histopathology slides

with varying degrees of dysplasia (NDBE, LGD, and HGD) were
identified from 2 tertiary referral centers (Veterans Affairs
Medical Center, Kansas City and Cleveland Clinic Foundation,
Cleveland Clinic Foundation, Cleveland). The slides were
randomly selected to meet the sample size requirements of
the a priori power analysis. No effort was made to select
particularly challenging slides and the cases reflect those nor-
mally seen in a tertiary care center. The slides were random-
ized using computer-assisted randomization and interpreted in
a blinded fashion. There was no area of interest marked on the
slide and the pathologists were provided with no clinical in-
formation. The slide-processing methodology at both sites was
similar and both used formalin-based processing. Both sites
used 10% neutral buffered formalin as tissue fixative. Tissues
were processed using standard protocols, embedded in
paraffin, sectioned at 3�4 mm, and stained with H&E. No spe-
cial fixatives (eg, Bouin’s solution) or staining techniques were
used to enhance nuclear morphology, thus ensuring that slides
from both institutions were fully comparable. For each slide, a
separate case report form (CRF) was completed by the
participating pathologist. The following information was
recorded on each CRF: the distinct histopathologic criteria used
for arriving at the particular diagnosis; the degree of weighting
placed (low vs high) on each of these criteria; the highest grade
of dysplasia for that particular slide (non-dysplastic vs LGD-D
vs LGD-I vs HGD); and the level of confidence (low or high)
for that diagnosis. The pathologists were asked to mark high
confidence if they were >90% confident in their diagnosis.

Data Collection, Sample Size Estimates, and
Statistical Analysis

All CRFs were completed for each slide by the 7 assessors
(pathologists). Data from the individual CRFs were then
transferred into Microsoft Excel (Microsoft Corp, Redmond,
WA). Inter-observer agreement was calculated using k statistics
and graded based on Landis and Koch scale (k values: <0 in-
dicates poor agreement, 0.01�0.20 indicates slight agreement,
0.21�0.40 indicates fair agreement, 0.41�0.60 indicates mod-
erate agreement, 0.61�0.80 indicates substantial agreement,
and >0.80 indicate nearly perfect agreement).15 With the his-
tologic features mentioned serving as covariates, and the grade
of dysplasia as the outcome variable, multinomial logistic
regression analysis was performed to evaluate influence of
presence of the these characteristics on the final diagnosis.
Analysis was performed using STATA, version 10 (StataCorp,
College Station, TX). In order for the revisited criteria to
improve the k values from an estimated baseline of 0.19�0.31
with a power of 80%, a sample size of 72 slides, each read by 7
pathologists, would be required.
Results
Pathologists and Slide Distribution

Seven experienced gastrointestinal pathologists (4 from
the United States and 3 from Europe) participated in the
study. The breakdown of the submitted diagnosis were as
follows: NDBE (n ¼ 23), 29%; LGD (n ¼ 22), 28%; and HGD
(n ¼ 34), 43%.

Inter-observer Agreement
The overall mean inter-observer agreement for all di-

agnoses was moderate at 0.43 (95% CI, 0.42�0.48). When
categorized by the degree of dysplasia, the k values were as



Figure 1. LGD with pre-
dominantly inflammatory
features. (A) Low magnifi-
cation. Inflammatory infil-
trate can be seen in the
low-power field. (B) High
magnification. The
changes of nuclear hyper-
chromasia, pseudos-
tratification and nuclear
crowding is noted only in
some cells while others
remain normal-appearing.
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follows: non-dysplastic BE: 0.22 (95% CI, 0.11�0.29); LGD:
0.11 (95% CI, 0.004�0.15), and HGD: 0.43 (95% CI,
0.36�0.46) (Table 1).

Level of Confidence and
Inter-observer Agreement

When the number of pathologists who diagnosed with
higher confidence increased, the inter-observer agreement
increased as well. When only the diagnoses marked with
high confidence from all 7 pathologists were included, the k

value for overall diagnoses was 0.57 (95% CI, 0.45�0.62)
and when only 1 or more pathologists reported high con-
fidence, the k value was 0.43 (95% CI, 0.42�0.48) (Table 2).
Similarly, among US-based pathologists, when the diagnoses
were reported with high confidence by all 4 pathologists,
the k value was 0.63 (95% CI, 0.61�0.66) and when the
diagnoses were reported by 1 or more pathologists with
high confidence, the k value was 0.44 (95% CI, 0.39�0.49)
and among European pathologists, the k values were 0.80
(95% CI, 0.74�0.97) and 0.66 (95% CI, 0.60�0.71) when
the diagnoses were reported with high confidence by all 3
pathologists and by 1 or more pathologists, respectively.

United States and European
Inter-observer Agreement

We measured the inter-observer agreement for the 4
US-based and 3 European pathologists. European patholo-
gists had higher k values for all levels of dysplasia (Table 3).
Figure 2. LGD with pre-
dominantly dysplastic fea-
tures. (A) Low
magnification. There is no
significant inflammatory
infiltrate. (B) High magnifi-
cation. The changes of
nuclear hyperchromasia,
pseudostratification and
nuclear crowding is seen
in all the cells in the high-
power field.
The overall inter-observer agreement among European
pathologists was 0.65 (95% CI, 0.64�0.71) and for US-based
pathologists was 0.44 (95% CI, 0.39�0.48). The corre-
sponding values for NDBE, LGD, and HGD were 0.37 (95%
CI, 0.26�0.51), 0.32 (95% CI, 0.08�0.07), and 0.63 (95%
CI, 0.51�0.69) among European pathologists and 0.21 (95%
CI, 0.05�0.35), 0.14 (95% CI, 0.09�0.22), and 0.45 (95% CI,
0.42�0.49) among US-based pathologists.
Assessment of Individual Histopathologic Criteria
A multinomial logistic regression was performed to

evaluate whether highly weighting the recorded individual
histologic features was independently associated with the
final diagnosis (Table 4). The analysis used NDBE as a
reference category. The diagnosis of LGD was associated
with weighting the presence of cytologic atypia, nuclear
hyperchromasia, and nuclear crowding highly. The diag-
nosis of HGD was associated with highly weighting glan-
dular crowding, cytological atypia, nuclear enlargement, and
irregular nuclear contours. We also found that an increase
in the number of criteria was associated with an increase in
the grade of dysplasia (Table 5). The median number of
positive criteria for NDBE among pathologists of both re-
gions was zero. US-based pathologists diagnosed LGD-I,
LGD-D, and HGD based on the presence of a median of 5,
6, and 7 criteria, respectively. Their European counterparts
diagnosed LGD-I, LGD-D, and HGD based on the presence of
a median of 3, 4, and 5 criteria.



Table 1.k Values for Inter-observer Agreement Among All 7
Pathologists From the United States and Europe

Histologic diagnosis
(no. of slides) Overall k (95% CI)

Overall (79) 0.43 (0.42–0.48)
NDBE (23) 0.22 (0.11�0.29)
LGD (22) 0.11 (0.004�0.15)
HGD (34) 0.43 (0.36�0.46)

Table 3. Inter-observer Agreement for the US-Based and
European Pathologists

Diagnosis
US pathologists,

k (95% CI)
European pathologists,

k (95% CI)

Overall 0.44 (0.39�0.48) 0.65 (0.64�0.71)
NDBE 0.21 (0.05�0.35) 0.37 (0.26�0.51)
LGD 0.14 (0.09�0.22) 0.32 (0.08�0.73)
HGD 0.45 (0.42�0.49) 0.63 (0.51�0.69)
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Finally, we also measured the number of slides classified
by each pathologist in individual dysplasia categories. Pa-
thologists from Europe diagnosed fewer patients with
dysplasia, particularly LGD-I, and a greater number of pa-
tients were diagnosed with NDBE (Supplementary Table 2).
There were no significant differences in the criteria highly
weighted by the groups (Supplementary Table 3).
Table 4.Multinomial Logistic Regression Measuring the
Association of Histologic Features With Diagnosis

Weighting pathologic
criteria P value

Odds
ratio

95% CI for odds ratio

Lower
bound

Upper
bound
Discussion
At the current time, dysplasia remains the most widely

used tool for risk stratification of patients with BE and
drives management decisions.2–4 Therefore, it is of critical
importance to have a diagnosis that is reproducible and
impacts disease progression. It has been known that the
diagnosis of LGD is fraught with poor inter-observer
agreement.6,7,16 This is probably reflected in the wide
ranges of progression to esophageal adenocarcinoma in
patients with LGD. Although recent meta-analysis reported
that the overall risk of progression to cancer in BE patients
with LGD was 0.12%�0.5% per year,11,17 other in-
vestigators have reported an 8%�42% risk of progression
to cancer in LGD patients.13,18 We, therefore, undertook this
study with 7 experienced pathologists (4 from the United
Table 2.k Values and the Level of Confidence

Variable k (95% CI)

All pathologists
7 0.57 (0.45�0.62)
�6 0.62 (0.58�0.64)
�5 0.59 (0.53�0.64)
�4 0.52 (0.47�0.55)
�3 0.47 (0.42�0.50)
�2 0.44 (0.38�0.49)
�1 0.43 (0.42�0.48)

US-based pathologists
4 0.63 (0.61�0.66)
�3 0.53 (0.4�0.54)
�2 0.46 (0.43�0.52)
�1 0.44 (0.39�0.49)

Europe-based pathologists
3 0.80 (0.74�0.97)
�2 0.74 (0.71�0.80)
�1 0.66 (0.60�0.71)
States and 3 from Europe) with the final goal of improving
inter-observer agreement for LGD diagnosis. To achieve
this goal, we set to revisit the histopathologic criteria
for a diagnosis of LGD, taking into account the inflamma-
tory component, stratifying the level of confidence in
making this diagnosis (this is something that clinicians do in
daily clinical practice), and to assign weighting to each
criterion to evaluate which criteria drives the diagnosis of
dysplasia.

However, despite refining the criteria, we were unable to
detect the expected improvement in the overall inter-
observer agreement for this difficult diagnosis; overall
k value was 0.43 (95% CI, 0.42�0.48) and LGD k value was
0.11 (95% CI, 0.004�0.15) indicating slight agreement. As
more pathologists made the diagnosis with high confidence,
we found an increasing inter-observer agreement. When all
LGD
Glandular crowding .13 5.7 0.6 54
Cribriform glands .26 0.2 0 3.3
Cytological atypia .00 4.8 2.4 9.9
Nuclear enlargement .24 2.1 0.6 7.7
Nuclear

hyperchromasia
.01 4.9 1.5 16

Nuclear crowding .04 3.3 1 10.4
Irregular nuclear

contours
.30 2 0.5 7.7

Mucin depletion .17 2.7 0.6 11.6
HGD

Glandular crowding .00 54.1 5.9 497.4
Cribriform glands .22 4.8 0.4 58.2
Cytological atypia .00 11 4.4 27.2
Nuclear enlargement .03 4.9 1.2 20.7
Nuclear

hyperchromasia
.17 2.6 0.7 9.8

Nuclear crowding .80 0.8 .2 3.3
Irregular nuclear

contours
.02 5.4 1.3 23.2

Mucin depletion .35 2.1 0.4 9.7

The reference category is NDBE.



Table 5.Number of Positive Criteria Associated With Each
Diagnosis

Diagnosis
United States,
median (IQR)

Europe,
median (IQR)

P
value

NDBE 0 (1) 0 (1) .974
LGD-I 5 (2) 3 (1.5) <.001
LGD-D 6 (1) 4 (2) <.001
HGD 7 (1) 5 (3) <.001

IQR, interquartile range.
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 pathologists made the diagnosis with high confidence, the

inter-observer agreement was substantial among both US
(k, 0.63; 95% CI, 0.61�0.66) and European (k, 0.80; 95% CI,
0.74�0.97) pathologists. This has been shown in imaging
studies as well, wherein gastroenterologists are more
accurate in differentiating tubular adenomas from hyper-
plastic polyps on endoscopy of the colon when they are
“confident: of their diagnosis based on specific endoscopic
features noted.”19,20 Therefore, confidence level in diagnosis
should be considered when expert panels provide
consensus diagnoses for Barrett’s-associated neoplasia.

The finding of a lower than expected rate of concordance
in cases of NDBE (European pathologists had a higher
concordance rate than US pathologists) may be due to a
higher background prevalence of dysplasia in the study
samples (perhaps expected by pathologists). In clinical
practice, the pathologists might exhibit higher concordance,
as the majority of the patients have non-dysplastic BE.

We found an important difference in the agreement
between US and European pathologists. The European
pathologists appear to have higher inter-observer agree-
ment when compared with US-based pathologists for all
diagnoses. Although we do not know the reason for this, the
European pathologists tended to diagnose fewer cases of
LGD-I, more cases of NDBE, and used fewer criteria for
making a diagnosis of dysplasia when compared with US
pathologists. The increased agreement seen among Euro-
pean pathologists can contribute to the increased rates of
progression that have been reported in European studies.18

This is particularly important because the rates of pro-
gression to HGD or EAC were higher when 2 or more
pathologists agreed on the diagnosis of LGD.8,13 Consistency
and reproducibility of diagnoses are the first steps in
harmonizing diagnostic criteria. At this very moment, more
consistency does not mean right or wrong without follow-
up toward a higher probability for progression. Additional
studies are needed to understand the reason for the dif-
ferences in agreement between US-based and European
pathologists.

The presence and severity of architectural and cytologic
features were used to diagnose and grade dysplasia as
outlined by Reid et al21 in 1988. In 2001, Montgomery
et al7,12 performed a large multi-institutional study and
developed a new algorithm that included the presence of
surface maturation, inflammation, and erosions/ulcers
along with cytologic and architectural features to grade.
Even with additional histologic features, inter-observer
agreement for LGD was fair (k, 0.32), due in large part to
subjective nuclear and architectural changes that distin-
guished NDBE from LGD. Similarly, over the years, the inter-
observer agreement seen in multiple studies has remained
variable and inconsistent.6,8,16,22,23 From a clinical stand-
point, it is important to accurately diagnose LGD, as current
BE guidelines risk-stratify patients based on grade of
dysplasia with attendant recommend management guide-
lines.2–4 Some authors who have shown high rates of pro-
gression of LGD have successfully shown that LGD ablation
leads to decreased rates of progression to HGD/cancer.18

However, in the absence of diagnostic reproducibility, the
most appropriate management of LGD remains uncertain.
How can we decide on invasive therapies for management of
a disease that cannot be appropriately defined and
diagnosed?

The results of our study coupled with previous data call
for newer techniques that can improve the diagnostic
reproducibility of LGD and predict progression to HGD and
EAC. A recent study demonstrated that a combination panel
of LGD, abnormal DNA ploidy, and Aspergillus oryzae lectin
most accurately predicted progression from BE to HGD and
EAC.24 Aberrant p53 overexpression is another such marker
that, when combined with LGD, demonstrated higher rates
of progression.25 This has led the British Society of
Gastroenterology to recommend routine use of p53 staining
to histopathologic assessment to improve diagnostic
reproducibility of dysplasia.26 But at the same time, that
group also proposed expert pathologists consensus as the
strongest criterion for a correct diagnosis. The ideal stan-
dard is seen in a combination of expert consensus and these
new techniques.

The present study has limitations that merit discussion.
Centers that have chosen cases for evaluation are highly
specialized tertiary referral centers and the population of
BE and dysplasia were artificially enriched. Although we did
our best to replicate a “real-life” scenario for the patholo-
gists in the study, the pathologists were aware that they
were evaluating slides as part of dysplasia study. Also, given
that there was a higher prevalence of dysplasia in the study
slides, the level of agreement among the slides without
dysplasia was noted to be lower than expected, possibly due
to “overdiagnosing” of dysplasia. The study was performed
among experienced pathologists in the United States and
Europe, therefore, results might be not be generalizable to
community pathologists. This, however, suggests that the
agreement in the hands of nonexperienced pathologists
might be even lower.16 Also, we did not have a comparison
group with slides categorized by the standard criteria
without the subdivision into LGD-I and LGD-D. Subdivision
of LGD and increasing the categories of diagnosis might have
contributed to increasing the complexity and reduction in k

values. Finally, we did not evaluate the role of agreement in
disease progression, that is, whether agreement among the
pathologists in a diagnosis of LGD was associated with
increased progression to cancer.12–14

In conclusion, the use of consensus histopathologic
criteria did not improve overall agreement, despite
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accounting for inflammation. There was low inter-observer
agreement for dysplasia diagnoses even among expert pa-
thologists, particularly for LGD, with significant differences
between US and European pathologists. Higher levels of
diagnostic confidence were associated with greater agree-
ment among pathologists. Therefore, consistently and reli-
ably diagnosing LGD remains challenging, even to expert
gastrointestinal pathologists questioning the clinical utility
of current BE management guidelines pertaining to LGD.
The sole use of LGD as a risk-stratification strategy for the
management of BE should be re-evaluated and new markers
of progression are sorely needed. Therefore, at the current
time, expert pathologist level of confidence and consensus is
highly recommended for cases with LGD.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2016.10.041.
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Supplementary Figure 1. Low-grade dysplasia with predominantly inflammatory features. (A) Low magnification. (B) High
magnification.

Supplementary Figure 2. Low-grade dysplasia with predominantly dysplastic features. (A) Low magnification. (B) High
magnification.
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Supplementary Figure 3. Case report form.
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Supplementary Table 1.1988 Consensus Criteria for Grading Dysplasia in Barrett’s Criteria

Negative for dysplasia The architecture is within normal limits. The nuclei do not vary greatly in size or shape and are located basally. The
nuclear-to-cytoplasmic ratio is not increased. The nuclear envelope is generally smooth. Nucleoli are not
markedly enlarged. Focal nuclear stratification is acceptable, as are small numbers of “dystrophic” goblet
cells, the apical aspect of which does not communicate with the luminal surface. Greater nuclear alterations
are acceptable when associated with evidence of inflammation, erosion, or ulceration. Numbers of abnormal-
appearing mitoses are variable. Apical cytoplasmic mucus is usually present, but can be reduced or absent in
inflammation. Normal nuclei appear more vesicular with more prominent nucleoli in Bouin and Hollande
fixatives than in formalin. Fixatives, therefore, must be considered in interpretation.

Indefinite for dysplasia
(IND)

The architecture may be moderately distorted. Nuclear abnormalities are less marked than those seen in
dysplasia. Other features that can lead to a diagnosis of IND include more numerous dystrophic goblet cells,
more extensive nuclear stratification, diminished or absent mucus production, increased cytoplasmic
basophilia, and increased mitoses. The diagnosis of IND should be limited to cases in which the changes are
too marked for negative but not sufficient for the diagnosis of dysplasia.

Positive for dysplasia
(LGD and HGD)

The diagnosis of LGD or HGD is based on the severity of both architectural and cytologic criteria that suggest
neoplastic transformation of the columnar epithelium. Although either architectural or cytologic abnormalities
may predominate, HGD is diagnosed if either one is sufficiently prominent. Architectural abnormalities may
include budded, branched, crowded, or irregularly shaped glands; papillary extensions into gland lumina;
and villiform configuration of the mucosal surface. Nuclear features may include marked variation in size and
shape, nuclear and/or nucleolar enlargement, increased nuclear-to-cytoplasmic ratio, hyperchromatism,
and increased numbers of abnormal mitoses. Nuclear alterations are especially noteworthy if they involve the
mucosal surface. Diagnostic features easily recognizable at lower power are cytoplasmic basophilia with loss
of mucus and excessive nuclear stratification, often extending from the epithelial basement membrane to the
luminal surface.

Intramucosal carcinoma Intramucosal carcinoma is defined as carcinoma that has penetrated through the basement membrane of the
glands into the lamina propria, but has not yet invaded through the muscularis mucosae into the submucosa.
Most biopsy specimens will not be deep enough to rule out submucosal invasion.

Grading dysplasia in BE: 2001 consensus criteria

Surface maturation þ þ � �
Architecture Normal Normal or mild alteration Mild alteration Marked alteration
Cytology Normal or

reactive
Mild alterations or focal marked

atypia with inflammation
Mild alterations, diffuse or marked

alterations, focal; maintained
polarity HGD

Marked alterations; loss of
polarity
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Supplementary Table 3.Factors That Were Highly Weighted
in Each Dysplasia Category

Grade of
dysplasia

US criteria
(percentage of cases

highly weighted)

Europe
(percentage of cases

highly weighted)

LGD Cytologic atypia 53.7
Nuclear crowding 44

Cytologic atypia 43.1
Nuclear hyperchromasia 32.8

HGD Cytological atypia 12.8 No criterion highly weighted

Supplementary Table 2.Reviewer Classification of Dysplasia

Reviewer no. Dysplasia classification, n

1 NDBE 21
LGD-1 23
LGD-D 24
HGD 10

2 NDBE 23
LGD-I 18
LGD-D 17
HGD 19

3 NDBE 30
LGD-I 16
LGD-D 14
HGD 19

4 NDBE 35
LGD-I 8
LGD-D 12
HGD 22

5 NDBE 41
LGD-I 8
LGD-D 16
HGD 12

6 NDBE 46
LGD-I 6
LGD-D 15
HGD 12

7 NDBE 53
LGD-I 1
LGD-D 12
HGD 13
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