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Background. The aim of this study was to evaluate the interobserver variability in diagnosing inflammatory bowel disease
(IBD)-associated neoplasia among practicing pathologists from China using telepathology, a practice of remote diagnostic
consultation increasingly used nationally and internationally, and its comparison with the interpretation of subspecialized
gastrointestinal (GI) pathologists from the United States (US). Methods. Eight GI pathologists from the US and 4 pathologists
from China with an interest in GI pathology participated in this study. A total of 50 colonic biopsies from patients with a clinical
history of IBD from 8 medical centers in China were included. All microscopic slides in each case were digitized using an Aperio
system. One pathologist (XL) reviewed the digitized full-slide images, and selected areas of interest were captured at low,
medium, and high magnifications at a resolution of 1712 x 1072 pixels and saved as tagged image file format (TIFF) files on read-
only DVD. Each pathologist evaluated the images and selected the most appropriate diagnostic category for each case (negative,
indefinite, low-grade dysplasia [LGD], high-grade dysplasia [HGD], and carcinoma). A Fleiss’ kappa coeflicient (K) analysis was
performed to determine interobserver agreement and the agreement of each pathologist from China with the consensus diagnosis
(defined as diagnostic agreement by at least 4 participating US GI pathologists). Results. There was substantial interobserver
agreement among 4 pathologists from China on the interpretation of IBD-associated neoplasia (kappa value 0.68, 95%
confidence interval: 0.56-0.78). A consensus diagnosis included negative (n =22), LGD (n =22), HGD (n = 3), carcinoma (n = 2),
and indefinite for dysplasia (n = 1). Using consensus diagnoses as references, the agreement between each pathologist from China
and the consensus diagnosis was substantial with kappa values ranging from 0.75 to 0.80. Conclusions. This study reveals
substantial interobserver agreement for the interpretation of colonic neoplasia in IBD using digitized images among Chinese
pathologists as well as between each Chinese pathologist and a consensus diagnosis generated by US GI pathologists.
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1. Introduction

Recent studies have shown that the incidence of inflamma-
tory bowel disease (IBD), both ulcerative colitis (UC) and
Crohn’s disease (CD), is increasing in Asia including China.
The incidence of UC in Asia is estimated to be 0.4 to 2.1
per 100,000 versus 6 to 20.3 per 100,000 in North America
and Northern Europe. The prevalence rate in Asia is 6 to 30
per 100,000 versus 21.4 to 243 per 100,000 populations in
North America and Northern Europe [1]. The incidence of
CD in the Asia-Pacific region is about 1.37 per 100,000 [2].
Colorectal adenocarcinoma (CAC) risk in IBD has not been
well established in Asia, probably due to relatively short
follow-up. Nevertheless, the cumulative risk of CAC in
Asian UC patients appears to be comparable to that of
the West [3, 4]. The incidence of colitis-associated CAC
will likely increase in the near future in Asia including
China with significant health and financial impact because
of the large population.

Given the above data, prevention of CAC via colono-
scopic surveillance will be increasingly needed in Asia. Inter-
pretation of colonic biopsies in IBD patients enrolled in a
surveillance program will become common in China where
pathology is still practiced in a general non-subspecialized
fashion in most medical centers and hospitals. Only a few
large medical centers have started subspecialty pathology
practices including gastrointestinal (GI) pathology. Although
there are significant changes in the 2015 Surveillance for
Colorectal Endoscopic Neoplasia Detection and Manage-
ment in Inflammatory Bowel Disease Patients: International
Consensus Recommendations (SCENIC) statement, the
histologic diagnosis of dysplasia in surveillance colonic biop-
sies still remains critical in determining the clinical follow-up
[5]. Although dysplasia of the colorectum is simply defined as
an unequivocal neoplastic alteration of the epithelium that
remains confined within the basement membrane of the
glands within which it originated [6], it is a known diagnostic
challenge to pathologists, including experienced fellowship-
trained GI pathologists. Riddell et al. [6] proposed a schema
for the evaluation of colonic epithelial changes in IBD which
included three major categories: negative, indefinite, and
positive for dysplasia with “positive for dysplasia” further
divided into low and high grade.

No studies on intra- and interobserver agreement of
colitis-associated dysplasia have been published from China,
although several studies from the United Stated (US) and the
United Kingdom (UK) have been published [6-10]. The
unifying conclusion from most of these studies is that there
is only fair overall interobserver agreement on IBD neoplasia
interpretation of biopsy specimens, with kappa value
between 0.30 and 0.40 [7-9] with the lower and upper spec-
trums of changes, that is, the categories of negative for dys-
plasia and high-grade dysplasia (HGD), having the highest
interobserver agreement while indefinite for dysplasia and
low-grade dysplasia (LGD) suffer from low interobserver
agreement [7-9, 11]. A more recent study has shown an
excellent degree of histopathological interobserver agreement
for diagnosing IBD-associated neoplasia [11]. Despite the
difficulties, the interpretation and grading of IBD-associated
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neoplasia continue to be an essential part of the clinical
management of IBD patients [6, 10, 12].

Telepathology is the practice of remote diagnostic con-
sultation of either electronically transmitted, static, digitized
images, or real-time pictures obtained with the use of remote
robotic microscopes [13, 14]. Intra- and interobserver
agreement studies on colitis-associated dysplasia using
telepathology, either through static images or a dynamic
method, were published previously [7, 8]. A fair degree
of interobserver agreement on IBD neoplasia (kappa=0.4)
using telepathology with static images was reported [8],
while slightly lower values (kappa=0.43) were obtained
using microscopic slides [8]. A poor degree of interob-
server agreement on IBD neoplasia was reported using
dynamic telepathology (kappa=0.32) which is comparable
(kappa=0.35) to using microscopic slides [7].

The aim of this study was to (1) evaluate interobserver
agreement for diagnosing neoplasia in IBD surveillance
colonic biopsies with telepathology among 4 Chinese
pathologists using a consensus diagnosis generated by a
group of 8 GI pathologists from US and (2) identify histo-
logic features associated with grading neoplasia in IBD
surveillance colonic biopsies.

2. Methods

2.1. Analysis of Captured Images from Digitized Full Slides.
This study used a cohort of IBD patients from China who
underwent surveillance colonoscopy with biopsies or under-
went colectomy for colorectal neoplasia from 1999 to 2016
from 8 medical centers throughout China. All slides from this
cohort including colonic biopsies or colorectal resection
specimens were de-identified and scanned using an Aperio
system (Leica Biosystems) at 20x magnification. The images
were hosted in Guangzhou, Guangdong Province, China.
One US GI pathologist (XL) was given internet access to all
images for the entire study cohort, reviewed the full-slide
images, and served as the reference pathologist. The refer-
ence pathologist selected a total of 50 colonic biopsies from
this IBD cohort. In these 50 colon biopsies, the histologic
areas of interest were captured at low, medium, and high
magnifications at a resolution of 1712 x 1072 pixels and saved
as tagged image file format (TIFF) files on a read-only DVD.
A total of 3 to 6 images were captured for each case. Three
months later, the images were sent on a read-only DVD to
the 7 other participating GI pathologists in the US and 4
pathologists in China with an interest in GI pathology for
review. A GI pathologist in the US was defined as a GI
fellowship-trained pathologist practicing in an academic cen-
ter and/or a pathologist with at least more than 10 years’
experience of subspecialized GI sign-out. Each participating
pathologist evaluated the images and selected the most
appropriate diagnostic category for each case (negative,
indefinite for dysplasia, LGD, HGD, and carcinoma) using
previously published criteria [6]. In addition, the four partic-
ipating pathologists in China were asked to assess surface
maturation, nuclear enlargement, nuclear hyperchromasia,
nuclear stratification, nuclear pleomorphism, loss of nuclear
polarity, architectural complex, and abnormal mitoses,
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TaBLE 1: Features evaluated in this study.

Features

Definition

Score/code

Surface maturation

Absent

Present
Nuclear enlargement

Absent

Present
Nuclear hyperchromasia

Absent

Present
Nuclear stratification

Absent

Present, only involving the basal half
of the crypt epithelium

Present, reaching more than half way
to the crypt epithelium

Nuclear pleomorphism
Absent
Present

Loss of nuclear polarity

Absent

Present

Architectural complexity

Absent

Present, cribriform

Present, papillary

Present, cribriform and papillary
Abnormal mitosis

Absent

Present

The size and staining quality of surface and crypt basal

nucleus are identical. 0
The surface nucleus is smaller and stains paler than the 1
crypt basal nucleus.
The nucleus of interest is of normal size or similar to nearby 0
nonneoplastic epithelial nucleus.
The nucleus of interest is larger than nearby ]
nonneoplastic epithelial nucleus.
The nucleus of interest has similar staining quality similar to 0
adjacent nonneoplastic epithelial nucleus.
The nucleus of interest stains darker than normal or darker than 1
adjacent nonneoplastic epithelial nucleus.
The nucleus is not overlapping with each other, and there is a
single layer of nuclei in the glandular lining epithelium.
The nucleus shows overlapping with each other, more than
single layer of nuclei in the glandular lining epithelium, but occupying 1
the basal half of the glandular epithelium thickness.
The nucleus shows overlapping with each other, more than single
layer of nuclei in the glandular lining epithelium, and reaching more 2
than half way to the glandular epithelium thickness.
The nucleus of interest has uniform size and shape. 0
The nucleus of interest has different size and shape. 1
The long axis of the nucleus is perpendicular to the
. 0
basement membrane and arranged paralleling to each other.
The long axis of the nucleus is no longer perpendicular to the 1
basement membrane and arranged in a haphazard way with each other.
Small straight glands. 0
Gland-in-gland. 1
Papillary structure on the surface and/or in the lumen of the glands. 2
Both cribriform and papillary structures present. 3
Only normal mitosis seen. 0
Mitosis with three or more poles. 1

features which have been reported in the diagnosis of
dysplasia (Table 1) [6]. All results were sent to the reference
pathologist (XL) for statistical analysis. The reference
pathologist (XL) finished reviewing the images prior to
receiving any results from the other participating patholo-
gists to avoid bias.

3. Statistics

A Fleiss’ kappa coefficient (K) analysis was performed to
determine interobserver agreement and the agreement of

each pathologist from China with the consensus diagnosis.
Kappa measures agreement beyond which is expected by
chance alone. A kappa value <0, 0.01-0.20, 0.21-0.40, 0.41-
0.60, 0.61-0.80, and 0.81-1.0 is considered poor, slight, fair,
moderate, substantial, and almost perfect agreement, respec-
tively [15]. In addition, the sensitivity, specificity, positive
predictive value, and negative predictive value of each evalu-
ated histologic feature to diagnose IBD-associated neoplasia
were calculated. R version 3.3.2 (Vienna, Austria, 2016) was
used for statistical analysis. P value < 0.05 was the criterion
for statistical significance.
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TaBLE 2: Interpretation of IBD colonic biopsies by four pathologists from China in comparison to the consensus diagnosis from US.

Consensus negative Consensus LGD Consensus HGD Consensus carcinoma Indefinite for dysplasia
(N=22) (N=22) (N=3) (N=2) (N=1)
21 (negative) 16 (LGD)
Reviewer 1 1 (LéD) 3 (IND) 3 (HGD) 2 (carcinoma) 1 (negative)
3 (HGD)
. 20 (LGD)
Reviewer 2 ZOZ(I(IEgGaS;,e) 1 (IND) 3 (HGD) 2 (carcinoma) 1 (negative)
1 (HGD)
20 (negative) .
. 21 (LGD) 2 (HGD) 1 (carcinoma)
Reviewer 3 1 (IND) . 1 (LGD)
1 (LGD) 1 (negative) 1 (LGD) 1 (HGD)
. 19 (LGD) .
. 19 (negative) . 2 (HGD) 1 (carcinoma)
Reviewer 4 3 (IND) 21(12;:_%2(1;‘[]13\7;) 1 (LGD) 1 (HGD) 1 (IND)

Note: LGD: low-grade dysplasia; HGD: high-grade dysplasia; IND: indefinite for dysplasia. US consensus is defined as diagnostic agreement by at least 4

participating US GI pathologists.

4. Results

Images from 50 biopsies were independently reviewed by 8
GI pathologists from the US. A consensus diagnosis was
defined as a diagnosis agreed upon by 4 out of 8 US patholo-
gists and included 22 biopsies which were negative for dys-
plasia, 22 biopsies with LGD, 3 biopsies with HGD, 2
biopsies of adenocarcinoma, and 1 biopsy of indefinite for
dysplasia. Consensus diagnoses generated by the 8 US GI
pathologists were used as a reference to determine the inter-
observer agreement among the 4 participating pathologists
from China.

All 4 participating Chinese pathologists have been work-
ing at large medical centers with at least 1500 beds. They have
practiced pathology for 16 (2 reviewers) to 20 years (2
reviewers). All 4 reviewers have a strong interest in GI
pathology, but none have received GI pathology fellowship
training. Three have seen approximately 1000 to 2000 IBD
surveillance colonic biopsies, and one has seen more than
2000 IBD surveillance biopsies during their practice. Three
were confident in their IBD dysplasia diagnosis, and one
thought that he had average IBD dysplasia diagnostic skills.
All of them were familiar with the criteria for the diagnosis
of IBD-associated neoplasia [6].

Results of the images captured from digitized full slides
by 4 participating pathologists are summarized in Table 2.
Opverall, a diagnosis was agreed upon by all 4 Chinese pathol-
ogists in 35 of 50 cases (70%). Among the 22 biopsies which
were negative for dysplasia, 21 (95.4%), 20 (90.9%), 20
(90.9%), and 19 (86.4%) cases were concurred by the four
reviewers in China, respectively, with one (4.6%), 2 (9.2%),
and 1 (4.6%) diagnosed as LGD by reviewers 1, 2, and 3
and 1 (4.6%) and 3 (13.6%) over diagnosed as indefinite for
dysplasia by reviewers 3 and 4, respectively. Among those
22 images with a consensus diagnosis of LGD, 16 (72.7%),
20 (90.9%), 21 (95.4%), and 19 (86.4%) cases were concurred
by the four reviewers in China as LGD, respectively, with
3 (13.6%%), 1 (4.6%), and 1 (4.6%) diagnosed as HGD by
reviewers 1, 2, and 4 and 3 (13.6%) and 1 (4.6%) diagnosed
as indefinite for dysplasia by reviewers 1 and 2. One (4.6%)

TaBLE 3: Interobserver agreement between each reviewer from
China and consensus diagnosis rendered by 8 US GI pathologists.

Kappa between
Pathology review pathology
. . P
Reviewer experience  and the consensus ~ Agreement value
(year) diagnosis [95%
confidence interval]
1 16 0.75 [0.58, 0.90] Substantial <0.05
2 20 0.80 [0.64, 0.94] Substantial <0.05
3 16 0.80 [0.65, 0.93] Substantial <0.05
4 20 0.75 [0.56, 0.78] Substantial <0.05

and 2 (9.2%) were diagnosed as negative for dysplasia by
reviewers 3 and 4. For 3 cases with a consensus diagnosis of
HGD, 3 (100%), 3 (100%), 2 (66.7%), and 2 (66.7%) were
concurred as HGD by the four reviewers from China. One
(33.3%) was diagnosed as LGD by reviewers 3 and 4. For
the 2 cases with a consensus diagnosis of CAC, 2 (100%), 2
(100%), 1 (50%), and 1 (50%) were concurred as CAC. One
(50%) was diagnosed as HGD by reviewers 3 and 4. For the
case with a consensus diagnosis of indefinite for dysplasia,
two reviewers graded as negative, one as LGD, and one as
indefinite for dysplasia.

There was substantial interobserver agreement among 4
pathologists from China on the interpretation of IBD-
associated neoplasia (kappa value 0.68, 95% confidence inter-
val 0.56-0.78) (Table 3). Using consensus diagnoses as refer-
ences, the agreement between each pathologist from China
and the consensus diagnosis revealed kappa values ranging
from 0.75 to 0.80 (Table 3) indicating substantial agreement
between each pathologist and the consensus diagnosis.
Colonic biopsies with US consensus diagnosis of negative
for dysplasia, LGD, HGD, and cancer agreed by all 4 Chinese
pathologists are shown in Figures 1(a)-1(d). One example of
a consensus HGD read as LGD by two Chinese pathologists
is shown in Figure 2(a). Another example of a consensus
LGD read as HGD by three Chinese pathologists is shown
in Figure 2(b).
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FiGure 1: Examples of colonic biopsies with consensus diagnoses by US pathologists were concurred by all 4 Chinese pathologists. (a) There
was cryptal distortion, but without nuclear enlargement and hyperchromasia. Surface maturation was present. This case was interpreted as
negative for dysplasia (H&E, 200x). (b) This biopsy showed hyperchromatic and enlarged nuclei without surface maturation. The overall
features supported a diagnosis of low-grade dysplasia (H&E, 200x). (c) This colonic biopsy showed hyperchromatic nuclei without surface
maturation. There was focal nuclear pleomorphism, loss of polarity, and architectural complexity, thus was interpreted as high-grade
dysplasia (H&E, 200x). (d) This colonic biopsy showed proliferation of small glands with nuclear pleomorphism and loss of polarity, and
desmoplasia, features diagnostic of invasive adenocarcinoma (H&E, 200x).

(a)

FIGURE 2: One colonic biopsy with a consensus diagnosis of high-grade dysplasia by US pathologists was read as low-grade dysplasia by two
Chinese pathologists (a) (H&E, 200x). The dysplastic glands had very bland nuclear features but a complex cribriform architecture, thus was
interpreted as high-grade dysplasia by US pathologists. Another example of colonic biopsy with a consensus diagnosis of low-grade dysplasia
by US pathologists was read as high-grade dysplasia by three Chinese pathologists (b) (H&E, 200x). The dysplastic glands had maintained
nuclear polarity and without obvious nuclear pleomorphism. The architecture was focally complex with impending cribriform glands, but
was regarded within the low-grade dysplasia spectrum by US pathologists.

In addition to grading IBD-associated neoplasia, a variety
of features (surface maturation, nuclear enlargement, nuclear
hyperchromasia, nuclear stratification, and abnormal mito-
ses) previously reported to be associated with a diagnosis of
dysplasia were evaluated by the 4 Chinese participating
pathologists (see Table 1). Abnormal mitoses were only
rarely observed with a frequency of 10 out of 200 readings
(5%) with reviewer 2 reporting these features in 5 cases (2
HGD, 2 cancer, and 1 LGD) and reviewer 4 reporting these
features in 5 cases (1 HGD, 2 carcinoma, and 2 LGD). The

other two pathologists reported no abnormal mitoses in
any of the cases. Due to the low frequency, abnormal mitoses
were excluded from the final analysis. The sensitivity, speci-
ficity, positive predictive value, and negative predictive value
for surface maturation, nuclear enlargement, nuclear hyper-
chromasia, and nuclear stratification were determined using
negative versus other diagnoses (indefinite for dysplasia,
LGD, HGD, and carcinoma). The presence of surface matu-
ration had the highest positive predictive value of 93.33%,
100%, 100%, and 96.43% for reviewers 1, 2, 3, and 4,



TaBLE 4: Diagnostic use of each feature in the diagnosis of colitis-
associated dysplasia (CAD) (negative versus other).
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TaBLE 5: Diagnostic use of each feature in the diagnosis of colitis-
associated high-grade dysplasia HGD or carcinoma.

Features in the diagnosis
of CAD

Surface maturation

Negative versus other
Sen (%) Spe (%) PPV (%) NPV (%)

Reviewer 1 100 93.33 93.33 100
Reviewer 2 100 100 100 100
Reviewer 3 96.55 100 100 95.45
Reviewer 4 93.10 95.24 96.43 90.91
Nuclear enlargement

Reviewer 1 100 31.82 65.12 100
Reviewer 2 89.66 76.19 83.87 84.21
Reviewer 3 96.55 66.67 80 93.33
Reviewer 4 100 61.90 78.38 100
Hyperchromasia

Reviewer 1 92.86 4091 66.67 81.82
Reviewer 2 93.10  42.86 69.23 81.82
Reviewer 3 96.55 66.67 80.00 93.33
Reviewer 4 100 52.38 74.36 100
Nuclear stratification

Reviewer 1 96.43 90.91 93.10 95.24
Reviewer 2 96.55  47.62 71.79 90.91
Reviewer 3 100 7143 82.86 100
Reviewer 4 100 71.43 82.86 100

respectively (Table 4). This feature also had a negative pre-
dictive value of 100%, 100%, 95.45%, and 90.91% for
reviewers 1, 2, 3, and 4, respectively. These results confirm
that the presence of surface maturation is associated with a
diagnosis of negative for dysplasia. The performance of
nuclear enlargement, nuclear hyperchromasia, and nuclear
stratification is not as good as the presence of surface matu-
ration (Table 4).

Features previously reported to be associated with HGD
diagnosis (nuclear pleomorphism, loss of nuclear polarity,
architectural complexity, cribriform glands, and/or papillary
configuration) and stratification reaching more than half way
of the crypt epithelium thickness [6] were also evaluated by
the reviewers. Because papillary configuration was noted at
an extremely low frequency (4 of 200 readings, 2%), this
feature was removed from the final analysis. The sensitivity,
specificity, positive predictive value, and negative predictive
value for nuclear pleomorphism, loss of nuclear polarity,
nuclear pleomorphism or loss of polarity, cribriform
architecture, any of the features (nuclear pleomorphism, loss
of nuclear polarity, or cribriform architecture), and stratifica-
tion reaching more than half way of the crypt epithelium
thickness were determined in HGD or cancer and compared
with cases with negative for, indefinite for, or LGD. Loss
of nuclear polarity showed a positive predictive value
for HGD/adenocarcinoma of 100% for all 4 reviewers
(Table 5). However, it had a low sensitivity for two reviewers
(75% and 83.33% for reviewers 1 and 2). The combination of
nuclear pleomorphism, loss of nuclear polarity, or cribriform
glands had the highest negative predictive value of 100% for

HGD and carcinoma
versus others
Sen Spe PPV NPV
(%) (%) (%) (%)

Features in the diagnosis
of colitis-associated
HGD or carcinoma

Nuclear pleomorphism

Reviewer 1 75 100 100 95.45
Reviewer 2 50 97.73 75 93.48
Reviewer 3 100 100 100 100
Reviewer 4 100 100 100 100
Loss of polarity

Reviewer 1 75 100 100 95.45
Reviewer 2 83.33 100 100 97.78
Reviewer 3 100 100 100 100
Reviewer 4 100 100 100 100
Nuclear pleomorphism

or loss of polarity

Reviewer 1 75 100 100 95.45
Reviewer 2 83.33 97.73 83.33 97.73
Reviewer 3 100 100 100 100
Reviewer 4 100 100 100 100
Cribriform architecture

Reviewer 1 62.5 100 100 93.33
Reviewer 2 100 100 100 100
Reviewer 3 100 97.83 80.00 100
Reviewer 4 60 95.56 60 95.56
Nuclear pleomorphism or

loss of polarity or cribriform

Reviewer 1 100 100 100 100
Reviewer 2 100 97.73 85.71 100
Reviewer 3 100 100 100 100
Reviewer 4 100 84.85  71.43 100
Nuclear stratification

reaching more than half

way of the crypt epithelium

Reviewer 1 100 100 100 100
Reviewer 2 8333 9773  83.33 97.73
Reviewer 3 100 100 100 100
Reviewer 4 100 95.56 71.43 100

all 4 reviewers (Table 5). These results confirm that, if the
biopsy does not have nuclear pleomorphism, loss of polarity,
or cribriforming of glands, it should not be diagnosed as
HGD or carcinoma.

5. Discussion

Recent studies have shown an increasing incidence of UC
and CD in Asia including China, estimated to be 0.4 to 2.1
per 100,000 for UC and 1.37 per 100,000 for CD, respectively
[2]. UC and Crohn’s colitis have been long known risk factors
for colorectal cancer [10, 12, 16-19]. In two recent meta-
analyses, the overall incidence rate of CAC among 181,923
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and 54,478 UC patients was 1.58 to 3 per 1000 patient years,
respectively [20, 21]. Although randomized trials to show the
effectiveness of surveillance programs in reducing IBD-
associated mortality are lacking, many retrospective case
series studies have revealed a benefit for surveillance in
patients with IBD [12, 22]. For IBD patients entering a sur-
veillance program, the standard of care includes periodic
colonoscopic exams with protocol biopsies (4 quadrant biop-
sies every 10 cm) and targeted biopsies if a lesion is seen to
detect dysplasia [5]. The effectiveness of a surveillance
program relies on its ability to detect and diagnose early neo-
plastic lesions, primarily colitis-associated dysplasia, which is
the earliest histologic marker predicting neoplastic progres-
sion in IBD.

Our study is the first study to examine interobserver
agreement among pathologists practicing in China on IBD
neoplasia interpretation. Although a few large medical cen-
ters have already started subspeciality sign-out in their
pathology practice in China, the majority are still using a gen-
eral sign-out model. So far, there has been no any formal GI
pathology fellowship training program in China. Thus, the
evaluation of interobserver agreement on IBD neoplasia
among pathologists practicing in China and compared their
interpretation with US GI pathologists who received GI
pathology fellowship training or had strong GI pathology
interest that would be ideal to ensure the colonic surveillance
biopsies in China will be read adequately. This assurance is
important, because for the time being, the management of
IBD patients with dysplasia in China is performed according
to the guidelines primarily developed in Western countries,
including the US. Our study took the advantage of telepathol-
ogy, a practice of remote diagnostic consultation increasingly
used nationally and internationally [23], to determine inter-
observer agreement on IBD neoplasia interpretation.

Our current study revealed that there is a substantial
degree of interobserver agreement on IBD surveillance
colonic biopsy interpretation among the 4 participating
pathologists in China (kappa value 0.68, 95% confidence
interval 0.56-0.78). The agreement of each reviewer with
the consensus diagnosis generated was substantial as well
(kappa from 0.75 to 0.80). These results are similar to a
recent study [11] but is different from some prior, relatively
older studies [7-9]. The potential reasons for the discrepancy
could be different study periods (cases from 90’s to early year
2000 versus current), different patient populations, and glass
slides versus captured images.

Histological features previously reported to be associated
with dysplasia diagnosis such as lack of surface maturation,
nuclear enlargement, nuclear hyperchromasia, and nuclear
stratification [6] were reviewed in this study by the Chinese
pathologists. Indeed, a lack of surface maturation had the
highest positive predictive value as well as a good negative
predictive value. These results confirm that the presence of
surface maturation supports a diagnosis of negative for dys-
plasia. Other histologic features such as nuclear enlargement,
nuclear hyperchromasia, and nuclear stratification did not
perform as well as the assessment of surface maturation.
Although the presence of inflammation in the colon harbor-
ing IBD-related neoplasia was not well characterized

clinically and endoscopically in this study, we found no asso-
ciation of degree of inflammation at the histology level with
neoplasia in the biopsies (data not shown). This might reflect
the fact that the cumulative burden of inflammation in IBD
rather than the status of inflammation at diagnosis is associ-
ated with the risk of neoplasia.

Histological features previously reported for HGD such
as nuclear pleomorphism, loss of nuclear polarity, architec-
tural complexity (cribriform glands and/or papillary configu-
ration), and stratification reaching more than half way of the
crypt epithelium thickness [6] were also evaluated by the
Chinese reviewers in this study. The sensitivity, specificity,
positive predictive value, and negative predictive value of
these features and two combinations of these features
(nuclear pleomorphism or loss of nuclear polarity; nuclear
pleomorphism, loss of nuclear polarity, or cribriform glands)
were determined for the diagnosis of HGD or carcinoma.
Our results revealed loss of nuclear polarity with an excellent
positive predictive value for HGD or carcinoma. However, it
had a low sensitivity for two reviewers (75% and 83.33% for
reviewers 1 and 2). The assessment of nuclear pleomorphism
and cribriform architecture is not as reliable as loss of
nuclear polarity for a diagnosis of HGD, perhaps related
to different thresholds for recognizing cribriform glands as
cribriform. If cribriform architecture is defined as gland-
in-gland configuration, the example in Figure 2(a) should
be recognized as HGD while the example in Figure 2(b)
may represent a borderline lesion, causing diagnostic dis-
crepancy between LGD and HGD. Our results suggest that
loss of nuclear polarity is the most reliable feature of HGD
and cancer and cases with architectural complexity such as
cribriforming should be diagnosed as HGD even if there is
nuclear uniformity and maintained nuclear polarity. The
combination of nuclear pleomorphism, loss of nuclear
polarity, or cribriform glands had the highest negative
predictive value of 100% for all 4 reviewers. These results
confirm that, if a colonic biopsy does not have any of these
features, that is, nuclear pleomorphism, loss of polarity, or
cribriforming gland, it should not be diagnosed as HGD
or carcinoma.

There are several strengths of this study. First, this is the
first study to examine the interobserver agreement among
Chinese pathologists for IBD-associated neoplasia diagnosis.
Second, the performance of these Chinese pathologists was
compared to the consensus diagnosis rendered by 8 GI
pathologists who either received GI pathology fellowship
training or had extensive experience in GI pathology by prac-
ticing in hospitals with a large volume of IBD surveillance
colonic biopsies. Third, the study used the newly matured
technology, telepathology. More specifically, the substantial
interobserver agreement for the interpretation of colonic
neoplasia in IBD using digitized images among Chinese
pathologists as well as between each Chinese pathologist
and a consensus diagnosis generated by US GI pathologists
as revealed in this study supports the potential use of tele-
pathology in facilitating access to pathology expertise, either
in China or international, to improve the diagnosis and clin-
ical management of IBD-associated neoplasia when and
where local expertise is not available.



This study has several imitations. First, it used images
captured from digitized full-slide images and some of the
slides had faded staining. Second, the number of cases was
small and no intraobserver agreement study was performed
in this study. For example, the small number of HGD cases
in this study may not be sufficient in representing the differ-
ent patterns of HGD which may be encountered in clinical
practice. Third, the biopsies were from patients with a
clinical diagnosis of IBD in China without having a histo-
logical confirmation of their IBD by the study pathologists.
Fourth, the endoscopic appearance of the colon where
these biopsies were taken and the clinical outcome of the
patients were not available. Last but not the least, the par-
ticipating pathologists in this study were from large IBD
centers in China; thus, the results from this study may
not be applicable to the pathologists practicing in smaller
hospitals where IBD colonic surveillance biopsies are not
as commonly encountered.

In summary, this study revealed a substantial interob-
server agreement among Chinese pathologists for IBD-
associated neoplasia diagnosis. Each Chinese pathologist also
had a substantial agreement with a consensus diagnosis
rendered by 8 US GI pathologists. This study confirmed the
reliability of surface maturation for the diagnosis of negative
for dysplasia. This study also confirmed that if the biopsy
does not have nuclear pleomorphism, loss of polarity, or
cribriforming glands, it should not be diagnosed as HGD or
carcinoma. Additional studies using a large number of histo-
logically confirmed IBD surveillance colonic biopsies would
be helpful to support these findings in the future.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Xian-rui Wu, MD, PhD, and Hua-shan Liu, MD, contributed
equally to this study.

Acknowledgments

This work was supported by Science and Technology Plan-
ning Project of Guangdong Province (no. 2015B020229001).

References

[1] C.J. Ooi, K. M. Fock, G. K. Makharia et al., “The Asia-Pacific
consensus on ulcerative colitis,” Journal of Gastroenterology
and Hepatology, vol. 25, no. 3, pp. 453-468, 2010.

[2] S.C.Ng, W.Tang,].Y. Ching et al., “Incidence and phenotype
of inflammatory bowel disease based on results from the Asia-
pacific Crohn’s and colitis epidemiology study,” Gastroenterol-
0gy, vol. 145, no. 1, pp. 158-165.e2, 2013.

[3] L. Prideaux, M. A. Kamm, P. P. De Cruz, F. K. L. Chan, and
S. C. Ng, “Inflammatory bowel disease in Asia: a systematic
review,” Journal of Gastroenterology and Hepatology, vol. 27,
no. 8, pp. 1266-1280, 2012.

[4] S.]J.Park, W.H. Kim, and J. H. Cheon, “Clinical characteristics
and treatment of inflammatory bowel disease: a comparison of

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Gastroenterology Research and Practice

eastern and western perspectives,” World Journal of Gastroen-
terology, vol. 20, no. 33, pp. 11525-11537, 2014.

L. Laine, T. Kaltenbach, A. Barkun et al., “SCENIC interna-
tional consensus statement on surveillance and management
of dysplasia in inflammatory bowel disease,” Gastroenterology,
vol. 148, no. 3, pp. 639-651.e28, 2015.

R. H. Riddell, H. Goldman, D. F. Ransohoft et al., “Dysplasia in
inflammatory bowel disease: standardized classification with
provisional clinical applications,” Human Pathology, vol. 14,
no. 11, pp. 931-968, 1983.

R.D. Odze, C. A. Brown, C. J. Hartmann, A. E. Noffsinger, and
F. Fogt, “Genetic alterations in chronic ulcerative colitis-
associated adenoma-like DALMs are similar to non-colitic
sporadic adenomas,” The American Journal of Surgical Pathol-
0gy, vol. 24, no. 9, pp- 1209-1216, 2000.

R. D. Odze, J. Goldblum, A. Noffsinger, N. Alsaigh, L. A.
Rybicki, and F. Fogt, “Interobserver variability in the diagnosis
of ulcerative colitis-associated dysplasia by telepathology,”
Modern Pathology, vol. 15, no. 4, pp. 379-386, 2002.

J. Eaden, K. Abrams, H. McKay, H. Denley, and J. Mayberry,
“Inter-observer variation between general and specialist gas-
trointestinal pathologists when grading dysplasia in ulcerative
colitis,” The Journal of Pathology, vol. 194, no. 2, pp. 152-157,
2001.

D. M. Melville, J. R. Jass, B. C. Morson et al., “Observer study
of the grading of dysplasia in ulcerative colitis: comparison
with clinical outcome,” Human Pathology, vol. 20, no. 10,
pp. 1008-1014, 1989.

D. Allende, M. Elmessiry, W. Hao et al., “Inter-observer and
intra-observer variability in the diagnosis of dysplasia in
patients with inflammatory bowel disease: correlation of path-
ological and endoscopic findings,” Colorectal Disease, vol. 16,
no. 9, pp. 710-718, 2014.

A. P. Manning, O. R. Bulgim, M. F. Dixon, and A. T. Axon,
“Screening by colonoscopy for colonic epithelial dysplasia in
inflammatory bowel disease,” Gut, vol. 28, no. 11, pp. 1489-
1494, 1987.

R. S. Weinstein, K. J. Bloom, and L. S. Rozek, “Telepathology
and the networking of pathology diagnostic services,” Archives
of Pathology & Laboratory Medicine, vol. 111, no. 7, pp. 646—
652, 1987.

R. S. Weinstein, A. K. Bhattacharyya, A. R. Graham, and J. R.
Davis, “Telepathology: a ten-year progress report,” Human
Pathology, vol. 28, no. 1, pp. 1-7, 1997.

J. R. Landis and G. G. Koch, “The measurement of observer
agreement for categorical data,” Biometrics, vol. 33, no. 1,
pp- 159-174, 1977.

P. Peltokallio, “Chronic ulcerative colitis associated with
malignant disease,” Annales Chirurgiae et Gynaecologiae
Fenniae, vol. 57, no. 2, pp. 225-228, 1968.

G. J. Devroede, W. F. Taylor, W. G. Sauer, R. J. Jackman, and
G. B. Stickler, “Cancer risk and life expectancy of children with
ulcerative colitis,” The New England Journal of Medicine,
vol. 285, no. 1, pp. 17-21, 1971.

J. Kewenter, H. Ahlman, and L. Hulten, “Cancer risk in exten-
sive ulcerative colitis,” Annals of Surgery, vol. 188, no. 6,
pp. 824-828, 1978.

J. E. Lennard-Jones, B. C. Morson, J. K. Ritchie, D. C.
Shove, and C. B. Williams, “Cancer in colitis: assessment
of the individual risk by clinical and histological criteria,”
Gastroenterology, vol. 73, no. 6, pp. 1280-1289, 1977.



Gastroenterology Research and Practice

(20]

(21]

(22]

(23]

C. Castano-Milla, M. Chaparro, and J. P. Gisbert, “Systematic
review with meta-analysis: the declining risk of colorectal
cancer in ulcerative colitis,” Alimentary Pharmacology &
Therapeutics, vol. 39, no. 7, pp. 645-659, 2014.

J. A. Eaden, K. R. Abrams, and J. F. Mayberry, “The risk of
colorectal cancer in ulcerative colitis: a meta-analysis,” Gut,
vol. 48, no. 4, pp. 526-535, 2001.

Z.H. Wang and J. Y. Fang, “Colorectal cancer in inflammatory
bowel disease: epidemiology, pathogenesis and surveillance,”
Gastrointestinal Tumors, vol. 1, no. 3, pp. 146-154, 2014.

C. Zhao, T. Wu, X. Ding et al,, “International telepathology
consultation: three years of experience between the University
of Pittsburgh Medical Center and KingMed Diagnostics in
China,” Journal of Pathology Informatics, vol. 6, no. 1, p. 63,
2015.



	Interobserver Agreement in the Diagnosis of Inflammatory Bowel Disease-Associated Neoplasia in China in Comparison to Subspecialized American Gastrointestinal Pathologists
	1. Introduction
	2. Methods
	2.1. Analysis of Captured Images from Digitized Full Slides

	3. Statistics
	4. Results
	5. Discussion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

