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Abstract

The risk of developing dysplasia leading to colorectal
cancer (CRC) is increased in both ulcerative colitis and
Crohn’s disease. The prognosis of CRC may be poorer
in patients with inflammatory bowel disease (IBD) than
in those without IBD. Most CRCs, in general, develop
from a dysplastic precursor lesion. The interpretation
by the pathologist of the biopsy will guide decision
making in clinical practice: colonoscopic surveillance or
surgical management. This review summarizes features
of dysplasia (or intraepithelial neoplasia) with macro-
scopic and microscopic characteristics. From an endo-
scopic (gross) point of view, dysplasia may be classified
as flat or elevated (raised); from a histological point of
view, dysplasia is separated into 3 distinct categories:
negative for dysplasia, indefinite for dysplasia, and
positive for dysplasia with low- or high-grade dysplasia.
The morphologic criteria for dysplasia are based on a
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combination of cytologic (nuclear and cytoplasmic) and
architectural aberrations of the crypt epithelium. Immu-
nohistochemical and molecular markers for dysplasia
are reviewed and may help with dysplasia diagnosis,
although diagnosis is essentially based on morphologi-
cal criteria. The clinical, epidemiologic, and pathologic
characteristics of IBD-related cancers are, in many
aspects, different from those that occur sporadically in
the general population. Herein, we summarize macro-
scopic and microscopic features of IBD-related colorec-
tal carcinoma.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The risk of developing dysplasia leading to
colorectal cancer is increased in both ulcerative colitis
and Crohn’s disease. The biopsy interpretations will
guide decision making in clinical practice: colonoscopic
surveillance or surgical management. This review sum-
marizes histological features of dysplasia and colorectal
cancer in inflammatory bowel disease.
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INTRODUCTION

The most common types of inflammatory bowel disease
(IBD) are ulcerative colitis (UC) and Crohn’s disease (CD).
The risk of colorectal cancer is increased in both UC
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and CD"’. The prognosis of colorectal cancer (CRC)
may be poorer in patients with IBD than in those without
IBD™. It is the pathologist’s biopsy interpretations that
guide the management of patients during surveillance™.
Pathologic interpretation of specimens for evaluation of
dysplasia constitutes a critical step in endoscopic surveil-
lance programs or surgery. Ultimately, it is the patholo-
gist’s interpretation of mucosal biopsy specimens that
distinguishes high-risk from low-risk populations and
triggers recommendations for either continued surveil-
lance or surgery. Thus, an accurate diagnosis of dysplasia
(or intraepithelial neoplasia) is the most important step in
the surveillance process.

We review here the pathological characteristics of
IBD-related colorectal cancer and dysplasia.

Dysplasia (intraepithelial neoplasia) in IBD

Most CRCs, in general, develop from a dysplasic precur-
sor lesion. Patients with IBD develop dysplastic lesions
that can be polypoid, flat, localized, or multifocal'®.
Colorectal dysplasia may be defined as an unequivocal
neoplastic alteration of the intestinal epithelium that re-
mains restricted within the basement membrane within
which it originatedm. It is synonymous with the term
intraepithelial neoplasia adopted by the World Health Orga-
nization and Vienna nomenclature systems (Table 1) for

. . S
gastrointestinal neoplasia”,

ULCERATIVE COLITIS

Macroscopic classification of dysplasia

From an endoscopic (gross) point of view, dysplasia may
be classified as flat or elevated (raised)®"". Flat dysplasia
refers to endoscopically undetectable lesions, whereas
raised dysplasia refers to any type of endoscopically de-
tectable lesion'”

Raised dysplasia: Endoscopically visible dysplastic
raised lesions within an area affected by UC can be di-
vided in adenoma-like and non-adenoma-like lesions on
the basis of their macroscopic characteristics'”. Raised
lesions with dysplasia in UC have been broadly sepa-
rated into those that appear similar to non-IBD related
sporadic adenomas, referred to as “adenoma like” and
those which do not resemble adenomas: “non-adenoma-
like (the former term “DALM”)"™. Adenoma-like RLDs
represent well circumscribed, smooth or papillary, non-
necrotic, sessile, or pedunculated polyps that are usuall

amenable to removal by routine endoscopic methods™>"Y,
Non-adenoma-like lesions include velvety patches,
plaques, irregular bumps and nodules, wart-like thicken-
ings, stricturing lesions, and broad-based masses’”>")
and are not usually amenable to removal by colonoscopic
polypectomy. Non-adenoma, and adenoma like RLDs
are differentiated on the basis of their gross (endoscopic)
appearance. Histologic comparaisons of individual moz-
phologic features in DALMs and adenoma-like dysplastic
polyps have indicated that DALMs show increased ar-
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Table 1 Vienna classification of gastrointestinal epithelial

neoplasia

Category

1 Negative for neoplasia/ dysplasia

2 Indefinite for neoplasia/dysplasia

3 Non-invasive low-grade neoplasia (low-grade adenoma/

dysplasia)

4 Non-invasive high-grade neoplasia

High-grade adenoma/ dysplasia
Non-invasive carcinoma (carcinoma in situ)'

Suspicion of invasive carcinoma

5 Invasive neoplasia

5 2
Intramucosal carcinoma
Submucosal carcinoma or beyond

Reproduced from Schlemper et al®. 'Non-invasive indicates absence of
evident invasion; “Intramucosal indicates invasion into the lamina propria
or muscularis mucosae.

chitectural disarray[lgl, villous architecture, and inflam-
mation'"”, but these criteria have not been evaluated
longitudinally and have so far lacked the statistical power
to guide the management of patients with raised dyspla-
SiaUO,lS,]‘JJ.

Dysplastic polyps that are either encountered in non-
diseased areas of the colorectum, for example, proximal
to the transition zone in UC®", or have a non dysplastic
pedicle[w’m’za, are considered to be sporadic adenomas
unrelated to the colitis and are managed accordingly.
The endoscopic, histologic, and prognostic similarities
between adenoma-like polyps in IBD and sporadic ad-
enomatous polyps suggest that some, if not all, of the
former are merely fortuitous adenomas, a conclusion that
is also supported by limited molecular-based evidence™
Follow-up studies after their endoscopic removal have
reported no significant excess risk for the development
of CRCP*™. This favorable outlook is maintained even
when the resected polyps contain HGD™?, Adenoma-
like lesions can be adequately treated by polypectomy
provided the lesion can be completely excised, shows the
absence of dysplasia at the margins of the specimen, and
there is no evidence of flat dysplasia elsewhere in the
colon, cither adjacent to, or distant from, the raised le-

Kisiel ¢z al™ showed that, while polypectomy may be
safe for the management of adenomas occurring in most
UC patients, the 5-years cumulative incidence of a com-
bined endpoint (cancer or flat dysplasia) was 13%. Such
patients should be followed closely.

Flat dysplasia: Flat dysplasia refers to dysplasia that is
detected unexpectedly in random biopsies of mucosa
without a corresponding macroscopic lesion, although
occult dysplasia is a more suitable term considering that
small or subtle raised lesions might easily go unnoticed in
the inflammatory background of IBD"", Retrospective
endoscopic studies have suggested that most dysplastic
lesions are in fact endoscopically visible. On the basis of
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Table 2 Biopsy classification of dysplasia in inflammatory

bowel disease

Negative for dysplasia Positive for dysplasia

Normal mucosa Low-grade dysplasia

Inactive (quiescent) colitis High-grade dysplasia

Active colitis

a review of random and targeted surveillance biopsies in
525 subjects with UC during a period of 15 years, Rutter
et al” reported that 85 of 110 (77.3%) biopsy specimens
of dysplasia or cancer corresponded to macroscopically
visible lesions, whereas 25 (22.7%) were invisible. Simi-
larly, on the basis of a review of surveillance biopsies in
46 subjects with UC during a period of 10 years, Rubin ez
al™ reported that 38 of 65 dysplastic lesions (58.5%) and
8 of 10 cancers (80.0%) were visible as 23 polyps and
masses, 1 stricture, and 22 mucosal irregularities. Only
some of the dysplastic lesions described as flat by endos-
copists correspond to expanded mucosa resembling di-
minutive adenomatous polyps, whereas most correspond
to histologically flat mucosa in which the crypts have
been colonized by dysplastic epithelium, without altera-
tion of the overall mucosal architecture.

Microscopic classification

Currently, dysplasia is separated into 3 distinct categories:
negative for dysplasia, indefinite for dysplasia, and posi-
tive for dysplasia (low or high grade) (Table 2)". While
endeavouring to minimize disagreement in both termi-
nology and interpretation, rates of agreement using this
grading system are only fair among both expert and com-
munity pathologistsm. Crude rates of agreement among
experts have ranged from 42% to 72%; kappa values,
where there is a correction for chance agreement, have
remained fair for both experts and community patholo-
gistsm%J. Unfortunately, rates of agreement are lowest
for the indefinite for dysplasia and low-grade dysplasia
categories[24’33j. Based on these data, the CCFA consensus
guidelines and the United States Multisociety Task Force
strongly recommend that a second examination of the
biopsies should be performed by an independent pathol-
ogy expert prior to definitive treatment”",

The morphologic criteria for dysplasia are based on a
combination of cytologic (nuclear and cytoplasmic) and
architectural aberrations of the crypt epithelium!™**,
Cytologic features that pathologists use to evaluate the
presence or absence and degree of dysplasia include the
nuclear/cytoplasmic (N/C) ratio of the cells; loss of cell
polarity; an increase in the number and location of mito-
ses (typical and atypical); the degree of nuclear stratifica-
tion within the epithelium; the degree of chromasia of
the nuclei (an increase is referred to as “hyperchromasia”);
the presence, size, and multiplicity of nucleoli; the size
and regularity (or lack thereof) of the contour of nuclei;
and the variation in the size and shape of nuclei between
different cells (nuclear pleomorphism). Cytoplasmic
characteristics include the degree of mucinous depletion;
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the number, location, and shape (normal or dystrophic)
of goblet cells; and the presence or absence of surface
maturation, which is defined as the progressive acquisi-
tion of cytoplasmic mucin, a decrease in the size of nu-
clei, and the degree of stratification of the cells, from the
crypt base to the mucosal surface. Architectural features
that are important for the determination of dysplasia
include villiform change of the epithelium and the pres-
ence or absence and degtree of crypt budding, branching,
and crowding; the latter is referred to commonly as a
“back-to-back” glandular growth pattern. In addition, the
contour of the crypts, the degree of irregularity, and the
presence or absence of intraluminal bridges (“cribriform-
ing”) are important architectural features that are used to

evaluate dysplasia in IBD".

Negative for dysplasia: “Negative for dysplasia” applies
to epithelium that is regenerative in nature. In the pres-
ence of active inflammation, cryptitis, crypt abscesses, or
ulceration, all of which are common in the active phase
of IBD, the epithelium can undergo marked reactive
changes that, in some citcumstances, may mimic some of
the “atypical” features of dysplasia. In general, nondys-
plastic (“reactive”) epithelium in IBD exhibits only mild
or moderate cytologic atypia coupled with preservation
of crypt architecture; however, a significant degree of
atypia may be present in markedly reactive epithelium
adjacent to ulcerated mucosa, an area in which the archi-
tecture of the crypts may be altered as well. One of the
hallmarks of reactive crypts is a base-to-surface epithelial
maturation gradient in which phenotypically immature,
mitotically active, basal colonocytes differentiate into ma-
ture surface cells, featuring small, normochromatic nuclei,
distinct absorptive and goblet cell phenotypes, and absent
mitoses'. Pathologists need to exercise caution when
evaluating dysplasia in ulcerated mucosa, and these areas
should be avoided by the endoscopist when obtaining
mucosal biopsies. Given the subtle gradation of changes,
the progressive acquisition of molecular mutations that
occurs in the progression of dysplasia in IBDP***! and
the wide range of morphologic patterns of atypia that is
related to epithelial regeneration and repair, regenerating
epithelium, particularly in the setting of active inflamma-
tion or ulceration, may reveal a level of atypia that occa-
sionally is difficult to distinguish from true dysplasia™'’. In
these situations, pathologists use the “indefinite for dys-
plasia” diagnostic category. In reality, this diagnostic cat-
egory is used most often as a result of one of the follow-
ing circumstances: the presence of technical (tangential
sectioning) or staining issues that makes interpretation of
cytologic or architectural features difficult, atypia related
to inflammation or ulceration, or for the rare instances in
which dysplasia-like changes are present only in the crypt
bases. Naturally, the frequency of the use of this diag-
nostic category is directly proportional to the “comfort”
level and experience of the reviewing pathologist, and
is one of the reasons why it is highly recommended to
confirm any potential diagnosis of dysplasia with at least
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Figure 1 Microscopic features of dysplasia in ulcerative colitis. A: A minor degree of architectural aberration may occur in low-grade dysplasia (HE stain, x 100); B:
Low-grade dysplasia is characterized by epithelium that contains cells with significant nuclear hyperchromaticity, enlargement, and elongation. The cytoplasm is mucin
depleted, and, as a result, is hypereosinophilic (HE stain, x 200); C: The degree of architectural aberration is more prominent in high-grade dysplasia. Architectural
aberrations, such as a complex crypt branching, or a back-to-back growth pattern that is characterized by dysplastic crypts that show little or no intervening lamina
propria, also may be present (HE stain, x 400); D: Full-thickness nuclear stratification, significant loss of cell polarity, nuclear pleomorphism are characteristic features

of high-grade dysplasia (HE stain, x 400).

one other experienced IBD pathologist before definitive
treatrnent[21’38].

Low-grade dysplasia: Low-grade dysplasia is charac-
terized by epithelium that contains cells with significant
nuclear hyperchromaticity, enlargement, and elongation;
the last is referred to as “pencil-shaped” or “adenoma-
tous” nuclei. Nuclei in low-grade dysplasia often show a
clumped chromatin pattern, multiple nucleoli, or a single
large nucleolus. Typically, the cytoplasm is mucin de-
pleted, and, as a result, is hypereosinophilic. A decrease in
the number of goblet cells and unusually oriented goblet
cells, referred to as “dystrophic” goblet cells, may also be
observed (Figure 1B). Dysplastic cells are usually organ-
ized in a stratified manner, but in general, the nuclei are
limited to the basal half of the cell cytoplasm, without
full thickness stratification. Mitotic figures may be promi-
nent, but there are only usually a few atypical mitotic
figures. Most importantly, dysplastic epithelium usually
does not show surface maturation, except in rare circum-
stances. A minor degree of architectural aberration may
occur in low-grade dysplasia (Figure 1A), but significant
architectural aberration is normally diagnostic of high-
grade dysplasia (Figure 1C)"".

High-grade dysplasia: With progression to high-grade
dysplasia, the degree of cytologic or architectural aber-

(49

Boiohidengs  WJG | www.wijgnet.com

ration is more prominent (Figure 1C). Cytologically, full-
thickness nuclear stratification, significant loss of cell
polarity, nuclear pleomorphism, and an increase in the
number of normal appeating and atypical mitoses, often
at the level of the surface epithelium, are characteristic
features of high-grade dysplasia (Figure 1D). In some
instances, high-grade nuclei are more round or oval in
contout, and also show a higher N/C ratio. Architectural
aberrations, such as a complex crypt budding or branch-
ing, or a back-to-back growth pattern that is character-
ized by dysplastic crypts that show little or no intervening
lamina propria, may also be present (Figure 1C). Cystic
change, villiform surface change, and cribriforming are
also features of high-grade dysplasia*.

Immunohistochemical or molecular markers of dys-
plasia: Many studies have been published in an effort to
help identify sensitive and specific immunohistochemical
or molecular markers that may aid in the differentiation
of dysplastic from reactive epithelium in IBD. p53 and
Ki67 have been studied the most extensively. Most of
the markers that were evaluated previously have been
linked, in some capacity, to the development of cancer,
and include those involved in control of cell proliferation
(eg., Ki67, cyclin D1), intercellular adhesion (B-catenin,
e-cadherin), DNA content, mucin or glycoprotein histo-
chemistry, and tumor suppression (p53)*** .,
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The p53 gene shows an increase in the frequency
of mutations in the dysplasia-carcinoma progression in
IBD™?Y, p53 is a common early mutation in the dyspla-
sia-carcinoma sequence in IBD, and, as a result, many
investigators have evaluated the role of p53 in helping
to differentiate reactive from dysplastic epithelium. For
instance, in a study by Wong ez al®™, 2 moderate degree
of p53 staining was detected in almost 50% of reactive
cases, but strong p53 staining was seen only in cases of
true dysplasia. Unfortunately, although p53 expression
increases progressively from low- to high-grade dysplasia
and carcinoma, some studies showed that the epithelium
that is considered indefinite, or even negative, for dys-
plasia, may be p53 positive; this diminishes its usefulness
as a marker of true dysplasia™**", Furthermore, p53
overexpression can be detected in a small proportion of
cases that are considered morphologically negative for
dysplasial45’47’49’5“]. In addition, several studies in other tis-
sues have revealed a high rate of false-positive staining in
the absence of p53 mutations, and a high frequency of
false-negative staining as well ™1, Nonspecific binding
of p53 to non-p53 mutation-related antigens may also
lead to false-positive results. Furthermore, p53 results
may vary substantially depending on the specific type of
antibody used. For instance, some p53 mutations result in
the production of a protein that does not bind to some
antibodies that are directed against the wild-type protein.
Finally, there is no known antibody, or combination of
antibodies, in use that can detect all p53 mutations™. For
these reasons, p53 immunostaining is not routinely used
but can be helpful in rare cases to differentiate reactive
from dysplastic epithelium in IBD.

Several studies showed that dysplasia expresses mark-
ers of cell proliferation at higher levels in the crypt, and
in the surface epithelium, compared with biopsies that
are considered negative for dysplasial45’46’581. Unfortunate-
ly, there is much overlap between reactive epithelium and
dysplasia in this regard, so evaluation of cell proliferation
is not useful in individual cases to distinguish these le-
sions.

Recently, immunostaining for alpha-methylocyl-CoA
racemase (AMACR), an antibody that is often used in
the assessment of diagnostically difficult atypical, and
potentially neoplastic, lesions of the prostate, was shown
to have a high degree of specificity for detection of
dysplasia in the GI tract, such as in Barrett’s esophagus
and IBD”. In this recent study by Dorer and Odze'™,
AMACR was not expressed in any mucosal biopsy in UC
that was considered negative for dysplasia; however, it
was Increased significantly in foci of low-grade dysplasia
(96%), high-grade dysplasia (80%), and adenocarcinoma
(71%) with a specificity for neoplasia of 100%. Thus,
AMACR is a new, potentially useful immunohistochemi-
cal marker that pathologists may use in their arsenal when
trying to differentiate reactive from dysplastic epithelium
in IBD. Mote recently, Chen ez al™ showed that Chitinase
3-like-1 may contribute to the proliferation, migration
and neoplastic progression of colonic epithelial cells
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under inflammatory conditions and could be a useful
biomarker for neoplastic changes in patients with IBD.
Morte recently, Ludwig ez al® show that PDCD4 nuclear
expression may be usefully applied as ancillary marker in
the histological assessment of IBD-associated dysplastic
lesions.

Overall, dysplasia diagnosis is essentially based on
morphological criteria.

Crohn disease

Less studied than in UC, dysplasia in CD occurs more
often in areas close to, rather than distant from, the pri-
mary tumor mass. Dysplasia in CD is often multifocal™.
In a study by Sigel ez al™, dysplasia was found adjacent to
carcinoma in 87% of cases and distant from carcinoma
in 41% of cases. Microscopic features that are used for a
diagnosis of dysplasia (or intraepithelial neoplasia) in CD
are the same that those used in UC dysplasia.

Colorectal carcinoma in inflammatory bowel disease
The clinical, epidemiologic, and pathologic characteristics
of IBD-related cancers are, in many aspects, different
from those that occur sporadically in the general popula-
tion. For instance, cancers that occur in IBD, and particu-
larly UC, tend to be distributed more evenly throughout
the length of colon, are more likely to be multiple in
number and tend to be of higher histologic grade than
with sporadic carcinomas'””. In some studies, up to 27%
of IBD-related cancers are multiple in number™®. In
addition, there is a higher prevalence of mucinous carci-
nomas in IBD"™, More recently, there has been a shift
to a higher incidence of early-stage tumors (stage I -1I)
compared with IBD-related cancers from previous dec-
ades' "%, Contemporary studies show that 50%-60% of
newly diagnosed IBD-related cancers are stages [ or II.
Of course, this may be due to a combination of many
factors, such as an increased level of awareness and early
detection by colonoscopic surveillance. In one study, by
Delaunoit ez a/*”, of 290 patients who had IBD (241 with
UC and 49 with CD) and an equal number of age- and
sex-matched patients who had sporadic colorectal cancer,
UC-related carcinomas were diagnosed at a younger age
and tended to be distributed more evenly in the colon,
compared with sporadic tumors.

Macroscopic features

Pathologically, IBD-related tumors often grow in a more
diffuse fashion than sporadic cancers, and may be more
difficult to detect grossly because they may be raised only
minimally above the level of the surrounding mucosa!"".
The gross appearance of cancers in IBD is heterogenous.
They may be strictured, ulcerated, irregular, polypoid
(pedunculated or sessile), or nodular or they may appear
as an irregular plaque or bumpw’m. Some tumors may be
entirely microscopic, without any grossly evident mucosal
abnorma]itym’m. A disproportionately higher percentage
of cancers in IBD, including UC, occurs in strictured seg-
ments of colon™™,

March 28, 2014 | Volume 20 | Issue 12 |



Bressenot A et a/. Colorectal neoplasia in inflammatory bowel disease

Microscopic features

Microscopically, most IBD-related carcinomas are ad-
enocarcinomas. Mucinous carcinomas make up a high
proportion, up to 50% in some studies"”. In addition,
signet ring cell adenocarcinomas are 10 times more com-
mon in IBD than in the general population™"”™, Rarely,
IBD-related adenocarcinomas may be extremely well
differentiated and consist of widely separated, regularly
arranged, bland-appearing glandular profiles that contain
only mildly atypical unilayered neoplastic epithelium with
low-grade cytologic atypia, and without desmoplasiaw’m.
These tumors may arise from mucosa that shows little
or no definite evidence of dysplasia. Other types of car-
cinomas, such as neuroendocrine carcinomas, mixed ad-
enocarcinoma/squamous cell carcinoma, undifferentiated
carcinoma, and even pure squamous cell carcinoma (par-
ticularly in the distal rectum and anal canal in CD), have
been encountered in IBD; some occur with increased fre-
quency ™ However, these tumors are rare and are
often reported as single case reports or as small series.

Colorectal carcinoma in CD

Regarding CD cancers specifically, recent evidence sug-
gests that the risk of cancer in CD is similar to that in
UC, particularly for patients who have long-standing
and extensive colonic disease””*****. In contrast to UC,
CD patients who develop cancer are often older in age,
but are much younger than patients who develop spo-
radic colon cancer in the general population[4l’68’86]. Some
early reports cited a higher left-sided predominance for
cancers in CD compared with UC; however, several con-
temporary studies showed a more equal distribution of
tumors in the colon in CD, similar to UC™*. Earlier
studies may have been biased by the fact that cancers in
CD often occur in and around the anal canal related to

86-88
fissures or fistulas'

I, As a result, there is an increase
in the incidence of pure squamous cell carcinomas in
CD compared with UC. Although most cancers in CD
are believed to occur within inflamed portions of intes-
tine"*”” in some studies, up to 42% of patients who
had CD developed tumors in areas of mucosa devoid
of endoscopic or pathologic evidence of inflamma-

on™**. however, this may be due to treatment ef-
fect””. Finally, surgically excluded segments of colon
or small bowel also are considered particularly prone to
the development of carcinoma in CD, but this is pos-
tulated to be related to the fact that excluded segments
of inflamed bowel remain at risk for carcinogenesis for
longer periods of time over the course of the patient’s
life™ #7771 Because surgical procedures that result in
preservation of inflamed but excluded segments of bow-
el are performed only infrequently in patients who have
CD, cancers in surgically excluded segments of bowel are
now uncommon.

CONCLUSION

Patients with IBD, including UC and CD, are at increased
risk of developing colorectal cancer. The risk of develop-
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ing carcinoma is related to the extent of the patient’s dis-
ease (pancolitis »s left-sided disease), duration of disease,
and level of activity. In IBD there is abundant evidence
to support the theory that cancer develops through an
inflammation-dysplasia-carcinoma sequence. Several
molecular events involved in the chronic active inflam-
matory process contribute to multistage progression of
carcinoma development. Morphologic identification of
dysplasia in IBD is the best and most reliable marker of
an increased risk for malignancy. Future advances in, for
example, stool DNA assays or the use of confocal en-
domicroscopy or endoscopic ultrasound may help in the
identification of high risk patients and the assessment of

dysplasic lesion'"",
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