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Pathology of dysplasia and cancer in inflammation bowel disease

In both Crohn disease and Ulcerative Colitis, Colorectal Cancer (CRC) secondary prevention basically relies on the his-
tology detection of dysplasia. In Inflammatory Bowel Diseases (IBD) setting, dysplasia identifies the subgroup of patients
eligible to a (more) strict surveillance program (or prophylactic colectomy). In the clinical practice, a number of issues
might affect the benefit of the clinico-pathological surveillance of the IBD-dysplasia-patients: sampling errors, inconsis-
tency in biopsy assessment, patients’ drop-out, etc. Even in such a multifaceted context, evidence has been provided that
surveillance of dysplasia is effective in reducing both CRC mortality and morbidity. This manuscript focuses on current
issues concerning the histology assessment of the IBD-associated dysplastic lesions.
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Colorectal cancer in IBD: incidence and risk

factors

The first case of adenocarcinoma complicating ulcerative
colitis was reported in 1925 !. The prevalence of col-
orectal cancer (CRC) in inflammatory bowel diseases
(IBD) is approximately 4% and it slightly increases
(5.4%) in patients with pancolitis; the overall incidence
rate per year is approximately 3x1000 persons/year dura-
tion 2. The results of clinical studies vary, but recent fig-
ures suggest that the risk of colon cancer for patients
with IBD increases by 0.5-1.0% yearly, 8-10 years after
diagnosis 3. Rutter and colleagues, in their long term
follow-up of UC patients, assessed a cancer prevalence
of 2.5%, 7.6%, and 10.8% after 20, 30, and 40 years,
respectively * According to the results of their meta-
analysis, Eaden et al. ? reported a cumulative probabil-
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ity of CRC of 2%, 8% and 18% at 10, 20 and 30
years, respectively. In IBD patients, the magnitude of
CRC risk increases with: (1) duration of colitis; (2)
young age of IBD presentation, (3) extent of colonic
involvement; (4) severity of inflammation; (5) family his-
tory of CRC; and (6) association with primary scleros-
ing cholangitis.

Clinical features of colitis-associated CRC

Compared with sporadic colorectal carcinoma (s-CRC),
colitis-associated colorectal cancer (Ca-CRC) has several
distinguishing clinical features:

— Ca-CRC affects individuals younger than s-CRGC;

— Ca-CRC progresses to invasive adenocarcinoma from flat
(non-polypoid) dysplasia more frequently than s-CRC;

— in Ca-CRC, the proportion of mucinous/signet-ring
cell histology is higher than in s-CRC;

— Ca-CRC has a higher rate of two (or more) synchro-
nous cancers, which reflects an inflammatory-related can-
cer “field effect”.

Finally, the sequence of molecular events leading from
dysplasia to invasive carcinoma differs between s-CRC

and Ca-CRC °.
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Molecular features of colitis-associated CRC

As in s-CRC, the neoplastic transformation arising in
IBD is thought to be a multistep sequence. Many of
the molecular alterations responsible for s-CRC devel-
opment also play a role in colitis-associated colon car-
cinogenesis. As consistently demonstrated in s-CRC, also
Ca-CRCs may develop through both chromosomal
(CIN) and microsatellite instability (MSI) and the preva-
lence of the two pathways seems consistent with that
observed in s-CRC (85% CIN, 15% MSI).
Distinguishing features, however, of Ca-CRC have been
demonstrated in both the timing and the prevalence of
the molecular deregulations. APC loss of function, which
occurs early in s-CRC, is much less frequent (and usu-
ally late) in colitis-associated  dysplasia-carcinoma
sequence. Conversely, p53 mutations, which occur late
in sporadic oncogenesis, are earlier detected in IBD
patients (even in non-dysplastic mucosa). Methylation is
assuming an increasing importance in contributing to the
genetic alterations in Ca-CRC. Methylation of CpG
islands in several genes seems to precede dysplasia and
is more widespread throughout the mucosa of UC
patients >°.

Dysplasia as a basis for CRC secondary prevention
in IBD

Dysplasia, as assessed by conventional histology, is the
most reliable marker of cancer-prone IBD patients 712,

Dysplasia detection depends on several variables: a) fre-
quency and technique of colonoscopy procedure, b) qual-
ity and quantity of the obtained biopsy samples; c)
pathologist and endoscopist expertise; d) patient’s com-
pliance to follow-up 3.

Dysplasia assessment: endoscopy-related issues (i.e. tim-
ing of endoscopy surveillance and optimum number of
required biopsies). Surveillance colonoscopy relies on the
ability to detect precancerous lesions (dysplasia), before
full-blown cancer is unequivocally faced 1418, The
number of biopsy samples to be obtained for assess-
ing/excluding dysplasia is controversial. In his seminal
study, Rubin ' demonstrated that the probability of
detecting dysplasia was 90% and 95% when 33 and 64
random biopsies were respectively obtained. After that,
different proposals for CRC screening in IBD have been
produced, all of them differing in both the number of
biopsies should be obtained and the technique of the
endoscopy biopsy sampling 17:20-23,

The Crohn’s and Colitis Foundation of America states
that a screening colonoscopy should begin 8 to 10 years
after the onset of symptoms; subsequent surveillance
colonoscopies should be performed every 1 to 2 years
for UC patients with extensive colitis or left-sided coli-
tis and a negative screening colonoscopy. They suggest
that no less than 32 biopsies should be obtained at each
surveillance colonoscopy (4-quadrant biopsies every 10
cm each quartet being submitted in a separate vial).
Separate containers should be used for any non-flat or
suspicious lesions (namely nodules, masses or strictures).

Fig. 1: A) Low-grade dysplasia in UC. The crypts are lined by columnar epithelium with crowded, hyperchromatic, elongated pencil-shaped nuclei.

The nuclei are consistently basally located.

B) High-grade dysplasia in UC. Crypts are irregular in shape and size and show back-to-back arrangement. The nuclei show severe atypia and loss
of polarity; several mitotic figures are also present. Necrotic debris are present within the glandular lumens (Haematoxylin-Eosin, original magnifi-

cation 200).
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It has been additionally suggested that distal colon (“the
elective” cancer-prone area) should be more extensively
sampled (approximately every 5 cm) 2%%4, The American
College of Gastroenterology recommends annual or bian-
nual surveillance colonoscopy with multiple biopsies
after 8 to 10 years of colitis and states: “Although some
data suggest a later onset of cancer risk in left-sided
than in more extensive colitis 2°, this evidence is not
sufficiently strong to justify different guidelines for sur-
veillance in the two groups” 2!. The British Society of
Gastroenterology — advocates an initial  screening
colonoscopy after 8 to 10 years of IBD symptoms but
that surveillance intervals should vary based on extent
of disease, duration of disease, and presence of PSC.
They state that two to four random biopsy specimens
every 10 cm should be taken from the entire colon
with additional samples from suspicious areas such as
raised lesions, irregular plaques, unusual ulcers, or stric-
tures 2223,

Questionnaire surveys, however, consistently demonstrat-
ed that -in routine practice- all the above-mentioned pro-
tocols are mostly unaccomplished 26?7. Obtaining ran-
dom biopsies, however, is being increasingly criticized.
Rutter 28 and Rubin %, consistently demonstrated that,
in UC patients, up to 73% to 77% of the dysplastic
lesions and 89% to 100% of invasive cancers are endo-
scopically detectable. On the other hand, random biop-
sies visualize less than 0.05% of the total colonic mucosa
surface area, which does result in a high sampling error
when non-targeted biopsies samples are obtained from
flat (dysplastic mucosa). Targeted biopsies may represent
an alternative to randomly drilling mucosa. Newer imag-
ing technologies such as chromoendoscopy, magnifica-
tion endoscopy and confocal laser microscopy may
potentially enhance detection of dysplasia, which could
allow endoscopists to take fewer high-yield biopsies of
targeted abnormal mucosa '>%. All studies have con-
firmed an improved yield of surveillance colonoscopy by
dye spraying (e.g. methylene blue or indigo carmine).
When applied, random biopsies of apparently normal
mucosa had no additional value compared to targeted
biopsies obtained after dye staining of the mucosa 3133,

Dysplasia assessment: pathology-related issues (i.e.
inter-observer variation). The histology assessment of the
biopsy specimens (wherever obtained) is determinant in
the choice of patients’ management: ultimately, it is the
pathologist’s interpretation that distinguishes high-risk
from low-risk patients and he also triggers recommen-
dations for either continued surveillance or colectomy.

The histological spectrum of dysplasia is distinguished
in three categories: negative for dysplasia, indefinite for
dysplasia, and positive for dysplasia (distinguished in low-
grade [LG-D] or high-grade [HG-D]) °. Although this
system remains widely employed, it has several well-rec-
ognized limitations, including its poor intra- and inter-
observer variability (even among experts) **. In both

prospective and retrospective studies, the inter-observer
consistency in the histological assessment of dysplasia
ranged between 42% to 72% 34 In a more recent
study, Lim et al % found that the kappa inter-observer
coefficient between ten pairings of five GI-pathologists
ranged from 0.06 (acceptable) to 0.39 (unacceptable).
The best agreement obviously occurs when considering
the two extremes of the histological spectrum of the
lesions (no dysplasia wversus HG-D); the poorest diag-
nostic consistency covers the distinction of indefinite for
dysplasia versus LG-D, and LG-D versus HG-D >4,
Based on this lack of concordance, the Crohn’s and
Colitis Foundation of America consensus guidelines and
the U.S. Multisociety Task Force strongly recommend
that dysplasia, as assessed prior of any surgical treatment,
has to be confirmed by a second experienced gastroin-
testinal pathologist 204142,

Gross (endoscopy) features of dysplasia in IBD

A peculiar feature of IBD-dysplasia is its macroscopic
variability 3. Grossly, dysplasia is distinguished as flat or
elevated, depending on whether or not it corresponds to
an endoscopically visible lesion 284448, This distinction
(while difficult) is important because it does result in
different therapeutic strategies 4. Flat dysplasia is often
found in random biopsy specimens obtained from unre-
markable mucosa: as a consequence, its detection depends
on how “aggressive” is the random sampling of the
mucosa.

Dysplasia assessed in endoscopically elevated/visible
lesions has been referred as DALMs (dysplasia associat-
ed lesion or mass) “°°. DALM includes (endoscopical-
ly not amendable) single and/or multiple polyps, bumps,
plaques, velvety patches or nodules ! and it can eas-
ily be camouflaged among the gross inflammatory abnor-
malities encountered in IBD (which makes their endo-
scopic detection a challenge even for experienced prac-
titioners). More recently, the definition of adenoma-like
lesion or mass (ALM) or adenoma-like dysplasia (ALD)
has been proposed. ALM is applied to polypoid dyspla-
sia without adjacent flat component, endoscopically
indistinguishable from a sporadic (sessile or pedunculat-
ed) polyp 2% and completely removable by endoscopy.
Histology is not supportive in differentiating DALM ver-
sus. ALM and this distinction basically lies on the
endoscopy appearance % Separation of DALM from
ALM is important, as the former requires colectomy,
while the latter can be managed with polypectomy and
endoscopic surveillance .

The clinical impact of DALM came from the high rates
of synchronous cancers detected in DALM patients
undergone colectomy 45!, In 12 DALM-bearing colons,
Blackstone et al reported 7 cancers (5/7 with mild or
moderate dysplasia in the presurgical biopsies) 4. A sub-
sequent compilation of results from ten surveillance pro-
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grams reported 17 cancers among 40 colectomies per-
formed because of a DALM *°. It was concluded that
DALM is an indication for colectomy, irrespective of the
grade of dysplasia in preoperative biopsies.

In contrast to DALMs, ALM can be safely managed by
polypectomy with biopsies of the surrounding flat
mucosa *°. A study from The Mount Sinai Hospital in
New York reported that conservative management of 48
UC patients with a total 70 such polyps (3 of them with
high-grade dysplasia) did not result in any adverse out-
come during a mean follow-up period of 4.1 years 52
Similar conclusions were achieved in a concurrent study 3,
further confirmed upon longer follow-up *°.

It is important to realize that the burden of deciding
whether a polyp qualifies as adenoma-like rests with the
endoscopist. The differentiation of ALM, DALM and
inflammatory polyps has now been tested endoscopical-
ly. The recent paper from Farraye ez al. showed that even
the expert gastroenterologists have difficulty in differen-
tiating the above-mentioned categories 7.

Histology (microscopic features of dysplasia in IBD)

Dysplasia is synonym of intraepithelial or non-invasive
neoplasia (unequivocal neoplastic epithelium confined to
the basement membrane, with no invasion into the lam-
ina propria) °. Dysplasia basically consists of two con-
curring alterations: disturbed architecture and cytological
atypia *%8. Theoretically, similar criteria should be con-
sistently applied in the assessment of dysplasia of both
sporadic polyps (adenomas) and in IBD setting. This is,
however, only partially true; in fact, in grading dyspla-
sia as part of a sporadic adenomas, the architectural cri-
terion is largely prevalent, while both cytology and archi-
tecture are involved in the assessment and grading IBD-
dysplastic lesions.

Regardless of the endoscopic appearance of a lesion (i.e.
raised or flat), the histological criteria for reporting dys-
plasia in IBD are basically the same %458, The histo-
logical classification of dysplasia in IBD is based on
Riddell et al.’s 1983 consensus report. In this seminal
study, the Authors proposed classifying biopsy specimens
into 5 categories: negative for dysplasia (which implies
normal mucosa or mucosa with regenerative changes);
indefinite for dysplasia; and positive for low-grade dys-
plasia (LG-D), high-grade dysplasia (HG-D), or invasive
cancer . Although they recommended a further subdi-
vision of the indefinite category (probably negative, prob-
ably positive, unknown), many pathologists regard this
as optional. It is generally believed that Ca-CRC occurs
through a progression from normal mucosa, to LG-D,
HG-D, and then finally to cancer 3. However, this clas-
sification in detecting and predicting CRC is not as reli-
able as one would expect, as LG-D can proceed to (or
coexists with?) CRC without going through the HG-D
phase.
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Dysplasia is a combination of cytological (nuclear and
cytoplasmic) and architectural abnormalities. The nuclear
changes include hyperchromasia, nuclear pleomorphism
(variability in the size/shape), prominent nucleoli, high
nuclear-cytoplasmic ratio, crowding, stratification, and
excessive and/or atypical mitoses. The cytoplasm is most-
ly basophilic and there is a reduction in (or absence of)
goblet cell mucin, a feature similar to that seen in imma-
ture basal crypt epithelium. The maturation gradient of
colocytes (typical of non-dyplastic cripts) is not featured
by dysplastic epithelia, which are consistently monomor-
phic along the entire crypt axis. Architectural features
include villiform surface and crypt budding, branching,
and crowding (the latter commonly referred as a “back-
to-back” growth pattern). The irregularity of the crypts’
contour and the presence of intraluminal bridges (“crib-
riforming”) are additional architectural features.

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) epithelium can undergo impresswe reac-
tive changes that may mimic some of the “atypical”
features of dysplasia. The presence of surface matura-
tion is the most characteristic feature of non-dysplas-
tic “regenerating” epithelium 7.

Indefinite for dysplasia. In the setting of active inflam-
mation/ulceration, regenerating epithelia may show
atypia difficult to distinguish from true dysplasia: these
features may be appropriately labelled as “indefinite for
dysplasia”. In the everyday diagnostic practice, this
diagnostic category is most frequently applied when:
a) technical issues (sectioning or staining) limit the
interpretation of cytologic/architectural abnormalities;
b) in cases of severe atypia coexisting with inflamma-
tion/ulceration; ¢) when dysplasia-like changes are only
focal and/or restricted to in the crypt bases. The preva-
lence of indefinite for dysplasia lesions is basically pro-
portional to the confidence that the pathologist has in
dealing with IBD, and that’s why it is generally rec-
ommended to confirm any potential diagnosis of dys-
plasia by the second opinion of an experienced IBD
pathologist #20.

Low-grade dysplasia. In LG-D, crowded glands with
minor size/shape abnormalities are basically similar to
that seen in tubular adenomas. Dysplastic epithelium
usually does not show surface maturation. Dysplastic
cells have large cigar-shaped, basally orientated (i.e.
limited to the basal half of the cell cytoplasm, with-
out full thickness stratification) hyperchromatic nuclei.
The cytoplasms are mucin-depleted and hypere-
osinophilic. Mitotic figures may be prominent, but atyp-
ical mitotic figures are usually few 7.

High-grade dysplasia. In HG-D, both architectural dis-
arrangement and cells atypia are prominent. Major archi-
tectural abnormalities of the glands (complex crypt bud-
ding, branching or a back-to-back growth pattern) are
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usually present. Cystic change, villiform surface, and crib-
riforming can also be present. Cells consistently feature
higher N/C, full-thickness nuclear stratification, loss of
polarity, and nuclear pleomorphism. Mitoses are
increased in number and often atypical (even at surface
epithelium level). In some instances, high-grade nuclei
are rounded, but nucleoli are always easy detectable and
chromatin is “malignant” 606162,

Low-grade dysplasia versus high-grade dysplasia.
Histology should assess dysplasia according to its most
atypical component, but even detailed description do not
prevent a significant inter-observer variability: even
among GI pathologists, different perceptions of “cells
atypia”, “disturbed architecture”, “cells differentiation”
may result in inconsistent assessments. An adjunctive
controversy regards the proportion of high-grade dys-
plastic crypts needed to upgrade a particular biopsy from
low- to high-grade *%. The IBD Dysplasia Morphology
Study Group only suggests that a biopsy should not be
considered high-grade “based solely on the presence of
high-grade dysplasia in one or two crypts” ?, but how
prevalent have to be the high-grade changes to promote
a case from low- to high-grade is not established. Thus,
the histological assessment of LG-D wversus HG-D still
remains largely subjective. As a consequence, the prog-
nostic significance of the extent of dysplasia, both low-
and high-grade, are unknown 7.

Intramucosal & invasive adenocarcinoma. Carcinoma is
defined by true spreading of neoplastic cells beyond the
basal membrane of the dysplastic crypts. Cancer cells
invading the lamina propria or the muscularis mucosa are
both defined as “intramucosal carcinoma”; in “submu-
cosal carcinoma”, cancer cells are unequivocally detected
in the submucosal layer. The foci of early invasive ade-
nocarcinoma often consist of small glands, single neo-
plastic clusters or isolated cancer cells. Infiltrating glands
are variable in size and shape and may show intralumi-
nal necrosis; peri-glandular desmoplasia is considered a
reliable feature of invasive cancer and it is usually asso-
ciated (at least) with submucosal extension 7.

Dysplasia as cancer predictor

In 1949, Warren and Sommers first suggested that UC-
associated dysplasia was a cancer precursor ®3. Since then,
growing evidence has unequivocally demonstrated that
dysplasia is not only a precursor, but also a marker for
co-existing CRC . Carcinogenesis in IBD does not
always follow a sequential progression from LG-D to
HG-D, and eventually to cancer ?4. Ullman et al ® pro-
duced evidence that cancer can arise in patients with no
prior dysplasia, or without first progressing from LGD
to HGD. CRC arising in IBD is often multifocal and
more aggressive than the sporadic variant 40067 Of
course, in IBD patents sporadic non-IBD-related-cancer
may occur coincidentally 4638,

Flat low-grade dysplasia. A number of studies refers that
16-54% of flat LG-D progress into more advanced
lesions (either HGD or CRC) during a 5-year follow-
up 437656871 Among patients who underwent urgent
colectomy for flat LG-D, the prevalence of coexisting
HG-D/CRC has been found in 16%-34% of the surgi-
cal specimens; additionally, patients undergoing colecto-
my for flat LG-D were found to have much more
advanced pathology on surgical specimens #°%572, In the
most recent meta-analysis, flat LG-D was found to be
associated with a 9-fold increased risk of developing CRC
(OR: 9.0, 95% CI: 4.0-20.5) and a 12-fold risk of devel-
oping advanced neoplasia (HDG or CRC) (OR: 11.9,
95% CI: 5.2-27) compared to no dysplasia. The posi-
tive predictive value of CRC for patients with flat LG-
D was 22% 73. It is also worth noting that in one study,
unifocal LG-D was as likely to progress to HG-D or can-
cer as was multifocal LG-D .

Flat high-grade dysplasia. In systematic reviews, 42% to
67% of patients undergone immediate surgery for flat HG-
D were found to have CRC on colectomy specimens 474,
In Bernstein’s experince, 32% of patients found to have flat
HG-D after the initial colonoscopy developed cancer .
Raised dysplasia. In Bernstein et al.’s review of ten prospec-
tive studies, 43% of patients who had colectomy for
DALM had coexisting CRC (regardless of the grade of
dysplasia in the DALM) *°. Others have reported rates of
coexisting CRC of 31% and 65% in the presence of
DALMs 474,

Indefinite for dysplasia. The clinico-pathological behav-
iour of “indefinite for dysplasia’ lesions is poorly stud-
ied. In his review, Bernstein found that 28% of these
cases progressed to HG-D and 9% to cancer *°. Among
56 patients with “indefinite” lesions and followed up for
5 years, 9% progressed to HG-D or to CRC; the pro-
gression rate was intermediate between patients with no
dysplasia and those with LG-D 7.

No dysplasia. IBD patients with no dysplasia have the
lowest rates of cancer progression. In Bernstein’s review,
these subjects showed a risk of developing HG-D or can-
cer lesser than 2.5% °°. Among 311 non dysplastic UC
patients followed up for 5 years, Ullman et al. reported
a 1.1% incidence of colorectal 7. Lim et al. showed that
4% of UC patients with no dysplasia developed HG-D
or CRC after 10 years of follow-up .

Occurrence and location of CRC-associated dysplasia

More than 90% of cancers arising in IBD coexist with
dysplasia 727677, which is mostly found adjacent to car-
cinomas. Dysplasia may be also located distant from the
invasive adenocarcinoma 7%7% and it may be isolated or
multifocal (rarely diffuse) 727677

Distant dysplasia may occur in any portion of the colon
in IBD, but often parallels the same colonic segment of
cancer 727678,
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Riassunto

La prevenzione secondaria del Carcinoma Colo-Rettale
(CRC) associato a Malattia Infiammatoria Cronica
Intestinale si basa sull'identificazione istologica della
displasia la quale , rappresentando il marcatore di un
aumentato rischio di sviluppo neoplastico, identifica un
sottogruppo di pazienti candidati ad un pil stretto pro-
gramma di sorveglianza. Nella pratica clinica, diversi fat-
tori possono influenzare e condizionare il beneficio di
tale sorveglianza interferendo con l'identificazione della
displasia, in modo particolare errori di campionamento,
durante la fase endoscopica, valutazione istologica ina-
deguata e scarsa aderenza del paziente al programma stes-
so. Cid nonostante I'applicazione di protocolli per la sor-
veglianza endoscopico-bioptica della displasia si ¢ dimo-
strata efficace nel ridurre morbidita e mortalita dei
pazienti con CRC associato ad IBD. Questo manoscrit-
to tratta gli aspetti legati allidentificazione e valutazio-
ne istologica delle lesioni displastiche IBD-associate.
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