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A B S T R A C T

Background: Patients with inflammatory bowel disease (IBD) – ulcerative colitis (UC) and Crohn’s disease (CD)
have an elevated risk of developing colorectal carcinoma (CRC). Major risk factor in IBD patients is the continuous
chronic inflammation leading to development of dysplasia and carcinoma. Nevertheless, other types of non-con-
ventional but suspicious mucosal changes serrated change/dysplasia, NOS and villous hypermucinous change,
have also been reported in IBD patients. Preneoplastic potential of these lesions is still not well elucidated.
Aims: The aim of this study was identification of IBD-associated CRCs focusing on finding related precursor
lesions in the surgical specimen or in archival biopsy samples followed by a detailed morphological, im-
munohistochemical and molecular evaluation. For the purpose of the study the mucosal lesions were divided
into conventional IBD-associated dysplasia and non-conventional lesions that were merged under a provisory
term of putative preneoplastic lesions (PPL).
Methods: A total of 309 consecutive IBD colectomy specimens diagnosed during a 10-year period were reviewed.
Detailed morphological evaluation, immunohistochemical analysis of mismatch repair (MMR) proteins, p53 and O6-
methylguanine DNA methyltransferase (MGMT) expression and molecular analysis for KRAS, NRAS and BRAF gene
mutation were performed in the retrieved CRC cases as well as in the detected dysplasia and PPLs of these patients.
Results: We identified 11 cases of morphologically heterogenous IBD-associated CRCs, occurring in 5 males and
6 females, aged 26–79 years (mean 44 years). A total of 22 mucosal lesions were revealed in 8 CRC patients
comprising conventional IBD-associated dysplasia (4 lesions), PPLs as serrated change/dysplasia NOS (11 le-
sions), villous hypermucinous change (5 lesions), and two true serrated lesions (one sessile serrated adenoma
and one traditional serrated adenoma). More than one type of lesion was found in 6 patients. Seven CRC cases
harbored mutation of KRAS/NRAS and one case of BRAF. Two patients with KRAS-mutated CRC showed the
same mutation in PPL in the same specimen (one serrated change NOS and one TSA with high-grade dysplasia).
Similarly, one BRAF-mutated carcinoma case presented the same mutation in serrated change/dysplasia, NOS in
the same specimen. Of the CRCs, two showed deficient MMR system profile, six presented with loss of MGMT
expression, and six showed aberrant p53 expression. PPLs showed deficient MGMT expression (14 cases) and
aberrant p53 (10 cases) as well.
Conclusion: IBD-associated CRCs are very heterogeneous entities. Besides conventional IBD-related dysplasia,
other types of mucosal lesions may be associated with long lasting IBD and CRC e.g. villous hypermucinous
change and serrated change/dysplasia, NOS. Since these lesions share certain genetic or immunohistochemical
changes with the related CRC, a suspicion is raised that these lesions may also have preneoplastic potential.
Awareness of these changes is necessary to prevent their missing and under-reporting, and further studies of
these lesions should be carried out.
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1. Introduction

Patients with inflammatory bowel disease (IBD) – ulcerative colitis
(UC) and Crohn’s disease (CD) have an increased risk of developing
colorectal carcinoma (CRC). The risk increases with the duration of the
disease and with anatomical extent of the disease [1,2]. Carcinoma
development is principally a result of a pro-neoplastic effect of chronic
intestinal inflammation leading to dysplastic changes in the epithelium.
Traditionally, it is classified as colitis- or IBD-associated dysplasia (in-
traepithelial neoplasia) and fulfilling yet established histological cri-
teria of conventional dysplasia and divided into three categories – ne-
gative for dysplasia, indefinite for dysplasia and positive for dysplasia
(low-grade and high-grade) [3]. Recently, new approach has been
adopted by the gastroenterologists dividing mucosal lesion into en-
doscopically visible (polypoid/elevated or non-polypoid/flat/sessile/
depressed) and invisible. Invisible lesions are diagnosed by a patholo-
gist microscopically in otherwise endoscopically unsuspicious mucosa.
Type of lesion and grade of dysplasia then influences surveillance or
treatment options according to the valid guidelines [4–7]. Probably due
to improving detection of the IBD-associated dysplasia and surveillance
programs the annual incidence of adenocarcinoma in IBD patients is
decreasing [8–10]. Nevertheless, there are still patients who develop
adenocarcinoma in the setting of IBD without previous signs of con-
ventional IBD-related dysplasia. Certain mucosal lesions that can re-
present a potentially pre-neoplastic change for CRC have been currently
reported in several studies under variable terms including villous hy-
permucinous change [11], hyperplastic-like change [12] or serrated
(epithelial) change, NOS and serrated dysplasia [12–17]. These lesions
in general does not fulfil histological criteria of established diagnostic
entities as hyperplastic polyp (HP), sessile serrated adenoma/polyp
(SSA/P) or traditional serrated adenoma, however, these true serrated
lesions are described in IBD-patients as well suggesting the possibility of
serrated pathway involvement in IBD-associated CRC development
[14–16].

The aim of our study was retrieval of cases of IBD-related CRC from
our institution archives and apart from reviewing their morphology and
prognostic factors the main focus was put on finding any possible
precursor lesions in direct association with the tumor in surrounding
mucosa as well as in additional samples from surveillance endoscopy.

2. Materials and methods

2.1. Clinicopathological data

A systematic review of the surgical pathology files at The Fingerland
Department of Pathology (University Hospital Hradec Králové, Czech
Republic) revealed a total of 309 IBD colectomy specimens diagnosed
between January 2006 and December 2016. The in-house index system
combining organ specific location and diagnosis including combina-
tions was used to retrieve the files. Diagnosis of IBD was established
either in previous endoscopical biopsies or from the colectomy spe-
cimen itself based on valid histopathological criteria and clinical

correlation. For the purpose of this study, only cases with IBD-asso-
ciated CRC were selected. In every patient, gender, age at the time of
CRC diagnosis, type (ulcerative colitis vs. Crohn´s disease) and duration
of IBD, tumor localization, grade and pathological TNM (according to
AJCC 7th edition TNM staging) were retrieved from the request form
and clinical information system and recorded [18]. Morphological
characteristics of CRC together with histological prognostic factors in-
cluding invasion to lymphatic and blood vessels, perineural invasion,
type of tumor border configuration and tumor budding were docu-
mented as well. Tumor budding was evaluated according to the re-
commendations of International Tumor Budding Consensus Conference
(ITBCC), except in one patient (case 11) who underwent neoadjuvant
chemoradiotherapy [19]. The number of sampled and available blocks
for each CRC specimen was recorded. All biopsies from IBD-associated
CRC patients’ history were also reviewed and searched for precursor
dysplastic lesions or other mucosal changes, with particular focus on
serrated change/dysplasia, NOS, and villous hypermucinous change.
Presence of IBD-associated dysplasia and other mucosal changes was
evaluated separately depending on the location of the lesion either in
adjacency to the CRC, usually in the same slide as cancer, or distant
from the CRC in sections of non-neoplastic mucosa or in other archival
samples and biopsies. Paraffin blocks for further analyses were avail-
able in all cases. Samples containing carcinoma and other mucosal le-
sions were submitted for immunohistochemical and molecular analysis.

2.2. Immunohistochemical staining

Immunohistochemical staining of MLH1, PMS2, MSH2, MSH6, p53,
and MGMT was performed and evaluated (Table 1). Im-
munohistochemistry was performed from a representative formalin
fixed paraffin embedded (FFPE) tissue blocks. For im-
munohistochemical staining, 2 μm sections were deparaffinized and
rehydrated. After antigen retrieval, the sections were incubated with
primary antibody (MLH1, PMS2, MSH2, MSH6, and p53) using auto-
mated staining system (BenchMark Ultra, Ventana Medical Systems,
Tuscon, AZ, USA). The detection of MGMT was processed manually-
antigen retrieval was performed using the target retrieval buffer at pH
9.0 (buffer K8007; DAKO Denmark, Glostrup, Denmark) in a water bath
for 40min at 97 °C. Endogenous peroxidase activity was inhibited by
immersing the sections in Envision FLEX peroxidase-blocking reagent
(RTU, K8010, DAKO-Denmark, Glostrup, Denmark). The slides were
incubated with primary antibody (MGMT, dilution 1:50, 32min). Fi-
nally, the sections were incubated with EnVision FLEX/HRP (RTU,
Dako Denmark, Glostrup, Denmark) and the reaction was visualized
using EnVision FLEX DAB (diaminobenzidine, Dako-Denmark,
Glostrup, Denmark). The slides were counterstained with hematoxylin.

Nuclear expression of all 4 MMR markers (MLH1, PMS2, MSH2,
MSH6) was considered an MMR proficiency. Loss of any of the 4 MMR
markers in the nuclei of the neoplastic cells was considered as MMR
deficiency. MGMT nuclear expression was evaluated and scored for the
intensity of staining (0 – no staining, 1 – weak staining, 2 – moderate
staining, 3 – strong staining). MGMT expression was evaluated as

Table 1
List of antibodies and suppliers.

Primary antibody Supplier Species/type Dilution Refference/Clone

MLH1 Zytomed mouse/monoclonal ND G168-15
PMS2 Roche/Ventana rabbit/monoclonal ND EPR 3947
MSH2 Cell Marque mouse/monoclonal 1:100 G219-1129
MSH6 Cell Marque rabbit/monoclonal 1:100 SP93
p53 Roche/Ventana mouse/monoclonal ND Bp53-11
MGMT ThermoFischer mouse/monoclonal 1:50 MT3.1

Abbreviations: ND - not diluted.
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present (score 2 or 3) or lost (0 or 1) as reported in the study of Svrcek
et al. [20]. Loss of MGMT expression was assigned if at least 50% of
neoplastic cells were scored 0/1. The p53 expression was interpreted as
normal (corresponding to the wild-type status of the gene) when weak
or moderate unevenly distributed positivity was present vs. mutation-
type when strong diffuse positivity or complete loss of staining was
seen. All staining results were compared with external control tissue on
slide or with internal control staining pattern in surrounding tissues.

2.3. Molecular genetic analysis

All samples with CRC as well as with precursor lesions were tested
for KRAS, NRAS and BRAF mutational status. For molecular testing,
5 μm thick tissue sections from FFPE blocks were prepared. DNA was
isolated using MagCore Genomic DNA FFPE One-Step Isolation Kit (Rbc
Bioscience, New Taipei, Taiwan) and automated nucleic acid extractor
MagCore HF 16 according to the manufacturer’s manual. The amount of
extracted DNA was measured with dsDNA Broad Range Assay Kit
(Invitrogen Qubit, ThermoFisher Scientific, Waltham, MA, USA).

For KRAS and NRAS mutation detection, AmoyDx® KRAS and NRAS
Mutation Detection Kit (Amoy Diagnostics) was used and DNA samples
were then analyzed with real-time PCR system Cobas Z 480 (Cobas/
Roche Molecular Diagnostics). Using these kits, we were able to ex-
amine KRAS exon 2 (G12D, G12 A, G12 V, G12S, G12R, G12C, G13D,
G13C), exon 3 (A59 T, Q61 K, Q61 L, Q61R, Q61 H) and exon 4
(K177 N, K177 A, A146 T, A146 V and A146 P) mutations and NRAS
exon 2 (G12D, G12S, G12C, G12 V, G12 A, G13D, G13R, G13 V), exon 3
(A59D, Q61R, Q61 K, Q61 L, Q61 H) and exon 4 (K117 N(G > C/T,
A146 T) mutations. Analytical sensitivity of the RAS tests is the detec-
tion of 2% mutant alleles on the wild-type background.

For BRAF mutation detection, BRAF StripAssay (ViennaLab
Diagnostics, Vienna, Austria) PCR amplification method with reverse
hybridization of the product was used. Results for hybridization on a
strip was evaluated by naked eye according to the manufacturer’s
protocol. This test covers BRAF V600 A, V600D, V600E
(c.1799 T > A), V600E (c.1799_1800TG > AA), V600 G, V600 K,
V600M, V600R and K601E mutations. Analytical sensitivity of the test
is the detection of 1% mutant alleles on the wild-type background.

3. Results

3.1. Patient characteristics

We have identified 11 cases of IBD-associated CRC in a cohort of
309 IBD patients with surgical specimen available, diagnosed during a
10-year period. The patients were 6 females and 5 males, aged 26–79
years (median 42 years; mean 45 ± 15 years). The youngest patient
with carcinoma was 26 years old and 6 other patients were younger
than 45 years.

Ulcerative colitis was diagnosed in 8 patients and Crohn’s disease in
3 patients. Mean age of patients at the time of the IBD diagnosis was
33 ± 16 years (range 7–79 years, median 24 years). There was a total
of 4 patients diagnosed in the pediatric age group (below 18 years of
age) and a total of 7 patients diagnosed with IBD below the age 40 years
(Montreal classification A2).

3.1.1. IBD-associated carcinoma characteristics – time to diagnosis,
location and staging

Duration of the IBD preceding development of CRC ranged 0–31
years (median 15 years; mean 15 ± 10 years). The carcinoma devel-
oped over a long period of time following the diagnosis of IBD in most
patients. In two patients (cases 4 and 11) the diagnosis of IBD and
carcinoma was concurrent and in two patients (cases 1 and 10) IBD was
diagnosed only 10 and 13 months before the carcinoma occurred. The
data are summarized in Table 2.

Most of the tumors (7 out of 11) were localized in the left colon and

rectum, followed by transverse colon, caecum and ascending colon.
Regarding IBD type, in 5 UC patients the carcinoma affected recto-
sigmoid area and in one each caecum, transverse colon, and ascending
colon, respectively. One CD-related CRC was localized in transverse
colon and two cases occurred in splenic flexure. Regarding the clinical
staging, 2 cases were stage I, 4 cases stage II, and 5 cases stage III. Four
cases showed extensively infiltrative disease pT4 and 5 CRCs developed
lymph node metastases.

3.1.2. Morphological characteristics of the IBD-associated carcinomas
(main histomorphological characteristics are summarized in Table 3)

While most of the cases were adenocarcinomas, NOS, there was a
significant intratumoral heterogeneity in individual cases. Tumor grade
according the WHO histological criteria could be evaluated in ten out of
11 cases [21]. One case could not be graded due to previous neoadju-
vant chemoradiotherapy (case 11) and unavailable pretreatment en-
doscopical biopsy sample. Most of the carcinomas were grade 2 (6 out
of 10) with variable proportion of tubular and cribriform growth pat-
tern. There were two well differentiated CRC and two high-grade (grade
3) CRC cases. Two grade 1 carcinomas (case 1 and 5) shared certain
morphological patterns both being composed of well differentiated
glands with cuboid or cylindric cells with pale cytoplasm reminding of
gastric-like foveolar appearance. Gastric differentiation was proved by
at least partial immunohistochemical expression of MUC5AC and MUC6
in neoplastic cells.1 Mucinous carcinoma was present in 3 cases as a
minor portion (20–30%), and in one case as a major component (over
60%). One case (case 3) showed poorly cohesive/signet ring cell car-
cinoma component, combined with mucinous and cribriform pattern
with comedo-type necrosis.

Eight CRCs showed invasion into lymphatic vessels, all presenting
with the extramural type of invasion and four of them also with in-
tramural lymphatic invasion. Blood vessel invasion was seen in three
cases. There were three carcinomas (cases 6, 8 and 9) displaying peri-
neural invasion. All of them showed very prominent infiltration of the
myenteric plexus giving the tumor a horizontal spread pattern (Fig. 1).

Eight tumors featured no or low level of tumor budding (Bd1), even
when showing an infiltrative type of tumor border configuration. Two
cases were classified in intermediate Bd2 and high Bd3 category, re-
spectively (Fig. 2).

3.2. Characteristics of IBD-associated dysplasia and putative preneoplastic
lesions (PPL)

Overall, 22 mucosal lesions were found in 8 CRC patients. For the
purpose of this study only lesions from CRC patients are described and
evaluated. We have found PPLs and IBD-associated dysplasia in non-
CRC cases as well, but these results are going to be evaluated and
published separately.

Epithelial mucosal changes were noted both in the same slide in
mucosa directly adjacent to the adenocarcinoma as well as in areas
distant from the CRC sampled primarily for non-neoplastic mucosa
assessment. There were 4 cases of CRC with severe ulceration and the
adjacent mucosa could not be evaluated for precursor lesions.

Precursor IBD-associated dysplasia of conventional type meeting
the definition criteria of unequivocal neoplastic alteration of the epi-
thelium [3,16] was found in four cases. Flat dysplasia was more
common (3 cases) than elevated dysplasia (1 case) (Fig. 3).

Regarding PPL lesions, these were found directly adjacent to the
CRC as well as at the distant mucosa. Most common of these lesions was

1 Additional immunohistochemical testing of MUC5AC and MUC6 was per-
formed upon request of one of the reviewers. Primary antibody MUC5AC (clone
MRQ-19, Ventana, Tuscon, AZ, USA) and MUC6 (clone CLH5, Novocastra, Leica
Biosystems, Newcastle upon Tyne, UK) were used. Since these stainings were
not part of the study evaluation, they are not included in the methods section.
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serrated epithelial change/dysplasia, NOS characterized by pre-
dominantly superficial mucosal serrations in otherwise flat or slightly
elevated mucosa. There was variable loss of mucin in goblet cells, cy-
toplasmic eosinophilia and bland or mildly enlarged nuclei (Fig. 4).
Unfortunately, criteria for dysplasia evaluation in these lesions are
missing and thus we have merged all lesions under the descriptive term
of serrated change/dysplasia, NOS. Serrated change/dysplasia, NOS
was found three times in the mucosa directly neighboring the CRC with
direct transition to invasive carcinoma (cases 6, 8 and 9) (Fig. 5). Other
7 lesions were found at the distant mucosa of the same specimen and
one lesion in additional endoscopical biopsy.

The second most common PPL lesion was villous hypermucinous
change with formation of rather sessile and slender villous mucosal
projections with abundance of intracellular mucin in enterocytes with
variably sized vacuoles giving the lesion a frothy and very pale ap-
pearance Nuclei were small, round, commonly vesicular, basally lo-
cated and without prominent mitotic activity. This lesion was found in
5 samples. In 3 CRC cases it was found in adjacent mucosa with direct
transition to invasive carcinoma (case 1, 5 and 7) (Fig. 6). Two other
lesions were found in mucosa distant from CRC.

There were also two true serrated lesions/polyps present in the
chronically inflamed mucosa; sessile serrated adenoma (SSA) in case 6
and traditional serrated adenoma (TSA) with high-grade dysplasia in
case 11. Both of these lesions were distinguished from PPLs based on
histology fulfilling current diagnostic criteria for SSA and TSA respec-
tively. Both of the lesions were sharing the same KRAS mutation with
the carcinoma.

More than one type of mucosal lesion was found in 6 patients
combining IBD-associated dysplasia with serrated change/dysplasia (4
cases) or with serrated and villous hypermucinous change (2 cases).

3.3. Immunohistochemical staining – MMR status, p53 and MGMT
expression in carcinoma, IBD-associated dysplasia, and PPLs

Immunohistochemical staining for DNA mismatch repair proteins
showed 2 CRCs with defective MMR status. One patient (case 1) pre-
sented with isolated loss of MSH6 in CRC as well as in villous hy-
permucinous change adjacent to the carcinoma. One patient (case 2)
showed concurrent loss of MLH1 and PMS2 staining in CRC. Ten PPL
samples, 9 with serrated dysplasia/change, NOS and one with villous
hypermucinous change showed downregulation of MLH1 expression in
the superficial serrated area of the lesion, while in the basal cells of the
crypts the staining was retained.

There were 6 CRCs with either complete loss (cases 3, 4) or over-
expression of p53 (cases 7, 8, 9, 11) and 5 cases with normal expression
pattern. Out of all 22 precursor lesions a total of 11 samples showed an
abnormal expression of p53 including IBD-associated dysplasia (3 out of
4). Two cases of serrated change/dysplasia, NOS shared the aberrant
expression of p53 with adjacent carcinoma.

There were six CRC cases (cases 1, 2, 5, 6, 7, 9) with loss of MGMT
expression, while the remaining tumors showed strong diffuse ex-
pression. Three CRC cases with MGMT loss showed mutation in KRAS
gene (cases 1, 2, 6) and one in BRAF gene (case 7). MGMT was evaluated
as lost in 14 PPLs and seen only in the patients with lost MGMT ex-
pression in the carcinoma. Loss of MGMT expression was seen in 9
serrated change/dysplasia, NOS lesions, in all 5 villous hypermucinous

changes, and in 2 flat IBD-associated dysplasias. Two cases of serrated
change/dysplasia, NOS with MGMT loss showed either BRAF mutation
(case 7) or KRAS mutation (case 6) as well. Data are summarized in
Table 4.

3.4. Molecular analysis of KRAS, NRAS and BRAF

Molecular analysis was performed in all CRC samples as well as in
all precursor lesions samples. Overall, 6 cases of CRC harbored muta-
tion of KRAS only (cases 1, 2, 4, 8, 10, 11), one case of both KRAS and
NRAS (case 6) and one case of BRAF only (case 7). Three cases were
wild-type in all examined genes (cases 3, 5, 9).

Three mutated carcinoma cases with KRAS (cases 6, 11) and BRAF
(case 9) mutations harbored identical mutation in other sample taken
from the same resection specimen (cases 6, 9, 11). Morphologically,
these were serrated change, NOS (case 6, 9), and TSA with high-grade
dysplasia (case 11). In two patients (cases 7, 11), there were also other
samples with wild-type status, both representing serrated change/dys-
plasia, NOS.

Three patients presented with mutation in carcinoma only (all
KRAS) without mutation in another sample from the same specimen
(cases 1, 4, 8). These samples included villous hypermucinous change
(case 1) and serrated change/dysplasia, NOS (cases 4, 8).

Interestingly, there was one patient (case 5) in whom carcinoma
showed wild-type profile but an additional sample from the same spe-
cimen with serrated change, NOS, harbored BRAF V600E mutation.
Comparison of mutational status in CRC, PPLs and dysplasia is sum-
marized in Table 5.

4. Discussion

We identified 11 cases of IBD-associated CRC in a period of 10 years
among 309 retrieved resected IBD cases. In general, we have observed
morphological heterogeneity in the CRC morphology as deceptively
bland appearing CRC with gastric differentiation (case 1 and 5), mu-
cinous differentiation or unusual form of perineural spread of the tumor
within a myenteric plexus.

Most interesting feature revealed in our series was direct association
of CRC not only with conventional IBD-dysplasia but also with other
PPLs overall in 7 patients. Despite the fact, that IBD-associated dys-
plasia (intraepithelial neoplasia) has been regarded as the main pre-
cursor lesion for CRC in IBD patients [4–7] we have identified only
three flat and one elevated IBD-associated dysplasia in our cases.
Moreover, none of these lesions were actually detected during the
surveillance endoscopy and were revealed at the time of CRC diagnosis
in the resection specimen.

We have seen three cases of villous hypermucinous change in the
mucosa adjacent to the CRC (case 1, 5, and 7). Two of the associated
CRCs were morphologically very similar with gastric-like appearance.
CRC in case 1 shared a loss of MGMT expression with the associated
PPL. CRC in case 5 was wild-type for KRAS, NRAS and BRAF but the
associated villous hypermucinous lesion exhibited BRAF V600E muta-
tion. Carcinoma from case 7 shared same BRAF mutation with adjacent
PPL.

The possible link of villous hypermucinous change and UC was
suggested already in 1999 by Andersen et al. [11]. They evaluated 161

Table 2
Age of patients at IBD and CRC diagnosis and duration of the IBD.

Age Mean Median

at the IBD diagnosis 7–79 years 33 (± 16) years 24 years
at the CRC diagnosis 26–79 years 45 (± 15) years 42 years
Duration of the IBD to the diagnosis of CRC 0–31 years 13 (± 10) years 15 years

Abbreviations: CRC - colorectal carcinoma; IBD - inflammatory bowel disease.
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microdissected samples from 13 UC patients who underwent procto-
colectomy either for persisting dysplastic changes or CRC. They found
13 such lesions in the set studied. Sixty-one percent of the lesions
carried a KRAS mutation and were suggestive of potential risk lesion in
UC patients. A morphologically very similar lesion was described in
2000 by Kilgore et al. [12] in Crohn’s disease patients.

Similarly, we have seen three cases of CRC with adjacent serrated

changes and dysplasia (case 6, 8 and 9). Two of these lesions shared
the same mutation in KRAS and BRAF with the related CRC, respec-
tively. One lesion shared overexpression of p53 with the CRC.

Serrated changes and neoplasias were described in UC-related CRC
by Rubio [13] as well as by Bossard et al. [14] in 2007. In a set of 96
colectomies, Rubio found serrated growth pattern in 12% of lesions
described as UC-adenomatous growth and in 29% of lesions they called
it UC-adenomas. Bossard et al. reviewed 36 patients and identified a
hyperplastic polyp and traditional serrated adenoma both of them with
BRAF V600E mutation. Srivastava et al. published in 2008 three pa-
tients with multiple serrated lesions in a setting of IBD and compared
them with findings in hyperplastic/serrated polyposis syndrome. [15]

Regarding DNA mismatch repair gene status, we have found MMR
deficiency in 2 carcinomas (case 1 and 2). MMR deficiency is often
discussed in IBD-related carcinomas and by reports it is detected in
about 10% of the cases. [22,23]. The mechanisms of underlying MMR
deficiency in IBD-associated CRC seems to be different from sporadic
CRCs and are more closely related to the type of molecular defects
found in hereditary MSI-H tumors associated with Lynch syndrome
[20,23–25]. The MSI deficiency in one of our patients (case 2) was
actually proved to be of germline origin and the patient fulfilled criteria
for Lynch syndrome according to the Amsterdam and revised Bethesda
criteria and molecular testing in other family members as well [26,27].
Interestingly, the villous hypermucinous lesion related to the CRC in
case 1 showed similar MMR deficiency as the related CRC.

Results of MGMT expression were eventually rather controversial
than expected. MGMT loss of expression seen in 6 cases of IBD-asso-
ciated CRC and it was also present in 16 precursor lesions mainly in the
PPL group. As shown by some authors [15,20,28], loss of MGMT
function and expression is seen in sporadic as well as in IBD-related and
inherited types of CRC and can be found also in the surrounding non-
neoplastic and inflammatory mucosa suggesting that the MGMT me-
thylation can precede other transformational molecular changes. In
carcinomas, a strong association between MGMT loss and MSI but not
KRAS or BRAFmutations is reported [20]. Nevertheless, we have seen 3
cases with KRAS mutation (cases 1, 2, 6) and one case with BRAF

Fig. 1. Myenteric perineural spread with prominent horizontal growth pattern,
HE 40x.
HE – haematoxylin-eosin.

Fig. 2. Hotspot of tumor budding with 20 buds in field area of 0,785mm2

belonging to Bd3 category, HE 200x.
HE – haematoxylin-eosin; IBD – inflammatory bowel disease.

Fig. 3. Flat IBD-related high-grade dysplasia, HE 100x.
HE – haematoxylin-eosin; IBD – inflammatory bowel disease.

Fig. 4. Serrated change/dysplasia, NOS, distant from CRC, HE 100x.
HE – haematoxylin-eosin; CRC – colorectal carcinoma.

Fig. 5. Serrated change/dysplasia, NOS, adjacent to CRC, HE 100x.
HE – haematoxylin-eosin; CRC – colorectal carcinoma.

Fig. 6. Villous hypermucinous change, in direct transition to adjacent CRC, HE
100x.
HE – haematoxylin-eosin; CRC – colorectal carcinoma.
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mutation (case 7) within the group of MGMT-negative carcinomas.
These results seem to differ compared to previous studies, possibly due
to different MGMT status evaluation (promotor methylation evaluation
versus loss of expression by immunohistochemistry).

Finally, our findings support the fact of occurrence of PPLs in IBD
patients. We have also shown that these lesions can be multifocal,
multiple and combined and with direct transition into invasive carci-
noma. Serrated change/dysplasia, NOS was described overall 11 times
in seven patients and in one case shared similar KRAS mutation as the
related CRC. Similarly, villous hypermucinous change shared the same
BRAF V600 A mutation as the associated CRC. PPLs adjacent to the
carcinoma also shared similar p53, MGMT and MMR status in some of
the cases. All these findings are supporting the hypothesis that these
non-conventional lesions may precede and progress into the IBD-asso-
ciated carcinoma and should be regarded as preneoplastic lesions

Finally, it is necessary to point out various limitations of the study as
low case number and retrospective study design using only archival
specimen with definite number of paraffin blocks without the possibi-
lity of additional specimen sampling. Particularly, in case of this study,
specimens with cancer were grossed mainly for the purpose of carci-
noma staging and might have led to undersampling of other parts of
resected colon and possibly missing more of the preneoplastic lesions
including PPLs elsewhere in the specimen

5. Conclusions

Similarly to sporadic cases, IBD-associated colorectal carcinoma
shows morphological, immunohistochemical and molecular hetero-
geneity. Moreover, we have shown that IBD-associated carcinomas may

be preceded by precursor lesions different from conventional IBD-as-
sociated dysplasia. These putative preneoplastic lesions may include
villous hypermucinous change and serrated change/dysplasia, NOS.
Interestingly, more than 80% of mucosal changes seen in our patients
were PPLs being more common mucosal change then conventional
dysplasia, and 27% (6 out of 22) of them were found in the mucosa
adjacent to the carcinoma or even in direct transition to the invasive
cancer. This raises a suspicion that not only these lesions can be found
in IBD patients much more often, but they can also be true precursors
for CRC. Moreover, since all of these lesions were detected retro-
spectively, it is probable that they are often missed in the histology and
thus under-reported. Awareness of these new possibly preneoplastic
lesions, their recognition and reporting as well as further studies are
necessary.
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Table 4
Immunohistochemical and molecular results in PPL lesions, IBD-associated dysplasia and serrated adenomas.

Type of lesion CRC
vicinity

CRC
distant

Additional
sample

Total MGMT loss p53 loss or
overexpression

MMRd MLH1
surface loss

KRAS/
NRAS
mutated

BRAF
mutated

Villous hypermucinous
change

3 2 0 5 5/5
(100 %)

2/5 (40 %) 1/5 (20 %) 1/5 (20 %) 0 1/5 (20 %)

Serrated change/dysplasia,
NOS

3 7 1 11 9/11
(82 %)

5/11 (45 %) 0 9/11 (82 %) 2/11 (18 %) 2/11 (18 %)

Flat IBD-related dysplasia 3 0 0 3 2/3
(67 %)

2/3 (67 %) 0 0 2/3 (67 %) 0

Elevated IBD-related
dysplasia

1 0 0 1 0 1/1 (100 %) 0 0 1/1 (100 %) 0

Sessile serrated adenoma
(SSA)

0 1 0 1 0 0/1 0 0 1/1 (100 %) 0

Traditonal serrated adenoma
(TSA)

0 1 0 1 0 1/1 (100 %) 0 0 1/1 (100 %) 0

Abbreviations: CRC - colorectal carcinoma; IBD - inflammatory bowel disease; MMRd - mismatch repair deficient; NOS - not otherwise specified; PPL – putative
preneoplastic lesion.

Table 5
Molecular results in colocrectal carcinoma and PPLs.

Abbreviations: NOS – not otherwise specified, IBD – inflammatory bowel disease, SSA – sessile serrated adenoma, TSA – traditional serrated adenoma, WT – wild-
type.
*cases with two villous hypermucinous changes.
#cases with two serrated changes/dysplasia, NOS (mutated reported).
$case with three serated changes/dysplasia, NOS.

K. Kamarádová et al. Pathology - Research and Practice 215 (2019) 730–737

736



References

[1] J.A. Eaden, K.R. Abrams, J.F. Mayberry, The risk of colorectal cancer in ulcerative
colitis: a meta-analysis, Gut 48 (2001) 526–535, https://doi.org/10.1136/gut.48.4.
526.

[2] P. Munkholm, Review article: the incidence and prevalence of colorectal cancer in
inflammatory bowel disease, Aliment. Pharmacol. Ther. 18 (Supple. 2) (2003) 1–5,
https://doi.org/10.1046/j.1365-2036.18.s2.2.x.

[3] R.H. Riddell, H. Goldman, D.F. Ransohoff, H.D. Appelman, C.M. Fenoglio,
R.C. Haggitt, C. Ahren, P. Correa, S.R. Hamilton, B.C. Morson, S.C. Sommers,
J.H. Yardley, Dysplasia in inflammatory bowel disease: standardized classification
with provisional clinical applications, Hum. Pathol. 14 (11) (1983) 931–968,
https://doi.org/10.1016/S0046-8177(83)80175-0.

[4] A. Bressenot, V. Cahn, S. Danese, L. Peyrin-Biroulet, Microscopic features of col-
orectal neoplasia in inflammatory bowel diseases, World J. Gastroenterol. 20 (12)
(2014) 3164–3172, https://doi.org/10.3748/wjg.v20.i12.3164.

[5] F. Magro, C. Langner, A. Driessen, A. Ensari, K. Geboes, G.J. Mantzaris,
V. Villanacci, G. Becheanu, P. Borralho Nunes, G. Cathomas, W. Fries, A. Jouret-
Mourin, C. Mescoli, G. de Petris, C.A. Rubio, N.A. Shepherd, M. Vieth, E. Eliakim,
European consensus on the histopathology of inflammatory bowel disease, J.
Crohns Colitis 7 (10) (2013) 827–851, https://doi.org/10.1016/j.crohns.2013.06.
001.

[6] L. Laine, T. Kaltenbach, A. Barkun, K.R. McQuaid, V. Subramanian, R. Soetikno,
SCENIC international consensus statement on surveillance and management of
dysplasia in inflammatory bowel disease, Gastrointest. Endosc. 81 (3) (2015)
489–501, https://doi.org/10.1053/j.gastro.2015.01.031.

[7] F. Magro, P. Gionchetti, R. Eliakim, S. Ardizzone, A. Armuzzi, M. Barreiro-de
Acosta, J. Burisch, K.B. Gecse, A.L. Hart, P. Hindryckx, C. Langner, J.K. Limdi,
G. Pellino, E. Zagórowicz, T. Raine, M. Harbord, F. Rieder, Third European evi-
dence-based consensus on diagnosis and management of ulcerative colitis. Part 1:
definitions, diagnosis, extra-intestinal manifestations, pregnancy, Cancer surveil-
lance, surgery, and ileo-anal pouch disorders, J. Crohns Colitis 11 (6) (2017)
649–670, https://doi.org/10.1093/ecco-jcc/jjx008.

[8] M. Lukas, Inflammatory bowel disease as a risk factor for colorectal cancer, Dig. Dis.
28 (2010) 619–624, https://doi.org/10.1159/000320276.

[9] S. Sebastian, V. Hernández, P. Myrelid, R. Kariv, E. Tsianos, M. Toruner, M. Marti-
Gallostra, A. Spinelli, A.E. van der Meulen-de Jong, E.S. Yuksel, C. Gasche,
S. Ardizzone, S. Danese, Colorectal cancer in inflammatory bowel disease: results of
the 3rd ECCO pathogenesis scientific workshop (I), J. Crohns Colitis 8 (2014) 5–18,
https://doi.org/10.1016/j.crohns.2013.04.008.

[10] R.W. Stidham, P.D.R. Higgins, Colorectal cancer in inflammatory bowel disease,
Clin. Colon Rectal Surg. 31 (3) (2018) 168–178, https://doi.org/10.1055/s-0037-
1602237.

[11] S.N. Andersen, T. Lovig, O.P. Clausen, A. Bakka, O. Fausa, T.O. Rognum, Villous,
hypermucinous mucosa in long standing ulcerative colitis shows high frequency of
K-ras mutations, Gut 45 (5) (1999) 686–692, https://doi.org/10.1136/gut.45.5.
686.

[12] S.P. Kilgore, J.E. Sigel, J.R. Goldblum, Hyperplastic-Like Mucosal Change in
Crohn’s Disease: An Unusual Form of Dysplasia? Mod. Pathol. 13 (2000) 797–801,
https://doi.org/10.1038/modpathol.3880138.

[13] C.A. Rubio, Serrated neoplasias and de novo carcinomas in ulcerative colitis: a
histological study in colectomy specimens, J. Gastroenterol. Hepatol. 22 (2007)
1024–1031, https://doi.org/10.1111/j.1440-1746.2007.04944.x.

[14] C. Bossard, M.G. Denis, S. Bezieau, K. Bach-Ngohou, A. Bourreille, C.L. Laboisse,
J.F. Mosnier, Involvement of the serrated neoplasia pathway in inflammatory bowel
disease-related colorectal oncogenesis, Oncol. Rep. 18 (2007) 1093–1097, https://
doi.org/10.3892/or.18.5.1093.

[15] A. Srivastava, M. Redston, F.A. Farray, R.K. Yantiss, R.D. Odze, Hyperplastic/ser-
rated polyposis in inflammatory bowel disease: a case series of a previously un-
described entity, Am. J. Surg. Pathol. 32 (2) (2008) 296–303, https://doi.org/10.
1097/PAS.0b013e318150d51b.

[16] N. Harpaz, S.C. Ward, C. Mescoli, S.H. Itzkowitz, A.D. Polydorides, Precancerous

lesions in inflammatory bowel disease, Best Pract. Res. Clin. Gastroenterol. 27 (2)
(2013) 257–267, https://doi.org/10.1016/j.bpg.2013.03.014.

[17] A. Parian, J. Koh, B.N. Limketkai, S. Eluri, D.T. Rubin, S.R. Brant, C.Y. Ha,
T.M. Bayless, F. Giardiello, J. Hart, E. Montgomery, M.G. Lazarev, Association be-
tween serrated epithelial changes and colorectal dysplasia in inflammatory bowel
disease, Gastrointest. Endosc. 84 (1) (2016) 87–95, https://doi.org/10.1016/j.gie.
2015.12.010.

[18] L.H. Sobin, M. Gospodarowicz, C. Wittekind, TNM Classification of Malignant
Tumours. Seventh Edition. UICC International Union against Cancer, Wiley-
Blackwell, New York, 2009.

[19] A. Lugli, R. Kirsch, Y. Ajioka, F. Bosman, G. Cathomas, H. Dawson, H. El Zimaity,
J.F. Fléjo, T.P. Hansen, A. Hartmann, S. Kakar, C. Langner, I. Nagtegaal, G. Puppa,
R. Riddell, A. Ristimäki, K. Sheahan, T. Smyrk, K. Sugihara, B. Terris, H. Ueno,
M. Vieth, I. Zlobec, P. Quirke, Recommendations for reporting tumor budding in
colorectal cancer based on the International Tumor Budding Consensus Conference
(ITBCC) 2016, Mod. Pathol. 30 (2017) 1299–1311, https://doi.org/10.1038/
modpathol.2017.46.

[20] M. Svrcek, O. Buhard, C. Colas, F. Coulet, S. Dumont, I. Massaoudi, A. Lamri,
R. Hamelin, J. Cosnes, C. Oliveira, R. Seruca, M.P. Gaub, M. Legrain, A. Collura,
O. Lascols, E. Tiret, J.F. Fléjou, A. Duval, Methylation tolerance due to an O6-
methylguanine DNA methyltransferase (MGMT) field defect in the colonic mucosa:
an initiating step in the development of mismatch repair-deficient colorectal can-
cers, Gut 59 (11) (2010) 1516–1526, https://doi.org/10.1136/gut.2009.194787.

[21] F.T. Bosman, F. Carnelro, R.H. Hruban, N.D. Theise (Eds.), WHO Classification of
Tumours of the Digestive System, IARC, Lyon, 2010.

[22] K. Schulmann, Y. Mori, V. Croog, J. Yin, A. Olaru, A. Sterian, F. Sato, S. Wang,
Y. Xu, E. Deacu, A.T. Berki, J.P. Hamilton, T. Kan, J.M. Abraham, W. Schmiegel,
N. Harpaz, S.J. Meltzer, Molecular phenotype of inflammatory bowel disease-as-
sociated neoplasms with microsatellite instability, Gastroenterology 129 (1) (2005)
74–85, https://doi.org/10.1053/j.gastro.2005.04.011.

[23] X. Liu, J.R. Goldblum, Z. Zhao, M. Landau, B. Heald, R. Pai, J. Lin, Distinct clin-
icohistologic features of inflammatory bowel disease-associated colorectal adeno-
carcinoma: in comparison with sporadic microsatellite-stable and Lynch syndrome-
related colorectal adenocarcinoma, Am. J. Surg. Pathol. 36 (8) (2012) 1228–1233,
https://doi.org/10.1097/PAS.0b013e318253645a.

[24] K.L. McNamara, M.D. Aronson, Z. Cohen, Is there a role for prophylactic colectomy
in Lynch syndrome patients with inflammatory bowel disease? Int. J. Colorectal Dis.
31 (1) (2016) 9–13, https://doi.org/10.1007/s00384-015-2398-0.

[25] M. Svrcek, J. El-Bchiri, A. Chalastanis, E. Capel, S. Dumont, O. Buhard, C. Oliveira,
R. Seruca, C. Bossard, J.F. Mosnier, F. Berger, E. Leteurtre, A. Lavergne-Slove,
M.P. Chenard, R. Hamelin, J. Cosnes, L. Beaugerie, E. Tiret, A. Duval, J.F. Fléjou,
Specific clinical and biological features characterize inflammatory bowel disease
associated colorectal cancers showing microsatellite instability, J. Clin. Oncol. 25
(27) (2007) 4231–4238, https://doi.org/10.1200/JCO.2007.10.9744.

[26] M.A. Rodriguez-Bigas, C.R. Boland, S.R. Hamilton, D.E. Henson, S. Srivastava,
J.R. Jass, P.M. Khan, H. Lynch, T. Smyrk, M. Perucho, L. Sobin, A National Cancer
Institute workshop on hereditary nonpolyposis colorectal Cancer syndrome:
meeting highlights and Bethesda guidelines, J. Natl. Cancer Inst. 89 (1997)
1758–1762, https://doi.org/10.1093/jnci/89.23.1758.

[27] A. Umar, C.R. Boland, J.P. Terdiman, S. Syngal, A. de la Chapelle, J. Rüschoff,
R. Fishel, N.M. Lindor, L.J. Burgart, R. Hamelin, S.R. Hamilton, R.A. Hiatt, J. Jass,
A. Lindblom, H.T. Lynch, P. Peltomaki, S.D. Ramsey, M.A. Rodriguez-Bigas,
H.F.A. Vasen, E.T. Hawk, J.C. Barrett, A.N. Freedman, S. Srivastava, Revised
Bethesda Guidelines for hereditary nonpolyposis colorectal cancer (Lynch syn-
drome) and microsatellite instability, J. Natl. Cancer Inst. 96 (2004) 261–268,
https://doi.org/10.1093/jnci/djh034.

[28] S. de Vogel, M.P. Weijenberg, J.G. Herman, K.A. Wouters, A.F. de Goeij, P.A. van
den Brandt, A.P. de Bruïne, M. van Engeland, MGMT and MLH1 promoter methy-
lation versus APC, KRAS and BRAF gene mutations in colorectal cancer: indications
for distinct pathways and sequence of events, Ann. Oncol. 20 (2009) 1216–1222,
https://doi.org/10.1093/annonc/mdn782.

K. Kamarádová et al. Pathology - Research and Practice 215 (2019) 730–737

737

https://doi.org/10.1136/gut.48.4.526
https://doi.org/10.1136/gut.48.4.526
https://doi.org/10.1046/j.1365-2036.18.s2.2.x
https://doi.org/10.1016/S0046-8177(83)80175-0
https://doi.org/10.3748/wjg.v20.i12.3164
https://doi.org/10.1016/j.crohns.2013.06.001
https://doi.org/10.1016/j.crohns.2013.06.001
https://doi.org/10.1053/j.gastro.2015.01.031
https://doi.org/10.1093/ecco-jcc/jjx008
https://doi.org/10.1159/000320276
https://doi.org/10.1016/j.crohns.2013.04.008
https://doi.org/10.1055/s-0037-1602237
https://doi.org/10.1055/s-0037-1602237
https://doi.org/10.1136/gut.45.5.686
https://doi.org/10.1136/gut.45.5.686
https://doi.org/10.1038/modpathol.3880138
https://doi.org/10.1111/j.1440-1746.2007.04944.x
https://doi.org/10.3892/or.18.5.1093
https://doi.org/10.3892/or.18.5.1093
https://doi.org/10.1097/PAS.0b013e318150d51b
https://doi.org/10.1097/PAS.0b013e318150d51b
https://doi.org/10.1016/j.bpg.2013.03.014
https://doi.org/10.1016/j.gie.2015.12.010
https://doi.org/10.1016/j.gie.2015.12.010
http://refhub.elsevier.com/S0344-0338(18)31455-9/sbref0090
http://refhub.elsevier.com/S0344-0338(18)31455-9/sbref0090
http://refhub.elsevier.com/S0344-0338(18)31455-9/sbref0090
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1136/gut.2009.194787
http://refhub.elsevier.com/S0344-0338(18)31455-9/sbref0105
http://refhub.elsevier.com/S0344-0338(18)31455-9/sbref0105
https://doi.org/10.1053/j.gastro.2005.04.011
https://doi.org/10.1097/PAS.0b013e318253645a
https://doi.org/10.1007/s00384-015-2398-0
https://doi.org/10.1200/JCO.2007.10.9744
https://doi.org/10.1093/jnci/89.23.1758
https://doi.org/10.1093/jnci/djh034
https://doi.org/10.1093/annonc/mdn782

	Morphological, immunohistochemical and molecular features of inflammatory bowel disease associated colorectal carcinoma and associated mucosal lesions – Single institution experience
	Introduction
	Materials and methods
	Clinicopathological data
	Immunohistochemical staining
	Molecular genetic analysis

	Results
	Patient characteristics
	IBD-associated carcinoma characteristics – time to diagnosis, location and staging
	Morphological characteristics of the IBD-associated carcinomas (main histomorphological characteristics are summarized in Table 3)

	Characteristics of IBD-associated dysplasia and putative preneoplastic lesions (PPL)
	Immunohistochemical staining – MMR status, p53 and MGMT expression in carcinoma, IBD-associated dysplasia, and PPLs
	Molecular analysis of KRAS, NRAS and BRAF

	Discussion
	Conclusions
	Acknowledgements
	References




