
 

 

 

Evaluation of dysplasias associated with 

inflammatory bowel disease 

 

Zsófia Balajthy, MD 

 

PhD Thesis 

 

 

 

 

Szeged 

2025 

 



 

University of Szeged 

Albert Szent-Györgyi Medical School 

Doctoral School of Clinical Medicine 

 

Evaluation of dysplasias associated with 

inflammatory bowel disease 

 

PhD Thesis 

Zsófia Balajthy, MD 

 

Supervisor: Anita Sejben MD, PhD 

Szeged 

2025 



LIST OF PAPERS THAT SERVED AS THE BASIS OF THE PHD THESIS 

I. Szintia Almási*, Zsófia Balajthy*, Bence Baráth, Zsófia Krisztina Török, Panna Szaszák, 

Tamás Lantos, Bence Kővári, Anita Sejben: Examination of non-conventional dysplasias 

adjacent to colorectal adenocarcinoma in patients with IBD. Pathol Oncol Res. 2025; 

3:30:1611978. doi: 10.3389/pore.2024.1611978 

Q2; IF (2024): 2.3 

(*contributed equally) 

II. Zsófia Balajthy, Panna Szaszák, Szintia Almási, Tamás Lantos, Anita Sejben: Evaluation 

of dysplasias associated with inflammatory bowel disease – a single-center, retrospective, 5-

year experience. Pathol Oncol Res. 2025; 15:31:1612105. doi: 10.3389/pore.2025.1612105 

Q2; IF (2024): 2.3 

III. Zsófia Balajthy, Szintia Almási, Tamás Lantos, Levente Kuthi, Georgios Deftereos, Won-

Tak Choi, Anita Sejben: Whole-exome sequencing analysis of inflammatory bowel disease-

associated serrated dysplasia. Pathol Oncol Res. 2025; 26:5704. doi: 10.3390/ijms26125704 

Q1; IF (2024): 4.9 

OTHER PUBLICATIONS 

IV. Roland Fejes, Kitti Szonja Gyorgyev, Csaba Góg, László Krenács, Tamás Zombori, Zsófia 

Eszter Széll, Zsófia Balajthy, Tamás Pancsa and Zsolt Simonka: World J Surg Oncol. 2024; 

22:299. doi: 10.1186/s12957-024-03563-7 

Q1; IF (2024): 2.5 

V. Roland Fejes*, Zsófia Balajthy*, Csaba Góg, Ágota Vajda, Fanni Hegedűs, Zsolt Simonka, 

Szabolcs Ábrahám: Colonic endometriosis: from subtotal bowel obstruction to malignant 

transformation - a case series and literature review. World J Surg Oncol. 2025; 23:230. doi: 

10.1186/s12957-025-03888-x 

Q1; IF (2024): 2.5 

(*contributed equally) 

 



I 
 

 
TABLE OF CONTENTS 

LIST OF ABBREVIATIONS ................................................................................................................ II. 

LIST OF FIGURES .............................................................................................................................. IV. 

LIST OF TABLES ............................................................................................................................... IV. 

1. INTRODUCTION .............................................................................................................................1. 

1.1. Non-conventional dysplasias associated with inflammatory bowel disease ...............................1. 

1.2. IBD-associated serrated dysplasias .............................................................................................3. 

2. AIMS ..................................................................................................................................................5. 

3. MATERIALS AND METHODS ......................................................................................................5. 

3.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD .................5. 

3.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year 

experience ..........................................................................................................................................6. 

3.3. WES analysis of IBD-associated serrated dysplasia ...................................................................6. 

4. RESULTS ...........................................................................................................................................9. 

4.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD .................9. 

4.1.A. Patients’ epidemiological and clinical data ..........................................................................9. 

4.1.B. Histopathological evaluation and IBD-associated neoplasia ..............................................11. 

4.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year 

experience ........................................................................................................................................13. 

        4.2.A. General clinicopathologic characteristics ...........................................................................13. 

        4.2.B. Clinicopathologic characteristics of IBD-associated conventional dysplasias ...................13. 

        4.2.C. Evaluation of IBD-associated adenocarcinomas in patients with conventional dysplasia .15. 

        4.2.D. Clinicopathologic characteristics of IBD-associated NCD ................................................16. 

        4.2.E. Evaluation of IBD-associated adenocarcinomas in patients with NCD ..............................18. 

4.2.F. Clinicopathologic characteristics of IBD-associated, combined conventional dysplasia and     

NCD ..............................................................................................................................................19. 

 4.2.G. Evaluation of IBD-associated adenocarcinomas in patients with combined conventional 

dysplasias and NCD .......................................................................................................................19. 

        4.2.H. Survival analysis  ................................................................................................................20. 

4.3. WES analysis of IBD-associated serrated dysplasia .................................................................22. 

        4.3.A. Clinicopathologic features of serrated dysplasia ................................................................22. 

        4.3.B. Molecular features of serrated dysplasia ............................................................................25. 

5. DISCUSSION ..................................................................................................................................27. 

 5.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD ..............27. 

5.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year   

experience .......................................................................................................................................36. 

 5.3. WES analysis of IBD-associated serrated dysplasia ................................................................39. 

6. CONCLUSIONS ..............................................................................................................................42. 

7. ACKNOWLEDGEMENT ..............................................................................................................43. 

8. REFERENCES ................................................................................................................................44.  



II 
 

LIST OF ABBREVIATIONS 

ACVR2A - Activin A receptor type 2A 

ASXL1 - Additional sex combs like 1 

ATR - Ataxia telangiectasia and rad3-

related 

BRAF - v-Raf murine sarcoma viral 

oncogene homolog B 

CCD - Crypt cell dysplasia 

CD - Crohn’s disease 

CDC6 - Cell division cycle 6 

CDKN1b - Cyclin-dependent kinase 

inhibitor 1B 

CDX2 - Caudal-type homeobox 

transcription factor 2 

CK7 - Cytokeratin 7 

CK20 - Cytokeratin 20 

CRC - Colorectal cancer 

DFS - Disease-free survival 

DNA - Deoxyribonucleic acid 

DPD - Dysplasia with increased Paneth 

cell differentiation 

EXT1 - Exostosin glycosyltransferase 1 

GCD - Goblet cell-deficient dysplasia 

HE - Hematoxylin and eosin 

HIF1A - Hypoxia-inducible factor 1-alpha 

IBD - Inflammatory bowel disease 

IDH1 - Isocitrate dehydrogenase 1 

ICD - International Classification of 

Diseases 

KMT2C - Lysine N-methyltransferase 2C 

KRAS - Kirsten rat sarcoma virus 

MADD - MAP kinase-activating death 

domain 

MAPK - Mitogen activated protein kinase 

MASPIN - Mammary serine protease 

inhibitor 

MAX - MYC-associated factor X 

MGA - MAX dimerization protein MGA 

MGMT - O(6)-Methylguanine-DNA-

methyltransferase 

MLH1 - MutL homolog 1 

MMR - Mismatch repair 

MPL - Myeloproliferative leukaemia virus 

gene 

MSH2 - MutS homolog 2 

MSH6 - MutS homolog 6 

MSI - Microsatellite instability 

MUC2 - Mucin 2 

MUC5AC - Mucin-5AC 

MUC6 - Mucin 6 

MUTYH - MutY DNA glycosylase 

NA - Not applicable 

NCD - Non-conventional dysplasia 



III 
 

NOS - Not otherwise specified 

NRAS - Neuroblastoma ras viral oncogene 

homolog 

OS - Overall survival 

PMS2 - PMS1 homolog 2 

POLE - Polymerase epsilon 

p53 - Tumour protein p53 

PFS - Progression-free survival 

POLG - DNA polymerase subunit gamma 

PSC - Primary sclerosing cholangitis 

PTEN - Phosphatase and ten sin homolog 

SEC - Serrated epithelial change 

SERPINB4 - Serine proteinase inhibitor, 

clade B 

SETD1B - SET domain containing 1B 

SOX9 - SRY-box transcription factor 9 

SSL - Sessile serrated lesion 

TGFBR2 - Transforming growth factor 

beta receptor 2 

TNM - Tumour, Node, Metastasis 

TSC1 - Tuberous sclerosis 1 

TSA - Traditional serrated adenoma 

UC - Ulcerative colitis 

WES - Whole exome sequencing 

ZNF292 - Zinc finger protein 292 

  



 

IV 

 

LIST OF FIGURES 

FIGURE 1. Serrated dysplastic subtypes. .........................................................................................7. 

FIGURE 2. Kaplan-Meier curves of conventional and NCDs .....................................................11. 

FIGURE 3. Microscopic features of IBD-associated NCDs of the examined population ........12. 

FIGURE 4. Microscopic features of IBD-associated, conventional dysplasias .........................14. 

FIGURE 5. Microscopic features of IBD-associated, NCDs .......................................................18. 

FIGURE 6. Kaplan-Meier estimates of PFS and OS in patients with conventional dysplasia 

 ............................................................................................................................... 21. 

FIGURE 7. Kaplan-Meier estimates of PFS and OS in patients with NCD. ..............................21. 

FIGURE 8. Kaplan-Meier estimates of PFS and OS in patients with combined conventional and 

NCD .................................................................................................................................21. 

FIGURE 9. Immunohistochemical analysis of SSL-like dysplasia and serrated dysplasia, NOS

 ..........................................................................................................................................26. 

 

 

LIST OT TABLES 

TABLE 1. Epidemiological and clinicopathologic characteristics of the included cohort .......10. 

TABLE 2. Clinicopathological characteristics of the identified conventional dysplasias ........15. 

TABLE 3. Clinicopathological characteristics of the identified NCDs ......................................17. 

TABLE 4. Clinicopathologic features of the IBD patients with serrated dysplasia ..................22. 

TABLE 5. Clinicopathologic features of the serrated dysplastic subtypes .................................24. 

TABLE 6. Molecular features of serrated dysplasia ......................................................................26. 

TABLE 7. Results of the literature review ......................................................................................29. 

 



1 
 

1. INTRODUCTION 

1.1. Non-conventional dysplasias associated with inflammatory bowel disease 

Inflammatory bowel disease (IBD) encompasses a group of chronic, relapsing inflammatory 

disorders of the gastrointestinal tract, primarily including Crohn’s disease (CD), ulcerative 

colitis (UC), and indeterminate colitis. These diseases are characterized by alternating periods 

of flare-ups and remission, significantly impairing patients’ quality of life and often requiring 

continuous medical supervision. While the exact cause of IBD remains incompletely 

understood, a complex interplay of genetic predisposition, environmental triggers, gut 

microbiota imbalance, and immune dysregulation is believed to underlie disease onset and 

progression. Among these entities, CD can affect any segment of the gastrointestinal tract from 

the oral cavity to the anus, but it most frequently involves the terminal ileum, often manifesting 

with transmural inflammation, strictures, or fistula formation [1, 2]. In contrast, UC is limited 

to the mucosal layer of the colon and rectum, with inflammation that may remain confined to 

the rectum or extend proximally to involve the entire colon. Cases that exhibit overlapping 

clinical, endoscopic, and histopathological features of both UC and CD but cannot be precisely 

classified are designated as indeterminate colitis [3]. 

Due to the chronic, relapsing nature of IBD, patients accumulate a substantial inflammatory 

burden over time, which, when combined with alterations in the intestinal microbiome and 

aberrant immune responses, predisposes them to the development of neoplastic changes in the 

colorectal mucosa [4, 5]. Epidemiological studies have shown that IBD patients face 

approximately a twofold higher risk of developing colorectal neoplasia compared with the 

general population, largely due to the pro-tumorigenic effects of persistent inflammation [2]. 

The risk of neoplastic transformation is influenced by several clinical parameters, including 

early age of IBD onset, disease duration and severity, cumulative inflammatory activity, 

frequency of relapses, presence of inflammatory pseudopolyps, coexistent primary sclerosing 

cholangitis (PSC), and family history of colorectal cancer (CRC). From a molecular standpoint, 

many signaling pathways implicated in IBD overlap with those involved in colorectal 

carcinogenesis - such as those regulating cell proliferation, apoptosis, angiogenesis, and chronic 

inflammation - though certain mechanistic distinctions remain [6]. 

Historically, therapeutic strategies for IBD were largely directed toward symptomatic relief and 

suppression of acute inflammation. However, in recent years, the focus has shifted toward 

achieving deep remission, mucosal healing, and prevention of long-term complications such as 

dysplasia, CRC, and disease-related hospitalizations [7]. Although most advanced therapies, 
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including biologics and small-molecule inhibitors, primarily target inflammatory pathways, 

they have contributed to a notable reduction in the incidence of IBD-associated neoplasia [8]. 

The integration of regular endoscopic surveillance, improved imaging techniques, and advances 

in endoscopic resection has further decreased the risk of dysplasia and CRC among IBD patients 

over the past few decades [9-11]. 

According to contemporary guidelines, screening for colorectal carcinoma in IBD should 

commence approximately 8 years after the initial diagnosis [5, 11]. Current management 

approaches are stratified based on whether dysplastic lesions are visible endoscopically or 

detected only in random biopsies. For visible or polypoid lesions, therapeutic decisions - 

ranging from endoscopic resection to surveillance colonoscopy - depend on the completeness 

of lesion excision. In contrast, for lesions identified in random biopsies, low-grade dysplasia 

may warrant close endoscopic surveillance or, in certain cases, surgical colectomy, whereas 

high-grade dysplasia generally necessitates colectomy due to the high likelihood of concurrent 

or imminent carcinoma [6]. 

Traditionally, histological assessment of dysplasia in IBD relied on the Riddell classification 

system [12]. However, beyond conventional dysplasia and CRC, IBD patients are susceptible 

to developing non-conventional dysplasia (NCD) subtypes with distinct morphological and 

molecular characteristics. Choi et al. described several categories of NCD, including 

hypermucinous dysplasia, dysplasia with increased Paneth cell differentiation (DPD), goblet 

cell-deficient (GCD) dysplasia, crypt cell dysplasia (CCD), traditional serrated adenoma 

(TSA)-like, sessile serrated lesion (SSL)-like, and serrated dysplasia not otherwise specified 

(NOS) [13]. 

Hypermucinous dysplasia is typified by tubulovillous or villous architecture with prominent 

mucinous differentiation involving more than 50% of the lesion. DPD, in contrast, displays 

tubular crypts lined by elongated, hyperchromatic nuclei and increased Paneth cell 

differentiation, with at least 2 contiguous crypts exhibiting this feature across separate foci. 

GCD is characterized by a near-complete absence of goblet cells within dysplastic crypts, 

distinguishing it from DPD. To ensure accurate differentiation between true dysplasia and 

reactive epithelial changes, the presence of unequivocal cytologic or architectural atypia - such 

as loss of surface maturation - is essential. Both DPD and GCD are generally categorized as 

intestinal-type NCDs. CCD is morphologically characterised by round-to-oval, nonstratified 

nuclei, and Paneth cell differentiation is solely occassionally visible [13]. The morphological 

details of the remaining NCD variants are discussed in Chapter 1.2. 
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Although most NCDs display low-grade histological features, accumulating evidence, 

particularly from North American cohorts, indicates that they may carry a less favorable 

prognosis. NCDs are more frequently associated with genomic instability, including 

aneuploidy, and are often linked to advanced neoplasia such as poorly differentiated and signet 

ring cell carcinomas. Furthermore, several subtypes - particularly hypermucinous, GCD, and 

CCD - tend to present as flat or even endoscopically invisible lesions, complicating their 

detection and necessitating more extensive biopsy protocols and random sampling during 

surveillance colonoscopies [13-15]. These lesions commonly arise in the same anatomic 

regions where colorectal carcinomas develop, supporting their potential role as precursor 

lesions [16]. They have also been associated with emerging histologic variants of IBD-related 

colorectal carcinoma, including tubuloglandular, GCD, and serrated phenotypes [11, 17]. 

Current data suggest that NCDs may be present in approximately one-quarter to one-half of 

IBD-associated colorectal adenocarcinomas [13]. Nevertheless, given the relative novelty of 

these classifications and the limited number of comprehensive studies, both the clinical 

implications and diagnostic recognition of NCDs remain challenging areas requiring further 

investigation. 

1.2. IBD-associated serrated dysplasias 

Among the spectrum of non-conventional dysplasias associated with inflammatory bowel 

disease (IBD), three distinct serrated subtypes with dysplasia - collectively referred to as 

serrated dysplasia - have been recognized. These include SSL-like dysplasia, TSA-like 

dysplasia, and serrated dysplasia, NOS. These subtypes exhibit morphological and molecular 

features reminiscent of their sporadic counterparts but arise within a background of chronic 

mucosal inflammation, architectural distortion, and regenerative changes typical of IBD, 

making their recognition particularly challenging in routine diagnostic practice [6, 13, 14, 17-

27]. SSL-like dysplasia is characterized by architectural features resembling those seen in 

sporadic sessile serrated lesions, particularly the presence of dilated, L-shaped, or inverted T-

shaped crypts extending toward or abutting the muscularis mucosae. These distorted crypts 

often display serrated epithelial infoldings and are lined by dysplastic epithelium demonstrating 

nuclear enlargement, hyperchromasia, and loss of polarity. The overall architecture tends to be 

flat or slightly elevated, and endoscopically these lesions may be subtle or even invisible, 

emphasizing the importance of histological recognition in biopsy material. 

TSA-like dysplasia, by contrast, typically displays a tubulovillous or villous architecture with 

prominent slit-like serrations and ectopic crypt formation. The lining epithelium is composed 
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of elongated, stratified columnar cells with eosinophilic cytoplasm and pencillate nuclei, 

closely resembling the morphology of sporadic traditional serrated adenomas. The dysplastic 

process is often low-grade, though foci of high-grade atypia may occasionally occur. These 

lesions tend to arise in the distal or left colon, paralleling the anatomical distribution of sporadic 

TSAs [14, 19, 20]. The third serrated subtype, serrated dysplasia, NOS, encompasses lesions 

demonstrating a complex serrated glandular architecture with unequivocal cytologic dysplasia 

that does not fully satisfy the diagnostic criteria for SSL-like or TSA-like dysplasia. The 

serrations in these lesions may be irregular or disorganized, and the degree of cytological atypia 

can vary widely. Although the clinicopathologic and molecular characteristics of serrated 

dysplasia, NOS remain poorly defined, its recognition as a distinct category reflects the 

heterogeneity of serrated lesions arising in the context of chronic colitis [14, 26]. 

From a molecular perspective, emerging evidence suggests that IBD-associated serrated 

dysplasias may share several key genetic alterations with their sporadic counterparts, 

supporting a possible convergence of serrated neoplastic pathways across etiologic contexts. 

For instance, SSL-like dysplasia is more commonly found in the right colon, consistent with 

the distribution of sporadic SSLs, while TSA-like dysplasia predominates in the left colon, 

mirroring sporadic TSAs [14, 19, 20]. Furthermore, low-grade serrated dysplasia in IBD 

frequently harbors KRAS mutations (approximately 45%) and, less commonly, BRAF mutations 

(approximately 18%) - a pattern comparable to that observed in sporadic TSA cases [19]. These 

findings suggest that the serrated pathway of carcinogenesis, typically defined by aberrant 

MAPK signaling, may also operate in the setting of IBD, albeit within a distinct inflammatory 

microenvironment. 

Despite these intriguing parallels, the true clinical and biological significance of serrated 

dysplasia in IBD remains insufficiently understood. This is largely due to its low prevalence, 

with each serrated dysplastic subtype estimated to represent only about 1% of all IBD-

associated dysplastic lesions, resulting in limited case series and inconsistent diagnostic criteria 

across studies. Consequently, the full spectrum of histological variability, molecular alterations, 

and progression risk to carcinoma remains incompletely characterized [13, 18, 22]. 

Nevertheless, accumulating data suggest that recognition of these serrated patterns is critical, 

as they may define a subset of IBD-associated neoplasia with distinct morphologic evolution, 

molecular drivers, and potentially unique clinical behavior. Continued efforts to standardize 

diagnostic terminology and integrate molecular findings are therefore essential to advance our 

understanding of serrated neoplasia within the IBD landscape.  
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2. AIMS 

The aims of the thesis are as follows: 

1. To re-evaluate a cohort of IBD-associated adenocarcinoma cases, retrospectively identify 

associated NCDs and validate recent North American findings in a Central-Eastern European 

population, and to provide an updated literature review. 

2. To identify of IBD-associated NCDs within a consecutive single-center study, as well as to 

evaluate clinicopathological parameters influencing the prognosis of NCDs. 

3. To further characterize serrated dysplasias and investigate their molecular features via whole-

exome sequencing (WES). 

 

3. MATERIALS AND METHODS 

3.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD 

A series of 28 randomly chosen cases of known IBD associated colorectal adenocarcinomas, 

diagnosed between 2010 and 2022, at the Department of Pathology, University of Szeged was 

included. In all cases, the patient’s gender, age both at the diagnosis of IBD and neoplasia, type 

and localisation of IBD, type of specimen [biopsy (n = 8) / surgical specimens (n = 20)], as well 

as the histological type, grade, localisation, and stage of cancer, disease-free (DFS) and overall 

survival (OS) were obtained by chart review. Furthermore, all the patients’ prior gastrointestinal 

histology reports have been reviewed and mean histologic activity of IBD in a 5-year interval 

before the neoplastic sample was registered. The patients’ index cases yielding the 

adenocarcinoma diagnosis were independently re-evaluated by 2 gastrointestinal pathologists 

(Bence Péter Kővári, Anita Sejben), focusing on identifying conventional and NCDs as 

candidate precursor lesions adjacent to the adenocarcinoma. If present, NCD was subclassified 

as hypermucinous, DPD, GCD, CCD, TSA-like, SSL-like, and serrated dysplasia, NOS 

following the morphologic criteria published by Choi et al [13, 26]. Subsequently, discrepant 

interpretations were revisited using a multiheaded microscope and discussed to achieve 

consensus. Statistical analyses were carried out by the R statistical software (v4.1.1). The Mann 

Whitney test was used to compare two groups of independent samples (from non-normally 

distributed data). The association between categorical variables was examined by Fisher’s exact 

test (with Bonferroni-Holm correction). The Kaplan-Meier method was used to estimate 
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DFS/OS curves, and the logrank test was applied to compare survival curves. All statistical tests 

were two sided, and p-values of less than 0.05 were considered statistically significant. Kaplan-

Meier curves were created using the R package “survminer” (v0.4.9). This study was approved 

by the institutional ethical committee of the Albert Szent-Györgyi Clinical Centre of the 

University of Szeged (107/2021-SZTE/ RKEB; 4988).  

3.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year 

experience 

All IBD patients diagnosed at the Department of Pathology, University of Szeged, Hungary, 

between 2011 and 2015 were identified based on ICD codes, and neoplastic samples from these 

patients were subsequently reviewed. During database construction, clinicopathological 

characteristics including the age, sex, type, duration, and localization of IBD were collected. 

The histological type, date of diagnosis, lesion size, and morphology observed during 

endoscopy were retrospectively documented in the case of dysplastic samples. In cases of 

invasive tumors, additional data including histological type, date of tumor diagnosis, grade, 

macroscopic morphology, localization, TNM stage, and the presence of vascular or lymphatic 

invasion. Progression-free survival (PFS) was solely defined in those cases who developed 

colorectal carcinoma during follow-up, while OS was defined in all cases. Histological 

evaluation was utilized with an Olympus BX53F microscope. A diagnosis of NCD was 

established only when the observed lesion was present in at least 50% of the sample. If multiple 

types of NCDs were observed within a single slide, a dominant pattern was selected, based on 

the extent and size of the lesions for statistical analysis. This study does not address multiplex 

lesions; however, our research group plans to focus on this aspect in future investigations. 

Statistical analyses were performed using Fisher’s exact test and chi-square test for discrete 

variables, as well as the Mann–Whitney U test and two-sample t-test for continuous variables. 

P < 0.05 was considered statistically significant. Our study was approved by the Medical 

Research Council (BM/28834-1/2024).  

3.3. WES analysis of IBD-associated serrated dysplasia 

We retrospectively reviewed data from 2396 patients treated for UC (n = 1400), CD (n = 970), 

and indeterminate colitis (n = 26) at the University of Szeged between 2011 and 2023. Among 

them, 177 (7%) patients were diagnosed with colorectal neoplasia, of which only 11 (6%) had 

serrated dysplasia (n = 13) (Figure 1).  
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Figure 1 Serrated dysplastic subtypes. (A) SSL-like dysplasia shows dilated crypts at the interface with the 

muscularis mucosae, accompanied by dysplastic epithelium (HE, 5x). (B) Serrated dysplasia, NOS demonstrates 

a complex serrated architecture with dysplasia. There is no definite evidence of SSL-like dysplasia or TSA-like 

dysplasia (HE, 5x). (C, D) In mixed SSL-like/TSA-like dysplasia, one area shows SSL-like dysplasia characterized 

by dilated L-shaped or inverted T-shaped crypts at the interface with the muscularis mucosae (C; HE, 5x), while 

another area shows TSA-like dysplasia featuring a tubulovillous growth pattern, eosinophilic cytoplasm, and slit-

like serrations (D; HE, 5x). Abbreviation: HE - Hematoxylin and eosin. 

All serrated dysplastic lesions were reevaluated and subtyped regardless of the sample type 

(biopsy/resection) by 2 gastrointestinal pathologists (Won-Tak Choi and Anita Sejben) based 

on the published morphologic criteria [6, 13, 14, 17, 18, 24-26]. For each patient, relevant 

clinicopathologic information was also collected by reviewing their medical charts and 

pathology reports. This included age, gender, IBD characteristics (such as subtype, extent, and 

duration), presence of PSC, and features of dysplasia (including location, endoscopic 

appearance, size, and histologic grade). Additionally, data on any concurrent or subsequent 

dysplasia and CRC were collected. PFS was defined either as dysplasia recurrence or carcinoma 

development in the same colon segment, while OS was calculated until the end of follow-up or 

death. Regarding WES, 10 serial sections, each 10 µm thick, were cut from the paraffin block 

for each sample. Deparaffinization and Proteinase K treatment were performed overnight at 55 

◦C. The extracted DNA was purified using the 0.5 vol KAPA Pure Bead (Roche, Mannheim, 

Germany) and eluted in 20 µL of 10 mM Tris-HCl pH 8 buffer. The DNA concentration was 

determined using the Quant-iT 1x dsDNA HS Assay kit (Thermo Fisher Scientific, Waltham, 

MA, USA) and measured with a Fluostar Omega (BMG Labtech, Ortenberg, Germany; Soft 

ware version: 1.01) plate reader. For the library construction, the Twist Library Preparation 
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EFKit 2.0 with the Universal Adaptor System and Exome 2.0 Panel (Twist Bioscience, South 

San Francisco, CA, USA) was used, following the manufacturer’s protocol. The fragment size 

distribution of the pre-capture and post-capture libraries was determined using capil lary 

electrophoresis on the LabChip GX Touch HT Nucleic Acid Analyzer, employing the X-Mark 

HTChip and the DNA NGS 3K Assay kit (PerkinElmer, Waltham, MA, USA). The libraries 

were quantified using the Quant-iT 1x dsDNA HS Assay kit (Thermo Fisher Scientific, 

Waltham, MA, USA) with Fluostar Omega (BMG Labtech, Ortenberg, Germany). The pooled 

libraries were diluted to 1.5 nM and prepared for 2 × 150 bp paired-end sequencing using the 

300-cycle S4 Reagent Kit on the NovaSeq 6000 Sequencing System (Illumina, San Diego, CA, 

USA), following the manufacturer’s protocol. On average, more than 24 Gbp of raw data was 

generated per sample. Demultiplexing, adapter trimming, Q30-filtering, and somatic variant 

calling of the sequenced data were performed on the Dragen Bio-IT platform (Illumina, San 

Diego, CA, USA). Genomic variants of Vcf files were annotated using the Nirvana Software 

package (OncoKB Database) [28]. Variants were manually reviewed for the read quality and 

the number of reads. The variants had to show at least 10 variant reads to be considered for 

further analysis. Pathogenic and likely pathogenic reads in genes with known oncogenic or 

tumor suppressor activity were included in the results (ClinVar Database) [29]. Also, variants 

that resulted in a frameshift, non-sense (stop-gain), splice donor/splice acceptor site altering, or 

transcription start site altering in the tumor suppressor genes (OncoKB Database) were included 

[28]. 
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4. RESULTS 

4.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD 

4.1.A. Patients’ epidemiological and clinical data  

The demographic and clinicopathologic characteristics of the included cases are shown in Table 

1. The mean age at carcinoma diagnosis was 47 years in the exclusively conventional and 50 

years in the NCD group. Definite male predominance was found in the examined, IBD 

associated adenocarcinoma population in general (male-to female ratio 22:6). The male-to-

female ratios in the exclusively conventional and NCD groups were 10:1 and 6:2, respectively, 

which reflects the clear male predominance in both subpopulations. All examined patients were 

Caucasians. In all groups, the majority of patients suffered from UC. The average duration of 

IBD at the time of carcinoma diagnosis was 16 years (range: 0–50 years, median: 14). Previous 

histological samples and reports were not available in 8 cases. Active disease was defined in 12 

patients with UC, and 5 CD patients. Active disease was not present in 3 patients. In the 

exclusively conventional dysplasia group (n = 11), 8 patients were diagnosed with UC, while 

in the exclusively NCD group (n = 8), the number of patients was 7, and in the mixed group (n 

= 9), it proved to be 5. Patients with UC developed adenocarcinoma localised to the colon 

segment previously reported to be involved by inflammation; in the left (11/20; 55%) and in 

the right colon (9/20; 45%), while 12.5% (1/8) and 87.5% (7/8) of patients with CD presented 

with right-sided and left-sided colon cancer, respectively. 
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Conventional 

dysplasia 

exclusively 

(n=11) 

NCD exclu-

sively (n=8) 

Mixed con-

ventional and 

NCD cases 

(n=9) 

p-values 

Average age (at 

the time of carci-

noma diagnosis) 

47 50 49 At last follow-up – 

p=0.218; at the diag-

nosis of IBD – 

p=0.275; at malignant 

diagnosis –p=0.170 

Male:female ra-

tio 

10:1 6:2 6:3 p=0.524 

Type of IBD CD: 3 

UC: 8 

CD: 1 

UC: 7 

CD: 4 

UC: 5 

p=0.223 

Average 

duration of IBD 

16.1 years  

(range: 1-50) 

15.8 years  

(range: 0-

27) 

16.2 years  

(range: 0-21) 

p=0.926 

Activity of IBD 
    

Histological 

subtype of asso-

ciated colorectal 

adenocarcinoma 

Conventional 

adenocarcino-

mas: 8 

Medullary 

adenocarcino-

mas: 3 

Con-

ventional 

adenocarci-

nomas: 4 

Mucinous 

adenocarci-

nomas: 4 

Conventional 

adenocarcino-

mas: 9 

p=0.014 and p=0.041 

Grade of asso-

ciated colorectal 

adenocarcinoma 

1: 2 

2: 7 

3: 2  

2: 5 

3: 3 

1: 1 

2: 5 

3: 3 

p=0.093 

Stage of associa-

ted colorectal 

adenocarcinoma 

T1: 1  

T3: 7  

T4: 3 

T2: 1 

T3: 3 

T4: 4 

T3: 7  

T4: 2 

p=0.131 

Location of as-

sociated co-

lorectal adeno-

carcinoma 

Left colon: 6 

Right colon: 5 

Left colon: 3 

Right colon: 

5 

Left colon: 4 

Right colon: 5 

p=0.253 

 

Table 1 Epidemiological and clinicopathologic characteristics of the included cohort. 
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From the examined population, only 2 patients were noted to have PSC; 1 belonged to the 

conventional dysplasia group, while the other had NCD. Family history was negative for 

polyposis syndromes in all cases. With statistical analysis, there was no significant association 

found between NCD and gender (p = 0.524), age (at last follow-up – p = 0.218; at the diagnosis 

of IBD – p = 0.275; at malignant diagnosis – p = 0.170), type of IBD (p = 0.223), duration of 

IBD (p = 0.926), and disease activity (p = 1). For DFS, the 2 groups (i.e., patients with 

conventional and NCD) had very similar survival curves (p = 0.900) (Figure 2A). The 

differences were also not significant (p = 0.257) for the OS (Figure 2B). The Kaplan-Meier 

curves are displayed in Figure 2. 

 

Figure 2 Kaplan-Meier curves of conventional and NCDs, regarding DFS (A) and OS (B). 

4.1.B. Histopathological evaluation and IBD associated neoplasia 

Adjacent to the previously reported adenocarcinomas, exclusively conventional dysplasia was 

detected in 11, while exclusively NCD in 8 patients. Dysplasia comprised of a combination of 

conventional and at least one subtype of NCD was observed in 9 patients. Altogether, 25 NCD 

foci were identified, including hypermucinous (n = 9) (Figure 3A), GCD (n=6) (Figure 3B), 

serrated dysplasia, NOS (n=6) (Figure 3C), and TSA-like dysplasia (n = 4) (Figure 3D) 

subtypes.  
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Figure 3 Microscopic features of IBD-associated NCDs of the examined population. (A): Hypermucinous 

dysplasia (10x, HE), (B): GCD (10x, HE), (C): Serrated dysplasia, NOS (10x, HE), (D): TSA-like dysplasia (10x, 

HE). 

The cooccurrence of multiple NCD subtypes within the same case was common (n = 9/17; 53% 

of all cases with NCD) in resection specimens. The following combinations were observed: 

hypermucinous and serrated lesion, NOS (n = 4), hypermucinous and GCD (n = 2), 

hypermucinous, GCD, and TSA-like (n = 1), GCD and serrated lesion, NOS (n = 1), GCD and 

TSA-like (n = 1). Half of the 8 cases with only biopsy samples available showed exclusively 

conventional, while the other half demonstrated exclusively NCD. None of the included cases 

in our cohort had a concurrent or prior histologically proven endoscopically non-visible 

dysplasia in other bowel segments. Regarding the IBD-associated adenocarcinomas, they were 

histologically characterised as conventional (n = 8) and medullary (n = 3) in the exclusively 

conventional, and conventional (n = 4) and mucinous (n = 4) in the exclusively NCD cases. All 

mixed cases were associated with conventional adenocarcinomas (n = 9) (Table 1). A 

significant association (p = 0.014) was found between NCD and adenocarcinoma subtypes, and 

the proportion of NCD was significantly different (p = 0.041) within mucinous and medullary 
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subtypes. Most examined adenocarcinomas were low-grade (grade 2) in all groups (64% in the 

exclusively conventional dysplasia, 63% in the exclusively NCD, and 56% in the mixed group). 

Regarding stage, most cases were diagnosed as pT3 in the exclusively conventional dysplasia 

(n = 7) and the mixed group (n = 7), while the adenocarcinomas with exclusively NCD proved 

to be mostly T4 (n = 4). Right colon localisation was observed in 5 adenocarcinomas associated 

with conventional and 5 adenocarcinomas associated with NCD, while the left colon was 

affected in 6 cases with adjacent conventional and 3 cases with adjacent NCD. In the cases 

associated with mixed dysplasia, left colon localisation was observed in 5, and right colon 

localisation was seen in 4 patients. No significant association was found between NCD and the 

grade (p = 0.093), stage (p = 0.131), and localisation (p = 0.253) of associated 

adenocarcinomas. 

4.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year 

experience 

4.2.A. General clinicopathologic characteristics  

In our examined 5-year period, a total of 921 IBD patients were included, and 57 possessed 

dysplasia or carcinoma samples. The mean age of the patients was 63.7 years (median: 65; 

range: 33–94). A male predominance was observed (n = 34; 59.6%), and most patients were 

treated for UC (n = 41; 71.9%). In half of the cases, IBD affected the left colon (n = 29; 50.9%), 

while pancolitis was reported in 17 cases (29.8%). The average duration of IBD prior to the 

diagnosis of neoplasia was 15 years (median: 14, range: 1–37).  

4.2.B. Clinicopathologic characteristics of IBD associated conventional dysplasias  

Altogether 47 patients were identified with conventional dysplasias. The average age of patients 

was 65.2 years (median: 66, range: 33–94), and male predominance was observed with a male-

to-female ratio proved to be 31:16. Patients were mostly diagnosed with UC (n = 33; 70.2%), 

with left colon localization (n = 22; 46.8%), followed by pancolitis (n = 15; 31.9%). The average 

IBD duration until dysplasia diagnosis was 14.8 years (median: 14; range: 1–37). The dysplastic 

lesions were mainly identified in the left colon (n = 31; 65.9%). The average microscopic size 

of dysplasia was 0.66 cm (median: 0.5; range: 0.2–2.5), with mostly polypoid endoscopic 

morphology (n = 34; 72.3%). The dominant histological pattern proved to be tubular adenoma 

in the majority of cases (n = 38; 80.8%), and tubulovillous adenoma was solely found in 9 cases 
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(19.1%). Villous adenoma was not identified. Figure 4 represents conventional dysplasias 

found in our cohort.  

 

Figure 4 Microscopic features of IBD-associated, conventional dysplasias. (A): IBD-associated tubular adenoma 

with low-grade dysplasia (HE, 5x). (B): IBD-associated tubulovillous adenoma with low-grade dysplasia (HE, 

5x). 

Forty cases (85.1%) were defined as low-grade. The clinicopathological features of the 

identified conventional dysplasias are summarized in Table 2. A significant association was 

found between conventional dysplasias and dysplasia localization (p = 0.004), size (p = 0.012), 

endoscopic appearance (p = 0.006), grade (p = 0.011), macroscopic appearance of colorectal 

carcinoma (p = 0.009), and pT stage (p = 0.01). There was no association found with the 

patient’s age (p = 0.081), gender (p = 0.072), subtype (p = 0.708), duration (p = 0.817) and 

extent of IBD (p = 0.465), development (p = 0.058), localization (p = 0.064), size (p = 0.066), 

grade (p = 0.066), multiplicity (p = 0.619), histological subtype (p = 0.065), pN (p =1.00) and 

pM stage (p = 0.208) of colorectal carcinoma, the presence of lymphovascular invasion (p = 

1.00), and microsatellite status (p = 1.00).  
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 Tubular adenoma 

(n=38) 

Tubulovillous ade-

noma (n=9) 

Age at diagnosis (years) Mean: 64 

Median: 63 (33–94) 

Mean: 70 

Median: 67 (62–81) 

Male-to-female ratio 26:12 5:4 

Type of IBD (n) UC: 28 

CD: 10 

UC: 5 

CD: 4 

Localization of IBD (n) Left colon: 19 

Right colon: 8 

Pancolitis: 11 

Left colon: 3 

Right colon: 2 

Pancolitis: 4 

Duration of IBD (years) Mean: 14.8 

Median: 12 (1–37) 

Mean: 17.9 

Median: 19 (9–24) 

Localization of dysplasia (n) Left colon: 26 

Right colon: 12 

Left colon: 5 

Right colon: 4 

Grade of dysplasia (n) Low-grade: 36 

High-grade: 2 

Low-grade: 9 

High-grade: 0 

Size of dysplasia (cm) Mean: 0.7 

Median: 0.5 (0.2–

2.5) 

Mean: 0.47 

Median: 0.4 (0.3–1.1) 

Endoscopic appearance of dysplasia (n) Polypoid: 26 

Flat: 12 

Polypoid: 8 

Flat: 1 

Association with NCD (n) 15 0 

Association with adenocarcinoma (n) 11 1 
 

Table 2 Clinicopathological characteristics of the identified conventional dysplasias. 

4.2.C. Evaluation of IBD-associated adenocarcinomas in patients with conventional 

dysplasia  

Of the 47 patients with conventional dysplasia, 12 patients (25.5%) were diagnosed with 

colorectal adenocarcinoma during follow-up, that were mainly localized to the left colon (n = 

8; 66.7%), with average size of 4 cm (median: 3.75; range: 1–8.4), and infiltrative morphology 

(n = 7; 58.3%). The majority were identified as low-grade (n = 10; 83.3%). In half of the cases 

(n = 6), multiple colorectal carcinomas developed. Histologically, 7 cases (58.3%) were 

characterized as conventional adenocarcinoma, followed by mucinous (n = 3; 25%), signet ring 

cell (n = 1; 8.3%), and GCD (n = 1; 8.3%) patterns. Altogether 8 cases (66.7%) were found in 

T3 or T4 stage. Lymphovascular invasion and distant metastases were both identified in 3-3 

cases (25%), respectively. Microsatellite instability (MSI) was identified in a single case (n = 

1; 8.3%). 
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4.2.D. Clinicopathologic characteristics of IBD associated NCD  

Among the 57 IBD patients with neoplastic samples, NCD was observed in 20 cases (35.1%). 

The mean age of these patients was 64.8 years (median: 66, range: 46–83), with a male-to-

female ratio of 12:8. Most patients with NCD were diagnosed with UC (n = 14; 70%), and IBD 

was predominantly localized to the left colon (n = 11; 55%). The average time from IBD 

diagnosis to the detection of dysplasia was also 15 years (median: 15, range: 4–28). Most 

dysplastic lesions were localized to the left colon (n = 17; 85%), with average size of 0.59 cm 

(median: 0.45; range: 0.2–2.5), and mostly flat endoscopic morphology (n = 12; 60%). The 

predominance of them were histologically evaluated as low-grade (n = 15; 75%). Serrated 

dysplasia, NOS proved to be the most frequently observed subtype of NCD (n = 6; 30%), 

followed by hypermucinous (n = 4; 20%) GCD (n = 4; 20%) SSL-like (n = 2; 10%), and TSA-

like dysplasia (n = 1; 5%). The clinicopathological features of the identified NCDs are 

summarized in Table 3. Serrated epithelial changes (SEC) were identified in 3 cases (15%). 

Since SEC is not unequivocally classified as dysplasia in current guidelines, these lesions are 

not included in the table. Figure 5 represents the identified histological subtypes. 
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Serrated 

dysplasia, 

NOS 

(n=6) 

Hypermuci-

nous 

dysplasia 

(n=4) 

GCD 

(n=4) 

SSL-like 

dysplasia 

(n=2) 

TSA-like 

dysplasia 

(n=1) 

Age at diagnosis 

(years) 

Mean: 64.8 

Median: 66 

(56–74) 

Mean: 65 

Median: 66 

(48–83) 

Mean: 

56.8 

Median: 

55 (50–

72) 

Mean: 51.5 70 

Male-to-female 

ratio 

3:3 3:1 1:3 2:0 1:0 

Type of IBD (n) UC: 5 

CD: 1 

UC: 4 

CD: 0 

UC: 3 

CD: 1 

UC: 1 

CD: 1 

UC: 1 

CD: 0 

Localization of 

IBD (n) 

Left colon: 5 

Right colon: 1 

Pancolitis: 0 

Left colon: 0 

Right colon: 0 

Pancolitis: 4 

Left co-

lon: 2 

Right co-

lon: 1 

Pancoli-

tis: 1 

Left colon: 

1 

Right colon: 

0 

Pancolitis: 1 

Left colon: 

0 

Right colon: 

0 

Pancolitis: 1 

Duration of IBD 

(years) 

Mean: 15.6 

Median: 15 

(4–21) 

Mean: 15.9 

Median: 15 

(9–28) 

Mean: 

16.6 

Median: 

16 (8–26) 

Mean: 20  Mean: 9 

Localization of 

dysplasia (n) 

Left colon: 5 

Right colon: 1 

Left colon: 4 

Right colon: 0 

Left co-

lon: 2 

Right co-

lon: 2 

Left colon: 

2 

Right colon: 

0 

Left colon: 

1 

Right colon: 

0 

Grade of 

dysplasia (n) 

Low-grade: 5 

High-grade: 1 

Low-grade: 4 

High-grade: 0 

Low-

grade: 4 

High-

grade: 0 

Low-grade: 

2 

High-grade: 

0 

Low-grade: 

1 

High-grade: 

0 

Size of dysplasia 

(cm) 

Mean: 0.59  

Median: 0.45 

(0.3–2.4) 

Mean: 0.55 

Median: 0.4 

(0.5–1.6) 

Mean: 

0.73 

Median: 

0.5 (0.3–

1.4) 

Mean: 0.65  Mean: 0.40 

Endoscopic ap-

pearance of 

dysplasia (n) 

Polypoid: 6 

Flat: 1 

Polypoid: 2 

Flat: 2 

Polypoid: 

1 

Flat: 3 

Polypoid: 2 

Flat: 0 

Polypoid: 0 

Flat: 1 

Association with 

conventional 

dysplasia (n) 

4 3 3 1 1 

Association with 

other NCDs (n)  

0 2 3 1 1 

Association with 

adenocarcinoma 

(n) 

4 2 4 1 0 

 

Table 3 Clinicopathological characteristics of the identified NCDs. 
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Figure 5 Microscopic features of IBD-associated, NCDs. (A): Serrated lesion, NOS (HE, 5x). (B): Hypermucinous 

dysplasia (HE, 5x).  (C): GCD (HE, 5x). (D): SSL-like dysplasia (HE, 5x). (E): TSA-like dysplasia (HE, 5x). (F): 

SEC (HE, 5x). 

A significant association was observed between the development of NCD and co-occurrence (p 

< 0.001), localization (p = 0.001), size (p = 0.002), macroscopic appearance (p = 0.01), grade 

(p = 0.005), histological subtype (p = 0.003), pT stage (p = 0.003), pM stage (p = 0.047) of 

colorectal carcinoma and microsatellite status (p < 0.001). However, no significant associations 

were found between NCDs and patient age (p = 0.396), gender (p = 0.968), type (p = 0.319), 

duration (p = 0.481), and extent of IBD (p = 0.415), macroscopic appearance (p = 0.145), and 

grade of NCD (p = 0.865), pN stage of invasive carcinoma (p = 0.039), or the presence of 

lymphovascular invasion (p = 0.119).  

4.2.E. Evaluation of IBD-associated adenocarcinomas in patients with NCD 

Out of the 20 patients with NCD, 12 (60%) developed colorectal adenocarcinoma during 

follow-up. Altogether 75% of tumors were located in the left colon (n = 9). The detected 

adenocarcinomas were predominantly classified as low-grade (n = 11; 91.7%). Histologically, 

the majority of these cancers were conventional adenocarcinomas (n = 8; 66.7%), followed by 

mucinous (n = 2; 16.7%), GCD (n = 1; 8.3%), and signet ring cell carcinomas (n = 1; 8.3%). 

The average tumor size was 3.64 cm (median: 3.5; range: 0.2–7.5). Macroscopic examinations 

most frequently revealed a polypoid morphology (n = 7; 58.3%), followed by sessile (n = 3; 

25%) and flat lesions (n = 2; 16.7%). Tumors were identified as T1 (n = 2; 16.7%), T2 (n = 3; 



 

19 
 

35%), T3 (n = 4; 33.3%), and T4 (n = 3; 25%), respectively. Nodal involvement was observed 

only in N1 and N2 stages (n = 1; 8.3% and n = 2; 16.7%). Distant metastases were detected in 

4 cases (33.3%). Immunohistochemical analysis of microsatellite status was performed in 14 

cases. MSI was identified in 1 case (8.3%), while 7 cases (58.3%) reflected mismatch repair 

(MMR) proficiency. In the remaining 4 cases, no immunohistochemical or molecular genetic 

testing was performed. 

4.2.F. Clinicopathologic characteristics of IBD associated, combined conventional 

dysplasia and NCD 

 

Conventional dysplasia and NCD combined were identified in 15 cases (25.3%). The mean age 

of patients was 61.2 years (median: 58; range: 46–83). Male predominance was observed (n = 

9; 75%), and most patients were treated with UC (n = 11; 73.3%). Patients were diagnosed with 

dysplasia 14.5 years after IBD diagnosis (median: 16; range: 5–28 years). UC affected the left 

colon in 8 cases (53.3%), and dysplasia was localized to the left colon in the majority of cases 

(n = 12; 80%). The average size of dysplasia proved to be 0.86 cm (median: 0.6; range: 0.2–

2.5). In 8 cases (53.3%), the dysplasia appeared as polypoid during the endoscopic examination, 

while it remained flat in the rest of the cases (n=7; 46.7%). A significant association was found 

between the copresence of conventional dysplasias and NCDs and dysplasia size (p = 0.045), 

development (p = 0.025), localization (p = 0.032), macroscopic appearance (p = 0.047), 

multifocality (p = 0.017), histological subtype of colorectal carcinoma (p = 0.033), pT (p = 

0.014), pN stage (p = 0.012), and microsatellite status (p = 0.002). There was no significant 

association observed with patient’s age (p = 0.37), gender (p = 0.684), subtype (p = 0.735), 

duration (p = 0.158), and extent of IBD (p = 0.468), localization (p = 0.19), grade (p = 0.224), 

and macroscopic appearance of dysplasia (p = 0.286), size (p = 0.056) and grade (p = 0.052) 

of colorectal carcinoma, pM stage (p = 0.089), and the presence of lymphovascular invasion (p 

= 0.057). 

 

4.2.G. Evaluation of IBD-associated adenocarcinomas in patients with combined 

conventional dysplasias and NCD 

 

Nine (15.8%) patients who acquired both conventional and NCDs were diagnosed with 

colorectal carcinoma during follow up. The average age of patients at neoplasia diagnosis 

proved to be 61.6 years (median: 56; range: 46–83). The male-to-female ratio was 6:3. In 
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accordance with the above-detailed results, most patients (n=5; 55.6%) were diagnosed with 

UC, and IBD extent was observed either in the left colon (n=5; 55.6%), or as pancolitis (n=3; 

33.3%). On average, patients were treated with IBD for 15.3 years before any kind of dysplasia 

diagnosis (median:15.5; range: 5–26). The carcinoma was mostly localized to the left colon 

(n=6; 66.6%), with average size of 3.7 cm (median: 3.8; range: 0.2–7.5). During the grossing 

examination, the majority of carcinomas were observed infiltrative (n=6; 66.6%) and were 

identified histologically as low-grade (n=8; 88.9%). Multiplicity was observed in 5 cases 

(55.6%) during follow-up. The most common histological subtype proved to be conventional 

adenocarcinoma (n=5; 55.6%), followed by mucinous (n=2; 22.2%), signet ring cell (n=1; 

11.1%), and GCD (n=1; 11.1%) patterns. These carcinomas were mostly identified in an 

advanced, pT3 or pT4 stage (n=7; 77.8%), with lymph node and distant metastasis observed in 

3-3 cases, respectively (33.3%; 33.3%). MSI was identified in a single case (11.1%). 

 

4.2.H. Survival analysis  

Kaplan-Meier analysis was performed to determine survival estimates (Figures 6–8). In patients 

with conventional dysplasia, there was no significant association found either in PFS (p = 

0.688) or in OS (p = 0.667). Similar results were observed in patients with NCD in PFS (p = 

0.103) and OS (p = 0.167), and in combined cases (p = 0.596 in PFS, and p = 0.083 in OS), 

respectively. The reason for that may lie in the fact that the cases comprising this study were 

procured in a period when NCDs were not yet discovered, therefore, random biopsy sampling 

was not yet widely applied. The other possible explanation may be the relatively short period 

of follow-up, therefore, the authors not only plan to expand the database, but plan to reperform 

the survival analysis in 5 and 10 years, as well. 
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Figure 6 Kaplan-Meier estimates of PFS (A) and OS (B) in patients with conventional dysplasia. 

 

Figure 7 Kaplan-Meier estimates of PFS (A) and OS (B) in patients with NCD. 

 

Figure 8 Kaplan-Meier estimates of PFS (A) and OS (B) in patients with combined conventional and NCD. 
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4.3. WES analysis of IBD-associated serrated dysplasia 

4.3.A. Clinicopathologic features of serrated dysplasia 

Table 4 summarizes the clinicopathologic features of the 11 IBD patients who developed 13 

serrated dysplastic lesions. The mean age at the time of the serrated dysplasia diagnosis was 56 

years (range: 35–71). Serrated dysplasia occurred predominantly in men (n = 8; 73%). Ten 

(91%) patients were diagnosed with UC, and 1 (9%) patient had CD. Pancolitis was observed 

in 7 (64%) patients, whereas the remaining 4 (36%) patients had left-sided colitis. The mean 

duration of IBD at the time of serrated dysplasia diagnosis was 26 years (range: 5–59). No 

patient had a concurrent history of PSC. 

 

Table 4 Clinicopathologic features of the IBD patients with serrated dysplasia. 

Of the 13 serrated dysplastic lesions, 5 (38%) exhibited characteristics of SSL-like dysplasia, 1 

(8%) showed features of TSA-like dysplasia, 6 (46%) were classified as serrated dysplasia, 

NOS, and 1 (8%) displayed mixed features of SSL-like and TSA-like dysplasias (Tables 4 and 

5; Figure 1). Most lesions (n = 9; 69%) were found in the left colon, including SSL-like 

dysplasia (3/5; 60%) and serrated dysplasia, NOS (5/6, 83%). Eleven (85%) lesions had a 

polypoid endoscopic appearance, while the remaining 2 lesions, including 1 serrated dysplasia, 

NOS and 1 mixed SSL-like/TSA-like dysplasia, had a flat endoscopic appearance. The mean 

size of the lesions was less than 1 cm, except for the serrated dysplasia, NOS (mean: 1 cm, 

range: 0.3–2.5). The SSL-like dysplasia predominantly showed low-grade dysplasia (4/5; 80%), 

whereas half of the serrated dysplasia, NOS cases (3/6; 50%) displayed high-grade dysplasia. 

Among the 5 patients with either SSL-like dysplasia or serrated dysplasia, NOS, 1 (20%) also 

presented with conventional dysplasia. However, NCD was more frequently associated with 

the serrated dysplasia, NOS (3/5; 60%) than with the SSL-like dysplasia (1/5; 20%). During the 

 Serrated dysplasia (n = 13, from 11 

patients) 

Mean age (years, range) 56 (35–71) 

Male gender (%) 8 (73%) 

IBD subtype (%) UC: 10 (91%); CD: 1 (9%) 

Extent of IBD (%) Pancolitis: 7 (64%); Left-sided: 4 (36%) 

Mean duration of IBD (years, range) 26 (5–59) 

PSC (%) 0 (0%) 

Subtype of serrated dysplasia (%) SSL-like dysplasia: 5 (38%)  

TSA-like dysplasia: 1 (8%)  

Serrated dysplasia, NOS: 6 (46%)  

Mixed SSL-like/TSA-like dysplasia: 1 (8%) 



 

23 
 

follow-up, 5 (45%) of the 11 patients developed CRC, including 3 patients with the serrated 

dysplasia, NOS, 1 with the SSL-like dysplasia, and 1 with the TSA-like dysplasia. The median 

PFS was 22 months (range: 1–64) in the SSL-like dysplasia group and 15.8 months (range: 1–

51) in the serrated dysplasia, NOS group, and proved to be 1 month in the patient diagnosed 

with TSA-like dysplasia and 36 months in the mixed SSL-like/TSA-like dysplasia patient. In 

the case of the median OS, 34.6 months (range: 1–64) and 41 months (19–73) were established 

in the SSL-like dysplasia and serrated dysplasia, NOS groups, respectively, while 17 and 51 

months were recorded for the TSA-like dysplasia and the mixed SSL-like/TSA-like dysplasia 

patients. 
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SSL-like 

dysplasia  

(n = 5, from 5 

patients) 

Serrated 

dysplasia, 

NOS  

(n = 6, from 5 

patients) 

TSA-like 

dysplasia  

(n = 1, 

from 1 pa-

tient) 

Mixed SSL-

like/TSA-like 

dysplasia (n = 1, 

from 1 patient) 

Mean age (years, 

range) 

56 (35-71) 52 (36-63) 53 71 

Male gender (%) 3 (60%) 4 (80%) 1 (100%) 1 (100%) 

IBD subtype (%) UC: 5 (100%) 

CD: 0 (0%) 

UC: 4 (80%) 

CD: 1 (20%) 

UC: 1 

(100%) 

CD: 0 (0%) 

UC: 1 (100%) 

CD: 0 (0%) 

Extent of IBD 

(%) 

Pancolitis: 4 

(80%)  

Left-sided: 1 

(20%) 

Pancolitis: 3 

(60%) 

Left-sided: 2 

(40%) 

Pancolitis: 0 

(0%) 

Left-sided: 

1 (100%) 

Pancolitis: 1 

(100%) 

Left-sided: 0 

(0%) 

Mean duration 

of IBD  

(years, range) 

31 (5-59) 30 (7-47) 44 8 

Location of 

dysplasia (%) 

Left: 3 (60%) 

Right: 2 (40%) 

Left: 5 (83%) 

Right: 1 (17%) 

Left: 1 

(100%) 

Right: 0 

(0%) 

Left: 0 (0%) 

Right: 1 (100%) 

Endoscopic ap-

pearance of 

dysplasia (%) 

Polypoid: 5 

(100%) 

Flat: 0 (0%) 

Polypoid: 5 

(83%) 

Flat: 1 (17%) 

Polypoid: 1 

(100%) 

Flat: 0 (0%) 

Polypoid: 0 (0%) 

Flat: 1 (100%) 

Mean size of 

dysplasia  

(cm, range) 

0.5 (0.2-0.9) 1.0 (0.3-2.5) 0.6 0.5 

Histologic grade 

of dysplasia (%)  

LGD: 4 (80%) 

HGD: 1 (20%) 

LGD: 3 (50%) 

HGD: 3 (50%) 

LGD: 0 

(0%) 

HGD: 1 

(100%) 

LGD: 1 (100%) 

HGD: 0 (0%) 

Association with 

conventional 

dysplasia (%) 

1 patient with 

TA-like 

dysplasia (20%) 

1 patient with 

TVA-like 

dysplasia 

(20%) 

0 patient 

(0%) 

1 patient with 

TA-like dysplasia 

(100%) 

Association with 

NCD (%)  

1 patient with 

mixed SSL-

like/TSA-like 

dysplasia (20%) 

2 patients with 

hypermucinous 

dysplasia 

(40%) 

1 patient with 

GCD (20%) 

0 patient 

(0%) 

1 patient with 

SSL-like 

dysplasia (100%) 

Association with 

CRC (%) 

1 patient (20%) 3 patients 

(60%) 

1 patient 

(100%) 

0 patient (0%) 

 

Table 5 Clinicopathologic features of the serrated dysplastic subtypes.  
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4.3.B. Molecular features of serrated dysplasia 

 

WES was performed on 8 serrated dysplastic lesions from 7 patients (Table 6). For the 

remaining 5 lesions, either paraffin blocks were unavailable or the samples were unsuitable for 

WES. The SSL-like dysplasia in patient #5 harbored a likely pathogenic variant in MLH1, along 

with a high number of pathogenic and likely pathogenic variants, most of which were small 

frameshift insertions or deletions, which is suggestive of a MSI. Among these, a KRAS p.G12C 

mutation and 2 mutations in PTEN were identified. Consistent with the MLH1 mutation in 

patient #5, the immunohistochemistry for MLH1 and PMS2 showed a loss of staining, 

confirming MSI (Figure 9A). Also, the SSL-like dysplasia in patient #3 showed an inactivating 

variant in POLE; however, this lesion did not exhibit a high number of mutations, suggesting 

that this variant is likely a passenger mutation rather than a driver mutation. Furthermore, the 

SSL-like dysplasia in patient #1 demonstrated a BRAF p.V600E mutation, whereas a class 3 

BRAF mutation (p.G469A) was identified in the serrated dysplasia, NOS in patient #8. Both the 

SSL-like dysplasia (patients #1, #3, and #5) and serrated dysplasia, NOS (patients #4 and #8) 

showed likely pathogenic variants in KMT2C or EXT1. However, mutations in TP53 or POLG 

were found only in the serrated dysplasia, NOS (patients#8 and #11, respectively). In line with 

the TP53 mutation in patient #8, immunohistochemistry for p53 showed overexpression (Figure 

2B). Patient #6, who had both SSL-like dysplasia and mixed SSL-like/TSA-like dysplasia, 

exhibited a pathogenic mutation in MUTYH (p.R217H), along with mutations in MADD.  
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Patient 

# 

Subtype Pathogenic 

mutations 

Likely pathogenic mutations 

1 SSL-like dysplasia BRAF, ATR KMT2C 

3 SSL-like dysplasia EXT1 POLE, CDKN1B 

4 Serrated dysplasia, 

NOS 

- KMT2C, MAX, CDC6 

5 SSL-like dysplasia KRAS, PTEN, 

TSC1 

MLH1, DICER1, HIF1A, ASXL1, 

ZNF292, EXT1, ACVR2A, KMT2C, MGA, 

SETD1B, TGFBR2 

6 (le-

sion #1) 

SSL-like dysplasia MUTYH, 

MADD 

SERPINB4 

6 (le-

sion #2) 

Mixed SSL-

like/TSA-like 

dysplasia 

MUTYH, 

MADD 

- 

8 Serrated dysplasia, 

NOS 

- TP53, BRAF, MPL, EXT1 

11 Serrated dysplasia, 

NOS 

POLG - 

 

Table 6 Molecular features of serrated dysplasia. Abbreviations: ACVR2A - Activin A receptor type 2A; ASXL1 - 

Additional sex combs like 1; ATR - Ataxia telangiectasia and rad3-related; CDC6 - Cell division cycle 6; CDKN1b 

- Cyclin-dependent kinase inhibitor 1B; EXT1 - Exostosin glycosyltransferase 1; HIF1A - Hypoxia-inducible 

factor 1-alpha; KMT2C - Lysine N-methyltransferase 2C; MADD - MAP kinase-activating death domain; MAX - 

MYC-associated factor X; MGA - MAX dimerization protein MGA; MPL - Myeloproliferative leukaemia virus 

gene; MUTYH - MutY DNA glycosylase; POLE - Polymerase epsilon; POLG - DNA polymerase subunit gamma; 

SERPINB4 - Serine proteinase inhibitor, clade B; SETD1B - SET domain containing 1B; TGFBR2 - Transforming 

growth factor beta receptor 2; TSC1 - Tuberous sclerosis 1; ZNF292 - Zinc finger protein 292. 

 

Figure 9 Immunohistochemical analysis of SSL-like dysplasia and serrated dysplasia, NOS. (A) MLH1 

immunohistochemistry shows a loss of staining in SSL-like dysplasia. (B) p53 immunohistochemistry demonstrates 

overexpression in serrated dysplasia, NOS.   
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5. DISCUSSION 

5.1. Examination of NCDs adjacent to colorectal adenocarcinoma in patients with IBD 

The literature review was carried out using PubMed search and the keywords “inflammatory 

bowel disease,” “non conventional dysplasia,” and “non-conventional dysplasia”. The 

classification of IBD-associated dysplasias has changed over the past years. The Riddell 

classification (negative, indefinite, low-grade, and high-grade) from 1983 has been the gold 

standard for years; however, new subtypes, including villous and hypermucinous have been 

introduced in 1999 [12, 30]. The serrated subtype was first identified by Patil et al in 2017 [31]. 

A more recent and comprehensive classification has been published by Choi et al with 7 NCD 

subtypes, including hypermucinous, DPD, GCD, CCD, SSL-like, TSA like, and serrated 

dysplasia, NOS [13]. So far, there are 15 original studies in the literature examining these 

subtypes, of which 8 are retrospective and consecutive, with additional sporadic case 

presentations [11, 13-16, 18, 20, 23, 24, 32-38]. Most of the available literature focuses on 

colorectal pathology; however, counterparts associated with CD affecting the small intestine 

were also reported [39, 40]. NCD was detailed in 8 review articles [5, 6, 25-27, 41-43]. Based 

on our current knowledge, IBD-associated NCD may harbour aneuploidy, DNA abnormalities, 

and p53 mutation (overexpressed or null phenotype) more frequently than conventional 

counterparts [14, 33]. Regarding their development, high inflammatory activity has been 

proven to be an independent risk factor, according to the results of Nguyen et al [32]. Musulen 

et al suggested gastric metaplasia as a candidate precursor lesion to some hypermucinous 

dysplasia, in accordance with the results of Kővári et al [36, 38]. Furthermore, NCD in general, 

is more commonly associated with UC and PSC [23, 26, 33]. In a North American population, 

DPD and CCD subtypes may be the most common [14]. Moreover, Bahceci et al demonstrated 

that CCD and GCD frequently present as flat or invisible lesions endoscopically, and most 

endoscopically undetected lesions were categorised as non conventional [15, 18]. A correlation 

between NCD subtypes and special histologic types of invasive adenocarcinoma was also 

proposed. GCD and hypermucinous subtypes have been identified as candidate precursor 

lesions of low-grade tubuloglandular and mucinous adenocarcinomas, respectively [16]. The 

presence of NCD has been associated with more frequent and earlier recurrence of 

intraepithelial neoplasia, larger lesion size, and high-grade adenocarcinomas [13, 34]. Overall, 

their molecular background, possibly flat or invisible morphology, and the high probability of 

relapse and high-grade features of associated adenocarcinomas all suggest an overall worse 

prognosis compared to conventional dysplasia. In most studies, the evaluation of NCD has been 
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mainly determined by 1 or 2 expert gastrointestinal pathologists [13, 14, 16, 23, 32, 33, 44]; 

therefore, the reproducibility of the new classification is uncertain. Although each included 6 

evaluators, Choi et al’s and Lang-Schwartz et al’s studies did not report data on intraclass 

correlation. According to the results of Nasreddin et al, poor agreement was found between 6 

evaluators using the same classification [35]. An even more detailed classification was 

published in 2023 by Harpaz et al, dividing IBD-associated dysplasias into intestinal 

(tubular/villous adenoma-like, GCD, CCD, TSA-like, SSL-like, serrated dysplasia, NOS), 

gastric (tubular/villous, serrated), and mixed categories. Reproducibility examination reflected 

good general agreement regarding definitive diagnosis [24]. Table 7 summarises the results of 

the literature review.  
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Author Year of 

publica-

tion 

Type of 

article 

Type of 

study 

Examined NCD 

subtypes 

Number 

of cases 

Number 

of eva-

luators 

Types of spe-

cimens 

Immunohis-

tochemical 

analysis 

Molecular 

analysis 

New findings 

Andersen et 

al [30] 

1999 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

villous mucosa 

13 Not 

ment-

ioned 

Colectomy NA KRAS muta-

tion analysis 

Highest KRAS muta-

tion frequency was 

found in hypermuci-

nous and villous mu-

cosa. 

Patil et al. 

[31] 

2017 Original 

research 

Retros-

pective 

New classifica-

tion: adenoma-

like, terminally 

differentiated, 

serrated, hyper-

mucinous  

30 Not 

ment-

ioned 

Not ment-

ioned 

MUC2, 

MUC5AC, 

MUC6, p53, β-

catenin, an-

nexin A10, 

Maspin, BRAF, 

SOX9  

NA P53 plays a role in 

adenoma-like, termi-

nally differentiated, 

and hypermucinous 

dysplasias. Combi-

ned alterations of 

p53 

and β-catenin are 

observed in serrated 

precursors. MUC6 is 

a marker of hyper-

mucinous subtype. 

Kamará-

dová et al. 

[45] 

2019 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Putative pre-

cursor lesions 

(Serrated 

change/dysplasia, 

villous hypermu-

cinous change) 

309 Not 

ment-

ioned 

Colectomy MMR, p53, 

MGMT 

KRAS, NRAS, 

BRAF muta-

tion analysis 

IBD-associated 

adenocarcinomas are 

heterogenic. All 

putative precursor 

lesions are associa-

ted with longstand-

ing IBD.  

Kamará-

dová et al. 

[46] 

2020 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Putative pre-

cursor lesions 

(Serrated 

change/dysplasia, 

villous hypermu-

cinous change) 

309 Not 

ment-

ioned 

Colectomy MLH1, p53, 

MGMT 

KRAS, NRAS, 

BRAF muta-

tion analysis 

Almost half of IBD-

associated NCDs 

may harbour KRAS 

mutations. 
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Choi et al. 

[13] 

2020 Original 

research 

Retros-

pective, 

multicenter 

New classifica-

tion: Hypermuci-

nous, TSA-like, 

SSL-like, ser-

rated dysplasia, 

NOS, DPD, 

GCD, CCD 

58 6 Colectomy NA NA Colorectal carcino-

mas associated with 

NCDs tend to be 

high-grade, and they 

mainly be found in 

the left colon.  

Pereira et 

al. [27] 

2020 Review NA NA NA NA NA NA NA NA 

Lee et al. 

[14] 

2021 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

168 1 or 2 Biopsy, co-

lectomy 

NA DNA flow 

cytometry 

Almost half of 

NCDs may harbour 

aneuploidy, and they 

may present as flat 

lesions during en-

doscopic examina-

tion. DPD and CCD 

are the most com-

monly identified 

subtypes.  

Choi [6] 2021 Review NA NA NA NA NA NA NA NA 

Choi et al. 

[15] 

2022 Original 

research 

Retros-

pective, 

multicenter 

Hypermucinous, 

CCD, GCD 

126 1 Biopsy, co-

lectomy 

p53 NA NCDs may predomi-

nantly be found in 

patients with UC, 

and may be associa-

ted with PSC in 1/4 

of cases. CCD and 

GCD subtypes are 

often present as en-

doscopically flat or 

invisible lesions. 

P53 null or mutant 

phenotype may be 

found in 29-55% of 

cases. 
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Choi et al. 

[26] 

2022 Review NA NA NA NA NA NA NA NA 

Kamará-

dová [41] 

2022 Review NA NA NA NA NA NA NA NA 

Zhang et al.  

[23] 

2022 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

173 2 Biopsy, co-

lectomy 

NA NA Almost 1/3 of PSC-

IBD patients may 

develop dysplasia, 

that is mostly 

characterized as non-

conventional. 

Nguyen et 

al. [32] 

2022 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

125 1 Biopsy  NA NA Higher inflammatory 

activity score inc-

reases the chance of 

the development of 

IBD-associated 

NCDs. 

Bahceci et 

al. [44] 

2022 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

207 2 Biopsy, co-

lectomy 

NA NA Colonoscopically 

undetected 

dysplasias are 

mainly non-con-

ventional.  

Akarca et 

al. [16] 

2023 Original 

research 

Retros-

pective, 

consecutive, 

multicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

46 1 Colectomy NA NA CCD and hypermu-

cinous dysplasias are 

precursor lesions of 

low-grade tubulog-

landular and muci-

nous adenocarcino-

mas. 

Zhang et al. 

[33]  

2023 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

96 1 Biopsy  NA DNA flow 

cytometry 

PSC-IBD patients 

are more likely to 

developing 

dysplasias of the 

right colon, and 

DNA abnormality. 

Choi [25] 2023 Review NA NA NA NA NA NA NA NA 
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Waters et 

al. [42] 

2023 Review NA NA NA NA NA NA NA NA 

Lang-

Schwarz et 

al. [34] 

2023 Original 

research 

Retro- and 

prospective, 

consecutive, 

unicenter 

Hypermucinous, 

DPD, GCD, CCD 

5435 6 Not ment-

ioned 

NA NA NCDs are associated 

with more frequent 

and earlier relapse 

low-grade intraepit-

helial neoplasia re-

lapse, and larger le-

sion size. 

Almási et al. 

[11] 

2023 Case 

report 

NA NA NA NA NA NA NA NA 

Enea et al. 

[43] 

2023 Review NA NA NA NA NA NA NA NA 

Alipour and 

Stashek [5] 

2023 Review NA NA NA NA NA NA NA NA 

Harpaz et 

al. [24] 

2023 Original 

research 

Retros-

pective 

New classifica-

tion: intestinal 

dysplasia (tubu-

lar/villous ade-

noma-like, GCD, 

CCD, TSA-like, 

SSL-like, ser-

rated dysplasia, 

NOS), gastric 

dysplasia (tubu-

lar/villous, ser-

rated), and mixed 

35 7 Not ment-

ioned 

NA NA The new classifica-

tion system is repro-

ducible, with 2/3 of 

cases with definitive 

diagnosis.  
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Guerini et 

al. [39] 

2023 Original 

research 

Retros-

pective, 

multicenter 

TSA-like, GCD 49 2 Small bowel 

resection 

CK7, CK20, 

MUC5AC, 

MUC6, CDX2, 

B-catenin, p53, 

MLH1, PMS2, 

MSH2, MSH6  

IDH1 muta-

tion analysis 

and MGMT 

promoter 

methylation 

IDH1-mutated, CD-

associated small 

bowel adenocarcino-

mas represent a 

subtype with diffe-

ring immunohistoc-

hemical and 

methylation profile. 

IDH1-mutated non-

conventional, TSA-

like dysplasia may 

be a precursor lesion 

of these tumours. 

Nasreddin 

et al. [35] 

2024 Original 

research 

Retros-

pective, 

consecutive, 

unicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

89 6 Biopsy, co-

lectomy 

NA NA Poor agreement 

IBD-associated was 

found in IBD-asso-

ciated NCD 

subtypes. 

Musulen et 

al. [36] 

2024 Original 

research 

Retros-

pective, 

multicenter 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, 

CCD, SEC 

33 3 Colectomy p53, MUC5AC, 

MLH1, CDX2 

NA On the basis of IBD, 

gastric metaplasia 

may develop, that 

serves as a precursor 

lesion of NCDs. The 

expression of 

MUC5AC decreases 

with the increase of 

the degree of 

dysplasia.  
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Our study 2024 Original 

research 

Retros-

pective, ran-

domized 

Hypermucinous, 

TSA-like, SSL-

like, serrated 

dysplasia, NOS, 

DPD, GCD, CCD 

28 2 Biopsy, co-

lectomy 

NA NA IBD-associated 

NCDs may often ap-

pear combined, and 

the most common 

combination is 

hypermucinous and 

serrated dysplasia, 

NOS. NCDs are sig-

nificantly associated 

with mucinous 

adenocarcinomas, 

while conventional 

subtypes areassocia-

ted with medullary 

adenocarcinomas. 
 

Table 7 Results of the literature review. Abbreviations: CDX2 - Caudal-type homeobox transcription factor 2; CK7 - Cytokeratin 7, CK20 - Cytokeratin 20; IDH1 - Isocitrate 

dehydrogenase 1; Maspin - Mammary serine protease inhibitor; MGMT - O(6)-Methylguanine-DNA-methyltransferase; MLH1 - MutL homolog 1; MSH2 - MutS homolog 2; 

MSH6 - MutS homolog 6; MUC2 - Mucin 2; MUC5AC - Mucin-5AC; MUC6 - Mucin 6; NA – Not applicable; NRAS - Neuroblastoma ras viral oncogene homolog; p53 - 

Tumour protein p53; PMS2 - PMS1 homolog 2; SOX9 - SRY-Box Transcription Factor 9 
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Hereby, we performed the first Hungarian pilot study, aiming to re-evaluate several IBD-

associated adenocarcinoma cases to retrospectively survey the incidence of NCD and to validate 

that recent North American findings may apply to a Central-Eastern European population. We 

also provide an updated literature review. Our study successfully demonstrated the presence of 

NCD adjacent to 60% of 28 randomly selected IBD-associated colorectal adenocarcinoma cases 

diagnosed between 2010 and 2022 at the Department of Pathology, University of Szeged. 

Although our primary focus was identifying and subtyping adjacent NCDs, we also aimed to 

evaluate the most significant clinicopathological parameters. In our study, the most common 

subtype proved to be hypermucinous dysplasia, but interestingly, CCD and DPD subtypes were 

not found in the examined population, even though these subtypes are common in North 

American populations [13, 15, 26]. Nonetheless, DPD was reported to be typically low-grade 

and less frequently associated with advanced neoplasms, explaining its absence in our IBD-

associated adenocarcinoma cohort [26]. Otherwise, discrepancies may be explained by the 

differing population or the non consecutive and pilot nature of our study design. Some 

examined clinicopathological parameters, including patients’ age at the time of dysplasia 

diagnosis, the duration of IBD, and the association with UC reflect international literature data. 

Other prognostic factors of colorectal carcinomas showed varying distribution, likely due to the 

low number of cases; therefore, no significant association was found between these parameters. 

Although literature data support an association between the risk of NCD development and high 

histologic inflammatory activity, we failed to reproduce these findings, likely due to the lack of 

statistical power [32]. A significant association was found between adenocarcinoma subtypes 

and adjacent dysplasia subtypes. Mucinous adenocarcinomas were solely found in the NCD 

population, and medullary adenocarcinomas were only present in the conventional dysplasia 

group. Unexpectedly, all cases with mixed conventional and NCD components were associated 

with conventional adenocarcinomas (n = 9). This finding is discrepant from the results of earlier 

studies, which showed mixed dysplasia associated with both tubuloglandular and mucinous 

adenocarcinomas [16]. The recent studies of Kővári et al and Musulen et al may offer some 

explanation for these results, as some evidence suggests that a chronic inflammation-foveolar 

metaplasia-hypermucinous dysplasia-mucinous adenocarcinoma sequence may exist in the 

setting of IBD [36, 38]. The association of NCDs with UC was reproduced in our cohort. The 

limitation of our study, as expected from a pilot design, is the relatively small number of 

patients. We are currently working on a complete consecutive IBD-associated neoplasia cohort 

comprising all cases between 2010 and 2023. The selection of cases was random, and 

unexpectedly, all cases included dysplasia adjacent to the carcinoma. Based on our results, 
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either conventional, non-conventional or mixed, dysplasia is a common tumour-accompanying 

change in the setting of IBD. Although NCDs were reported to harbour molecular alterations 

characteristic of advanced neoplasia [14, 15], more detailed comparative molecular analysis of 

both the carcinomatous and dysplastic components are needed to establish that NCDs represent 

definite tumour precursor lesions. Of note, none of the included cases in our cohort had 

concurrent or prior histologically proven, endoscopically non-visible dysplasia. However, the 

retrospective nature of this study may explain the lack of such lesions. At the time of sampling, 

endoscopists were unaware of the implications of NCD and its association with flat and 

invisible endoscopic presentation. In most of our cases with prior or concurrent biopsies 

targeting other colonic segments, the samples were taken from endoscopically inflamed mucosa 

to determine disease activity, endoscopically visible lesions concerning for dysplasia, or 

represented limited step biopsies from endoscopically uninvolved mucosa. A further limitation 

is the lack of insight into the clinical management (i.e., the type of anti-inflammatory drug used 

for induction and maintenance of remission and the applied dosages), that may have had an 

impact on the ongoing inflammation-related mucosal injury and related carcinogenetic damage. 

International data and our results highlight the importance of recognising IBD-associated NCDs 

on the pathologists’ side. At the same time, clinically, these patients may benefit from 

individualised follow-up and random biopsy sampling. 

5.2. Evaluation of dysplasias associated with IBD – a single-center, retrospective, 5-year 

experience 

Choi et al introduced a new classification of IBD-associated dysplasias, namely, NCDs [5]. The 

presence of NCDs is currently considered to predict a poorer prognosis, as they are more 

frequently associated with aneuploidy, high-grade dysplasias, and high-risk carcinomas. Some 

subtypes may appear flat during the endoscopic examination, making their detection 

challenging. Given the limited information about these lesions, their clinical and histological 

identification remains difficult. In our study, we reviewed the neoplastic specimens of IBD 

patients with histological samples from the University of Szeged (Hungary) between 2011 and 

2015 to identify NCDs, to perform statistical analysis of clinicopathological factors potentially 

influencing prognosis, and to compare them with conventional dysplasias. During the study 

period, 57 patients were included in our database, with a mean age of 63.7 years (median: 65, 

range: 33–94), and male predominance (n = 34; 59.6%). The majority of patients were treated 

for UC (n = 41; 71.9%). Conventional dysplasias were observed in 47 patients. The average 

age proved to be 65.2 years (median: 66; range: 33–94), and male predominance was observed 
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in this group, as well (n = 31; 65.9%). Patients were mostly diagnosed with UC (n = 33; 70.2%), 

with left colon localization (n = 22; 46.8%). The average IBD duration until dysplasia diagnosis 

was 14.8 years (median: 14; range: 1–37). In accordance with IBD localization, dysplastic 

lesions were mainly identified in the left colon (n = 31; 65.9%). Altogether 12 patients (25.5%) 

were diagnosed with colorectal adenocarcinoma during follow-up, that were mainly localized 

to the left colon (n = 8; 66.7%). The majority were identified as low-grade (n =10; 83.3%). In 

half of the cases (n = 6), multiplicity was observed, as well. Seven cases (58.3%) were 

characterized as conventional adenocarcinoma, followed by mucinous (n = 3; 25%), signet ring 

cell (n = 1; 8.3%), and GCD (n = 1; 8.3%) patterns. Most cases (n = 8; 66.7%) were found in 

an advanced, T3 or T4 stage. A significant association was found between the presence of 

conventional dysplasias and dysplasia localization, size, endoscopic appearance, grade, 

macroscopic appearance of colorectal carcinoma, and pT stage. In our cohort, NCDs were 

identified in 20 patients (35.1%), predominantly around the 6th decade of life, with a slight male 

predominance (n = 12; 60%), associated with UC (n = 14; 70%). Of note, UC, NCD subtypes, 

as well as colorectal adenocarcinomas, were predominantly localized to the left colon in this 

cohort. During revisional histological examination, serrated dysplasia, NOS was detected in 6 

cases (30%), followed by hypermucinous (n = 4; 20%) GCD (n = 4; 20%), SSL-like (n = 2; 

10%) and TSA-like dysplasia (n = 1; 5%). Out of the 20 cases, a total of 12 (60%) also 

developed colorectal adenocarcinoma, which was found to be predominantly low-grade (n = 

11; 91.7%) and conventional adenocarcinoma subtype (n = 8; 66.7%). Rarer subtypes were also 

identified, however, as the association of non-conventional carcinoma subtypes with NCDs is 

not fully understood, further conclusions on this issue cannot be made. The majority of these 

adenocarcinomas were detected at advanced T3 and T4 stages (together n = 7; 58.3%), and 4 

cases (33.3%) were diagnosed in M1 stage. A significant correlation was observed between 

NCDs and colorectal carcinoma development, localization, tumor size, macroscopic 

appearance, grade, histological subtype, pT and pM stage, and microsatellite status. 

Conventional dysplasias and NCDs were present combined in 15 cases (25.3%). In accordance 

with the above-mentioned data, the mean age of patients was 61.2 years (median: 58; range: 

46–83), male predominance was observed (n = 9; 75%), and most patients were treated with 

UC (n = 11; 73.3%). Patients were diagnosed with dysplasia 14.5 years after IBD diagnosis 

(median: 16; range: 5–28 years). Altogether 9 patients (15.8%) were diagnosed with colorectal 

carcinoma, as well, that were identified as low-grade (n = 8; 88.9%), and in 5 cases (55.6%) as 

multiple. Several histological subtypes were identified, including conventional adenocarcinoma 

(n = 5; 55.6%), mucinous (n = 2; 22.2%), signet ring cell (n = 1; 11.1%), and GCD 
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adenocarcinoma (n = 1; 11.1%). A significant association was found between the co-presence 

of conventional dysplasias and NCDs and dysplasia size, development, localization, 

macroscopic appearance, multifocality, histological subtype of colorectal carcinoma, pT, pN 

stage, and microsatellite status. International findings and our work suggest that the detection 

of IBD-associated NCD may be a key issue in future gastrointestinal pathology, as it was found 

to be common in neoplastic specimens in our consecutive retrospective study (20/ 57; 35.1%). 

It is also important to emphasize that, based on the work of Choi et al, using North American 

data, several NCD subtypes are flat, making them difficult or impossible to detect 

endoscopically [13]. Among the patients involved in our study, the majority of NCDs were 

polypoid (n = 11; 55%); however, it must be noted that at the time of sampling NCD subtypes 

had not yet been described, so the samplers may not have been aware of the significance of 

potentially flat lesions. Furthermore, in our data, serrated dysplasia, NOS was found to be the 

most common, whereas the CCD and DPD subtypes observed in the US population were not 

identified at all. The different proportions of histological subtypes could account for the 

differences in endoscopic morphology. Based on our findings, the presence of NCD predisposes 

the development of colorectal adenocarcinoma and predicts a poorer prognosis, as it is 

associated with tumors of more advanced stages. Moreover, these tumors were predominantly 

found to be microsatellite stable, rendering them ineligible for treatment with Programmed Cell 

Death Ligand 1 inhibitors according to current guidelines [47]. Conventional dysplasias have 

already been widely investigated by many study groups during the last 4 decades, therefore, all 

the above-mentioned clinicopathological factors have been identified. On the other hand, NCDs 

have been identified in recent years, therefore, they have only been in the focus of attention for 

a short period, resulting in limited information. It must be emphasized that such consecutive, 

retrospective, cohort study has not been performed before in a Central European population. 

Furthermore, our study aimed to investigate cases with the co-occurrence of conventional 

dysplasias and NCDs, representing results as the first of their kind. With the emergence of novel 

morphological variants, the histopathological characteristics are not fully described, making 

their diagnosis particularly challenging. This complexity is compounded by the requirement of 

the confirmation of at least 2 gastrointestinal pathologists to diagnose IBD associated 

neoplasms, as stipulated by current international guidelines [48]. However, non-primary 

healthcare institutions may lack the necessary specialization, as well as access to advanced 

diagnostic tools such as immunohistochemistry and molecular genetic testing. Furthermore, the 

poor prognosis associated with IBD-related NCDs may be attributed to their higher rates of 

aneuploidy and their frequent association with high-risk carcinomas. Given these challenges, 
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some experts advocate for randomized biopsy sampling and more rigorous patient monitoring 

in cases of NCD [26]. In conclusion, IBD-associated NCDs require increased attention during 

histopathological evaluation. Larger cohort studies from Hungary and the Central European 

region are needed to gain a more comprehensive understanding of their clinical behavior. Based 

on current knowledge, patients may benefit from close follow-up involving endoscopic 

sampling, randomized biopsies, and, in cases where NCD is diagnosed, complete removal of 

the lesion is recommended [26]. 

5.3. WES analysis of IBD-associated serrated dysplasia  

The clinicopathologic and molecular features of SSL-like dysplasia in IBD are not yet fully 

understood. In this regard, we note that SSL-like dysplasia was more frequently found in the 

left colon (60%) and in men (60%) (Table 2), in contrast to its sporadic counterpart, which is 

typically located in the right colon and more commonly affects women [49-54]. Also, the mean 

age of patients with SSL-like dysplasia (56 years) was lower than the reported age range for 

sporadic SSL with dysplasia (60–76 years). Furthermore, in addition to the typically observed 

BRAF mutation, the MLH1 mutation was detected in a single case, which may rarely be detected 

in sporadic SSL with dysplasia [19, 51, 53]. WES identified mutations have not been previously 

reported in SSL with or without dysplasia, including POLE, KMT2C, and EXT1. Overall, these 

findings suggest that SSL-like dysplasia in IBD mayrepresent a distinct entity compared with 

its sporadic counterpart. POLE plays a crucial role in the DNA proofreading mechanism, but 

its mutations are rare in CRC, occurring in approximately 3% of cases [55, 56]. These mutations 

are more commonly found in younger individuals, affect men more frequently than women, 

and are usually located in the right colon [55-57]. Notably, among Asian patients, 68% of POLE 

mutations are identified in the left colon, whereas 64% of non-Asian patients have them in the 

right colon (p < 0.01) [56]. POLE mutations are usually independent of BRAF and KRAS 

mutations, as well as MSI [55, 56]. The presence of POLE mutations in SSL-like dysplasia that 

lacks BRAF, KRAS, or MLH1 mutations (patient #3; Table 3) suggests that a subset of SSL-like 

dysplastic lesions may serve as precursors for POLE mutant CRCs. Although POLE-mutant 

CRCs are generally considered a subtype with a favorable prognosis, they can exhibit high-

grade histologic features, including poorly cohesive rhabdoid cells and areas resembling 

medullary carcinoma [55, 56, 58]. Similarly, mutations in genes involved in histone 

modification, such as KMT2C, are exceedingly rare in CRC, occurring in approximately 1% of 

cases, but are significantly more frequent in CRC affecting younger patients [59]. Meanwhile, 

EXT1 is primarily recognized for its role in hereditary multiple exostoses (osteochondromas), 
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and the potential relevance of EXT1 mutations in CRC remains unclear [60]. Of note, although 

rare, mutations in KRAS and PTEN have been observed in sporadic SSL with dysplasia. 

Bettington et al. identified KRAS mutations at codon 12 or 13 in 1 (1%) out of 137 SSLs with 

dysplasia, while Murakami et al. reported PTEN mutations in 1 (13%) out of 8 SSLs with 

dysplasia [51, 61]. Consistent with these findings, only 1 (25%) of the 4 SSL-like dysplastic 

lesions in our cohort had both mutations (patient #5) (Table 3). However, this lesion also 

exhibited a likely pathogenic variant in MLH1, along with a high number of pathogenic and 

likely pathogenic variants, most of which were small frameshift insertions or deletions, 

indicating MSI. Indeed, a previous study showed that mutations in various genes, including 

PTEN, could result from MSI in MSI-high CRCs [62]. Serrated dysplasia, NOS is a recently 

described subtype of serrated dysplasia that lacks the typical features of SSL-like dysplasia or 

TSA-like dysplasia. However, its clinicopathologic and molecular features are largely 

unknown. In this regard, we found that the serrated dysplasia, NOS predominantly occurred in 

the left colon (83%) and was more common in men (80%) (Table 2). Notably, the serrated 

dysplasia, NOS exhibited a higher frequency of high-grade dysplasia (50%) compared with the 

SSL-like dysplasia (20%). The serrated dysplasia, NOS was also more frequently associated 

with NCD (60%, including 2 cases of hypermucinous dysplasia and a single case of GCD) 

compared with the SSL-like dysplasia (20%, including one case of mixed SSL like/TSA-like 

dysplasia). NCD, including hypermucinous dysplasia, crypt dysplasia (which features mild 

cytologic atypia confined to the crypt bases), and GCD, is considered high risk because they 

are more frequently de tected as flat/invisible dysplasia (42–100%) and associated with 

advanced neoplasia upon follow-up (40–93%) compared with conventional dysplasia or 

sporadic adenomas (18% and 10%, respectively) [14, 23, 26, 32, 33, 37, 44, 63]. Consistently, 

the serrated dysplasia, NOS demonstrated worse outcomes upon follow-up, with 3 of the 5 

patients (60%) developing CRC. In addition to the mutations observed in the SSL-like 

dysplasia, such as BRAF, KMT2C, and EXT1, the serrated dysplasia, NOS exhibited mutations 

in TP53 or POLG. Notably, a single case of serrated dysplasia, NOS (patient #8) harbored both 

TP53 and BRAF mutations without MLH1 mutations (Table 3), aligning with previous findings 

stating that BRAF-mutated microsatellite stable (MSS) CRCs frequently present with TP53 

mutations (41% vs. 17% in BRAF-mutated, MSI CRCs) and are considered the most aggressive 

molec ular subtype [51, 64-66]. The significance of POLG mutations in another case of serrated 

dysplasia, NOS (patient #11), which are associated with a wide variety of mitochondrial 

diseases, remains uncertain, as they have not been previously linked to any serrated lesions. 

Linkowska et al. also found no evidence supporting a role for POLG mutations in driving the 
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accumulation of somatic mutations in mitochondrial DNA or in the development and 

progression of CRC [67]. However, more recently, using a mouse model of inflammation 

induced colon tumorigenesis, Maiuri et al. reported that inflammation-induced alterations in 

Polg expression may play a significant role in tumorigenesis by reducing mitochondria levels 

and altering metabolism, making the tumor more resistant to oxidative stress [68]. Taken 

together, these findings suggest that serrated dysplasia, NOS may have distinct molecular 

features compared with SSL-like dysplasia, and a subset of these lesions could represent 

precursor lesions for BRAF-mutated MSS CRCs, potentially explaining their higher malignant 

potential. Apotential limitation of our study was that due to the very high number of the original 

cohort, solely patients with neoplasia diagnosis were reevaluated; therefore, samples may have 

been missed during the reevaluation process. Our findings support the fact that IBD-associated 

serrated lesions are often associated with CRC (45%), and therefore, may be later on defined in 

the serrated dysplasia category. Such lesions should be excised completely, and patients may 

benefit from a closer follow-up [18]. 
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6. CONCLUSIONS 

1. This first Hungarian pilot study investigated IBD-associated colorectal adenocarcinomas to 

assess the presence of NCD and compare findings with North American data. NCD was 

identified adjacent to 60% of cases, with hypermucinous dysplasia being the most common 

subtype. Mucinous adenocarcinomas were exclusively associated with NCD, and medullary 

types only with conventional dysplasia, suggesting distinct pathogenetic pathways. The results 

support a possible inflammation–foveolar metaplasia–hypermucinous dysplasia–mucinous 

adenocarcinoma sequence in IBD. Overall, this study extends international findings to a 

Central-Eastern European population and highlights the diagnostic and clinical significance of 

recognizing NCD in IBD-associated neoplasia. 

2. This retrospective study from the University of Szeged examined neoplastic specimens from 

IBD patients to identify NCDs and evaluate their clinicopathological relevance. NCDs were 

most often associated with UC and found predominantly in the left colon, with serrated 

dysplasia, NOS and hypermucinous types being the most common. Their presence was linked 

to the development of CRC, and more advanced tumor stage. Unlike North American studies, 

certain NCD subtypes such as crypt cell and domed dysplasia were absent, indicating possible 

regional differences. Overall, this study highlights the importance of recognizing NCDs in IBD-

related neoplasia and supports more vigilant endoscopic surveillance and complete lesion 

removal for affected patients. 

3. This study highlights important advances in understanding serrated dysplastic lesions in IBD. 

The findings show that SSL-like dysplasia in IBD displays distinctive clinicopathologic and 

molecular profiles compared with its sporadic counterpart, including unique mutations not 

previously reported in serrated lesions. Notably, the discovery of POLE, KMT2C, and EXT1 

mutations suggests that these lesions may represent a novel molecular pathway and potential 

precursors to specific CRC subtypes. Serrated dysplasia, NOS, demonstrated distinct molecular 

alterations, such as TP53 and POLG mutations, and appeared to carry a higher malignant 

potential. Overall, these achievements refine the molecular classification of IBD-associated 

serrated dysplasia and underscore the importance of complete excision. 
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