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Outline

 Classical adenomas

 Forms 

 Tubular adenoma (TA)

 Tubulovillous adenoma (TVA)

 Villous adenoma (VA)

 Adenoma-carcinoma-sequence (sporadic and hereditary)

 Serrated polyps

 Hyperplastic polyp (HP)

 Sessile serrated adenoma / polyp (SSA/P)

 Traditional serrated adenoma (TSA)

 Molecular pathology: serrated route to cancer



Classical Colorectal

Adenomas

 Adenomas are defined by the presence of dysplastic epithelium. This 

is characterized (…) by enlarged, hyperchromatic nuclei, varying 

degrees of nuclear spindling and stratification. 

WHO Classification 2010



Classical Colorectal

Adenomas

Low-grade

High-grade

In the majority of high grade 

adenomas only a part of the lesion is 

high grade which is recognizable 

already in low power (4ex)



Kuijpers et al. Histopathology 2016



Madani et al. Histopathology 2019



Classical Colorectal

Adenomas

 Adenomas are defined by the presence of dysplastic epithelium. This 

is characterized (…) by enlarged, hyperchromatic nuclei, varying 

degrees of nuclear spindling and stratification. 

 Most adenomas are <1cm in size and have tubular architecture. 

 Villous architecture is defined as leaf- or finger-like projections of 

epithelium overlying a small amount of lamina propria.

 Tubulovillous adenomas are defined by a mixture of tubular and villous 

structures with arbitrary percentages in different studies, typically 

between 25% and 75% villous component.

<25% villous components = tubular adenoma

25-75% villous components = tubulovillous adenoma

>75% villous components = villous adenoma

WHO Classification 2010



Tubular Adenoma



Tubular Adenoma



Tubular Adenoma



Tubular Adenoma



Villous Adenoma



Villous Adenoma



Villous Adenoma



Villous Adenoma



Bettington et al. Histopathology 2013

Molecular Carcinogenesis



Bettington et al. Histopathology 2013

Molecular Carcinogenesis



Adenoma-Carcinoma-

Sequence („Suppressor

Phenotype“)

Invasive 
Carcinoma

Increasing chromosomal instability

Normal 
mucosa

Aberrant 
crypt focus

Early 
adenoma

Late 
adenoma

APC/β-catenin KRAS TP53, PIK3CA

Fearon und Vogelstein. Cell 1990

Langner. Dig Dis 2015



Fearon. Annu Rev Pathol 2011

Langner. Pathologe 2011

„Suppressor Phenotype“ and

„Mutator Phenotype“:  Time-

Related Differences in Cancer 

Development

Normal AdenomaSporadic CRC Carcinoma

Normal AdenomaFAP Carcinoma

Normal AdenomaLynch (HNPCC) Carcinoma

Tumour 

Initiation

Tumour 

Progression
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Molecular Pathology of 

Colorectal Cancer

Bettington et al. Histopathology 2013



Hyperplastic Polyp

Does usually occur in the distal left colon 

and in the rectum.

Morphological criteria: straight crypts in the 

lower half of the mucosa (with proliferation 

zone at the bottom), serration in the upper 

half of the mucosa (no dysplasia).

Three distinct subtypes without clinical 

significance: microvesicular (BRAF mut), 

goblet cell rich (KRAS mut), mucin poor.



Sessile Serrated

Adenoma/Polyp (SSA/P)

Why is this not a 

hyperplastic polyp?



Snover Hum Pathol 2011

Sessile serrated 

adenoma/polyp 

(SSA/P)

Sessile Serrated

Adenoma/Polyp (SSA/P)



Sessile Serrated

Adenoma/Polyp (SSA/P)

Extensive serration in the lower third of the 

crypts (with and without crypt branching)

T- (“anchor”) and L- (“boot”) shaped crypts 

above the muscularis mucosae

Columnar dilatation in the lower third of the 

crypts (with or without mucus → “mucus cap”) 

Bland cytology (no dysplasia)

Inverted crypts (pseudoinvasion) below the 

muscularis mucosae



Sessile Serrated

Adenoma/Polyp (SSA/P)

ENGIP. Case of the Month 8/2014



Sessile Serrated

Adenoma/Polyp (SSA/P)

Please note: The upcoming 

WHO Classification will support 

the term sessile serrated lesion 

(SSL); SSA and/or SSP „not 

recommended terminology“
ENGIP. Case of the Month 8/2014



Bateman and Shepherd. J Clin Pathol 2015



East et al. Gut 2017



Epidemiology and minimum

criteria for diagnosis of sessile

serrated adenomas/polyps

(sessile serrated lesions)



Hazewinkel et al. Endoscopy 2014



Ijspeert et al. Endoscopy 2016



Cross-sectional study of 6340 colorectal polyps received at a high-volume 

community-based pathology practice over a 3-month period

Bettington et al. Am J Surg Pathol 2014







„We found that serrated polyps (MVHPs or SSAs) with any SSA-like 

crypts had clinical features more in common with the SSA than the 

MVHP and that this diagnostic cutoff showed good reproducibility 

between pathologists. 

This supports the position of a recent consensus publication (Rex et al. 

Am J Gastroenterol 2012) proposing that polyps with as few as 1 SSA-

type crypt should be diagnosed as an SSA.”
Bettington et al. Am J Surg Pathol 2014



Pai et al. Upcoming WHO Classification

 Recent studies have indicated that the presence of one

unequivocal architecturally distorted serrated crypt as defined

above is sufficient for a diagnosis of SSL. The term “unequivocal”

is important, because crypts with only subtle architectural 

abnormalities should not be regarded as diagnostic of SSL. Mild symmetrical 

dilatation of crypt bases is not sufficient for SSL diagnosis. Crypts with

mature cells, such as goblet cells, in the crypt base are also not diagnostic 

of SSL.

 Importantly, the size, location, and endoscopic appearance alone should not 

be used to make the diagnosis of SSL; rather, these may be considered 

adjunctive features that may favour the diagnosis for ambiguous cases or 

poorly oriented sections. Because the diagnosis of SSL is dependent 

predominantly on crypt architecture, well-oriented sections evaluating

crypt bases are essential. Deeper levels may be helpful in sections that are

not well oriented.

 The presence of mucosal herniation should not be confused with

invasion, particularly when dysplasia is present. 



Molecular pathology of sessile

serrated adenomas/polyps

(sessile serrated lesions)



Sessile serrated 
adenoma/polyp

Sessile serrated 
adenoma/polyp with 
cytological dysplasia

Carcinoma

Microvesicular
hyperplastic polyp

Normal mucosa

Microsatellite 
instability

hMLH1 
methylation

Increased rate of 
mutations in tumour 
suppressor genes and 

oncogenes

BRAF mutation and 
promoter 

hypermethylation

BRAF 
mutation

Promoter 
hypermethylation

Variable rate of progression Rapid rate of progression similar to 
Lynch syndrome polyps

Langner. Dig Dis 2015

SSA/P Molecular Pathology



Sessile serrated 
adenoma/polyp

Sessile serrated 
adenoma/polyp with 
cytological dysplasia

Carcinoma

Microvesicular
hyperplastic polyp

Normal mucosa

Microsatellite 
instability

hMLH1 
methylation

Increased rate of 
mutations in tumour 
suppressor genes and 

oncogenes

BRAF mutation and 
promoter 

hypermethylation

BRAF 
mutation

Promoter 
hypermethylation

Variable rate of progression Rapid rate of progression similar to 
Lynch syndrome polyps

Langner. Dig Dis 2015

SSA/P Molecular Pathology



Oono et al. Dig Dis Sci 2009



Lash et al. J Clin Pathol 2010



Lash et al. J Clin Pathol 2010



Bettington et al. Gut. 2017

 SSA/Ps with dysplasia or cancer are predominantly small (<10mm), flat polyps 

of the proximal colon

 SSA/Ps progress to malignancy via a mismatch repair deficient (MMRD, 75%) 

or mismatch repair proficient (MMR, 25%) pathway



Bettington et al. Gut. 2017

The mean age of patients with SSA/P with dysplasia only and those with SSA/P 

with carcinoma (indicating rapid conversion from dysplasia to carcinoma) is 

the same, but this is 17 years older than patients with SSA/P without dysplasia



How does dysplasia develop in 

sessile serrated

adenomas/polyps (sessile

serrated lesions)?



Liu et al. Mod Pathol 2017

We found that dysplasia can be divided morphologically into four major patterns, comprising minimal 

deviation (19%), serrated (12%), adenomatous (8%) and not otherwise specified (79%) groups. 

Minimal deviation dysplasia is defined by minor architectural and cytological changes that typically 

requires loss of MLH1 immunohistochemical expression to support the diagnosis. 

Serrated dysplasia and adenomatous dysplasia have distinctive histological features and are less 

frequently associated with loss of MLH1 expression (13 and 5%, respectively). 

Dysplasia not otherwise specified encompasses most cases and shows a diverse range of 

morphological changes that do not fall into the other subgroups and are frequently associated with loss of 

MLH1 expression (83%).



Liu et al. Mod Pathol 2017

Minimal deviation 

dysplasia



Liu et al. Mod Pathol 2017

Minimal deviation dysplasia exhibits 

minimal architectural and cytological 

changes and is difficult to identify 

histologically. 

At low magnification, there is mild crypt 

disorganization, crypt crowding and 

reduced luminal serration compared with 

the background SSA/P. 

The cells frequently have a 

hypermucinous appearance with 

compressed, basally located nuclei 

showing mild hyperchromasia, compared 

with the nuclei of the adjacent SSA/P 

component.



Liu et al. Mod Pathol 2017

Serrated dysplasia is 

characterized by closely 

packed small glands with 

abundant eosinophilic 

cytoplasm that occupy 

the full thickness of the 

mucosa. Serration is less 

prominent. The cells are 

cuboidal to low columnar 

with evident dysplasia,

containing round 

vesicular nuclei, 

prominent nucleoli.

The majority of SSA/P 

with serrated dysplasia 

demonstrate retained 

MLH1 expression by 

immunohistochemistry.



Liu et al. Mod Pathol 2017

The main characteristics of 

adenomatous dysplasia 

are the predominant location 

of the dysplastic component 

on the surface (‘top–down’) 

with preserved non-

dysplastic SSA/P at the 

base of the lesion and the 

complete similarity to the 

dysplasia of conventional 

adenomas. There is no 

serration. The cells are 

columnar with at least focal 

goblet cell differentiation, 

elongated nuclei and 

pseudo-stratification. This 

pattern also had a strong 

predilection to retain staining 

for MLH1.



Liu et al. Mod Pathol 2017

Dysplasia not otherwise 

specified shows obvious 

architectural and cytological 

abnormalities in all cases 

(“prototypical SSA/P-D”).

Architectural dysplasia 

includes crypt elongation,

crypt crowding, excessive 

serration and complex 

branching or cribriform 

growth. Cytological 

dysplasia occupies the full 

thickness of the epithelium. 

The morphological 

appearance is often hetero-

geneous (“waste basket”) 

with often more than one 

architectural pattern

in one lesion.



Liu et al. Mod Pathol 2017

Dysplasia not otherwise 

specified shows obvious 

architectural and cytological 

abnormalities in all cases 

(“prototypical SSA/P-D”).

Architectural dysplasia 

includes crypt elongation,

crypt crowding, excessive 

serration and complex 

branching or cribriform 

growth. Cytological 

dysplasia occupies the full 

thickness of the epithelium. 

The morphological 

appearance is often hetero-

geneous (“waste basket”) 

with often more than one 

architectural pattern

in one lesion.

We do not recommend grading dysplasia, as the architectural and 

cytological features renders this poorly reproducible, and several patterns 

can be present in a single case. 

Furthermore, MLH1 methylation with loss of immunohistochemical 

expression is the most critical molecular event underpinning lesion 

progression, present not only in histologically obvious dysplasia but also in 

SSA/P with dysplasia displaying very subtle morphological changes 

(“minimal deviation dysplasia”). Categorizing these lesions as “low grade” 

would convey the wrong message to clinicians that they are innocuous. 



Pai et al. Mod Pathol 2019



Bettington et al. Histopathology 2019

Adenomatous DysplasiaSerrated Dysplasia



Bettington et al. Histopathology 2019

Adenomatous DysplasiaSerrated Dysplasia

Does adenomatous dysplasia in 

sessile serrated lesions (previously 

SSA/P) really exist?



What to do with multiple 

sessile serrated

adenomas/polyps (sessile

serrated lesions)?



Torlakovic and Snover. Gastroenterology 1996



Serrated Polyposis (Previously: 

Hyperplastic Polyposis)

Ijspeert et al. Endoscopy 2015

Rosty et al. Upcoming WHO Classification

 Clinical criteria for diagnosis

 At least 5 serrated polyps proximal to the 

sigmoid colon with two or more of these 

being > 10 mm (Type 1)

 Any number of serrated polyps proximal to 

the sigmoid colon in an individual who has a 

first-degree relative with serrated polyposis

 About 25% present with type 1 

phenotype, 45% with type 2, and 

30% have both phenotypes

 Molecular features and cancer risk 

 Type 1: SSA/P > HP, BRAF > KRAS,  

cancer risk substantially increased (MSI-H, 

CIMP)

 Type  2: HP > SSA/P, KRAS > BRAF, 

cancer risk modestly increased (MSS)



Carballal et al. Gut. 2016



Carballal et al. Gut. 2016



 Incidence

 Rare: <1% of all colorectal polyps

 Gross morphology

 Location: left > right (distal colon and rectum)

 Macroscopy / Endoscopy: polypoid > flat lesion

 Histology

 Complex villiform growth pattern with prominent „slit-like“ 

serration

 Tall columnar cells with intensively eosinophilic cytoplasm 

and pencillate nuclei (referred to by some authors as „serrated 

dysplasia“)

 Ectopic crypt foci (epithelial buds not anchored to the muscularis 

mucosae)

Traditional Serrated

Adenoma (TSA)

Pai et al. Upcoming WHO Classification



Väyrynen et al. J Clin Pathol 2016



For the diagnosis of TSA, polyps need to show at least two of the following 

three features, with at least one feature evident in >50% of the polyps 

(Bettington et al. Am J Surg Pathol 2014 / Mod Pathol 2014): 

(1) Slit-like epithelial serration (referred to narrow slits in the epithelium similar 

to normal small intestinal mucosa)

(2) Typical cytology (abundant brightly eosinophilic cytoplasm with centrally 

placed, pencillate nuclei) 

(3) Ectopic crypt formation referred to epithelial buds with their bases not 

seated adjacent to the muscularis mucosae

Traditional Serrated

Adenoma (TSA)



Snover Hum Pathol 2011

Sessile serrated 

adenoma/polyp 

(SSA/P)

Traditional 

serrated 

adenoma (TSA)

Traditional Serrated

Adenoma (TSA)



Bettington et al. Mod Pathol 2015



Bettington et al. Mod Pathol 2015



Bettington et al. Mod Pathol 2015



Bettington et al. Mod Pathol 2015



Pai et al. Mod Pathol 2019 [and Pai et al. in the upcoming WHO Classiciation]



Pai et al. Mod Pathol 2019 [and Pai et al. in the upcoming WHO Classiciation]



Lochhead et al. J Natl Cancer Inst 2013 



Pai et al. Mod Pathol 2019



Unfortunately…

…typing of colorectal

(serrated) adenomas is

even more complex



Bettington et al. Mod Pathol 2015

Chetty. J ClinPathol 2016

TSA flat type: should not 

project more than twice 

the height of adjacent 

normal mucosa, often 

lacks ECFs



Chetty. J ClinPathol 2016

Kalimuthu et al. Histopathology 2017

Hiromoto et al. Histopathology 2018

TSA mucin-rich 

variant: ≥50% of 

goblet cells

TSA filiform variant 

(originally 

described by 

Yantiss et al. 2007)



Polyp (max diameter 1.8 cm) at the 

Right Flexure (62-year-old female)



Hafezi-Bakhtiari et al. Histopathology 2015

Luminal serration as noted in TSA was not seen in any VA/TVA, but 

ectopic crypt foci were noted in 55/160 (34%) cases.

Cytoplasmic eosinophilia (constituting <50% of the adenoma) was 

noted in 10/160 (6%) cases.



Bettington et al. Histopathology 2016

Criteria for the diagnosis of serrated TVA have not been defined 

previously. For the purpose of this study, serrated TVAs were 

diagnosed if the met all the following criteria:

(1) >25% villous component

(2) Morphological serration in >50% of the polyp

(3) TSA-type cytology and slit-like serrations in <10% of the polyp





Take Home Messages I

 Tubular adenomas, tubulovillous adenomas and 

villous adenomas are the precursor lesions of the 

classical pathways to colorectal cancer, leading to 

microsatellite stable (MSS, BRAF wild type), preferably 

left-sided tumours  

 Serrated lesions include hyperplastic polyps (HPs), 

sessile serrated adenomas/polyps (SSA/Ps; upcoming 

WHO classification: sessile serrated lesions [SSL]) and 

traditional serrated adenomas (TSAs)

 The differential diagnosis may be challenging as 

overlapping morphological features exist and transition 

from HP to SSA/P as well from SSA/P to TSA may occur



Take Home Messages II

 The serrated lesions progress through two different 

molecular pathways (BRAF or KRAS dependent)

 SSA/Ps are the prototypic precursor lesions of 

microsatellite instable (MSI), BRAF mutated, preferably 

right-sided cancers (favourable prognosis)

 TSAs are the prototypic precursors of microsatellite 

stable (MSS), BRAF mutated cancers (poor prognosis)

 Accurate typing of (serrated and non-serrated) colorectal 

polyps is the basis for accurate risk classification of 

affected patients and has immediate clinical 

consequences (timing of follow-up strategies)



Thank you very much for

your kind attention!

Cord Langner MD

Institute of Pathology 

Medical University of Graz / Austria 

cord.langner@medunigraz.at

European Network of Gastrointestinal Pathology

www.medunigraz.at/ENGIP

www.facebook.com/ENGIP

Advanced Training Center of Gastrointestinal Pathology

European Society of Pathology

http://www.medunigraz.at/ENGIP
http://www.facebook.com/ENGIP
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