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Colorectal Adenoma

 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
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Low-grade

High-grade

Colorectal Adenoma

 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

Colorectal Adenoma
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Hassan et al. Endoscopy 2013

Advanced Adenoma 

(„High Risk“) in Austria



24.06.2015

5

Tubular Adenoma

Tubular Adenoma
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Tubular Adenoma

Tubular Adenoma
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Villous Adenoma

Villous Adenoma
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Villous Adenoma

Villous Adenoma



24.06.2015

9

Böcker, Denk, Heitz – Pathologie, 2004

Adenoma-Carcinoma-

Sequence

Adenoma-Carcinoma-

Sequence

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, in press

APC germline mutation = familial adenomatous polyposis (FAP)
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 Autosomal dominant cancer predisposition syndrome 

attributable to germline mutations in DNA mismatch repair 

(MMR) genes leading to non-corrected mutations in target 

genes, i.e. oncogenes, tumour suppressor genes (“mutator 

phenotype”)

 Mutation carriers have a high risk of developing colorectal 

cancer from classical adenomas, but do not present with 

polyposis, a feature of other colorectal cancer syndromes such 

as familial adenomatous polyposis → HNPCC Syndrome

 Approximately one in 500 members of the general population 

carries a pathogenetic mutation in an MMR gene

Lynch Syndrome

Mismatch Repair

 The MMR proteins function as heterodimers

 The MSH2 (dominant) / MSH6 complex recognizes mispaired bases and 

insertion/deletion loops

 The MSH2 / MSH6 complex recruits the MLH1 (dominant) / PMS2 complex 

which coordinates DNA repair, i.e. excision and re-synthesis

 Microsatellites are simple repetitive DNA sequences composed of 1 to 6 base 

pair unites – hypermutable due to their propensity for strand slippage during 

RNA replication: microsatellite instability (MSI) in MMR deficiency

Excision and ResynthesisRecognition of replication error
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 Clinical criteria for families with HNPCC (Lynch 

Syndrome): All criteria must be fulfilled

 ≥3 relatives with an histologically confirmed 

HNPCC-associated cancer (colorectal cancer or 

cancer of the endometrium, small bowel, ureter, or 

renal pelvis), one affected relative being a first-

degree relative of the other two; FAP should be 

excluded

 ≥2 successive generations affected

 ≥1 relative diagnosed before the age of 50 years

Amsterdam Criteria

Vasen et al. Dis Colon Rectum 1991

Vasen et al. Gastroenterology 1999

 To guide clinical testing of colorectal tumours for MSI: 

One or more of the following criteria must be fulfilled

 Colorectal cancer before the age of 50 years

 Synchronous or metachronous colorectal cancer or other 

HNPCC-related tumors, regardless of age

 Colorectal cancer with MSI-high morphology before the age 

of 60 years

 Colorectal cancer (regardless of age) and a first-degree 

relative with colorectal cancer or an HNPCC-related tumor 

before the age of 50 years

 Colorectal cancer (regardless of age) and two or more first-

or second-degree relatives diagnosed with colorectal cancer 

or an HNPCC-related tumor (regardless of age)

Bethesda Guidelines

Umar et al. J Natl Cancer Inst 2004
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Lynch Syndrome: Tumour

Spectrum and Lifetime Risks

Tumour Men Women

Colorectal cancer 34-73% 32-59%

Endometrial cancer - 39-50%

Ovarian cancer - 7-8%

Stomach cancer 1-6%

Cancer of renal pelvis / ureter 2-8%

Cancer of the bile ducts 1-4%

Cancer of the small bowel 1-4%

CNS tumours approximately 2%

Pancreatic cancer approximately 4%

Tumours of the sebaceous glands (Muir-Torre) depends on affected gene

Steinke Dtsch Arztebl Int. 2013 

Langner, Dig Dis, in press

Time-Related Differences in 

Cancer Development

Normal

Normal

Normal

Adenoma

Adenoma

Adenoma

Carcinoma

Carcinoma

Carcinoma

Sporadic 
colorectal 
carcinoma

Familial 
adenomatous 

polyposis

Lynch 
syndrome

Rate-limiting step Rate-increasing step

Tumour 
initiation

Tumour 
progression
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Features of MSI-H CRC to Be Used in 

Pathology Routine Diagnosis

 Clinical features

 Age < 50

 Right-sided location (coecum to transverse colon)

 Female sex (for sporadic MSI-H tumours)

 Multiplicity (synchronous or metachronous)

 Histological features

 Histological subtype: medullary carcinoma, mucinous 

adenocarcinoma (“any mucin”), signet-ring cell carcinoma (“any 

signet ring cell”)

 Inflammation: tumour infiltrating lymphocytes (TILs), peritumoral 

lymphocytes, Crohn-like reaction 

 Growth features: poor differentiation, expansive (“pushing”) 

growth, lack of dirty necrosis, tumour heterogeneity 

Jenkins et al. Gastroenterology 2007

Greenson et al. Am J Surg Pathol 2009

Features of MSI-H CRC to Be Used in 

Pathology Routine Diagnosis
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CpG Island Methylator

Phenotype (CIMP)

 There are CRC that lack both CIN and MSI

 MSI occurs more often in the sporadic setting than in 

Lynch Syndrome

 Some CRC are characterized by frequent epigenetic 

alterations, including aberrant methylation of 5’ promoter 

regions of genes with CpG islands (Cytosin → 

Methylcytosin)

 Methylation causes transcriptional silencing and can 

inactivate tumour suppressor genes (e.g. p16, MGMT, 

hMLH1 → MSI)

 CIMP CRC do not arise from classical adenomas

Outline

 Pathogenesis of colorectal cancer

 Classical adenomas (TA, TVA, VA)

 Adenoma-carcinoma-sequence (sporadic and hereditary)

 Serrated polyps

 Hyperplastic polyp (HP)

 Sessile serrated adenoma / Polyp (SSA/P)

 Traditional serrated adenoma (TSA)

 Molecular classification of colorectal cancer

and the impact of BRAF (prognostic and

predictive)
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 Incidence

 >75% of all serrated polyps

 Morphology

 Location: mainly distal colon

 Microvesicular subtype (MHVP)

 Goblet-cell rich subtype (GCHP)

 Mucin-poor subtype (MPHP)

 Molecular Pathology

 BRAF mutation in up to 40% (MVHP)

 KRAS mutation in up to 40% (GCHP)

 CIMP-phenotype (with methylation of MLH1 und MGMT) 

may be observed

Hyperplastic Polyp (HP) 

Hyperplastic Polyp (HP) 
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Morphogenesis of

Hyperplastic Polyp (HP)

Tateyama H et al. Am J Surg Pathol 2002

Upper third of 

the crypt

Central portion of 

the crypt

Lower third of 

the crypt

Yano T et al. J Gastroenterol Hepatol 2005

HP N Right Colon

< 6 mm 3020 5%

6-10 mm 38 (8.7%) 42%

>10 mm 2 (0.8%) 100%

Total 3060

3060 HP in 226/263 (86%) Patients

Incidence of

Hyperplastic Polyp (HP) 
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 Mixed hyperplastic adenomatous polyp - an 

underdiagnosed entity 

Report of a case of adenocarcinoma arising within a 

mixed hyperplastic adenomatous polyp 

 We report a case of colonic adenocarcinoma arising within a polyp 

with mixed morphology of a hyperplastic polyp and tubular 

adenoma. Despite the relatively small size of the polyp, two 

isolated foci of adenocarcinoma in situ were present and tumor 

islands invaded the submucosa. Isolated areas, morphologically 

resembling hyperplastic glands, and varying degrees of atypia. 

Though rare, some hyperplastic polyps may be precursors of 

adenomas.

Urbanski et al. Am J Surg Pathol 1984

Serrated Polyps with

„Abnormal Proliferation“ Part I

 Mixed hyperplastic adenomatous polyps/serrated 

adenomas. A distinct form of colorectal neoplasia.

 110 colorectal mixed hyperplastic adenomatous polyps (MHAP) that 

exhibited the architectural but not the cytologic features of a 

hyperplastic polyp.

 MHAP measured 0.2-7.5 cm in diameter. They were distributed 

throughout the colorectum, but a slight preponderance of large lesions 

(more than 1.0 cm) occurred in the coecum and appendix.

 All MHAP were characterized by a serrated glandular pattern 

simulating that seen in hyperplasia (27% of MHAP were initially 

diagnosed as hyperplastic polyps). 

 37% of MHAP contained foci of significant dysplasia, and 11% 

contained areas of intramucosal carcinoma.

Longacre und Fenoglio-Preiser. Am J Surg Pathol 1990

Serrated Polyps with

„Abnormal Proliferation“ Part II
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Torlakovic und Snover. Gastroenterology 1996

Snover et al. WHO Classification 2010

 Hyperplastic (WHO 2010: serrated) polyposis

 At least 5 serrated polyps proximal to the sigmoid colon with two or

more of these being > 10 mm

 Any number of serrated polyps proximal to the sigmoid colon in an 

individual who has a first-degree relative with hyperplastic (serrated) 

polyposis

 More than 20 serrated polyps of any size, but distributed throughout the

colon

 Two variants

 Type 1: Multiple lesions (larger and often more proximal) → substantial 

cancer risk

 Type 2: Numerous small (< 5 mm) lesions distributed throughout the

colon → modest cancer risk

Serrated Polyps with

„Abnormal Proliferation“ Part III

Hyperplastic Polyp?
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Hyperplastic Polyp?

SSP: Sessile serrated polyp

SSA: Sessile serrated adenoma

SSL: Sessile serrated lesion

WHO 2010: SSA/P

 Incidence

 15-25% of all serrated polyps

 Morphology

 Location: right > left (coecum to transverse colon)

 Macroscopy / Endoscopy: sessile (non-polypoid) lesion          

(> 5 mm) 

 Histology:

 (Hyper)Serration in the lower third of the crypts (with and without 

branching)

 T- and L-shaped crypts above the muscularis mucosae

 Inverted crypts (pseudoinvasion) below the muscularis mucosae

 Columnar dilatation in the lower third of the crypts (with or without 

mucus → “mucus cap”) 

 Bland cytology (no classical dysplasia)

Sessile Serrated Adenoma / 

Polyp (SSA/P)

Aust & Baretton. Virchows Arch 2010

Snover. Hum Pathol 2011

Rex et al. Am J Gastroenterol 2012
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 Cytological dysplasia is not present in uncomplicated SSA/P but 

develops with progression towards carcinoma (often in 

conjunction with methylation of MLH1 and MSI)

 SSA/P with dysplasia (formerly „mixed polyp“: SSA with TA, TVA, VA, 

TSA)

 SSA/P as indicator of „advanced neoplasia“ and/or cancer in follow-up 

endoscopies

Schreiner et al. Gastroenterology 2010

Lu et al. Am J Surg Pathol 2010

Rex et al. Am J Gastroenterol 2012

Sessile Serrated Adenoma / 

Polyp (SSA/P)

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

SSA/P Molecular Pathology

Langner, Dig Dis, in press
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Guarinos et al. Clin Gastroenterol 

Hepatol 2013

Guarinos et al. Clin Gastroenterol Hepatol 2013

SSA/P Molecular Pathology

SSA/P with Dysplasia
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SSA/P with Dysplasia

ENGIP Case of the Month 2/2013

About 1 in 27 (95 % CI = 20 – 36) 

CRCs are interval cancers, 

developing within 6 – 36 months 

of a colonoscopy, and are 2.4 

times more likely to arise in the 

proximal colon. 

Patient (older age, diverticulosis, presence of comorbidities), endoscopy 

(low polypectomy rate, low procedure completion rate, procedural 

performance by a non-gastroenterologist), and tumor biology-related 

factors (microsatellite instability and CpG island methylator 

phenotype positive) are associated with interval CRC.
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Sessile Serrated Adenomas: prevalence of 

dysplasia and carcinoma in 2139 patients

Lash RH et al. J Clin Pathol 63(8):681-686, 2010

Right 81%

Left 11%

Right and left 3%

Unknown 4%

SSA without Dysplasia 85%

SSA with LG Dysplasia 12% 

SSA with HG Dysplasia 2%

SSA with Carcinoma 1%
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Serrated Pathway

Age at Time of Diagnosis

Lash et al. J Clin Pathol 2010

Serrated Pathway

Age at Time of Diagnosis

Lash et al. J Clin Pathol 2010
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 Cytological dysplasia is not present in uncomplicated SSA/P but 

develops with progression towards carcinoma (often in 

conjunction with methylation of MLH1 and MSI)

 SSA/P with dysplasia (formerly „mixed polyp“: SSA with TA, TVA, VA, 

TSA)

 SSA/P as indicator of „advanced neoplasia“ and/or cancer in follow-up

endoscopies

 Minimum Morphological Criteria (DD HP)

 If more than two or three contigious crypts show features of SSA/P the

lesion should be classified as SSA/P (WHO 2010)

 “We recommend that the presence of at least one unequivocal 

architecturally distorted, dilated, and / or horizontally branched crypt, 

particularly if it is associated with inverted maturation, is sufficient for a 

diagnosis of SSA/P” (Rex et al.) Schreiner et al. Gastroenterology 2010

Lu et al. Am J Surg Pathol 2010

Rex et al. Am J Gastroenterol 2012

Sessile Serrated Adenoma / 

Polyp (SSA/P)
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Crosssectional study of 6340 colorectal polyps received at a high-volume 

community-based pathology practice over a 3-month period
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„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 proposing that polyps with as few as 1 SSA-type crypt should 

be diagnosed as an SSA.”
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 Incidence

 Rare: <1% of all colorectal polyps

 Morphology

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

 Macroscopy / Endoscopy: polypoid > flat lesion

 Histology: 

 Complex villiform growth pattern with prominent 

serration

 Ectopic crypt foci (ECF)

 Cytological dysplasia (intraepthelial neoplasia) –

„serrated dysplasia“

 Diffuse eosinophilic cytoplasm 

Traditional Serrated

Adenoma (TSA)

Traditional Serrated

Adenoma (TSA)
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Snover Hum Pathol 2011

Morphogenesis of

Serrated Crypts

Sessile Serrated 

Adenoma (SSA)

Traditional 

Serrated 

Adenoma (TSA)

The study cohort comprised 60 traditional serrated adenomas with cytologic dysplasia and/or 

invasive carcinoma. 

On the basis of morphological features, 16 cases (27%) were categorized as traditional serrated 

adenoma with serrated dysplasia and 25 cases (42%) as traditional serrated adenoma with 

conventional adenomatous dysplasia.
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Of the polyps, 71% were distal. Advanced histology (overt dysplasia 

or carcinoma) was present in 19% of cases. BRAF mutation was 

present in 67% and KRAS mutation in 22%.
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predictive)

Case Report

80-year-old male

A

A

C

B

A C

B

UICC2009: pT3b(m); G3; L1; 

N1a; (1/32); R0 
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Tumour A

MSH2 MSH6

Tumour B

MLH1 PMS2
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Tumour C

MLH1 PMS2

Molecular Analysis: MSI

Tumour A

Tumour B

Tumour C

Lymph Node

Normal Tissue

MSI-H

MSI-H

MSI-H

MSI-H
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Molecular Analysis: BRAF

Tumour A

Tumour B

Tumour C

Lymph Node

Normal Tissue

BRAF wt

BRAF V600E mut

BRAF V600E mut

BRAF V600E mut

What is the most 

probable diagnosis?

 Mucinous adenocarcinoma in the transverse 

colon. Loss of MSH2 (and MSH6). MSI-H and 

BRAF wild type.

→ Most probably Lynch Syndrome

 Two mucinous adenocarcinomas in the 

transverse and ascending colon. Loss of MLH1 

(and PMS2). MSI-H and BRAF mutation. 

→ Sporadic MSH-H CRC (serrated pathway)
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 Markers

 MLH1, MSH2, MSH6, PMS2

 MSH6 and PMS2 proteins are instable in the absence of their respective 

dominant partner

 Combined staining for MLH1 and MSH2 achieve 92% sensitivity and 

100% specificity for the identification of MSI-H tumours

 Possible staining results

 Loss of MSH2 and/or MSH6 (and also isolated loss of PMS2) is highly 

suggestive for hereditary tumours (Lynch Syndrome)

 Loss of MLH1 occurs more often in sporadic tumours than in hereditary, 

i.e. Lynch Syndrome-related  tumours (serrated route: transcriptional 

silencing, i.e. promoter methylation of hMLH1 in BRAF mutated 

tumours, but MLH1 silencing may also occur also in sporadic BRAF wild 

type tumours)

Immunohistochemical Analysis of 

MSI Colorectal Cancer

Lindor et al. J Clin Oncol 2002

Bellizzi and Frankel, Adv Anat Pathol 2009

 Molecular analysis using the 1997 NCI MS reference panel 

(Roche): two mononucleotide repeats (BAT25, BAT26) and 

three dinucleotide repeats (D5S346, D2S123, D17S250)

 MSI High (MSI-H): instability at ≥ 2 loci

 MSI Low (MSI-L): instability at 1 locus

 Molecular analysis using only mono-nucleotide repeats (e.g. 

BAT 25, BAT26, NR-21, NR-24, NR-27; ”Pentaplex PCR”)

 MSI High (MSI-H): instability at ≥ 2 loci

 MSI-high tumours are more often sporadic than hereditary

 Additional testing for BRAF mutation (most common in V600E)

 Additional immunohistochemical staining

MSI Testing in Colorectal Cancer

Dietmaier et al. Cancer Res 1997

Boland et al. Cancer Res 1998

Suraweera et al. Gastroenterology 2002

Goel et al. PLOSone 2010 
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Steinke Dtsch Arztebl Int. 2013 

Analysis of MSI and BRAF in 

Colorectal Cancer

In 181 of 232 patients MMR germline gene 

mutations and somatic MLH1 promoter 

methylation were identified as underlying cause. 

In the remaing 51 patients (22%) the situation 

was unclear. In 25 cases of these deep 

sequencing was performed.

In 17 of 18 MLH1-deficient (94%) and 6 of 7 

MSH2-deficient tumors (86%), somatic events 

were detected: In 8 MLH1- and 2 MSH2-deficient 

tumors, loss of heterozygosity (LOH) was 

detected. In 13 (52%) cases (8 MLH1- and 5 

MSH2-deficient tumors), 2 somatic were 

identified, which were considered to explain the 

MMR-deficient phenotype.
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Lochhead et al. J Natl Cancer Inst 2013 
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Take Home Message

 Non-serrated adenomatous lesions (TA TVA, VA) provide the basis for 

the classical adenoma-carcinoma-sequence

 The diagnosis of an advanced adenoma has deep impact on follow-up 

strategies

 CRC in Lynch Syndrome (hereditary MSI-H CRC) develop from 

classical adenomas, preferably in the right colon

 Serrated lesions are important new players in the group of colorectal 

polyps

 The serrated pathway involves a sequence of genetic and epigenetic 

alterations that lead to sporadic MSI-H CRC (CIMP phenotype of 

CRC)

 Molecular CRC subtyping in the routine setting  follows a two-step 

approach: immunohistochemistry and molecular analysis (MSI, BRAF)

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


