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ÅCommonest inherited cause of colorectal cancer, 
responsible for 3-4% of all cancers

ÅEstimated 1,100 new diagnoses in UK every year due to 
Lynch

ÅEstimated 175,000 people in UK with Lynch Syndrome

ÅMany unaware of the condition

Å Increased risk of cancers at other sites

ÅManagement and surveillance pathways available WHEN 
people become aware of condition

Lynch Syndrome



Å Autosomal dominant disease: previously known as Hereditary Non-
Polyposis Colorectal Cancer (HNPCC)

Å High risk of cancers of colon, rectum, endometrium, stomach, small 
intestine, hepatobiliarysystem, upper ureteric tract, ovary and brain

Å Estimated 68ς82% lifetime risk of colorectal cancer (CRC) 

Å HNPCC-related colon cancers present at an early age (mean age 
45years)

Å Predominantly located in the proximal colon (60ς70%), with 
approximately 10ς30% developing synchronous or metachronous
cancers

Lynch Syndrome



Lynch Syndrome
Modified Amsterdam Criteria
ÅThere should be at least 3  relatives with an HNPCC 

associated cancer (colorectal cancer, endometrial, small 
bowel, ureter or renal pelvis malignancy)

ÅOne affected relative should be a first-degree relative of 
the other two

ÅAt least two successive generations should be affected
ÅAt least one malignancy should be diagnosed before age 50 

years
ÅFAP should be excluded in the colorectal cancer case(s)
ÅTumours should be verified by pathological examination 

From Vasenet al 1999



Cancers in Lynch syndrome



FearonŀƴŘ ±ƻƎŜƭǎǘŜƛƴΩǎ ƳƻŘŜƭ



Fearon and Vogelsteinôs model

CRC is not a h omo geneous disease



Molecular Pathology of Colorectal Neoplasia
Adenoma-carcinoma sequence
Types of genetic instability
ÅChromosomal instability (CIN): majority type occurring in 

FAP and most sporadic CRCas
ÅMicrosatellite instability (MSI): minority type occurring in 

Lynch syndrome (loss of DNA mismatch repair proteins) 
and right sided serrated lesions

ÅTwo largely independent pathways to sporadic CRCa
ÅAlso serrated neoplasiapathway  and other rarer routes 
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Genetic Heterogeneity in Lynch
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Molecular Pathology of Colorectal Neoplasia
5 DNA markers or genes with repetitive
(microsatellite) sequences (BAT25, BAT26, 
D2S123,D5S346, D17S250 :

ω MSI-H (2-5) (15%)
ω MSI-L (1) (15%)
ω MSS (0) (70%)
Bethesda guidelines

Microsatellite instability
Å Change in length of repetitive sequences 

e.g. ςCACACA-
Å Defects in mismatch repair genes
Å hŦǘŜƴ ΨƴŜŀǊ-ŘƛǇƭƻƛŘΩ

BAT25



Causes of MSI-H CRC
ÅMSI can be categorized as MSI-H (high), MSI-L (low) or 

MS-S (stable) 

ÅMSI in itself is not proof of Lynch as 10ς20% of 
sporadic tumours also show some degree of MSI

A. Germlinemutation of DNA mismatch repair gene: 
MLH1, MSH2, MSH6, PMS2 (Lynch syndrome)

B. Somatic methylation of MLH1 (sporadic MSI-H CRC)
C. Hemi-allelic methylation (epimutation) of MLH1 or 
MSH2 in germline



Lynch Syndrome
ÅSome tumourshave loss of MSH2on IHC, but no MSH2

germlinemutations detected.

ÅMSH2hypermethylationdetected  in tumours;  caused by 
germlinedeletions in EPCAM

ÅEPCAMgene upstream of MSH2; 

Ådeletion c.859-462_*1999del abolishes termination of 
transcription and leads to transcription readthroughof 
MSH2; this leads to methylation of promoter region and 
inactivation of MSH2



Polyp molecular pathogenesis 

Courtesy Dr JE East, Dr S Needham and Prof NA Shepherd



Polyp molecular pathogenesis 

Courtesy Dr JE East, Dr S Needham and Prof NA Shepherd



Immunohistochemistry
Å4 antibodies: MLH1, MSH2, MSH6, PMS2
ÅInternal controls: normal colon, lymphoid tissue
Å/ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ǇŀǘƛŜƴǘΩǎ ƴƻǊƳŀƭ ǘƛǎǎǳŜ ŀƴŘ ǘǳƳƻǳǊ 

tissue: if normal colon not available, use internal controls
ÅLoss of staining in tumour tissue indicates possible 

mutation
ÅFunctional heterodimers: MLH1 links with PMS2, MSH2 

with MSH6
ÅOften both show loss of staining

MMR IHC in HNPCC 



Immunohistochemistry
Å Semi-quantitative method

Percentage stainingIntensity
0%=0 0
1-10%= 1 1
11-50%= 2 2
51-80%= 3 3
>81%= 4

Å Score: % x intensity, range 0-12
Å Validity evaluated using known mutations for MLH1 and MSH2

Barrow et al. Histopathology 2010; 56, 331ς344

MMR IHC in HNPCC



MSH2 MLH1

MMR Immunohistochemistry

Mucinous colon cancer



1A

1C

1A: MLH1 Absent

1B: MLH1 Control

2A: MSH2 Absent

2A: MSH2 Control



MLH1 proficient

MSH2 deficient MSH6 reduced

PMS2 proficient

Endometrial Carcinoma



MLH1 proficient 

PMS2 proficient

MSH2 proficient MSH6 deficient

Ovarian Carcinoma



MSH2

MLH1

Skin Sebaceous Adenoma: MMR Immunohistochemistry

MSH6

H&E

Muir-Torre Syndrome: sebaceous tumour & internal malignancy. MSH2 & MSH6 partners

MSH2

MSH6MLH1



Investigation
ÅModerate risk bowel cancer

ÅLess clear cut family history (not full 
Amsterdam)

ÅWhen to suspect Lynch syndrome

ïAt what point to start to investigate



Specificity 98%

Sensitivity 42%

Specificity 38%

Sensitivity 95%



Is tumour MLH1promoter region methylation 
testing an effective pre-screen for Lynch 

Syndrome?

Katy Newton 

ST3 General Surgery,

Clinical research fellow 

General surgery/Genetic Medicine/HistopathologyCMFT



Methods
FFPE tissue
Å Sporadic MLH1 loss CRCs (n=71)

Å MLH1 mutation carrier CRCs (n=73)

Novel MLH1 methylation assay developed

Tumour DNA MLH1 methylation and BRAF mutation 
testing

Diagnostic test (2 by 2 tables) 

Bayesian calculations applied using pre - test risks

Patients with >10% risk to be tested for gene mutation 



Pre- and Post - test probabilities of being an MLH1
mutation heterozygote



Conclusion

First large scale analysis of performance 
characteristics of tumour MLH1 methylation testing

Demonstrated that MLH1 methylation testing alone is 
able to define which patients should undergo 
germline testing

Not useful in A msterdam Criteria families

Proposed algorithm é



Amsterdam criteria 
fulfilled

Germline gene mutation testing

Bethesda criteria 
fulfilled

Population based 
screening - sporadic 

CRC [ NICE UK ]

Tumour MMR IHC: 
MLH1, MSH2, MSH6, 

PMS2

All present

MSH2, MSH6, 
PMS2 loss

MLH1 loss

MLH1 
methylation / 

BRAF mutation

PresentAbsent

Population risk CRC screening

Population risk CRC 
screening



J Med Genet 2014; 51: 789-796





Χ a strong case can now be made for performing MMR 
immunohistochemistry in all cases of CRC. However, given the resource 
implications of implementing this, it is not considered a core data item 
for all colorectal cancers currently. 
We now consider MMR immunohistochemistry a core dataset item for 
Åall patients under 50 years at time of diagnosis 
Å for patients with adenocarcinomas classified as poorly differentiated 

morphologically or tumours showing other morphological features of 
MMR deficiency. 

It should also be available upon request by either oncologist or 
geneticist on individual cases. 







Diagnostic MMR Testing 

(post-RCPath Colorectal Cancer Dataset 2014)
Tests dMMR(%) MLH1/

PMS2 (%)
Meth (%) MSH2/MS

H6 (%)
MSI

2015 60 10 (17) 8 (80) 5 (63) 2 (20) 3 (30)

2016 111 13 (12) 12 (92) 7 (58) 1 (8) 1 (8)

2017 170 35 (21) 27 (77) 5 (19) 7 (20) 8 (23)

Totals 341 58(17) 47 (81) 17 (36) 10 ( 17) 12 (21)



Genetic MMR Testing  (Modified Amsterdam II)

Total dMMR MLH1/PMS2 MSH2/MSH6

2009 198 29 17 12

2010 314 53 22 31

2011 278 38 25 13

2012 230 37 11 26

2013 255 37 14 23

2014 218 27 15 12

2015 331 39 19 19

2016 250 29 17 12

2017 227 23 13 10

Total 2301 312 153 158

13.6% 6.7% 6.9%



Genetic MMR Testing  (Modified Amsterdam II)
Total
(%)

CRC Endo Ovary UGI Skin Other UK

MLH1/PMS2 142
(6.7)

95
(67)

16
(11)

5
(3.5)

5
(3.5)

1 0 20

MSH2/MSH6 148
(7.1)

74
(50)

24
(16)

15
(10)

4
(3)

3
(2)

7 22

n=2168



NOW SUPERCEDED BY NICE GUIDELINES [2017]



Lynch Syndrome - Future
ÅNICE guidance on screening for Lynch Syndrome 

published in February 2017

ÅRecommendation for universal testing of all new 
colorectal cancer diagnoses, by a combination of IHC 
+/- MSI with or without MLH1 promoter gene 
hypermethylationand/or BRAF testing

ÅCan we cope with workload?

ÅWho will pay?



https://www.nice.org.uk/guidance/dg27/resources/testing-strategies-flowchart-4367005453



Molecular testing strategies for Lynch syndrome in people with colorectal cancer

Diagnostics guidance [DG27] Published date: February 2017 [UK]

Recommendations 1.2 



Molecular testing strategies for Lynch syndrome in people with colorectal cancer

Diagnostics guidance [DG27] Published date: February 2017 [UK]

Recommendations 1.3 



Molecular testing strategies for Lynch syndrome in people with colorectal cancer

Diagnostics guidance [DG27] Published date: February 2017 [UK]

Recommendations

1.1 Offer testing to all people with colorectal cancer, when first diagnosed, using 

immunohistochemistry for mismatch repair proteins or microsatellite instability 

testing to identify tumours with deficient DNA mismatch repair, and to guide 

further sequential testing for Lynch syndrome (see 1.2 and 1.3). Do not wait for 

the results before starting treatment.

1.2 IHC Strategy

1.3 MSI Strategy

1.4 Healthcare professionals should ensure that people are informed of the 

possible implications of test results for both themselves and their relatives, and 

ensure that relevant support and information is available. Discussion of genetic 

testing should be done by a healthcare professional with appropriate training.

1.5 Laboratories doing microsatellite instability testing or immunohistochemistry 

for mismatch repair proteins should take part in a recognised external quality 

assurance programme.









Lynch Syndrome surveillance
Å 1942 mutation carriers on surveillance colonoscopy (13782 observation yrs)

Å 314 developed cancer: CRC (151), endo(72) and ovary (19)

Å MLH1 and MSH2 carriers after 25 yrs; MSH6 and PMS2 carriers after 40 yrs

Å Cumulative incidences for cancers detected at 70yrs

Å first CRC for MLH1 (46%), MSH2 (35%), MSH6 (20%) and PMS2 (10%)

Å endowere MLH1 (34%), MSH2 (51%), MSH6 (49%) and PMS2 (24%) 

Å ovary were MLH1 (11%), MSH2 (15%), MSH6 (0%) and PMS2 (0%)

Å 10yrs crude survival were 87% (any), 91% (CRC), 98% (endo) and  89% (ovary) 

Pål Møller et al. Gut doi:10.1136/gutjnl-2015-309675



Calculated cumulative incidences by age and mutated gene for any cancer.

Pål Møller et al. Gut doi:10.1136/gutjnl-2015-309675

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



Calculated cumulative incidences by age and mutated gene for colorectal cancer (CRC) as 
the first cancer.

Pål Møller et al. Gut doi:10.1136/gutjnl-2015-309675

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



Calculated cumulative incidences by age and mutated gene for endometrial cancer as the 
first cancer by gene.

Pål Møller et al. Gut doi:10.1136/gutjnl-2015-309675

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



Lynch Syndrome Management

ÅCAPP2 Study Aspirin 600mg preventive for CRC in LS

ÅMLH1-Lynch: CRC 70% by 70yrs (mean age dx 45yrs); endo
20-50%; urinary tract 4-16%; breast caalso increased

ÅMSH2-Lynch: CRC/endosimilar to MLH1; urinary tract 
increased ? prostate also

ÅEPCAM-Lynch: (MSH2 Methylation 10%); CRC similar to 
MSH2; endoreduced vsMSH2

Vasenet al, Nat Rev GastroenterolHepatol, 2015; 12: 88-97



Lynch Syndrome Management

ÅMSH6-Lynch: lower CRC risk with later onset; endorisk 
similar to MLH1/MSH2

ÅPMS2-Lynch: lower CRC/endorisk; same review as MSH6

ÅProbable Lynch: Amsterdam +, IHC+, MSI+ but mutation 
negative; possible biallelicsomatic mutations in MLH1 or 
MSH2; same review as standard Lynch patients

Vasenet al, Nat Rev GastroenterolHepatol, 2015; 12: 88-97



Lynch Syndrome - Summary
ÅContributes to our increasing understanding of 

molecular pathogenesis of colorectal cancer
ÅRecognition of MSI-H categories of tumours
ÅNeed to be aware of hypermethylationas a cause of 

anomalous IHC results
ÅVaried surveillance programmes depending on specific 

gene mutation
ÅExtracolonictumours an increasing issue (F>M)
ÅGenerally good prognosis but treatment options may 

vary with mutation type



Proportion of Endometrial Tumours Associated with Lynch Syndrome

Dr Neil Ryan, MRC Clinical Fellow

Division of Molecular & Clinical Sciences

University of Manchester 

ENTRY CRITERIA

ÅAll histologically confirmed endometrial cancers 
diagnosed/treated at St Maryôs Hospital Manchester during the 
study period (all histo-types) 

ÅPatients must be able to consent to the study 

Å>18 years of age

ÅNo maximal age



Endometrial cancer tissue

Immunohistochemistry testing for MLH1, MSH2, MSH6 and PMS2 proteins and 
microsatellite testing 

MSH2, MSH6 or PMS2 protein 
absent

Germline DNA testing 
based on protein 

absence

MLH1 protein absent (with 
or without loss of PMS2 

protein)

Microsatellite analysis MLH1 
promoter 

methylation

Methylation 
present

Not Lynch 
syndrome

Methylation 
absent

Lynch 
syndrome

Mutation 
identified

No mutation identified

Not Lynch 
syndrome

MSI/L or 
MSI/H

Microsatellite 
stable

Clinical 
suspicion of 

Lynch 
syndrome 

No Yes

Not Lynch syndrome



Proportion of Endometrial Tumours Associated with Lynch Syndrome

Recruitment data

ÅStudy opened Sept 2015

ÅStudy closed April 2017

ÅTotal numbers recruited: Prospective 282, Retrospective 200

ÅOnly 2 women declined to participate 



Proportion of Endometrial Tumours Associated with Lynch Syndrome

INTERIM RESULTS

Å 351 tumors have completed IHC triage (73%)

Å 121 showed IHC loss (34.5%)

ü 80 MLH1/PMS2 (66%)

ü 27 MSH6 (22.3%)

ü 14 MSH2 (11.6%)

Å 76 have undergone hypermethylation testing 

ü 45 hypermethylated (1 fail) [59%]

Å 278 have undergone microsatellite testing 

ü 46 showed MSI (16.5%)

Å 57 have completed NGS 

ü 4 mutations identified (3 MSH2, 1 MLH1) [7%]
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