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Background:
• Discovery
• Aetiology
• Frequency and cancer risk

Improving detection and care

The 4 Lynch Syndromes

Clinical guidelines:
• Identification
• Cancer risk management
• Treatment

Talk Overview
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• Commonest hereditary cancer 
syndrome (1 in ~380)

• High risk and early onset

• Germline mismatch repair (MMR)  
gene variant

• Cancers lose MMR function

• Clinical guidelines
o Identification
o Treatment
o Risk management

Lynch Syndrome



Family G

Dr Aldred 
Scott Warthin

929 known descendants as of 2005:

• CRC SIR = 3.20, 95% CI 2.39-4.19

• EC SIR = 3.51, 95% CI 1.92-5.89

Douglas et al 2005, PMID: 16264161

1895-1913

Discovery



1960s-1980s

Dr Henry T. Lynch

Hereditary Non-Polyposis
Colorectal Cancer (HNPCC)

Lynch syndromes I and II

Lynch & Krush 1971, PMID: 5088221
Lynch et al 1985, PMID: 4016685

Discovery



1993

Aaltonen et al 1993, PMID: 8484121
Lothe et al 1993, PMID: 8261392

Thibodeau et al 1993, PMID: 8484122
Ionov et al 1993, PMID: 8505985

~15% CRCs have MSI

Strand et al 1993, PMID: 8371783

MMRd  →  MSI

Saccharomyces cerevisiae

MMR deficient yeast have MSI

germline variants in 
human mutS homolog 
2 (MSH2) associated 

with MSI HNPCC

Fishel et al 1993, PMID: 8252616
Leach et al 1993, PMID: 8261515

Discovery



DNA MMR system

• Highly conserved

• Upregulated during S phase

• Four principal proteins in humans:
• MSH2 (MutS)
• MSH6 (MutS)
• MLH1 (MutL)
• PMS2 (MutL)

• Detects and initiates repair of:
• Single base mismatches
• Insertion-deletion loops (IDLs)

• Detects base modifications -> futile 
repair cycling

• Signals to the wider DNA damage 
response -> cell cycle, apoptosis

loss of MMR function

↓
increased mutation rate

↓
oncogene activation
TSG loss of function

Aetiology



Does LS colorectal carcinogenesis follow the classic model?

Rijcken et al 2002, PMID: 11839719
de Jong et al 2004, PMID: 14699485

Jass 2004, PMID: 15340259
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Kloor et al 2012, PMID: 22552011
Pai et al 2018, PMID: 29884888

Aetiology



Three molecular pathways model colorectal 
carcinogenesis in Lynch syndrome

Ahadova, Gallon et al 2018, PMID: 29424427

αMSH2 

Dr Aysel Ahadova
Dr Matthias Kloor

Aetiology



1 in ~380 people (0.26%) have LS:

• 1 in 421 people, UK Biobank project (388 of 163,516) Hassanin et al 2023, PMID: 36872334

• 1 in 354 people, USA All of Us project (615 of 217,824) Park et al 2025, PMID: 39788943

Gene UK Biobank All of Us*
MLH1 2.8% 10.9%
MSH2 3.4% 8.8%
MSH6 34.8% 35.4%
PMS2 59.0% 44.9%

* n = 457 with medical records available

Gene English LS Registry*
MLH1 29.1%
MSH2 37.2%
MSH6 21.4%
PMS2 12.3%

differing 
penetrance

Frequency and Cancer Risk

* n = 9030
The English National LS Registry

Huntley et al 2024, PMID: 38356732 



Tumour LS Frequency LS Risk (cumulative 
incidence by 75 years)

LS Overall Survival
(10 year)

Colorectal cancer 3.0% Up to 56.0% 84%

Gastric cancer 1.0% Up to 8.9% 63%

Hepatobiliary tract cancer 3.5% Up to 4.6% 42%

Pancreatic cancer 1.0% Up to 3.7% 17%

Small bowel cancer 7.0% Up to 8.3% 70%

Endometrial cancer 3.0% Up to 45.7% 92%

Ovarian cancer 1.0% Up to 13.4% 85%

Urothelial cancer 6.5% (upper tract)
0.4% (lower tract) Up to 25.1% 72%

Prostate cancer 0.7% Up to 24.0% 76%

Sebaceous tumour 17.7% ? ?

Brain (glioma) <1% (?) Up to 6.6% 34%

Dominguez-Valentin et al 2023
PMID: 37181409

Gallon et al 2021
PMID: 33499123

Frequency and Cancer Risk



The English National LS Registry
Huntley et al 2024, PMID: 38356732 

Age at cancer diagnosis 
10-20 years earlier than 
general population

colorectal endometrial upper GI urothelial

ag
e 

fir
st

 c
an

ce
r (

ye
ar

s)

20

40

60

80

100

Frequency and Cancer Risk



The 4 Lynch Syndromes Dominguez-Valentin et al 2023
PMID: 37181409



MSH2-LS highest risk
for “other” cancers

The 4 Lynch Syndromes Dominguez-Valentin et al 2023
PMID: 37181409



MSH6-LS 
and 

endometrial 
cancer

The 4 Lynch Syndromes Dominguez-Valentin et al 2023
PMID: 37181409



MSH6- and PMS2-
LS low risk

The 4 Lynch Syndromes Dominguez-Valentin et al 2023
PMID: 37181409



MSH6

The 4 Lynch Syndromes

MSH2

MSH3MSH2

MutSα

MutSβ

MutS redundancy

• Single base mismatches
• Single base insertion-deletion loops

• Single base insertion-deletion loops
• Multiple base insertion-deletion loops



PMS2

The 4 Lynch Syndromes

MLH1

PMS1MLH1

MutLα

MutLβ

MutL redundancy

• Primary endonuclease in human MMR

• Less well understood
• Some evidence it contributes to MMR

MLH3MLH1

MutLγ

• Secondary endonuclease in human MMR
• Role in meiotic recombination



The 4 Lynch Syndromes

MSH6-deficient tumours have lower levels of MSI

Sowter et al 2024, PMID: 39682157 



The 4 Lynch Syndromes

MLH1-LS carriers have fewer colorectal adenomas:

Engel et al 2020, PMID: 31926173

Colorectal cancer incidence by MMR gene: Advanced colorectal adenoma incidence by MMR gene:
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The 4 Lynch Syndromes

The 2-in-1 hit hypothesis:

Ahadova et al 2023, PMID: 36907525



>150K LS carriers in the UK... we know of <10%

Guidelines: Identification

NICE HealthTech Guidance 430
(previously Diagnostics Guidance 27)

Published 2017 

Test tumour for 
MMR function by 
MSI and/or IHC

Test MMRd tumour for
BRAF c.1799 T>A (p.V600E) and/or

MLH1 promoter methylation (if 
MLH1-deficient)

Germline genetic testing 
of at-risk patients

LS screening of CRC patients:

NICE HealthTech Guidance 557
(previously Diagnostics Guidance 42)

Published 2020 

Test tumour for 
MMR function by 

IHC

Test MMRd tumour for
MLH1 promoter methylation 

(if MLH1-deficient)

Germline genetic testing 
of at-risk patients

LS screening of EC patients:



Tumour LS Frequency LS Risk (cumulative 
incidence by 75 years)

LS Overall Survival
(10 year)

Colorectal cancer 3.0% Up to 56.0% 84%

Gastric cancer 1.0% Up to 8.9% 63%

Hepatobiliary tract cancer 3.5% Up to 4.6% 42%

Pancreatic cancer 1.0% Up to 3.7% 17%

Small bowel cancer 7.0% Up to 8.3% 70%

Endometrial cancer 3.0% Up to 45.7% 92%

Ovarian cancer 1.0% Up to 13.4% 85%

Urothelial cancer 6.5% (upper tract)
0.4% (lower tract) Up to 25.1% 72%

Prostate cancer 0.7% Up to 24.0% 76%

Sebaceous tumour 17.7% ? ?

Brain (glioma) <1% (?) Up to 6.6% 34%

Dominguez-Valentin et al 2023
PMID: 37181409

Gallon et al 2021
PMID: 33499123

Guidelines: Identification



Guidelines: Cancer Risk Management

Colorectal cancer:

• Colonoscopy starting at age 20-25 years (MLH1/MSH2) or 35 years (MSH6/PMS2), 
with1-3 yearly intervals

• More extensive resection to prevent metachronous disease

Endometrial cancer:

• Uncertain benefit of surveillance (ultrasound, hysteroscopy, biopsy)

• Risk reducing hysterectomy

Aspirin:

• Prevents half of CRCs (NICE Guideline 151 recommendation 1.1)

• Probable prevention of extra-colorectal LS cancers

Burn et al 2020, PMID: 32534647

Seppala et al 2021, PMID: 34043773

Seppala et al 2021, PMID: 34043773



Tumour LS Frequency LS Risk (cumulative 
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Gallon et al 2021
PMID: 33499123

Guidelines: Cancer Risk Management
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Guidelines: Cancer Risk Management



Guidelines: Treatment

CRC:

• Reduced response of MMR deficient cancers to 5-FU therapy alone

• More extensive resection to prevent metachronous disease

Other LS cancers:

• Generally managed as per sporadic disease

CNS tumours:

• No LS-specific guidelines

• Temozolomide not recommended in CMMRD and should not be used in LS

Colas et al 2024, PMID: 39420201

Seppala et al 2021, PMID: 34043773

The immune checkpoint inhibitor (ICI) revolution...



Guidelines: Treatment

Loss of function

Generation of 
cancer specific 
frameshift 
peptides (FSPs)

Prof. Magnus von Knebel Döberitz

MMR deficient cancers are highly immunogenic



Guidelines: Treatment

MMR deficient cancers respond to ICI therapy



Guidelines: Treatment

MMR deficient cancers respond to ICI therapy



Guidelines: Treatment

Pan-cancer response to ICI therapy in metastatic disease

Le et al 2017, PMID: 28596308



ICIs and possibility of neoadjuvant therapy

Treatment per organ

Guidelines: Treatment

Cercek et al 2025, PMID: 40293177

Neoadjuvant ICI allows non-surgical treatment of early stage (I-III) cancer



The Newcastle MSI-Plus assay:

• Enhanced LS screening of CRC patients

• Urine MSI analysis for the early detection of LS urothelial cancer

Improving detection and care

The CAPP studies:

• CAPP2 – aspirin vs placebo RCT

• CaPP3 – aspirin dose finding



➢ NHS national audit (2019 data)
• Only 44% of CRCs tested for MMR function
• Complete tumour testing had a median 

turnaround time of 58 days
• Missed ~700 Lynch syndrome diagnoses

Screening for Lynch syndrome

➢ Bowel Cancer UK survey

Barrier to 
testing

Agree

Financial 87%
Staffing 56%
Awareness 15%

Policy 15%

➢ UK NICE Diagnostic Guidance 27 (2017)

Tumour test for 
MMR function

Tumour test for BRAF c.1799 T>A 
(p.V600E) and/or

MLH1 promoter methylation

Germline genetic testing 
of at-risk patients

‘Molecular testing strategies for Lynch 
syndrome in people with colorectal cancer’

https://www.nice.org.uk/guidance/dg27

McRonald et al 2024, PMID: 38355963

Bowel Cancer UK 2018, “Time to Test” 



3’ target-specific 
primer

5’ Illumina
adapter sequence

HS VeriFi polymerase

+ +
<1ng sample DNA

Multiplex PCR and sequencing of MSI markers + BRAF/RAS hotspots

massively parallel 
sequencing

bespoke variant calling
and sample classification

target actionable 
biomarkers

MSI-H

MSS
MSS

MSI-H

MSI-H

MSS

MSS

MSS

MSS
MSS

The Newcastle MSI-Plus Assay 

Gallon et al 2024, PMID: 38962168



In-service from October 2022 (northeast + Cumbria pop. ~3m)

One technologist testing all CRCs

Clinically actionable results for the MDT:

• MSI → response to ICI therapy

• RAS → resistance to anti-EGFR therapy

• MSI + BRAF → Lynch syndrome risk 

Gallon et al 2024, PMID: 38962168

High throughput MSI-Plus testing



Gallon et al 2024, PMID: 38962168

In-service from October 2022 (northeast + Cumbria pop. ~3m)

One technologist testing all CRCs

Audit year Tumour testing 
method*

CRC 
patients†

CRC patients 
tested

Median TAT 
(tissue receipt 

to report)

Patients at 
risk of LS 

identified‡

Patients 
diagnosed 

with LS
Oct. 2019 - 
Oct. 2020 multi-test pathway 2104 601 (28.6%) 12 work days 61 (2.9%) 7 (0.3%)

Oct. 2022 - 
Oct. 2023 MSI-Plus assay 2536 2466 (97.2%) 6 work days 139 (5.5%) 16 (0.6%)

*multi-test: MSI Analysis System V1.2 (Promega) followed by BRAF MassARRAY (Agena)
†CRCs with tissue available for testing

‡patients with MSI-H+BRAF wild-type CRC

Clinically actionable results for the MDT:

• MSI → response to ICI therapy

• RAS → resistance to anti-EGFR therapy

• MSI + BRAF → Lynch syndrome risk 

High throughput MSI-Plus testing



Urothelial cancer

Cancers of the urinary tract epithelial lining

>11,000 cases per year in the UK

Associations: male sex, older age, smoking

Upper tract (renal pelvis and ureters)
• uncommon, 5-10% of cases
• poorer prognosis, 60-70% invasive disease at diagnosis
• 6.5% associated with Lynch syndrome

Lower tract (bladder and urethra)
• common, 90-95% of cases
• better prognosis, 15-25% invasive disease at diagnosis
• <1% associated with Lynch syndrome

‘European Association of Urology Guidelines on Upper Urinary Tract Urothelial Carcinoma: 2023 Update.’
Rouprêt et al 2023, European Urology, PMID: 36967359



Lynch syndrome and urothelial cancer

Urothelial cancer (UC) surveillance recommended by EAU Lonati et al 2022, PMID: 34896051

• Cystoscopy/ureteroscopy is invasive and costly                                                                                              
Vasen et al 2013, PMID: 23408351

• Abdominal ultrasound misses small and ureteric lesions                                Tsikitas et al 
Tsikitas et al 2023, PMID: 37894407

• Urine cytology has poor sensitivity
➢ 29% (2/7) urothelial cancers detected during surveillance               
Myrhøj et al 2008, PMID: 18389386

• Urinalysis is insensitive and unspecific 
➢ 19/204 had microscopic haematuria but no urothelial cancer
➢ 5/204 had no haematuria but developed interval urothelial cancer
Chouhan et al 2022, PMID: 34882627

BUT there is no suitable method:



Urine liquid biopsy:

• Non-invasive, self-collection

• Postal delivery to lab

• Existing seq. assays of cell pellet DNA for bladder cancer

• Multiplex PCR from cell free DNA = tumour-enriched

• Proof of principle Phelps et al 2022 PMID: 35954501

Pilot: Urine MSI-Plus analysis of asymptomatic Lynch syndrome carriers

81/142 (57.0%) MSH2 (L)PV carriers (aged 30-75 years) accepted invitation

75/80 (93.75%) had an MSS urine and no UC diagnosis during follow up (median 18 months, 15-25 months)

5/80 (6.25%) had an MSI-H urine...

1 exclusion (Case A) – bladder UC diagnosis between enrolment and first sample

Hall et al 2025, PMID: 41138669  

Surveillance by urine MSI-Plus



1 false positive

1 incomplete resection
Hall et al 2025, PMID: 41138669  

4 MSI-H UC 
diagnoses

2 laser ablation → kidney sparing therapy

1 previous contralateral UC → RRT

1 concurrent MSS RCC + MSI-H BUC

Surveillance by urine MSI-Plus



Accuracy statistics for detecting asymptomatic UC in Lynch syndrome:

• sensitivity = 100% (95% CI: 39.8-100.0%)

• specificity = 99% (95% CI: 92.9-99.9%)

• PPV = 80% (95% CI: 28.4-99.5%)

• NPV = 100% (95% CI: 95.2-100.0%)

Future work:

• MUSICaL (UK) and Predi-Lynch (EU) studies

• Health economic analysis

• Establish LS UC surveillance programmes using urine MSI-Plus analysis

Surveillance by urine MSI-Plus

Hall et al 2025, PMID: 41138669  



RCT 10 year follow-up (PP analysis)

CAPP2: Daily aspirin prevents LS cancer

Burn et al 2020, PMID: 32534647 Mathers et al 2022, PMID: 35878732
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CaPP3: Low dose aspirin prevents LS cancer

Open Phase: maintain equivalent dose

FPFV2014

End blinded stage 2021  

LPLV2024

3

4

3

2 years BLINDED 3 years UNBLINDED

Dose non-inferiority RT

1866 LS carriers:
• 1567 UK
• 141 Australia
• 77 Finland
• 51 Israel
• 43 Spain

Prof. Sir John Burn



CaPP3: Low dose aspirin prevents LS cancer

Cumulative incidence of CRC in CaPP3 
600mg group equivalent to CAPP2

Prof. Sir John Burn



CaPP3: Low dose aspirin prevents LS cancer
Prof. Sir John BurnLowest CRC incidence in 100mg arm



CaPP3: Low dose aspirin prevents LS cancer

100mg is non-inferior to 600mg in IRR analyses Prof. Sir John Burn



CaPP3: Low dose aspirin prevents LS cancer

Fewer SAEs with lower dose Prof. Sir John Burn



Take home messages
• Lynch Syndrome is common (1 in ~380 people) BUT we only know of <10%

➢ high throughput screening for LS will save lives

• Management of CRC and EC well established BUT neglect of the “other” LS cancers

➢ new data and new surveillance methods (liquid biopsy)

➢ ICI revolution for MMR deficient cancers

➢ low dose aspirin and resistant starch

• There are 4 Lynch Syndromes

➢ different penetrance, e.g. MSH2-LS at highest risk of “other” LS cancers

➢ MSH6-LS and endometrial cancer

➢ distinct molecular/genetic features 
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