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Objectives

 Identify the spectrum of cancers associated with Lynch 
syndrome

 Understand the importance of regular colonoscopy and 
other surveillance testing in Lynch syndrome

 Recognize patients that should be referred for genetic 
testing for Lynch syndrome
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Outline

 Lynch syndrome

 Background

 Diagnosis

 Clinical manifestations and surveillance

 Overview of a Cancer Genetics appointment

 Which patients should be referred to Cancer Genetics?



Why is colon cancer important?

American Cancer Society
*Overall lifetime risk is 4.5%



Why are hereditary colorectal cancer syndromes 
important? 

Lynch 

Syndrome

4%



Lynch syndrome

• Germline (ie, inherited) inactivation of the DNA 
mismatch repair gene results in Lynch syndrome

• Mismatch repair system monitors and correct errors 
by DNA polymerase during DNA replication

• Autosomal dominant (ie, 50% chance of 
receiving causative gene)

• De novo mutations rare (2.3%), or less likely than 
paternal discrepancy (3.7%) 

• [Win, J Med Genet. 2011 and Bellis, J Epidemiol Community Health 2005]



Lynch syndrome

• First described clinically in 1966, genetic mutations 
identified in the 1990s

• Also labeled “hereditary non-polyposis colorectal cancer” 
in past, but this is vague and potentially misleading



Autosomal Dominant Inheritance

Carrier Parent Non-carrier Parent

Aa aa

Aa Aa aa aa

Carrier Carrier Non-carrier Non-carrier

1/2 1/2



Genetics of Lynch syndrome



Mismatch repair genes

• 5 known genes:

- MSH2

- MLH1

- MSH6

- PMS2

- EPCAM (affects MSH2)

*PMS2 mutations can be difficult to isolate and 
prevalence low in older series due to this



Genetics of Lynch syndrome

Espenschied et al. JCO 2017.



Diagnosis of Lynch syndrome

• Clinical criteria

• Tumor testing

• Genetic testing (confirmatory)



Genetic testing

• Consists of single blood draw or mouthwash kit

• Labs have guaranteed maximum out of pocket costs and 
often as little as $250 independent of insurance 
coverage 

• As little as $50 if familial mutation is previously 
identified

• Best done after genetic counseling 

• More to come later in talk



Clinical criteria

• Amsterdam  II Criteria: meant to be diagnostic  of 
HNPCC (expanded tumors from Ams. I criteria)

• The 3-2-1 rule

*Many would also include ovary, stomach, HB 

and brain



Clinical criteria

• Revised Bethesda Criteria: meant to identify 
candidates for tumor testing (more on this later) 



Clinical criteria

• Why this is often inadequate…

• Family size shrinking

• Success of CRC screening in decreasing cancer 
incidence

• Difficulty obtaining full family history in busy clinical 
setting



Physicians and family history



Physicians and family history

• Analysis of patients with CRC seen at an Onc clinic

Grover et al. Physician assessment of family cancer history and referral for genetic 

evaluation in colorectal cancer patients. Clin Gastroenterol Hepatol, 2 (2004), pp. 813–819.

*75 of 387 (19%) CRC patients met Bethesda guidelines for genetics 

assessment, however, only 13 of 75 (17%) were referred.



Clinical criteria

• There are clinical predictive models available

*If concerned, recommend Genetics referral for providers with 

expertise and most importantly time!

http://premm.dfci.harvard.edu/



Future steps

• Universal screening (perhaps pre-colonoscopy)

- Recent data shows this can be reasonably 
incorporated into GI practice, either with PREMM 
score or simple questionnaire

Kastrinos et al. Development and Validation of a Colon Cancer Risk Assessment Tool for 

Patients Undergoing. The American Journal of Gastroenterology 104, 1508-1518 .



OSU pre-endoscopy history questionnaire

22



Colorectal (and Endometrial) tumor testing

• A way to overcome limitations of family history and 
identify de novo mutations

• OSU, USMSTF and NCCN favor universal tumor testing:

1. Greater sensitivity for the identification of Lynch 
syndrome compared with multiple alternative 
strategies

2. Cost-effectiveness ratio comparable to other accepted 
preventive services

Hampel H. Point: justification for Lynch syndrome screening among all patients with newly diagnosed colorectal cancer. J Natl Compr

Canc Netw. 2010 May;8(5):597-601.

Moreira L. Identification of Lynch syndrome among patients with colorectal cancer. JAMA. 2012 Oct 17;308(15):1555-65.



Microsatellite instability

• Microsatellites are simple repetitive sequences 
normally found throughout the genome

• Microsatellite instability (MSI) is abnormal 
expansion/contraction of these repeats in tumor DNA

• MSI graded as MSI-high, MSI-low or MSS (stable)

• Lynch syndrome cancers are usually MSI-high, but 
sporadic cancers can be as well



13% <1% 85%

FAP Sporadic

MIN (MSI+)

(Microsatellite Instability)

CIN

(Chromosome Instability)

Lynch Sx Sporadic MSI(+)

Germline Mutation 

MMR genes

MLH1, MSH2, 

MSH6 & PMS2

15%

2-3%

•Epigenetic silencing of 

MLH1 by hypermethylation

of its promoter region

85%

Colorectal cancer tumor testing

Acquired 

APC, p53, 

DCC, kras, 

LOH,...

Germline 

Mutation  

APC



Why else is MSI important?

• MSI colon cancer patients have a better prognosis

• MSI colon cancer does not respond to standard 5-FU 
based chemotherapy

• MSI predictive of response to immunotherapy (anti-
PD1 and anti-PDL1 treatments) – even patients with 
treatment-refractory progressive metastatic cancer 

26

Le et al. PD-1 Blockade 

in Tumors with 

Mismatch-Repair 

Deficiency

NEJM 2015.

https://www.nejm.org/medical-articles/original-article


Tumor testing

• Immunohistochemistry (IHC) is another option for 
tumor testing

• More commonly performed in US centers

• Utilizes antibodies to the Lynch genes

• Absence of staining is abnormal



Mismatch Repair Immunohistochemistry

• Normally present

• If protein absent, gene 
not being expressed 
(mutation/methylation) 

• Benefit over MSI 
testing is this can  
direct gene testing by 
predicting likely 
involved gene

MSH2MLH1

MSH6PMS2



MLH1 & PMS2 Absent

• 15% of the time

• CRC is MSI

• 80% acquired 
methylation of   
MLH1

• 20% will be LS

• Reflex to test for 
BRAF or MLH1 
hypermethylation
to clarify

MLH-1 MSH-2

MSH-6 PMS-2



MLH1 absence on IHC

• Somatic events can cause loss of MLH1 and are more 

common than Lynch syndrome (especially in people 

older than age 70)

• These include changes in BRAF gene and MLH1 promoter 

hypermethylation (just the latter for Endometrial cancer)

• Tumor testing is available for these abnormalities to guide need for 

further genetic testing.

- If BRAF mutation or MLH1 hypermethylation positive, 

tumor is sporadic and no further testing needed. 



MSH2 & MSH6 Absent

• 3% of the time

• CRC is MSI

• Most likely LS due 
to MSH2 (MSH6 
or EPCAM less 
likely) gene 
mutation

MLH-1 MSH-2

PMS-2MSH-6



MSH6 Absent

• 1% of the time

• CRC is MSI

• Most likely LS 
due to an MSH6
gene mutation MLH-1 MSH-2

MSH-6 PMS-2



PMS2 Absent

• 1% of the time

• CRC is MSI

• Most likely LS 
due to a PMS2
gene mutation MLH-1 MSH-2

MSH-6 PMS-2



Tumor testing

• Don’t need to memorize, but remember where to 
look for this (NCCN or USMSTF guidelines)

• If any question, refer to Genetics 



Case

• 70 year old female with IC valve mass and hepatic 
flexure large 2.5 cm polyp

• Mother had CRC at 65 and maternal Aunt with CRC 
at 55



What to do next with path?



Final diagnosis

• Sporadic CRC



National Comprehensive Cancer Network

38

• Non-profit alliance of 27 leading cancer centers 
dedicated to improving cancer care

• The OSU Comprehensive Cancer Center is a 
member

• Issues frequently updated guidelines in all facets 
of cancer care. 

• Lynch syndrome is included in the 
“Genetic/Familial High-Risk Assessment: 
Colorectal guidelines”



Overview of risks
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NCCN



Overview of Screening
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NCCN



Overview of Screening
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NCCN



Cancer incidence
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Moller et al. Cancer incidence and survival in Lynch syndrome patients receiving colonoscopic and 

gynaecological surveillance: first report from the prospective Lynch syndrome database. Gut 2017. 



Colorectal cancer
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NCCN



Colorectal cancer

44

Ryan et al. Association of Mismatch Repair Mutation With Age at Cancer Onset in Lynch Syndrome. 

JAMA Oncology 2017.



Clinical care of Lynch patients

Large-scale surveillance programs have achieved a 62 % reduction in 
incidence of CRC and a 65–70 % decrease in mortality. (Fam Cancer. 2013 
Jun;12(2):261-5.)



Colorectal cancer
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Study of Lynch patients without previous cancer undergoing 
surveillance utilizing 2 year interval for colonoscopy 
(European standard)

Moller et al. Cancer incidence and survival in Lynch syndrome patients receiving colonoscopic and 

gynaecological surveillance: first report from the prospective Lynch syndrome database. Gut 2017. 



Lynch syndrome

There is rapid progression from adenoma to 
CRC in comparison to accepted 10-15 year 
interval for sporadic polyps

Edelstein et al. Rapid development of colorectal neoplasia in patients with Lynch syndrome. Clin Gastroenterol Hepatol. 

2011 Apr;9(4):340-3.



Lynch syndrome

48

50 weeks 

later
Index 

colonoscopy



Lynch syndrome

• DO NOT have a great number of polyps

• Mean numbers of polyps are:

- 1.3 for age 20–29 years

- 1.8 for 30–39 years

- 2.2 for 40–49 years

- 3.5  for 50–59 years

- 5.3  for 60–69 years 

- 7.6 for ages 70–79 years. 



Colorectal cancer
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OSU GI Genetics recommendations:

• Colonoscopy every 1-2 years - favor yearly 

• Starting at age 20-25 (favor 20)



Endometrial cancer
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Ovarian cancer
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Endometrial and ovarian cancer
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OSU GI Genetics recommendations:

• Women should discuss options with their gynecologist

• Women should be aware that any abnormal uterine 
bleeding needs to be investigated

• Endometrial and ovarian cancer screening can be 
considered but does not have a proven benefit (and can 
be uncomfortable)

• Strongly consider TAHBSO at the completion of 
childbearing or around age 40

• Hormone replacement therapy is acceptable



Urinary tract cancer
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NCCN



Urinary tract cancer
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No proven effective screening exists

Urine cytology study of 1,868 screens (Myrhoj et al 2008) 

• 2 cancers found 

• 22 test were false positive with multiple tests needed

• 10 cancers found by symptoms outside of screening 

CT scan and cystoscopy and cytology on 20 patients (Zachau et al 2012)

• 2 cancers found in 26 CTs and 48 cystoscopies



Urinary tract cancer
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OSU GI Genetics recommendations:

• Consider annual urinalysis at age 30-40, especially if 
MSH2 mutation

• Must consider high likelihood of false positives with 
subsequent unnecessary testing 

- Urology consultation followed by CT or MRI 
urogram and cystoscopy



Gastric cancer and small bowel cancer
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NCCN



Gastric cancer and small bowel cancer
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Cappelle et al. Risk and Epidemiological Time Trends of Gastric Cancer in Lynch Syndrome Carriers in 

The Netherlands. Gastro 2010.



Gastric cancer and small bowel cancer
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Upper endoscopy on 73 patients with Lynch compared to relatives (Sinisalao et 
al. 2002)

1 duodenal cancer found (already advanced)

No difference in inflammation or intestinal metaplasia

No difference in H pylori

No gastric cancers during 4 years of follow-up

Video capsule endoscopy study of 200 patients (Haanstra et al. 2015)

2 patients with neoplasia detected (1 cancer, 1 polyp)

1 patient with cancer missed

All lesions within range of endoscopy

155 repeated 2 years later and no neoplasms (but required 17 procedures for eval)



Gastric cancer and small bowel cancer
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OSU GI Genetics recommendations:

• H. pylori testing and eradication if positive

• Plan enteroscopy at age 30-35 and repeat every 3-5 years if 
family history of gastric cancer or of Asian descent 

• Consider baseline enteroscopy with gastric biopsies at age 30-
35 or at time of diagnosis

• Low threshold for aggressive testing of any symptoms

• Abdominal pain, reflux, anemia, etc.



Pancreas cancer
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NCCN



Pancreas cancer

62

Kastrinos et al. Risk of Pancreatic Cancer in Families With Lynch Syndrome. JAMA 2009.



Pancreas cancer
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OSU GI Genetics recommendations:

• Refer to OSU Pancreas Clinic to discuss screening if a first or second 
degree relative with pancreatic cancer

• OSU Pancreas Clinic general recommendations (although should be 
personalized for all patients):

• Annual fasting glucose and hemoglobin A1c

• Annual MRI of pancreas and MRCP

• Annual Endoscopic Ultrasound 

• At age 50 (or 10 years younger than earliest diagnosis), start a 
screening test every 6 months



Hepatobiliary tract cancer
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No recommendations for screening

NCCN



Breast cancer
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Risk not included in NCCN guidelines 

NCCN



Breast cancer
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2 new studies suggesting increased risk of breast cancer in Lynch 
syndrome

Based on examination of patient characteristics and testing results 
from 2 large commercial genetic testing labs

Espenschied at al. found that 22% of Lynch patients met BRCA testing 
criteria (more commonly MSH6 and PMS2)

Roberts et al. found that MSH6 and PMS2 associated with increased 
risk for breast cancer (2-3x increased)



Breast cancer
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OSU GI Genetics recommendations:

Follow average risk recommendations from American Cancer Society (Of 
note, more aggressive than other societies) 

• Age 40 – 45: Discuss screening with your doctor (we favor starting 
mammogram)

• Age 45 – 55: Begin yearly mammograms

• Age 55+: Consider transition to every other year mammogram (we 
favor continuing yearly mammogram)

Stay tuned for potential future updates



Genetics clinics are under utilized 

68 |

Especially in Colorectal Cancer!!!

Wood et al. JCO 2014. 



Genetic counseling

Cancer genetics appointments are about 90 min

They include: 

1. Review of clinical history (personal and family)

2. Differential diagnosis

3. Discussion of pros/cons of genetic testing

4. Ordering, drawing and routing of genetic testing 

if indicated and patient provides informed consent 

(along with knowledge of insurance and lab 

rules)

5. Perhaps most importantly post-result counseling



Genetic counseling

Benefits of genetic counseling and testing:

Accurate counseling for patients of risks for cancers 
(both another colon cancer as well as other cancers)

Predictive testing of at risk family members 

*If positive, prevent colon cancer through 
screening!

*If negative, save patient from a lot of 
colonoscopies! 

Federal laws protecting against employment or health 
insurance discrimination
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When to refer to Genetics? 

Hampel et al. A practice guideline from the American College of Medical Genetics and Genomics and the National Society of Genetic 

Counselors: referral indications for cancer predisposition assessment. Genet Med. 2014.



When to refer to Genetics? 

72

Hampel et al. A practice guideline from the American College of Medical Genetics and Genomics and the 

National Society of Genetic Counselors: referral indications for cancer predisposition assessment. Genet 

Med. 2014.
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450 CRC patients diagnosed <50 years of age with 
completed testing as of June 2016

All had tumor screening and broad multigene panel 
testing (MGPT)



• 1 out of 6 (16%) had at least one hereditary 
cancer syndrome (75 mutations in 72 
patients)

• 1 out of 12 (8.4%) had Lynch syndrome

• 1 out of 13 (7.8%) had another syndrome

• 24 mutation-positive patients (33%) did NOT 
meet established guidelines for the gene(s) 
in which they had a mutation
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Results from early-onset cohort

Pearlman et al. JAMA Oncol. 2017;3(4):464-471



Hereditary Colon Cancer Differential Diagnosis

Presence of

>10 polyps

Type of polyps
- Lynch syndrome

- Familial Colorectal Cancer

syndrome type X

- Peutz-Jeghers syndrome

- Juvenile Polyposis

- Cowden syndrome

-Serrated Polyposis syndrome

-Hereditary mixed polyposis syndrome

- Familial Adenomatous Polyposis 

-MYH-Associated Polyposis

- Polymerase Proofreading-Associated 

Polyposis

NoYes

AdenomatousOther

Presence of

>10 adenomas or 

non-adenomatous polyps



Patients with > 10 polyps receiving genetic 
testing
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Patients with > 10 polyps receiving genetic 
testing
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Patients with > 10 polyps receiving genetic 
testing

Total mutation prevalence in genes of interest 
in study remained > 5% in all groups

Total number of colorectal polyps

Age at 

Testing
10-19 20-99 100+

10-19 10.0% * *

20-29 20.0% 28.0% 75.0%

30-39 10.7% 20.3% 61.5%

40-49 11.4% 25.0% 51.1%

50-59 5.5% 12.8% 40.8%

60-69 5.1% 8.7% 34.0%

70-79 5.3% 6.4% 10.5%

80-89 7.7% 12.5% *

* indicates n <10
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Summary

 Lynch syndrome is associated with colon, endometrial 
and ovarian cancer most commonly

 Tumor testing for Lynch syndrome needs to be monitored 
and referred for genetic testing if abnormal

 Colonoscopy saves lives in Lynch syndrome!

 You should have a low threshold to consider genetics 
consultation if history of colon cancer or multiple colon 
polyps
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Thank You!

 Call Genetics at (614) 293-6694 or GI office at (614) 293-
6255 for appointments

 Peter.Stanich@osumc.edu

 @DocStanich



Familial Colorectal Cancer Type X

• Same family history as with Lynch syndrome, but 
with microsatellite stable colorectal cancers

• Increased incidence only for colorectal cancer (SIR, 
2.3; 95% confidence interval, 1.7-3.0) but less than 
Lynch (SIR, 6.1; 95% confidence interval, 5.2-7.2) 
(P.001).

• “It may be reasonable to offer colorectal cancer 
screening initiated 5 to 10 years prior to the age of 
earliest colorectal cancer diagnosis, with frequency 
determined by initial findings but no less often than 
every 5 years.”

Lindor et al. JAMA. 2005;293:1979-1985



Screening is working!

Siegel at al. CA: A Cancer Journal for Clinicians. Colorectal Cancer Statistics, 2017.



What about colon cancer in young people?

• This is a very hot topic



What about colon cancer in young people?

• Remember – despite increasing percentage, the 
actual number of people affected is low 

‒ Mortality - 3.9 per 100k in 2004 to 4.3 in 2014

• Continue aggressive evaluation of bleeding 
symptoms (IDA, melena, rectal bleeding)

• Evidence for screening at age 45 is controversial 
and based on modelling

‒ Maybe FIT for those 45 – 49?

‒ Remember to check on insurance 
coverage 



Wexnermedical.osu.edu

Thank You


