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Why Would We Consider Germline Genetic Testing 
in Patients With Cancer? 

• Estimation of the cumulative risk of cancer in an individual 
and/or her family 

 

• Identification of individuals at sufficient risk to consider 
enhanced screening or prevention strategies 

 

• Identification of tumors that might respond to specific 
therapies 
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Hereditary CRC: genetic heterogeneity 

Courtesy Dr Balaguer 



   A 43 year old patient with stage II right-sided CRC. The 
pathology report described that her tumor had MSI and 
loss of MLH1 protein expression. A tumor genetic profiling 
analysis revealed a hypermutated phenotype (1000 
somatic mutations). The patient reports a family history of 
endometrial cancer in her mother. She is seeking advice 
to find out if her children must undergo surveillance with 
colonoscopy 

 

 Is this suspicious of a hereditary cancer syndrome?  

 If so, what other molecular/genetic tests would you 
recommend to her?  

 What type of surveillance would you recommend in her 
and her close family members? 

A 2016 clinical case... 



MSI and loss of expression of MLH1 

 MSI is present in 10-15% of sporadic CRC, mainly due 

to somatic tumor MLH1 promoter methylation 

 MLH1 promoter methylation is correlated with tumor 

BRAF V600E mutation 

 
CRC cases BRAF mutation MLH1 “C” region methylation 

550 MMR germline 
mutation + 

1.4%  

(0.06-3%) 

6% 

1623 MMR mutation – 

with MSS  

5%  

(4-7%) 

NA 

332 MMR germline 
mutation –  

with MSI/ MLH1 
expression loss 

63.5%  

(47-79%) 

47% (P<0.0001) 

Parsons, J Med Genet 2012 



Germline 
mutated gene 

Immunostaining 

MSH2 MSH6 MLH1 PMS2 

MSH2 - - + + 

MSH6 + - + + 

MLH1 + + - - 

PMS2 + + + - 

Immunostaining interpretation 

MSH2 

MLH1 

PMS2 

MSH6 

Piñol et al. JAMA 2005 

Combinatorial IHC testing of all four MMR proteins can provide an indication of the 

specific MMR gene that is most likely to contain a pathogenic germline mutation: 

 
• Dual loss of MLH1 and PMS2 protein expression suggest a germline mutation within MLH1 as 

the PMS2 protein is not stable in the absence of MLH1.  

• IHC loss of both MSH2 and MSH6 staining implies a germline mutation within MSH2. 
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Hampel et al. NEJM 2005 
Moreira L, Balaguer F et al. JAMA 2012 
Moreira et al. Cancer 2015 
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Lynch-like syndrome: what is the cause? 
1. “Cryptic” germline mutations in the 4 DNA MMR genes in actual Lynch syndrome patients (ie, 

mutations were present, but not detected) 

EPCAM gene (which is immediately upstream of MSH2) (Ligtenberg et al. Nat Genet 2009) 

Other undiscovered genes?? 

2. Some pathologic process other than a germline mutation or methylation of a DNA MMR gene 
that can produce a CRC with MSI. 

 Biallelic somatic mutations of MMR genes (Sourrouille, F et al. Fam Cancer 2013) 
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Non-polyposis CRC:  
Updated universal MMR deficiency testing 

Screening/surveillance 

based on  family history 

of CRC 
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Lynch syndrome (formerly known as HNPCC) 

• Most common hereditary CRC syndrome (3-5%) 
• Cause:  
- Germline mutations in MMR genes (MLH1/MSH2/MSH6/PMS2/Epcam) 
- Autosomal dominant pattern of inheritance (50% probability of transmission) 

 
• Clinical phenotype: cancer predisposition  (early-onset, but not always…..) 

– Lifetime risk of CRC: 25-80% 
– Lifetime risk of  endometrial cancer: 20-70% 
– Others: stomach, urinary tract, ovary, small bowel 

 
• Tumor phenotype:  

– Characteristic pathology: tumor infiltrating lymphocytes, mucinous features 
– Microsatellite instability  (MSI) (PCR-based assay) 
– Loss of protein expression (immunohistochemistry) 

Hampel et al. NEJM  2005 
Piñol et al. JAMA 2005 
Bessa X et a. JCO 2011 



Main cause of underdiagnosis: absence of clinical suspicion 

• Prevalence in general population: 1/1000-
1/2000 
 
• Prevalence in CRC patients: 1-5/100 
 
• World incidence: 30.000 new cases/year 
 

Lynch syndrome: Underdiagnosis 

• <50% of cancer centers perform IHC testing or MSI routinely (Beamer et al. JCO 

2012) 
• Family history  remains largely unrecognized  (Grover et al. CGH 2004; Singh et al. 

CGH2010) 
• Lynch syndrome often does not show a significant family history 
 



ADJUVANT SETTING: 

FOLFOX 4 vs 5FU-LV 
MOSAIC; André et al, JCO 2009 

HR: 0.80 (0.66-0.97) 

METASTATIC SETTING: 
FOLFOX 4 vs FOLFOX4+PANITUMUMAB 

 (wild type KRAS) 
PRIME; Douillard et al, ASCO 2013 

HR: 0.83 (0.70- 0.96) 

PREVENTIVE SETTING: 

COLONOSCOPY 3 y vs No 
Järvinen et al, Gastroenterology 2000 

RR: 0.35 (0.12-0.99) 

Impact of LS diagnosis 



Cost-effectiveness 

Ladabaum, Arch Int Med 2011 



Three critical current clinical 
questions in LS 

• What is the cumulative risk by age to first 
cancer? 

 

• In which organs are first cancers most likely to 
occur? 

 

• What are the outcomes for these cancers? 



Moller et al, Gut 2015 

1942 mutation carriers undergoing prospective cancer surveillance 



Time since last colonoscopy 
mean median 

32 months 27 months  
(7-123) 

Cumulative % of CRC since last colonoscopy 
Up to 12 months Up to 24 months 

6% 31% 

Moller et al, Gut 2015 



CAPP2 Study – Aspirin in Lynch S 

Colon Cancer Risk 

Burns J et al, Lancet (2011) 



CAPP2 Study – Aspirin in Lynch S 

Colon Cancer Risk 

Burns J et al, Lancet (2011) 



TCGA COLON AND RECTAL CANCER 

Nature, 2012 



KEYNOTE-016 



Dung Le at 2016 ASCO 



Presented By Dung Le at 2016 ASCO Annual Meeting 



Take home messages  

 MMR deficiency might be sporadic (biallelic somatic 

mutations, MLH1 hypermethylation), or hereditary (LS) 

 MMR deficiency provides predictive information for 

therapeutic decision making  

 early stage:lack of efficacy of 5-FU 

 advanced setting: benefit of immune checkpoint blockade 

 Rule out LS after identification of MMR deficiency:  

 cancer prevention is possible (second tumors and family 

members) 

 cost-effective  

 overall good prognosis 

 

 

 


