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Scope of talk 

•Histopathologists with an 

interest in molecular 

pathology/genetics. 

•Knowledge of molecular 

genetics. 

•Practical and clinically 

relevant. 
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•HER2 testing of oesophago-

gastric carcinoma. 

•GIST mutation testing. 
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• [Melanoma testing] 

 

 

 



Scope of talk 

•Why test 

•How you test 

•Issues of testing 

•Practical points 

 

 



RAS testing of CRC 

•Referring to KRAS and NRAS 

genes (but not e.g. GNAS). 

 

 

 



RAS testing of CRC – Why? 

•Personalised medicine 

 

 



RAS testing of CRC – Why? 

•Personalised medicine 

•Anti-EGFR therapy (e.g. 

cetuximab, bevacizumab, and 

panitumumab) does not work 

on RAS mutant CRC.  

 

 

 



RAS testing of CRC – Why? 

•KRAS codon 12 and 13 mutants 

 

 





RAS testing of CRC – Why? 

• Cetuximab for the first-line treatment of 

metastatic colorectal cancer (August 2009) 

NICE technology appraisal guidance 

176: 

• “Cetuximab is indicated for the treatment 

of patients with EGFR-expressing, Kirsten 

rat sarcoma (KRAS) wild-type metastatic 

colorectal cancer” 

 

 

 

 

 

 



RAS testing of CRC – Why? 

•FIRE-3, PEAK and PRIME trials 

 

 

 

 





RAS testing of CRC – Why? 

•Anti-EGFR drug resistance is 

predicted by mutations: 

– KRAS codons 12, 13, 59, 61, 117 

and 146 

– NRAS codons 12, 13, 59 and 61 

 

 



RAS testing of CRC – Why? 

•Current funding: 

– NICE TA176 

– CDF 

 

 



RAS testing of CRC – Why? 

•Current funding: 

– NICE TA176 

– CDF 

– All funded by NHS England 

(direct invoicing) 

 

 



RAS testing of CRC – How? 

•UK NEQAS Molecular Pathology 

CRC schemes: 

– Not all labs are UK based. 

 

 

 



KRAS 2014-15 

 

 



KRAS 2014-15 

 

 



KRAS 2016-17 run 1 
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Method 







RAS testing of CRC – Issues 

 

 

 

 

•Heterogeneity: 

– i.e. more than one clone in the 

same CRC (wild type vs. RAS 

mutant; different RAS mutants) 

– Its extent is controversial 

– If majority clone is wild type, only 

more sensitive assay may pick 

up the mutant clone. 

 



RAS testing of CRC – Issues 

 

 

 

 

•Heterogeneity: 

– Explains emerging resistance 

– cfDNA to detect resistant clone? 

– Clinical dilemma: at what level 

of RAS mutant clone do you 

deny the patient anti-EGFR rx? 

 



RAS testing of CRC – 

Practical points 

•Be updated with what RAS 

genes and exons are tested. 

•Prioritise dispatch of tissue 

blocks to RAS testing labs 

(inclusion in CRC dataset). 

•Read the recommendations of 

the JCP 2014 guidance doc! 

 

 

 



MMR/MSI testing of CRC – Why? 

•Screening for hereditary 

disease 

•(Personalised medicine) 

 

 





MMR/MSI testing of CRC – Why? 

•Personalised medicine: 

– MMR deficient CRCs do not 

respond to 5-FU therapy. 

– ?Increased patient toxicity when 

5-FU therapy is used for MMR 

deficient CRCs. 

– ‘Borderline’ CRC cases (e.g. high 

risk Dukes’ B) for 5-FU therapy.     

 

 



MMR/MSI testing of CRC – Why? 

•Funding: 

– Clinical genetics for Lynch 

screening. 

– ?Oncologists for personalised 

medicine 

– ??? for Reflex testing (NICE DAP)    

 

 



MMR/MSI testing of CRC – How? 

•Mismatch repair  MMR proteins 

Tissue sections and 

immunohistochemistry. 
 

•Microsatellite instability (MSI) 

genetic change  DNA and 

PCR 







•Protein loss is abnormal 

•Lynch syndrome mutations: 

– MLH1 mutated → protein loss 

– MSH2 mutated → protein loss 

– MSH6 mutated → protein loss 

– PMS2 mutated → protein loss 



MMR immuno-

histochemistry 

•Lynch syndrome mutations: 

– MLH1 

– MSH2 

– MSH6 

– PMS2 



Fixation 

sensitive 

 

 





DNA microsatellites 





DNA microsatellites 



Microsatellite instability 



Microsatellite instability 



•MS stable (MSS) = 0/5 markers shift 

•MS instability (MSI)-low = 1/5 shift 

•MSI-high = 2+/5 shift 



CRC & Lynch Syndrome 
•MSI analysis – sensitivity 77-91% 

and specificity 90%. 

•MMR IHC – sensitivity 92-94% 

and specificity 88-100%. 

•MMR IHC is quicker, cheaper 

and uses less tissue. 

•Only MMR IHC identifies likely 

mutated gene. 



MLH1 wild type  ← MLH1 protein present 

MSH2 wild type  ← MSH2 protein present 

MSH6 wild type  ← MSH6 protein present 

PMS2 mutated   ← PMS2 protein loss 



          MLH1   MSH2 

          MSH6   PMS2 



             CRC    Sebaceous 

         neoplasm 

 MLH1-/PMS2-       66%     9% 

 

 MSH2-/MSH6-   18%   64% 

 

 MSH6-   13%   27% 

 

 PMS2-     3%      0% 
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         neoplasm 

 MLH1-/PMS2-       66%     9% 

 

 MSH2-/MSH6-   18%   64% 

 

 MSH6-   13%   27% 

 

 PMS2-     3%      0% 

 

 



•Reduced or loss of MSH6 

expression may be due to DXT. 

•MSH2 mutation causing MSH6 

loss but mutant yet 

immunogenic MSH2 (therefore 

only MSH6 immunonegative). 

 

MMR/MSI testing of CRC – How? 



             CRC    Sebaceous 

         neoplasm 

 MLH1-/PMS2-       66%     9% 

 

 MSH2-/MSH6-   18%   64% 

 

 MSH6-   13%   27% 

 

 PMS2-     3%      0% 

 

 



    Loss of MLH1 in CRC 

       20-30%    70-80% 



CRC & Lynch Syndrome 

•BRAF V600E mutation 

precludes Lynch syndrome 

•Therefore if MLH1 loss (i.e. 

MLH1 and PMS2 loss): 

– BRAF V600E analysis (?specific 

IHC) 

– MLH1 hypermethylation 

 





•Screening of resected CRC 

 

MMR/MSI testing of CRC – Issues 









MMR/MSI testing of CRC – 

Practical points 
 

 

 

 

 

 

 

 

•Check internal positive 

control(s). 

•Specify pathways for  

– Referral 

– Testing 

– Actioning of results. 

 

 

 



Gastric HER2 testing – Why? 

•Personalised medicine 

 

 



Gastric HER2 testing – Why? 





Gastric HER2 testing – Why? 

•HER2 IHC 3+ (NICE funded) 

•HER2 IHC 2+ with amplification 

(CDF funded) 

 

 



Gastric HER2 testing – Why? 

•HER2 IHC 3+ (NICE funded) 

•HER2 IHC 2+ with amplification 

(CDF funded) 

 

All funded by NHS England 

 

 



Gastric HER2 testing – How 

•HER2 protein expression - IHC 

•HER2 gene amplification - ISH 

(e.g. FISH, CISH, D-DISH) 

 

 









Gastric HER2 testing – How 

•HER2 IHC Scoring: 

– 3+ (visible at x4 obj) 

– 2+ (visible at x10-20 obj) 

– 1+ (visible at x20-40 obj) 

– 0   (not visible!!) 

 

 



Gastric HER2 testing – How 

•HER2 IHC Antibodies: 

– 4B5 (Ventana) 

– Dako HercepTest 

– Polyclonal A0845 (Dako) 

– CB11 (Novocastra)  

 

 





4B5 stains 

foveolar 

epithelium 



Gastric HER2 testing – How 

•HER2 positivity: 

– Intestinal (approx. 30%) > Mixed 

(approx. 15%) > Diffuse (approx, 

5%) 

– OGJ/Cardiac (approx. 30%) > 

gastric (approx. 15%) 

 

 







Gastric HER2 testing – How 

•ISH (for 20 cells): 

– Count number of C17 signals 

– Count number of HER2 signals 

– Calculate HER2 : C17 ratio 

– If ratio > 2.0 = amplified 

– If ratio < 2.0 = not amplified 

– If ratio between 1.8 and 2.2 

repeat with 20 other cells 

 

 



Red = C17 

Black = HER2 



Gastric HER2 testing – Issues 

•HGD vs adenocarcinoma 

•Resection 10% vs. Biopsy 5 cells 

rule: which to use for 

‘intermediate’ size specimens 

(e.g. peritoneal metastases)?   

 

 



Gastric HER2 testing – How 

•UK Guidance document 

pending 

 



Gastric HER2 testing – 

Practical points 
 

 

 

 

•Be aware of which antibody is 

used. 

•If possible (i.e. bxs), 

immunostain two sections on 

the same slide. 

•Get some else to assess ISH! 

 

 

 



GIST mutation testing – Why? 

•Aiding histopathological 

diagnosis  

•Screening for hereditary 

disease 

•Personalised medicine 

 

 



GIST mutation testing – Why? 

•Funding:  

– None 

 



GIST mutation testing – Why? 

•Funding:  

– None 

– Impending NHS England funding 

for KIT (PDGFRA not mentioned) 

 

 



Hornick et al. Hum Pathol 2007; 38: 679.  

(Platelet derived growth 

factor receptor alpha)  

Mutations of receptor tyrosine  

kinase (RTKs)  
CD117 / c- 



KIT and PDGFRA 

•In chemo-naive GISTs, only 

one primary mutation per 

neoplasm. 



•Amongst all GISTs: 

– 85% KIT mutation 

– 5% PDGFRA mutation 

– 10% ‘wild-type’ (i.e. no 

activating mutations in KIT exons 

9,11,13,17  or  PDGFRA exons 

12,14,18) 

KIT and PDGFRA 



Lasota & Miettinen. Histopathol 2008; 53: 245.  



Lasota & Miettinen. Histopathol 2008; 53: 245.  



Sanger sequencing: 

 

Next generation seq: 

 

High Resolution Melting: 

 

dHPLC: 

GIST mutation testing – How? 



GIST mutation testing – Why? 

•Aiding histopathological 

diagnosis  

•Screening for hereditary 

disease 

•Personalised medicine 

 

 



I) Diagnosis of GIST 

+ 

CD117 

  =   ???  



I) Diagnosis of GIST 

+ 

   +    PDGFRA p.Asp842Val   =  GIST 

 

   

CD117 





I) Diagnosis of GIST 

•A few GIST mimics may show 

identical mutations: 

 

 

Melanoma  

(KIT mutations) 

Inflammatory fibroid polyp  

(PDGFRA mutations) 

 



II) Investigating GIST 

families 

Kleinbaum et 

al. Int J 

Cancer 2008; 

122: 711.  

Thalheimer et 

al. Am J Surg 

Pathol 2008; 

32: 1560.  



II) Investigating GIST 

families 
•Approx. 25 reported families 

with KIT germline mutation. 

•One reported family with 

PDGFRA germline mutation. 

 



III) Predict response to 

RTK inhibitors 
•Imatinib for advanced GIST. 

•10% patients show progression 

within 6 months: primary resistance. 

•40-50% patients show progression 

within 24 months after 

response/stable disease: 

secondary resistance. 



Chemotherapy for GIST 

•RTK inhibitors 

– Imatinib 

 

 

 

– Sunitinib 

– Nilotinib, Dasatinib 

 

 



PRIMARY RESISTANCE / SENSITIVITY 
 

IMATINIB:  
Sensitive primary mutations           Resistant primary mutations 

------------------------------------------------------------------------------------------------- 

KIT exon 11             KIT exon 9 (but dose escalation) 

Upstream small mutations >            KIT exon 17 

  downstream large deletions        PDGFRA exon 18 (e.g. D842V)  

             Wild type 
 

SUNITINIB: 
Sensitive primary mutations         Resistant primary mutations 

------------------------------------------------------------------------------------------------- 

KIT exon 9           KIT exon 11 

Wild type            PDGFRA exon 18 (D842V)  

                 



III) Predict response to 

RTK inhibitors 
•Imatinib for advanced GIST. 

•10% patients show progression 

within 6 months: primary resistance. 

•40-50% patients show progression 

within 24 months after 

response/stable disease: 

secondary resistance. 



Gramza et al. Clin Cancer Res 2009; 15: 1750.  



Gramza et al. Clin Cancer Res 2009; 15: 1750.  



GIST mutation testing – Issues 

•Drug licensing: 

– Imatinib is the only licensed first 

line therapy (advanced disease 

therapy or as adjuvant therapy) 

for GIST in the UK. 

 

 



GIST mutation testing – Issues 

•Drug licensing: 

– Imatinib is the only licensed first 

line therapy (advanced disease 

therapy or as adjuvant therapy) 

for GIST in the UK. 

– However, if imatinib resistant 

mutation, may switch to second 

line therapy sooner.  

 

 



GIST mutation testing – Issues 
• Rare mutations: KIT exon 8   

 

 



GIST mutation testing – Issues 

•Rare mutations: KIT exon 8 

– 0.3% of all GISTs 

– 1 to 2% of wild type GISTs 

– Imatinib sensitive   

 

 



GIST mutation testing – 

Practical points 
 

 

 

 

•Remember limitations of GIST 

mutation testing. 

•Impending RCPath GIST 

dataset. 

•Know your local GIST mutation 

testing centre. 

 

 

 



Conclusion 

•RAS testing of CRC. 

•MMR/MSI testing of CRC. 

•HER2 testing of oesophago-

gastric carcinoma. 

•GIST mutation testing. 

•[Melanoma testing] 

 

 

 


