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Specimen

Loss of MLH1 & 
PMS2IHC BRAF or MLH1 promoter status

Loss of other 
MMR proteins

Absence of BRAF mutation and/or 
MLH1 promoter hypermethylation

MSI high

MSI  testing Presence of BRAF mutation and/or 
MLH1 promoter hypermethylation

Normal
No further 

testing

Refer to genetic counseling for consideration 
for germline testing (guided by IHC)

Universal screening Lynch syndrome – Targeted therapy Universal screening Lynch syndrome – Targeted therapy 
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IHC staining suggests MSI status. BRAF exon
15 mutational analysis or MLH1 promoter
methylation should be taken into account to
exclude Lynch syndrome.





BRAF p.V600E-specific immunohistochemical assessment in colorectal cancer 
endoscopy biopsies is consistent with the mutational profiling
Galuppini F, et al. Histopathology 2017



Luchini C, et al. – In preparation

BRAF p.V600E-specific IHC assessment in old FFPE specimensBRAF p.V600E-specific IHC assessment in old FFPE specimens



J Clin Oncol 2017

STAGE IV
KRAS/NRAS/BRAF

STAGE IV
KRAS/NRAS/BRAF

ALL STAGES
MMR or MSI
ALL STAGES
MMR or MSI

Loss of MLH1 in stages I-III
BRAF p.V600E

Loss of MLH1 in stages I-III
BRAF p.V600E

No PI3KCA, PTEN, CIMPNo PI3KCA, PTEN, CIMP

Evaluation performed by the 
pathologist on metastatic samples

Evaluation performed by the 
pathologist on metastatic samples



A combination of encorafenib (anti 
BRAF), cetuximab, and binimetinib
(anti MEK) resulted in significantly 
longer overall survival and a higher 
response rate than standard therapy in 
patients with metastatic colorectal 
cancer with the BRAF V600E mutation.



The heterogeneous mutational landscape of the 
BRAF gene in CRC



Non-V600BRAF Mutations Define a Clinically Distinct
Molecular Subtype of Metastatic Colorectal Cancer

Jones JC, et al. – J Clin Oncol 2017

non-V600BRAF mutations occurred for 22% of all BRAF mutations identified and 
were characterized by younger age, fewer female patients, fewer high-grade 
tumors or right-sided primary tumors.

Median overall survival was significantly longer in patients with non-V600BRAF-
mutant metastatic CRC compared with those with both V600EBRAF-mutant and 
wild-type BRAF (60.7 v 11.4 v 43.0 months, respectively; P =0.001).

9,643 metastatic CRC



Schirripa M, et al. – Clin Cancer Res 2019

Class 1: codon 600

Class 2: codons 601 and 597

Class 3:  codons 594 and 596

Poor prognosis

Similar to BRAF wt



Mills AM & Longacre TA – Am J Surg Pathol 2016 / The Cancer Genome Atlas Research Network. – Nature 2013

 5% of endometrial cancers and ~1% of ovarian cancers.

 No BRAF mutation testing! Only PCR-based methylation 
testing.

 MSH6 mutations are relatively more common (often MSI-
low or MSS). Rethinking of MSI testing.

Lynch syndrome in endometrial cancer



Mills AM & Longacre TA – Am J Surg Pathol 2016
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ontribution of MLH1 constitutional methylation for Lynch 
yndrome diagnosis in patients with tumor MLH1 downregulation

Pinto D, et al – Cancer Med 2018

 Constitutional epimutation of MLH1 and 
MSH2 has been identified as an alternative 
mechanism that predisposes to the 
development of LS.

 MLH1 constitutional hypermethylation is the 
molecular mechanism behind about 3% of LS

 Patients with early onset or multiple primary 
tumors without significant family history.



5 regional hubs for surgical
pathology (~900.000 people)

3 regional hubs for molecular
pathology (~1.500.000 people)

2019
590 CRC

(RAS/BRAF)



Association of Primary Resistance to Immune Checkpoint Inhibitors in 
Metastatic Colorectal Cancer With Misdiagnosis of Microsatellite 
nstability or Mismatch Repair Deficiency Status

Cohen R, et al - JAMA Oncol 2019

…”misdiagnosis of the MSI or dMMR status by local assessment was 10% 
n = 9), with a positive predictive value of 90.3% (95% CI, 82.4%-95.0%).”

MLH1 PMS2 MSH2 MSH6 H&E



DNA qualification may impact MSI testing results 
in mucinous colorectal adenocarcinoma

Malapelle U, Parente P, et al - Cells 2020

…”we demonstrated that 
preanalytical parameters as 
neoplastic cellularity and DIN may
influence analytical performance 
for MSI testing. In particular, a 
minimum input of 50% of 
neoplastic cells is fundamental to
correct perform molecular analysis
by using Idylla™ system. DIN < 4
significantly affected TapeStation
4200 results.”

pMMR dMMR

98.0% 81.8%

96.0% 45.4%



Take home messages
The clinical impact of the histology report

MMR/MSI testing pre-analytical requirements

The heterogeneous world of BRAF-mutated metastatic CRC

The central role of the multidisciplinary team
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