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15% CRC are defective in
DNA mismatch repair (dMMR)
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[ No further I
| testing

Normal

Presence of BRAF mutation and/or

MSI testing MLH1 promoter hypermethylation

MSI high

Loss of MLH1 &
PMS2

BRAF or MLH1 promoter status

Specimen

Absence of BRAF mu
ILH1 promo

Refer to genetic counseling for consideration
for germline testing (quided by IHC)
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MLH1 mmm Comment suggested to report in diagnosis
pos pos pos pos

IHC staining suggests MSS status

=) nes PO RS IHC staining suggests MSI status. BRAF exon 15 mutational

neg neg/ind pos pos analysis or MLH1 promoter methylation should be taken into
account to exclude Lynch syndrome.

neg/ind neg pos pos
pos poSs neg neg
pos pos neg neg/ind
os os neafind e IHC staining suggests MSI status and patient should be
P P 9 g referred to genetic counseling for Lynch syndrome.
pos poS poS neg
pos neg poOS pos
ind ind pos pos IHC staining supports MSI, but MSI molecular testing is
pOS poS ind ind required.
IHC staing should be repeated on a second block of the
ind ind ind ind lesion for excluding technical artifacts. If obtained the same
result, MSI molecular testing should be performed.
neg poS neg poSs
neg pOS pOS neg Biologically unlikely. For excluding technical artifacts IHC
should be repeated and/or the sample should be analyzed
PR neg neg PO for MSI molecular testing.
poSs neg pOS neg

pos= retained staining; neg= complete loss of staining; ind= indeterminate
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BRAF p.V600E-specific immunohistochemical assessment in colorectal cancer

endoscopy biopsies is consistent with the mutational profiling
Galuppini F, et al. Histopathology 2017
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BRAF p.V600E-specific IHC assessment in old FFPE specimens
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Luchini C, et al. — In preparation
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Molecular Biomarkers for the Evaluation of Colorectal
Cancer: Guideline From the American Society for Clinical
Pathology, College of American Pathologists, Association
for Molecular Pathology, and the American Society of
Clinical Oncology

STAGE IV ALL STAGES
KRAS/NRAS/BRAF MMR or MSI

Evaluation performed by the
pathologist on metastatic samples

Loss of MLH1 in stages |-l
BRAF p.V600E

No PIBKCA, PTEN, CIMP
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Encorafenib, Binimetinib, and Cetuximab
in BRAF V600E—-Mutated Colorectal Cancer

S. Kopetz, A. Grothey, R. Yaeger, E. Van Cutsem, . Desai, T. Yoshino, H. Wasan,
F. Ciardiello, F. Loupakis, Y.S. Hong, N. Steeghs, T.K. Guren, H.-T. Arkenau,
P. Garcia-Alfonso, P. Pfeiffer, S. Orlov, S. Lonardi, E. Elez, T.-W. Kim,
J.H.M. Schellens, C. Guo, A. Krishnan, J. Dekervel, V. Morris, A. Calvo Ferrandiz,
L.S. Tarpgaard, M. Braun, A. Gollerkeri, C. Keir, K. Maharry, M. Pickard,

J. Christy-Bittel, L. Anderson, V. Sandor, and J. Tabernero

Overall Survival, Triplet Regimen vs. Control

No. at Risk

Triplet
Control

Median Overall Survival
1.0+ mo (95% Cl)
0.9+ Triplet 9.0 (8.0-11.4)
E 0.8 Control 5.4 (4.8-6.6)
S 0.7 Hazard ratio for death,
3 0.52 (95% Cl, 0.39-0.70)
wv 0.6+
P<0.001
s 0.5+
z
E 4 Triplet
riple:
5 0.3
- 0.2+
Control
0.1
00 I I I I I I I I I 1
0 2 4 6 8 10 12 14 16 18 20 22
Months
224 186 141 103 69 37 24 14 6 4 2 0
221 158 102 60 34 18 15 7 4 2 1 0

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.

Overall Survival, Doublet Regimen vs. Control

Probability of Survival

No. at Risk
Doublet
Control

Median Overall Survival

1.0+ mo (95% CI)
0.9 Doublet 8.4 (7.5-11.0)
0.8 Control 5.4 (4.8-6.6)
0.7 Hazard ratio for death,
0.6 0.60 (95% Cl, 0.45-0.79)
. P<0.001
0.54
0.4
0.3 Doublet
0.2
Control
0.14
00 T T T T T T T T T T 1
0 2 4 6 8§ 10 12 14 16 18 20 22
Months
220 184 133 87 57 33 21 12 8 3 1 0
221 158 102 60 34 18 15 7 4 2 1 0 o
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The heterogeneous mutational landscape of the
BRAF gene in CRC




Non-V6OOBRAF Mutations Define a Clinically Distinct
Molecular Subtype of Metastatic Colorectal Cancer
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0 12 24 36 48 60 72 84 96 Codon Mutated

Time From Diagnosis (months)
non-V60OBRA F mutations occurred for 22% of all BRAF mutations identified and

No. at Risk by Time were characterized by younger age, fewer female patients, fewer high-grade

RAFE‘ 99 34 7 3 2 1 0 0 0O tumors or right-sided primary tumors.
249 158 62 24 12 6 1 0 0
RAF-I0Y 4v & o 1 & 6 ¢ ° Median overall survival was significantly longer in patients with 7on-V600BRAF-
0 12 24 36 43 60 72 84 96 mutant metastatic CRC compared with those with both Y6?%EBRAF-mutant and
Time From Diagnosis (months) wild-type BRAF (60.7 v 11.4 v 43.0 months, respectively; P =0.001).
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Translational Cancer Mechanisms and Therapy Clinical
Cancer

Research

Class 1, 2, and 3 BRAF-Mutated Metastatic
_olorectal Cancer: A Detailed Clinical, Pathologic,
and Molecular Characterization

100 _\ 100 HE
L\ - w— BRAF WT median PFS: 10.1 months
= BRAF WT median 0S: 42.2 months —— BRAF-Mutant class 1 median PFS: 7.3 months

80— = BRAF-Mutant class 1 median 05: 21.0 months 80— BRAF-Mutant class 2 median PFS: 7.0 months
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h} Poor prognosis
Class 2: codons 601 and 597

Class 3: codons 594 and 596 ‘{F Similar to BRAF wt
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G Integrated genomic characterization
3 of Endometrial Cancer
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Lynch syndrome in endometrial cancer
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e 2% = No BRAF mutation testing! Only PCR-based methylation
ey 1% testing.

= MSH6 mutations are relatively more common (often MSI-
low or MSS). Rethinking of MSI testing.
OO0

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



IHC testing for loss of MMR protein

expression for all endometrial carcinomas

/

MMR intact by IHC but
clinical suspicion of LS

.
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Loss of MMR by IHC

/

!

N

Loss of Loss of Loss of Loss of
Order LS microsatellite MLH1 & PMS2 MSH2 & MSH6 MSH®6 PMS2
instability by PCR |
y " l l l
Ins;tazl?smoyfat r:}?j::;g“:e No{;?:;g:lmy Test for MLH1 [ Germljne mutation Germline mutation Germline mutation
rriciosatllite AT promoter methylation testing for LS: testing for LS: testing for LS:
e . / T recommend. LS MSH2 recommend_ LS MSHé6 recommend_ LS PMS2
sequencing and sequencing and sequencing and
deletion/duplication deletion/duplication deletion/duplication
as first test** as first test as first test
High || Indeterminate H Low :
Methylation | | Methylation Ve v V
. . . present absent , . : ’ : -
Consider germline testing of If no germline mutation, consider somatic gene mutation testing
LS mismatch repair genes \L i
Likely sporadic Genetic mutation testing for LS:

endometrial carcinoma*

recommend LS MSH1 sequencing
and deletion/duplication as first test

v

If no germline mutation, consider somatic gene mutation testing

*If strong clinical suspicion for LS, consider MLH1 promoter methylation analysis of non-neoplastic
tissue/peripheral blood to evaluate for germline epigenetic MLHT promoter methylation.
**If MSH2 and MSH6 unmutated, consider LS EPCAM sequencing and deletion/duplication.

Mills AM & Longacre TA — Am J Surg Pathol 2016
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nmethylated MLH1 promoter

B2 : G/ACTTACG/ACG/ATTAAAAATCG/ACTATCCG/AC
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ethylated MLH1 promoter

B3 : G/ACTTACG/ACG/ATTAAAAATCG/ACTATCCG/AC
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artially methylated MLH1 promoter

B4 : G/ACTTACG/ACG/ATTAAAAATCG/ACTATCCG/AC

24% 26% 21% 31% 33%
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ontribution of MLH1 constitutional methylation for Lynch
'ndrome diagnosis in patients with tumor MLH1 downregulatior

= Constitutional epimutation of MLH1 and
MSH?2 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.
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5 regional hubs for surgical
SE @ pathology (~900.000 people)

Rete Oncologica Veneta

3 regional hubs for molecular
pathology (~1.500.000 people)
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2019

590 CRC
(RAS/BRAF)

|| REGIONE bt VENETO))
ALLEGATO A DGR nr. 655 del 15 maggio 2018 pag.1di5

DOCUMENTO REDATTO DAL GRUPPO TECNICO DI LAVORO COSTITUITO DAL DIRETTORE
GENERALE DELL’AREA SANITA E SOCIALE DELLA REGIONE VENETO
Coordinamento: dr. Tiziano Martello c
(PROTOCOLLO REGIONE VENETO N 128975 DEL 30 MARZO 2017)
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AMA Oncology

\ssociation of Primary Resistance to Immune Checkpoint Inhibitors in
lletastatic Colorectal Cancer With Misdiagnosis of Microsatellite
nstability or Mismatch Repair Deficiency Status
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.."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%).”

Cohen R, et al - JAMA Oncol 2019
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DNA qualification may impact MSI testing results
W cells . . .
Z INn mucinous colorectal adenocarcinoma

PP RER N W] e T W ... we demonstrated that
CeelasTe Y [ 0 preanalytical parameters as
PN, WY R TR e neoplastic cellularity and DIN may
PMMR =i=%f [AMMR -+ ] |influence analytical performance

for MSI testing. In particular, a
minimum input of 50% of
98.0% 81.8% neoplastic cells is fundamental t
correct perform molecular analysi
by using Idylla™ system. DIN < 4

R significantly affected TapeStati
- 0 0 gnificantly affected TapeStation
”_ 96.0% 45.4% 4200 results.”

Malapelle U, Parente P, et al - Cells 2020 ANNI



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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