CLINIC

BARCELONA

Hospital Universitari

Biologia molecular del cancer colorectal

Téecnicas moleculares que ayuden al diagndstico, prondstico y tratamiento

Dra. Mirilam Cuatrecasas
XXIIl Congreso Chileno de Anatomia Patoldgica
Vina del Mar, Chile. 16-18 octubre 2019

mcuatrec@clinic.cat



mailto:mcuatrec@clinic.cat

CLINIC

BARCELONA
Hospital Universitari

Tumores - Factores pronosticos

Factores Patologicos Estadio tumoral (pTNM)
Invasion local del tumor (pT)

Ganglios linfaticos (pN)
Metastasis a distancia (pM)
Grado histolagico
Invasidon vascular
Invasion perineural

Factores moleculares
* Identificacion de marcadores en tumores / pacientes
* Indicadores de fenotipo metastatico en tumores
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Clasificacion Molecular

* Expresion de biomarcadores con patron constante o
“firmas” de gen / proteina entre subgrupos de
tumores o carcinomas

* Refleja caracteristicas bioldgicas comunes, utiles
para el diagndstico, pronodstico y la seleccion de |a
mejor terapia dirigida para un paciente
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Stromal gene expression defines poor-prognosis subtypes
in colorectal cancer

Alexandre Calon!, Enza Lonardo!, Antonio Berenguer-Llergo!, Elisa Espinet!, Xavier Hernando-Momblonal,

Mar [gle:?,izlsz“"‘:r Marta Sevillano', Sergio Palomo-Ponce!, Daniele V F Tauriello!, Daniel Bymml,

Carme Cortinal, Clara Morral!, Carles Barceld!, Sebastien Tosi!, Antoni Riera!, Camille Stephan-Otto Attolini',
David Rossell"®, Elena Sancho' & Eduard Batlle'>

Recent molecular classifications of colorectal cancer (CRC) based on global gene expression profiles have defined subtypes
displaying resistance to therapy and poor prognosis. Upon evaluation of these classification systems, we discovered that

their predictive power arises from genes expressed by stromal cells rather than epithelial tumor cells. Bioinformatic and
immunohistochemical analyses identify stromal markers that associate robustly with disease relapse across the various
classifications. Functional studies indicate that cancer-associated fibroblasts (CAFs) increase the frequency of tumor-initiating
cells, an effect that is dramatically enhanced by transiorming growth factor (TGF)- signaling. Likewise, we find that all poor-
prognosis CRC subtypes share a gene program induced by TGF-$ in tumor stromal cells. Using patient-derived tumor organoids
and xenografts, we show that the use of TGF-f signaling inhibitors to block the cross-talk between cancer cells and the
microenvironment halts disease progression.
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The consensus molecular subtypes of colorectal cancer
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Colorectal cancer (CRC) is a frequently lethal disease with CLINIC
heterogeneous outcomes and drug responses. To resolve
inconsistencies among the reported gene expression-based
CRC classifications and facilitate clinical translation,

we formed an international consortium dedicated to

large-scale data sharing and analytics across expert groups.

We show marked interconnectivity between six independent
classification systems coalescing into four consensus
molecular subtypes (CMSs) with distinguishing features:

CMS1 (microsatellite instability immune, 14%), hypermutated,
microsatellite unstable and strong immune activation;

CMS2 (canonical, 37%), epithelial, marked WNT and

MYC signaling activation; CMS3 (metabolic, 13%),

epithelial and evident metabolic dysregulation; and CMS4
(mesenchymal, 23%), prominent transforming growth

factor—p activation, stromal invasion and angiogenesis.
Samples with mixed features (13%) possibly represent

a transition phenotype or intratumoral heterogeneity.

We consider the CMS groups the most robust classification
system currently available for CRC—uwith clear biological
interpretability—and the basis for future clinical stratification
and subtype-based targeted interventions.
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Comparison of published molecular subtyping platforms

Evaluation of 6 CRC subtyping algorithms, each developed independently using
different gene expression data sets and analytical approaches

« 18 CRC data sets (n = 4,151 patients)

* Public, The Cancer Genome Atlas (TCGA), private gene expression platforms (Affymetrix,
Agilent and RNA-sequencing), sample collections (fresh-frozen and FFPE) and 1 clinical
trial—were uniformly preprocessed and normalized from the raw formats to reduce technical

variation
« Application of an association network, nodes corresponded to the union of all group subtypes
(n = 27), and weighted edges encoded the Jaccard similarity coefficients between nodes

« Application of a Markov cluster (MCL) algorithm to this network to detect the presence of
robust network substructures that would indicate recurring subtype patterns
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* |dentification of 4 robust consensus molecular subtypes (CMSs) with significant

interconnectivity (P < 0.001, hypergeometric test) among the six independent
classification systems

* ‘Mixed’ samples were not outliers and did not represent a fifth independent subtype,
although the quality of gene expression data could have affected a small subset of

samples
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Normal colorectal mucosa CLINIC
|

Proximal colon Distal colon to rectum Colorectum || Distal colon to rectum e e
MSI Canonical pathway
CIMP-positive with APC & TP53 mut .
BRAF mut SCNA-high KRAS & APCmut | SCNA-high
Hypermethylation HNF4A amplification
CMS1 CMS2 CMS3 CMS4
Mixed MSI-immune Canonical Metabolic Mesenchymal
0
(13%) MSI; CIMP-positive; ~ MSS; CIN MSS; MSS;
Hypermethylation;  CIMP-negative; CIMP-low; CIMP-negative;
SCNA-low SCNA-high SCNA-intermediate SCNA-high
BRAF & TGFBRZ2 APC & TP53 KRAS & APC
mutations mutations mutations

High expression of Low expression of Low expression of
the miR-17-92 cluster /et-7 miR family miR-200 family

— TGF-B activation;

Immune activation; : ,

JAK-STAT and WNT and MYC Metabolic Stromal infiltration;
activation; dysregulation; EMT activation;

Caspases pathway g cycle pathway  Epithelial signature Matrix remodeling;
Angiogenesis
Worse survival after Superior survival Worse relapse-
relapse; free and overall
Female; Old-onset; Dasts] colon 16 survival;

Higher histological de;
gher histological grade rectum Advanced stages
Proximal colon (I'and 1V)

after relapse;
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14% 37% 13% 23%
MSI CIMP high,  crnprey | Mixed MSI status, .
hypermutation SCNA high SCNA low, CIMP low SCNA high
BRAF mutations KRAS mutations
Immune infiltration WNT and Metabolic E.’Fg'g' al 'nI'."rTmn’
and activation MYC activation deregulation 'E' activation,
angiogenesis
Worse survival Worse relapse-free

after relapse and overall survival




Alteraciones moleculares en CCR

Hereditary
}‘ AC-1 without MMR
P (Familial CRC of
- W syndrome “X”)
ot SV TACSTD1 (EPCAM)
4Cunstitutinnal mosaic
Epimutation (MLH1T)
[ FAP; AFAP
Mixed Polyposis Syndrome
Ashkenazi 1307K
CHEK?2 (HBCC)
MUTYH (MAP)
TGFBR1

PJS
FJP
CD
BRRS

Hamartomatous
Polyposis
Syndromes

® = as yet undiscovered
hereditary cancer variants

HT Lynch, 2013
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PUTATIVE MOLECULAR PATHWAYS TO COLORECTAL CARCINOMA

CLINIC

| Serrated pathways |

Normal mucosa

-

BRAF CIMP-H KRAS

{ f
/ SSA \ TSA +£- sTVA

MLH1 loss p16 loss Wt
‘ MGM;' loss ‘
SSAD SSAD TSA + HGD
MSI
(frameshift
mutations e.g.

TGFRAN

IGFIIR)

i ! !
BRAFCIMP-H  BRAF CIMP-H  KRAS CIMP-L
MSI CRC MSS CRC MSS CRC

1 f f

Good p Poor prognosis Poor prognosis
Resistantto SFU  Sensitive to SFU Sensitive to 5FU
Resistant ts Resistant to Resistant to
anti-EGFR anti-EGFR anti-EGFR

therapy ‘therapy

 therapy

| Familial pathways |

Lynch FAP
(germline mutation (germline mutation
of a MMR gene) of APC gene)
APC Loss of remaining
* APC allele
TA Hundreds of TAs
Lass of remaining MMR Hypomethylation
allele, p53 ‘
TAHGD TAHGD
MSI SMAD4, p53
(frameshift
mutations e.g.
TGFRpI
IGFIIR)
CIMP- CIMP-

MSI CRC MSS CRC
Good prognosis Standard prognosis
Resistant to 5FU Sensitive to 5FU

Sensitive to Sensitive to
anti-EGFR anti-EGFR
therapy therapy
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| Conventional pathways |

Normal mucosa

/N

APC APC
¥ f
T: T\iA
Hwomeihvhﬁon mfs
\ TA HGD TVA HGD
WY {
SMAD4, pS3 p53
CIMP- KRAS, CIMP-L
~MSS CRC MSS CRC

i) |

Standard prognosis Standard prognosis

Sensitive to 5FU Sensitive to 5FU
Sensitive to Resistant to
anti-EGFR anti-EGFR
therapy therapy

Bettington M, et al. Histopathology 2013 14
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Adenoma with HGD
[} R e

BRAFVEO0E + CIMP-—esemmmmnnn e migthiylation of MLH1 promoter-—s————s
S5A+LGD SSA+HGD
=, ot '

Gonzalez et al. Applied Cancer Research (2017) 37:



MLH1
methylation

HNPPC (Lynch syndrome)
MLH1 and MSH2 germ-line mutations

Mutations in APC,
KRAS, TP53, LOH 18q

CbG island

Chromosomal
instability (CIN)

BRAF mutations
MSI

Normal
epithelium

APC

Dwell time:

APC/Wnt signalling

Oncology Letters 6: 9-18, 2018
Kang, Arch Labol Path Med 2011
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LOH 18q (DCC)
SMAD4 LOH 17p
KRAS CDC4 (TP53)
Early Intermediate b Late S
Adenoma A Adenoma y Adenoma Cancer
Many decades 2-5 years 2-5 years ;
BRAF CDC4 TGFBR2
KRAS BAX
IGF2R

>
g
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Mismatch repair gene inactivation and/or CIMP hypermethylation

Microsatellite instability (MSI)
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Patologia molecular en cancer colorectal

Implicacion del patdlogo en la practica diaria:
Cribado de cancer hereditario
Manejo terapéutico — dianas/inmunoterapia

* Inestabilidad de microsatélites MSS/MSI (IHQ o PCR)

* K/NRAS (en pacientes metastdticos)
* BRAF



. CLINIC
Alteraciones moleculares en CCR

Conventional adenoma-carcinoma sequence: 70%-75% CRCs
Chromosomal instability, APC/KRAS/p53 mutations

Conventional Advanced
— — Colorectal cancer
adenoma adenoma

Serrated polyp pathway: 20%-30% CRCs
CpG island methylator phenotype, BRAF mutation

Normal |::> Hyperplastic | __ | Sessileserrated | _, [ 5 ectal cancer
mucosa polyp adenoma / pOIYp
Microsatellite instability pathway:3%-5% CRCs
Mismatch repair deficiency
Germline MMR Colorectal cancer /
mutations Lynch syndrome

D. Li/ Chronic Diseases and Translational Medicine 4 (2018)

. e PN . om ey



Chromosomal instability

10 years

Mucosa at risk Tubular High-grade Adenocarcinoma
Normal —» Aperrant crypt foci —>Adenoma —> Dysplasia —p

Germ Protooncogene Homozygous loss Additional mut, gross

line/aquired ) mut K-RAS suppressor genes p53, chromosome alt,
N Methylation /

somatic “first CIN or MSI LOH18q, telomerase, M genes

hit” APC activation ”2.nd hit” SMAD2,4. 1 COX2
APC/b-catenin

Progressive accumulation of mutations (APC, RAS, p53, etc...)

N s e
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Chromosomal instability o

Hereditary

AC-1 without MMR

(Familial CRC of * CCR esporadico
syndrome “X")

TACSTD1 (EPCAM) * Poliposis adenomatosa familiar

/ Constitutional mosaic . . .
" enimutation iy © CCR en enfermedad inflamatoiria

[ FAP; AFAP intestinal cronica (mutaciones

Nixed Polyposts Syndrome precoces en TP53 y tardias en APC)
CHEK2 (HBCC)

MUTYH (MAP) e Sindrome asociado a POLE/POLD1

TGFBR1

Hamartomatous
FJP .
#® = as yet undiscovered Polyposis
hereditary cancer variants Syndromes




PUTATIVE MOLECULAR PATHWAYS TO COLORECTAL CARCINOMA
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Serrated pathways

Normal mucosa

e

SSA TSA + /- sTVA
4 B\ {

MLH1 loss p16 loss Wit
‘ MGMT loss ‘
SSAD SSAD TSA + HGD
MSI
(frameshift
mutations e.q.
TGFRAN
IGFIIR)
l v '
BRAF CIMP-H BRAF CIMP-H  KRAS CIMP-L
MSI CRC MSS CRC MSS CRC
| |
Y Y * T

Good prognosis Poor prognosis Poor prognosis
Resistantto 5FU Sensitive to SFU Sensitive to 5FU

Resistant to
anti-EGFR
therapy

Resistant to
anti-EGFR

therapy

Resistantto
anti-EGFR
therapy

Familial pathways

Lynch FAP
(germline mutation (germline mutation
of a MMR gene) of APC gene)

Y

APC Loss of remaining
* APC allele

TA Hundreds of TAs

/

Lass of remaining MMR Hypomethylation

allele, p53 ‘
TAHGD TAHGD
MSI SMAD4, pS3
(frameshift
mutations e.g.

TGFRpII

IGFIIR)

CIMP- CIMP-

MSI CRC MSS CRC
Good prognosis Standard prognosis
Resistant to 5FU Sensitive to 5FU

Sensitive to Sensitive to
anti-EGFR anti-EGFR
therapy therapy
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|Conventional pathways |

Normal mucosa

’/ \ Inestabilidad Cromosdmica
P b * CCR esporadico
T'A “*M * Poliposis adenomatosa
| familiar
Pl @ * CCR en enfermedad
l inflamatoria intestinal
"?‘5" “"‘;'G" cronica (mutaciones
A M &4 precoces en TP53 vy tardias
en APC)
e Sindrome asociado a
POLE/POLD1
CIMP- KRAS, CIMP-L
MSS CRC MSS CRC

; '

Standard prognosis Standard prognosis]

Sensitive to 5FU Sensitive to 5FU
Sensitive to Resistant to
anti-EGFR anti-EGFR
therapy therapy

Bettington M, et al. Histopathology 2013
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Vias moleculares en cancer colocrectal "
* Deteccién de mutaciones en los genes K/NRAS TN
i athwa athwa VEGF
(en pacientes metastaticos) Wt "Ih ] pathway
., . pathway
 Deteccion de mutaciones en B-RAF I l
Fz. N
MAPK Signaling [ o= =
Pathway Growth factor ligand (A ]
binds to EGF receptor (o] [wec)
./( I | mToR |
EGFR— TCF | ERK |

% N om
BRAF

Normal cellular
turnover and -

homeostasis

Normal cascade results
in regulated activation
of nuclear signaling
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ORIGINAL ARTICLE

Panitumumab—FOLFOX4 Treatment
and RAS Mutations in Colorectal Cancer

Jean-Yves Douillard, M.D., Ph.D., Kelly S. Oliner, Ph.D., Salvatore Siena, M.D.,
Josep Tabernero, M.D., Ronald Burkes, M.D., Mario Barugel, M.D
Yves Humblet, M.D., Ph.D., Gyorgy Bodoky, M.D., Ph.D.,

David Cunningham, M.D., Jacek Jassem, M.D., Ph.D., Fernando Rivera, M.D., Ph.D.,
llona Kocdkova, M.D., Ph.D., Paul Ruff, M.D., Maria Btasinska-Morawiec, M.D.,
Martin Smakal, M.D., Jean Luc Canon, M.D., Mark Rother, M.D.,
Richard Williams, M.B., B.S., Ph.D., Alan Rong, Ph.D., Jeffrey Wiezorek, M.D.,
Roger Sidhu, M.D., and Scott D. Patterson, Ph.D

All-RAS Testing in Metastatic Colorectal Cancer

There is mounting support for testing metastatic colorectal patients
fvents Median 9501 for mutations in the RAS gene (KRAS and NRAS) beyond KRAS exon 2;

. —— ey approximately 15% of patients have relevant mutations beyond KRAS exon 2.
g " = E%”LRt':b %33?3); 50 zet w |naretrospective analysis of the 20050181 trial of panitumumab plus
Y . -... > P —— FOLFIRI, all-RAS wild-type patients receiving the EGFR inhibitor had a
: 20% reduction in deaths; median overall survival was 16.2 months in the
| ey panitumumab arm and 13.9 months with FOLFIRI alone among patients
. Median survllval dlfferenceTB-lmomhs ' : ' With w“d-type RAS.

T
0 12 24 36 48 60 72

; Time since start of treatment (months
Number at risk ; : ( )

St i = Ina newanalysis of FIRE-3, which compared cetuximab and bevacdzumab
g e B 82 BB 5 plus FOLFOX4, among all-RAS wild-type patients, cetuximab provided an
overall survival benefit over bevacizumab.

« Additional analyses of OPUS and CECOG/CORE2 confirmed the benefit of

N ENGL ) MED 369;11 NEJM.ORG SEPTEMBER 12, 2013 cetuximab among all-RAS mld-type patients.
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KRAS, NRAS and BRAF mutations in colorectal cancer

40% 4% E'!Erg

17 146

[

Cicenas J. Med Oncol 2017
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Mutaciones en CCR metastatico (KRAS, NRAS, BRAF) s

Deteccion de mutaciones en K/NRAS y BRAF en pacientes con CCR

metastatico
* Indicado antes de tratamiento con cetuximab o panitumumab — anti EGFR

(predictor de respuesta)

* Genes KRAS y NRAS exon 2 (codones 12y 13), exon 3 (codon 59, 61) y
exon 4 (codones 117 y 146)

 Gen BRAF, exon 15 (codon 600). Otros exones, 11, 12 (codon 599)
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Poliposis Adenomatosa Familiar

* Sindrome polipdsico mas frecuente. Autosémico dominante; 25% de novo
* 0,25% de los CCR

e Mutacion germinal en APC (adenomatous polyposis coli) 5921, degrada b-
catenina via senalizacion Wnt y estabiliza microtubulos

* FAP: mutaciones en 3’. Cientos o miles de pdlipos
* AFAP: atenuada mutaciones en 5’. Pocos polipos
* Riesgo 100% CCR a lo largo de la vida (media: 34 anos)

* Manifestaciones extracoldnicas: Polipos de glandulas fundicas gastricos — con
displasia, adenomas gastricos, duodenales, hipertrofia congenita del epitelio
pigmentado retiniano, carcinoma tiroides papil-lar cribiforme-morular

* Sindromes Asociados:
* Sd. Gardner: FAP + osteomas, quistes epidermoides, fibromatosis desmoide
e Sd. Turcot: FAP + meduloblastoma (también es variante de sindrome de Lynch)
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Sindrome asociado a POLE/POLD1

* Frecuentemente mutaciones de novo
e Codifican proteinas de subunidades de los complejos de DNA polimerasa
 Tumores hipermutados, MSS

* Gen POLE p.L424V mutado en linea germinal: tumores cerebrales, mamay
endometrio

* Poliposis atenuada o pocos polipos
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Alteraciones moleculares en CCR

Conventional adenoma-carcinoma sequence: 70%-75% CRCs
Chromosomal instability, APC/KRAS/p53 mutations

Conventional Advanced
— — Colorectal cancer
adenoma adenoma

Serrated polyp pathway: 20%-30% CRCs
CpG island methylator phenotype, BRAF mutation

Normal |::> Hyperplastic | __ | Sessileserrated | _, [ 5 ectal cancer
mucosa polyp adenoma / pOIYp
Microsatellite instability pathway:3%-5% CRCs
Mismatch repair deficiency
Germline MMR Colorectal cancer /
mutations Lynch syndrome

D. Li/ Chronic Diseases and Translational Medicine 4 (2018)
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Esporadico (70%)

Riesgo de cancer colorrectal

Familiar (25%)

#® = as yet undiscovered
hereditary cancer variants

Hereditary

AC-1 without MMR
(Familial CRC of
syndrome “X")

TACSTD1 (EPCAM)

/ Constitutional mosaic
Epimutation (MLHT)

| FAP; AFAP

Mixed Polyposis Syndrome
Ashkenazi 1307TK

CHEKZ2 (HBCC)

MUTYH (MAP)

TGFBR1

PJS } Hamartomatous

FJP Polyposis

CD
BRRS Syndromes
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. Hereditario (5%)




PUTATIVE MOLECULAR PATHWAYS TO COLORECTAL CARCINOMA

Serrated pathways

Normal mucosa

-

BRAF CIMP-H KRAS

{ f
/ SSA \ TSA +‘- sTVA

MLH1 loss p16 loss Wnt
‘ MGM;’ loss ‘
SSAD SSAD TSA + HGD
Msi
(frameshift
mutations e.g.

TGFRpN

IGFIIR)

1 v L
BRAFCIMP-H  BRAF CIMP-H  KRAS CIMP-L
MSI CRC MSS CRC MSS CRC

f f f

Good pr Poor prognosis Poor prognosis
Resistantto SFU Sensitive to SFU Sensitive to 5FU
Reslmnﬂ? i Resistant to Resistant to
anti-EGFR anti-EGFR anti-EGFR
therapy W _ therapy

el

Familial pathways

Lynch FAP
(germline mutation Jgermline mutation
of a MMR gene) of APC gene)

APC Loss of remaining
* APC allefe
TA Hundreds of TAs
Lass of remaining MMR Hypomethylation
allele, p53 ‘
TAHGD TAHGD
MSI SMAD4, p53
(frameshift
mutations e.g.
TGFRpI
IGFIIR)
CIMP- CiMP-

MSI CRC MSS CRC
Good prognosis Standard prognosis
Resistant to 5FU Sensitive to 5FU

Sensitive to Sensitive to
anti-EGFR anti-EGFR
therapy therapy

Conventional pathways

Normal mucosa

/N

APC APC
¥ |
T‘A T\lIA
Hypomeihvhﬁon mfs
.~ TAHGD TVA HGD
% X {
SMAD4, pS3 p53
CIMP- KRAS, CIMP-L
MSS CRC MSS CRC

— f

Standard prognosis Standard prognosis

Sensitive to 5FU Sensitive to 5FU
Sensitive to Resistant to
anti-EGFR anti-EGFR
therapy therapy

Bettington M, et al. Histopathology 2013
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Sindrome de Lynch
Etiopatogenia

50-80% variaciones secuencia
17-50% deleciones/reordenamientos

MSH6
7-10%

PMS2
MLH1 e

50%

La causa son mutaciones en
linea germinal en los genes del
sistema de reparacion del DNA

(MMR system)

CLINIC
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I M S = Inestabilidad de MicroSatélites

Microsatélites

Secuencias repetitivas de nucleodtidos en el DNA:
Mononucledtidos AAAAAAAA
Dinucledtidos CACACACA
Trinucleotidos AGCAGCAGC
etc...

Polimorficas (longitud variable):
Entre individuos
Entre alelos de un mismo individuo
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Figure 12-8a The Biology of Cancer (© Garland Science 2007)
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Amplificando secuencias de microsatélites

IHQ

Ac anti proteinas de los genes reparadores

* El sistema de reparacion de DNA falla. Alteracion en la secuencia
del DNA, no se corrigen los nucleodtidos introducidos de mas o de
menos durante la replicacion del DNA

* Concentracion de mutaciones en secuencias Ml — MSI

* Alteracion de genes con MI; regulacion ciclo celular, crecimiento,
apoptosis, TCF4, IGF2R, BAX, MSH6/3, TGF-5RIl — promueve el
crecimiento neoplasico, carcinogénesis, supervivencia celular




Poliposis asociada a MUTYH (MAP)

Gen MUTYH; 1p34 codifica proteina escindidora de bases
Repara el dano oxidativo del DNA

Adenomas, riesgo aumentado de CCR

e <1% CCR

* Se necessita mutacion bialélica para manifestarse

* Ausencia de mutacion en APC

e Se asocia a adenomas gastricos y duodenales

Poliposis asociada a reparacion de escision de bases

 Mutacion germinal en NTHL1; poliposis adenomas y CCR
* Rara
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Alteraciones moleculares en CCR

Conventional adenoma-carcinoma sequence: 70%-75% CRCs
Chromosomal instability, APC/KRAS/p53 mutations

Conventional Advanced
— — Colorectal cancer
adenoma adenoma

Serrated polyp pathway: 20%-30% CRCs
CpG island methylator phenotype, BRAF mutation

Normal |::> Hyperplastic | __ | Sessileserrated | _, [ 5 ectal cancer
mucosa polyp adenoma / pOIYp
Microsatellite instability pathway:3%-5% CRCs
Mismatch repair deficiency
Germline MMR Colorectal cancer /
mutations Lynch syndrome

D. Li/ Chronic Diseases and Translational Medicine 4 (2018)
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PUTATIVE MOLECULAR PATHWAYS TO COLORECTAL CARCINOMA
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Serrated pathways
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Familial pathways Conventional pathways

Normal mucosa
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Histopathology 2013, 62, 367-386 .
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Sindrome de Poliposis Serrada

* Lesiones serradas sesiles en colon (no intestino delgado/extracolénico)
* Afecta igual mujeres y hombres

* Nueva definicion WHO-2019 de poliposis serrada (2 criterios)
1. 25 lesiones serrades proximales a recto, 25 mm, con 22 de 210 mm
2. >20lesiones serradas de cualquier tamafno en todo el colon, con >5 proximales a recto

* Todo tipo de polipo cuenta, se suman todos de forma acumulativa

* Pdlipo hiperplasico, lesion serrada sesil con o sin displasia, Adenoma serrado tradiciona, adenoma serrado
no clasificable

Se asocia a tabaco y sobrepeso IMC alto; cierta agregacion familiar

Mutacion germinal en 2% en RNF43

Poliposis serrada se asocia a sindrome de poliposis-MUTYH , a poliposis por GREM1
Mutacion BRAF 73%; KRAS 8%; 40% MLH1-def.
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Cancer colorectal hereditario

Familiar (25%)

Hereditary

AC-1 without MMR
(Familial CRC of
syndrome “X")

TACSTD1 (EPCAM)

/ Constitutional mosaic
Epimutation (MLHT)

I Fap; AFAP . Hereditario (5%)
Mixed Polyposis Syndrome

Ashkenazi 1307TK
CHEKZ2 (HBCC)
MUTYH (MAP)
TGFBR1

PJS } Hamartomatous

Esporadico (70%)

FJP :
® = as yet undiscovered cD Polyposis
Syndromes

hereditary cancer variants BRRBS
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Riesgo de CCR en funcion de Antecedentes Familiares de CCR

* Cerca de un 15% de la poblacion Feneral tiene AF de CCR (motivo de
consulta mas frecuente en consultas de alto riesgo)

* Probable origen poligénico + genes alta penetrancia no identificados
* Los antecedentes familiares de CCR aumentan el riesgo de CCR

* Factores asociados:
* NUumero
* Parentesco
* Edad al diagnostico

Guia de practica clinica de Prevencion del CCR. AEG-SEMFYC 2009
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Sindromes de Poliposis Hamartomatosas

e Sindrome de Peutz-Jeghers: mutacion germinal o delecion de STK11
e Autosdmico dominante
* Pélipos hamartomatosos en estdmago, intestino Delgado y colon + pigmentacidon mucocutania
* 50% carcinoma Gl

* Sindrome de Polipoisis Juenil: Mutacion germinal en SMAD4 y BMPR1A
* Pdlipos juveniles Gl, glandulas dilatadas
* Algunos BMPR1A desarrollan sindrome de poliposis hereditaria mixta, también con mutaciéon en SCGS

e Mutaciones germinales en PTEN:

* Sindrome de Cowden, hamartomas Gl-pdlipos juveniles y ganglioneuromas, lesiones cutaneas y viscerales,
carcinoma de mama

* Sindrome de Bannayan—Riley—Ruvalcaba (poliposis Gl), Sindrome de Proteus y tipo Proteus, no malignizan

* Sindrome de Cronkhite-Canada, poliposis hamartomatosa adquirida, pélipos juveniles Gl, edema mucosa,
dilatacion glandular y congestion, autoinmune? Desarrollan CCR




Pélipos hamartomatosos

* Peutz-Jegher con carcinoma intramucoso

 Pélipo juvenil con displasia de bajo grado

Gonzalez et al. Applied Cancer Research (2017) 37:13
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Biomarcadores en CCR. Tests Moleculares y MSI

* CCR en estadio Il con MSI, no se beneficia de tratamiento con 5-FU
* CCR con MSI se benefician de inmunoterapia

* CCR con mutaciones en KNRAS / BRAF no se benefician de tratamiento
anti-EGFR

* CCR con mutacion en BRAF y MSS — muy mal pronostico

Analisis de multiples mutaciones en genes por NGS

 KNRAS, BRAF, PTEN, PIK3CA, etc.

e Ensayos clinicos, multi-target testing tecnologies

* En carcinomas sincronicos con metastastis — analisis del tumor metastatico
Biopsia liquida:

» Util en monitorizacidn de pacientes metastaticos

* Clon prevalente en heterogeneidad tumoral




Nuevos paneles de genes en el cancer colorrectal

Ambry Genetics

Emory Genetics

Laboratory

Fulgent Diagnostics

GeneDx

Illumina

Invitae

Myriad Genetics

ColoNext

High Risk
Colorectal
Cancer Panel

Colon Cancer
NGS Panel

Colorectal
Cancer Panel

TruSight
Cancer

Colorectal
cancer panel

MyRisk

APC, BMPRIA, , , EPCAM, GREM1, MLH1, MSH2, MSH6,
MUTYH, PMS2, POLD1, POLE, PTEN, SMAD4, STK11, and

APC, A , BMPR1A, CDH1, , MLH1, MSH2, MSH6, MUTYH,
PMS2, PTEN, SMAD4, STK11,

APC, , BMPR1A, , , . , EPCAM, ,
A , MLH1, MSH2, MSH6, MUTYH, PMS1, PMS2, PTEN,

SMAD4, STK11, TP53

APC, A , BMPR1A, , , EPCAM, MLH1, MSH2,

MSH6, MUTYH, PMS2, POLD1, POLE, PTEN, SCG5/GREM1, SMAD4,
STK11,

94 genes and 284 SNPs associated with a predisposition towards
cancer

APC, , BMPR1A, , , EPCAM, GREM1, MLH1, MSH?2,
MSH6, MUTYH, PMS2, POLD1, POLE, PTEN, SMAD4, STK11, A

APC, 5 , BMPRIA, y 5 y y ,

(P16INK4a y p14ARF), , EPCAM, MLH1, MSH2, MSHS,
MUTYH, /51, , PMS2, PTEN, 17-7, , , SMAD4 y
STK11

Gallego et al. JCO 2015
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Patologia molecular en cancer colorectal

Implicacion del patélogo en la practica diaria:
Cribado de cancer hereditario
Manejo terapéutico — dianas/inmunoterapia

* Inestabilidad de microsatélites MSS/MSI (IHQ o PCR)

* K/NRAS (en pacientes metastdticos)
* BRAF

Test molecular para identificar pacientes con sindromes hereditarios de CCR
o individuos genéticamente susceptibles de desarrollar un CCR, ayuda a
identificar biomarcadores moleculares para el manejo terapéutico del
paciente



BRAF + PIK3CA mutation

RESPONSIVE

KRAS + PIK3CA mutation

BRAF mutation

NRAS mutation

3%
%
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