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Un érgano muchas enfermedades
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Un 6rgano muchas enfermedades

Table. KRAS-Mutated Versus KRAS Wild-Type Pancreatic Cancer

KRAS Wild-Type and KRAS Mutant [ KRASmutant POAC | KRASwild-type PDAC |

H H . P | % 10%
Pancreatic Ductal Adenocarcinoma: Are M’;ji?;:e 330/ 430/
=N A AT
These One in the Same or Separate TMB-tigh 1.0% %
Entities? BAE BRCA, i PALED Less frequent More frequent
Targetable oncogenic fusions 0%-19 19%-67%
July 19,2023 (ALK, BRAF, FGFR2, MET, NRG1 and RET) o el
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WES germinal

-+

éVariante patogénica?
-Vigilancia en la familia
-Sensible a tratamientos

WES tumoral

—_—

-Prediccién de respuesta al tto
-Prediccion de la sobrevida
-Indicaciones agndsticas
-Ayuda a caracterizar variantes
germinales.

NCCN guidelines:
Cancer de Pancreas
Ovario, Colorrectal

15% de todos los
diagndsticos de cancer
hay variantes
germinales en su
mayoria accionables



Utilidad del WES germinal en Cancer

Busqueda de variantes germinales de predisposicion al cancer

Busqueda de variantes germinales por sensibilidad a tratamientos

Muestra “normal” para extraccion de variantes germinales sobre WES somatico

Valoracién de AF para calculo de LOH (pérdida de heterocigosidad) sobre muestra somatica



Cancer hereditario

Nonpolyposis CRC

PHENOTYPE

1 | |
Va ri antes ge m i na I es: (MMR-doﬂdent) (MMR-proﬁclonD (Hamartomatoul) ( Mixed ) (Serrated)

Sindromes hereditarios

Sindrome de Lynch: MLH1 MSH2(EPCAM) MSH6 PMS2
Sindrome polipdsico: APC MUTYH

Li-Fraumeni: TP53

Bloom Sindrome: NBN

Anemia de Fanconi: FANCA/B/C

Poliposis Juvenil: SMAD4 BMPR1A

Sindrome de Peutz-Jeghers: STK11

Sindrome Hamartomatoso: PTEN

NOMUTATION  gugpectedLynch  Familial Colorectal ‘ : ‘
SuspectedLynch  Fam L Polyposis of unknown genetic origin

Cancer Gastrico Difuso: CDH1
PDAC: BRCA1/2 PALB2 CHEK1 ATM CDKN2A
Sindrome mama-ovario: BRCA1/2 PALB2



Proteinas reparadoras del ADN
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Mecanismo molecular en el desarrollo de la enfermedad

Parallel intracellular molecular events

* MMR
haploinsufhciency?
—l *» Somatic driver
1' mutation?
Somatic loss of wild-type Accumulation of somatic

e allele with consequent MMR mutations, ir?cllzjding frameshift

i R W loss resul.ts in repllc?tlon mutations within TGFBR2, BAX,

brotein and predisposes errors being unrepaired APC and other genes

to cancer
» Wild-type allele encodes

normal protein l Chromosome H Other @ Intact DNA MMR Deleterious
* MMR protein function containing MMR gene chromosome protein heterodimer heterozygous

intact germline mutation

_~ Loss of % Somatic _1 Normal transcription
heterozygosity mutations and translation

Henry T. Lynch 2015. The milestone of Lynch. Nature 2015



Lynch Syndrome
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Sensibilidad a tratamientos:
Inhibidores de PARP (Mecanismo de letalidad
sintética)

PDAC BRCA1/2 germinal indicacidn de Olaparib en
mantenimiento: (POLO trial)

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Maintenance Olaparib for Germline

BRCA-Mutated Metastatic Pancreatic Cancer

Talia Golan, M.D., Pascal Hammel, M.D., Ph.D., Michele Reni, M.D.,

Eric Van Cutsem, M.D., Ph.D., Teresa Macarulla, M.D., Ph.D.,

Michael J. Hall, M.D., Joon-Oh Park, M.D., Ph.D., Daniel Hochhauser, M.D., Ph.D.,

Dirk Arnold, M.D., Ph.D., Do-Youn Oh, M.D., Ph.D.,

Anke Reinacher-Schick, M.D., Ph.D., Giampaolo Tortora, M.D., Ph.D.,

Hana Algiil, M.D., Ph.D., M.P.H., Eileen M. O'Reilly, M.D.,

David McGuinness, M.Sc., Karen Y. Cui, M.D., Ph.D., Katia Schlienger, M.D., Ph.D.,

Gershon Y. Locker, M.D., and Hedy L. Kindler, M.D.

Patients were eligible if they were 18 years of age or older
and had histologically or cytologically confirmed pancreatic
adenocarcinoma and a documented deleterious or
suspected deleterious germline mutation in BRCA1 or
BRCA2.
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Figure 2. Kaplan-Meier Estimates of Progression-free Survival and Overall Survival.

Panel A shows Kaplan—-Maeier estimates of progression-free survival (based on blinded independent central review),
and Panel B shows Kaplan-Meier estimates of overall survival in the olaparib group and the placebo group.




DNA damage response pathways
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Spectrum of Response to Platinum and PARP Inhibitors in
Germline BRCA-Associated Pancreatic Cancer in the Clinical
and Preclinical Setting &
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Evento responsable de la
tumorigénenesis

Consecuencias

Mutaciones en genes involucrados en el MSI - IHQ MMR —
MMR (Mismatch repair) dejan una > Mutational Signatures
“marca” en el genoma tumoral

oo - ; I HRD (que se puede
utaciones en genes involucrados en e medir por : LOH, tAl,

HR_R (hom?llogous”recomblnatlon repair) > LGR) Mutational
dejan una “marca” en el genoma tumoral

Signatures

podriamos medir por IHQ las proteinas del
sistema de reparacion homologo?



Protein

Caso 1 BRCA 2 mutado germinal

HRD(-)

Test genetico
muestra de SE

2nd hit somatic
Paterno

BRCA2
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Protein

Caso 2 BRCA 2 mutado germinal + somatico

HRD (+)

Test somatico

2nd
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Test genetico
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III

Muestra “norma

Calling — GATK mutect2 (varscan, strelka, deepsomatic)

I\lilluestr? Muestra Tumoral
orma
_ Variantes
Variantes - germinales y —
) [ |
germinales variantes
tumorales

Usar una muestra normal para el calling somatico,
mejora drasticamente la calidad de las mutaciones somaticas

Variantes
tumorales

para extraccion de variantes germinales sobre WES somatico
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Mutaciones somaticas en cancer. La carga de las mismas es muy variables entre

tipos tumorales

Alexandrov LB. Nature 2013
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No solo la cantidad es variable
sino que también la calidad

log,s(mutations per megabase)
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Diferentes patrones de mutaciones son
asociados con diferentes fuentes de dano al
DNA

Replication Replication
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Cancer Cell

Mutational Signature Analysis Reveals
NTHL1 Deficiency to Cause a Multi-tumor Phenotype

Judith E. Grolleman,-* Richarda M. de Voer,'-***%* Fadwa A. Elsayed,’** Maartje Nielsen,*** Robbert D.A. Weren,'**
Claire Palles,* Marjolijn J.L. Ligtenberg,'* Janet R. Vos,” Sanne W. ten Broeke,” Noel F.C.C. de Miranda,?

Renske A. Kuiper,' Eveline J. Kamping,' Erik A.M. Jansen,’ M. Elisa Vink-Borger,® Isabell Popp,” Alois Lang,”

Isabel Spier,”'? Robert Huneburg,'®'" Paul A. James,'? Na Li,"*'* Marija Staninova,'® Helen Lindsay,'®

C>A C>G C>T T>A T>C T>G
[—— ]
medicine ‘ |
HCOOHLVOHCOOHLCUO - (IJ\J I!U '!J ﬂvul'(ULN-‘UUl“UUF<UOD~(UOF1\JUF1\JUl-‘UUF4UUF¢UUF<UUF
¢<<<uuuuuuuum«m«g§§593§§§§§&;§§i’ 22 g38 8 <<<<uuuc. Lo MR DOUOO OO bbb

HRDetect is a predictor of BRCA1 and BRCA2 deficiency
based on mutational signatures

Helen Davies!*2, Dominik Glodzik'~2, Sandro Morganella!, Lucy R Yates'2, Johan Staaf®, Xueqing Zou',
Manasa Ramakrishna'%, Sancha Martin!, Sandrine Boyault5, Anieta M Sieuwerts$, Peter T Simpson?, Tari A King8,
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> Cancers (Basel). 2021 Mar 12;13(6):1259. doi: 10.3390/cancers13061259.

Comprehensive Genomic Characterization of Fifteen
Early-Onset Lynch-Like Syndrome Colorectal
Cancers
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Francesc Balaguer 2, Sergi Castellvi-Bel 2, Marina Antelo '
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Free PMC article
Blood and FFPE
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patients
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Germline WES analysis

Nine Germline DNA Repair Candidate Genes

Somatic Biallelic No Somatic Biallelic

inactivation inactivation
PALB2 ERCC6
UVRAG POLE
RADS4L EXO5
MCM2 RECQL4
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FFPE

Problema 1: Tiempos de fijacion en formol.

Problema 2: La toma de la muestra esta
pensado para el diagndstico
histopatolagico. No para el diagnostico
molecular.

Queda mucho camino por recorrer para
entrenar los que toman las muestras:

Endoscopistas
Imagendlogos
Cirujanos

Hoy se toman muentras como hace mas 40 ainos
antes del descubrimiento de la PCR

Capello F. et al, Journal of personalized medicine, 2022



FFPE

Cancer Stem Cell (CSC)

Pericyte (PC) (iCs)

° Local & Bone marrow-
© derived Stromal Stem

& Progenitor Cells
© e Invasive Cancer Cell

Adaptado de Hanahan D., et al, Cell Review 2011
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AF | Total | AA
0,5 68 34
0,38 68 26
0,06 68 4
0,324 68 22
0,03 68 2
0,03 68 2
0,03 68 2
0,294 68 20




Reads Alelo alternativo
= VF o AF
Reads Alelo alternativo + Reads Alelo referencia

En tejido somatico los limites se
ponen difusos sobre la ploidia de
las variantes Tejido
normal

en un mundo ideal una variante
heterocigota en tumor no tendria 0.5 de " 50%T Tejido
VF, sino que 0.25 con un porcentaje de I tumoral

células tumorales 50% Alelo mutado v Alelo WT




LOH = pérdida de heterocigosidad

el alelo mutado va a aparecer con
una VF mayor a 0.25 (0.33) por la
pérdida del alelo normal

Tejido
normal

Tejido
tumoral

Tejido
tumoral

Esta prediccion de pérdida de heterocigosidad se puede
aplicar para estimar si esta ocurriendo la perdida del segun alelo
si ocurre la pérdida se puede postular la variante como candidata

Alelo mutado

Pierdo Alelo Normal



baja pureza (bajo % de celulas tumorales) empuja a AF hacia la izquierda

Estimated Purity = 1

|

VAN
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Subclonal

Clonal
(Het)

Clonal
(Hom)

Estimated Purity = 0.41
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Variant allele frecuency global — Todas las variantes
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nature communications
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Article | Open Access | Published: 06 September 2022

The mutational signatures of formalin fixation on the
humangenome
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Como medir la calidad de lecturas

Lecturas del Alelo Alternativo (variante) vs la frecuencia alélica de cada variante
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Como medir la calidad de lecturas

Lecturas del alelo alternativo (solo C>T) vs frecuencia alélica
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La cantidada de mutaciones que hay en el tumor como
biomarcador predictivo de respuesta a la
inmunoterapia

Cuanto mas mutaciones tenga ese tumor, es mas
probable de que tenga neoantigenos

El TMB puede representar una estimacion util de la
carga de neoantigenos tumorales.

No todos los inmunopéptidos en la superficie son
inmunogénicos

High TMB
Somatic Mutations
- Mutations (ultraviolet radiation,
smoking, other carcinogens) +
- Hereditary or acquired mismatch
repair deficiency (AMMR)
- Age related DNA replications errors

Abnormal protiens derived

from somatic mutations ’ v

Tumor Tumor
: Inflamed:
Non-inflamed: ti
0a s
Aocessisd neoantigen
S presented on
neoantigen .
3 ; MHC and
presentation, poor .
i recognised by
chemokine

cxiaeat CD8 T cells
expression, dense
stroma, MDSCs,
Tregs

Combination immune PD-(L)1
checkpoint blockace immune checkpoint

| blockade
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CD8 Tcells PD-LI(+) PD-LI1(-)




TMBhieh

TMBlow

Exhausted T cells
Other checkpoints
Tumor Intrinsic resistance, etc

Poor neoantigens
Priming defect
Suppressive TME, etc

Increase the quality of
neoantigens

Increase T cell priming
and homing

Improve TME
Microbiome

Increase the quality of
neoantigens

Overcome T cell exhaustion
Target Other ICP

Target intrinsic resistance
Microbiome

Low or no antigens
Exhausted T cells
Tumor Intrinsic resistance, etc

Low or no antigens
Suppressive TME, etc

Increase TMB / quality
of neoantigens
Overcome T cell
exhaustion

Target intrinsic
resistance
Microbiome

* All mentioned strategies
* Engineered specificity

Head and neck cancer,

Gastric or Cervical cancer, Esophageal Tripe-negative
NSCLC GEJ adenocarcinoma Urothelial carcinoma Squamous cell carcinoma Breast cancer
10/2015 09/2017 08/2018 07/2019 11/2020
PD-L1 IHC 22C3 PHARMDX (Pembrolizumab
Urothelial  Triple-negative
NSCLC Carcinoma Breast cancer
07/2018 10/2018 03/2019

Ventana PD-L1 SP142 Assay (Atezolizumab)

NSCLC
05/2020

L PD-L1IHC28-8 PHARMDX (Ipilimumab/Nivolumab) ]
@ ® O O L o

2015 2016 2017 2018 2019 2020

Solid tumors
06/2020

TMB-H (FoundationOne® CDx) (Pembrolizumab)

Solid tumors: 2™ Line Colorectal Cancer: 2" Line Colorectal Cancer: 1% Line
(Pembroli b) (Nivol b) (Pembrolizumab)
05/2017 07/2017 06/2020

MSI-H/dMMR (PCR or IHC by local laboratories)

v

A

Inflamceld Inflammbhot

Fig. 1 Timeline of biomarker test approvals by the U.S. Food and Drug Administration

Sankar K, Biomarker Research 2022



MSI, TMB, and PD-L1

All Lineages

N=11,348

TMB high: 7.7%
/ MS|

" High TMB
W MSI-H
J High PD-L1
High TMB and MSI-H
g MSI-H and high PD-L1
B High TMB and high PD-L1

o High TMB, MSI-H, and high PD-L1

PD-L1

MSI unstable: 3%

PD-L1 positive: 25.4%



Key genomic features across 6,004 colorectal cancer cases highlighting identification of MSS cases with elevated tumor mutational burden

Variables MSI-H (%) MSS (%) MSS/TMB-high (=12 mut/Mb) (%) MSS/TMB-low (<12 mut/Mb) (%)
Total 302 5,702 164 5,538

Median age (years) 63 59 58 59

No. male 154 (51.0) 3,033 (53.2) 90 (54.9) 2,941 (53.1)

No. female 148 (49.0) 2,669 (46.8) 74 (45.1) 2,597 (46.9)

Genomic alterations

No. BRAF 109 (36.1)*** 453 (7.9) 20 (12.2) 433 (7.8)
No. KRAS 88 (29.1)*** 2987 (52.4) 76 (46.3) 2911 (52.6)
No. NRAS 6 (2.0) 262 (4.6) 6 (3.7) 256 (4.6)
No. PIK3CA 85 (28.1)*** 1,008 (17.7) 53 (32.3) 955 (17.2)
No. MLHI 56 (18.5)*** 10 (0.2) 4(2.4) 6 (0.1)
No. MSH?2 47 (15.6)*** 20 (0.4) 15 9.1y 5(0.1)
No. MSH6 85 (28.1)***  28(0.5) 12 (7.3) 16 (0.3)
No. PMS2 16 (5.3)%** 14 (0.2) 3(1.8) 11 (0.2)
No. POLE 1(0.3) 48 (0.8)
No. POLDI 4(1.3) 5(0.1) 0 (0.0) 5(0.1)
No. TP53 100 (33.1)*** 4,414 (77.4) 117 (71.3) 4,297 (77.6)
No. APC 133 (44.0)*** 4,414 (77.4) 122 (74.4) 4,292 (77.5)
No. ERBB?2 17 (5.6) 266 (4.7) 7(4.3) 259 (4.7)

No. EGFR 11 (3.6) 119 (2.1) 8 (4.9) 111 (2.0)



Mutational analysis of microsatellite-stable gastrointestinal 'k ®
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cancer with high tumour mutational burden: a retrospective
cohort study
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MLH1/PMS2 MSH2/MSH6 POLE or POLD1 exonuclease domain

Sporadic MSI Lynch sporacic High TMS PPAP

1st Hit Somatic 1st Hit Germline 1st Hit Somatic 1st Hit Germline
2nd Hit Somatic 2nd Hit Somatic 2nd Hit Somatic 2nd Hit Somatic

dMMR/MSI dMMR/MS| pPMMR/MSS or dMMR/MSI

High TMB -
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Establishing guidelines to harmonize tumor
mutational burden (TMB): in silico assessment of
variation in TMB quantification across diagnostic
platforms: phase I of the Friends of Cancer Research
TMB Harmonization Project
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Factor type AT Az BWH Caris ™I iLum PG JHU MSKCC NeoGenomics OmniSeq PGDx Q2 QIAGEN Thermo_OCA  Thermo_OTMLA

Processing

Minimum 40 ng 100 ng 50 ng 50 ng S0 ng 40 ng 40 ng SO ng 150 ng 20 ng 30 ng 50 ng 40 ng 40 ng 20 ng 20 rg
DNA input
Quantification  Fluorescence Fluorescence  Fluorescence Electrophoresis  Fluorescence Fluorescence  Fluorescence  Electrophoresis  Fluorescence  Fluorescence  Fluorescence  Flucrescence  Fluorescence Fluorescence  Fluorescence  Fluorescence
methed
Technology N> Yes No No Yes Yes Yes No No Yes No Yes Yes Yes No No
uses UMIs
Deduplication N> Yes, UMI Yes, not Yes, not UMI Yes, UMI Yes, UMI Yes, UMI Yes, not Yes, not UMI Yes, UMI No Yes, UMI Yes, UMI Yes, UMI No No
based UM based based based based based UMI based based based based based based

Variant

Type of variant  Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non- Non-
SHNONYMAUS  SYNOAYMOUS  SYNONYMOUS  SyNCAYMOUS SYNonymaus  Synofymous  Synonymous  Synonymous  Synoaymous synonymous  Synomymous SYNONYMOUS  SYNONYMOUS  SYNONYMOUS  SYNONYMOUS  synonymaous
and and only only and and and and only and only and and only only only
SHNONYMOUS  SYNOAYmMous SYNONYMOUS  SYNOMAYMOUS  SYNONYymous  Synonymaus synonymous syNonymous  synonymous

Germline Tumor only  Normal Tumor only Tumor only Tumor only  Tumor only  Tumor only  Tumor only Normal Tumor only Tumor only Tumor only  Tumer only  Tumor only  Tumor only Tumor only

variant tissue tissue

filtration

approach

Removes Yes No No No Yes Yes Yes Yes No No No Yes No Yes No No

variants from

known cancer

genes

m Inat n 9,20,33,34 AL .ll = = 942

performance Vega DM. TMB harmonization project. Annals of oncology 2021



Conclusiones:

Es momento de implementar en la rutina los datos de exomas germinales y tumorales para mejorar las decisiones clinicas
Los datos de WES germinal sirver para identificar variantes germinales que predisponen al cancer y asi poder implementar
medidas de vigiliancia preventiva en familiares portadores sanos y ademas, para predecir la sensibilidad

a algunas terapias dirigidas.

Mejora la calidad del llamado de variantes en muestras somaticas.

Permite ayudar a predecir la pérdida de heterocigosidad (LOH) valorando la frecuencia alélica. Y a su vez la
identificacion del segundo hit somatico.

Los datos de WES somatico permiten evular el panorama global de mutaciones a través de patrones o
firmas de mutaciones mas alla de los grupos de genes interesados.

Permite la identificacién de biomarcadores agndsticos como la carga mutacional tumoral.
TMB y MSI a través de NGS en muestras somaticas son biomarcadores agndsticos para indicar inmunoterapia.

Ambos tipos de muestras se complementan. El WES somatico mejora el resultado del WES germinal y viceversa.
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