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Obijetivos

 Conocer las metodologias utilizadas mas
frecuentemente para diagndstico molecular del
cancer

Comprender el alcance, las ventajas y
limitaciones de estas metodologias

» Conocer ejemplos de aplicaciones para cada
metodologia




¢Como se Llega a un Biomarcador?

Biomarker discovery

|

Assay development
Analytical validation

|

Clinical utility validation

|

Clinical implementation
- Regulatory approval
- Commercialization
- Health insurance coverage/reimbursement
- Incorporation into practice guidelines

Key issues/challenges

- Clearly defined research question, clinical context of application
- Study design (sample size, clinical follow-up)
- Type of specimens (source, storage,...)

- Choice of assay platform
- Assay reproducibility

- Assay standardization

- Sample availability

- Study design (sample size, clinical follow-up)
- Cost of clinical assessment/trial
- Sample/patient cohort availability

- Bver-changing regulation/legislation
- Bver-changing assay technology

- Timely clinical deployment

- Intellectual property

- Engagement of multidisciplinary groups ~15-20 anos
- Big data analysis infrastructure
- Physician/patient education

desarrollo y
validacion

Translational Cancer Res 2015. doi: 10.3978/j.issn.2218-676X.2015.06.04



Especificidad / Sensibilidad

Biomarker with . . .
Actual Population |

Ideal specificity ‘ Ideal specificity, | Ideal sensitivity,
and sensitivity low sensitivity low specificity

. With condition X
. Without condition X

Determinantes de Validez Analitica:

biomarker or condition being
tested for? Positive (yes) Negative (no)

True positive

True negative




Parametros a Considerar

El desempeno de un biomarcador molecular
puede verse afectado por varios factores:

 Heterogeneidad tumoral: donde se tomo la
muestra

» Variacion poblacional: frecuencia de la
alteracion molecular, susceptibilidad

- Diferencias metodoldgicas: p.ej. diferentes
plataformas de secuenciacion; uso de
fijadores en FFPE




Aplicacion de la Biologia Molecular

Identificacion de alteraciones (geneticas,
epigenéticas, cromosomicas, transcriptoma,
proteoma) asociadas con la enfermedad

¥

Elucidar mecanismos moleculares para
comprender el impacto de las alteraciones
a nivel biologico y patologico

et

Aplicar este conocimiento para nuevos
conceptos diagnosticos, pronosticos, y
predictivos




~Surveilance Differential
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Why Molecular have

Di :
agnostics ? _g-ichiily
What stage 1S
my Cancer ?
Has it
spread ?

How will my
cancer




Muestras para Analisis Molecular

Fluidos

« Sangre y derivados (suero/plasma)
* Orina

« Saliva

» Ascites

Tejidos
ES

. Tymo_r 2 @

 Biopsias

 Tejido de archivo (FFPE “Formalin-fixed
paraffin-embedded”)

» Considerar nivel de invasividad para
obtencion de muestra (costos, morbilidad)




Criterios y Calidad Muestral

» Suficiente tejido para analisis histopatologico y
molecular

Cumplir con cantidad minima de células
tumorales en la muestra compatible con analisis
molecular

Contaminacion con células normales e
inflamatorias en rango aceptable

Considerar pasos para concentrar o purificar
células tumorales (microdiseccion, filtracion)

Conservacion del tejido: evitar degradacion de
acidos nucleicos, sobrefijacion




Biopsias Liguidas

Sangre = fuente de linfocitos (tejido control
no-tumoral); suero/plasma para medicion de
algunas proteinas

Pe ro: A DNA Abnormalities

RNA Expression

o .‘ g::.f-.‘::g: ﬁs | Protein Expression

Amplification & Deletions

/  cell-free DNA
“ (cfDNA) Translocations

Chromosomal Abnormalities

€ Exosomas . .
Point Mutations

; : : : >

EARLY LOCALIZED METASTATIC REFRACTORY

INTERVENTION DISEASE DISEASE DISEASE

Diagnose the Determine the risk Determine Determine

cancer earlier of recurrence after treatment selection mechanisms of

through screening treatment based on presence resistance, disease

of biomarkers progression and

identification of
newer treatments




Biopsias Liquidas

Ventajas

 No-invasiva

 Precio

« Alteraciones
representativas de
células tumorales
Presencia de
mutaciones driver (?)
Posibilidad de muestras
consecutivas
(seguimiento)
ADN bien preservado

Desventajas

Posibilidad de no
detectar alteracion
presente en tumor
Sensibilidad/especifici-
dad variable

Pocas celulas tumorales
circulantes, fragiles,
heterogeneas

Técnicas no
estandarizadas




JoumsaL oF CLixicaL Oxcovocy

Circulating Tumor DNA Analysis in Patients With Cancer:
American Society of Clinical Oncology and College of
American Pathologists Joint Review

Merker et al 2018. DOI: https://doi.org/10.1200/]JC0.2017.76.8671

Evidence shows discordance between the results of ctDNA
assays and genotyping tumor specimens

There is no evidence of clinical utility and little
evidence of clinical validity of ctDNA assays in early-
stage cancer, treatment monitoring, or residual disease
detection

There is no evidence of clinical validity and clinical utility to
suggest that ctDNA assays are useful for cancer screening,
outside of a clinical trial




Biopsias Liquidas: Aprobacion FDA

Tests aprobados por FDA, como “"Companion Diagnostics”
(CDx)

« 2016: Cobas Test: Mutacion de EGFR, cancer de pulmon
(NSCLC), pacientes que podrian recibir erlotinib en primera
linea.

2020: Guardant360 CDx: teconlogia de secuenciacion
masiva, mutaciones en 55 genes. Mutaciones en EGFR
para pacientes que podrian recibir osimertinib.

2020: FoundationOne Liquid CDx test: Mutaciones en
BRCA1 y BRCA2, cancer de prdostata metastasico resistente
a castracion, elegibles para tto. con rucaparib.




FoundationOne

FoundationOne CDx (F1CDx) (Foundation Medicine)

Detects substitutions, indels, and copy
number alterations in 324 genes and
select gene rearrangements, and 2 ge-

Companion diagnostic:
NSCLC:
* Drugs targeted at EGFR exon

19 deletions, exon 21 LB58BR
alterations, or exon 20 T790M
alterations

* ALK rearrangements

* BRAFV600E mutations

nomic signatures, MSI and TMB, in DNA
from FFPE tumor tissue

Melanoma:
* BRAFV600E mutations
* BRAFV600E and V600K

Breast
» ERBBZ (HER2) amplifications

CRC:

* KRAS wild-type in codons 12 and
13

* KRAS wild-type in exons 2,3, and
4, and NRAS wild-type in exons
2,3,and 4

Ovarian cancer:
» BRCAIT/Z alterations:

CRC indicates colorectal cancer, FFPE, formalin-fixed, paraffirrembedded; M31, microsatellite instability; NGS, next-generation sequencing,
NSCLC, non-small cell lung cancer; TMB, tumor mutation burden.

NSCLC:

» Afatinib (Gilotrif), erlotinib (Tarce-
va), gefitinib, osimertinib (Tagrisso)

* Alectinib (Alecensa), crizotinib,
ceritinib (Zykadia)

» Dabrafenib + trametinib

Melanoma:

* Dabrafenib, vemurafenib (Zelboraf)

* Trametinib or cobimetinib {Cotellic)
+ vemurafenib

Breast:

* Trastuzumab (Herceptin), ado-tras-
tuzumab emtansine (Kadcyla),
pertuzumab (Perjeta)

CRC:

» Cetuximab (Erbitux)

* Panitumumab

Ovarian:
* Rucaparib




Alteraciones Moleculares Medibles

GENOMA » Alteraciones en la
DOOOC secuencia/estructura del ADN
NANA (mutaciones, alteraciones
OGO cromsomicas)

EPIGENOMA M) Alteraciones epigenéticas
&)o = (metilacion ADN, acetilacion

g@ histonas)

TRANSCRIPTOMA Blp Cambios en la expresion
N\PJ génica (MARN, ARNs no
"\f\[ codificantes), variantes de

splicing




Analisis Molecular

s SNP

* CNV

* LOH

* Genomic
rearrangement

* Rare variant

* DNA methylation

» Histone modification

* Chromatin
accessibility

* TF binding

* Gene expression

¢ Alternative splicing

* Long non-coding
RNA

* Small RNA

* Protein
expresssion

* Post-translational
modification

* Cytokine array

* Metabolite
profiling in
serum, plasma,
urine, CSF, etc.

* miRNA

v

v

v

Epigenome

Transcriptome

Alternative S
splicing :

Proteome
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Translation

Nature Reviews Genetics 16, 85-97 (2015) doi:10.1038/nrg3868

T
Function

Phenome

* Cancer

* Metabolic
syndrome

» Psychiatric
disease

Nature Reviews | Genetics




1. Analisis del Genoma

Mutaciones / Variantes raras (poco frecuentes)
Rearreglos cromosomicos

Pérdida/ganancia de material geneético
Polimorfismos




Analisis del Genoma: PCR y Secuenciacion

Paso 1: PCR (Polymerase Chain Reaction)

 Seleccion de segmento especifico de ADN y su
amplificacion

>

3
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v

&

Primer

T8q Nucleotides

Kary Mullis 1983

Termociclador




PCR

ADN doble
hebra

Partidores
(primers)
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100-700 bp
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Q ANNEALING (~55°C)
AT TR T B
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EXTENSION (~72°C)
T
T T

1 Ciclo

2n

Aumento exponencial: para 40 ciclos, 2*° copias del fragmento
seleccionado de ADN




https://www.youtube.com/watch?v=iQsu3Kz9NYo

https://www.youtube.com/watch?v=2KoLnIwoZKU



https://www.youtube.com/watch?v=2KoLnIwoZKU
https://www.youtube.com/watch?v=2KoLnIwoZKU

Paso 2: Secuenciacion por Sanger

5. CTGACTATTAACTGAA-3'  Secuencia por analizar

+ ] t : Al
3-ACTT-5' Partidor unico

+ ' Electroforesis

| :
ddA ddT ddG ddC Deoxinucledtidos capilar
ddA ddT ddG ddC Dideoxinucledtidos

ddGACTGATAATTGACTT |
ddACTGATAATTGACTT
1l TGATAATTGACTT |
JUTGATAATTGACTT
ddGATAATTGACTT = 12 productos
ddATAATTGACTT @ de
JITAATTGACTT = secuenciacion
ddAATTGACTT
ddATTGACTT

JAITTGACTT L

-i«;;GACTT GTTAATAGTCAG
GACTT (Electroferograma)




Eiemplo: Analisis de Mutaciones en KRAS

-
-

-
[ T G

« Mutaciones en 3 codones

(12, 13, 15, 18)
A ||+ Cercanas, acotadas

KRAS G112V detection

 Mutaciones en KRAS se asocian con resistencia a
terapia dirigida a EGFR (p.€j. en cancer colorrectal)

100

]

\_\1_1_|I non mutated KRAS
—iJ

4 mutated KRAS p=0.016

he——

Percent survival

0

00 25 50 7.5 10.0 125 150 17.5 20.0 Cancer Res 2006. DOI: 10.1158/0008-
Months 5472.CAN-06-0191




Determinacion Masiva de Mutaciones

» Para algunas aplicaciones (p.€j. eleccion
terapéutica), el analisis de una sola mutacion
puede no ser suficiente

Metodologias masivas que permitan analisis
simultaneo de varias mutaciones (panel)

« Secuenciacion masiva o Next Generation
Sequencing (NGS) '




Secuenciacion Masiva

Permite secuenciar:

Un genoma completo

Un exoma completo (todos los exones
codificantes para proteinas)

Un panel de varios genes (ej: cancer de
mama)

Genes de gran tamano (>10 exones)




NGS (1)

Paraffin Block

| 1 Lo1—- Cellularity (60%)
" ’ ""> Tumor area
|

FFPE Slides

Purificacion de ADN

Ligacion de
Adaptadores

12/

Preparacion de
Librerias

Amplificacion
clonal




NGS (2)

template

3
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caps fluorescent
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l N flucrescent

CIMISSIon

3
LA Iy
|
cleavage

4

Secuenciacion

Data Analysis
Alignment

Mutations
CNVs

Determine if alterations
in actionable genes

Determine functional
consequences of alterations

Prioritize mutations /targets
|dentify potential targeted therapies

FDA-approved genomically-matched
therapy in same tumor type?

Consider clinical trials using
genotype-relevant drugs

6/

Decision terapéutica




NGS: Ventajas y Limitaciones

e Low input of DNA/RNA

« Simultaneous screening of multiple genes
in multiple samples

» Massively parallel DNA/ENA sequencing

« Deeper investigation of tumor heterogeneity

« Quantitative and sensitive detection of
genomic alterations

» Decreased sequencing cost/gene

Benefits

; Clinical molecular
| diagnostics of tumors

|1

\ with the NGS methods /

e Selection of the sequencing platform and of
the most accurate genes for NGS panel
~  Validation studies required
Critical points |  High-complexity workflow and results
» Bioinformatic tools for analysis
« Long-term storage of data

Serrati 2016. OncoTargets and Therapy 9 7355-65



Validacion de NGS: Estudios

Stable disease,
Complete or
partial response
(CR +PR)"

Continue on
study agent until
progression

Actionable
mutation ¥
detected

Genetic
Sequencing

Progressive Check for additional

i mutatons

Yes

Mo additional

] ) actionable
'CR, PR, SD, and PD as define by RECIST (solid tumors) mutations, or

‘Rebiopsy; if additional mutations, offer new targeted therapy withdraw consent

|

Estudio Clinico «NCI-MATCH>» oy
~6000 pacientes

https://www.cancer.gov/espanol/cancer/tratamiento/estudios-clinicos/patrocinados-por-nci/nci-match



https://www.cancer.gov/espanol/cancer/tratamiento/estudios-clinicos/patrocinados-por-nci/nci-match

Algunos Aprobados para Clinica

Oncomine DX Target Test (aprobado FDA 2017 como
«companion diagnostic»): NSCLC, 369 variantes en
23 genes, decision terapéutica

GeneDx Comprehensive Cancer Panel: diagnostico de
sindromes hereditarios glf-;’m:"m

mnmﬁnu&‘ncnm

UW OncoPlex Cancer Gene Panel: mutaciones en
262 genes relevantes en cancer



Ejemplos Aprobados por FDA

Description Indication
Oncomine Dx Target Test (Thermo Fisher Scientific)

Detects single nucleotide variants and Companion diagnostic for NSCLC
deletions in 23 genes from DNA and drugs targeting BRAF V600E, ROST
fusions in ROST from RNA isolated from  fusions, and EGFR exon19 LB5BR
FFPE tissue from NSCLC tumors deletions

MSK-IMPACT (Memorial Sloan Kettering Cancer Center)

|dentifies mutations in 468 genes, Provides information on somatic mu-
including somatic single nucleotide tations in solid tumors and MSI status
variants, insertions, deletions, and MSI for clinicians to use in accordance with
in DNA from FFPE tumor tissue matched guideline recommendations

with normal specimens

FoundationFocus CDxBRCA Assay (Foundation Medicine)

Detects sequence alterations in BRCAT1/2 Companion diagnostic
genes in FFPE ovarian tumor tissue

Praxis Extended RAS Panel (lllumina)

Dabrafenib (Tafinlar) plus trametinib
(Mekinist), crizotinib (Xalkori), gefitinib
(Iressa)

Mot conclusive or prescriptive for
labeled use of any specific drug

Rucaparib {Rubraca)

Detects 56 specific mutations in RAS Companion diagnostic for patients with  Panitumumab (Vectibix)

genes (KRAS exons 2,3, and 4 plus NRAS CRC with wild-type RAS
exons 2,3, and 4) in DNA from FFPE sam-
ples from CRC tissue

https://www.onclive.com/




PCR en Tiempo Real

 Especifica, cuantitativa; ADN y ARN

# Reporter
® Quencher

P2 Desplazamiento
de la sonda

Higher J
Concentration / Concentration

Fluorescence

. Ti Cycle Numb
Degradacion de la e

© sonda; Emision de |

fluorescencia




PCR en Tiempo Real: Mutaciones
« PCR alelo-especifico
Sensibilidad ~1/1.000
Sencillo, rapido, requiere poco material (muestra)

Amplification Plot

951

9.0

o= Wild type & mutant

201 sequences amplified
7.5 . .
.o, with non-specific

o !l B BT ' Posibilidad de

.| population) / / ] ]

: medir varias

“ i mutaciones en la
misma reaccion

(«multiplexing»)




Ensayos por gPCR Aprobados en USA

Companion Diagnostic Assays (listed in alphabetic order of drug trade name}

Drug trade name (generic name)

Device trade name

Disease

ERBITUX (cetuximab); VECTIBIX
([panitumumab)

ERBITUX (cetuximab); VECTIBIX
([panitumumab)

GILOTRIF (afatinib)
GLEEVEG (imatinib mesylate)

IRESSA(gefitinib)

LYNPARZA (olaparib)

MEKINIST (trametinib);
TAFINLAR(dabrafenib)

TAGRISS0 (osimertinib)

ZELBORAF [vemurafenib)

The cobas KRAS Mutation Test

therascreen KRAS RGO PCR Kit

therascreen EGFR RGO PCR Kit

KIT Ds16V Mutation Detection by
PCR for Gleevec Eligibility in
Aggressive Systemic
Mastocytosis (ASM)

therascreen EGFR RGO PCR Kit

BRACAnalysis CDx

THxID ERAF Kit

cobas EGFR Mutation Test v2

COBAS 4500 BRAF Ve00
Mutation Test

Colorectal cancer

Colorectal cancer

Mon-small cell lung cancer

Aggressive systemic
mastocytosis

Mon-small cell lung cancer

Owvarian cancer

Melanoma

Mon-small cell lung cancer

Melanoma

Scheerens et al. 2017. doi:10.1111/cts.12455



2. Analisis del
Transcriptoma

- Identificacion de variantes de splicing

 Analisis cuantitativo de ARNm, ARNnc (no
codificante): niveles y perfiles de expresion




Arrays de Expresion Génica

« Medicion simultanea de transcritos (mARN)

Técnicas masivas (transcriptomica:
microarrays Yy RNAseq)

También ARNs no codificantes

Permiten crear perfiles de expresion genica:
diferenciar subgrupos tumorales

Ej: diagnostico diferencial en tumores
primarios de origen desconocido (“'carcinoma
of unknown primary”, CUP); pronostico




Principios Microarrays

https://www.youtube.com/watch?v=6ZzFihESjp0



https://www.youtube.com/watch?v=6ZzFihESjp0

Analisis Transcriptomico

- — Ay —

Tissue sample

i o Isolate mRNA

Rinse off excess cDNA; scan microarray
for fluorescence. Each fluorescent spot
(yellow) represents a gene expressed
in the tissue sample.

cDNAs

mMmRNA molecules

@ Make cDNA by reverse t E
; transcription, using
fluorescently labeled N //

nucleotides

Microarray

© Apply the cDNA mixture to a

w microarray, a different prob(-:‘ _
Labeled cDNA molecules in each spot. The cDNA hybridizes

(single strands) with any complementary DNA on
the microarray.




“Tumor Profiling”
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Uso Clinico

Oncotype DX: cancer de mama

Expresion de 21 genes, calculo de riesgo de
recurrencia; decision terapéutica

Reduccion del numero de pacientes que reciben
terapia: solo las de alto riesgo

Con
analisis:
Antes de cambio
analizar conducta
. ~ 0]
perfiles de 40.1% Chemo + en ~27%

expresion Hormonal A de las

Therapies Hormonal pacientes
WEE Y

99.9% Hormonal
Therapy Only

Holt 2013. doi: 10.1038/bjc.2013



Micro-ARNs como Biomarcadores

Utilizing a signature of altered Use of miRNA based
miRNA expression to classifier to identify
differentiate cancer tissue from tissue of origin for cancers of

normal tissue \ / unknown primaries

MicroRNASs
in Cancer

/ Diagnosis \

Profiling circulating blood or Distinguishing tumor
tumor derived exosomal subtypes using a panel of
miRNAs, surpassing the miRNAs that show

invasive procedures to aid in differential expression within
early detection of cancers one cancer type

Study SNPs in the miRNA genes,
miRNA binding sites in the target mRNA
genes or in the miRNA
processing/machinery pathway genes to
predict cancer predisposition

1€56/1°6002°INB/9ETT 0T 0P "$SST-9HST:85:600C IND




3. Analisis del
Epigenoma

» Principalmente Metilacion del ADN: perfiles de
metilacion




Epigenoma

« Genes bajo control epigenético alterados en
cancer: metilacion del ADN

« Técnicas masivas, microarrays

« Deteccion: tratamiento con bisulfito

hisulfite
Conversion

A£G A@.AgG. — Age A@.A?G U
i sequencing l sequencing

C C C

l reconstruct sequence l

A CGACTACGTC




Perfiles de Metilacion

high-risk
non-metastatic metastatic
actinic keratosis initial invasive carcinoma carcinoma carcinoma

10.1371/journal.pone.0223341


https://doi.org/10.1371/journal.pone.0223341

Eiemplo: Deteccion Cancer Colorectal

 Analisis de metilacion en genes seleccionados

« PCR en tiempo real, simultaneo para varios
genes
« Utiliza biopsia liquida

Sample Preparation: 4.5 hrs BisDNA Duplex PCR: 3.5 hrs
Epi proColon 2.0 CE Plasma Quick Kit Epi proColon 2.0 CE Sensitive PCR Kit

| i } |

Plasma DNA Bisulfite DNA ::g:; Data Analysis IT!ielettg
Extraction Conversion Purification PCR3 8 hrs
Y - T ’ s’ Y & z s 7’
] 1
]
|

ACTB Internal Control

Epi proColon®

:
External Negative Control ) Epi proColon|
- —2.0 CE
Control Kit

! External Positive Control :
o) o

Pause Point Pause Point




Resumen

Las técnicas moleculares permiten analizar
diferentes compartimentos de la célula (genoma,
epigenoma, transcriptoma, entre otros)

Existen técnicas para medir desde cambios
aislados hasta las que interrogan el
compartimento completo

El diangdstico molecular es un componente cada
vez mas relevante en el manejo de las
enfermedades oncologicas (deteccion,
pronostico, prediccion)




Contenidos de Interés

» Molecular Diagnostics in Cancer, Research
Advocacy Network

(http://www.researchadvocacy.org/sites/default/files/resources/Mole
cularDiagnosticsTutorialFinal.pdf)

« Preventive, predictive, and personalized medicine
for effective and affordable cancer care

(Janssens et al. 2018; https://doi.org/10.1007/s13167-018-0130-1)



http://www.researchadvocacy.org/sites/default/files/resources/MolecularDiagnosticsTutorialFinal.pdf

