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MUTATION

l

AN Mutations disrupting
Rocing fegei) RNA stability
or

Hb Hammersmith — |

Hb Kempsey =~
Achondroplasia

RNA splicing \

\

Mutations affecting
gene regulation
or dosage

Ectopic or

(uncommon, except in cancer)

i Decreased
(if unstable — decreased amount) amount
- ’—"—_____‘ --_——-\
T+ @-Thalassemias
* Monosomies
Increased * Tumor-suppressor
Loss of protein function | / ~ amount mutations
(the great majority) .
e Trisomies
\_ . : ) * Charcot-Marie-Tooth
» Gain of function |« disease type 1A
e« HPFH
. Novel property « Many oncogenes
(infrequent) _
Inappropriate
expression

(wrong time, place)

heterochronic expression |



Enfermedades / Patologias

« Relacionadas con alteraciones genéticas:
 Monogénicas
* Digénicas
* Oligogénicas
* Poligénicas

 Multifactoriales

« Otras etiologias




Enfermedades / Patologias

* Monogénicas: Fibrosis quistica, Anemia falciforme, Xeroderma
pigmentosum, Sd. de Li-Fraumeni, Sd. Cowden, etc.




Examples of notable

Mutations

Selection of notable mutations, ordered
in a standard table of the genetic code

Sickle-cell disease

\.I Friedreich's ataxia

AF508
deletion 2nd base of amino acids.
in cystic - . .
e : Clinically important missense
v.f'bmS's , U c A G mutations generally change
the properties of the coded amino
UUU (PhelF) Phenylalanine ™, _/* | ucu (sers) serine UAU (Tyr/Y) Tyrosine w_ p | UBU(Cysic) Cysteine N ¢ acid residue between being basic,
S - - 4 = = acidic, polar or nonpolar, while
UUC (PhelF) Phenylalanine UCC (Serls) Serine N p | uAc (ym) Tyrosine =)~ ™ | usc cysic) cysteine DR Tl
U NO—/ \ou N —
UUA (Leu/L) Leucine UCA (Ser/S) Serine UAA Ochre (Stop) GA Opal (Stop) ia.
’\ND/\? Amino acids
5 UUG (Leu/L) Leucine UCG (Ser/S) Serine 4 UAG Amber (Stop) UGG (Trp/W) Tryptophan( _{N » EJJ [ Basic
5 = © O Acidic
g CUU (Leul) Leucine w CCU (Pro/P) Proline CAU (His/H) Histidine _ ™" CGU (Arg/R) Arginine w  p — O Polar
p . Vel o W - ) Sra%le [C] Nonpolar
g c CUC (LeulL) Leucine ™ ccc (ProlP) Proline /m\—( | @ | CAC (His/H) Histidine CGC (Arg/R) Arginine ynarome (hydrophobic)
. o b K = o m—‘\m
o CUA (LeulL) Leucine -dMytOtor::c CCA (Pro/P) Proline 4 [LCAA(GINQ) Glutamine /H CGA (Arg/R) Arginine ’ / Polyglutamine (PolyQ) Diseases
o ystropny = = " .
: : \ : < - Huntington's disease
CUG (LeulL) L -SCA8 CCG (ProlP) Prol \ CAG (GINQ) Glutamine e=emm___| CGG (Arg/R) A —/ X d
(LeulL) Leucine == (Pro/P) Proline (GInQ) e -w;— - Spinocerebellar ataxia (SCA)
o - & - . ) (most types)
g AUU (lleft) Isoleucine _}'—{ ACU (Thr/T) Threonine AAU (As/N) Asparagine o "’>_<T AGU (Ser/S) Serine ’\—( e inthulba: wiieLlar abaphy
. AUC (llell) Isoleucine “ ™ | Acc (them Threonine Q—( AAC (Asn/N) Asparagine o AGC (Ser/S) Serine = = || (Kennedy disease)
1 A . (o - Dentatorubral-pallidoluysian atrophy
- S £ . i i
AUA (lle/t) Isoleucine i & | ACA (Thr/T) Threonine AAA (Lys/K) Lysine ' w AGA (Arg/R) Arginine &
= m /_/_, & “:(m—’ Mutation type
AUG (Met/M) Methioniﬁn_e:‘S /_)—< * & | ACG (Thr/T) Threonine AAG (Lys/K) Lysine . AGG (Arg/R) Arginine * 5, =[rinuciectide
3 Colorectal cancer
: ~ : — . repeat
GUU (VallV) Valine Q. | GCU (Ala/A) Alanine GAU (Asp/D) Aspartic acid % w GGU (Gly/G) Glycine =[Deletion
)‘—’ oo s
GUC (VallV) Valine WP GCC (Ala/A) Alanine “r\A y’ GAC (Asp/D) Aspartic acid GGC (Gly/G) Glycine U = Missense
G n,c—( o HL o \on
GUA (VallV) Valine 2 GCA (Ala/A) Alanine GAA (GIUE) Glutamic gcid :>_<., GGA (Gly/G) Glycine = Nonsense
GUG (VallV) Valine GCG (Ala/A) Alanine GAG (GIWE) Glutamic aNu GGG (Gly/G) Glycine ~




Enfermedades / Patologias

Monogénicas: Fib

rosis quistica, Anemia falciforme,

pigmentosum, Sd. de Li-Fraumeni, Sd. Cowden, etc.

Digénicas: Retinitis pigmentosa, Sd. De Bardet—BiedI, etc.

Oligogénicas: Sindro

me de Lynch, Sd. QT corto, etc.

Xeroderma

Poligénicas: TEA, retrasos mentales no filiados, enfermedades neurologicas,

miocardiopatias, etc.




Enfermedades / Patologias

Podemos enfrentarnos a:

* Un gen, una variante patogénica (HbS)

* Un gen, distintas variantes en sitios concretos (KRAS)

* Un gen, distintas variantes patogénicas en todo el gen (MLH1)
* Un gen, distintos tipos (SNV, CNV) de variantes (BRCA1/2)

* Distintos genes, una o pocas variantes en cada uno de ellos

* Distintos genes, muchas variantes en todos ellos




Alteracion Herramienta Observaciones

 PCR convencional « PCR + RFLP
e Secuenciacion |3, 113, 112 generacion
SNV/InDel  PCR en tiempo real « Sondas diferentes
« HRM « Cribado
« |SH * FISH, CISH, SISH
 MLPA * Definir regiones
CNV « aCGH « Resoluciéon
« Secuenciacion  DNA
 Cariotipo * Interpretacion
« |SH * FISH
SV  Secuenciacion  DNAY RNA

 Cariotipo * Interpretacion
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Secuenciacion de nueva generacion (NGS)

Diferencias entre Targeted, WES y WGS

Protocolo de secuenciacion

Tecnologias

Diferencias entre capturas de hibridos y amplicones
Significado de profundidad y cobertura

Como implementar la NGS en un laboratorio
Validacion y verificacion




Secuenciacion

Ta!'n.aﬁo Lecturas
Gene- . maéaximo . GB "y
., | Plataforma Tecnologia por corrida Compafiia
racion de lectura M) totales
(pb)
12 | Sanger ‘ Lolngitud' _ 1000 ) i Thermo Fisher Scien
didesoxinuclestidos tific, Waltham, Ma, US
22 | Roche 454* Pirosecuenciacion Hoffmann-La Roche
~ 700 1 14 . .
Ltd, Basilea, Suiza
SOLID | Ligaciony codificacion 2 75 100 320 Thermo Fisher Scien
por dos bases tific, Waltham, Ma, US
llumina/ Secuerjmac!on 7% 150 6,000 1800 I||um|r.wa Inc,
Solexa por sintesis San Diego, Ca, USA
PGM/ Te-;nologfa de 5,000 80 ; Thermo Fisher Sci
lon Proton semiconductores tific, Waltham, Ma, US
3 Helicos* ‘Secygnciacién 70 20+ 20t Helicos Biosciences,
individual con Cambridge, Ma, USA
moléculas flucrescentes
- Secruelnoamorw de 30.000 0551 1t Pacific Biosciencies,
una un_|ca moléculal Menlo Park, Ca, USA
en tiempo real
. Oxford Nanapore
Nanopore Bioporos 200.000 1.250 120001t Technologies, Oxford,
Reino Unido
FRET* Trandsferenoa en‘erge’uca - - - Therrmo Fisher Scien-
€ fesonancia , € tific, Waltham, Ma, US
la fluorescencia
Stratos* Secuenciacion - - - Hoffmann-La Roche
por expansion Ltd, Basilea, Suiza

Munibe, Cienc. nat. 64, 2016 « [SSH (2147588 « efSSH 21724547




ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATA
GCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTC
CGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC
TAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGC
GACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACCGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGAT
ATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGAACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC
TCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGC
GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGG
CTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCC
TGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG
ATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCAC
ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATA
TAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGT
AGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGA
CGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAG
CGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAG
ACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGG
GCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCC
CTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCG
CTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGATAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTC
GCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACC
GCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACC
GCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGA
AACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGA
AACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGAC
ACACACAGATATTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAG
ACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATA
GCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACA
CGTGCTAGCTAGCTCCTCTCGAGACGTTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGAC
ACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCG
AGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGC
ACACCGCTCGAGATAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCT
CGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGC
TCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCT
GAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC
TAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC
TAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACAC
GTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGA



VSI
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Patogénica




WGS

WES

RNA-seq

Targeted



Regiones codificantes

Regiones no codificantes

SNV

CNV

TMB

Reordenamientos estructurales

WGS
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RNA-seq
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No aplica
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Targeted NGS

A selection of Next Generation Sequencing Platforms and other genetic companion devices. EClinicalMedicine 25 (2020) 100487

PLATFORM GEMES FDA APPROVAL MUTATIONS
ASSESSED
FoundationOne CDX ( Foundation Medicine) 324 Yes Copy number alterations, gene fusions, MSI, TMB, PDL-1 (IHC)
MSK IMPACT (Integrated Mutation Profiling Of Actionable Cancer 468 Yes Somatic single nudeotide variants, insertions, deletions, and
Targets) (Memorial Sloan Kettering) microsatellite instability

Oncomine Dx Target Test {Thermofisher) 46 Yes DMA single-nucleotide variants (SNVs) and deletions in 35 genes,
and RNA sequence variantions from 21 genes ( Non-small cell
lung cancer)

Caris Mollecular Intelligence CDX (Caris Life Sciences) 592 Partial DMA: copy number alterations, MSI, TMB
RMNA: gene fusions, mRMA variants

Oncomine Comprehensive Assay (Thermofisher) 161 - DMNA sequencing: copy number alterations, gene fusions

Trusight Oncology 500 (llumina) 523 - DMNA + RNA assay for assessment of small variants, TMB, MSI,
splice variants, and fusions

FoundationOne Liquid 70 - Plasma: DNA sequencing: copy number alterations, specific gene
fusions for lung malignancies, MSI

Guandant360 (Guardant) 76 - Plasma: DNA sequencing: copy number alterations, 6 gene fusions

GENETIC COMPANION DEVICES

Praxis Extended RAS Panel (Illumina) 2 Yes K-ras and M-ras (colorectal cancer)
Therascreen KRAS RGO PCR Kit (Qiagen) 1 Yes K-ras (colorectal cancer)

BRACANALYSIS CDX { Myriad Genetic Laboratories) 2 Yes BRCA1, BRCA2 (Ovarian and Breast cancers)
FoundationFocus CDX BRCA Assay (FoundationOne) 2 Yes BRCA1, BRCA2 (Ovarian cancer)
Therascreen EGFR RGO PCR KIT( Qiagen) 1 Yes EGFR ( Mon-small cell lung cancer)

COBAS EGFR. Mutation Test V2 {Roche Molecular Systems) 1 Yes EGFR { Mon-small cell lung cancer)

THXID BRAF Kit { Biomérieux) 1 Yes BRAF (Melanoma)

COBAS 4800 BRAF VBDD Mutation Test (Roche Molecular Systems) 1 Yes BRAF [ Melanoma)

Therascreen FGFR RGO RT-PCR Kit(Qiagen) 1 Yes FGFR (Urothelial cancer)

Therascreen PIK3CA RGQ PCR Kit (Qiagen) 1 Yes PIK3CA, tissue and plasma ( breast cancer)
Myriad MYCHOICE® (DX (Myriad Genetic Laboratories) Combined asay Yes Loss of heterozygosity (LOH), telomeric-allelic imbalance (TAI),

large-scale state transitions {LST) (ovarian cancer)

Review
When should we order a next generation sequencing test in a patient
with cancer?

Ramon Colomer®>“%* Rebeca Mondejar®™°, Nuria Romero-Laorden™®, Arantzazu Alfranca®,
Francisco Sanchez-Madrid®“¢, Miguel Quintela-Fandino®®"
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Targeted NGS

Oncomine Dx Target Test:

AKT1
ALK
AR
BRAF
G4
CINNBT
ULHZ
EGFR
ERBB?Z
: FRBB3
targeted therapies ERBEA

ESR1

Key blomarkers
associated with

DMA panel, hotspot genaa

ABL1T
ALK
AXl
BRAF
ERBB2
ERG
ETvi

ANA panal, fusion drivers

HalRE
FGFR3
GNATT
GNAQ
HRAS
ILHT
ILHZ
JAKT

KIT
KRAS

ElVd

FGFR1
FGFR2
FGFR3
MET

NTRK1

MAFZK1
MAP2K2
MET
MTOR
NRAS
PLNGHRA
PIKICA
RAF1
RET
ROST
SMO

NIHKZ
NTRK3
PDGFRA
PPARG
RAF1
RET
ROS1




Table 2 Seventy nine genes incorporated in the MammaSeqg'™

gene panel

ABL1 CDK& FGFR3 KDR NOTCH1
AKTT CDKN1B FGFR4 KIT NRAS
AKT3 CDKN2A FOXAT KMT2C PAKI
ALK CDKN2B GATA3 KRAS* PDGFRA
AR CTCF GRB7 MAP2K4 PIK3CA
ARID1A CTNNBT HIST2H2BE* MAP3K]1 PIK3R1
ATM DNAH14 HRAS* MAP3K4 PTCH1
AURKA EGFR IDH1* MDM2 PTEN
AURKE ERBB2 IGF1R MDM4 RB1
BRAF ERBE3 IKBKB MET RET
BRCAT EREB4 IKEKE MTOR RPTOR
BRCAZ ESR1 INPP4B MYC RUNX1
CCNDT E/HZ* INSR NCOA3 SMO
CCNE1 FGF19 JAK2 NCOR1 STK11
CDH1 FGFR1 JAK3 NCOR2 TP53
CDK4 FGFRZ JUN* NF1

Targeted NGS




Targeted NGS

AKT1 ESR1 KIT PDGFRE ARICHA FBXWr PTEN AKT1 FGFR4 AKT=2 FGFR= NUTMT
AKT2 EZHZ KNSTRN PIK3CB ATM MLH1 RADS0 AKT2 FLT3 ALK FGFR3 PDGFRA
AKT3 FGFR1 KRAS PIK3ICA ATR MRETT RADST AKT3 IGFTR AR FGR PDGFRE
ALK FGFR2 MAGOH PPP2R1A ATRX M5Hs RADs1EB ALK KIT AXL FLTz PIK3CA
AR FGFR3 MAP2KT PTPNT1 BAPT MSH2 RADS1C AXL KRAS BRCAT JAKZ PRKACA
ARAF FGFR4 MAPzK= RACT BRCA1 NEBN RADS1D AR MDM2 BRCA2 KRAS PRKACE
AXL FLT3 MAP2K4 RAF71 BRCAZ NF1 RANF3 BRAF MDA BRAF Mg PTEN
BRAF FOX1L 2 MAPKT RET CDK12 NF2 RE1 CCND1 MET CDEKN2A MET PPARG
BTK GATAZ AMAX RHER CODKN1B NOTCH7 SETD2 CCND2 MYC EGFR MYB RADS1B
CBL GNAT1 MDM4 RHOA COKN2A NOTCH2 SLX4 CCND3 MYCL ERBEB2 MYBL1 RAF71
CCND1 GNAGQ MED12 ROST CDKN2B NOTCH3 SMARCA4 CCNE1 MYCN ERBBa NF1 RB1
COwa GNAS MET SF3B81 CHEK PALEB2 SMARCE1T CDK2 NTRK7 ERG NOTCH1 RELA
CDKs H3F3A MTOR SMADS CREBBP PIK3R1 STK1 GO NTRK=Z ESR1 NOTCH4 RET
CHEK2 HIST1IH3B MYC SMO FANCA PMS2 TPs3 CDKs NTRKz ETV1 NRG1 ROS1
CSFIR HNFEFTA MYCN SPOP FANCD2 POLE TSC1 EGFR PDGFRA ETV4 NTRK1 RSPO2
CTNNE1T HRAS MYDas SRC FANCI PTCHT TsC2 ERBBZ2 POGFRB ETVS NTRK2Z RASPO3
DDR2 IDH1 NFEz2L2 STATz3 ESR1 PIKaCB FGER1 NTRK3 TERT
EGFR IDHZz NRAS TERT FGF19 PIK3CA

ERBBz JAKT NTRK1 TOP1 FGF3 PPARG

ERBB3 JAK2 NTRK2 L2AFT FGFR1 RICTOR

ERBB4 JAKZ NTRK3 XPOn FGFR2 TERT

ERCC2 KDR PDGFRA FGFR3

New:

v
f '\-‘ Oncomine™

Comprehensive

Assay v3

Oncomine Comprehensive Assay v3




DNA GEME LIST: ENTIRE CODING SEGUENCE FOR THE DETECTION OF BASE SUBSTITUTIONS, INSERTION/DELETIONS,
AND COPY NUMEER ALTERATIONS

ABLT

AR
AURKB
BCOR
BTK
CCND2
CDHI
CDKNZC
CTCF
DDRZ
EPHB4
FAM45C
FGFl4
FGFR4
GATA4
HDAC
IKBKE
JUN
KMTZA (MLL)
MAP3K]
MERTK
M3He
NBN
NPMI
PARKZ
PDGFRB
POLDT
PTEN
RADSID
RICTOR
SF3B1
50K%2
5YK
T5C1
XRCC2

DMA GEME LIST:
ALK

ETVs

M3H2

RARA

*TERC is an NCRNA

ACVRIB
ARAF
AXINT
BCORLY
Clorf30 (EMSY)
CCND3
CDK12
CEBPA
CTNNAT
Dis3
ERBEZ
FANCA
FGF19
FH
GATAG
HGF
IKZF1
KDMsA
KMT2D (MLL2)
MAP3KTZ
MET
MSTIR
NF1
NRAS
PARPT
PDK1
POLE
PTENTT
RADS2
RNF43
5GKT
50X9
TBX3
T5C2
ZNF217

AKTI
ARFRPT
AXL
BRAF
C170rf39 (GID4)
CCMET
CDK4
CHEKT
CTNNB
DNMT3A
ERBB3
FANCC
FGF23
FLCN
GNATY
HNF1A
INPP4SE
KDMsC
KRAS
MAPK]
MITF
MTAP
NF2
NSD3 (WHSCIL1)
PARPZ
PIK3C28
PPARG
PTPRO
RAD54L
ROST
SMADZ
SPEN
TEK
TYRO3
ZNF703

AKT2
ARIDIA
BAPT
ERCAT
CALR
D22
CDK&
CHEKZ
cuLs
DamiL
ERBB4
FANCG
FGF3
FLm
GNATZ
HRAS
IRF2
KDMeA
LTk
McLr
MENKT
MTOR
NFE2LZ
NTsC2
PARP3
PIK3C2G
FPPZRIA
QKl
RAF
RPTOR
SMAD4
Spap
TET2
U2AFT

AKT3
ASXLT
BARD1
BRCAZ
CARDTT
CD274 (PD-L1)
CDKE
CIc
CuL44
EED
ERCC4
FANCL
FGF4
FLT2
GNAG
H5D3B1
IRF4
KDR
L¥N
MDM2
MLH1
MUTYH
NFKBIA
NTRK1
PAXS
PIK3CA
PPPZRZA
RACT
RARA
SDHA
SMARCA4
SRC
TGFER2
VEGFA

FOR THE DETECTION OF SELECT REARRANGEMENTS

BCL2
ETVe
MYE
RET

BCR
EWSRI
MYC
ROST

**Promoter region of TERT is interrogated

ERAF
EZR
NOTCHZ
RSPO2

BRCA1
FGFR
NTRK1
sDc4

ALK
ATM
BCL2
BRD4
CASPS
D70
CDKNIA
CREBBP
CXCR4
EGFR
ERG
FAS
Fafe
FOXL2
GMAS
D3
IRs2
KEAPT
MAF
MDM4
MPL
MYC
NKX2-1
NTRK2
PERMI
PIK3CB
PRDM1
RADZT
RB1
SDHE
SMARCE1
5TAGZ
TIPARP
VHL

BRCAZ
FaFR2
NTRK2
5103442

ADDITIONAL ASSAYS: FOR THE DETECTION OF SELECT CANCER GENOMIC SIGNATURES
Loss of Heterozygosity (LOH) score
Microsatellite (MS) status

Tumor Mutational Burden (TMB)

ALOX12B
ATR
BCLALT
BRIP1
CEFB
D794
CDKNIB
CRKL
CYPI7A
EP300
ERRFIT
FEXWZ
FGFRT
FUEPT
GRM3
IDH1
JAK1

KEL
MAPZKT (MEKT)
MED12
MRETIA
MYCL (MYCL1)
NOTCH1
NTRK3
PDCDT (PD-1)
PIK3RT
PRKARIA
RADST
RBMI0
SDHC
SMO
STAT3
TNFAIP3
WHSC1

D74
FGFR3
NUTM?
TERC™

AMERT (FAM123B) APC

ATRX AURKA
BCL212 BCle
BTGl BTG2
CBL CCNDI
CD79B CDC73
CDKN2A CDKNZB
CSFIR C5F3R
DAXX DDRY
EPHAZ EPHET
ESR1 EZH2
FGF10 FaF12
FGFR2 FGFR3
GABRAS GATAS
G5K3E H3F34
IDH2 IGFIR
JAK2 JAK3
KIT KlHLE
MAP2KZ (MEKZ)  MAPZK4
MEF2B MEN1
M3HZ MSH3
MYCN MYDEE
NOTCHZ NOTCH3
P2RYE PALBZ
PDCDILGZ (PD-L2) PDGFRA
Pimi P52
PRECI PTCHI
RADSIE RADSIC
REL RET
SDHD SETD2
SNCAIP 50Cs
STKI SUFY
TNFR5F14 TPs3
W1 Xpo1
EGFR ETV4
KIT KMT2A (MLL)
PDGFRA RAF
TERT™ TMPRSS2
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Tabla 3: contenido de ADN incluide en los paneles de TruSight Oncology 500 y TruSight Oncology Hioh-Throughpat

Targeted NGS

ARLT BRI o FAMTTEA GATAS Le g MARZKTT MOTCHY POLE RPTOR TaF1
ARLZ Ry CXCRe FAM4EC GEN GFIR MAPIKTA NP PRARG ALY TH
ACYRT aret CYLD FANGA G MGFZ MARIKY MRAS FRID RLNTTY TCEaT
ACVRIE BTK Dy FANCT G KEKE MARKT MARGT PREERIA RYEF TCR2
AKTT Chlodf30  DCUNID FANCO2 aNaTt BT MARKI NEDT PREAEA S0RA TCFmL2
AKT2 CAR Do RANCE GhNa13 Lo MAX NTRKT RAREC SOHAFZ TERC
AKT3 CARDTT o RANCF GRAD [ MCL? NTHKZ PROAN S0HE TERT
ALK cAsFg XIS FANCT GNAS N MDCT NTRKI 22 = SDHC TETT
ALONIZH CHAH FCER RANCT GPRIZ4 MBS MO NLPA3 PRIGAATA SDHD TETZ
ANKRODN CEL =3 RANCL GRs? A MO NLITIT PRKC) SETERT TH3
ANKRIPE CCnoi e A GHREM? PR MENZ KT PREDC SETIR THRC
APC CONDZ DT FATT GRNGZA NGH MEFZE PRT PRZSE SFaEl TGRER
A CCNOa T FEWT GHMZ? m\rz MENT PIKT FTCH1 SHZEHET TGRER?
ARAF CONET DhT30 FaF1 C5Kal L] MET FALRZ PTEN SHEOIA TMEMTZT
ARFRRT CoeEvd OOTIL FEFI0 HIFz4 L= MG FARKE PTRNI SHO TMPRZSZ
ARTTA COeTE 2T R HIFIE [ MTF RaRR? FTPHRD sur2 THRARA
AR Lo EED Farig HIRC JAKT MLHY s PTPRS S THWFRGF14
ARIDZ L ek ] EGALT e ool HGF SR ML S PTPRT SManz ToRT
ARER covog EGFR REFZ3 HISTIHIC MK M2 BT oK1 SMang TOR2A
ABLT Qocys BriAx e o] HESTTH280 MPL ke RAEZE SMald PSS
ASAZ COHT EFAZ 2 = HISTIHEA KATEA MRETTA PERIAT RACT SMARCAY TPE3
AT COK12 BFE R3F6 HISTIHEE KOAMSA MEHZ [SF i) RaDZ? SMARCHT THAR?
ATH COK4 EMLA F&FE HIETIHBC KDOMEC MEH POCIMLGE RADED SMARCDT TRAFT
AT COKE BP0 F&FT HISTIHA0 KOMEA MSHE POGFRY RADED SMCA TEct
ALFA CoKa ERCAM 2E ) HISTTHIE DR MSTT PDGRAE RADSTH B3 =02
ALRKE COKNTA Bz e 2l HESTTHEF KEAPT METIR POKT RADEIC SMO TSHR
AT COKNTE BEHAR FGRAT HIETIHAG KEL MTOR POPKT RADSTD SNCAR LE2AFT
AN COKNZA BT FaRRZ HISTIHEH KIFEE MUTYH PGEH RADEZ s0CE1 WEGFA
AN COKMZE Bvel FGRR3 HETIHY KT MYE PHFE RADSSL SOKT0 VHL
B2 COEN2C EREEZ FGRRY HETTHAS KLRd MYC PHONZE SOXIT WTONT
Bam CERRY EREE3 R HIST2HEA KLHLE MYCL? acH RANGRZ S0 s
BARDT CENPR ERoed RO HIET2HBC KMT2H MYTN 2 s ] RARA S0 W
BEC CHOZ ERCCT At HISTZHA0 KMT2C MYDEs PIRICE RAsAT SPEN AR
acLmn CHM ERCC2 AT HISTIH2 KMTZD MYODT PICA Rat SA0P AP0
Baz CHEKT ERCC3 HT2 HLA-A KRAE RADZ ARaca REMTD SPTAT MRCC2
BCLALY CHEZ ERCCH HT4 HLAE LAMPT NN PR3CD RECOLY SHC Lo
BoLa T o ERCCE FOxAT HLA-C LATS? NCOoAa P0G REL SHERZ YEST
Booz CRERAP ERG R 2 HNFIA LATSZ NCOAT PRG3R FET STAGT ZEm2
BOLE CHKL ERRAI Fowon HNATPK LMo NECR PERGRZ AT STAG2 TBTETA
BCOR CRLFZ EBAT faukiny HOWE13 LRFTE NFT PRIR? RHER STATI IR
BCoRLY CEFIR ETs1 254 HRAS IvN NFZ P AHOA STATY ZNF2IT
BoR CER3R Enn e HE2AT LITRY MFEZLZ PLOGEZ RCTOR STATEA INFIOE
[ ] CEMK1AT End Py HEPo0AAT MG MFKEA PLKZ AT STATER FRSHRZ
BLM CTCF EnE GABRAE oosG MALTT WRE-T AP RNFLT STEM
BMERTA CTLAL ETVE GATAT i APZKT Ma-T PMST ROST STH4D
BRAF CTNNATY EWSH EATAZ MOHT MARERE NOTCHT PArs2 ARSERAY SURY
BRCAT CTRWBT EAHz GATAD o APERA NOTCHZ PNRCY RPSERET sun2
BRCAZ cuLe FAM1238 GATAS IRNGRT TAR3KT NOTCHI POLOT APSEREZ SYK

El contarida sombrasds do color gris 5o anallon pam | dolaodan do TR
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CNMP

Recommendations for the use of next-generation sequencing (NGS) for
patients with metastatic cancers: a report from the ESMO Precision
Medicine Working Group

F. Mosele’, J. Remon’, . Mateo’, C. B. Westphalen’, F.

. Meric:Bernstam”, N. Wagle'", A. Stenzinger'”, J. Bon:
. Jezdic™, 1. Doullard™, J. 5. Rels-Flho"”, R. Dienstmann

¥, M. P. Lolkema”, N. Normanno’, A. Scarpa’, M. Robson’,
%, A. Bayle'*% s, Michiels" . Bidche™, E. Rouleau™,
André

Table 3A. List of genomic alterations level I/I1fill according to ESCAT in advanced non-squamous non-small-cell lung cancer [NSCLC)

Gene Alteration Prevalence ESCAT References
EGFR Common mutations (Del19, [858R) 15% (50%—60% Asian) 1A Midha A, et al. Am J Cancer Res. II.'IISH’
Acquired T790M exon 20 60% of EGFR mutant 1A Mok T, et al. J Clin Oncol. 2018""
Uncommon EGFR mutations (G719X in exon NSCLC I} Soria J-C, et al. N Engl J Med. 20187
18, L8610 in exon 21, S768/ in exon 20) 10% 10z} Ramalingam S, et al. N Engl J Med. 2020™°
Exon 20 insertions 2% Mok T, et al. N Engl J Med. 20177
Yang IC-H, et al. Lancet Oncol. 2015
Cho J, et al. J Thorac Oncol. 2018™
Cardona A, et al. Lung Cancer. 2018
Heymach 1, et al. J Thorec Oncol. 2018™
ALK Fusions (mutations as mechanism of resistance] 5% 1A Solomon B, et al. J dlin Oncol. 2018%
Soria J-C, et al. Loncet. 20177
Peters S, et al. N Engl J Med. 2017
Zhou C, et al. Ann Oncol. 20187
Camidge D, et al. N Engl J Med. 2018™
MET Mutations ex 14 skipping 3% IB Tong J, et al. Clin Cancer Res. 2016™
Drilon A, et al. Nat Med. 2020""
Focal amplifications (acquired resistance 3% ne Camidge D, et al. J Cin Oncol. 2018
on EGFR TKl in EGFR-mutant tumours)
BRAE™  pMutations 2% I8 Planchard [, et al. Lancet Oncol. 2016™
Planchard D, et al. Lancet Oncol. 2017"
Planchard D, et al. J Clin Oncol. 201 e
RO51 Fusions (mutations as mechanism 1% 2% IB Shaw A, et al. N Engl J Med. 2014"
of resistance) Shaw A, et al. Ann Oncol. 2019
Drilon A, et al. Lancet Oncol. 20207
NTRK Fusions 0.23%—3% IC Drilon A, et al. N Engl | Med. 2018
Hong D, et al. Lancet Oncol. 2020™
Doebele RC, et al. Lancet Oncol. 20207
RET Fusions 1%— 2% Ic Drilon A, et. J Thoroe Oncol. 20197
KRAS®YC  Mutations 12% B Barlesi F, et al. lancet. 2016
Fakih M, et al. J Clin Oncol. 2019™*
ERBB2 Hotspot mutations 2%—5% 1] Hyman D, et al. Nature. 20187
Amplifications Wang ¥, et al. Ann Oncol. 2018
Tsurutani J, et al. J Thorac Oncol. 201877
BRCA 1/2 Mutations 1.2% A Balasubramaniam S, et al. Clin Concer Res. 2017™
PIK3CA Hotspot mutations 1.2% 7% A Cancer Genome Atlas Research Network. Nature. 2014
Vansteenkiste |, et al. J Thorac Oncol. 2015
NRG1 Fusions 1.7% ne Duruisseaux M, et al. J Clin Oncol. 20197




CCR

Table 5. List of genomic alterations level IfIlflll according to ESCAT in
metastatic colorectal cancer (mCRC)

Alteration

Prevalence ESCAT

References

Recommendations for the use of next-generation sequencing (NGS) for
patients with metastatic cancers: a report from the ESMO Precision
Medicine Working Group

F. Mosele’, J. Remon’, J. Mateo”, C. B. Westphalen”, F. Barlesi’, M. P. Lolkema®, N. Normanno®, A. Scarpa’, M. Robson”,

F. Meric-Bernstam”, N. Wagle™, A. Stenzinger'”, J. Bonastre’”-"”, A. Bayle'', 5. Michiels'’"%, I. Biéche'?, E. Rouleau’,
S. Jezdic™®, J-Y. Douillard™, J. . Reis-Filho™’, R. Dienstmann’® & F. André™'**"

Gene
KRAS
NRAS

BRAFW

NTRK1
ERBBZ2

PIK3CA

ATM

MET

RET

ALK

Mutations
[resistance
hiomarker)

Mutations

M5I-H

Fusions

Amplifications

Hotspot
mutations
Mutations

Amplifications

Mutations

TME-high in
M55

Fusions

Fusions

44%
a%

B.5%

4%—5%

0.5%

2%

1%

1.7%

1%

1%

0.3%

0.2%

Mot Van Cutsem E, et al.

applicable Clin Oncol. 2015
Douillard 1Y, et al. N
Engl 1 Med. 2013™
Sorich M, et al. Ann
Oncol. 2015%"

1A hittps://doi.org/f10.1
093 fannonc/mdw235
Kopetz 5, et al. N Engl J
Med. 20197

1A Overman M, et al.
Lancet Oncol. 2017
Le DT, et al. J Clin Oncol.
2020

IC Demetri G, et al. Ann
Oncol. 2018
Doebele RC, et al.
Lancet Oncol. 20207

[[]:] Meric-Bernstam F, et al.
Lancet Oncol. 2019
Sartore-Bianchi A, et al.
Lancet Oncol. 2016

na Juric D, et al. J Clin
Oncol. 20187

ma ‘Wang C, et al. Trans/
Oneol. 2007
De Bono J, et al. N Engl J
Med. 2020™"

na https://clinicaltrials.
gov/ct2fshow/NCTO35
926417

A Hyman D, et al. J Clin
Oncol. 20077

A Fabrizio D, et al. J
Gastrointest Oncol.
2018%

A Drilon A, et al. J Clin
Oncol. 2018

1A Yakirevich E, et al. Clin
Cancer Res 2016™°

ESCAILL European Socety for Medical Oncology (ESMO) Scale for Clincal Actionability
of molecular Targets; MSFH, microsatellite instability-high; M55, microsatellite

stable.




Pancreas

Table 8. List of genomic alterations level I/IIfil according to ESCAT in
advanced pancreatic ductal adenocarcinoma (PDAC)

Recommendations for the use of next-generation sequencing (NGS) for
patients with metastatic cancers: a report from the ESMO Precision
Medicine Working Group

F. Mosele’, J. Remon’, J. Mateo”, C. B. Westphalen”, F. Barlesi’, M. P. Lolkema®, N. Normanno®, A. Scarpa’, M. Robson”,

F. Meric-Bernstam”, N. Wagle™, A. Stenzinger'”, J. Bonastre’”-"”, A. Bayle'', 5. Michiels'’"%, I. Biéche'?, E. Rouleau’,
S. Jezdic™®, J-Y. Douillard™, J. . Reis-Filho™’, R. Dienstmann’® & F. André™'**"

Geane Alteration Prevalence ESCAT References

BRCA1/? Germline 1%—4%

mutations

Somatic 3%

mutations

MSI-H 1% —3%
NTRK Fusions << 1%

KRAS Mutations 9%

PIK3CA  Hotspot 3%
mutations
BRAF™™™ Mutations 3%

MDOMZ2  Amplifications 2%

ERBB2 Amplifications/ 1%—2%

mutations
NRG1 Fusions 1%
ALK Fusions < 1%
RET Fusions < 1%
RO51 Fusions = 1%

1A

A

1A

1]F:Y

A

A

A

A

A

A

The Cancer Genome Atlas
Research Metwork. Cancer
Cell. 2017

Golan T, et al. N Engl 1 Med.
2019

Shroff R, et al. JCO Precis
Oncol. 2018™

Pihlak R, et al. Cancers.
201811

Marcus L, et al. Clin Cancer
Res. 201977

Cocco E, et al. Nat Rev Clin
M— mmilﬂ

Doebele RC, et al. Lancet
Oncol.

Zeitouni D, et al. Concers.
mlﬁ'l 16

Heestand G, et al.
Oncotarget. 20157

Payne 5, et al. J Clin Oncol.
ME'I'IR

Hyman D, et al. N Engl f Med.
2']151 1%

Azmi A, et al. Eur J Cancer.
2010

Waddell N, et al. Nature.
2']151?1

Harder J, et al. Br J Cancer.
2[.121??

Hyman D, et al. Noture.
2018

Jones M, et al. din Cancer
Res. 2019

Singhi A, et al. J f‘f'ﬂ'ﬂ Compr
Canc Netw. 2017
Drilon A, et al. J Clin Oncol.
mlsﬂl

Pishwaian M, et al. J Clin
Oncol. 2018

ESCAT, European Society for Medical Oncology (ESMO) Scale for Clinical Actionability
af molecular Targets; M5I-H, microsatellite instability-high.




Ovario

& frontiers | Frontiers in Oncology REvEW

publishe: 17 June 202

Homologous Recombination
Deficiency in Ovarian, Breast,
Colorectal, Pancreatic, Non-Small
Cell Lung and Prostate Cancers,
and the Mechanisms of Resistance
to PARP Inhibitors

Negesse Mekonnen ', Hobin Yang ™ and Young Kee Shin™4%*

TABLE 1 | Prevalence of mutation, LOH, and promoter hypermethylation in ovarian cancer.

Genes Mutation [%(proportion)] LOH [% (proportion)] Promoter Methylation [%
(proportion)]
BRCA1 12.2% (31/255) (44); 5% (15/300) (45); 88% (36/41) (49); 44% (4/9) (50); 67% (6/9)  20% (22/112) (54); 14% (2/
189% (60/333) (46); 15.5% (81/523) (47); (50); 14) (50); 14% (5/35) (55);
16.5% (26/158) (48) 81.5% (123/151) (51); 60% (60/100) (52); 9.6% (32/332) (56); 14% (38/
97% (30/31) (53); 10.13% (16/158) (48) 257) (57);
35% (15/42) (58); 9.34% (45/
482) (59); 73.7% (56/76) (60)
BRCA2 9.8% (25/255) (44); 2% (6/300) (45); 58% (24/41) (49): 50% (3/6) (50); 67% (4/6)] 21% (3/14) (50);
3.3% (11/333) (46); 5.5% (29/523) (47); (50); 6B9% (104/151) (51); 73% (F5/103) (52); 44% (22/50) (51)
5.06% (8/158) (48) 53% (16.5/31) (63); 0.63% (1/158) (48)
RAD50 7.7% (29/380) (62); 60% (12/20) (63); 0.63% (1/158) (48) -
2.94% (2/68) (B4); 0.63% (1/158) (48)
RAD51 0.3% (1/316) (11) 2% (10/489) (11) -
RAD51B 2.1% (3/142) (65); 0.06% (2/3.429) (66) 0.8% (4/489) (11) -
RAD51C 0.7% (1/141) (67); 2.5% (13/523) (47); 97% (30/31) (53); 0.5 (2/429) (68) 1.45% (7/482) (59); 2.7% (&
0.41% (14/3,429) (66) 339) (B9)
2.67% (14/524) (70); 3% (©/
316) (11)
RAD51D 1.3% (1/77) (B7); 2.6% (10/380) (62); 0.7% (3/429) (68); 1.2% (6/489) (11) -
0.35% (12/3429) (66)
PALB2 3% (9/299) (71); 3.03% (2/66) (72); 0.23% (1/429) (75); 0.7% (3/429) (68); 3.08% (4/130) (76)
0.6% (2/333) (46); 0.63% (12/1915) (73); 10.8% (17/158) (48)
2.9% (2/69) (74); 1.1% (6/523) (47);
1.9% (3/158) (48)
FANCA 4.35% (1/23) (45) 56.45% (17.5/31) (53); 1.16% (1/86) (77); -
0.7% (3/429) (75)
FANCD2 0.3% (1/316) (11) 32.25% (10/31) (53); 0.23% (1/429) (75) -
FANCF 0.3% (1/300) (45) 0.2% (1/572) (78) 32.14% (36/112) (79);13.2%
(7/53) (80)
FANCI 0.6% (92/300) (45) 1.16% (1/86) (77) -
FANCM 4.35% (1/23) (45); 2.1% (5/235) (81); 0.2% (1/489) (11) -
0.96% (5/523) (47)
NBN/ 1.8% (6/333) (46); 0.28% (9/3236) (82); 0.6% (3/489) (11) -
NBS1 0.42% (1/235) (81); 0.38% (2/523) (47)
BARD1 0.12% (4/3,236) (82); 1.8% (4/255) (83); 0.63% (1/158) (48) -
0.63% (1/158) (48)
ATM 1.78% (7/392) (121); 0.3% (1/333) (46); 16.7% (8/48) (292); 0.82% (3/367 20% (9/31) (53); 1.86% (8/429) (75); -
(43); 3.2% (5/158) (48) 1.9% (3/158) (48)
ATR 6% (3/50) (293); 63.7% (23/33) (294);; 4.8% (12/141) (295) 299% (9/31) (53) (75); -
MRE11A 5.92% (17/287) (296); 0.4% (2/523) (47); 0.22% (1/466) (297) -
BRIP1 7.7% (29/380) (62); 1.47% (1/68) (B4); 0.4% (2/523) (47); 0.7% (3/429) (68); 1.3% (2/158) (48) -
1.7% (8/466) (297); 0.52% (1/192) (131); 0.63% (1/158) (48)
ERCC1 2.6% 10/380) (62); 0.2% (1/523) (78) 0.4% (2/489) (11) -
CHEK2 20.3% (77/380) (62); 45% (9/20) (63); 1.47% (1/68) (64); 10% (1/10) (298); 7.6% (12/158) (48) -
4.2% (12/287) (296); 0.4% (2/523) (47); 1.72% (10/581) (298); 0.43% (2/
466) (297); 0.52% (1/192) (131); 0.63% (1/158) (48)
EMSY 3.8% (14/380) (62); 8% (25/316) (11); 1.5% (8/523) (78) 0.2% (1/489) (11) -
TP53 1.47% (1/68) (B4); 3.83% (11/287) (296); 0.3% (2/581) (298): 1.04% (2/ 0.63% (1/158) (78) -
192) (131); 96% (312/316) (11); 57% (90/158) (48); 71.3% (375/523) (78)
STK11 4.2% (12/287) (296); 1.3% (2/158) (48) 1.6% (8/489) (11) -
PTEN 5.23% (15/287) (296); 0.43% (2/468) (297): 6.7% (21/316) (11); 1.9% (3/158) (48); 6.1% 16.9% (21/124) (299)
11.4% (18/158) (48) (30/489) (11)
CDH1 7.32% (21/287) (296); 0.52% (1/192) (131) 2.3% (11/489) (11) -
BLM 0.4% (9/2561) (300); 1.27% (4/316) (11) 0.6% (3/489) (11) -
RBBPS 1.04% (2/192) (131); 0.32% (1/316) (11); 1.9% (3/158) (48) 0.2% (1/489) (11) -
CDK12 2.9% (9/316) (11); 4% (21/523) (11) 0.4% (2/489) (11) -
TP53BP1 1.27% (4/316) (11); 0.8% (4/523) (78) 1.4% (7/489) (11) -
XRCC1 0.6% (2/316) (11); 0.8% (4/523) (78) 0.4% (2/489) (11) -
MAD2L2/ 0.3% (1/316) (11) 0.3% (2/572) (78) -
REV7
XRCCS5/ 0.2% (1/523) (78) - -
Kug0o
XRCC6/ 0.3% (1/316) (11); 0.8% (4/523) (78) 0.2% (1/489) (11) -
Ku70
SLFN11 0.6% (3/523) (78) 0.8% (4/489) (11) 39% (16/41) (209)






Implementacion

* Region de interés y alteraciones que queremos estudiar: este
punto influye directamente sobre el tamano de nuestro panel
y este aspecto influye directamente sobre el numero de
muestras que podriamos procesar en paralelo

* Numero y tipo de muestras que queremos procesar o, dicho
de otra manera, numero de librerias por carrera que se
podran cargar juntas para ser secuenciadas en una misma
carrera (“multiplexing”)

* Tiempos de respuesta en funcion de la utilidad clinica
(biomarcadores diagndsticos, pronosticos, predictivos)




Implementacion

* Estudios de alteraciones somaticas o germinales: este punto
condicionara la profundidad de cobertura que necesitamos para las
regiones de intereés:

» para las alteraciones somaticas, madas profundidad
comparado con las alteraciones germinales debido a Ia
presencia de subclones en el tumor en estudio

 Capacidad de secuenciacion, entendida como la cantidad de
lecturas totales que genera el secuenciador por cada carrera
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Use of the Ion AmpliSeq Cancer Hotspot Panel in clinical molecular
pathology laboratories for analysis of solid tumours: With emphasis on

validation with relevant single molecular pathology tests and the Oncomine
Focus Assay
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Molecular Pathology and College of American Pathologists
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DOI 10.1007/s00428-016-2025-7

Integration of next-generation sequencing in clinical diagnostic
molecular pathology laboratories for analysis of solid
tumours; an expert opinion on behalt of IQN Path ASBL
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Integration of next-generation sequencing in clinical diagnostic
molecular pathology laboratories for analysis of solid
tumours; an expert opinion on behalf of IQN Path ASBL
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Implementation of NGS in a diagnostic laboratory

Test development and test validation, prior to the implemen-
tation and use of any NGS-based diagnostic test, is important.
The implementation phase should develop an end-to-end pro-
cess for testing and documenting the process being validated.

The implementation phase can utilise samples with a range
of known mutations and commercially available controls, but
should be of the same type as those to be used for diagnostic
testing. A range of mutation types must be tested, such as
single-nucleotide variants, small indels and copy number var-
1ants (if tested for) to provide assurance that they will be de-
tected if present. A range ofallelic frequencies must be includ-
ed so limits of detection for mutation types are established.




Implementacion

Validacion Verificacion

Analisis de datos Trazabilidad

Control de calidad Intercomparaciones

Interpretacion

Informes
resultados

Implementacion




Paneles “virtuales”

Gone fusions (inter- and intragenic)
AKT1 ESR1 KIT PDGFRB ARILNA FBXW7 PTEN AKT1 FGFR4 AKT2 FGFRz NUTM71
AKT2 EZH2 KNSTRN PIK3CB ATM MLH1 RADS0 AKT2 FLT3 ALK FGFR3 PDGFRA
AKT3 FGFR1 KRAS PIK3CA ATR MRET1 RADS1 AKT3 IGFTR AR FGR PDGFRB
ALK FGFR2 MAGOH PPP2R1A ATRX MSHEG RAD518 ALK KIT AXL FLT3 PIK3CA
AR FGFR3 MAP2K1 PTPNT1 BAP1 MS5H2 RAD51C AXL KRAS BRCA? JAKZ PRKACA
ARAF FGFR4 MAP2K2 RACT BRCA1 NEN RADS1D AR MDM2 BRCA2 KRAS PRKACB
AXL FLT3 MAP2K4 RAF1 BRCA2 NF1 RNF43 BRAF MDM4 BRAF MDM4 PTEN
BRAF FOXL2 MAPKT RET CDK712 NF2 RB1 COND1 MET COKN2A MET PPARG
BTK GATA2 MAX RHEB CDKN1B NOTCH1 SETD2 CCND2 MYC EGFR MYR RAD51B
CBL GNATT MDM4 RHOA COKN2A NOTCHz2 SLX4 CCND3 MYCL ERBB2 MYBL1 RAF1
CCND1 GNAQ MED12 ROST CDKN2B NOTCH3 SMARCA4 CCNET MYCN ERBB4 NF1 RE1
CDKa+ GNAS MET SF381 CHEK1 PALB2 SMARCE1 CDK2 NTRK1 ERG NOTCH1 RELA
CDKs H3F3A MTOR SMAD4 CREBBFP PIK3R1 aTK1T CDK+ NTRK2 ESRT NOTCH4 RET
CHEKz2 HISTTH3B MYC SMO FANCA PMS2 TP53 CDKs NTRK3 ETV1 NRG1 ROST
CSFIR HNF1A MYCN SPOP FANCDZ POLE TsC1 EGFR PDGFRA ETva NTRK1 RSPO2
CTNNB1 HRAS MYDag SRC FANCY PTCH1 TsC2 ERBRZ2 PDGFRB ETVS NTRK2 R5PO3
DDR2 IDH1 NFE2L2 STAT2 ESR1 PIK3CB FGFR1 NTRK3 TERT
EGFR IDH2 NRAS TERT FGF19 PIK3CA
ERBB2 JAKT NTRK1 TOPT FGF3 PPARG
ERBB3 JAK2 NTRK2 U2AFT FGFR1 RICTOR
ERBB4 JAKZ NTRK3 XPO1 FGFR2 TERT
ERCC2 KDR PDGFRA FGFR3




Paneles “virtuales”

AKT1 ESA1 KIT PDGFRB ARILNA FEXW7 PTEN AKT1 FGFR« AKTZ2 FGFR2 NUTM1
AKT2 EZH2 KNSTRN PIK3CB ATM MILH1 RADS0 AKT2 FLT3 ALK FGFR3 PDGFRA
AKT3 FGFR1 KRAS PIK3CA ATR MRETT RADS1 AKT3 IGF1R AR FGR PDGFRB
ALK FGFR2 MAGOM PPP2R1A ATRX MSHE RAD51B ALK KIT AXL FLT3 PIK3CA
AR FGFR3 MAP2K1 PTPNT1 BAPT MSH2 RADSIC AXL KRAS BRCAT JAKZ PRKACA
ARAF FGFR4 MAP2K2 RACY BRCA1 NEN RADS1D AR MDM2 BRCA2 KRAS PRKACE
AXL FLT3 MAP2K4 RAF1 BRCAZ NF1 RNF43 BRAF MDA BRAF MDM4 PTEN
BRAF FOXL2 MAPKT RET CDK12 NF2 RB1 CCND1 MET CDKNzA MET PPARG
BTK GATA2 MAX RHEB CDKN1B NOTCH1 SETD2 CCND2 MYC EGFR MYB RAD51B
CBL GNATT MDMa RHOA CDKENZ2A NOTCH2 SLX+ CCND3 MYCL ERBEZ2 MYBL1 RAF1
CCND1 GNAQ MED12 ROS7T CDKN2B NOTCH3 SMARCA4 CCNE1 MYCN ERBB4 NF7 RB1
CDK+ GNAS MET SF3B1 CHEK1 PALB2 SMARCE1 CDK2 NTRK1 ERG NOTCH1 RELA
CDKs H3F3A MTOR SMAD4 CREBEBP PIK3R1 STK11 CDK+ NTRK2 ESR1 NOTCH4 RET
CHEK2 HIST1H3B MYC SMO FANCA PMS2 TP53 CDKe NTRK3 ETV1 NRG1 ROS1
CSFIR HNF1A MYCN SPOP FANCD2 POLE TSC1 EGFR PDGFRA ETV4 NTRK1 RASPO2
CTNNEB1 HRAS MYDaa SRC FANCI PTCHT TsC2 ERBBZ PDGFRB ETVs NTRK2 RSPO3
DDR2 IDH1T NFE2(2 STAT3 ESR1 PIK3CB FGFR1 NTRK3 TERT
EGFR DH2 NRAS TERT FGF19 PIK3CA
ERBB2 JAKT NTRK1 TOPY FGF3 PPARG
ERBB3 JAK2 NTRK2 U2AF1 FGFR1 RICTOR
ERBB4 JAK3 NTRK3 XPOn FGFR2 TERT
ERCC2 KDR PDGFRA FGFR3
Gene/protein Predictive alteration Methodology
EGFR Mutation PCR: Sanger sequencing, real-time PCR and NGS . . . .
ALK Rearrangement IHC, FISH, real-time PCR and NGS Table 2 Other biomarkers of interest in NSCLC patients
New update to the guidelines on testing predictive biomarkers ROS1 Rearrangement THC (screening), FISH, real-time PCR and NGS Gene/protein Predictive alteration Methodology
Societyof Pathology and the Spanish Socety of Medical Oncology BRAF V600 Mutation Real-ime PCR and NGS HER2  Mutation NGS
PD-L1 Overexpression IHC Amplification FISH, real-time PCR, NGS
e e bt i o e e e de Casro Esher Conde-EnvlaueaFele” - NTRK Rearrangement THC (screening), real-time PCR and NGS TMB Mutations NGS
RET Rearrangement FISH, real-time PCR and NGS STK11 Mutation NGS
e R ey premben KRAS Mutation PCR: Sanger sequencing, real-time PCR and NGS KEAPI] Mutation NGS
MET Mutation NGS MSI Pattern of hypermutation THC, PCR, NGS

Amplification FISH, real-time PCR and NGS




Paneles “virtuales”

C NP

DX
frat.[REC.

List of gene targets in Oncomine Comprehensive Assay v3 (Thermo Fisher Scientific,

Waltham, MA, USA) — 161 gene panel

Hotspot genes Full-length genes Copy number genes Gene fusions (inter- and
intragenic)
LTlc'n ATM AKTI
~ B,
S i
FBXW7 ERG
% MSH2 ETVL
NF1 ETve
CHEK2 NF2 FGERL ETV5
CSFIR NOTCHI FGFR2 FGFRL
CTNNB1 PIK3R1 FGFR3 FGFR2
DDR2 PTCHI FGFR4 FGFR3
PTEN FLT3
L = ‘ e
ERBS3 SMARCBI G PDGFRA
ERBB4 PPARG
ESRI MDM2 |
TSCL MDM4
FGFR1 TSC2 MET
ARIDIA MYC AKT2
: ATR MYCL AR
LT3 ATRX MYCN BRCAL
FOXL2 CDKI2 PDGFRA
GATA2 CDKNIB PIKICA CDKN2A
GNALL PPARG ERB&4
GNAQ ! CHEK1 TERT ESRI
GNAS CREBB? AKT2 FGR
HNFLA FANCA AKT3 AT
HRAS FANCD2 2
IDHI FANCI &ﬁ
IDH2 MLHI MDM4
JAKL MREIIA MET
JAK2 MSH6 MYB
JAK3 NEN €DK2 MYBLL
KDR NOTCH2 NFI
KIiT NOTCH3 NOTCHI
KNSTRN PALB2 ESR1 W
” PMS2 FGF19 by
MAGOH POLE FGF3
RADSD NUTMI
RADSI PDGFRB
RADSLB PIKICA
RADSIC PDGFRB PRKACA
RADSID PIKICB PRKACB
RNF43 RICTOR PTEN
SETD2 TSC1 RADSIB
TSC2 RBI
RELA
RSPO2
RSPO3
TERT




Paneles “virtuales”

R

Fin e ol ot A T

List of gene targets in Oncomine Comprehensive Assay v3 (Thermo Fisher Scientific,

Waltham, MA, USA) — 161 gene panel

Hotspot genes Full-length genes Copy number genes Gene fusions (inter- and
intragenic)
CATM AKTI ALK
BAPL AR -J*M‘
. CONDI BRA
CONEI R
CDKN2A CDK4 %
C€DK4 ERG
3 _EGFR ETVI
ETV4
FGFR1 ETVS
FGFR2 FGFRI
R3 FGFR2
FGFRY
LT3
IGFIR =
XIT P
KRAS PPARG
MDM2 RAF1L
MDM4 RET
T ROSI
AKT2
MYCL AR
MYCN BRCAI
PDGFRA BRCA2
9 PIK3CA CDKNIA
PPARG ERBS4
! TERT ESRI
CREBBP AKT2 FGR
FANCA AKT3 FLT3
FANCD2 ALK JAK2
IDHI FANCT AXL
IDH2 BRAF
JAK1 MREIIA CCND2
IAK2 MSH6 COND3 MYB
JAKS NBN CDK2 MYBLI
KDR NOTCH2 CDKN2A NFI
KIT N CDKNZB' NOTCHI
KNSTRN ESRI NOTCH4
RAS. FGF19 NRGI
MAGOH 4 FGF3 =
MAP2KI RADS0 NTRKI NUTMI
MAP2K2 RADS1 NTRK2 PDGFRB
MAPK1 RADSIB NTRK3 PIK3CA
MAX RADSIC PDGFRB
MEDI2 PIK3CB PRKACB
MET > RICTOR PTEN
MTOR SETD2 TSCl RADSIB
MYDis SLX4 TSC2 RBI
~» > ' RSPO2
37 PDGFRA ! RSPOZ
" PIK3CA 4 TERT
PPPIRIA
PTPNIL
RACL
RAFI
~3t RED
RHEB
RHOA
SFIBI
Vv SMO
SPOP
I SRC
STAT3
) | uzart
/ XPO1
AKT2
AKT3
AXL
COND1
CDK6
ERCC2
FGFR4
HIFIA
HISTIH3B
MAP2K4
MYC
MYCN
=
PIKICB
ROSI
SMADA
TERT
TOPI




Paneles “virtuales”

Gene fusions (inter- and intragenic)
AKT1 ESR1 KIT PDGFREB ARIDA FEBXWr PTEN AKT1 FGEFR4 AKT2 FGFR2 NUTA T
AKT2 EfH2 KNSTRN PIK3CE ATM MLH1 RAD50 AKT2 FLT3 Al K FGFRz PDGFRA
AKT3 FGFRT KRAS PIK3ICA ATH MRETT RADST AKT3 IGFTR AR FGR PDGFRB
ALK FGFRz MAGOMH PPP2R1A ATRX MSHE RADS1E8 Al K KT AXL FLT3 PIK3CA
AR FGFR3 MAP2K7 PTPNT1 BAPT MSH2 RADsSIC AXL KRAS BRCAT JAKZ PRIKACA
ARAF FGFR4 MAPZK2 RACT BRCA? NEN RADS1D AR MDM2 BRCA2 KRAS PRKACE
AXL FlTa MAP2K4 RAF1 BRCAZ NET ANF43 BRAF MDA BRAF MDD PTEMN
BRAF FOXL2 MAPKT RET CDK12 NF2 RE1 CCND1 MET CDEN24A MET PPARG
BTK GATA2 MAX RHEB CDKNTE NOTCH1 SETD2 COND2 MYC EGFR MYB RADs1B
CBL GNAT1 MDM4 RHOA CDKNZ2A NOTCH2 SLX4 CCND3 MYCL ERBEBZ2 MYBL1 RAF7
CCND1 GNAQ MED2 ROST CDKN2B NOTCH3 SMARCA4 CCNET MYCN ERBB4 NF1 RB1
COK4 GNAS MET SF3B1 CHEK1 PAl B2 SEMARCE71 CDK2 NTRK1 ERG NOTCH1 RELA
CDK6 H3F3A MTOR SMADg CREBREP PiK3R1 STK1? COK4 NTRK2 ESR1 NOTCH4 RET
CHEK2 HIST1H3B MYC SMO FANCA PMS2 TP53 CDK6 NTRK3 ETV1 NRG1 ROST
CSFIR HMNFETA MYCN SPOP FANCD2 POLE TSC1 EGFR PDGFRA ETVa NTRK1 RSP0z
CTNNEBT HRAS MYDaa SRC FANCI PTCHT TSC2 ERBRZ POGFRB ETVS NTRKZ RSP03
DoR2 IDH1 NFE2L2 STAT3 ESR71 PIKaCR FGEFRY NTRK3 TERT
EGFR IDHZ2 NRAS TERT FGFig PIK3CA
ERBAZ JAKT NTRK7 TOP1 FGF3 PPARG
ERBB3 JAK2 NTRK2 L2AFT FGFR1 RICTOR
ERBBa JAKI NTRK3 XPOn1 FGFR2 TERT
ERCC2 KDR PDGFRA FGFR3

Core Genes - 15
ATM ‘ BARDA ‘ ‘ BRCA1 ‘ ‘ BRCAZ2 ‘ ‘ BRIFP1 ‘ ‘ CDKA12 ‘ ‘ CHEKZ2 ‘ FANCD2 ‘ MRE11 ‘ ‘ MBM ‘ ‘ PalL B2 ‘ PPP2R2A ‘ ‘ RADS1B ‘ RADE4L ‘ TP53 ‘

Core Genes - 28

‘ ATM ‘ ‘ BARD1 ‘ ‘ BRCA1 ‘ ‘ BRCA2 ‘ ‘ BRIP1 ‘ ‘ CDK12 ‘ CHEK1 ‘ ‘ CHEK2 ‘ FANCD2 ‘ FANCL kKRAS ‘ ‘ MRE11 ‘ ‘ MBN ‘ ‘ PALB2 ‘ PIK3CA ‘ ‘ POLD1 ‘ ‘ POLE ‘

PPP2R2A ‘ ‘ PTEN ‘ ‘ RADS0 ‘ ‘ RADSA1 ‘ ‘ RAD51B ‘ RAD51C ‘ RADA1D ‘ RADS2 ‘ RADSAL ‘ TP53 ‘ ‘ XRCC2
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Cardiopatias




Cardiopatias

Canalopatias

Sindrome
de QT
largo

Sindrome
de Brugada

v

Sindrome
de QT
corto

Enfermedad
del sistema de
conduccion




Cardiopatias

SBr

SQTL

KCND3
KCNE3
KCNE5
KCNJs
PKP2
RANGRF

CACNA1C
KCNH:=2

SCNzB
SCN3B
SCN10A
SEMA3A
SLAMP
TRPM4

SQTC

TVPC




Cardiopatias

SQTL

CACNAIC

SNTAI

CALM1

TECRL

CALM2

TRDN

CALM3

CAVINT*

KCNET1

FHL2*

KCNE2

HCN4*

KCNHZ2 KCNJ2 KCNQT SCN5A AKAPS

KCNAS5*

KCND2* KCND3* KCNE3* KCNES™

ANK2

NOSIAP*

CAV3

SCNIB*

KCNJS RYRZ2

SCN3B*

SCN4B

TRPM4*

SLC22A5




Cardiopatias

SBr

CACNAIC

SNTAI

CALMI

TECRL

CALM2 CALM3

TRDN

CAVINT*

KCNET1

FHLZ2*

KCNEZ2

HCN4*

KCNH2 KCNJ2 KCNQIT SCN5A AKAPS

KCNAS5*

KCNDZ2* KCND3* KCNE3* KCNE5™

ANKZ2

NOSIAP*

CAV3

SCNIB*

KCNJ5 RYRZ

SCN3B*

SCN4B

TRPMA4*

SLC22A5




Cardiopatias

ESC

DES

SLC22A5

LDB3*

EMD HCN4

TNNI3K

MYBPHL*

LAMP2

TRPM4

MYH7*

LMNA

TTR

NPPA*

NKX2-5
CALR* CAVIN4*
PITXZ2* PKP2*

PRKAG2 SCN5A TBX5 ACTC] CACNAID

DsC2* DSG2* DspP~* GATA4* HFE*

RYRZ* SCN4B* SLMAP*

GAA

IRX3*

GJAS

Jup*

GLA GNBZ2 KCNJZ2

KCNEZ*

KCNHZ2*

MYH6

KCNKI17*

SCNIB

KCNOQT*




Cardiopatias

SQTL

SBr

ESC

CACNAIC CALM1 CALM2 CALM3

SNTAI TECRL TRDN CAVINT*

KCNHZ2 KCNJ2 KCNQT SCN5A

KCND2* KCND3* KCNE3* KCNES™

SCNIB*

KCNJS

SCN3B*

CACNAIC CALMI CALM2 CALM3

SNTAI TECRL TRDN CAVINT*

KCNH2 KCNJ2 KCNQIT SCN5A

KCNDZ2* KCND3* KCNE3* KCNE5™

SCNIB*

KCNJ5

DES EMD HCN4 LAMP2 LMNA

SLC22A5 TNNI3K TRPM4 TTR

LDB3* MYBPHL* MYH7* NPPA*

SCN5A TBX5 ACTCI CACNAID

DsC2* DSG2* DspP~* GATA4* HFE*

RYRZ* SCN4B* SLMAP*

KCNEZ*

GNB2

SCN3B*

KCNHZ2*




Cardiopatias

Canalopatias

Sindrome

de QT
largo

Sindrome
de Brugada

TVPC

Sindrome

de QT
corto

Enfermedad
del sistema de
conduccion

CACNAIC CALM] CALM2 CALM3

MYH7 NKX2-5 PKP2 PLN

FHLZ GAA GJAS GLA GNBZ

SCNZB SCN4B

FGFi2* GATAS5* GJAT* GREMZ*

SCN3B* SLMAP* SYNE2*

PRKAG2

SLC22A5 SNTAI

TBX5 TECRL

TMEMI75%*

CASQ2 DES Dsc2

RYRZ2 SCN5A

GPDIL HCN4 IRX3

KCND2* KCNKI17*

TPMI* ZFHX3*

KCNK3* LDB3*

DsG2 DspP EMD

TNNCI TNNI3 TNNT2

KCNAS5 KCND3 KCNE3

TMEMA43 TNNIZK TRDN

MYBPHL*

JUP KCNET

ACTCT AKAPS

KCNES KCNJ5

TRPM4 TTR ABCC9*

NKX2-6%

CACNAID

NOSTAP*

KCNE2 KCNH2 KCNJ2

CACNAZDI

KCNJ8 LAMPZ MYH6

ANK3* CAVINT*

NPPA* PPAZ*

RANGRF*



Miocardiopatias

PRIMARY CARDIOMYOPATHIES
(predominantly involving the heart)

Genetic Mixed* Acquired
HCM - DCM — Inflammatory (myocarditis)
ARVC/D - Restrictive L S“fS;l;pm"‘;)k";fi
(non-hypertrophied (“tako-tsubo”)
LVNC - and non-dilated) — Peripartum
PRKAG2 | Glycogen ~ Tachycardia-induced
Danon > storage
— Infants of insulin-dependent
Conduction Defects — diabetic mothers

Mitochondrial myopathies —




MCH

Costamere
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Integrin
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MCD

Genetic Variations Leading to Familial Dilated Cardiomyopathy — Kae Won Cho et al. - 2016

Basal lamina
——
v7«- -.."%6 —
- Laminin-2
B-dystroglycan a-dystroglycan Structural
— —" Sarcoglycans - Proteins
a* cycling C smosome
ion channels e . * gg:i(:(ol\g)m
« ABCC9 (AD) Sarcolemma | , DES (AD)
* PLN(AD) * DMD (XL)
* SCN5A (AD) ' * DTNA (AD)
Dystrophin * LDB3 (AD)
* SGCG (AD)
Cytoplasm
Sarcomere
*ACTC1 (AD)
* MYBPC3 (AD), Desmin
* MYH6 (AD) ihri
My i myofibril
* TNNC1 (AD) Z-disc
* TNNI3 (AD) PNS Emerin KASH protein
* TNNT2 (AD)
« TPM1 (AD) NPC ONM Cytoskeleton
*TTN(AD) reorganization

Nuclear envelope
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Nuclear ez 5o
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expression
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Miocardiopatias

ACTCT BAG3 CACNAIC CALM1 CALM2 CALM3 CASQ2 DES DMD Dsc2 DSG2 DspP EMD FHL1 FHOD3 FLNC GLA Jup

KCNET KCNEZ2 KCNH2 KCNJ2 KCNQ1 LAMP2 LMNA MYBPC3 MYH7 MYL2 MYL3 NKX2-5 PKP2 PLN PRKAG2 PTPNIT RBMZ20

RYRZ2 SCN5A TNNCT TNNI3 TNNT2 TPMI1 TRIM63 TTN TTR AARSZ2 ACADS9 ACADVL ACTAIT ACTNZ2 AGK AGL AGPATZ2
AKAPS ALMST ALPK3 ANKZ2 ANOS5 ATPAF2 CACNAID CACNAZDI CACNBZ2 CAV3 COAS COA6 coQ2 COXI15 COX6BI1 CRYAB
CSRP3 CTNNA3 DLD DNAJCI9 DOLK DTNA EYA4 FAH FHL2 FKRP FKTN FOXREDI GAA GATA4 GATAS GATA6 GFMI GJAS
GLB1 GNB2 GNPTAB GUSB GYGI HCN4 HFE HRAS IRX3 JPHZ KCND3 KCNE3 KCNES KCNJ5 KCNJ8 KLHL24 KRAS LAMAZ
LDLR LIAS LZTRI MAPZKI MAPZKZ2 MLYCD MRPL3 MRPLA44 MRPS22 MTO1 MYBPHL MYOT MYOZ2 MYPN NFI1 NRAS PMM2
PPAZ2 PPCS PRDMI6 QRSLT RAFI RITT SCNIB SCNZB 5C02 SDHA SGCD SGCG SHOC2 SLC22A5 SLC25A3 SNTAIT S0si1 SPEG

SURFI TAZ TBX20 TBX5 TCAP TECRL TMEM43 TMEM70 TNNI3K TRDN TRPM4 ZBTBI17 AZMLT* ABCC9* AKTI* ANK3* ANKRDT*

ATP5FIE* BRAF* BSCLZ2* ClOorf71* CALR* CALR3* CASZI* CAVINT* CAVIN4* cBL* CDHZ2* CHRMZ2* COL7AT* CTNNAT* CTNNBT*

DNMIL* ELAC2* FBX032* FGFI2* FXN* GATADT* GJAT* GPDIL* GREMZ2* GSK3B* IDH2* ILK* ISM2* JARID2* KAT6B* KCNA5*

KCNDZ2* KCNKI17* KLF10* LAMA4* LDB3* LMODZ2* MAP3K8* MEF2C* MIBT* MYH6* MYLKZ2* MYOMT* NEBL* NEXN* NKX2-6%* NNT*

NONO* NOSIAP* NOTCHIT* NPPA* NRAP* OBSCN* OPA3* PDHAT* PDLIM3* PERP* PHKAT* PITX2* PKDZ2* PKP4* PPPICB* PPPIRI3L*

PSENT* PSENZ2* RANGRF* RASAT* RASAZ2* RBM24* RRAS* SCNIOA* SCN3B* SCN4B* SGCA* SGCB* SLC25A4* SLMAP* S50S2*

SPREDT* SPRYT* SYNET* SYNEZ2* SYNGAPT* TGFB3* TMEMI75* TMODT1* TORIAIPT* TRIM54* TSFM* TXNRDZ2* vCL* WISPT* WTT* XK*

ZFHX3*

www.healthincode.com




Cardiopatias

ACTCT BAG3 CACNAIC CALMI1 CALM2 CALM3 CASQ2 DES DMD Dsc2 DSG2 DsP EMD FHL1 FHOD3 FLNC GLA JUP

KCNET KCNE2 KCNH2 KCNJ2 KCNOQ1 LAMP2 LMNA MYBPC3 MYH7 MYL2 MYL3 NKX2-5 PKP2 PLN PRKAG2 PTPNT1I RBM20

RYR2 SCN5A TNNC1 TNNI3 TNNT2 TPM1 TRIM63 TTN TTR AARS2 ACADS ACADVL ACTAT ACTNZ AGK AGL AGPATZ

AKAPS ALMST ALPK3 ANKZ2 ANOS5 ATPAF2 CACNAID CACNAZDI1 CACNBZ CAV3 COA5 COAb6 coQz2 COXI5 coxeBl CRYAB

CSRP3 CTNNA3 DLD DNAJCI9 DOLK DTNA EYA4 FAH FHLZ FKRP FKTN FOXREDI GAA GATA4 GATAS GATA6 GFMI GJAS

GLBI GNB2 GNPTAB GUSB GYGI HCN4 HFE HRAS IRX3 JPHZ2 KCND3 KCNE3 KCNES KCNJ5 KCNJ8 KLHL24 KRAS LAMAZ

LDLR LIAS LZTR1 MAPZKI MAP2Z2K2 MLYCD MRPL3 MRPL44 MRPS22 MTO1 MYBPHL MYOT MYOZ2 MYPN NFI1 NRAS PMMZ2

PPAZ PPCS PRDMI6 QRSLIT RAFT RITI SCNIB SCNZB 5C02 SDHA SGCD SGCG SHOCz2 SLC22A5 SLC25A3 SNTAIT S0Osi SPEG

SURFI TAZ TBX20 TBX5 TCAP TECRL TMEMA43 TMEM70 TNNIZK TRDN TRPM4 ZBTBI17 AZMLT* ABCC9* AKTI* ANK3* ANKRDT*

ATP5FIE* BRAF* BscLz2* ClOorf71* CALR* CALR3* CASZT* CAVINT* CAVIN4* cBL* CDH2* CHRMZ2* COL7AT* CTNNAT* CTNNBT*

DNMIL* ELACZ* FBX0O32* FGFI12* FXN* GATADI* GJAT* GPDIL* GREMZ2* GSK3B* IDH2* ILK* ISM2% JARIDZ2* KAT6B* KCNAS5*

KCNDZ2* KCNKI7* KLFIO* LAMA4* LDB3* LMODZ2* MAP3K8* MEF2C* MiBT* MYHG6* MYLK2* MYOMT* NEBL* NEXN* NKX2-6% NNT*

NONO* NOSIAP* NOTCHT* NPPA* NRAP* OBSCN* OPA3* PDHAT* PDLIM3* PERP* PHKAT* PITX2* PKDZ2* PKP4* PPPICB* PPPIRI3L*

PSENT* PSENZ2* RANGRF* RASAT* RASAZ* RBMZ24* RRAS* SCNIOA* SCN3B* SCN4B* SGCA* SGCB* SLC25A4* SLMAP* 5052*

SPREDI* SPRYT* SYNET* SYNEZ2* SYNGAPT* TGFB3* TMEMI175%* TMODT* TORIAIPT* TRIM54%* TSFM* TXNRD2* VCL* WISPT* WTT* XK*

ZFHX3*




Flujo de trabajo / Interpretacion

Step O

De-multiplexing
Adapter trimming

gl

(BB I
e insd!
g )

Step 1

Step 2
—_—

Alignment to
Reference Genome
Hg19 or GRCh38

Assembling and Validating Bioinformatic Pipelines for
Next-Generation Sequencing Clinical Assays

Jefirey A. SoRelle, MD; Megan Wachsmann, MD, MSc; Brandi L. Cantarel, PhD

ClinVar

Variant
calling

Step 5 | ANNOTATION

'ggIVI.L_‘

Clinical Annotation

Population c.1234G>T
Allele Frequency p.R411T
Rule out
Benign

polymorphisms



Aspectos importantes

* Regiones cubiertas
e Cobertura/Profundidad
* Numero de lecturas

* Pipeline/Filtrado de variantes




Regiones cubiertas

Oncomine Focus Assay* Content and Evidence

Oncomine Reporter
March 2019

CATEGORIZED BY SOMATIC CATEGORIZED BY
ALTERATION TYPE RELEVANCE

35 Hotspot genes 7 Genes on
19 Focal CNV gains 52 labels
23 Fusion drivers 15 Genes in
21 guidelines

43 Genes are used
in 915 global
clinical trials



Oncomine® Focus Panel 52 Gene List

Hotspot genes, n=35 Copy Number Variants, n=19 Fusion drivers, n=23
AKT1 IDH2 ALK FGFR3
ALK JAK1 AR FGFR4 IEEIEE?’}
AR JAK2 BRAF KIT ALK MET
BRAF JAK3 CCND1 KRAS
CDK4 KIT CDK4 MET BRAF
CTNNB1 KRAS CDK6 MYC
DDR2 MAP2K1 EGFR MYCN
PDGFRA

EGFR MAP2K2 ERBB2 PDGFRA
ERBB2  MET FGFR1 PIK3CA RAFA
ERBB3 MTOR FGFR2

=CFRE RET
ERBB4  NRAS ERBB2 ROS1
ESR1 PDGFRA FGER1
FGFR2 PIK3CA
FGFR3 RAF1
GNA11 RET
GNAQ ROS1 RNA Panel
HRAS SMO
IDH1

Note: 52 genes fotal DNA Panel

Hotspot. CNV, Hotspot + CNV, Hotspot + CNV + Fusion, Hotspot + Fusion, CNV+ Fusion



TABLA 1. Genes y regiones estudiados en el analisis de variantes nucleotidicas

. T ; ;
o oo mows DY SN e y_omons
AKTI 14 3
ALK z 11,21, 23,23, 24, 35, 27 y 20
AR X GYE
BRAF 7 5,5,7, 8, 10,11, 13, 15y 18
Coka 12 1,56 7yE
CTMNEL S S
DORZ 1 5
EGFA 7 3,7,12, 15, 18, 10, 20y 21
I - E, 17,18, 18, 20, 21, 22, 24y
25
ERBES 12 %,3,68y8
ERBE4 z 13
E5f1 5 E
FEFRZ 10 7,8,0,12y14
FEFR3 4 3,7,0,14, 16y 18
GNALL 15 ays
GNAQ o ays
HRAS 11 zy3
o1 2 1
o2 15 4
JAKT 1 14,15y 18
JARE o 14
JART 13 11,12y 15
T 4 §,0,10,11, 13y 17
KRAS 12 2,3y4
RAARZKI 15 2,3y6
MARIKZ 15 z
MET 7 2,11, 14,15, 16y 19
MTOR 1 30, 30, 40, 43, 47y 53
HRAS 1 2,3y4
POGFRA 4 7,12, 14,18y 23
PIK3CA 3 Z,5,6,8 10,14,19 y21
RAF1 S Tyiz
AET 10 10,11, 13, 15y 16
AOS51 5 36y38
0 7 4,6,8y0




TABLA 1. Genes y regiones estudiados en el analisis de variantes nucleotidicas

. T ; ;
o oo mows DY SN e y_omons
AKTI 14 3
ALK z 11,21, 23,23, 24, 35, 27 y 20
AR X GYE
BRAF 7 5,5,7, 8, 10,11, 13, 15y 18
Coka 12 1,56 7yE
CTMNEL S S
DORZ 1 5
EGFA 7 3,7,12, 15, 18, 10, 20y 21
J— 7 B, 17,18, 18, 20, 21, 22, 24y
25
ERBES 12 %,3,68y8
ERBE4 z 13
E5f1 5 E
FEFRZ 10 7,8,0,12y14
FEFR3 4 3,7,0,14, 16y 18
GNALL 15 ays
GNAQ o ays
HRAS 11 zy3
o1 2 1
o2 15 4
JAKT 1 14,15y 18
JARE o 14
JART 13 11,12y 15
T 4 §,0,10,11, 13y 17
KRAS 12 2,3y4
RAARZKI 15 2,3y6
MARIKZ 15 z
MET 7 2,11, 14,15, 16y 19
MTOR 1 30, 30, 40, 43, 47y 53
HRAS 1 2,3y4
POGFRA 4 7,12, 14,18y 23
PIK3CA 3 Z,5,6,8 10,14,19 y21
RAF1 S Tyiz
AET 10 10,11, 13, 15y 16
AOS51 5 36y38
0 7 4,6,8y0




Regiones cubiertas

I . -«:— I I I I I N T |
pl33 pl32 pl3.l pl2 pll2 pll.l qll.2 ql2 q21.1 q21.31 q21.32 q21.33 q22 q23.1 q23.3 q24.2 q24.3 q23.1 q25.2 q25.3
- 3.059 bp -
37.880.000 bp 37.884.000 bp 37.882.000 bp
| | | y
P- 10554 A
lonCode_0124...bam Coverage
I
I
I
I I
11 |
I
I I
III
| I
I I I
lonGode_0124_R_2022_07_21_ -
50_user_G555-0058-250-OFA_F
20720B_Auto_user_GSS55-0058- |
FA_PM_20220720B_507.bam I
ITII
I
I I
I T
I El
I
I
w

Sequence = (IS U NN R AN RO 1 0 AN 0 0001 RUROE TR AT IR 00 AT 00 R A T N M AT TN T A 0 0 AR AR MO OO A NN A0S0 TR0 AN SN AT OO O 0T A VAR 00 0 RN RRIRERE HTUWINEOn ,
ERBB2
| | [ m | |
COSM14066

Refseq Genes

Cncomine_Focus_Hotspots
COSM436408 COSM14059 COSMEE3 COSMZ0859 COSM14065

L tracks Inader [ lenr17-27 Arn 282 Il [l2130 nf 530m



Regiones cubiertas

- 192 bp

37 879,580 bp 37 879600 bp 37 879620 bp 37 879 640 bp 37 879 660 bp 37 879,680 bp 37 879.700 bp 37 879.720 bp 3787970 bp
1 | | | | | | |

onCode_0124.. .bam Coverage

Sequence L d

lefseq Genes

Jncomine_Focus_Hotspots

Jncomine_Focus_Designed

TCCGCCCCCAGCCCTCTGACGTCCATCATCTCTGCGGTGGTTGGCATTCTGCTGGTCGTGGTCTTGGGGGTGGTCTTTGGGATCCTCATCAAGCGACGGCAGCAGAAGATCCGGAAGTACACGATGCGGAGACTGCTGCAGGAAACGGAGG TGAGGCGGGGTGAAGTCCTCCCAGCCCGCGTGGGGTCTG

ERBE2
[ ]
COSM43B408
. ___________________________________________________________________________________|

OCP1_ERBB2_17



Librerias

Genomic DNA
=

—_—]

Amplify targets using
lon AmpliSeq™ Primer Pool

N —— § ;

Partially digest primer sequences

1 7 TN

[ & &
5 W 3 - 3
) & & o @f . &
(— £ & & F &
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Tecnologia

Amplicon-based assay Hybridization capture-based assay
(Tiled amplicon approach )
Primer based &
amplification —2:""_‘ P Adapter ligation
| -
templates 1 l R
the Journal of
Holecular
PCR + bal’COding | — ﬁ i FLSEVIER %
. Guidelines for Validation of Next-Generation CrossMark
Sequencmg iSOl‘a » tal’letﬁd Sequencing—Based Oncol Panel @
regions q g—Based Oncology Panels
A_mpllcon 1 — A Joint Consensus Recommendation of the Association for
. Molecular Pathology and College of American Pathologists
FOM.fd waSh' elm' amphfv Lawrence J. Jennings,*' Maria E. Arcila,*' Christopher Corless, *" Suzanne Kamel-Reid,* 7" Ira M. Lubin,*** John Pfeifer,*'!
'eads and s.quence Robyn L. Temple-Smolkin,** Karl V. Voelkerding,*"*% and Marina N. Nikiforova*
Reverse
reads
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Amplicon 2
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Tecnologia

El método para la preparacion y el enriquecimiento de las librerias
puede estar basado en captura de hibridos o mediante amplicones

La tecnologia de secuenciacion empleada:

* |la secuenciacion mediante ligacion (Sequencing By Ligation — SBL)

* |a secuenciacion mediante sintesis (Sequencing By Synthesis — SBS)

La secuenciacion mediante sintesis a su vez se puede diferenciar en dos
tipos:
* SBS con terminadores fluorescentes reversibles (Cyclic Reversible Termination — CRT)

* SBS mediante la adicidén de un Unico nucledtido (Single-Nucleotide Addition — SNA)




FAr—<

Adicion de nucleétidos

Los nucleétidos marcados con un fluoréforo y
con el extremo 3’-OH bloqueado hibridan con
su base complementaria. Cada cluster puede

incorporar una base diferente.

SBS-CRT

-t

V]

Visualizacién
Cada zona de la flow cell se visualiza mediante
dos o cuatro laseres. Cada clister emite un

color correspondiente a la base incorporada
durante este ciclo.

NATURE REVIEWS | GENETICS WVOLUME 17 | JUNE 2016 | 333

Coming of age: ten years of next-
generation sequencing technologies

Sara Goodwin', John D. McPherson? and W. Richard McCombie’

Escisién

Los fluoréforos son escindidos y lavados de la
flow cell y se regeneran los grupos 3’-OH. A
continuacion comienza un nuevo ciclo con la
adiciéon de nuevos nucleétidos.



SBS-SNA

/ "\ ’

—

TAACAGTA

Secuenciacion por semiconduccion
Cada vez que se incorpora una base se
libera un unico ion H*, el cual es
detectado por un sensor CMOS-ISFET.

NATURE REVIEWS | GENETICS WVOLUME 17 | JUNE 2016 | 333

+ +

H* H
1 1

=/

TAACAGTA

A TT

Adicidn de un dnico nucleédtido

Solo se afiade un tipo de dNTP a la reaccion
en cada ciclo; varios dNTPs idénticos pueden
incorporarse en un mismo ciclo, aumentando
el nimero de iones liberados.

Coming of age: ten years of next-
generation sequencing technologies

Sara Goodwin', John D. McPherson? and W. Richard McCombie’



Tecnolozia

SBE-CET SBE-5NA
Valoracion
Mavor valor predictivo positivo
en la deteccion de SWVe, indels
Bajo mimero de falzos positivos
Secuenciacion de librerias Maver sensibilidad en la
formadas a partir de captura de deteccion de SNVs, indels
hibridos v amplicones Duracion corta de la camrera de
Ventajas Fozibilidad de realizar la secuenciacion (2-4 horas)
BECUENCIECI0N &N A Tnico Lectura de fragmentos largos
sentido o en ambos sentidos (200200 pb)
isingle-end v paired-end
SEGUENC AT
Elevade nimero de lecturas por
carrera (400-200 millones)
MIavor mimero de falzos
Fra_E;mEEllt_Ds de lectura mas Eg;’aﬂ;z;ﬁ;?a]mmte =
cortos {73-150 pb) g - 2ciom de libreri
Desventajas Dhracidn de la carrera de ECUETIFIcion ce ABIErEs

secusnclaclon mas larga (11-29
horas)

formadas unicamente a partir de
amplicones

Menor mamero de lecturas por
cada carrera (2-80 millones)

Esquema adaptado por Martin M. y Biscuola M.




Profundidad

* Otro aspecto importante en la NGS es el numero de veces que cada base

de una determinada region esta presente en las lecturas (reads) de los
productos de secuenciacion

e Este valor se denomina profundidad de cobertura (depth of coverage)

* Es uno de los factores determinantes para evaluar la fiabilidad del
nucledtido asignado a esa posicion de una determinada region

[
CGGATTACGTGGACCAIG (read length of 18)
ATTACGTGGACCAIIGAATTGCTGACA
ACCALIGAATTGCTGACATTCGTCA

GAATTGCTGACATTCGTCAT

1112222222223333@43333333333322222221

www.google.com/depthofcoverage



Profundidad

Sample

20PMO1330FAD
20PM01340FAD
20PMO0O1350FAD
20PMO1360FAD
20PM01370FAD
20PM01380OFAD
20PMO1390FAD

20PMO1400FAD

Mapped Reads
2,135,391
1,731,511
2,006,332
386,670
2,513,523
146,706
1,810,707

1,025,386

On Target

98.41%
98.68%
98.52%
97.92%
97.70%
98.67%
98.79%

99.09%

Mean Depth
7,831
6,261
7.323
1,293
9,342
496.7
6,602

3,610

99.74%

98.01%

100.00%

94.38%

100.00%

89.42%

100.00%

92.17%

Fuente propia




Pipeline/Filtrado de variantes

Step O

De-multiplexing
Adapter trimming

(BB I
il

Variant
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y!
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jeespppiar )

Clinvar | 7 CIVIiCH

Clinical Annotation Qj

Population
Allele Frequency p.R411T

c.1234G>T

Rule out
Benign

polymorphisms



Variant caller Type of Single-sample  Type of core algorithm
variant mode
BAYSIC [48] SNV No Machine learning
(ensemble caller)
CaVEMan [34] SMHV Mo Joint genotype analysis
deepSNV [38] SNV Mo Allele frequency
analysis
EBCall [37] SNV indel Mo Allele frequency
analysis
FasD-somaric [31] SNV Yes Joint genorype analysis
FreeBayes [44] SNV, indel Yes Haplotype analysis
HapMuC [42] SNV, indel Yes Haplotype analysis
JointSHNVMIx2 [30] SNV Mo Joint genotype analysis
LocHap [43] SNV, indel Mo Haplotype analysis
LoFreq [36] SNV, indel Yes Allele frequency
analysis
LoLoPicker [39] SMHV Mo Allele requency
analysis
MurationSeq [45] SNV Mo Machine learning
MusE [40] SNV Mo Markov chain model
MuTect [35] SNV Yes Allele frequency
analysis
SAMuools [8] SNV, indel Yes Joint genotype analysis
Platypus [41] SNV, indel, SV Yes Haplotype analysis
qSNP | 24] SNV Mo Heuristic threshold
RADIA [26] SNV Mo Heunshc threshold
Seurat [33] SNV, indel. 5V No Joint genotype analysis
Shimmer [25] SNV, indel Mo Heuristic threshold
SNooler [47] SNV, indel Yes Machine learning
SMVSniffer [32] SNV, indel Yes Joint genotype analysis
SOAPsnv [27] SNV Mo Heuristic threshold
Somaticseq [46] SNV Mo Machine learning
(ensemble caller)
SomaricSniper [28] SNV Mo Joint genotype analysis
Strelka [17] SNV, indel Mo Allele lrequency
analysis
TVC |97] SNV, indel, SV Yes lon Torrent specific
VarDict [18] SHV. indel. 5V Yes Heunsnc threshold
VarScanZ [9] SNV, indel Yes Heuristic threshold
Virmid [29] SNV Mo Joint genotype analysis

Computational and Structural Biotechnology Journal 16 (2018) 15-24
A review of somatic single nucleotide variant calling algorithms for
next-generation sequencing data

Chang Xu
Seurat
MuTect ( f,:“;,/)
(19437) e

1109

Strelka

(1976) 41I|




Reference :

Haplotype 1:
Haplotype 2:

Misannotated MNV in Public Cancer Genomics Datasets

TCTCCTCGATG
TcﬂhéTCG
CTCOTCGA
TAGTCGAT

I
ECFCGATG

TCTAQTCGATG
TCTCCTCGATG

MNV

Reference:

Haplotype 1:
Haplotype 2:

TCTCCTCGATG
TCTAGICG
CTCGTCGA
TACTCGAT
%G?GGATG

TCTAQTCGATG
TCTCETCGATG

SNVs



Misannotated MNV in Public Cancer Genomics Datasets

] i
Reference: TCT':I:drcsnTG
]
TCﬁh@TCG

CTCOTCGA
T.nqrr:GAT
ccTCGATG
Haplotype 1: TCT.IAqTCGaTG
Haplotype 2: TCTCCTCGATG

MNV

CANCER RESEARCH | GENOME AND EPIGENOME

Misannotated Multi-Nucleotide Variants in Public Cancer
Genomics Datasets Lead to Inaccurate Mutation Calls
with Significant Implications

Sujaya Srinivasan', Natallia Kalinava', Rafael Aldana’, Zhipan Li?, Sjoerd van Hagen®,
Sander Y.A. Rodenburg®, Megan Wind-Rotolo®, Xiaozhong Qian®®, Ariella S. Sasson', Hao Tang', and
Stefan Kirov'
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Reference: TCT.cc:I'CGATG
TCTAGI‘CG
CT':CGETCGA
TACTCGAT
%G?CGRTG
Haplotype 1: TCTAQTCGATG
Haplotype 2: TCTCGTCGATG

SNVs

Misannotation of multiple-nucleotide variants risks misdiagnosis

Matthew N. Wakeling, Formal Analysis, Writing — Review & Editing,#3" Thomas W. Laver, Visualization, Writing —
Original Draft Preparation ! Kevin Colclough, Investigation,2 Andrew Parish, Data Curation,? Sian Ellard, Funding
Acquisition, Supervision, " and Emma L. Baple, Conceptualization, Writing — Review & Editing® -
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Variantes

1. Pathogenic

3. VUS
4. Likely Benign
5. Benign\




Variantes

Diagnostic
=X Pathogenic ‘<E Prognostic
Predictive
3. VUS
4. Likely Benign
5. Benign
v \ “Evidence” v
Evidence of Pathogenicity || Evidence of Benign Level of Evidence
Very Strong Stand-alone Prospective trials
Strong Strong Retrospective trials
Moderate Supporting FDA-approval / guideline indication
Supporting Expert opinion
Case reports
Preclinical
Inferential
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Comparing germline and somatic variants

1] ””
Germline cateqow Somatic
Diagnostic
1. Pathogenic < Prognostic
Predictive
3. VUS
4. Likely Benign VUS
5. Benign
v N\ “Evidence” v
Evidence of Pathogenicity | | Evidence of Benign Level of Evidence
Very Strong Stand-alone :rospectivg trial_s |
Strong Strong etrospective trials
Moderate Supporting EDA—apprt.)v.aI / guideline indication
Supporting xpert opinion
Case reports
Preclinical
Inferential

Fig. 2 Comparison of germline and somatic variant categories and evidence. The Pathogenic category in germline is split into three categories for

somatic: Diagnostic, Prognostic, and Predictive, VUS Variant of Unknown Significance

Ritter et al. Genome Medicine (2016) 8:117

DOl 10.1186/513073-016-0367-2 Genome Medicine

Somatic cancer variant curation and @ee
harmonization through consensus
minimum variant level data

Deborah |. Rirter'", Sameek Roychowdhury®", Angshumey Roy!, Shruti Rao®, Melissa ). Landrum®, Dmitriy Sonkin®,
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ACMG STANDARDS AND GUIDELINES

RICHARDS of 3l | Interpratation of soquance waranis

Table 3 Criterla for classifying pathogenic varlants

Evidence of pathogenicity

Category

Very strang

Strong

Modarate

Supparting

P51 null variant (nonsense, frameshift, canonical =1 or 2 splice sites, inftiation codon, single or mulftiaxon
deletion) in 2 gene where LOF is a known mechanism of disease

Caveats:
= Baware of genes where LOF i not 3 known disease mechanism {e.g., GFEAP, MYHT)
= Lse caution interpreting LOF variants at the extreme 37 end of 2 gene
= Lse caution with splice vaniants that are predicied to lead to exon skipping but keave the remainder of the
protein intact
= Use caution in the presance of multiple transonipts
P51 Same amino add change & a previously established pathogenic variant regardless of nucleatide change
Example: Val—leu caused by either G=C or &G>T in the same codon
Caveat: Beware of changes that impact splidng rather than at the amino addiprotein level
P52 De novo {hath maternity and paternity confirmed) in a patient with the disease and no family history

Mote: Confirmation of paternity only is msuffident. Egg donation, surrogate motherhood, errors in embirgo
transfer, and 0 on, can contribute to nonmaternity.

P53 Wel-established inwitro or in wivo functional studies supportive of a damaging effect on the gene or gene
product

Mote: Functional studies that have been validated and shown to be reproducible and robust in a dinica
diagnastic [2boratory s=tting are considered the most well established.

P54 The prevalence of the vanant in affected indivduals is significantly increased compared with the prevalence
in controls

Mote 1: Relative risk or OR, =5 obtained from case—control studies, is »5.0, and the confidence interval around
the estimate of ralative risk or OR does not indude 1.0, Sea the artide for detailed guidanca.

Mote 2: In instances of veny rare variants where casa—control studies may not reach statistical significance, the
prior observation of the variant in multiple unrelated patients with the same phenotype, and its absencain
controls, may be wsed as modarate leval of evidence.

P Located in 3 mutational hot spot andfor aitical and well-established functional domain {e.g.. active site of
an enzyme) without benign variation
P2 Absant from controls (or at extremaly bow frequency if recessive) (Table 6} in Exome Seguending Praject,
1000 Genomes Project, or Exome Aggregation Consotium

Caveat: Population data for insertions'deletions may be poorly called by next-generation sequencing.
P3 For recessive disorders, detected in trans with a pathogenic vanant

Mote: This requires testing of parents (or offspring) to determine phase.
P4 Protein length chamges as a result of in-frame deletionsfinsartions in 2 nonrepeat region or stop-loss variants
PMS Movel missense change at an amino add residue where a different missense change determined to be
pathogenic has been seen bafone

Example: Arg 156His is pathogenic; now you obsanve Arg156Cys
Caveat: Bewara of changes that impact splicing rather than at the amino acd/protesn leval.
P& Assumed de novo, bart without confirmation of paternity and maternity

P Cesegregation with diseasa in multiple affected family members in @ gene definitively known fo causa the
disease

Mote: May be usad as stronger evidance with increasing segregation data

PP? Missanse variantin a gene that has a low rate of benign missense variation and in which missanse variants
are 3 commaon mechanism of disease

PP3 Muitsple Bnes of computational evidenca support a deleterious effect on the gena or gena product
(consenation, evolutionary, splicing impact, etc)

Caveat: Because many in silico algorithms usa the same or very similar input for their predictions, each
algorithm should not be cownted as an independent criterion. PP3 can be used only once in any evaluation of
a vanant.

P4 Patient's phenotype or family history is highly spadific for a disease with a single ganetic etiology

PP5 Reputable sounce recantly reports variant as pathogenic, but the evidence is not avalable to the labaratony
to perform an independent evaluation

Genetics
o ACMG STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the

Sue Richards, PhD', Nazneen Aziz, PhD**, Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD%,

Association for Molecular Pathology

Intarpratation of sequenca varimts | FCHARDS ot af
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Table 4 Criterla for classifying benign varlants

Evidence of benlgn
Impact Category
Stand-alone BA1 Allele frequency 5 >5% in Exome Sequendng Projed, 1000 Genomes Project, or Exome Aggregation Consortasm
Sirong B51 Allale frequency is greater tham expected for disonder (see Table 6)
B52 Observed in a healthy adult individual for a recessae (homozygows), dominant (heterorygous), or X-inkad
{hemizygous) disorder, with full penetrance expected at an early age
B53 Well-established i vitro or in viva funchional studies show no damaging effect on protemn function or spliong
B34 Lack of segregation in affected members of a family
Caweat: The presence of phenocopies for common phenotypes e, cancer, epilepsy) can mimic ladk of segregation
amaong affected individuals. Alsa, families may hawve more than one pathogenic variant confributing to an autosomal
dominant disorder, further confownding an apparent lack of segregation.
Supporting B Misserse vaniant in a gene for which primarily truncating variants are known to cause dissase

BP? Observed in trans with a pathogenic variant for a fully penetrant dominant genefdisorder or observed in oswitha
pathogenic variant in any inheritance pattern
BP3 In-frame deletionsfinsertions in a repetitive region without a known function
BP4 MuRiple Bnes of computational evidence suggest no impact on gene or gene produc (consenation, evolutionary,
splicing impact, etc.)
Cawaat: Bacause many in sloo algorithms use the same or very simiar inpat for their predictions, each algorithm
cannot be counted as an independent criteron. B can be used only once in any evaluation of a vanant.
BPS Variant found in a case with an alternate moleoular basis for disaasa
BPE Reputable sowrce recently raports variant as benign, but the evidence is not available to the [zbaratory to perform an
mdependent evaluation

BPT A synonymous (silent) vanant for which splicing prediction abgarithms predsct no impact to the splice consensus
sequence nor the oreation of a new splice site AND the nudeotide & not haghly conserved

LOE loss of funcbon: OF. odds ratio.



P Benign - Pathogenic “
e il -
Strong Supporting Supporting Moderate Strong Very strong
Population MAF is too high for Absent in population Prevalence n
data dizsorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
dizsease penetrance BS2
Computational Multiple lines of Multiple lines of Movel missense change Same amino acid Predicted null
and predictive computational evidence computational at an amino acid residue change as an variant in a gene
data suggest no impact on gene evidence support a where a different established where LOF iz a
/gene product BP4 deleterious effect pathogenic missense pathogenic variant known
on the gene /gene change has been seen P31 mechanism of
Missense in gene where product PP3 before PM5 dizease
only truncating cause PV51
dizease BP1 Protein length changing
variant P4
Silent variant with non
predicted splice impact BP7
In-frame indels in repeat
w/out known function BP3
Functional Well-established Missense in gene with Mutational hot spot Well-establizhed
data functional studies show low rate of benign or well-studied functional studies
no deleterious effect missense variants and | functional domain show a deletericus
BS3 path. miszenses without benign effect PS3
common PP2 vanation PM1
Monzegregation Cosegregation with
. with disease BS54 dizease in multiple
ation ! .
Segreg affected family Increased segregation data
members PP1
De novo De novo (without De novo (paternity and
data paternity & maternity maternity confirmed)
confirmed) PM6 ps2
Allelic data Observed in frans with For recessive
a dominant variant BP2 disorders, detected
in trans with a
Obszerved in cis with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
database shared data = benign BP& = pathogenic PP5
Found in cass with Patients phenotype or
Other data an alternate cause FH highly specific for

BPs

gene PP4




Table 5 Rules for combining criteria to classify sequence

variants
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College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD*', Sherri Bale, PhD?, David Bick, MD?, Soma Das, PhD?,

Pathogenic

Likely pathogenic

Benign

Likely benign

Uncertain
significance

(i) 1 \erystrong (PVS1) AND
(a) =1 Strong (PS1-PS4) OR
(b) =2 Moderate (PM1-PMBE) OR

() 1 Moderate (PM1-PM6E) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PPS)
(iiy =2 Strong (P51-P54) OR
(iii) 1 Strong (PS1-P54) AND

(a)=2 Moderate (PM1-PMBE) OR

(b)2 Moderate (PM1-PMB) AND =2
Supporting (PP1-PP5) OR

(€)1 Moderate (PM1-PM&) AND =4
supporting (PP1-PPS)

{iy 1 \erystrong (PVS1) AND 1 moderate (PM1-
PMG) OR

(i} 1 5trong (PS1-P54) AND 1-2 moderate
(PM1-PME) OR

(ili} 1 5trong (P51-PS4) AND =2 supporting
(PP1-PP5) OR

(iv) 23 Moderate (PM1-PME) OR

(v} 2 Moderate (PM1-PM&) AND =2 supporting
(PP1-PP5) OR

(vi} 1 Moderate (PM1-PMB) AND =4 supporting
(PP1-PP5)

(i) 1Stand-alone (BA1) OR
(i} =2 Strong (BS1-BS4)

{iy 1 5trong (B51-B54) and 1 supporting (BP1-
BP7) OR

(il =2 Supporting (BP1-BP7)
(iy Other criteria shown above are not met OR

(il} the criteria for benign and pathogenic are
contradictory
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Oncogenicity Classification Point Ranges

l<—Benign—> Likely Oncogenic <-0Oncogenic>
Benign Oncogenic
Evidence Strength Very Strong Strong Supporting Supporting Moderate Strong Very Strong
POINTS -8 -4 -1 +1 +2 +4 +8
Absent in
Population Data MAF is >5% MAF is >1% population
databases

Functional Data

Well-established
functional studies
show no oncogenic

effects

Well-established
functional studies
supportive of an
oncogenic effect

Predictive Data

Silent mutation (no
predicted impact on

splicing)

Missense change at
an amino acid
residue where a
different missense
change determined
to be oncogenic has
been documented

Same amino acid
changeas a
previously
established
oncogenic mutation

Null variant in
tumor suppressor

Cancer Hotspots

Cancer hotspots
with low frequency
of recurrence

Cancer hotspot with
moderate frequency
of recurrence

Cancer hotspot with
high frequency of
recurrence

Computational Evidence

All utilized lines of
computational
evidence suggest no
impact of a variant

All utilized lines of
computational
evidence support
oncogenicity




Identification Annotation Onco.gemtflty . CI.|r3|caI Clinical Decision
Classification Significance
Variant Calling Annotation Somatic SOP Levels of Evidence Molecular Tumor

Tumor sample
sequencing identifies
potential somatic
variants.
Bioinformatic
pipelines convert the
initial sequencing
data output into a
Variant Call Format
(VCF).

Identified somatic
variants are annotated
with information such
as functional evidence,
cancer frequency,
population frequency,
computational
predictions.

Classification of
variants to one of five
categories:
Oncogenic, Likely
Oncogenic, Variant of
Uncertain Significance
(VUS), Likely Benign,
Benign using the
Somatic Oncogenicity
SOP.

Variants are further
assigned a level of
evidence using
consensus driven and
established guidelines
developed by the
AMP/ASCO/CAP joint
consensus
recommendation or
other professional
society guidelines
such as the ESMO
ESCAT.

Boards
Multi-disciplinary
molecular tumor
boards (MTBs) are
convened that include
among others clinical
oncologists, molecular
pathologists, cancer
biologists, geneticists,
genetic counselors,
bioinformaticians to
collaboratively arrive
at an optimal clinical
decision.




Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier ll: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapies
for different tumor types
or investigational
therapies

Multiple small published
studies with some
consensus

Preclinical trials or a few
case reports without
consensus

Tier lll: Variants of
Unknown Clinical
Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases

No convincing published
evidence of cancer
association

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific

subpopulation databases

No existing published
evidence of cancer
association
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Table 2. Three Scales for Classifying Molecular Alterations in Cancer

ESCAT |

ESCATII

ESCAT Il

ESCAT IV

ESCATV

ESCAT X

ESCAT JCR
Ready for routine use Tier 1 Strong clinical impact
A Prospective randomized frials A: FDA approved
B: Prospective nonrandomized therapy/professional
trials guidelines
C: Basket trials and trials across B: Well-powered studies
tumor types with expert consensus
Investigational therapeutic Tier 2 Potential clinical impact
options C: FDA approval in different
A: Retrospective studies tumorsfinclusion in clinical
B: Retrospective studies trial; trial/multiple small studies
endpoints not currently available with some consensus
| thetical targets D: Preclinical trals/case
A: As ESCAT | but in other tumor ;
types
B: Alteration with predicted
impact in same pathways
Preclinical evidences
A: In vivo or in vitro evidences
B: In silico evidences
Combination development Tier 3 Unknown clinical
Objective response but not significance
improved outcomes
Benign variants Tier 4 Benign variants

Molecular Tumor Boards

Claudio Luchini
Rita T. Lawlor,?

Aldo Scarpa'?

Michele Milella,®* and

in Clinical Practice

1,%

i@

Level 1

Level 2

Level 3

Level 4

Level R1

Level R2

Level R3

OncoKB
Level of actionability
FDA approval

FDA-recognized biomarker predictive of response to
an FDA-approved drug in this indication

Standard care biomarker predictive of response to
approved drug®

A: In this indication

B: In another indication

Compelling clinical evidence suppaorts the biomarker
as being predictive of response to a drug

A: In this indication

B: In another indication

Compelling bioclogical evidence supports the
biomarker as being predictive of response to a drug

Level of resistance
Standard care biomarker predictive of resistance to
an FDA-approved drug in this indication
Compelling clinical evidence supports the biomarker
as being predictive of resistance to a drug

Compeling biological evidence supports the
biomarker as being predictive of resistance to a drug

“Approved drug for OncokB level 2 is not limited to FDA-approval but also refers to drugs approved by the National Comprehensive Cancer Network (NCCN) or by another

expert panel.
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Variant Details: chr12:25398280
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Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier ll: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapies
for different tumor types
or investigational
therapies

Multiple small published
studies with some
consensus

Preclinical trials or a few
case reports without
consensus

Tier lll: Variants of
Unknown Clinical
Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases

No convincing published
evidence of cancer
association

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific

subpopulation databases

No existing published
evidence of cancer
association
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Table 3A. List of genomic alterations level 1/Ilfill according to ESCAT in advanced non-sguamous non-small-cell lung cancer [NSCLC)
Gene Alteration Prevalence ESCAT  References
FGFR Common mutations (Del19, [858R) 15% (50%—60% Asian)  IA Midha A, et al. Am J Cancer Res. 2015
Acquired T790M exon 20 60% of EGFR mutant 1A Mok T, et al. J Clin Oncol. 2018”7
Uncommon EGFR mutations (G719X in exon NSCLC I8 Soria J-C, et al. N Engl J Med. 2018
18, LB861Q in exon 21, 5768 in exon 20) 10% e Ramalingam 5, et al. N Engl J Med. 2020
Exon 20 insertions 2% Mok T, et al. N Engl J Med. 2017
Yang IC-H, et al. Lancet Oncol. 20157
Cho J, et al. J Thorac Oncol. 20087
Cardona A, et al. Lung Cancer. 2018
Heymach J, et al. J Thorec Oncol. 2018
ALK Fusions (mutations as mechamism of resistance] 5% 14 Solomon B, et al. J Clin Oncol. 2018%
Soria J-C, et al. Lencet. 20177
Peters S, et al. N Engl J Med. 2017°7
Zhou C, et al. Ann Oncol. 2018™
Camidge D, et al. N Engl J Med. 2018™
MET Mutations ex 14 skipping 3% B Tong J, et al. Clin Cancer Res. 2016™"
Drilon A, et al. Nat Med. 2020"
Focal amplifications (acquired resistance 3% ne Camidge D, et al. J Clin Oncol. 2018
on EGFR TKl in EGFR-mutant tumours)
BRAEV™™  pautations 2%, B Planchard D, et al. loncet Oncol. 2016
Planchard D, et al. Lancet Oncol. 2017
Planchard 1, et al. J Clin Oncol. 2007
ROS51 Fusions (mutations as mechanism 1% 2% IB Shaw A, et al. N Engl J Med. 2014™
of resistance) Shaw A, et al. Ann Oncol. 2019™
Drilon A, et al. Lancet Oncol. 2020"
NTRK Fusions 0.23%—3% Ic Drilon A, et al. N Engl 1 Med. 2018
Hong D, et al. Lancet Oncol. 2020™
Doebele RC, et al. Loncet Oncol. 20207
RET Fusions 1%— 2% Ic Drilon A, et. J Thorac Oncol. 20197
KRAS®YC  Mutations 12% B Barlesi F, et al. Loncet. 2016
Fakih M, et al, J Clin Oncol, 2019
ERBE2 Hotspot mutations 2%—5% 11} Hyman D, et al. Noture. 2018
Amplifications Wang Y, et al. Ann Oncol. 20187
Tsurutani J, et al. J Thorac Oncol. 20187
BRCA 1/2 Mutations 1.2% ([[1:9 Balasubramaniam 5, et al. Clin Concer Res. 2017
PIK3CA Hotspot mutations 1.2% 7% A Cancer Genome Atlas Research Network. Naoture. 20147
Vansteenkiste |, et al. J Thoroc Oncol. 2015
== NRG1 Fusions 1.7% e Duruisseaux M, et al. J Clin Oncol. 20197

Recommendations for the use of next-generation sequencing (NGS) for
patients with metastatic cancers: a report from the ESMO Precision

Medicine Working Group

F. Mosele’, J. Remon’, J. Mateo®, C. B. Westphalen®, F. Barlesi’, M. P. Lolkema®, N. Normanno®, A. Scarpa’, M. Robson®,
F. Meric-Bernstam®, N. Wagle'®, A. Stenzinger'’, J. Bonastre'”">, A. Bayle''>"*, 5. Michiels'>", 1. Biéche'*, E. Rouleau’®,

S. Jezdic’®, Y. Douillard'®, J. S. Reis-Filho'’, R. Dienstmann’® & F. André™'**""




Table 5. List of genomic alterations level I/Iiflll according to ESCAT in Table 8. List of genomic alterations level I/Ilflll according to ESCAT in
metastatic colorectal cancer (mCRC) advanced pancreatic ductal adenocarcinoma (PDAC)
Gene Alteration Prevalence ESCAT References Gene Alteration Prevalence ESCAT References
Mutations Van Cutsem E, E}BEIJ BRCAL/? Germline 1%—4% A The Cancer Genome Atlas
(resistance Clin Oncol. 2015 mutations Research MNetwork. Cancer
biomarker) Douillard 1Y, et al. N cell. 20171
Engl J Med. 2013 Golan T, et al. N Engl J Med.
Sorich M, et al. Ann m:lg,lll
21
m— et Somatic 3% B  Shroff R, et al. /CO Precis
BRAF Mutations B.5% 1A hittps:/fdoi.org/10.1 mutations Oncol. 2018
093/annonc/mdw235 MSI-H 1% 3% IC  Pihlak R, et al. Cancers.
Kopetz 5, et al. N Engl J 201811
B3
Med. 2019 Marcus L, et al. Clin Cancer
MsI-H 4%—5% A Overman M, et al. Res. 2019
=23
e NTRK  Fusions <1% IC  CoccoE, et al. Nat Rev Clin
Le DT, et al. J Clin QOncol. 2018
2020* L
NTRK1  Fusions 0.5% IC Demetri G, et al. Ann Crmmelb s
Oncol, 2018% N
Doebele RC, et al. . i;l;glil:'llal 0, et al. Cancers.
Lancet Oncol, 20207
ERBB2  Amplifications 2% 1[:1 Meric-Bernstam F, et al. P e
Sartore-Bianchi A, et al. Payne 5, et al. J Cin Oncol.
= 1[.151 18
Lancet Oncol. 2016
PIK3CA  Hotspot 17% A Juric D, et al. J Clin BRAF™™™ Mutations 3% A Hyman D, etal. N Engl ) Med.
! ¥ 1149
mutations Oncol. 20187 2015
ATM Mutations 5o, mA Wang C, et al. Trans/ MDA2  Amplifications 2% A Azmi A, et al. Fur J Cancer.
Oneel. 2017% 2010'"
De Bono J, et al. N Engl J ERBB2 Amplifications 1%—2% A Waddell N, et al. Nature.
Med. 2020 mutations 2015
MET Amplifications  1.7% na https://clinicaltrials. Hﬂrdf-';?J, et al. Br J Cancer.
govy/ct2 fshow/NCTO35 2012
92541 Hyman D, et al. Nature.
AKTIE7®  putations 1% nA Hyman D, et al. J Clin 2018
Oncol, 20177 NRG1 Fusions 1% A Jones M, et al. Clin Cancer
TMB-high in 1% 1A Fabrizio D, et al. J Res. 2019™"
M55 Gastrointest Oncol., ALK Fusions < 1% A Simghi A, et al_ J n._rmr Campr
2018% Canc Netw. 2017
[ ReviEw | RET Fusions 0.3% A Drilon A, et al. J Clin RET Fusions <1% A Drilon A, et al. J Clin Oncol.
Oncol. 2018™ 2018
Recommendations for the use of next-generation sequencing (NGS) for ALK Fusions 0.2% A Yakirevich E. et al. Cli - . - -
patients with metastatic cancers: a report from the ESMO Precision uslons ’ axirevi v & 'Tq,; n RO51 Fusions <1% A Pishvaian M;;ft al. J Clin
Medicine Working Group Cancer Res 2016 Oncol. 2018

ESCAL European Society for Medical Oncology (ESMO) Scale for Clinical Actionability
of molecular Tarpets; MSEFH, microsatellite instability-high; MSS, microsatellite
stable.

ESCAT, European Society for Medical Oncology (ESMO) Scale for Clinical Actionability
of molecular Targets; M5-H, microsatellite instability-high.

F. Mosele’, J. Remon’, J. Mateo®, C. B. Westphalen®, F. Barlesi’, M. P. Lolkema®, N. Normanno®, A. Scarpa’, M. Robson®,
F. Meric-Bernstam®, N. Wagle'®, A. Stenzinger'’, J. Bonastre'”">, A. Bayle''>"*, 5. Michiels'>", 1. Biéche'*, E. Rouleau’®,
S. Jezdic'®, Y. Douillard'®, ). S. Reis-Filho'”, R. Dienstmann'® & F. André™'**"
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