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Javdeklaration

* Forelaser for flera lakemedelsbolag (framst Sverige och Norden)
(AZ, Novartis, Roche, Takeda, BI, Pfizer, Astella)

* Deltagiti expertpaneler for flera av ovan bolag.

e Forskningsmedel fran Boehringer Ingelheim (Lungcancer 75 tkr)



Genetik

.‘_,g'(-', PRy o O L savey e el S

:'( e~ TR G CcGCGa@G Tl cocG o ot
CCGGa TaccTGa TG IS

. i
- . _ ’ . - - -

-
5
B
'
L)

v

2021-08-30 Fredrik Enlund https://www.genteknik.se/genetik-och-genteknik/



Cancer paverkar DNA och
(for)stor ceII5|gnaIer|ng
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Sma forandringar i DNA kan ge stora
konsekvenser pa cellsignalering

cell chromosomes

genome

DNA

Mutation ‘
proteins
2021-09-04 Fredrik.Enlund@regionkalmar.se www.quora.com/




Varje tumorgrupp har stor inbdrdes variation
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MNat Med. 2017 Jun;23(6):703-713. doi: 10.1036/nm.4333. Epub 2017 May 8.

2021-09-04 Fredrik.En/Mutationablandscape-of metastatic cancer revealed from prospective clinical sequencing of
10,000 patients.



Malstyrd cancerbehandling
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Precisionsmedicin

e Malinriktad terapi
Inriktad mot en specifik cellsignalvag

* Individbaserad behandling
Anpassad efter individens formaga att metabolisera och

tillgodogora sig behandlingen (t ex CYP)
wwu
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Utvecklingen av cancerbehandling

Organbaserad Biomarkorstratifierad Precisionsmedicin
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Kemoterapi Riktade ldkemedel Individanpassad

behandling

Cancer behandlas huvud-
sakligen utifran var den ar

lokaliserad i kroppen
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Cancerbehandling valjs
utifran bade organ och
biomarkor

https://www foundationmedicine se/precisionsmedicin/vad-ar-precisionsmedicin.html

Fredrik Enlund

Molekylar information mojliggor
att anpassa behandling efter den
unika molekylédra profilen

i patientens tumor



Biomarkers (585)
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MUC18 Overexpression

Attsration Groupe: e

IDigeanss: Cvarian Carcinama, Fallopian. ..

Ciinical Triale: 4
Drugs: 0

MLH1

IDigeages: Cancer, Colon Adenocarcing. .

Pathways: DHA camageiepaic
Chinlcal Triale: 168
Drugs: 5

M3HE

Diteanss: Cancer, Colon Adenogarcinn...
Palfways: Chromatin remodelingDNA ..

CHnical Triale: 165
Drugs: 5

BRCAZ

Disesgea: Cancer,
Patnways: DNA can
CHnlcal Triale: 202
Drugs: 5

repair

HRAS

Diggagen: Cancer,
Patnways: MAR ki
Chinical Triale: 132
Drugs: &

BRCA2 Loss

Arteration Groupa: DMA Damage Repai.
8:8808. Endometrial Carcinoma, Mali..

Dl
Chinical Triale: 136
Drugs: 1

BRCA1 Loss

ARteration Groupe: DMA Damage Repai.
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TP33

Diggagse: Cancer, Vgl Corcinarm, .
Pathways: Cell cycle contral

Ciinical Triale: 200

Drugs: 3

FM32

IDiBeases: Endomeirial Carcinoma, Can. .
Pathwayz: Hone

Chinical Trisle: 164

Druges: 5

MSH2

Dissagss: Cancer, Colon Adenocarcino.
Pathways: Chromatin remodeling DNA ..
Cilnical Triale: 165

Drugs: 5

BRCA1

IDiegases: Cancer, Vaginal Carcinarm, .
Patnways: DNA camagairepair
Canical Trigls: 202

Drugs: 5

BRCAZ Mutation

Ateration Groups: DNA Damage Repai..

trial Carcinoma, Mai...

BRCA1 Mutation

Ateration Group:
DiBeasss: Crcon
Clinical Triale: 151
Drugs; 4

il Carcinoma, Mali. .

ATM Loss

Alteration Groups: ATM Loss-of-Functi. ..
DiBeases: Endomeirial Carcinoma, Mali. .
Clinical Triale: 67

Drugs: 1

BRAF

Diseases: Cancer, Colon Adenocarcin.
Pathways: Kinase fusiars. MAF kinase ..
Clinical Triala: 244

Drugs: 13

A Damage Repai...
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Fredrik Enlund

MY CANCER GENOME.

GENETICALLY INFORMED CANCER MEDICINE

S6kord — Ovariancancer
272 genetiska biomarkorer rapporterade
19 malstyrda behandlingar

815 pagaende “clinical trials”



Typer av malinriktad terapi

Immunoterapi
T-cell receptor Antigen
PD-1
inhibitor
T-cell
Bert Vogelstein et al. Science
2013;339:1546-1558 PD-1
PD-L1
——pD-L

2021-09-04 Fredrik.Enlund@regionkalmar.se

PD1/PDL1 inhibering
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Cancerbehandling i cellen

Malstyrda
behandlingar
som stangerav
Cellsignaleringen—
om den ar aktiverad!

Men samma
behandling blir
verkningslos i

fel patient




Exempel pa precisionsmedicin i cancervard

Brigatinie ALKEGPRAGEIRFLTY
ROS inhisiior Pemigaisib; FGFR ahibise
Tivozant: PDGFRVEGERFGIRS Avapricib; KITPDGER intibitor
Cobozanin®: VEGFRROSIEY KITARET intabitur Ripretindx KIT/PDGFR whibi
Met/KIT/TRE2/ Acslabewinb: BTK inhibivw Sclumetinib: MEX 1/2 inhibi
RET ishibitor Ribociciib: COK4 inbabitor Crgmatinib; c-Met indshitor
Pooutinib: B AMFDGPRFGFR | Atemmcich CDKAS inhibilor Tepotinib: ¢-Met inhiitor
SFLTVKIT inhibinor || Neratimie BGERMER? indibitor Towatinitr WER? inkibitar
Afossmib: EGFRMER2A1 intibéooe Midensssein: FLYVKIT inkibitor Almonertin: EGFR inhibitor
l Lssasinib: Ber- AWPDGERIKIT ishitiace Pazopanib: POGERVEGERKIT! | | Ihutinie BTK indibitie Enasidenste 1DH2 inbsbutoc Tremetvstat: EZID inbibicor
. FOGFRATK ichibitor Tramesiaib; MEK 172 ishibhor Ninugesribi: PARP inhiviesr mm ndabitor
| Exlotisib: EGFR inkibitor |
T Axitmib: VEGFR inbibitor Pexidarting: CSFIR/KITFLT I mhibeor
‘ Raotinitc Ber-A inhibisor Zamsbrutinib: BTX intsieoe
| Swminmib: PDGFRANVEGFRIFLTY Bosstiaib: AbII/Ssc inhabitor Entrectinib: TRK ishilvice
KITRET inhisitor Vismdegib: SMO inhibitir Endatiiaib: FGFR nhitioe
Dasatinib: Ber ABSTOKITALCK! | Crefironb: Proteasose inbibice Quizartinib: FLT3 inkibitor
POGFR sshibite Regorafenib; VEGFRIPDGFRIFGER! Fedratinitc JAK2 inhibvisor
Murinostar: HDAC ishibisce } RAFRET/KIT ishibitor Alpetiby P1VKa swhibitar

201 2018

2004 2009

Nileesmlb: Ier- Abl indbitor Ceritind: ALKROS inhibi
= Lapatini: HERZEGFR inksibitor Apatiaih; VEGER2 lshibixe
e T s J Temsirolimus: sTOR inhibitor Belimustst: HDAC ishibitor
| Romidepsin HDAC intibitor | Vdchalisit: PISK3 inhibitor Anlotinib: VEGFR/PDOFR/
! FGFR ishitinor
Sorafeaib:  VEGER/KITFLTY Teotinit: EGFR intibitor Adectiniby; ALK inhitisor Loclatinit: ALK inhitéeor
PDGER inhits Crizotinite ALKROSCMet inhitso Cob i MEK1/22 indibi Frayuintimh: VEGFR indabi
Vandetanib; EGFR/VEGFR/RET inhibitor | Palboclib: CDKAM mhibwce Binimetiniee MEK1/2 inhititor
Rusailtiosdy IAK 122 indibitor Onkmertinib EGFR inhititoe Eacorafisib: BRAF intibine
 Vemuradeni: BRAF ishibitor | Sonidegi: SMO intibitor Dacomésiaib: EGFR ishibinor
Sieulinus: niTOR inhitae Giteritinih: FIT3 indvibitor
Buncbinostie: HDAC inhit Glasdezib: SMO inbior
Tecafinasat: HDAC inkibitor Ivosidershe IDH I intabitor
Ixazomib: Proteasome shibior Lamtrectinit. TRK inhisooq
Lenvidings PDOFRVEGFR/FOFRKTT/RET inhitieor . Takszopanib: PARP inhibitor
Nistodanib: VEGFRPDGFRFGFRMDRI/BCRP inbibseoe | Puvelisib; PIIKSy intebsne

https://www.nature.com/articles/s41392-021-00572-w

2021-08-30 Fredrik Enlund
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Genetiska biomarkorer i klinisk
rutin for precisionsmedicin

Gliom
1p/19q LOH
MGMT-met
IDH1/2 mut.

Lungcancer
EGFR (12%)
EML4-ALK (4%)
ROS (1%)

Koloncancer
KRAS (40%)
NRAS/BRAF (5%)

Hudcancer
BRAF(50%)
cKIT (5%)

Brostcancer
: HER2
: PIC3CA (kommande)

- ' Leukemier

Fusioner, mutationer

Okand primartumor
Tumorursprung

Ovarietumorer Gastroint.stromcancer
BRCA1/2 CKIT/PDGFRA1/BRAF

www.deviantart.com/
Mfl...

Fredrik Enlund



Precisionsmedicin kraver precisionsdiagnostik

https://www facebook.com/PrecisionDiagnostics4U

2021-08-30 Fredrik Enlund



Nyckel till precisionsmedicin?

Genetisk analys for att hitta

ratt patient till behandlingen

oy ) e Tekniska mojligheter
Individunika genetiska forandringar

2021-08-30 Fredrik Enlund



NGS utrustning (Next Generation Seguencing)

2021-08-30 Fredrik Enlund



Flera analyseri samma NGS-analys

iontorrent

Pl lngthgons ey —
FOxL2 AKTZ AT ? ? AKT? FRARG ALK NFT1
GATAZ MTOH AKT3 BAPT AR TEAT AXL HC.IS? NOTCH1

GNATT MYDES AXL BRCA1 NOTCHZ COND1 AKTZ BRAF AKT2 NOTCH4
GNAG NFE2L2 CCND1 BRCAZ Aﬁ'rom NOTCH3 CCNET AKT3 EGFR AR NRG1
GNAS NRAS CDKE COKN2A ATH PALBZ CDK4 ALK ERBAZ BRCA1 NTRK2
HNF1A PDGFAA ERCCZ axiyy  C_ATRX O PMS2 COKE AXL ERG BRCAZ NUTM1
HEA PIK3ZCA FGFR4 DR POLE EGFR BRAF ETV1 COKN2A PDGFRB

FPPZA1A H3FaA CDKN1B RADSO ERBEZ CCND2 ETVd ERBB4 PIK3CA

FTPNTT HISTTH3B CDKN28 RADS1 FGFAT CCND3 ETVS ESR1 PRIKACA
JAFT RACT MAFP2K4 CHEK1 RADS1B FGFAZ CDKz FGFRT FGR PRKACE
JaKz RAFT MDM4 CREBBP RADS1C FGFAZ CDKN2A FGFAZ FLT3 PTEN
JAK3 RET MYC FANCA RADSTD FGFA4 CDKNZB FGFR3 JAKzZ RAD51B
KDA AHEB MYCN FANCDZ RNF43 FLT3 ESR1 NTRK1 KRAS RB1
KIT AHOA NTRK1 Ak SETDZ IGF1R FGF19 NTRK3 MDM4 RELA
KNSTRN SF381 NTRKZ SLX4 KIT FGF3 FOGFARA MET RSPOZ
KRAS sMo PDGFRB STKI1 WRETTA SMARCA4  KRAS NTRK1 PRARG myB ARSPO3
MAGOH SPOP PIK3CE MDM2 NTRKZ RAF1 MYBL1 TERT
MAPZKT SAC ROS1 MO NTRK3
MAPZKZ STATZ SMAD4 MET PDGFRB
MAPKT U2AFT TEART MYC PiK3C8
MAX XPOH TOP1 MYCL RICTOR
MED12 MYCN TSC1

FOGFRA TSC2
FIK3CA

Coding
Promoter sequencesﬁ

DNA-mutationer Fusionsgener Kromosomer

2021-09-04 Fredrik.Enlund@regionkalmar.se



Racker det snart bara med ett blodprov?

cfDNA eller ctDNA eller ”liquid biopsies”
Anvands nu vid resistensfragestallningar

Interpatientheterogeneity Intratumour heterogeneity

Intertumour
heterogeneity

CLOTTED
BLOOD

2021-08-30 Fredrik Enlund



Tumorresistens?

umeor cells
contain co-«(

mutal
oncogenic or

celis may

ntain minor

ErbB membaers)

i ::::::o:;tn:t‘;:r:d‘ r::i:lance mechanisms in
2021-08-30 Fredrik Enlund

EGFR mutation-positive non-small-cell lung cancer:
implications for therapeutic sequencing

Shinji Kohsaka ™. Mark Petranczki, Flavio Solca & Makoto Maemonda



Framtidens provsvar?
Tumoren uppvisar foljande drivande forandringar:
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Drivande Signalvdag Behandlin
Genetiska % gsval
forandring

EGFR MAPP TKI-
L858R 0 blockad
MAPP 3 5 A)
TP53 Apoptos | Kemoterap
S1254G i
12%
HER2 amp MAPP AB-
blockad

Fnlund@regionkalmag
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