Epidemiologi, etiologi, patologi og molekylaer
patologi (EGFR, ALK, ROS, PD-L1) ved lungecancer,
samt om lungecancer screening
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Evolution of Patient Segmentation in
Lung Cancers (NSCLC)

PD-L1 expression level®

<1%

Histological breakdown >50%

- eg, SQ, NSQ, large cell, Molecular pathology
adenocarcinoma © eg, EGFR, ALK, ROS1

‘ Tumor Mutational Burden®

210 mut/Mb

SCLC

Traditional view

Figure adapted from Pao et al., 2011, Lancet Oncol.* Present view

1. Cooper WA et al. Pathology. 2011;43(2):103-115. 2. Langer CJ et al. J Clin Oncol. 2010;28(36):5311-5320. 3. Galon J et al. Immunity. 2013;39(1):11-26.
4. Pao W Girard N. Lancet Oncol. 2011;12(2):175-180. 5. Krigsfeld G et al. Poster presentation at AACR 2017. Abstract CT143. 6. Hellmann MD et al.

/@)@!@U M_ed. 2018; _378(22):2093-2104. UiO ¢ University of Oslo see
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Mange nye mal er identifisert
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lkke smacellet lungekreft

a Early stage b Metastatic
FGFR1 or FGFR2 0.7%

HRAS 1.2%
NRAS 1.2%
MAP2K1 0.7%

ERBB2 amplification 2.7%
MET amplification 2.5%
RET fusion 2.3%

ROS1 fusion 1.9%

RIT10.2%

FGFR1 or
FGFR2 2.6%

RIT11.6%

HRAS 0.5%
NRAS 0.5%
MAP2K1 2.2%

ERBB2
amplification 1.6%

Other genes
27.3%

ALK fusion 4.4%

MET amplification MET splice 3.0%

1.7%
RET fusion 0.3%
ROS1 fusion 0.9%
ALK fusion 0.8%

ERBB2 3.8%

NF1 truncation 1.9%

MET
splice 1.4% 1.8%

Data from TCGA (Sanchez-Vega et al.'’?, Ellrott et al.'”" and

Data from MSK-IMPACT (Jordan et al.*?) and
FoundationOne (Frampton et al.”®) panels (n = 5262) E—

— Hoadley et al."*?), Imielinski et al.®* and Kadara et al.?** (n = 741)
c\ Oslo -Ferdinandos Skoulidis & John V. Heymach UiO % University of Oslo | *5*
"' University Hospital . -
Nature Reviews Cancer volume 19, pages495-509 (2019)



https://www.nature.com/articles/s41568-019-0179-8#auth-Ferdinandos-Skoulidis
https://www.nature.com/articles/s41568-019-0179-8#auth-John_V_-Heymach
https://www.nature.com/nrc
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https://doi.org/10.3390/ijms22052625

EGFR

Epidermal Growth Factor-Receptor-Protein Kinase Interactions

CO-PURIFICATION OF RECEPTOR AND EPIDERMAL GROWTH FACTOR-ENHANCED PHOSPHORYLATION
ACTIVITY*

{Received for publication, December 11, 1979)

NOBELFORSAMLINGEN KAROLINSKA INSTITUTET sity School of Medicine, and
THE NOBEL ASSEMBLY AT THE KAROLINSKA INSTITUTE

The Nobel Assembly at the Karolinska Institute has today decided to award the Nobel Prize in
Physiology or Medicine for 1986 jointly to

Stanley Cohen and Rita Levi-Montalcini

for their discoveries of “growth factors”.
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EGFR Klinisk bruk

* Klemoterapi: responsrater pa 20 to 35%
og median overlevelse pa 10-12
maneder for pasienter med avansert
NSCLC.

» Gefitinib (Iressa) viste bedre overlevelse o e s
| studier i

T T T T T T T . T 1
3 6 9 12 15 18 21 24 27

« Senere utviklet mange ulike TKler som Months

NEJOO2 Maemondo, NEJM 2010

retter seg mot kreftceller med
aktivierende EGFR-mutasjon PFS 5.4 mnd mot 10.8 mnd

* Brukes | dag ogsa som adjuvant
behandling

o Sgggersit Hospital VIO University of Oslo o
v P Presented By Atsushi Nakamura at 2018 ASCO Annual Meeting



Resistens EGFR

PIK3CA (5%) MET (5%)
BRAF (1%) +E: KDM5, FGF2,
FGFR1, AXL, ROR1, or
Notch-1
sA: NFkB, Wnt-

tankyrase-@-catentin,
JAK2, or VEGFR

+R: ADAM17
VR: DAPK or NF1
VE: IGF binding proteins

EMT/SCLC
transformation

Gain of stem-cell like
properties

Tumor stromal factors

G 8:=3ersity Hospital Stewart et al , TLCR ,Lﬁgi@mw of Oslo ‘et




Anaplastic Lymphoma Kinase (ALK) Gene
Fusions

* Described in 2007 in ~4% of
lung adenocarcinomas’

* FDA-approved therapies
(crizotinib) available since
2011 with ORR ~60%

* Break-apart fluorescence in
situ hybridization (FISH) is
the gold standard

 IHC is acceptable for testing

Non-split signal

‘Soda et al., Nature 448: 561-566, 2007

presenten ar: 2018 ASCO j:ffglfmo,mm presentep By:  Nathan A. Pennell [] Cleveland Clinic

¢ @n8pennell
ANNUAL MEETING permission required for reuse.

( Sﬁgsersity Hospital Presented By Nathan Pennell at 2018 ASCO Annual Meeting UiO 2 University of Oslo o’



ALK-inversjon / translokasjon

) o— | EML4-ALK (E13;A20), v1 Reported
X 1 EML4-ALK (E20;A20), v2 re5|sta_nce
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KCL1-ALK (K9;A20
TFG-ALK (T3;A20)

HIP1-ALK (E21-29;

PTPN3-ALK (Insert
through exon 11)
and 3 of PTPN3

Figure 1. Schematic diagram of ALK rearrangement. The genes and domains are |
represent coil-coil domains in the fusion partner genes (EML4, KIFSB, KLC1, TFG), anc

C Oslo
'l' University Hospital

Figure 2. An adenocarcinoma that is strongly Al K positive. A: H &l stained slide. B:
ALK IHC with the D5F3 antibody and tyramide amplification shows intense cytoplas
mic staining of ALK gene product (magnification, x40).

IASLC ATLAS OF

ALK AND ROS1 TESTING
IN LUNG CANCER




ALK-posit

1

« 2-5% av pasientene med NSCLC

u 1
a .
D o Overlevelse - platinum-
- basert kiemoterapi
=
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Table 8.1: Five-year relative survival by primary site, stage and period of diagnosis, 1977-2016, males

Relative survival (%)

UiO S University of Oslo ese

ICD-10 Site Stage 1977-81 1982-86 1987-91 1992-96 1997-01 2002-06 2007-11 2012-16"
Total 6.1 75 73 81 89 103  13.0 16.0
Localised 13.8 17.4 16.1 225 33.7 41.1 44.6 533
(33-34 Lung, trachea ional 5.9 2.0 94 34 923 118 154 194
— Distant 67 o5 o8 05 o1 111 15
C Oslo
University Hospital




1.00 -
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5 0.75-
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<
= Overlevelse stadium IV
> 0.50- ey e
z ALK-positiv lungekreft:
-
i Median Overlevelse
E S o o
g 0.26- (OS) 81 maneder (6.8 ar)
o Em Stage IV ALK + NSCLC

0.00- Hjernemetastaser pa

0 25 50 75 100 125 diagnosetidspunkt
Months Since Diagnosis of Stage IV Disease pévirket ikke
Number at risk overlevelsen signifikant
L 110 80 50 25 10 1

Pacheco et al, Journal of Thoracic Oncology 2019 14, 691-700DOI: (10.1016/j.jth0.2018.12.014)
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Ros1

.-1%av  FDA approves repotrectinib for

. Yngre e ROS1-positive non-small cell lung (gri-
rgykere cancer

* Behand

e Crizotir

f Share = X Post  in Linkedin = % Email &= Print

On November 15, 2023, the Food and Drug Administration approved repotrectinib
(Augtyro, Bristol-Myers Squibb Company) for locally advanced or metastatic ROS1-

positive non-small cell lung cancer (NSCLC).

c\ Oslo UiO 2 University of Oslo

University Hospital



BRAF

« Ca 2% av pasientene
* Rgykere og ikke-rgykere

 BRAF-hemmeren dabrafenib og MEK-hemmeren trametinib har
na markedsfgringstillatelse ved BRAFV600-positiv lungekreft
uansett linje

c\ Oslo UiO 2 University of Oslo

University Hospital



Kontrollpunktshemmere (PD1/PDL1

; ‘ Expression of PD-L1
Dendriti ' _ .
=== ., on
cell W b ]

a) tumor cells &

b) macrophages

can suppress immune
surveillance

In mouse models
antibodies blocking
PD-1 / PD-L1
interaction lead to

tumor rejection

Clinical prognosis
correlates with
presence of TILs and
PD-L1 expression in
multiple cancers

(+ iversi [ ' Tissue

Melero I et al. Clin Cancer Res 2013;19:997-1008 " macrop hage



Framskritt i behandlingen - store

Conference Coverage > IASLC 18th World Conference on Lung Cancer >

Frontline Pembrolizumab More Than
Doubles OS in PD-L1+ NSCLC

B < ]v]in]3

Two-year results from the phase llI
KEYNOTE-024 trial showed that
frontline pembrolizumab (Keytruda)
more than doubled median overall
survival (OS) compared with
standard chemotherapy in patients
with high PD-L1 expressing non—
small cell lung cancer (NSCLC).

Jason Harris

Published: Wednesday, Oct 18, 2017

C Oslo
University Hospital

MG EGIG LS © feb 02, 2018 13:02 CET

Oslo, 2. februar 2018: Roches immunterapi Tecentriq (atezo
godkjent av Beslutningsforum som behandlingsalternativ foruw e
med PD-L1-positiv, ikke-smacellet lungekreft med spredning, etter tidligere
behandling med kjemoterapi. Tecentriq er den ferste PD-L1-hemmeren som er
tilgjengelig for norske lungekreftpasienter.

oversk

1§tmwm

comanvvewns — Durvalumab "Game-Changer" for 2018 Gastrointestinal

All Specialties " ’
3 ,- Locally Advanced Lung Cancer Cancers Symposium

Breast Cancer (ol Wele}

View Conference Coverage

Multiple Myeloma Silas Inman @silasinman =1 u Q‘
Published: Saturday, Sep 09, 2017 Lo ©

Lung Cancer

The OncLive® network
of partners helps bring ()IIC

ve
oncologists the latest

immuno-Oncology News
Gynecologic Oncology
Gastrointestinal Cancer

The PD-L1 inhibitor durvalumab
(Imfinzi) improved median
progression-free survival (PFS) by
11.2 months compared with placebo

in cancer research.

Colorectal Cancer

] Ovarian Cancer ) B
24 | Prostate Cancer for patients with locally advanced, ' gpline CME Activities
1 Neoadjuvant HER2+ unresectable stage Ill non-small cell g ;
| lung cancer (NSCLC) who had not ite Epion, cMe.
| Yore>> progressed following |
chemoradiotherapy, according to Oncology Best Fevs 20 PHASE Il
Related Articles phase il results from the PACIFIC ?Lae:g:pf(ii fot Panans oo il )

Medscape Coverage from the
American Association for Cancer Research (AACR) 2017 Annual Meeting

News > Conference News

P M 5 Nivolumab Quadruples 5-Year Survival in NSC
2018 Gastrointestinal T Kate Johnson
Cancers Symposium ’ ‘,'—j .
R ..’io £ April 03, 2017
o
- 10 [resscoes @ DA B R S
The OncLive® network A 9‘&
of partners helps bring | OnclLi > “;
oncologists the latest L. o )
In concer e N WASHINGTON — The longest follow-up to date on patients treated with
Ve ‘ nivolumab (Opdivo, Bristol-Myers Squibb) for advanced non-small cell lung
Online CME Activities k5.5 cancer (NSCLC) shows a 16% 5-year overall survival (OS) rate, according to
k ] new results presented here at the American Association for Cancer Research
e EXoition:  GME. E annual meeting.
Oncology Best Feb 28, 20 Before immunotherapy, 5-year survival in this setting was approximately 4%,

2018

Practice™: Choosina

sald |nvest|gator Julie Brahmer MD, from Johns Hopkins University School of

UID ¢ University of Oslo e



Gandhi KN189
AACR 2018

Events HR(95% Cl) P

Overall Survival, ITT
Pembro/Pem/Plat 31.0% 0.49 <0.00001

100

90]\4\ PlacsboPemPlat 524%  (0-0084)
| 69.2%

%0 | A0 anf

| dag er immunkjemo eller immune alene
standard behandling

Plaw T (Wl ~ W 0
30-
20-
10+
U 1 1 1 1 1 1
0 3 6 9 2 15 18 2
No. at Risk Months —_—
410 T a7 278 163 T 18 0 )
c\ Oslo 206 183 149 104 59 7 i 0 slo | eoe
University Hospital -

Data cutofidate: Nov 8, 2017
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Histologisk sikkert
adenokarsinom

Oslo
University Hospital

IHK:
PD-L1, ALK og RO51

/ 1\

Meste generasjon
sekvensering

ALK 0-1+ / ROS1 0-1+: Negativ
ALK 2+ / ROS1 2-3+: Inkonklusiv — ALK/ROS1 FISH eller NGS
ALK 3+: Positiv
—_— Vurder NGS (fusjonsvariant)

Drivermutasjon pavist i DNA basert panel: Fusjonspanel ikke ngdvendig
Pavist 3'/5" ubalanse i fusjonspanel, men ikke translokasjon: Suppler med FISH

@kt HER2 CNV: Suppler med immunhistokjemi

@kt MET CNV: Vurder FISH (MET:CEP7 ratio og gjennomsnittlig MET kopier/celle)

NLCG.no

UiO S University of Oslo




Sekvensering: a lese DNA koden

Tradisjonell
Sekvensering, en bit

leses av gangen: :>
* Sma datafiler. Informasjon om biter av

LATCATTG.. et gen

* Bare mindre omrader av gangen
* Visuell avlesning

ETTER 2000: NGS sekvensering:

Massiv par.'aIIeII * Kan tilpasses; analysere hele genomet
sekvensering, eller mindre omrader av gangen
millioner av biter e Avhengig av automatisert avlesning

leses samtidig:

|:> « STORE datafiler. Mye informasjon om

LDATCATTG ..
mange gener
.CATTGACCG..
C 8rs1=3ersity Hospital . GACCGCAGT.. UiO 2 University of Oslo o




Kreftceller

The Biggest Bottleneck in Molecular Oncology

* Manglende tilstrekkelig biopsimateriale
i 25% av lungekrefttilfeller -2 |

broad practice
improved
clinical
outcomes

molecular marker
testing data

« @kende behov for analyse av kreftceller

Presented By Howard West at 2019 ASCO Annual Meeting

* Bruk av blodpraver ey S ——

1,2 Chouaid, et al. Lung Cancer 2014, Lim, et al. Ann Oncol 2015

‘ A 0slo i0 2 Uni itv of Osl -
University Hospital UiO 2 University of Oslo .
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«Flytende biopsier>

Use of liquid biopsies for treatment strategy
in various stages of cancer

DNA Abnormalities

RNA Expression
Protein Expression

& Circulating - A )

@ Tumor Cells 4 | Amplification & Deletions
./ Cell-free DNA » A | Translocations
“ (cfDNA)

‘ Chromosomal Abnormalities

Point Mutations
Diagnose Behandlingsvalg Resistens-mekanisme Risiko

Oslo
University Hospital

Uio s UniversiteteH

IBJS:'I Sniversity of Oslo
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Hvorfor far noen (lunge)kreft?

* Rayk ™
* Roayk L Mange mutasjoner, bedre effekt av
* Rayk immunterapi

* Forurensing

» Wok-matlaging?? (Lungekreft hos aldri-rgykere vanligere i Asia)
« Radon

* Svevestgyv

Oslo 0 2 Uni .
University Hospital UiO 2 University of Oslo



Lungekreftscreening

* Nelsonstudien: 13000 men og 2600 Bt
kvinner i alderen 50-74 ar (roykere) ,
« Randomisert til 4 lavdose-CT’er over 5 ar s " o go
eller ingen screening ¢ o
» Etter 10 ar: reduksjon i lungekreftdadsfall i A .
pa 24% hos de som fikk CT T eedtmionmion
* Starre forskjell hos kvinner, men ikke B Lung Cancer Moralty
significant pga lavt antall
- Tilsvarende studie i USA e

('\ Ocl Koning et al,N Engl J Med 2020; 382:503-513

University Hospital DOI: 10.1056/NEJM0a1911793 VIO # University of Oslo [ “3




* Blant 1000 screenede — over tre ar — vil lungekreft pavises hos 41.

* Av dem vil tre unnga lungekreftdad, mens fire representerer
overdiagnose — altsa at man paviser lungekreft som ikke ville ha
fort til symptomer eller doad dersom den hadde forblitt uoppdaget.

* De ovrige 34 far stilt sin diagnose pa et tidligere stadium hvor det
er flere alternativer for livsforlengende behandling. Til sammen 13
av vil ha behov for en prosedyre for a avkrefte diagnosen — sakalt
falskt positive funn.

Den internasjonale
lungekreftorganisasjonen

c\ Oslo UiO 2 University of Oslo

University Hospital



| Norge

* Den norske pilotstudien «T'1dlig diagnostikk av lungekreft» (TTIDL)
pagar 1 Akershus fylke (Ahus).

» Totalt 125.094 1 aldersgruppen 60—79 ar ble invitert til screening

« 13.256 (10,6 prosent) av befolkningen eonsket en slik undersgkelse.

« 3147 (2,5 prosent av alle inviterte) opptylte kravet om 30 pakkear
eller risikoskar pa 2,6 prosent for utvikling av kreft 1 lopet av den
neste seks-arsperioden.

Ahus nettside

Oslo 0 2 Uni . f Osl
University Hospital UiO 2 University of Oslo


https://www.ahus.no/tidl
http://www.tidl.no/

Totalt 125.000 innbyggere ble
invitert til a bli med i
pilotstudien.

14.000 takket ja til a vaere
med. Disse fylte sa ut et
spgrreskjema med informasjon
om blant annet hvor lenge og
hvor mye de har rgkt, og 1000
av disse ble valgt ut som
deltakere.

UiO S University of Oslo



72-aringen er blant de heldige. Han ble
valgt ut til screening og fikk avdekket
lungekreft - i tide.

Blant 1000 utvalgte personer har 16 fatt pavist lungekreft i en
pilotstudie ved Ahus. Men 1500 andre, som ogsa er i hayrisikogruppe,
fikk ikke vaere med i studien.

Aftenposten, mai 2023

‘ \ Oslo iOs
University Hospital UiO 2 University of Oslo
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