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Kreftbehandling – store endringer siste tiden

One size fits all

«The genes, not 
only the tissue, will

steer the
treatment»

Dr John Mendelsohn, 
Past President, MDACC, 

Texas

Precision Medicine

?

Requirements:

Sufficient
molecular
diagnostics
available

Knowledge on new
drugs and 
mechanisms

Available drugs



ALK-positiv sykdom
2-5% av pasientene med NSCLC

Overlevelse - platinum-
basert kjemoterapi 

Shaw, NEJM 
2009



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

Copyright © 2018 International Association for the Study of Lung Cancer

Overlevelse stadium IV 
ALK-positiv lungekreft: 
Median Overlevelse 
(OS) 81 måneder (6.8 år)

Hjernemetastaser på 
diagnosetidspunkt 
påvirket ikke 
overlevelsen signifikant



Nasjonal enighet om behov for bedret 
molekylærdiagnostikk 



Strategisk arbeid mot en nasjonal klinisk studie

DRUP, drug discovery protocol; HDIR, Directorate of Health; HTA, health technology assessment; NIPH, Norwegian Institute of Public Health; NoMa, Norwegian Medicines Agency; 
PCM, precision cancer medicine; PI, principal investigator; PPP, public-private partnerships; RWE, real-world evidence.

Bottom up:
• White paper for Norwegian concept, National PI  (Åslaug Helland)
• Buy-in from oncology, haematology, pathology environments in all Norwegian health regions -> National approach

Top down:
• Dialogue with health authorities (regional health care systems, ministry)
• Engaging key national stakeholders: NoMa, NIPH, HDIR, Cancer Registry, Cancer Society

International: Joined DRUP network and building Nordic Task Force

Public-private: Dialogue with industry partners: trial participation and consortium formation for public-
private partnership

Parallel development of diagnostic platforms (InPreD), PCM PPP (CONNECT) and research on RWE & 
controls, health economy & HTA, ethics, legal & org. of PCM (INSIGHT)



Molekylærpatologi i Norge 
De fleste patologiavdelinger utfører molekylære analyser 
(n=17)
◦ Enkeltmarkør analyser

10 av 17 avdelinger har tatt i bruk «neste generasjons 
sekvensering», NGS:
◦ Kan analysere mange gener samtidig for samme prøve
◦ Kan ha samme analyse på tvers av tumortyper

Teknologi: to ulike teknologier benyttes: 

- Illumina (store sykehus) & Thermo Fisher (IonTorrent) 

Genpaneler: ulike størrelser
oSmå paneler (50-100 gener), mellomstore (100-400 gener), store (mer 

enn 400 gener)
Kartlegging utført av NGS undernettverkt i Nasjonalt 
kompetansenettverk for persontilpasset medisin –
presisjonsmedisin 2020



NGS: store versus små genpaneler

Store genpanel:
Trengs for å identifisere «profiler» , 
eks. Tumor mutasjons byrde (TMB) 
eller genomisk ustabilitet (GI)
Viktig for å finne lavfrekvente 
varianter
Kostbare og tar tid (sekvenseringen)
Krever kompetanse (bioinformatikk, 
molekylærbiologi, patologi og 
onkologi)
Krever tilpasset IT struktur

Små genpanel:
• Kan ikke identifisere «profiler» , eks. 

Tumor mutasjons byrde (TMB) eller 
genomisk ustabilitet (GI)
• Egnet for gener som man undersøker 

ofte for og i mange krefttyper
• Raskere og mer automatisert 

(sekvenseringen)
• Krever mindre kompetanse da det er 

«kjente» forandringer man leter etter
• Mindre krav til tilpasset IT struktur



.

Utvikling innen molekylærpatologi – del av tjenesten

The six pathology departments 
at the university hospitals as 
core of InPreD-Norway
- Network for NGS accessible 
for all pathology departments 
being established
- Patient recruitment to 

biomarker driven clinical 
trials is available for all 
hospitals

Funding: 
- 100 MNOK + + from regional 

health autorities
- Large gene panel reimbursed

Comprehensive Molecular Profiling in Norway
- structured implementation through IMPRESS - Norway

Aim: Equal access to 
expanded molecular 

testing – and 
experimental 

treatment for cancer 
patients



InPreD: Diagnosis and assessment for cancer patients where 
experimental treatment and clinical trial inclusion is an option

Sampling
tissue/blood,

existing 
biopsies

Molecular 
analyses

Data-
analysis Molecular 

Report 

Interpretation,
Integration 
with clinical 
information

No biomarker or not eligible 
for  trial
Back to ordinary treatment program 
with survival follow-up

Selected to biomarker defined trial 

Eligible for IMPRESS- Norway

Molecular profiling

MTB meeting:
Assessment for 
biomarker-trial 
match

Tissue: TSO500

Compassionate use programs



InPreD: Diagnosis and assessment for cancer patients where 
experimental treatment and clinical trial inclusion is an option

Sampling
tissue/blood,

existing 
biopsies

Molecular 
analyses

Data-
analysis Molecular 

Report 

Interpretation,
Integration 
with clinical 
information

No biomarker or not eligible 
for  trial
Back to ordinary treatment program 
with survival follow-up

Selected to biomarker defined trial 

Eligible for IMPRESS- Norway

Inclusion in 
IMPRESS-
Norway

Molecular profiling

Sequential biopsies: WGS
RNAseq
+additional sampling for 
translational research
-Informed consent

ctDNA: coll. with 
Roche/Foundation 
Medicine & Illumina

MTB meeting:
Assessment for 
biomarker-trial 
match

Tissue: TSO500

Informed consent

Compassionate use programs

Trial specific activities 
partly performed within 

the same milieu



XX
DEC

MTB
OUS

IPD00xx TSO500 DNA
RNA

Patient

F/43y

Metastasis
FF

Tumor type

Ovarial cancer
Y of D: 20xx

Sample type

Pipeline: 2.0.0.70/ 0.8.4/GRCh37/Tumor only 

xx
NOV

MTB
Report 

SUMMARY OF KEY FINDINGS 

~30%
Tumor content

SNVs/
indels

Total nr of SNVs/indels
in protein coding sequence:

alter protein coding sequence

20
14
8

Copy number 
variants (>4, loss)

No reportable 
CNVs 

Gene
fusions
RNA

None reported by 
pipeline

TMB MSI Stable

Ovarial cancer

Low Intermediate High
15

5 20

Gene Variant Type
VAF/
CNG

Variant
GoF/LoF

Pathway/
function

BRCA2 Stop gained 0.32 Likely LoF DNA repair/HRR 
pathway

Variant classification: The variant is a stop gain in the DNA binding domain (exon 24/27) of BRCA2 
resulting in likely loss of function due to a truncated protein product. 

Gln3047Ter

In COSMIC- hotspot

In COSMIC
Novel
In COSMIC and GL_DB

Biomarkers potenatially
relevant for immune therapy

High TMB 

Additional results: Variants of unknown significance (VUS) in treatment relevant genes

Gene Variant Type VAF
BRCA2 Q3047X stop_gained 0.32
BRAF E695Q missense 0.26
CYLD V500M missense 0.31
XPO1 S387C missense 0.31
MTOR E1336K missense 0.27
STAT3 E272K missense 0.25
ESR1 Q226X stop_gained 0.38High TMB

Gene Variant Functional Domain Comments

BRAF Glu695Gln Kinase domain

none

none

The sensitivity to BRAFi of this variant is unknown. V600 BRAF 
mutated tumors can be targeted by BRAF inhibitors.. 

FGFR2 The variant is of unknown functional consequence. Sensitivity 
to mTOR inhibitors is unknown.

MTOR Glu1336Lys The variant is of unknown functional consequence. Sensitivity 
to mTOR inhibitors is unknown.

Glu695Gln

Glu1336Lys

IPD0011-D01/R03-M01-F03

Content courtesy of, and based on personal experience and observations of, Prof Kjetil Taskén. 



Små pasientgrupper – samarbeid nødvendig for å lære mest mulig

Canadian Profiling and Targeted Agent 
Utilization Trial (CAPTUR)ProTarget

FINPROVE



The Drup-trial

High inclusion rate (46%)
High level of clinical benefit 
(34%)



UNN: 
PI: Egil Blix 

Bodø:
PI: Astrid Dalaug

Levanger HF
PI: Toai Duc 

St. Olav HF
PI: Åsmund Flobak 

Ålesund HF
PI: Jo Åsmund Lund

HUS
PI: Line Bjørge 

Helse Fonna
PI: Sverre Fluge 

Helse Førde
PI: Liv Journn Vassbotn 

Stavanger 
PI: Bjønar Gilje

Sørlandet sykehus
PI: Marte Cameron

Telermark Sykehus 
PI: Dalia Dietzel 

Innlandet sykehus
PI: Daniel Heinrich

AHUS
PI: Anne Hansen Ree 

Kalnes Sykehus
PI: Andreas Stensvold 

Vestfold Sykhus 
PI: Karin Semb 

OUS
PI: Geir Olav Hjortland

Alle sykehus med 
kreftavdeling 
deltar  i studien

Vestre Viken
PI: Odd Terje Brustugen

IMPRESS-Norway:
Improving public cancer care by implementing
precision medicine in Norway



Study-design: combined umbrella-basket, Simon two-stage model

Figure adapted from: West HJ. JAMA Oncology 2017; 3:423.
. 

Test drug 1 Test drug 2 Test drug 3 Test drug

Umbrella trial
One type of cancer

Different genetic mutations:

Basket trial
Multiple types of cancer

One common genetic mutation:
A combination:
• Different cancers
• Different genetic mutations 

or other disease-modifying 
changes

• Treatment to fit the individual 
patient disease and tumour
profile

• A portfolio of registered drugs



Eligible patients with identified 
actionable targets with matching 
drug from the study drug portfolio 
will be included in an 
IMPRESS-Norway cohort

A cohort will consist of patients 
with the same indication and same 
actionable target.

Stage 0 Stage I Stage II Stage III

Study-design: combined umbrella-basket, 
Simon two-stage model

≥1x target

0 target

8 Patients

No treatment

≥1x 
response?

≤1x 
response?

+16 Patients

Stop cohort

≥5x 
response?

≤5x 
response?

Stage III

Stop Cohort

. 



Stage 3 - ekspansjonskohort
• Aktuelt når ≥5 av 24 pasienter i en kohort har nytte av behandlingen etter 16 ukerts
behandling
• Da har man data på effekt, median/gjennomsnittlig varighet av behandlingen
• Legemiddelet har en kjent pris / er allerede godkjent
• Legemiddelet har kjent bivirkningsprofil
•Frekvensen / forventet antall pasienter er kjent

•Firma betaler behandling i 16 uker (+50000 per pasient til sykehuset som behandler), 
•Det offentlige overtar finansieringen av legemiddelet etter 16 uker
• Nylig vedtak på Olaparib / biallelisk inaktivert BRCA1/2





IMPRESS-Norway
•Aktuelt for pasienter med avansert kreftsykdom etter standard behandling

•Aktuelle pasienter screenes med utvidet genpanel – pt TSO500 + ctDNA analyser 

•En hovedprotokoll og medikamentspesifikke manualer

•Resultater diskuteres i nasjonalt molekylært MDT-møte

•Hvis funn indikerer inklusjon i annen klinisk studie eller IMPRESS-Norway kohort -> 
henvisning til studieinklusjon

•Farmaseutisk / diagnostisk industri deltar med legemiddel / diagnostikk

•Alle medikamenter er godkjent av EMA / FDA – brukes utenfor indikasjon

•Biobanking (WGS, RNAseq), livskvalitetsmålinger

•Standard responsevaluering(RECIST osv) og monitorering – GCP

•Kopling til helseregister - helseøkonomianalyser



Infrastructure for precision diagnostics
01.04.2021 – 12.10.2022

573 included for molecular profiling#

522 discussed in National Mol-MDT

Pallative care
(approx 64%)**

Early access programs
(approx. 10%)** 

Clinical studies
(2%)**

IMPRESS-Norway
(24%)*

* 127 patients included in a cohort of 522 
discussed in National Mol-MDT

**  lag time for screening before inclusion into 
clinical trials and early access program giving 
uncertain no. of acctual included. 

Graph: No. Of patients included for 
molecular profiling as function of time. Solid 
line are patients included to date and 
stippled lined is expected no. of patient 
included. Capasity increase mainly due to 
opening of new site (HUS) and planned 
automization. 



Alterations in
PI3K/AKT/ mTOR and
RAS/MAPK pathways,
changes in ERBB2,
FGFR, HRR genes and
high tumor mutational
burden (TMB) are the
most commonly
detected biomarkers.

TPM3-NTRK1
SUFU-RET

RET
RAD51B

PALB2
KIF5B-RET

KIAA1549-BRAF
FGFR2-TACC2

FGFR2
CCDC6-RET

BCL11A-ALK
ATM (low  VAF)
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Variant_type
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IHC3+

Microsatellite instability

SNVs and InDels

Tumor mutational burden (> 16 muts/mb)

Biomarkers in IMPRESS-OUS patients (n = 328)
Molecular biomarkers identified during screening phase



IMPRESS-Norway - oppdatering
01.04.2021 – 12.10.2022

127 patients included in cohorts

* Lag time between included into cohort 
and start treatment mainly due to still 
effect of last line of treatment. 

78 patients started treatment*

47 % effect W16 (SD/PR/CR)** 21 patients had PD as best over all response
9 patients stopped treatment before W16 due to Tox
5 patients died before W16

5 Deaths
1 Did not meet the inclusion/ecxlusion criteras
43 Delayed treatment start

Graph: No. Of patients included into 
cohort as function of time. The inclusion 
rate is mainly effected by capacity for 
molecular profiling and access to drugs. 
Increase end 2021 due to inclusion of 
Novartis drugs. ** 31/66 patients clinical effect at W16

12 less than 16 weeks on treatment (treatment ongoing)



66 patients evaluated at W16. 5 patients died before W16, 9 patients stopped treatment before W16 due to toxicity and 
21 patients had progressive disease as best overall response. 31/66 patients had effect according to protocol at W16. 1 
patients had complete response at W16, 8 patients had partial response at W16 and 22 patients had stable disease at 
W16.  



Drug Company Status

1 Alecensa Roche Included
2 Phesgo (Pertuzumab and Trastuzumab) Roche Included
3 Tecentriq (Atezolizumab) Roche Included
4 Avastin (Bevacizumab) Roche Included
5 Cotellic (Cobimetinib) Roche Included
6 Zelboraf (Vemurafenib) Roche Included
7 Erivegde (Vismodegib) Roche Included
8 Rozlytrek (Entrektinib) Roche Included
9
10 Tafinlar (dabrafenib) Novartis Included
11 Mekinist (trametinib) Novartis Included
12 Piqray (alpelisib) Novartis Included
13 Tabrecta (capmatinib) Novartis Exp. 1 November 2022
14
15
16 Lynparza (olaparib) Astra Zeneca Included

17
18 Retsevmo (selpercatinib) Eli Lilly Exp. 1. January 2023
19 Pemazyre (Pemigatinib) Incyte Exp. 1. Nov 2022
20 Melfalan Generisk Included
21 Imatinib Generisk Included
22 Bortezomib (KLL) Generisk

23 Actinomycin D og hydroxyurea (AML) Generisk

Medikamenter



Extensive collection of data





Takk for oppmerksomheten


