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Heterogeneity among early-stage K-Ras driven lung adenocarcinoma predicts tumour
aggressiveness and identifies novel therapeutic targets
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Introduction:; Ras and human cancer

Ras Mutations in Human Tumors (COSMIC, 2013)

Tissue/Organ K-Ras N-Ras H-Ras
TOTAL: Samples tested 130,500 56,300 33,500
TOTAL: Percentage 22% 6% 3%

Pancreas 58% 1% 0%
Intestine/Colon 28% 2% <1%
Billiary tract 26% 2% 1%
Lung 23% 1% 1%
Ovary 12% 1% 0%
Endometrium 15% 3% <1%
All Others 0-7% 0-15% 0-12%



Introduction: lung cancer mutations
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Introduction: Ras activation
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Targeting MAPK signalling
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Targeting MAPK signalling
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Targeting MAPK signalling
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Targeting MAPK signalling
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Targeting MAPK signalling
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Targeting the cell cycle
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Target validation: Raf kinases

Survival (%)
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MAPK: Therapeutic approach
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MAPK: Therapeutic approach
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MAPK: Therapeutic approach
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MAPK: Therapeutic approach
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MAPK: Therapeutic approach
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MAPK: Genetic modelling of kinase inhibition
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MAPK: Genetic modelling of kinase inhibition
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MAPK: Genetic modelling of kinase inhibition

8 weeks Tamoxifen diet
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Conclussions (I)

@ Overall MAPK signalling is essential for mouse homeostasis and individual mediators are
functionally redundant; their function is specialized in K-Ras®?V-driven NSCLC.

@ C-Rafis a valuable therapeutic target for K-Ras®'?V-driven NSCLC treatment with potentially
low systemic toxicity.

@ Inhibition of C-Raf catallytic activity induces regression of advanced K-Ras®?V-driven NSCLC.



Combination therapy: choosing novel targets
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Combination therapy: choosing novel targets
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Combination therapy: choosing novel targets

EARLY LESIONS

ADVANCED TUMORS

Study EARLY lesions to:
 identify the nature of K-Ras-dependent essential mediators in NSCLC

« discover new druggable targets for K-Ras-driven NSCLC treatment




Early stages in NSCLC progression

K-Ras®'?V early NSCLC lesions
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Ddrl as a novel therapeutic target

*DDR1 is up-regulated in NSCLC compared to
normal lung tissue, and in metastasis compared

to primary tumors
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Ddrl as a novel therapeutic target: genetic validation

IHC: TTF1
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Ddrl as a novel therapeutic target: pharmacologic validation

Months

Journal of

Medicinal e
® pubs.acs.org/jmc
Chemistry

Discovery and Optimization of 3-(2-(Pyrazolo[1,5-a]pyrimidin-6-yl)-
ethynyl)benzamides as Novel Selective and Orally Bioavailable

* 7rh inhibitor treatment, 50mg/kg, daily oral administration



IHC: Ddr1

IHC: KI67

Ddrl as a novel therapeutic target: pharmacologic validation
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Ddrl as a novel therapeutic target: in search of a mechanism
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Ddrl as a novel therapeutic target: in search of a mechanism
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Ddrl as a novel therapeutic target: in search of a mechanism
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IHC: Hes1

Ddrl as a novel therapeutic target: in search of a mechanism
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Ddrl as a novel therapeutic target: in search of a mechanism
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Ddrl as a novel therapeutic target: in search of a mechanism

% C3A positive cells/tumor
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Ddrl as a novel therapeutic target in aggressive NSCLC

p53+/+ p53on/on
GENETIC DELETION OF Ddrl

Increase in overall survival

Decrease in tumor number

Decrease in tumor size

Effect in tumor grading

SSKX
> X XX

PHARMACOLOGICAL INHIBITION OF Ddr1

» Efficacy of 7rh as single agent

« Efficacy of 7rh in combination with chemotherapy
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IHC: Hes1
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Is this applicable to human NSCLC?

IHC: DDR1

Gene K-RAS DDR1 HES1
K-RAS --- 0.011* 0.025* <
DDR1 - .- 0.012** E

3
HES1 .- - =

>

T

n = 554 patients.
*Tendency towards co-occurrence (2<Odds ratio<10)
** Strong tendency towards co-occurrence (Odds ratio>10)
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Conclussions (ll)

4 Upon K-Ras®1?V expression in lung, there are at least two different types of early
lesions based on gene expression profiling (T1 and T2).

v 1 signature is closer to normal lung epithelial cells and could help to identify new
tumor suppressor genes. T2 overlaps with advanced murine and human NSCLC
signature, thus suggesting that the aggressiveness of lesions could be determined
early during tumor onset.

v By an unbiased approach we identified Ddrl as a valuable therapeutic target for K-
Ras mutated NSCLC.

v" Genetic ablation or pharmacological inhibition of Ddrl impairs tumor growth in p53-
proficient K-Ras®12¥ NSCLC.

v' Combined inhibition of Ddrl and Notch signaling efficiently triggers an apoptotic
response even in p53-deficient K-Ras®?V NSCLC.



Take home message 1

@ There are >800 drugs targeting signaling pathways; finding the right drug (or combination of)
for personalized treatment is challenging.

@ Tumor evolution, heterogeneity and resistance.
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Take home message 1

Cancer cell line encyclopedia

Human NSCLC




Take home message 1
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Take home message 2

DDR1/NOTCH inhibitors

—> NO TARGETED THERAPY

Erlotinib

Crizotinib
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Combination therapy: validating novel targets (ll)
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An elaborate pathway required for Ras-mediated
epigenetic silencing
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Combination therapy: validating novel targets (ll)
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Combination therapy: validating novel targets (ll)
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