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Pathogenesis of Cancer

Somatic mutations: Drivers and Passengers
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Cancer Genetics
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PEDIATRIC ONCOLOGY — A SUCCESS STORY
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SURVIVAL AT RELAPSE...

INFORM cohorts - Survival at relapse
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Cure rates have mostly plateaued over the last 15 years
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... the ,last 20%“ will probably not be cured by ,,more of the same*!
(still second most common cause of death after car accidents)
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5-year OS

90%

80%
75%
70%

APCT (1)21'04 - APC = 1.02
p=0.

i p<0.001 60%

50% 50% -
APC =1.88
p < 0.001

40% 40% -

—e— Age <15

30%

20%

10%

0%

Europe (RARECAREnet)

100% -
90% -
APC = 0.43
p < 0.001
- 80% -
APC=1.75
p < 0.001
70% -

0%

—a— Age 15-39
30% -

20% -

10% -

USA (SEER9)

APC =0.80
p <0.001 °

APC = 1.58
p <0.001

*a

APC = 0.82
p < 0.001

|||||||||||||||||||||||||||

1978 1982 1986 1990 1994 1998 2002 2006 1978 1982 1986 1990 1994 1998 2002 2006

Year of Diagnosis

ANNUAL 5-YEAR OS AND TRENDS FOR COMMON CANCERS

Common Cancers:
Leukemia
Lymphomas
(excl. non Burkitt NHL-males)
CNS tumors
(excl. Pilocytic Astro)
Bone Sarcomas
Soft Tissue Sarcomas

Trama A. et al; Pediatr Blood Cancer. 2019;66:e27407.




ANNUAL 5-YEAR OS AND TRENDS FOR COMMON CANCERS
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SIGNIFICANT DIFFERENCES IN CANCER TYPES
BETWEEN CHILDREN AND AYA

In Europe, over 66,000 adolescents
and young adults (AYAs)
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SIGNIFICANT DIFFERENCES IN CANCER TYPES
WITHOUT SIGNIFICANT CHANGES WITH TIME
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" PRECISION MEDICINE

o Precision Medicine is an emerging approach in prevention and treatment of
diseases taking into account individual variability in genes, environment, and
lifestyle for each person

o The goal in precision cancer medicine is to improve cure rates and decrease
toxicities by identifying the specific genes, proteins and pathways responsible
for malignant transformation or progression of individual cancers, and utilize
therapies that target these features that distinguish cancer cells from normal
cells




“Tonight I'm launching a new
Precision Medicine Initiative to bring
us closer to curing diseases

like cancer and diabetes.

European Initiatives

o 2011: ‘Perspectives in Personalised And to give us all access to the

Medicine” personalized information we need to

o 2015: ‘International Consortium for o ﬁi‘iﬁ;’;’:ﬁgﬁ;ﬁ?g
Personalised Medicine’ (IC PerMed) '

. President Barack Obama

(0] ]_. 1 1.2016: IC PerMed Secreterlat 2015 State of the Union Address | January 20, 2015

o FP7/ Horizon 2020: > 3 Billions €

* Precision Medicine Initiative®
215.000.000%

« NIH, FDA, and the Office of the
National Coordinator for Health
Information Technology.

« $70.000.000 = National Cancer
Institute
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http://www.nih.gov/precisionmedicine/
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Methylation profiling
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Capper et al; Nature 2018
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{ PRECISION MEDICINE - DIAGNOSIS
%7 DNA-Methylation based classification of brain tumors

Pathological diagnosis Methylation profiling : : - —
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Capper et al; Nature 2018




DNA-Methylation based classification
of brain tumors: New entities
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The Era of Big Data - Omics
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MOLECULAR CLASSIFICATION
IN CNS TUMORS

CNS tumors in AYA

e 3'dmost common
malignancy after Breast
and thyroid Ca

 1GCT: Higher frequency
compared to peds

A child (<15) (I‘AYA (15-39) fﬁ‘ Adult (>40)

Zapototcky M et al: Pediatr Blood Cancer. 2018;65:e26861.
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High Grade Gliomas in
Pediatric and AYA patients

o Integrated molecular meta-analysis
o 1067 unique tumors (pediatrics /AYA)
o Genomic aberrations increase with age

o Prognosis dependent on tumor
topography and genetic aberations
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Mackay et al. Cancer Cell 2017 32, 520-537.e5DOI: (10.1016/j.ccell.2017.08.017)
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AYA patients have Characteristic Genetic Alterations:
* H3.3 G34RV

e Rarely H3.3 K27M . No H3.1 K27M

* Mutated epidermal growth factor receptor (EGFR)
 MYC and MYCN amplifications not usually seen

* frequent isocitrate dehydrogenase 1 (IDH1) or IDH2
mutations

Basal ganglia Parietal lobe Frontal lobe
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*
*
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HGGs arise along embryonic developmental lineages
and are genomically and spatially distinct

Mackay et al. Cancer Cell 2017 32, 520-537.e5DOI: (10.1016/j.ccell.2017.08.017)




EMBRYONAL TUMORS-MEDULLOBLASTOMA

CONSENSUS
Cho (2010)

Northcott (2010)
Kool (2008)

Thompson (2006)
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CLINICAL FEATURES
Histology
Metastasis

Prognosis

GENETICS

GENE EXPRESSION
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Molecular Subgroups of Medulloblastoma

WNT SHH Group 4
Cé6 c3 C1/C5 C2/C4
WNT SHH Group C Group D
A B E C/D
B iR E A A, C
~ N
il | et td & 6 6 SR |
classic, rarely LCA desmoplastic/nodular, classic, LCA classic, LCA
classic, LCA
rarely M+ uncommonly M+ very frequently M+ frequently M+
very good infants good, others poor intermediate
intermediate
11p- 1p-
6- 3q+ 7+ a4 Sq-& 7+ X- 8-
9g- 17q+ 10g- 17q+
10g- 18q+ 16q- 18q+
CTNNBT mutation PTCH1/SMO/SUFU mutation il7q i17q

D

WNT signaling

MYC +

.

o

GLI2 amplification
MYCN amplification

MYC amplification

SHH signaling Photoreceptor/GABAergic

MYCN + MYC +++

CDK6 amplification
MYCN amplification

Neuronal/Glutamatergic

minimal MYC/MYCN

M. Taylor Acta Neuropathol (2012) 123:465-472
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Medulloblastoma in AYA

20% of the cases only >14 y.o.

adult medulloblastomas are primarily of
the SonicHedgehog (SHH) subgroup,
WNT and Group 4 tumors forming a
minority of cases

SHH tumors in adults are mostly driven
by mutations in SMO and PTCH1, with
GLI2 and MYCN amplifications rarely see
and do not express TP53

Northcott et al. J Clin Oncol 2011;29:1408 e
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PRECISION MEDICINE: TARGETED THERAPY

EGFR Cyclin-dependent
inhibitors kinase inhibitors

N 4

5 s Sustaining Evading —
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Deregulating Avoiding

Proapoptotic Resisting
BH3 mimetics dce"
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Tumor-
promoting
mutation inflammation
PARP Inducing Activating \ Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
, metastasis
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Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Hanahah D & Weinberg RA. Cell 2011 144, 646-674




PRECISION MEDICINE: TARGETED THERAPY

=S Most actionable events:
. Growth factor signalling pathways
* Receptors of Tyr Kinases- related (ALK, FGFR, NTRK, PDGFR, EGFR,
VEGFR, KIT, MET)
« RAS-MEK-MAPK signalling pathways
« JAK-STAT
* PISK-AKT-mTOR signalling pathways
» While PI3K inhibitors show toxicity
« mTOR inhibitors with proven cytostatic efficacy

GFR
iihibitors

Epigenetic
Modifiers

Cyclin-dependent
kinase inhibitors
vadin

1

Aerobic glycolysis
inhibitors

Immune activating
anti-CTLA4 mAb

Proapoptotic
BH3 mimetics

PARP
inhibitors

» Cell Cycle Regulation
» D type cyclins, CDK4 and CDK6

» Suppressor gene (CDKN2A) CDKinh p14 and p16
 Apoptic signaling pathways (inhibiton of MDM2, BCL2)

Selective anti-
inflammatory drugs

Inhibitors of
HGF/c-Met

Inhlbltors of
VEGF signaling

» Developmental Signalling Pathways
« SHH signaling
« other transcriptional networks: indirectly by epigenetic modifiers, like HDAC inh
(like in MYC, MYCN, PAX3,PAX7-FOXO1 expression)

* high mutational burden (immune checkpoint inhibitors)
* ‘BRCAnNess’ signature (PARP inhibitors)

Hanahah D & Weinberg RA. Cell 2011 144, 646-674



Registry Patient Y®XQ

Overexpression of HDAC5
HDACS belongs to the group of histone deacetylases which are involved in various cellular processes.
There is not much known about the precise role of HDACs in aRMS, but HDACi were shown to inhibit

RMS tumor growth in vivo (PMID:26162688).

-> consider

potential matching drugs: approved:

in development: ¢ ,
open clinical trials: no suitable pediatric trials avallable
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Detected alteration “ app-KindertumorgeAtium

He|de|berg

Druggable?
no, but tumorbiologically relevant

Genetic change?
- NO, expression change

Direct drug target?
== yes
=== no, pathway activation
no, synth. lethal/pred. marker

Evidence level?

= confirmed
----- presumed
» = possible

Entity specific?
- yes/not relevant
— no

Score Very high m Intermediate g =11 1411 ) Low Very low NA

84%

43% | Adapted from Worst BC et al. EJC 20186,
Kindly provided by Stefan Pfister
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2 TOXEUNEVT Before After 15 weeks of therapy At relapse, after 23 weeks
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Source: Wagle, N et al. Dissecting Therapeutic Resistance to RAF Inhibition in Melanoma by Tumor Genomic Profiling. JCO August 1, 2011 vol. 29 no. 22 3085-
3096




LIMITATIONS OF MOLECULAR TARGETED THERAPIES IN
PEDIATRIC AND AYA PATIENTS

- Most Data on targeted therapies derives from:
Case reports/ Small series / Pilot studies
Evaluated in relapse / resistant diseases

- Reasons for failure
Intra-tumoral / between metastasis heterogeneity
Cross-talk between more than 1 signaling pathways

Development of resistance (new mutations in the gene or in genes affecting the pathway
downstream)

- Many Cancer in AYA patients remain rare
- Number of potential therapies increases dramatically: very difficult to plan

for large trials .
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BRENTUXIMAB VEDOTIN

20Jeuypa avTiowpatog-@apudakou (ADC):
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SG035-0003: Phase 2 pivotal study of brentuximab
vedotin in patients with rel/ref HL post ASCT

Maximum tumour reduction
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Individual patients (n=98)

Younes A, et al. J Clin Oncol 2012;30: 2183-2189.
Reused with permission. ©2012 Journal of Clinical Oncology. American Society of Clinical Oncology. All rights reserved.




[MAQPNG UPean PETA ATTO 4 KUKAOUG
Bepartreiag ye Brentuximab vedotin

Pro B, et al. J Clin Oncol 2012; 30:2190-2196.




BLINATUMOMAB

o Bi-specific T-cell engaging (BiTE)
antibody that links CD3+ T-cells to
CD19+ cells, enabling killing of the
CD19+ cells by the patient’s own
cytotoxic T-cells

a-CD3
Monoclonal
Antibody

Cytotoxic
Granule

Given by continuous 28-day infusion
CD3
BITE® Single-chain

Antibody
a-CD3/ a-CD19

Side effect profile very different from
cytotoxic chemotherapy

CD19
o (Causes lymphopenia but no significant
anemia, thrombocytopenia or

a-CD19 neutropenia

Monoclonal
Antibody

» Very low incidence of serious infections

Figure 1. Singlechamn amixxi_v-l;h':mmnomd: redirects CD3+ T cells to kil CD19+ B celks, ® Unique CNS tOXiCitieS including
hallucinations and seizures




VOLUME 34 -

NUMBER

36 - DECEMBER 20, 20186

Phase I/Phase II Study of Blinatumomab in Pediatric Patients
With Relapsed/Refractory Acute Lymphoblastic Leukemia

Arend von Stackelberg, Franco Locatelli, Gerhard Zugmaier, Rupert Handgretinger, Tanya M. Trippett,
Carmelo Rizzari, Peter Bader, Maureen M. O’Brien, Benoit Brethon, Deepa Bhojwani, Paul Gerhardt Schlegel,
Arndt Borkhardt, Susan R. Rheingold, Todd Michael Cooper, Christian M. Zwaan, Phillip Barnette,

Chiara Messina, Gérard Michel, Steven G. DuBois, Kuolung Hu, Min Zhu, James A, Whitlock, and Lia Gore
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2016 ASCO

Advance of the Year

2011 2014 2013-2016
@ @ - =
Ipilimumab Pembrolizumab, PD-1/L-1 drugs
introduced for nivolumab benefit even
melanoma approved for more of

melanoma cancers

Head/Neck Cancer

Melanoma

Lung Cancer

- Kidney Cancer

Bladder Cancer

Hodgkin
Lymphoma
(Lymph Node
Cancer)




CHECK POINT INHIBITORS
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Figure. Immune Checkpoint Inhibition Mechanisms of Action Relevant to Lung Cancer Immunotherapy—T cells




CHECK POINTS INHIBITORS

Anti- PD- 1

/ lymphoid / myeloid

CA-170 (Curis, Inc.) hematological
malignancies

Nivolumab (Bristol-Myers Squibb) 1gG4 anti-PD-1
Pembrolizumab (Merck & Co.) IgG4 anti-PD-1
Atezolizumab (Genentech) IgG1 anti-PD-L1 monoclonal
metastatic NSCLC

Atezolizumab studied in diffuse large B-cell lymphoma and
follicular lymphoma.

Durvalumab (AstraZeneca) bladder

Avelumab (Merck KGaA & Pfizer),




CHIMERIC ANTIGEN RECEPTOR (CAR)

w

' MHC-independent
CD19 antigen engagement
and induction of signalling

\\sc Fv

'~ CD28
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CTL function
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o Tpameleg Big Data Banks
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Day 0-6

Median 6 days [0-42]

Sample preparation

+ Histopathological
evaluation for QC

+ DNA and RNA
extraction

Day 6-18

Median 12 days [7-39]

Day 18-19

Median 1 days [0-5]
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Sequencing Data processing
*QC * SNV/InDel calling
* Library preparation (germline/somatic)

* CNV calling
- WES .
WS cen fion
* RNA-seq. P

* Quantification of
gene expression

+ Methylation
classifier

* Expression array
* Methylation array

* Alignment

Graph adapted from Worst BC et al. EJC 2016

Day 19-22

Median 2 days [0-28]

Target analysis

* Data interpretation

* Target prioritization

* Identification of
matching drugs and
suitable trials

Tumor board

* Ped. oncology
* Biology

* Pathology

* Bioinformatics
* Pharmacy

Day 23

TARGET REPORT

Preliminary report

* Information on
detected alterations
(up to 5 targets
per patient)

* No treatment
recommendation

* Subsequent veri-
fication prior to final
report (day 23-47)
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EPILOGUE...

Precision Medicine -Targeted
Therapies: The Future

 More Accurate Diagnosis

* More complex but more precise
therapy-oriented stratifications

* More targeted therapies more
efficacious, less toxic, less costly
and included as First line

DEFINITELY BRIGHTER

Sunset from Skaros at Santorini Island



