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University

of Glasgow Outline

« Cancer is heterogeneous
= APGI sequencing project (mutational landscape)
» Therapeutic implications
= DNA-damaging agents responsive phenotype

« Lesson learnt so far and challenges ahead
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International Cancer Genome Consortium (ICGC)

CANADA

Pancreatic cancer
(Ductal adenocarcinoma)
Pediatric brain tumors
(Medulloblastoma)
Prostate cancer
(Adenocarcinoma)

UNITED STATES

Bladder cancer

Blood cancer

(Acute lymphoblastic leukemia/
Acute myeloid leukemia)
Brain cancer

(Glioblastoma multiforme/

EU/UNITED
KINGDOM

Breast cancer
(ER positive,
HER2 negative)

UNITED
KINGDOM

Bone cancer
(Osteosarcoma/
chondrosarcoma/

rare subtypes)

Breast cancer

(Triple negative/lobular/
other)

Chronic Myeloid Disorders
(Myelodysplastic syndromes,
myeloproliferative neoplasms
and other chronic myeloid
malignancies)

GERMANY

Lung cancer

(Multiple rare subtypes)
Malignant lymphoma
(Germinal center B-cell

— derived lymphomas)

Pediatric brain tumors
(Medulloblastoma and
Pediatric pilocytic
astrocytoma)

Prostate cancer

(Early onset)

SAUDI ARABIA

Thyroid cancer
(Papillary carcinoma)

International
Cancer Genome
Consortium

ITALY

Rare pancreatic tumors
(Enteropancreatic endocrine
tumors and rare pancreatic
exocrine tumors)

CHINA

Bladder cancer

(Urothelial carcinoma)
Blood cancer

(Acute myeloid leukaemia
and Chronic myelogenous
leukaemia)

Brain cancer
(Glioblastoma multiforme)
Breast cancer

(Triple negative)
Colorectal cancer
(Adenocarcinoma,
non-Western)

Esophageal cancer
(Squamous carcinoma)
Gastric cancer

Liver cancer

(Hepatocellular carcinoma,

HBV-associated)
Lung cancer

(Squamous cell carcinoma)
Nasopharyngeal cancer

(Nasopharyngeal
Asia)

Ovarian cancer
Pancreatic cancer

(Ductal adenocarcinoma)

Prostate cancer
Renal cancer

(Clear cell renal cell carcinoma)

Thyroid cancer

carcinoma,

(Papillary carcinoma)

Lower grade glioma)
e Breast cancer
(Ductal & lobular)
Cervical cancer
(Squamous)
Colorectal cancer
(Adenocarcinoma)
e Endometrial cancer
(Uterine corpus endometrial
carcinoma)
Gastric cancer
(Adenocarcinoma)
Head and neck cancer
(Squamous cell carcinoma/
Thyroid carcinoma)
Liver cancer
(Hepatocellular carcinoma)
Lung cancer
(Adenocarcinoma/
Squamous cell carcinoma)
Ovarian cancer
(Serous cystadenocarcinoma)
Pancreatic cancer
(Adenocarcinoma)
® Prostate cancer

(Adenocarcinoma)
® Renal cancer
(Renal clear cell carcinoma/
Renal papillary carcinoma)
Skin cancer
(Cutaneous melanoma)

e Esophageal cancer
(Esophageal adenocarcinoma)
e Prostate cancer

(Intestinal- and diffuse-type)

JAPAN

Liver cancer
(Hepatocellular carcinoma)
(Virus-associated)

e Chronic lymphocytic
leukemia

(CLL with mutated and
unmutated IgVH)

FRANCE

SOUTH KOREA

Blood cancer

(Acute myeloid leukaemia)
Breast cancer

(Asian phenotype)

Lung cancer
(Adenocarcinoma/
Squamous cell carcinoma)

T

Breast cancer

(Subtype defined by an
amplification of the
HER2 gene)

® Ewing sarcoma

Liver cancer
(Hepatocellular carcinoma)
(Secondary to alcohol
and adiposity)

Prostate cancer
(Adenocarcinoma)

I INDIA
EU / FRANCE e Oral cancer

(Gingivobuccal)
Renal cancer

(Renal cell carcinoma)
(Focus on but not limited
to clear cell subtype)

—

SINGAPORE

e Biliary tract cancer
(Gall bladder cancer/
Cholangiocarcinoma)

MEXICO

Blood cancer

(Diffuse large B-cell
lymphoma)

Breast cancer

(Ductal carcinoma)
Cervical cancer

Head and neck cancer
(Squamous cell carcinoma
of oral cavity/oropharynx/
sinonasal cavity/
hypopharynx/larynx)
Pediatric solid tumors

e Ovarian cancer
(Serous cystadenocarcinoma)
e Pancreatic cancer
(Ductal adenocarcinoma/
Neuroendocrine tumors)
e Prostate cancer

BRAZIL

e Skin cancer
(Melanoma)

Grey = Collaboration




Australian Pancreatic Cancer Genome Initiative (APGI)

Patient Journey

Symptoms -

Specialist
More Tests
Diagnosis
Treatment Plan
Preparation
Surgery

Recovery
Adjuvant Therapy
Follow-up
Recurrence
Palliation

Death

Post Mortem
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Data Generation strategy:
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SNP/CNV Chip analysis, Exome sequencing Expression array, Methyl Miner

gDNA sequencing

mRNAseq, enrichment, methyl
miRNAseq seq

40-100% Cellularity >20% cellularity

Tumor Tumor & normal Tumor tissue Tumor & adjacent

& normal >95% 20x & adjacent normal normal : 450K
40x /80x fold ~250x ~100 million reads array
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Genomic Landscape of PDAC

* Whole Exome Capture and Sequencing + CNV (n=142)
(Biankin et al., Nature 2012)

* 380t 79 (> 1 mutations) identified by Jones ez a/. (2008 n=24)

* 186 of 998 of Jones e al. (2008)
utation class:

* 19% overlap

Missense

* 1456 novel genes mutated Nonsense
o KRAS (93%), Splice site

o TP53 (42%), Indel:

«  MLL3 (8%) S—

«  PCDH15 (7%) Stent

- TGFBR2(6%)— Ave Coverage: 68 - 200x

: Zﬁ%ﬁi@)% ) 90% > 15 independent reads

ITM (5%) CNV:10% of Genom
o ATM (5%) CINV: €
*  CDKN24 (4%)
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Non-Silent Point Mutations in PDAC (WGS) ecg

Queensland Centre for

MEDICAL GENOMICS

Known oncogenes:

KRAS: 93%
GNAS: 7%
SF3B1: 4%
100 [ -

Known TSG:

TP53 70%
CDKN2A 24%
SMAD4 22%
ARID1A 16%
BRCA1 4%
SLIT2 4%
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Waddell, Pajic, Patch, Chang et al, in submission
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Heterogeneity = Therapeutic development implications




The Second Rule of Clinical Trials:

"It (the drug) must be used on a simple,
not a composite, disease."

Avicenna, The Canon of Medicine, 1025AD



Fool’s Gold or Lost Treasures??

Simulation of 334 NSCLC patients (actual survival) in each arm (668

in total) (Exceptional)

Responders
0 n=11"
Target in 15% Target in 16.7%
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Smaller Trials, Greater Chance of Success

OLD MODEL: Large numbers of patients, not
selected by molecular characteristics; lower chance of
demonstrating effectiveness, since many participants
do not have the molecular defects being targeted

wi
4 o
Genes = Genomes <

lon 3-Saries Chips lon Proten™ Chipa

NEW MODEL: Small patient populations, all with the
relevant mutations or genetic defects; greater chance
of desired results, since all participants have the
potential to respond

lon PGM™ Sequencer lon Proton™ Sequencer : P = 0.0003

0 5 10 15 20 25



Personalising Cancer Care

Test each person to choose the right treatment

New
Targets
and

Trial of Trial of Trial of Trial of Drugs

Drug A Drug B Drug C Drug D



Actionable Phenotypes in Pancreatic Cancer

‘ NIL

Rescuing, Repurposing and
Emerging Therapies

Gemcitabine Responsive

Anti-EGFR Responsive

nab-Paclitaxel Responsive

-FU/Cap Responsive

dgehog Activated
R Amplified

PIK3CA Mut/Amp

CSF1R mutated

ROCK Amplified
CDK6 Amplified

STK11/LKB1 nullAmplified



BRCA Signature Score

Approach

* N=100WGS
* Phenotype-to-genotype analysis

believed.

Responders

Non Responders

kkk kkkk k %k kkkk kK kkk Kk * % % *

DNA-damaging agent responsive phenotype is
potentially substantially larger than previously

) BRCA 1/2; PALB2
e Patient

0 20 40 60
BRCA Signature Rank

Platinum responders are enriched by high
BRCA signature ranking with overlapping
unstable genomes and mutations in BRCA
DNA maintenance pathway genes

Waddell, Pajic, Patch, Chang et al, in submission
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Studying
Exceptional
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[ CLINICAL INSIGHTS

Mining the genomes of

Responders exceptional responders

Exceptional Responder
ICGC_0006
UNSTABLE / SOMATIC BRCAZ Biallelic
14

& CA19.9 response

BRCA signature Rank
Complete radiological

ADJUVANT
GEMCITABINE

David K. Chang'-3, Sean M. Grimmond'%, T R. Jeffry Evans' and

Andrew V. Bignkin'=

Abstract l The National Cancer Institute of the United States recent ly announced a major
new initiative in understanding the genomes or, more broadly, the molecular phenotypes
of exceptional responders. What can we expect to learn from exceptional respanders?
What are the potential benefits, and how do we approach studying them?

Chang et al, Nat Rev Cancer, 2014
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Pajic & Chang et al, in preparation



Targeting Actionable Molecular Phenotypes

Initially direct recruitment of ICGC patients
Then panel-based screening

IMPaCT Clinical Trial

Ssandian] »| GEM/ABR
w7 - . Th e
Individualised Molecular Pancreatic Cancer Therapy wckail
Patients are screened for actionable mutations, Recurrent + ,
recruited and randomised between standard Metastatic R Interchangeable
5 2 i AR 3 o Pancreatic Ca /
therapyand a biomarker driven “Individualised HER2/neu Lo sumab “CASSETTES”
strategy which evolves and adapts as new . oor 1o DRUG-PHENOTYPE
information comes to light. , oot COMBINATIONS
- Personalised [ EGFR GEM 4
' ! ; Therapy Erlotinib
\_/ df I—OTHERS 05::’,.0",“ ~—— NOVEL gtsr:\:r.onu_{s

HER2 Amplified (2%): GEM + Trastuzumab
KRAS wild type (5%): GEM + Erlotinib
BRCA2 Germ Line mutant (3%): MMC + Capecitabine

AUSTRALASIAN GASTRO-INTESTINAL

O AGITG

TRIALS GROUP



Lessons Learnt (@#5% !)

» Logistically demanding: tissue acquisition, QC, drugs
« Patients randomised to standard of care withdraw and buy
drug themselves

« Screening time (main problem is sample delivery)
« Sample variability (different path labs)
« Low prevalence phenotypes (need to screen large numbers)

« Screening cost (genome maybe cheaper, bioinformatics still
the same)

University | Institute of
7 Of GlaSgO\V Cancer Sciences

&




Lessons Learnt (@#5% !)

« Patients without an actionable phenotype (what is best SOC?)

« Social and ethical implications with sequencing (framework for
return of results)

« Change of technology (re-validation)
« Lots more to be learnt & lots more challenges ahead

B University | Institute of
&7 of Glasgow Cancer Sciences




Biobanking & QC

A\
A International
[ | B Cancer Genome
¥ ! Consortium

Brisbane . .

- Quesnsiang Ceatre 1. Independent Pathological review
for \ ical s - .

B Grsaarce e Prioess Hosiet in Australia, Italy and USA.

i * Princess Alexandra Hospital

Sydney
* The Kinghorm Cancer Centre
= Sydney Cancer Centre
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* St John of God Hospital
* PathWest Laboratory Medicine

Adelaide

* Fremantie Hospital * Royal Adefaide Mospital = 3
* Flinders Medical Centre M |b « Royal North Shore Hospital ”Eg";i" # "‘% W
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elbourne % 4 %4‘ A
* Petor Mx(*zcaallvnBCanw Centre e - e =
« Victorian Cancer Bicbank iy o
Lo * Austin Hospital ey —
700 cases L

« Cancer 2015

2. 5mm3 frozen blocks of Tumour are sectioned to

Amber Johns and Team . W locate non-tumour tissue.
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h ) 3. Tumour rich regions are dissected form block
RO GENONRES and DNA/RNA extracted
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How to integrate detailed molecular information into clinical practice: Molecular MDT

Patient Cancer Genome Report:

M -
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APGI-1992 ...

MEDICAL GENOMICS

Somatic simple

mutations
ABCC9
ADAMTS20
AMAC1L2
B3GALT4
BLID
BRCC3
C3orf62
Cllorf94
- " CACNAIC
. CAPN11
- T CENPE
: . COLEC11
CTCF
FRMD6
GPR137B
- IQCH
KIR3DX1
KLKB1
LEMD2
PIK3CD
PXDN
RPA1
SIGLECP3
SLC26A5
] TIMELESS
Deletions 7NF432

Inversions ZNF132

-Duplications

Intra chromosomal

Genes affected by Inter-

chromosomal translocations
FGFR1 (bi-allelic)

LYPD6B

NRXN3

SFTPB

TNPO1

TP53BP2

ZNF468

Genes affected by intra-
chromosomal breakpoint

133 genes

Expressed Fusion transcript
ATE1 — KLRAQ1

Differential Methylation &

Expression
1800 genes

Preclinical models?

Xenograft
Cell Line



Mutation burden
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Comprehensive Cancer

Genome analysis:
(<3 days)

ABCC9,ADAMTS20, AMAC1L2,, BLID, BRCC3, CACNA1C, CAPN11,
CENPE, COLEC11, CTCF, FRMD6, GPR137B, LEMD2, PIK3CD, PXDN,
RPA1..

Mutations
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Genome organization

Break counts >50 = 846
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Staying ahead of the latest Technology




Cost of Sequencing is dropping dramatically (technology is here!!)

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

L o e

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014




Harness the Technology: From Base Pairs to Bedside

Understanding Understanding Understanding Advancing Improving the
the structure of the bioclogy of the biology of the science of effectiveness of
genomes genomes disease healthcare
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TATCCTALE

1990-2003 | *
Human Genome Project |

2004-2010 |

2011-2020

Beyond 2020

Green & Guyer, Nature 2011



Test Kit

| Delvering Genomic Medical Insights to Physicians
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Genomic data === Variants
Health
Info: Treatment &
Treatment Outcomes
& Outcomes AN

Knowledge Bank Approach

Genetic
Pathologist

Sequence Data

Treating
physician



Data Sharing at a Global Scale

S .

é-,f “‘% Global Alliance

3 __#% for Genomics & Health
P

ABOUT GLOBAL ALLIANCE OUR WORK PARTNERS NEWS & EVENTS CONTACT US
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Collaborate. Innovate. Accelerate.

Working together to share knowledge, create networks and
accelerate advances in genomics and health.

') Read our Partner Meeting and 2014 Goals Report

\ SN

http://genomicsandhealth.org/

185 organisations, 26 countries
15t meeting March 2014

;¢ Sign up for updates




Smarter and more Nimble Trial Designs

S PIMUS

Pancreatic CanceR Individualised Multi-arm
Umbrella Study

* Locally-advanced® / metastatic (stratified)

* Histo-/cytologically confirmed adenocarcinoma (with
available biopsy that can be adequately phenotyped)
«PS0orl

= Consent for biomarker analysis

* Consider SCALOP-2

MOLECULAR SELECTION

[ | I I .

Strong Predictor | | Candidate Biomarker Biomarker Discovery |
BRCA-ness | e.g. K-ras wt
/ DDR HER-2* mTOR
profile || ete | : | |
NOVEL Gem-
PARP
f Anti-HER2 AGENT FOLFIRINOX doublet
Platinum- TBD
AGENT
based

Design Considerations:

= window study (FOLFIRINOX/Gem-doublet an PD) End-points (clinicall:
1 i Orverall sunvival
* a new combination may need phase | run-in R ey

TP

U End-peints [iranslationaly:
Precictive vaiue of biomarker

Protocol: A B C, etc

Resistance mecharism

On progression: re-challenge (if good response) or clinician’ s choice

Current Trials eg SIEGE |

CANCER
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Better Integration between Key Elements

IMPaCT-UK Framework

(Individualised Molecular Pancreatic Cancer Therapy)

DISCOVERY

Well-annotated, deeply molecularly characterised

S Jlelcle

patient cohorts:

Biospecimens: Enabling Data Analysis
- - for all Researchers ]
Tumour tissue Tue Camcer GENOME ;"".Tu.s@
Blood =
CTC's ..
Patie&nt-dﬂv&d xenografts Prioritised
CTC-derived xenografts
Orqanoids Targe“
Patient-derived cell lines

CLINICAL PRE-CLINICAL
DEVELOPMENT DEVELOPMENT
GEMM; PDX

Therapeutic Testing

—. O
“\25 _j;f" |: I:ﬂ:l m uﬂg Molecular Mechanism
= Pancreatic CanceR Individualised Multi-arn PKIPD
Umbrella Study
T
PredICT™

Molsching P henaty pe riven A platform for capturing, assembling,
Therapeutic Selection combining, analysing and visualising data



Translate Research Medicine to Routine Patient Care

Funding bodies

Regulatory bodies
Consumer advocates
Multiple pharma companies
Intra-tumoral heterogeniety

All challenges, but also an unique opportunity
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MEDICAL GENOMICS
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Thank you for your attention
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