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Personalised

One-size-fits-all medicine rati medicine s
Stratified medicine

Stratification Personalisation

—— —_— S
Disease subtype Patient’s preferences
Demographics Other dinical features
Clinical features Medication history
Histology Other tasts etc
Biomarker etc

Increasing precision

Source: Genomic Medicine 101 Keynotes and concepts, Centre for Evidence-Based Pharmacotherapy, 2014

Challenges to the dawn

7

1. “Precision Medicine” can be less efficient than “unselected
2. The requirement for a contemporaneous molecular profile

3. Single molecular aberration trials can be very inefficient


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=1815IrS24Tr6YM&tbnid=IUBgr2RvHhM6kM:&ved=0CAUQjRw&url=http://genebrooks.blogspot.com/2010/08/isaiah-26-27-darkness-before-dawn.html&ei=G-PpU7CJFKzQ7AbnpYCoCQ&bvm=bv.72676100,d.ZGU&psig=AFQjCNEyYHUvZ92v6JBqgfkE302jfB_j6Q&ust=1407923266981387
https://www.google.com/imgres?imgurl=http://trinaxxl.files.wordpress.com/2012/01/darkest_before_dawn_by_tpjerematic-d35rq2t.jpg&imgrefurl=http://genebrooks.blogspot.com/2010/08/isaiah-26-27-darkness-before-dawn.html&docid=1815IrS24Tr6YM&tbnid=IUBgr2RvHhM6kM:&w=4592&h=3056&ei=G-PpU_jvCs7mPMnOgeAF&ved=0CAIQxiAwAA&iact=c

1. Precision Medicine can be less efficient than “unselected”

Assume you had a drug
which doubled the time to progression (HR=0.5) in biomarker +ve subjects
*had no effect in biomarker —ve subjects
*biomarker +ve subjects comprise 25% of the population

1. Unselected Design

s Control

2. Prospective selection (Precision Medicine)

All subjects All tested



In this scenario, a Precision Medicine approach is a more
efficient development route than an unselected approach

Control Active Effect (HR)
Biomarker +ve (25%) 6 mo 12 mo 0.50
Biomarker —ve (75%) 6 mo 6 mo 1.00

Va

But this assumes we have

What happens when this is not the case?

N

-a perfect selection test (100% sensitive; 100% specific)
-there is no efficacy in the biomarker —ve population

Efficiency over unselected 8.6 fold

2.1 fold

!median follow-up of 18 months assumed and no screen failures



An imperfect selection/stratification test lessens the
efficiency of a Precision Medicine trial

Sens, Spec PPV Control Active Effect N req'd N req'dto
size {0 enter screen
100%,100% 100% 6 Mo 12 mo 0.50 117 468
95%, 75% 56% 6 mo 9.4 mo 0.64 260 613
75%, 95% 83% 6 Mo 11 mo 0.55 149 663
75%, 75% 50% 6 Mo 9 mo 0.68 317 845

NB : An Unselected trial required 1000 patients to be screened and entered




Even a small (one third*) effect in biomarker —ve patients
erodes the apparent advantage of a targeted trial

Control Active Effect (HR)
Biomarker +ve (25%) 6 Mo 12 mo 0.50
Biomarker —ve (75%) 6 Mo 7.5 mo* 0.80*
All patients 6 Mo 8.7 mo 0.69
Number required Number required
to enter to screen
All patients 384
+ve (25%) 117 468
Efficiency over unselected 3.3 fold 0.8 fold

* Effect in —ve pts = 1/3 effect in +ve patients



Conclusion:

For Precision Medicine to be a more efficient
drug development strategy over an unselected
approach we would need to be very confident

that (i) we had a very good stratification test and
(1) the untargeted population achieved minimal
benefit from treatment

Understanding these two variables is a key
deliverable of the pre-registrational clinical
programme



2. The requirement for a contemporaneous molecular profile
medicine
o oo e o st et With the advent of ultrasensitive
tumor DNA with broad patient coverage genomic methods

Aaron M Newman'27, Scott V Bratman'*7, Jacqueline To%, Jacob F Wynne?, Neville C W Eclov?,
Leslie A Modlin?, Chih Long Liu'2, Joel W Neal?, Heather A Wakelee?, Robert E Merritt?, Joseph B Shrager?,
Billy W Loo J%, Ash A Alizadeh!5 & Maximilian Diehn'-%6

LETTER Comes the Advantage of
Camter therapy by Seqenng of plasma DA Repeat “Biopsy”

T a a Gale 'orshew’, Anna M. Piskorz',
in 1, Francesco Marass', Scd]\]lum])hm\"‘,
n' 128 & Nitzan Rosenfeld

(o But the insight/challenge that

Genomics

repeat sampling show
Multiplexed lllumina sequencing libraries from tumour molecular phenotype

picogram quantities of DNA

Sarah K Bowman'", Matthew D Simon'#, Aimee M Deaton', Michael Tolstorukov?>*, Mark L Borowsky'® - .
and Robert E Kingston' I S yn al I l I C

And the tumour heterogeneous

Circulating nucleic acid biomarkers: tumour, ciDNA, CTC, miRNA



cfDNA: Current Method Development in MCRC

« Simple, robust, specific and sensitive

 Automatable

« Transferable to diagnostic laboratory

|

Plasma

Single
Gene
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Extracted
cfDNA

Multiplex

Amplifiied
cfDNA
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Bioinformatic Analysis

—

(). Can we work with preserved whole blood 96 hrs post draw?

» Avoids on site plasma preparation and variability
» Simple blood draw only

(ii). Can we analyse CTCs as well as cfDNA in the same sample?

» cfDNA from CellSave plasma - combine with GCLP CTC analysis
» Compare to Streck Cell-Free DNABCT® -

(iii). Can we establish routine sensitive genome wide NGS from
cfDNA

» Since levels of cfDNA are low — often at the level of 3 ng (~1000
genomes) need maximum capture efficiency to be representative
« Compare commercial kits and “home-grown”

Courtesy Ged Brady, Dominic Rothwell, Caroline Dive




(1) Can we work with preserved whole blood 96h post draw?

EDTA plasma samples require processing within 4 hrs of collection.
Can cfDNA be preserved in CellSave tubes?

Maintenance of consistent cfDNA
levels up to 96 hrs post-draw in
CellSave tubes (A)

Mutational status consistent in
both EDTA and CellSave via real-
time PCR analysis (B)

Targeted NGS of EDTA and
CellSave cfDNA showed good
correlation in 4 SCLC patient
samples (C)

(A)

(B)
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0% mutant 0.5% mutant 5% mutant 50% mutant

|.i||

162 EDTA 162Cs 168 EDTA 168 CS

Standard curve

Braf-mut

Braf-wt

patient patient
TP53 Pos 7578212 G>A stopgain |  TPS3 Pos 7577022 C>T stopgain | TP53 Pos 7579312 G>T synonymous,
DNA Input COSM99618 COSM99947 COSM45940
SCLCPts | Sample type

(ng/tube) \pyration | Total war |MUTATION|  Total waLr |MUTATION|  Total " AL
DETECTED | coverage T DETECTED | coverage T DETECTED | coverage T

WT gDNA 14.00 0 370.00 0.00 0 1038.00 0.00 0 4041.00 0.00

12068 |EDTA cfDNA 135 0 309.00 0.00 0 854.00 0.35 0 1491.00 0.00
CellSave cfDNA 2.30 0 430.00 0.70 0 1093.00 0.00 0 1733.00 0.06

WT gDNA 20.00 0 580.00 0.34 0 1540.00 0.26 0 4224.00 0.05

12071 |EDTA cfDNA 10.35 1 283.00 47.70 0 1300.00 0.15 0 1537.00 0.00
CellSave cfDNA 14.65 1 358.00 47.77 0 1788.00 0.11 0 1803.00 0.06

WT gDNA 20.00 0 533.00 0.19 0 1046.00 0.00 0 2699.00 0.04

12088 |EDTA cfDNA 22.50 0 250.00 0.00 1 1122.00 | 66.31 0 1625.00 0.12
CellSave cfDNA 19.45 0 549.00 0.36 1 1930.00 | 66.48 0 2569.00 0.04

WT gDNA 20.00 0 289.00 0.00 0 748.00 0.00 0 2841.00 0.04

12090 |EDTA cfDNA 1.50 0 205.00 0.00 0 497.00 0.00 1 708.00 36.16
CellSave cfDNA 0.75 0 350.00 0.00 0 532.00 0.38 0 770.00 0.26

Courtesy Ged Brady , Dominic Rothwell, Caroline Dive




(i) Can we analyse CTCs as well as cfDNA in the same
sample? PARSORTIX

Chip utilising cell size and deformability — epitope independent
« Compatible with blood preservatives — CellSave, Streck Cell-Free DNA BCT®
* Plasma and cells obtained from a single blood sample
« Captured cells can be fixed and stained in the cassette
» Cells can be recovered for external staining and/ or genetic analysis

o LRINE )

DEPArray™
Isolation of
single cells

Enrich

Cells Circulating

Tumour Cells

Amplified gDNA

Plasma Direct Analysis
‘ Of enriched Pool
cfDNA
L 2

Molecular Analysis

Courtesy Ged Brady, Dominic Rothwell, Caroline Dive




(il) Can we establish routine sensitive genome wide NGS
from cfDNA

Approach

Reference Samples

* Replicates of SCLC cfDNA — contain known TP53 mutation

+ 8x0.5ng input = 165 genomes and 4 x 2.5 ng input = control samples

» Targeted pull-down of x 7 cancer associated genes — NGS analysis to determine pull-down efficiency

Commercial Kits

* NEB Ultra

* Microplex (Rubicon)

+ KAPA

* HomeGrown — in development

NEB Microplex KAPA

é " 0 Total Reads

g g < ) 97,904 108,913 107,265

= z z (genomewide)

& £ S NRAS 28 38 43
¢ PIK3CA 27 32 46
2000 . BRAF 37 72 84
1000 — EGFR T790M 27 31 26

D = a— Targeted KRAS 63bp 24 38 74
P O — pull-down TPS3E 50 48 47
D o NGS
i TPS3 H 27 24 19
e P Total 'on target'
200 — g 220 283 339
150 — —_— reads
100 — .
Ratio of 'non-target'
A SEE TR LS 445.02 384.85 316.42
to 'target' reads
Fold enrichment 44944 52083 63291

Developing NGS approaches to analyse cfDNA to determine copy number aberrations and Whole
Exome Sequencing of patient samples.

Courtesy Ged Brady, Dominic Rothwell, Caroline Dive



Beginning to become Practice Changing:
IRESSA: Application for update to EU label™

ON 16" May 2014, AZ submitted an application for a Type |l Variation for IRESSA (gefinitib) regarding use
of circulating tumour DNA (ctDNA) for the assessment of EGFR mutation status in advanced NSCLC
patients for whom tumour samples are unavailable or unevaluable.

IPASS: PFS in patients is improved by IFUM: ORR in patients in response to
IRESSA in patients where EGFR mutations IRESSA in patients where ctDNA is used
are identified by ctDNA to determine EGFR status T ——
CtDNA vs Tumour:
v it pachianel o0 Specificity = 99.8%

n 24 22 Sensitivity = 65.7%

0.8 = Events 15(62.5%) 19 (86.4%) TU rnaroun d — 3'4d

HR = 0.29 (95% CI, 0.14-0.60)

p <0.001
0.6 =

04 -

0.2 -

Objective response rate (%)

Probability of progression-free survival

1 T T T T T 1 Tumour ctDNA

0 4 8 12 16 20 24 EGFRM+ EGFRM+
Time (months)

IPASS: Goto et al. (2012) Journal of Thoracic Oncology 7:115 -121 IFUM: Douillard et al. (2014) British Journal of Cancer 110: 55-62

*The type Il variation application is subject to review by EMA/CHMP



...and now “Business as Usual” across AZ Oncology Portfolio

» Currently >80% of AZ oncology
clinical projects have personalised

healthcare strategies .
» Targeted/Singleplex assays S
=
Iressa EGFR mutation é
Olaparib BRCA 1, 2 mutation E
Selumetinib Kras mutation é
AZDA4547 FGFR mutation, fusion, 5
amplificactions &
AZD9291 EGFR and T790M 3
mutation
2003 2005 2007 2009 2013
*Multiplex/NGS assays * Currently ranked among the top 5
companies in the PHC field12
AZD1775 P53 mutations \ /

1. Diaceutics Pharma Readiness for Personalized Medicine 2011
2. PharmaTimes, April 2011



3. Single molecular aberration trials can be very inefficient

AZ recent experiences in conducting single molecular aberration precision medicine trials in
lung cancer: ~23 patients “screened” for 1 “enrolled”

Iressa- Phase 3 trial

AZDA4547- Phase 1 trial

Attrition factors in EGFR mutation analysis:
Archival tissue

Pathology findings
Sample tracking issues
Consent issues

560

patients with
archival DNA extraction
samples 380
suitable for
extg%(;/tlon Mutation
(60%) 215 detection
DNA
sufficient
(40%)
EGFR: 26
K-Ras: 12
B-Raf : 0

+ Experience with archival samples from the ISEL study a double-blind, placebo-controlled Phase IlI
survival studv of aefitinib in 2L/3L Staae IIIB/IV NSCLC with1692 patients in 210 centres. 28 countries

Attrition factors in FGFR amplification analysis:
Fresh tissue

Analysed

90

patients with
fresh samples

11% prevalence
71
patients tissue
evaluable for
analysis

50% dropout &
clinical screen
failure

8

patients known
biomarker +ve

4

patients
enrolled

=xperience with fresh samples from the AZD4547 open label study in 2L/3L Stage I11B/IV squamous NSCLC
in 19 centres

Thus $23K analytical screening costs (@ $1K/test) per patient enrolled




Stratified Medicine Requires Portfolio Approach

AZ | Medimmune portfolio well placed in Lung Cancer...

Adenocarcinoma

MAP2K1 NRAS

AZD5363 T_ AKT1 ROS1 fusions

PIK3CA KIF5B-RET

Selumetinib (AZD6244) —— BRAF
AZD9291

Iressa :
AZD9291

Selumetinib (AZD6244) ——

William Pao & Katherine E Hutchinson
NATURE MEDICINE VOLUME 18 | NUMBER 3 | MARCH 2012

Selumetinib (AZD6244)

— Caprelsa (vandetanil:

AZDA4547

FGFR 2/3 mutation
FGFR1 amplification
FGFR translocations

Volitinib
Met expression
Met amplification

Medi-4736
PDL-1 expression

PDL-1 amplification

~—

Squamous

PIK3CA mutation
DDR2 mutation 4%

AZD5363 \—
4%

AzD2014 —
AZD8186

AZD4547 —

N

Medi-4736

17

Alexander Drilon, Natasha Rekhtman, Marc Ladanyi, Paul Paik
Lancet Oncol 2012: 13: e418-26



Lung Master Protocol — Friends Of Cancer Research.
Squamous NSCLC

‘Master protocol’ aims to revamp cancer trials (2013). Pilot
na r project will bring drug companies together to test targeted lung-

cancer therapies.

Master Protocol for squamous cell lung cancer readies for launch
(2014). The master protocol is a “truly exciting development, one that will

benefit industry and patients,” says US Food and Drug Administration
(FDA) Commissioner Margaret Hamburg.

MASTER PROTOCOL

namre

biotechnology

Commen Broad Platform Non-match =7 ¥k FRIENDS :
CLIA Biomarker Profiling* of CANCER 6 FN I H
I- I gl RESEARCH

PI3K

Master

AN

Protocol

MEDI4736
fmmmcé:m dkd/6 - HGF
- [ .
M:PIK3CA mut | | oo ook M:FGFRampl, | | M:c-Met Exor
— B mut, fusion S
del/mut, Rbwt. J\ $1400 Aci

GDC-0032 PD-0332991 | AZDA547 AMG102 \ TIONAL
+E Ay’ NAL

Endpoint Endpoint Endpuoint Endpoint
{Interim PF5) {Interim PFS) {Interim PFS) [Interim PFS)
05 05 05 05

mmmmmmmmmmmm

*Archival FFPE tumaor, fresh CNEB i needed 18
Target/l: Drug target and biomarker

xxxxxxxxxxx



http://www.bioserve.com/blog/2010/11/top-ten-websites-for-biotech-news/

MATRIX National Lung Trial - CRUK =™ caNcer

Squamous and adenocarcinoma NSCLC felagl UK

| Researchers
Repository
Anonymised NHS
. o Data
Genetic and Clinical Data
e ~N Gary Middleton (P1)
linical H Blrmlngham (Sponsor, C_TU)
Clinical Hubs Sanjay Popat (TMG Chair)
Lung Gt g s _ MATRIX
e ) G A ecasce Biomarker +ve Tt
Cancer LA — Patients 202014 SOV | MEIESHEr SERERE | FIBIEEEE
Patients £ ot e AZD5363 PI3KCA mutation 4.6%
G % g g * PIK3CA mutation 15.2%
R angman K AKT1 mutation 0.9%
PIK3CA amp 7.0%
ECMC Network ) Central Pharmacy Hub PTEN null 7 9%
Genetic results Samples AZDA4547 FGFR2/3 mutation 3.3%
. . FGFR2/3 mutation 4.4%
. AZD2014 LKB1 mutation 12.2%
Genetic Technology Hubs TSC1/2 mutation 8.9%
. . AZD9291 T790M 7.5%
Cardiff Birmingham RMH (Her2 amp) (5.0%)
\ J Selumetinib/ KRAS wild type, NF1, 24.9%
docetaxel NRAS, HRAS
mutation

MEDI4736 All markers negative est. 40%

(PD-L1 positive)



SAFIR02 Lung Trial = UNICANCER

Squamous and adenocarcinoma NSCLC

/ Metastatic NSCLC \

no EGFR-activating
mutation or ALK
translocation
chemonaive or
receiving platin-based
chemotherapy (1% line,

2 cycles max.)

SCREENING PHASE

*- ------------------------------------b

Tumour Biopsy
(after 2 cycles max.):
»  CGH Array

»  Next Generation

™1 Sequencing

N

Molecular
Aberratio

UNI

R&D

THERAPEUTIC PHASE

Arm A: Targeted
treatment up to
progression
according to the
molecular
abnomality

/

Randomisation

4 cycles

Chemotherapy

Partial response
or
Stable disease

\ Arm B: Pemetrexed in

NoN-squUamoLs

patients and erotinib in

Squamous

Not eligible for
randomisation

not
randomised

(NIFCT

Compound

AZD5363

AZDA4547

AZD2014

AZD8931

Selumetinib

Vandetanib

Molecular segment

PISKCA mutation
AKT1 mutation
PIK3CA amp
PTEN loss
PTEN mutation

FGFR1 amplification
LKB1 mutation
HER2 mutation
HER2 amplification
KRAS mutation

BRAF mutation

RET mutation



“Basket” Studies by Tumour Type and Region

AstraZeneca

Lung
Breast
Colorectal
Solids (epit
Sarcoma
Ovarian

www.clinicaltrial.gov

21



These studies are more patient efficient...although
challenges remain...but the emerging science is promising

Definition of “biomarker +ve” by NGS: understanding the clinical
relevance of variants

*Necessitates a consortia approach

Flexibility desirable for clinical patient selection decisions imposes
statistical challenges

Intent needs to be clear in the design- to signal search or adaptive
with registration intent

Lack of familiarity to IRB’s

*With multiple drugs, with multiple toxicities and disparate monitoring
requirements- can attract regulatory concerns
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COMBINED CTC cfDNA WORKF

L OW

Example Workflow
Approach

» 100 H2009 cells spiked into HNV blood collected in either Streck Cell-Free DNA
BCT® (S) or CellSave Preservative tubes (C) and left 96 hours at room
temperature

* Remove plasma and process cells on Parsortix device

» Count retrieved spiked cells and white blood cells (WBCs)

* Whole genome amplify (WGA) pools of 40 cells and evaluate using PCR QC

Cell Enrichment 8™ S C S C N=3
T
* ‘CTC’ recovery >30% £ 100-
« Total WBCs <200 3
« Streck and CellSave comparable 5 504
il
E
Z
cfDNA ; '
Spiked
‘CTCs’ WBCs
 Streck and CellSave comparable
controls
S S C C -

Molecular Analysis

» Efficient WGA for Streck and CellSave
* Quantitative NGS underway

Considerations for Clinical Use
Single Tube for Plasma and Cells

® Reduces number of blood samples required
¢ Direct comparison of cfDNA and CTCs

Low WBC contamination (<200)

¢ Suitable for single cell isolation eg DEPArray

¢ Direct analysis of entire enriched population
possible if assay sensitivity can detect at least
0.5 % tumour component (1 CTC amongst 200
WBCs)

Molecular CTC signature

¢ Based on:

- common driver mutations eg KRAS in
pancreatic cancer

- sequence analysis of tumour

- sequence analysis of CTCs or cfDNA
¢ Allows epitope independent CTC assessment

Courtesy Ged Brady




Sequenom Targeted Panels:

 High-throughput somatic mutation profiling for disease-specific
genes of interest (e.g. Lung CancerResearch has the LungCarta
Panel)

« The LunaCarta Panel evaluates mutations in z= =

CNS6Y, LTI9EM

BRAF D594G,/\V, G4695/E/ /600E/K/M

tum( Genes Included in the LungCarta  f 214 SOMa ™ | oo co s e o e iom

- EGFR RIOBK, T263F, AZBOV, G598V, ETOSK/H, ET09A/G/
Pa n e I . /i C/A/D, M766_ATETinsAl, DTETY/N, S7681,
769_D770insCV,

/H, NT74L, VT74_CTTSinsHY,
6_T751del, E746_AT50del,
, L747_E749del,

AKTI JAK2 NTRK3
ALK KRAS PIK3CA e
BRAF MAP2KI  PTCHI S e

L747_T750del, P ins (combined), L747_5752del,

DDRZ MET PTEN Q ins (combined), TB54A

} EPHAZ AA4Z5S, D446Y, S449F, DBOEN, GIETR, G518L, KT6IN, GTEEE,
M2691, NE79K, N85S, S229Y, TI66M, T37K, T392K, W250R

EGFR NO TCH] PTPN]] EPHAS D493Y, G582E, MIOZ4I, N10325, RI007Q, 5566Y, 58101, TB56I

ERBB2 M774_ATTSinsAYVM, AT75_GTT6ins AYVM

EPHA3 NRAS PTPRD W ioos oz v

T790M, L858BR/M, LBE1Q, E
E746_T751del, E7T46_T

KRAS 5 /D, GI3C/S/A/N/D, QEIL/R/P/H/E/K
EPHA5 NRFz STK" MAP2KT D67N, K57, Q56P
STKTI A347f5"13, A43_L50del6, D327fs*10, E120°, EI65", E223°,

ERBB2 NTRKI TP53 ol 7, 225 Ko . 25010 o5
FGFR4 NTRK2 wer

R426W, RB6G, VI97fs*69, V2365 30, Y272Y
5, 982_1028del47

NOTCHT 9, D1642H, R2ZZ8W, TI997M, VIET21, VZ444fs°35
NRAS QBIE/K/H/L/R/P
NRF2 D25H, DTTN/A, ET9Q/K/G, G31A, GEID, R340
NTRKT Q80*, RI9H, 5326R
NTRK2 Q666R, CA5F, G26IR, L138F, L670M, L7551
NTRK3 I765N, L1521, L248M, L270M, L336Q, S184C, T282K, VIOTL, R27TIF
= - - - = PIK3CA E542Q/K, ES45Q/K, HI04TY/R/L
Panels consist of key mutations identified
PTEN R233*
PTPNIT E7&V

by sequencing discovery studies that affect | oo e
kev pathwavs in the disease of interest (e .

¥220C



Running the LungCarta” Panel on the MassARRAY" System & seauenom

TARGEY CONIAM. CAFTUNE

Step ©: Step 4: Step 5:

Order Assays Acquire Data View & Analyze Data

MassARRAY SYSTEM COMPONENTS

LungCarta Panel Nanodispenser RS1000 MassARRAY Analyzer 4 Typer Software

EpMotion 5075 Liquid Handler (optional)

DESCRIPTION

The LungCarta Panel Isolate and quantitate Transfer the extension Acquire data from the Generate reports, The

comes with predesigned genomic DNA, then PCR products to a SpectroCHIP Array on the software automatically

PCR and extend primers, amplify the target region SpectroCHIP* Array. MassSARRAY Analyzer 4 analyzes the acquired
and process the PCR System. The data is auto- data and presents the
products using IPLEX matically saved to the genotype and haplotype
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Olagen GeneRead:

- Another PCR-based
target enrichment
method

- Panels commercially
available, include
Lung Cancer, Colon
Caner and a
Comprehensive
Cancer Panel.
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