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Figure 3 | Reasons for attrition (1991-2000). PK, pharmacokinetics.

OPINION

Can the pharmaceutical industry

‘reduce attrition rates?
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Genomic correlates of histological [978-12 NOOIN :\'S

premalignant conditions

aon

Molecular Biomarkers of Carcinogenesis
Dysplasia = Intraepithelial Neoplasia (IEN)

Prostrate AR, SRDSA2, CYP, GSTP1 TAR, LGSTP1, TTERT, TNKX3.1, 48p, 13q, 410q, 4187q. T7p 4 pS3, TVEGF, TFGF,
Polymorphism 17q, TXq, TONA Ploidy, TIGF, TEGFR, THER-2, TPCNA. TK67 TCadherins,
Genetic suscaptitiity 10 infection TMMPs, TPSA
Colon LAPC, BCL-2, TRAS, TSMAD 2, 1p53,4p16, 15, Bub! 8p, WPA,
ToMYC 4COX-2 TSMAD 4,TDCC, 79, TVEGF, 22q, co“ TMMP, TCEA,
Hypomethylaton TSTAT3 TCyclin D1 LE-Cadherin
Breast E, Metabotism T DNA Adducts, 4p53, TCyclin D1, 1ERB-B2, TEGFR, TAngiogenasis,
Cyt P450, TER, TPR, Genomic instablity, LBRCA1, 2. TIGF, TVEGF, TRXR, TNM23 TCollagenase, TFGF
LDNA Repair 4 Thrombospondin TAnsuploidy
Lung 43p, $9p, 413q, 415p, P16 T53,1 K-RAS, Tomye, £22q, £18q.T -Catenin
Head & Neck 43p,49p, 453q, LFHIT TCychn D1,TEGFR. T COX-2 1 6p, L8p23, L 4q26-q28
Lp16,ip19
Esophagus 4p16, 4p53, TDNA Content
TEGFR. TVEGFR, TCydin D1, L APC, T TGFa, TVEGF, TCadharin
Liver HBV, HCV. TTGF, TIGF-2, TINF-2, IL6, Tolomerase, c-MYC, 1p53, Rb, TIGF2-R, LPTEN, i
Carcinogen/ Geonomic instability TOLCL {p73,4 E-Cadherin, Cydin D, Cydin E, 1972 BIShOp n Varmus
DNA Adducts P16, p21, Aborant Mothylation .

Source: DeVita VT, Lawrence TS, Rosenberg SA: DeVita, Hellman, and
Rosenberg’s Cancer: Principles & Practice of Oncology, 9th Edition:
viww.lwwoncology.com

Copyright ©2011 by Lippincott Williams & Wilkins, a Wolters Kluwer business.
All rights reserved.
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Patient sample stratification [2'R-12 NU'O2IIN 0\5

aons

Molecular portraits of
human breast tumours e
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Kumar et al: Robbins & Cotran Patholog}Ba{sEof Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Multiple Pathways analysis 9212 NO'OIN :\'A
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Every event causing cancer becomes P — '\5
drug sensitivity ,
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Genomic scale sequencing from lab to P — '\S.

hospitals
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Basic Methodology [2'R-12 NU'O2IIN t\ﬁ
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DNA
\PS;II
P
1 Rd1 SP ¥ o Fi A
B s 'W'{p‘p @
= = P7
Al Fragment genomic DNA
l P5 P7
Rd1 SP Rd2 SP
P - 5 Indox
Pl Index Rd1 SP
P
e P7 P5
B. End ropair and phosphorylata
' £ D, Ligate index adapler
®) Il
T
P
@ i P5  Rd1SP DNA Insert Index
) A 5 e— p—
A : 5
1) Rd2 SP P7
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Cluster generation [>'N-12 NV'012IN @
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~1000 molecules per ~ 1 um cluster
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Sequencing

Cycle 1: Add sequencing reagents
First base incorporated
Remove unincorporated bases

Detect signal

Deblock and defluor

Base -o*

Cycle 2-n: Add sequencing reagents and repeat

PPP

All four labelled nucleotides in one reaction
Base-by-base sequencing

Mo problems with homopolymer repeats
High accuracy
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Patie nt samples (%)
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Breast, 14%
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Frampton et al. Nature Biotech 2013;31:1023-31
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- Tradition of Excellence

N Bar-llan e iressa Pan-Asia StUdy
YN-12 NO'02IIN (AN %
' [IPASS] o (M

IPASS: Comparison of PFS by Mutation Status within
Treatment Arms (ITT)

IPASS: Progression-Free Survival (ITT)

Gefitinib ': we Gefitinib EGFR M+ (n=132)
107 - o ™ : seees Gefitinib EGFR M- (n=91)
, Evens BTA 1T . Carboplatin/ paclitaxel EGFR M+ (n=129)
/0 . Ola .I . . .In=
'!.': 15 HR 957 C) = 0741 (651, 0445 p_H.OOU 1 : Carboplatin/ paclitaxel EGFR M-(n=85)
- ] i
0 Median PFS (months) 57 58 L ! EGFRM+ o
> 4months progression-free  61% T4% o : B [0F0
= 06 6 months progressionree  48% 48% o 06 : HR (95% Cl) = 0.48(0.36,0.64)
2 12months Iproqresslmn-lfree 25% . I”u 2 ' p<0.0001
) . Primary objective exceeded: gefitinib = ",
nE- 04 demonstrated superiority relative to carboplatin / E 04 ‘.' EGFRM:  yuususumn
paclitaxel in terms of PFS 0 ' ": HR (95% CI) = 2.85(2.05, 3.98)
024 o h
e <0.0001
2 . ..: P
. 0.0 1 ! ! 1 ] 1 . '.&
Atrisk 0 4 8 12 16 20 Months "
Geftinb 609 363 m 76 4 5 0 R WP
Carbopla‘in! 6[]8_ 412 118 22 3 1 0 0.0 [ITTTITY § NI PPy
paclitaxel ORR43%vs 32% p=0.0001 MokelaIZ(}{zgl 0 4 8 2 16 il 4 ]
Primary Cox analysis and logistic regression with covariates; ITT population AstraZeneca 2 i W mutation positive; Time from randomization (months ‘K’.
HR <1 implies a lower risk of progression on gefitinib o M- mutation negative oketal20¢ | | Astazeneca =

_Mok, T S et al New England Journal of Medicine, 2009._361(10): p.947-957
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The Therapeutic Window |'>'N-12no'onum{\§e%

Chemotherapy efficacy

gz, _doesn’t last forever ¢ Platform for improved drug
o ‘{\ indications and combinations
™ A
a w \ — /\\ = izsme:magement of Refractory
D Wl % \;/\oe o \\/
<£- 0 W""ﬁ * Infrastructure and platform to
Time after diagnosis  support pharmaceutical start up
Often not in the outset Projects at the late pre-clinical
%7. 1a, D phase, providing more detailed
3 IND, based on molecular
9;_2 0 ° response markers and
@ combinations that would avoid
AR resistance.
bl * Personalized immunotherapy

~Overall"Survival ~

mimxn 9 NMon



ldentifying the 2% of NSCLC carrying s
the oncogene (ALK) achieves 70% I7N-12 no'm:mm@é

response to Crizotinib

Each bar is a patient

ad If bar goes down the tumor shrinks

501 The more the shrinkage the longer the bar
E 07
<
[
& -2
j =
1]
L
2 40
wvi
Y
+w O0-Go
=]
=3

-8o

00
Green —PR Blue - SD Black - PD

2011 64% had dramatic shrinkage
90% had shrinkage or stabilization

Macarthur n Solomon
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Oncologist as Matchmaker x noov (Ny
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Genome technologies

Tumor sample

i

DNA sequencing

Diagnosis and prognosis “Individualized” profile
for individual patients of cancer alterations
mu' I =
Target therapy trials s ;
Sequence analysis
L X Targeted agents Targeted agents e
i : iy Cancer e Cancer I___ -> e \
1 T genome 1 genome 1 — - —
! alterations _:H:H_L alterations '
pil -1,)1:3 ;31\' ﬁ?ﬁjﬂ‘r;_lﬁ e
YU A Report of results
oy ) Jén ;’d“l g 8 B el e
! I| |I|I |'!‘ 1 I'i.l I| i .l ! :.l I\ ;.! II|I !' | ||}
l'li._fgj 3 BEHY 1 LLH!L il \, = -
Recommendation
for best treatment
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The Alembics of genome I.,,N_nm,m,]m@
—wsequencing —the wider you go, the

fJower you get

10000000

A O 1000000
(¢)]
QO T 100000
(@

10000

Interval
1000 S afl=Price

0000000000000000000 _—

rrrrrrrrrrrrrrrr

l m l il 2 100 5000 250000 12500000

= O [
=2 25
®» 8 3
1. Target region enrichment (3MB) using Agilent D 8 S O
SureSelect™ O %
Sequence on MiSeq=14M clustersX300bp @
H

Mutation detection (X2000 read depth)

Include CNV, SNV, translocations, In/Dels, etc.
Predict the drug sensitivity from the mutational
combination mIM¥n 9w NMon

s wb
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R Panel selection [>*N-12 NV'O12IIN ,\'A'

5 databases provide information, some of
them are public but do not expose all the
information, just part of the raw data (not
processed). All the data and the
processing, analysis etc. is shared among
the participants and the contributors

*TCGA- The cancer genome atlas, full
seqguencing of many cancer types

*VCFG- Victorian center for functional
genomics, measures the essentiality of
genes to the cancer development.

*Cosmic- catalog of somatic mutation in
cancer

*ICGC -International Cancer Genome
Consortium

*Broad Institute, MIT, tools for sequence
analysis. All together, we have access to
about 8000 patients

Gene selection:

Frequency of the mutation/aberration in
the population> 0.1-1%

Frequency of the mutation/aberration in
the tumor> 15%

Irrelevant genes filtered out.

Genes with no treatment impact filtered
out.

Segments selection:
Mutation- sensitive segments
Capture:

7 capture technologies were tested and
the optimal one was selected

niImen i Nmon
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Seven methods were compared I9'N-12 NO'0MIN '\’A.
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Gen?me.frag.mentahon and c.:clapl'or 512 NN '\s
ligation (library construction)

i [ == DnA == PS5 Primer == NEBNext
% b= Uracil == P7 Primer = Adaptor
Nextera™ Enzyme Mix (") i == Bacode BC) (@) USEREnzyme
\  (appended transposon ends) " i §
] ]
§ § Fragmented DNA Input —| PCR Enrichment Be PT ..
i Add genomic DNA | 5 " 3
i 3 5 & ¢
e Primer 2 i §e———— 5 — 3 S
PrmMer 1 g Bar Cada ? i 3 5 P —
Adaptor 1 e Adaptor 2 i — \
PIAr] e— {+/- Bar Cade) § ¥ 5
W & is | 5 - l
. . § P7
Add bPCR-compatible sites by PCR (+/- bar codes) i End Repair, 5 Phosphorylation and dA-Tailing
§ . :
i . . 3 5
B F——————— ) . .
l § e s B
- g C— g d
Nextera Read 1 e e Mextera Read 2 3 s d
bPCR input — Wextera Index Read § l l
i P5
........................................................................................................................................................... i Adaptor Ligation with optional NEBNext Adaptor ’ R, 5

|
| r————— =

* SureSelect — Sonication \J 117 1 :ﬁ
* Nextera — Tagmentation & | | :
* HaloPlex — restriction [t i
enzymes } — 1 =
T |
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HaloPlex —how does it work I»"X-12 N0'0121IN (\é

Target Region

— ROI

|
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|
|
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BAMPLL

Vot A mrmnc s SureSelect
200000000000C Target Enrichment System
COCCO0000000C Capture Workflow

0000C 0000 g ey ANS
00000 0000C . + "'"1' + VL ANA
0000C 20000 U s
L J '“l"'
-
=
m MIFTAY TN COATED MACNITE BiADN
J
Y
0000C 00000 w&
20000 i - oposre
U”mmgﬂl‘ Wanh Feanry

Sequencing

Target capture

u'o)e
[9’N-12 NU'01DMIN '\’A'

HaloPlex - biotinylated short
oligoDNA to the restriction
sticky end (capture by the
edge)

TruSeq custom amplicon —

PCR (capture by the edge)

SureSelect — biotinylated
RNA

Nextera — biotinylated DNA
IDT - biotinylated DNA
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TRUSEQ is best in coverage, but can not I.,_N_nm,mmm@,g

100000 100000
10000 - 10000
1
1000 1000 [] HaloPlex
[ AmpliSeq
TruS
100 100 = .
10 ' ' 10
1 1

0 S0 100 150 200 250 300 350 400 450 500

Therefore we focus on

S ource: De! Vl VT Lawr ence TS, Rosenberg SA: DeVita, Hellman, and
b g C Principles & Practice of Oncology, 9th Edition:

target sequencing via e ————

|| Igh eseved

Agilent SureSelect™
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Target Genes

ABL1 EGFR IDH1 NRAS STK11

AKT1 ERBB2 JAK3 PDGFRA TPS53

ALK FGFR1 KIT PIK3CA VHL

ATM FGFR2 KRAS PTEN

BRAF FGFR3 MET RET

CDKN2A FLT3 NOTCH1 SMAD4

HRAS NPM1 SMO

CTNNB1
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Expected Variant Frequency

Parameter for comparison

# 15555895
WrlE2hEEs

Samples
Passed

Total
Variants

Silent
Missense
MNonsense

SNPs

InDels

Cosmic

Clinicall
Relevan

Most
common

SNP

Panel

= Amplisag
e HalgFion
== Raindance
TruSeq

Iy,

9’N-12 NU'01DMIN '\S

HaloPlex TruSeq AmpliSeq Raindance

21123 22123 23123 20123
3326 15064 18557 10219
{1250) (1721) (4197) (3758)
747 3342 1581 2912
(239) (495) (208) (1078)
1011 5603 3176 4653
(215) (492) (373) (1543)
80 510 152 349
(17) {35) (20) (115)
3010 14229 6287 9345
(1126) (1592) (943) (3338)
316 835 12370 874
(124) (129) (3254) (420)
484 2328 4202 1617
(155) (261) (1035) (745)
17 79 105 22
(15) (22) (52) (17)

C>T8318 C>T1458 C=T3556

c>T
SV o Athe1 G>A%013 GoAdEas
(123) (170) (256) (1077)

¢

aon®
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Parameters for comparison (continued) [»x-12 no'oxaIN '\: :
Observed | Confirmed Observed | CoMrmed
Gene Mutation (Truseq) S(N'::-g:;{) Gene Mutation (Truseq) !{:::l’;;{l
RAF  |pVBOOE 13 13 [T 1635 To7idel T "
r |:.vsuo|< 1 1 |c.1651 1660del z 1
[EsFR  |p.Lsser 1 11 c.1657_1673del 1 1=
.G719C 1 1 c.1667-1672del 1 1+
2 2 c.1667-1681del Z 2%
2
o u u u 1*
1
=100% Specificity:
1*
For clinically relevant mutations 1+
With variant frequencies >= 5% =
When excluding Samples that don't pass QC '1
2 2 10,000 -
2 V5530 2 5
: 2 W557G ; 1 .
L W557R 1 T
I —— ) - 99.9% Reproducibili
7 2 * "
i - R —
Gene | Mutation ?‘rm E:u:n;’%{: Gene|  Mutation ms’::‘)' S:'E“;:':E;_ s
RAF[pye0E 7 ORI [ L 7 CO 1 o=
|:.vsn0|< 1 1 1651 1660del i 1 w e
FR  |p.LB58R 11 11 c.1657_1673del 1* e 2 =0.99405
A 1 t .1667-1672de| 1 1+ N 100
2 2 c.1667-1681del Z 2% 2
2 2 c.1670_1675del z 2 g'
5 5 c.1673-1681del 1 1* (%
1
“100% Sensitivity =
1%
o Sensitivity: 10-
In all samples with sufficient coverage of target region ::
.Q546P 1 L 1 1
RAS 124 3 3 2 2
.G12C 2 2 5 5
612D : 2 i 1
1 1
Gﬁ\s«r 2 2 2 2 L [ : :
613D 3 3 3 3 1 10 100 1,000 10,000
POGFRA | 2525 2531 : : Towl Obsarved/ 9 %8
- ) > Confirmed Sample 1 (FPKM)
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Colon

Colon

Glioblastoma and

chemotherapy
induced AML

Multiple myeloma

Carcinoma of
unknown origin,
after 3*d remission

ATM, ATR
(Sensitivity to
radiation)

PIK3CA
c-ABL, FL.T-3

BCL-2, NOTCH-1,
ALK

Gastric profile with
ATM, NTRK1 and c-
ABL

High dose radiation =~ Lower chemotherapy
dose

Everolimus Tumor free after 1 year

Gleevec, Midostaurin  Changed status from
palliative care to
treatable case

ABT-737 (Bcl-2 Prior treatment
inhibitor), Crizotinib, options were
(Alk inhibitor) exhausted
Gleevec
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Case

* A patient with triple negative metastatic
breast cancer - unresponsive to Herceptin.

* Persomics DNA multi-testing revealed
mutations in ¢c-KIT, EGFR, cMET, SMO,
FGFR2, P53 and STK11.

* The suggestion was to treat her with the c-
KIT inhibitor, Gleevec, although this
mutation is typically found in
gastrointestinal stromal tumors (GIST).

* Six months later, there was a 75%
reduction in the tumor size. Notably, there
are six more drugs that could be effective,
as suggested by the existence of the other
mutations
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[9'N-12 ND'012NIN Q’é%@

Case

* A newly diagnosed patient with colon carcinoma

* Persomics DNA multi-testing revealed some of
the typical mutations of colon cancer with
additional mutations in ATM and ATR,
suggesting a high sensitivity to radiation. In
addition, the tumor was positive to PIK3CA , a
mutation typical to high grade breast cancer, and
to MLL that is common in Leukemia, CNS, ovary
and breast cancers.

* The patient was treated with a higher dose of
radiation and a lower dose of chemotherapy. He
was treated with Everolimus, an mTOR inhibitor,
downstream to PIK3CA and with AR42, a
histone deacetylase inhibitor, typical to AML
treatment.

* Avyear later he is tumor free, without the side
effects characteristic of the standard of care.
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B T Progress of the cancer sample cohort 5R=13 NOOIYIIN '\5'
- == so far ,

Developed six disease specific target capture panels,
based on ICGC, TCGA, COSMIC datasets.

Over 500 cases sequenced on disease specific panels.
Over 150 cases transplanted into PDX.
Over twenty cases tested in treatment groups.

. Over ten novel potential indications found.
. Over three drugs completed and seven more in pipeline

for IND development, biomarker discovery and
combination therapy design.
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