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Disclosure slide

* | will discuss the use of unlicensed anti-cancer
agents
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History of development of targeted

treatment
Don’t have target Have target*
Don’t have drug Have drug
Don’t have target* Have target*
Have drug Don’t have drug

26-30 September 2014, Madrid, Spain

* = target that drives the cancer

esmo.org
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Don’t have target*-Have drug

(Fo0)

100

Histone acetylaton
Pre Rx Post Rx 5or

Percent of Change
o

5. TaY e
-100

Venugopal, Banerji Clin Cancer Res 2013, 19:4262-72

m== Patients with more than 100% increase

I"""“"“lll\lhnm

Duvic, M Blood 2007,109:31-9



EESVe
Outline of the talk

* Pre-clinical perceptions

* History of development of targeted treatment
* Challenges of personalized medicine today

* New realities in early clinical trials

* What next?

26-30 September 2014, Madrid, Spain esmo.org



congress
MADRID

When and where do we measure?
18FDG PET

1996 — ER+V, HER2-VE breast cancer .
Surgery—> FEC->tamoxifen

Nov 2004 — Zoladex+anastrozole

Jan 2007 — HER2+ve disease

Trastuzumab+docetaxel 89Zr-Trastuzumab PET
Jan 2009 — Trastuzumab + letrozole
April 2009 — Lapatinib + capecitabine

April 2010 — AUY922

June 2010 — PIK3CA mutation '

sIntratumoral heterogeneity in time : Differences in genotype over time
sIntratumoral heterogeneity in space : Differences in genotype at one given time

Gavkema SB, Schroder, Banerji Clin Cancer Res 2014.15:3945-54



congress
MADRID

How do you interpret the data?
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Gene mutated
Mutation )
Sample ID | Mutations detected by lllumina MiSeq TSACP Mutations detected by IT-PGM AmpliSeq Cancer Panel| concordance (%)
11/6 MET T9921 (52%) MET T9921 (47%) 100
11/43 NRAS G12D (13%); TP53 R213* (41%); APC K146fs%6 (25%)| NRAS G12D (22%); TP53 R213* (53%); APC K146fs*6 (31%) 100
11/222 PIK3CA E545K (18%) PIK3CA ES45K (20%) 100
11/251 KRAS G12D (51%) KRAS G12D (54%) 100
11/269 MET N3755 (100%) MET N3755 (50%) 100
12/195 EGFR E746_AT50 del (40%); TP53 V274F (40%); FGFR2 | EGFR E746_A750 del (34%), TP53 V274F (36%) 66
R255Q (5%)
12/374 SMAD4 P3565 (8%) None 0
12/481 None None 100
12/535 None None 100
12/574 APC E1544* (64%); BRAF V600E (38%) APC E1544* (66%); BRAF V0OE (36%) 100
12/575 KRAS G12V (47%); TP53 Y234H (68%) KRAS G12V (34%]); TP53 Y234H (50%) 100
12/576 APC A1492fs*15 (46%); KRAS G12V (47%); TP53 R248E APC A1492fs*15 (40%); KRAS G12V (45%); TP53 R248E (33%); 100

(35%); TP53 R158fs*11 (51%)

TP53 R158fs*11 (52%)

Is it the driver?
Functional ?

Context specificity?
Depth of sequencing?
Allele frequency?

Ong, M BJC, 2104,11:828-36
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FOUNDATION _ -
MEDICINE ?artner Subject ID Report Date Diagnosis

About the Test:

Foundation Medicine Test was developed and its performance characteristics determined by Foundation Medicine, Inc. (Foundation Medicine). The Test has not been
cleared or approved by the United States Food and Drug Administration (FDA). The FDA has determined that such clearance or approval is not necessary. The Test
may be used for clinical purposes and should not be regarded as purely investigational or for research only. Foundation Medicine’s clinical reference laboratory is
certified under the Clinical L Y of 1988 (CLIA) as qualified to perform high-complexity clinical testing.

Diagnostic Significance/Lack of Significance of Reported Biomarkers: Foundation Medicine’s Test identifies alterations to select cancer-associated genes or portions of
genes (biomarkers). In some cases, the Test identifies biomarkers that lack detectable evidence of cancer- associated alterations. These alterations (and, in some
cases, lack of alterations) are reported to a patient’s treating physician in this report (Report).

Genes Assayed in T5a:

ABL1 GID4 cuL4s FGF23 IRF4 MSHE PDGFRA RUNX1 wisP3
AKT1 CARD11 CYP17A1 FGF3 IRS2 MTOR PDGFRB RUNX1T1 wr1
AKT2 CASP8 DAXX FGF4 JAKL MUTYH PDK1 SETD2 WX
AKT3 CBFB DDR2 FGF6 JAK2 MYC PIK3C2G SF3B1 XPO1
ALK CBL DIs3 FGF7 JAK3 MYCLL PIK3C3 SH2B3 XRCC3
ALOX12B CCND1 DNMT3A FGFR1 JUN MYCN PIK3CA SMAD2 INF217
APC CCND2 DOTIL FGFR2 KDMSA MYD88 PIK3CG SMAD4 INF703
APCDD1 CCND3 EGFR FGFR3 KDMSC MYST3 PIK3R1 SMARCA4

AR CCNE1 EMSY FGFRA KDM6A NBN PIK3R2 SMARCB1

ARAF CD79A EP300 FLTL KDR NCOR1 PMS2 SMARCD1

ARFRP1 (D798 EPHA3 FLT3 KEAPL NF1 PNRC1 SMO

ARIDIA coc73 EPHAS FLT4 KIT NF2 PPPZR1A s0cs1

ARID2 CDH1 EPHB1 FOXL2 KLHLG NFE212 PROM1 SOX10

ASXL1 CDK12 ERBB2 GATA1 KRAS NFKBIA PRKARIA sox2

ATM CDK4 ERBB3 GATA2 LMO1 NKX2-1 PRKDC SPEN

ATR CDK6 ERBB4 GATA3 LRP18 NOTCH1 PRSS8 SPOP

ATRX CDK8 ERG GNA11 MAP2K1 NOTCH2 PTCH1 SRC

AURKA CDKN1B ESR1 GNA13 MAP2K2 NOTCH3 PTEN STAG2

AURKB CDKN2A EZH2 GNAQ MAP2K4 NOTCHA PTPN11 STAT4

AXL CDKN2B FAM46C GNAS MAP3K1 NPM1 RADS0 STK11

BACH1 CDKN2C FANCA GPR124 MAP3K13 NRAS RADS1 SUFU

BAP1 CEBPA FANCC GRIN2A McL1 NSD1 RADS1B SYK

BARD1 CHEK1 FANCD2 GSK38 MDM2 NTRK1 RADS1C 3

BCL2 CHEK2 FANCE HGF MDM4 NTRK2 RAD51D TET2

BCL212 CHUK FANCF HLA-A MED12 NTRK3 RADS2 TGFBR2

BCL6 ac FANCG HRAS MEF2B NUP93 RAD54L TIPARP

BCOR CRBN FANCI IDH1 MEN1 PAK3 RAF1 TNFAIP3

BCORL1 CREBBP FANCL IDH2 MET PAK7 RARA TNFRSF14

BLM CRKL FANCM 1GF1 MITF PALB2 RB1 TOP1

BRAF CRLF2 FAT3 IGFIR MLH1 PARP1 REL P53

BRCA1 CSFIR FBXW7 1GF2 MLL PARP2 RET TRRAP

BRCA2 CicF FGF10 IKBKE MLL2 PARP3 RICTOR 1SC1

BRIP1 CTNNA1 FGF12 IKZF1 MPL PARP4 RNF43 TSC2

BIG1 CTNNB1 FGF14 7R MRE11A PAXS RPA1 TSHR

BTK CUL4A FGF19 INHBA MSH2 PBRM1 RPTOR VHL

Select Rearrangements:

ALK BRAF ETV4 EWSR1 NTRK1 RARA TMPRSS2

BCL2 EGFR ETVS MLL PDGFRA RET

BCR ETV1 ETV6 MYC RAF1 ROS1

FOUNDATION

Partner Subject ID Report Date Diagnosis
MEDICINE ! ’ &
FMI Partner: Partner Sample ID: Date Received:
Partner Study #: FMI Sample 1D: FMI Study #:
About the Test:

The Foundation Medicine test is a next-generation sequencing (NGS) based assay which identifies genomic alterations within hundreds of cancer-
related genes. Only known cancer related variants, not variants of unknown significance, are reported. T5a test was utilized (Please see attached.)

Specimen Description (Provided by the Partner):

Tumor Type: Specimen Type: Date Collected:
Gender: Date of Birth: Initials:

Note: This is a QUALIFIED report. This specimen failed to meet minimum performance standards following sequencing due
to factors such as low tumor content or sub-standard sequence coverage. We can confirm the presence of the genomic
alterations detailed in this report, but we cannot confirm the absence of other alterations.

Cancer Related Alterations Identified:

Alteration

KRAS G12vV
SMAD4 R445*
RB1 E837*
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How do you interpret the data?

CARIS

LIFE SCIENCES
PAGE 3 of 14

Agents Associated with Potential BENEFIT

Clinical Association

MIPROFILE

Molecular Intelligence Tumor Report

Data

MIPROFILE

Molecular Intelligence Tumor Report

CARIS

LIFE SCIENCES

Test Method Result Value Deci ed  Lack of . Reference
Polentiall potar Potential LeVel:
< Benefit Benefit
| Next | |
BRAF Gen SEQ Pathogenic VE00E | 1,2 |
vemurafenib | — || RenshER — — = ﬂ' ] =
BRAF 1 qPCR VB00E | Mutated v [ ] 1,2
!
T T T
‘clnylnln. ‘ { |
garboolitin ERCC1 IHC Negative 14 10% v © | 5678
T t t
‘ PGP IHC Negative 0+100% | v [ (e} [ 14,15
I 1 — “~ 1 1
\ docetaxel, paclitaxel|  TRE3 IHC Negative 0s100% | v | © 13
i I - —— | =y pe A“‘f* ”““I —t —
TUBB3 IHC | Negative 24 5% v O | b0
| seage [ e | o | | |
| Monogionall ositive 2+ 30% v © 22,23
nab-paclitaxel f — —y ﬁ W f—l —_— —
i SPARC IHC Negative 24 10% v © | 2n
T +
| . | PK3CA | o ."‘";'EQ Wild Type ] ‘ { 24, 25, 26
temsirolimus I | T | -T == = o]
PTEN IHC Negative 0+ 100% v ‘ [ © | 24, 25, 26
I L
[ |
fluorouracil, ‘ l { ‘ [ ‘ [
i 1s IHC Negative 1+1% v © | 34,3536
pemetrexed i
| gomcitabine | RRM1 |- HC | Negative | 2¢2% | ¢ | \ T o | = |
1 |
[ irinotecan | topor | e Positive |  2+80% | v | 0 | 44, 45, 46
“The level of evid forall is assigned g to the Literature Level of Evi F with the US

Services Task Force described further in the Appendix of this report. The data level of each biomarker-drug interaction is the average level
of evidence based on the body of evidence, overall clinical utility, competing biomarker interactions and tumor type from which the evidence
was gathered.

@ = Greater fevel of evidence
© = Intermediate level of evidence
Q = Lower level of evidence

1 Refer to Appendix for detailed Result and Value

foreach prop cutoffs, unit of measure, etc.

PAGE 4 of 14
Agents Associated with Potential LACK OF BENEFIT
Clinical Association
Agents Test Method Result Value' Positial Dccnluld PL;::: :::I L':\.::I' Ref
Benefit
Benefit
temozolomide,
dacariatins MGMT IHC Positive 1+ 40% v © 3,4 ‘
|
e=KIT Tc;.':.':'sn WiaType | T v | © s
imatinib ! _ — —t —_— — S
1 mxs»:m1 G.':';'EQ Wild Type ] 7 © | 19,2021
I I
' -
sunitinib | km | et o] Wild Type l [ ] v | © 181718
Her2/Neu N‘ CISH NotAmleﬂldl 119 | v Y 1;79 i:,’
trastuzumab Eeen SN2, . - £
=t —r —f
‘ Her2/Neu IHC Negative |  0+100% v o |2, za,zo(
|
{ } Herz/Neu | CISH lNo!Amplmnd{ 119 v [} 2'; i; l
lapatinib &\ Un— | ] :
' ‘ Her2/Neu IHC Negative 0+ 100% v ® 31,3233
‘ Her2/Neu | CISH INotAmpllﬁad 119 | [ v [ ] [ 38,39 ‘
L'z“‘"“‘ll d [ pep | e l Negative 0+100% | 7 © | s
o e o —] S— —
ARl [ TOP2A IHC Negative 142% ¢ © 40,41
*The level of evidi for all refe d g to the Literature Level of Evid F with the US P

Services Task Force described further In the Appendix of th:s report. The data level of each blomarker~drug interaction is the average level
ir and tumor type from which the evidence

of evidence based on the body of evidence, overall clinical utility,

was gathered.

@ = Greater level of evidence

© = Intermediate level of evidence
O = Lower level of evidence

1 Refer to Appendix for detailed Result and Value

foreach

cutoffs, unit of measure, etc.
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Clinical trial design- BASKET TRIALS-non

single arm
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Flaherty K. NEJM 2010 363: 809-19 Prahallad , Bernards Nature 2012, 483: 100-104
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randomized

Table 1. Treatment algorithm in the experimental amn

Targets Molecular abnormialities Molecularly targeted agents

KIT, ABL1/2, RET Activating mutation -::-ram|:||i'fi-::43|t'r::m'I Imatinib 43X mg gd PO

PI3KCA, AKTI Activating mutation or amplification Everolimus 10mg gd PO

AETZ, 3, mTOR, Amplification Everolimus 10mg gd PO

RAPTOR, RICTOR

FTEM Homozygous deletion or hetermzygous deletion + inactivating mutation or Everolimus 10mg gd PO

heterozygous deletion+ IHC confimmation

STK11 Homozygous deletion or heterozygous deletion + inactivating mutation Everolimus 10mg gd PO

IMPP4E Homozygous deletion Everolimus 10mg gd PO

BRAF Activating mutation or amplification emurafenib #60 mg bid PO

POGFRAMB, FLT3 Activating mutation or amplification Somfenib 400 mg bid PO

EGFR Activating mutation or amplification Erlotinib 150mg qd PO

ERBE2/HERZ Activating mutation or amplification Lapatinib 1000mg qd PO + Trstuzumab Bmgkg " IV
followed by 6mghkg ~" IV qi3w

SRC Activating mutation or amplification Dasatinib A mg bid PO

EPHAZ, LCK, YES1 Amplification Drasatinib 20 mg bid PO

ER, PR Protein expression = 10% Tamoxiten 20mg gd PO (or letrozole 2.5mg qd PO if
contra-indication)

AR Protein expression =10% Abiraterone 1000 mg gd PO

Le Tourneau, C BJC 2014,111:17-243
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Clinical trial design-FOCUS 4- tumour type
specific (CRC)-randomized

Eligible patients:

T . . . .

8 = Patient selection advanced or metastatic CRC

g 2 - fit for first-line chemotherapy

O o . N

- consent to biomarker analysis .

S E ¥ During first 16 weeks chemotherapy

= s | biomarker panel analysis*:

E E Standard chemotherapy * on FFPE tumour block

g = for 16 weeks h * BRAF, PIK3CA, KRAS, NRAS

= - == Stable or responding disease mutation; mRNA EREG; IHC MMR,

Molecular selection PTEN
BRAF mutation || PPK3CA mutation KRAS or NRAS All wild type Mon-stratified (Unclassified or when other
and/or PTEN loss mutation stratifications are refused or unavailable)
C N

L J
= 3 Consent & Consent & Consent & Consent & Consent & Primary
© 8 randomisation randomisation randomisation randomisation randomisation outcomes
g ° 7 7 A 7 % ~ PFS and/or OS
e BRAF PIK3CA AKT HERL2,2 | | No from
2= P P P P Capecitabine
= 2 +EGFR + MEK + MEK inhibitor | | px randomisation

= + MEK inhibitors inhibitors
inhibitors W
On progression recommence first-line chemotherapy
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What next?

‘l AIM 1 PC9 EGFR mutant lung cancer cell line
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Past

Present

Near future —

Histopathology
D Deep profiling:

& Histopathology .
K] { y Protein expression \ Wwhole genome
5 M x by " Histopathology mRNA expression ! § sequence, gene/
g =P, -4}‘4 Single amplification N I protein expression,
— or mutation analysis Na.s#  epigenetics and
metabolomics
> >4
Goldie-Coldman cell Chou-Talalay median effect Knowledge-based evolutionary
repopulation hypothesis principle and systems-based models
£ a
S a o, R
5 a : l 7 ipar
<< O « ‘?.
........ B <322
\ %
2 5
Chemotherapy combination Chemotherapy plus targeted Targeted combinations
dosing to MTD dosing to MTD dosed to biological effect
8 [ ‘ !
a \
I I-(©) ©)-©
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y'l 4 i / ¢
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D@ P-glycoprotein multidrug Prevalent secondary point e, —_—- T
o g resistance mechanism mutations in groups of patients Py Prospgcnve |dgntlflcat|on
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& A58 § 181 % TTAAGATCAGCTGCT %o =~ technologies
'g
2 N /
Pharmacokinetics and Pharmacologic Longitudinal multi-omics )

limited pharmacodynamics

.-

Biomarkers
and pharmacology

Audit Trail including predictive/
enrichment biomarkers

profiling and adaptive therapy

>
Case-controlled
non-randomized
5, -
&g /% }ﬁ .
£73 L e e
os (= N
£ G »
|

R

A

Phase 3 randomized

[ ] .
Aol
Frag™ i
W 1d { ) |

"‘aaiﬁ?{&r‘ﬁl"‘m

84
Single patient real-time K
adaptive combination selection

Future of cancer
treatment

Interrogate more biological and
chemical space to discover new
anticancer drugs

Biological basis of drivers of cancer
and mechanisms of clinical
resistance will be better
understood

Longitudinal assessment of
biomarkers will change clinical trial
design

Drug combinations will be critically
important

Al-Lazikani, Banerji, Workman
Nature Biotech 2012, 30:672-692
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