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PERSONALIZED MEDICINE FOR BR
CANCER PATIENTS

A A WORKING DEFINITION: SUFFICIENT
KNOWLEDGE ABOUT THE MOLECULAR
FEATURES OF THE TUMOR OR HOST TO |
SPECIFIC THERAPEUTIC CHOICES WHICH
MAXIMIZE EFFECTIVENESS AND MINIMIZE

TOXICITY.
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PERSONALIZED MEDICINE FOR BR
CANCER PATIENTS

A Perhaps noguitesdzOK yS¢ UKAYy 3.
A A BRIEF HISTORICAL PERSPECHNEUMOR
i THE ESTROGEN/PROGESTERONE RECEPTOR |

I HER2heWERBB?2

I CLONOGENIC AND OTHER IN VITRO SENSITIVI®
ASSAYS

I PDX MODELS FOR CUSTOMIZED TESTING



PERSONALIZED MEDICINE FOR BR
CANCER PATIENTS

A A BRIEF HISTORICAL PERSPECHEEHOST
I CUSTOMIZED DRUG DOSING
AMTX, PLATINUM,

I CUSTOMIZED ANALYSES OF PHARMACOGENO!
ATAMOXIFEN



The Evolution of Targeted Therapies for Cancer

1970:
1990:
1998:
2001:
2003:
2007:
2010:
2011:
2012:
2013:

ER Testing and Hormonal Therapy for Breast Cancer
Cytogenetics/FISH Testing and Therapy for Heme Malignancies

HER2 Testing and Trastuzumab for Breast Cancer

BCR-ABL Testing and Imatinib for CML

EGFR Mutation Testing and Erlotinib for NSCLC

KRAS Mutation Testing and Cetuximab/Panitumumab for CRC
EML4-ALK Testing and Crizotinib in NSCLC

BRAF Mutation Testing and Vemurafenib in Melanoma

ROS1 and RET Fusion Testing for Crizotinib and RET inhibitors in NSLC

HER2 mutation identification and anti-HER2 targeted therapy in NSCLC, breast cancer and

micropapillary urothelial cancer

2013:
2014:

NTRK1 Fusion Testing and crizotinib in NSCLC
PD1 and PDL1 and Immunotherapies

The era of companion diagnostics or drug-test combinations has begun in earnest for
anti-cancer drugs and biologics. It is now an era of predictive pathology. It is the next

generation of pathology.



Selected Examples of Cancer Genome Sequencing and Anti-
Cancer Drug Selection

KRAS Mutation

BRAF Mutation

EGFR Mutation
EML4-ALK Translocation
KIT Mutation

BCR-ABL Translocation

PML-RARA Translocation
t(15;17)

HERZ2 Gene
Amplification*

ROS1 Fusion

RET Fusion

CRC

Melanoma
NSCLC
NSCLC

GIST/melanoma

CML

APL

Breast and Upper Gl
Cancer
NSCLC
NSCLC

GeneticEvent | _ Disease | Dug

Cetuximab/Panitumumab (contraindicated by
KRAS mutation)

Vemurafenib/Dabrafenib
Gefitinib/Erlotinib/Afatinib
Crizotinib

Imatinib/Sunitinib/Regorafenib/Pazopanib

Imatinib/Dasatinib/Nilotinib/Bosutinib

ATRA

Trastuzumab/Lapatinib

Cabozantinib (investigational)

Cabozantinib (investigational)



Rembrandt’s anatomy lesson of professor Nicolaes Tulp (1632)

Courtesy of Carlos Cordon-Cardo, M.D., Ph.D. Columbia University



THE END OF COUNTRY OF ORIGIN
THE CRITICAL FACT DETERMININ
CANCER TREATMENT 7?7
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Sorlie, T et al. (2003) Proc. Natl. Acad. Sci. USA 100, 8418-8423



Normal Breast HER2-enriched

Luminal B Basal-like |ntrinSiC SUbtypeS

Luminal A l

Perou et al., Nature, 2000
Sorlie et al., PNAS, 2001

Sorlie et al., PNAS, 2003

Hu et al., BMC Genomics, 2006
Perreard et al., BCR 2006
Herschkowitz et al., GB, 2007
Mullins et al., Clin Chem, 2007
Parker et al., JCO, Feb 2009
Prat et al., Submitted
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SURVIVAL FOLLOWING THE DIAGNOSIS OF METAS
BREAST CANCER

1.0

\ — — — = Overall Survival, Median = 21.3 months

0.8 ProgressiofFree Survival, median = 11.5 months
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0 24 46 72 96 120 144 168 192 216 240

Months From the Start of Treatment

Overall and progression free survival of 1581 patients with metastatic breast carcinoma treated ol
18 successive, doxorubienontaining standard dose chemotherapy protocols from 1973 to 1982 at
the M.D. Anderson Cancer Center.



Background Mutation Rates Across Different Cant
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Percent of Patients

Genomic Alterations in 1,445
Relapsed/Refractory Invasive Breast Cancers
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Genomic Alterations in 1,445 Invasive Breast Cancers
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Tumour Phylogenetic Evolution
(Renal Cell Cancer)

R1 _R2
R9 R8 (R3
S —=R5
KDMS5C (missense & frameshift)
. PreP
mTOR (missense) \

SETD2 (frameshift) -

SETD2 (splice site)
? KDMS5C (missense)

" R4a

M Ubiquitous VHL /
SETD2 (missense)

Shared Primary (sP)
KDMS5C (splice site)
Shared Metastasis (sM) M1

. M2b
B Private / \MZa
Pre M

Normal

Gerlinger, M., et al.; N Engl J Med; 2012



The NEW ENGLAND JOURNAL of MEDICINE

P INCTumRoIowIalommoIANRe:
ORIGINAL ARTICLE

Analysis of Circulating Tumor DNA
to Monitor Metastatic Breast Cancer

Sarah-Jane Dawson, F.RA.C.P., Ph.D., DanaW.Y. Tsui, Ph.D.,
Muhammed Murtaza, M.B., B.S., Heather Biggs, M.A,,

Oscar M. Rueda, Ph.D., Suet-Feung Chin, Ph.D., Mark J. Dunning, Ph.D.,

Davina Gale, B.Sc., Tim Forshew, Ph.D., Betania Mahler-Araujo, M.D.,

Sabrina Rajan, M.D., Sean Humphray, B.Sc., Jennifer Becq, Ph.D.,
David Halsall, M.R.C.Path., Ph.D., Matthew Wallis, M.B., Ch.B.,

David Bentley, D.Phil., Carlos Caldas, M.D., F.Med.Sci.,
and Nitzan Rosenfeld, Ph.D.




Circulating Plasma Cell Free Tumor DNA in Breast Cancer

Figure 2. Monitoring Multiple Point Mutations and Structural Variants
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Disease-free survival

Mutation Tracking ofptDNAMay Be More
Prognostic than a Single Point in Time

Single time point post Surgery
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Published Ahead of Print on August 24, 2015 as 10.12001JC0.2015.61.5997

Personalized approach improves S
cancer treatment outcomes | oo

Impact of Precision Medicine in Diverse Cancers:
A Meta-Analysis of Phase 11 Clinical Trials

Genomics-matched targeted therapy = BEST OUTCOME

Targeted therapy w/o mutation matching = Worst outcome
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(Ref: Schwaederle et al., JCO 2015)



Molecularly targeted therapy based on tumour molecular
profiling versus conventional therapy for advanced cancer
(SHIVA): a multicentre, open-label, proof-of-concept,
randomised), controlled phase 2 tria

(hristophe Le Tourneau Jean-Perre Delod, Anthomy Gongalve, Cline Gavolle, Coralin Dubor, Nicolos sambert, Mario Campone,OlverTrédn,
Worie- e Mossian, Cécle Mauborgne Sebestien Amanet, Nicoes Senvant, I Béche, Virgiie Bemare, David Gentien, Pescul Jezequel
Voléry Attignon, Sandrine Boyault, Arne Vincent-Salomon, Vincent Servos, Marie-Poule b, MaudKamal Xevier Pttt forthe SHIVA investiqators



| 741 screened

—P' 25 tumoursampling not done

| 716 underwent tumoursampling ‘

78 notumourcells
112 insufficient tumour cellularity
3 insufficient DINA r—
1tumour not frozen
2 run failed

78 notumourcells

112 insufficient tumour cellularity
| 78 notumourcells }4* t— 3 insufficient DNA

1 tumour not frozen

y

] 520 sequenced

| | 538 immunoh

istochemistry | ’ 522 gene copy numberanalysed |

13 quality control not met |<—

>

—b‘ 7 quality control not met

v

] 507 passed quality control | | 538 passed quality control ‘ l 515 passed quality control |
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| 496 had comp!
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—Di 203 no targetable molecularalteration |

| 293 enrolled

70 randomisation criteria not met
22 deaths

3 consent withdrawal
3 lost to follow-up

treatment

195 randomly assigned to

-

99 assigned to molecularlytargeted agent |

’ 99 treated

91 stoppedtreatment

51 deaths

76 progressive disease g

-

| 96 assigned to treatment at physician’s choice

1 patient lost to follow-up
32 lost forunknown reasons
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I Q2 treated |
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57 deaths

| 8 treatment ongoing |
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1%

B PTEN inactivations™

[ STK11 inactivationst

Bl Otherst

B PIK3CA activating mutations

1 PIK3CA activating mutations associated with PTEN inactivation
[ PIK3CA activating mutations associated with STK11 inactivation

Bl AKT2 amplifications
Bl AKT2 activating mutations

B { CKamplifications

Bl PDGFRA amplifications

Bl PDGFRA activating mutations
0 PDGFRA activation$

1 PDGFRB amplifications

Bl KT activating mutations

B KT activationd]

Bl FL73 activating mutations
[ RET amplifications

Bl ERBB2 amplifications

1 ERBB2 activating mutations
B EGFR amplifications

[ BRAF activating mutations
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A PAIR OF INFORMATIVE EXAMPLES



Tumor Type
Breast invasive
ductaf carcingma
(G

Repgort Date
30 July 2018

FoundationOne is designed fo include all genes known to be somaticatly altered in human solid iwmors ¥ vt are validaiad targets for
therapy, sither approved or in dinical irials, and/or that are unambigucus drivers of oncogenesis based on currert kitowiedge, Ths
current assay interrogates 315 genes as well as inbrons of 28 genes invoived in rearrangsments. The assay will be updated

adodically to refiect new knowledges about cancar biglegy.

ABLT BRAF CHERT FANCC SATAZ JARE ENTF POCDTILG2 FEMIO SEAT
ABLZ2 BRCAY CHERZ FANCDZ2 GATFAL SAXZ ASLFIHE PDGFRA RET SIKIE
ACVRIE BRCAZ ore FANCE GATAG SEN AdPL PAGFRE RICTOR SEIFLS
AKTF BRO4 CRESRES FANCF [£77# 3 HATEA AIREFTA BOKT RMNF43 SYiC
(¥ roig) (ATYSTR)
AKTZ BRIPT CR&L FANCG GLi7 KDAIEA AISHZ FIR3C28 ROST 7FAET
AKTZ B7G7 CRLEF? FANCL GNAZT KDAFSE ATSHG PIRPCA RETOR 7BX3
ALK E=rrd CSFIR FAS GNAFZ HDABA AFOR IR0 RCNXT TERC
AMERT C7 forf30 CICFE FATT GNAQ KR ATV PIK3CG RLNXTTT TERT
(FAAF 72387 FEAMS YD coromaorer
oM
ALC CARDT ¥ LTANAT W GAAS KEAPT AMYC PIR3RT SOHA FETZ
AR CEFE STANE T FGFIC GFPRIZ2Z KEL Affd‘:’ );(i:’.f FPIR2R2 SOE TEFER2
ARAF CHL CLAY FGETL GRINZ2A M7 (M YCN) FLeG2 SOHC TAEAIRS
ARERFT CONOT oYrD FGETR felay i 53 HEFHE ASYDIRE PAUS2 SO/ TNFRSFTS
AR TA CCANOZ DAXN FGFZ23 GERZE A ::fi 7§'A AT POLOT SETD2 TOP7
AREIE COND3 LRR2 FES2 H2F3A %{z i‘ ‘2;8 /o4 POLE ST FOP2A4
ARIDZ CCNET DICERT FGAE HEGF g;:}ri i’;;f? MFEZLZ PPPZRTA SLITZ P53
ASXLT CO2FH DNAFTRAR FEFG HNFTA r:‘t';‘?;f.‘; NFERBIA PRD&EI? SALALZ s
ATAS CE72A AT FEFRT FHEAS LAY ANRX2-7 PREXZ SALAOT F&CE
ATR CETeR £GAR FEER2 FSD3IET L ROTE MOTCHT FPRAARTA SALALS FTEHR
AFRX COCrG EFP300 FEAART AP0 AA T £ YN NOTCHZ PRECY SALARCAL L2AFY
ALIRKA G EPHAZ FEFRL DT LZTRY PO TOH? PREBC SALIROCET VEGAA
ALIRKE COXTZ EFHAS ol D2 At G2 APALT FRESE SAIC 77 /8
AXINT CEORS EPHAT FLOAN IGEIR ALAS2IT AMRAS PTCHT LSACAP 2y ety
AXL CPRPHT EPHBT LT fGF2 ALAL2K2 MDY PIEN SOOS T HWry
8427 COKE ERBB2 FLTZ IOKE AL 2HA NTRKT PIENTT SOXTE XPOT
BARDT GOV A EREBES LT MZFT AdA T MTRI2 QK7 SOz L8TB2
BOL2 GRS ERBHY FOXZ2 7R AFCL T NIRRT RACT SOXG TNF2IT
BEL2L T CLANV2A ERG FOXPT INVHBA AFLNTZ NUPI3 LADSE? SPEN ZMF7RF
BOL 2R CRANIE ERRFAIT FRS5Z APP4s AL PAKS RADST SPOFP
BCL s CORN2C ESRVT FLiBrPf REZ MEDT2 PALBZ RAFT SPTAT
BCOR CEBFA Vi r o GARRAG IR AFIEFZE PARKZ PANBLFZ SRC
BCORLY D2 FARALEC GArA7 IR&2 MENT PAXES AARA SFIAG2
SLAF CHOF FANCA £5A7A2 JAKT AIET PEAAT RET STATS
Select Rearrangemenis
ALK LIRA~ BFRIE v ! FOEFRT ari s ATYC MNIRRZ SARA TAIPRSS2
BCLZ BRCAY EGFR s FGFR2 MMEHZ MOTCH2 PRGHRRA RET
BCHR BRCAZ ETVY ETVE FGFRS MYE NTRKT AT ROST




DECINEL L

ABOUT THE TEST:

Frundaiontine® s o next-genaration saquoncing (NGS] bazed aasay hal idendfise ganomic aiteralions withils hundreds of concer-related genes.

Genomic Altarations dentified?

FREB2 amplitication
FI3CA E545K
AV amplification — equivocal®
TR531.194H

CREEBR 323

LRPIE splice site 7514-1G>A
F30C2E amplification — equivocals

specifications, please rafer to the Appendix
HRee Appendix for details

ey
SR e S 3

ERRBEZ Ado-trastuzumalb Afatinib " Yes, see clinical trials
ampiification emtansing saciion

Lapstinib

FPertuzumsab

Trastuzumab
PIE20A Everolimus T Temsirolimus 77 Yes, see clinical trials
E5451¢ section
YT None T None T T T Yaes, see clinical trials
amplification - equivocal section
FE53 T None " 7 "None ST T Neae see clinical trials
L1584 section
CREBSP MNone Mone " None
s23*
LRPTE None None Mong
splice site 7514-1G>A







