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PERSONALIZED MEDICINE FOR
CANCER PATIENTS

BREAST

* A WORKING DEFINITION: SUFFICIENT
KNOWLEDGE ABOUT THE MOLECULAR
FEATURES OF THE TUMOR OR HOST TO MAKE

SPECIFIC THERAPEUTIC CHOICES WH
MAXIMIZE EFFECTIVENESS AND MIN
TOXICITY.
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PERSONALIZED MEDICINE FOR BREAST
CANCER PATIENTS

* Perhaps not quite such new thing...



PERSONALIZED MEDICINE FOR BREAST
CANCER PATIENTS

* Perhaps not quite such new thing...

* ABRIEF HISTORICAL PERSPECTIVE — THE TUMOR
— THE ESTROGEN/PROGESTERONE RECEPTOR AXIS
— HER2/neu/ERBB2

— CLONOGENIC AND OTHER IN VITRO SENSITIVITY
ASSAYS

— PDX MODELS FOR CUSTOMIZED TESTING



PERSONALIZED MEDICINE FOR BREAST
CANCER PATIENTS

* ABRIEF HISTORICAL PERSPECTIVE — THE HOST
— CUSTOMIZED DRUG DOSING
* MTX, PLATINUM,

— CUSTOMIZED ANALYSES OF PHARMACOGENOMICS
* TAMOXIFEN



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 AS
THE CRITICAL FACT DETERMINING
CANCER TREATMENT ??
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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 METASTATIC
BREAST CANCER

1.0

\ = = = = QOverall Survival, Median = 21.3 months

0.8 Progression-Free Survival, median = 11.5 months
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0.0

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 on
18 successive, doxorubicin-containing standard dose chemotherapy protocols from 1973 to 1982 at
the M.D. Anderson Cancer Center.



Background Mutation Rates Across Different Cancer
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Significantly Mutated Genes (All 507

Cases) (FDR<0.15)
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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
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SETD2 (frameshift) -

SETD2 (splice site)
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" R4a

M Ubiquitous VHL /
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Shared Primary (sP)
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Gerlinger, M., et al.; N Engl J Med; 2012



The NEW ENGLAND JOURNAL of MEDICINE

v i i v e v
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
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Figure 2. Monitoring Multiple Point Mutations and Structural Variants Dawson etal. N Engl J Med 368:1 199'209, 2013



Disease-free survival

Mutation Tracking of ptDNA May Be More
Prognostic than a Single Point in Time
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Garcia-Murllias et al Science Translational Med 2015



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
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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
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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




Genes on the Genes with Complete Exon and Partial Intron Coverage

Guardant360 Cens LOD Gene 0D Gone  LOD

FPanel APC <0.1% AR <0.1% ARIDTA <0.1% BRAF <0.1%
BRCA1 <0.1% BRCA2 <0.1% CCND1 <0.1% CCND2 <0.1%
CONET <0.1% CDK4 <0.1% CDK6 <0.1% COKNZA  <0.1%
CDKN2B ~ <0.1% EGFR® <0.1% ERBBZ <0.1% FGFR1 <0.1%
FGFR2 <0.1% HRAS <0.1% KT <0.1% KRAS <0.1%
MET <0.1% Myc <0.1% NF1 <0.1% NRAS <0.1%
PDGFRA  <0.1% PIK3CA <0.1% PTEN <0.1% RAF1 <0.1%
P53 <0.1%

Genes in bold are those that are also analyzed for copy number variations (CNVs).
# EGFR indels in exon 19 and 20

Genes with Critical Exon Coverage

Gans LOD Gons LOD  Gong
AKT? <0.1% ALK <01% ARAF <0.1% ATMm <0.1%
COH1 <01% CTNNB?  <0.1% ESR1 <0.1% EZH2 <0.1%
FBXW7 <0.1% FGFR3 <0.1% GATA3 <0.1% GNATT <0.1%
GNAQ <0.1% GNAS <0.1% HNF1A <0.1% 1DHT <0.1%
IDH2 <01% JAK2 <0.1% JAK3 <0.1% MAP2K1 <0.1%
MAPZK2  <0.14% MLH1 <0.1% MPL <0.1% NFE2L2 <0.1%
NOTCHT <0.1% NPMT 0.1% NTRK1 <0.1% PTPN11 <0.1%
RET <0.1% RHEB <0.1% AHOA <0.1% RIT? <0.1%
ROS? <0.1% SMAD4 <0.1% SMO <0.1% SRC <0.1%
STK11 <0.1% TERT <0.1% VHL <0.1%

Rearrangements

Gend LOD : L s
ALK <01% NTRKT <0.1% RET <0.1% ROST <0.1%




Guardant360 Tumor Response Map

The Guardant360 Tumor Response Map illustrates the relative changes of observed cfDNA at different sample submission time points. The "Somatic Alteration Burden" value
below refers to the maximum % cfDNA detected at each time point. Amplifications are not plotted.

_ Somatic Atteration Burden 7.3%

7 Total Alteratiori(s) Detected

5 with Associated Therapy
0 Associated with Lack of Response
Multiple Clinical Trials Available

Summary of Alterations & Associated Treatment Options
The percentage, or allefe frequency, of altered cell-free DNA (% cfDNA) circulating in blood is refated to the unique tumor biology of this patient. Factors that may affect the
amount/percentages of detected genomic alterations in circulating cell-free DNA in blood include tumor growth, turn-over, size, heterogeneity, vascularization, disease

progression, or treatment.

Available for Use in Other

Alteration 9 cfDNA cfDNA Amplification FDA Approved in indication I dons Clinical Drug Trials
1P53 R175H 7.3 None None Trials Available
D538G 0.2 None None Trigls Available
ESRT :
Y5378 02 None None Trials Avallable
i ‘ The functional consequences and clinical significance of this gene variant are not established. The relevance of therapies targeting 1his
FGFR7T R56W 0.2 alteration is uncertain. Similar to other alterations in circulating ¢fDNA, the monitoring of this variant may be reflective of disease progression or
treatment; clinical comrelation is advised.
A The functional consequences and clinical significance of this gene variant are not established. The relevance of therapies targeting this
ARIDTA { 2106M 0.1 alteration is uncertain. Similar to other alterations in circulating cfDNA, the monitoring of this variant may be reflective of disease progression or
| {reatment; clinical comrelation is advised.
Ado-trastuzumab
emtansine,
ERBB2 AVIP ++ Lapatinib, Afatinib Trials Available
Pertuzumab,
Trastuzumab
Regorafenib,
RAFT ANIRP + None Sorafenib, Trials Avallable

Trametinib

t4e | Arthur Baca, MD PhD Laboratory Director | 2686 Middlefield Rd, Suite C, D, E, Redwood City, CA 94063
GUARDANTHEALTH® T: 855-698-8887 | clientservices@guardanthealth.com | https://portal.guardanthealth.com | Report Version 4.1 | TST-PRT-001 V12,0 | Pg 1 of 16



Guardant360 Tumor Response Map
The Guardant360 Tumor Response Map illustrates the relative changes of observed cfDNA at different sample submission time points. The "Somatic Alteration Burden" value
below refers to the maximum % cfDNA detected at each time point. Amplifications are not plotted.

_ Somatic Atteration Burden 7.3%

7 Total Alteratiori(s) Detected

5 with Associated Therapy
0 Associated with Lack of Response
Multiple Clinical Trials Available

Summary of Alterations & Associated Treatment Options
The percentage, or allefe frequency, of altered cell-free DNA (% cfDNA) circulating in blood is refated to the unique tumor biology of this patient. Factors that may affect the
amount/percentages of detected genomic alterations in circulating cell-free DNA in blood include tumor growth, turn-over, size, heterogeneity, vascularization, disease

progression, or treatment.

Available for Use in Other

Alteration 9 cfDNA cfDNA Amplification FDA Approved in indication i dons Clinical Drug Trials
1P53 R175H 7.3 None None Trials Available
D538G 0.2 Nane None Trigls Available
ESRT :
Y5378 02 None None Trials Avallable ;
< The functional conseguences and clinical significance of this gene variant are not established. The relevance of therapies targeting 1his
FGFRT R56W 0.2 alteration is uncertain. Similar to other alterations in circulating ¢fDNA, the monitoring of this variant may be reflective of disease progression or
| treatment; clinical comrelation is advised.
[ == The functional consequences and clinical significance of this gene variant are not established. The relevance of therapies targeting this
ARIDTA L 2106M 0.1 alteration is uncertain. Similar to other alterations in circulating cfDNA, the monitoring of this variant may be reflective of disease progression or
| {reatment; clinical comrelation is advised.
Ado-trastuzumab
emtansine,
ERBB2 AVIP ++ Lapatinib, Afatinib Trials Available
Pertuzumab,
Trastuzumab
Regorafenib,
RAFT ANIP + None Sorafenib, Trials Avallable
Trametinib
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Non-Amplification ERBB2 (HER2) Alterations in
7,300 Consecutive Solid Tumors
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Figure2. Schematicdiagram of mutationsobservedin ERBB2. Mutation frequency at each residueis depicted by vertical red bars. Allexon
20 insertions (ex20ins) are graphed in red; however, only the most frequent site is labeled (A775_G776insYVMA). For a complete list of
exon 20 alterations and the diseases in which they occur, see supplemental online Table 3.

Abbreviation: CRC, colorectal cancer.

Chmielecki et al The Oncologist, Jan 2015



Distribution of ERBB2 Alterations Across
Tumor Types
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Figure 1. Distribution of ERBB2 alterations across diseases. Mutations, amplifications, and rearrangements involving ERBB2 were

identifiedin403 tumorsacross 27 disease types. Data are expressed as a percentage compared with the total number of tumors withinthat
subtype in our data set.

Chmielecki et al The Oncologist, Jan 2015



ERBBZ2 Alterations in 5,605 BC
SABCS 2015

698 (12.5%) of 5,605 mBC featured ERBBZ2 alterations

596 (10.6%) featured ERBB2 amplifications and 137 (2.4%) featured
ERBBZ2mut

35 (0.6%) of total mBC had both ERBB2amp and ERBBZ2mut, which
accounted for 5.0% of all ERBBZ2 altered

Of the 137 ERBB2mut cases, 8 featured more than 1 ERBB2 mut

There were 124 (85%) ERBBZ2 kinase domain mutations and 15
(10%) extra-cellular domain ERBB2mut

The most common genes co-altered in ERBBZ2mut mBC were TP53
(49%), PIK3CA (42%), CDH1 (37%), MYC (17%), and CCND1 (16%)

The enrichment of ERBBZ2mut in CDH1 mut mBR was significant
(p=0.0006) and associated with relapsed lobular mBC

Multiple case examples of kinase domain and extra-cellular domain
ERBB2mut mBC responding to a variety of anti-HER2 targeted
therapies will be presented



Response of a HER2 FISH/IHC Negative
Cutaneous Adnexal Carcinoma with an ERBB2
S310f Mutation to anti-HER2 Targeted Therapy

Vornicova O et al. The Oncologist 2014,19:1008-1007
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IMPLICATIONS

* ITSEEMS TO ME WE ARE EITHER GOING TO
HAVE TO FIGURE OUT FEASIBLE STRATEGIES
TO VALIDATE THESE THERAPIES EARLIER IN
THE CLINICAL COURSE, OR,

* WE MAY NEED TO RETHINK OUR PARADIGMS
AND FOCUS MORE ON THE HOST.




ENDOCRINE THERAPY



Figure 2. Sensitivity Analysis of Invasive
Breast Cancers in Adherent Participants by
Treatment Group
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Tamoxifen Overview : ER Positive
Invasive Breast Cancer
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All ER+ Invasive breast cancers, 5-10y
SERM vs. placebo

Tamoxiten vs. placebo
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Exemestane for Breast-Cancer Prevention

in Postmenopausal Women

Paul E. Goss, M.D., Ph.D., James N. Ingle, M.D., José E. Alés-Martinez, M.D., Ph.D., Angela M. Cheung, M.D., Ph.D.,
Rowan T. Chlebowski, M.D., Ph.D., Jean Wactawski-Wende, Ph.D., Anne McTiernan, M.D., John Robbins, M.D.,
Karen C. Johnson, M.D., M.P.H., Lisa W. Martin, M.D., Eric Winquist, M.D., Gloria E. Sarto, M.D., Judy E. Garber, M.D.,
Carol J. Fabian, M.D., Pascal Pujol, M.D., Elizabeth Maunsell, Ph.D., Patricia Farmer, M.D., Karen A. Gelmon, M.D.,
Dongsheng Tu, Ph.D., and Harriet Richardson, Ph.D., for the NCIC CTG MAP.3 Study Investigators*
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Figure 1. Cumulative Incidence of Invasive Breast Cancer.

Cl denotes confidence interval.




BR— Recurrence in tamoxiten trials

Annual oddi; of evént

Events / patients Tam. events K
Age and Tam. Control Obs. Var. Ratio (& conf. limits), Reduction

' menopause group group* -Exp. of O-E tamoxifen : control - (% & SD) -
< 50, pre 1267/3958 13653947  -726 5842 I= 12% SD 4
< 50, post 97/329 110352 . -48 389 g 12% SD 15
50-59, pre 250/780  -337/803  -519 1282 . - 33%SD7
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Fig 5—Subtotals by age and menopausal status of tamoxifen trial results.

For explanation, see foot of fig 5M.



THE EXACT SAME THERAPY WHICH
CAN PREVENT BREAST CANCER
GIVEN BEFORE DIAGNOSIS
AND CURE SOME PATIENTS IN THE
ADJUVANT SETTING CURES NO ONE
IN THE METASTATIC SETTING.
WHY WILL ANY OTHER KIND OF
THERAPY BE DIFFERENT ?



ESR1 Mutation in Breast Cancer

NGS study of 249 breast cancers

12% frequency of ESR1 somatic mutations in
relapsed ER+ breast cancer

Primary tumors were ESR1 WT

Pre-clinical models show ESR1 activation and
resistance to endocrine therapy

ESR1 mutation testing can explain hormonal
therapy resistance and can personalize therapy
selection in ER+ metastatic breast cancer

Jeselsohn R, Yelensky R, Buchwalter G et al. Emergence of constitutively active estrogen receptor-a
mutations in pretreated advanced estrogen receptor positive breast cancer. Clin Cancer Res. 2014 Jan 7.



ESR1 MUTATIONS

* Hypothesis

— Prior Endocrine therapy selects for ESR1
variants

— These variants:
* Are still estrogen sensitive

e But also estrogen independent
* Als no longer effective

— Patients with ESR1 variants may respond to
high doses of SERMs or SERDs.



Identification of Mutations in ESR1 in Patients with
ER+ Metastatic Breast Cancer
(and Endometrial Cancers)

1 ESR 1 505
AF-1 DBD | Hinge LBD / AF2
1 — 1 N
N
r o r \

205 405 11 H11 H1z2 Ba0
Wiid type (WT) SMEHPGFLLFL ————————-— LSHIEHMSNEGMEHLY SMECENVVPLYDLLLEMLDAHEELH
MO _10371 L5360 SMEHPGELLFR ————————— L.SH MENECMEHLY SMECENVVEPQYDLLLEMLDAERLH
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First identified in 1997 Fuqua in a single patient with metastatic breast cancer
treated with diethylstibesterol (but since then thought to be rare)
6 out of 11 ER+ metastatic breast cancer (all are post- aromatase Rx)

Not in ER- breast cancers

Not in ER+ tamoxifen only treated patients

4 of 373 endometrial cancers (from TCGA)

Robinson et al, Nature Genetics 2013



ESR1 Mutant Signaling Is Estrogen Independent

HEK-293T human embryonic kidney cells transfected with ESR (WT or Mutant)
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Robinson, et al., Nat Genet 2013



ESR1 activating mutations are not present in primary tumors

Clinical

Cancer

Human Cancer Biology Research

See related article by Segal and Dowsett, p. 1724

Emergence of Constitutively Active Estrogen Receptor-«
Mutations in Pretreated Advanced Estrogen Receptor-
Positive Breast Cancer s 2
Rinath Jeselsohn'**, Roman Yelensky®, Gilles Buchwalter*®, Garrett Frampton®, Funda Meric-Bemstam’,

Ana Maria Gonzalez-Angulc®, Jaime Ferrer-Lozano®, Jose A. Perez-Fidalgo'®, Massimo Cristofanilli'®,

Henry Gémez'?, CarlosL. Arteaga'®, Jennifer Giltnane'?, Justin M. Balko'®, Maureen T. Cronin®, Mima Jarosz®, o
James Sun®, Matthew Hawryluk®, Doron Lipson®, Geoff Otto®, Jeffrey S. Ross®, Addie Dvir™*,

Lior Soussan-Gutman'*, Ido Wolf'S, Tamar Rubinek'®, Lauren Gilmore®, Stuart Schnitt’, Steven E. Come®,

Lajos Pusztai'®, Philip Stephens®, Myles Brown'?, and Vincent A. Miller®

L]
Priority Report R,g::f:;

L]
D538G Mutationin Estrogen Receptor-a: A Novel Mechanism
for Acquired Endocrine Resistance in Breast Cancer

L]

Keren Merenbakh-Lamin"z, Noa Ben-Baruch”, Adva Yeheske\a, Addie Dvirﬁ, Lior SnLEsan-Gulmanﬁ,
Rinath Jeselsohn®, Roman Yelensky®, Myles Brown®, Vincent A. Miller®, David Sarid', Shulamith Rizel’,
Baruch Klein®, Tami Rubinek’, and Ido Wolf'?

134 ER+ samples

c 58 primary BCs

c 76 metastatic samples
115 ER- samples

9/76 (12%) samples contained a somatic
mutation in codon 537 or 538

None of the primary tumors, treatment
naive ER+ cancers or ER- tumors
harbored the mutation

13 ER+ samples
5/13 patients contained the D538G
mutation in liver mets

The mutation was not detected in
the primary tumors prior to
endocrine treatment



ESR1 MUTATIONS

* Conclusions
—Uncommon in Primary Cancers

—Appear to be selected by ET

—Focused in Ligand Binding Domain
* AA 536-538

— Confer Ligand—independent Signaling
— Remain dependent on ER signaling pathway

—Resistance:
e ?Absolute to E2 depletion (Al)
* Relative to SERM/SERD



CONFIRM Study: PFS

Hazard Ratio (95% Cl): 0.80
(0.68, 0.94)

p-value: 0.006

Fulvestrant 500mg

Proportion of patients progression free

Time (Months)

Di Leo, et al., J Clin Oncol 28:4594-600, 2010



Conclusions

Somatic variants in ESR1 are common (~20%)
in advanced metastatic BC.

Tumors with these mutation are signaling
through the ER pathway

Tumors are resistant to endocrine therapies



A FEW CONCLUDING COMMENTS

* UNQUESTIONABLY THE NOTION THAT THERE
IS ENORMOUS CANCER DIVERSITY IMPLIES
THAT THERE MUST BE DIVERSE TREATMENTS.

* AND IT ALSO IMPLIES THAT IF WE COULD
ONLY MIX AND MATCH THESE CORRECTLY TO

OUR PATIENTS WE WOULD ACHIEVE GREAT
THINGS.




A FEW CONCLUDING COMMENTS

* HOWEVER, GIVEN THE REMARKABLE NUMBER OF
POTENTIALLY CONTRIBUTORY MUTATIONS AND THE
[RELATIVELY] INFREQUENT NUMBER OF AGENTS TO
TARGET THESE MUTATIONS AND GIVEN THE LACK OF
DURABLE SUCCESS WHEN THOSE AVAILABLE AGENTS
ARE USED [AT LEAST IN THE ADVANCED DISEASE
SETTING] WE OBVIOUSLY HAVE A VERY LONG WAY TO
GO BEFORE “PERSONALIZED MEDICINE” IS THE
REALITY WE WOULD ALL HOPE IT TO BE.....



A FEW CONCLUDING COMMENTS

* ITSEEMS TO ME WE ARE EITHER GOING TO
HAVE TO FIGURE OUT FEASIBLE STRATEGIES
TO VALIDATE THESE THERAPIES EARLIER IN
THE CLINICAL COURSE, OR,

* WE MAY NEED TO RETHINK OUR PARADIGMS
AND FOCUS MORE ON THE HOST.







