Precision Medicine in an Era of Value Based Medicine
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Objectives
-

Promise of precision medicine

Challenges

On-going precision medicine projects

Innovations

S CityofHope.



National Expenditures for Cancer Care Projected to
Increase by at Least 27% Between 2010 to 2020 Because

of Aging and Growing Population

Total Cancer Expenditure in 2010: $124.57 Billion Total Cancer Expenditurein 2020: $157.77 Billion
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The Promise of Precision Medicine
L

« With limited health care dollars, we need to improve response rates and survival
with our treatments

« Tailoring therapy for patients based upon molecular characteristics of the tumor
can lead to impressive responses

S CityofHope.



Shifting treatment paradigms
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Chemo RR 5%

TRK fusion - RR 78%

TRK fusions found in diverse cancer histologies

Brain cancers (glioma, GBM, astrocytoma)
Salivary (MASC)

W Common cancer with low
TRK fusion frequency

Thyroid cancer

Lung cancer

Secretory breast cancer
Pancreatic
Cholangiocarcinoma

W Rare cancer with high
TRK fusion frequency

GIST

Gllomas

Thyrond cancer
Infarmle fibrosarcoma

Z

Spltz nevl

1* Sarcoma (multiple)

Estimated 1,500-5,000 patients harbor TRK fusion-positive cancers in the United States annually

ER CityofHope

Efficacy of larotrectinib in TRK fusion cancers
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Genomic driven therapy can have dramatic results

A 38-year-old man with BRAF-mutant melanoma and miliary,
subcutaneous metastatic deposits. Photographs were taken
(A) before initiation of vemurafenib
(B) after 15 weeks of therapy with vemurafenib
(C) after 23 weeks of therapy.

-MIRACLE | SCIENCE
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The Shifting Focus of Clinical Trial Design Towards Precision Medicine
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What are the challenges of genomic medicine?
-

E.I‘- = E
r:;rrnwl‘l'h

Early migroscope

S CityofHope.



Value of Genomic Testing has to be critically evaluated
-

IELEFY Costs and Clinical Roles of Tests

Test Clinical Role Predictive or | Tumor-Specific | Cost | Source
Prognostic? | or Host-Specific?
DPD Predicts 5-FU metabolism Predictive Host-specific 5827 | CPT code: 81400
httpz/fwww.palmettogba.com/
Palmetto/Providers.Nsf/files/
MoPath_Claims_Submission_
Guidelines.pdff$File/MoPath_
Claims_Submission_Guidelines pdf
UGT1A1*28 | Predicts irinotecan metabolism | Predictive Host-specific 5108 | CPT code: 81350
polymor- Laboratory and Economics
phism MNewsletter
httpz/fwww.thestreetsweeper.org/
ckfinder/userfiles/files/
GenPathRateSlashed.pdf
UGT1A1 Predicts irinotecan metabolism | Predictive Host-specific $875 | University of Chicage genetic Moore's Law
sequencing services
KRAS Predicts benefit from Predictive Tumor-specific 5197 | CPT code: 81275
EGFR-targeted therapies Medicare laboratory fee schedule
BRAF Detection of a BRAF mutation | Prognostic Tumor-specific $179 | CPT code: 81210
indicates sporadic rather than Medicare laberatory fee schedule
hereditary disease in patients
with MSI
MSI/IHC Indicates possibility of Predictive Tumor-specific $475 | CPT code: 88342 x4=5$118.79 x 4
Lynch syndrome and risk of and (estimated from
recurrence prognostic fairhealthconsumer.org)
MSI/PCR Indicates possibility of Predictive Tumor-specific $395 | CPT code: 81301
Lynch syndrome and risk of and Medicare laboratory fee schedule
A National Human Genome
recurrence rognostic
. ) preg . . m) Research Institute
Oncotype In stage Il disease, helps guide | Prognostic Tumor-specific 53,640 | Alberts et al. 2014[73]
DX degision making regarding genome.gov/sequencingcosts
adjuvant therapy
ColoPrint In stage |l disease, helps guide | Prognostic Tumor-specific 54,000 | Personal communication with
decision making regarding Agendia
adjuvant therapy
FoundationOne | |dentifies targetable mutations | Predictive Tumor-specific 45,800 | Personal communication with
e e personal communicat 20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Molecular |dentifies targetable mutations | Predictive Tumor-specific $5,500 | Personal communication with
Intelligence | via NGS Caris Life Sciences
Profile

aFor DPD test that assesses for mutations in the DPYD gene: V514 + 1G> A
5-FU =fluorouracil; DPD = dihydropyrimidine dehydrogenase; EGFR = epidermal growth factor receptor; IHC = immunohistochemistry; M5l = microsatellite

instability; NG5S = next-generation sequencing; PCR = polymerase chain reaction; UGT1 A1 = 5'-diphospho-glucuronosy 58, GO|dSte|n, et al, OI’]CO'Ogy, 20 15

eMIRACLE EH CityofHope.




Most patients want their genomic information

Somatic Results Germline Results
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Dana-Farber, MD Anderson and Memorial Sloan Kettering studies:

« Most patients want genomic results 57%-99%

«-MIRACLE

I 1 Gray, Genet Med (2016); Meric-Bernstam, ASCO 2015 (Abstract 1510)
CityofHope. Hamilton, JOP (2017)



Incidental findings are common in cancer patients

Somatic panels can reveal unexpected

germline results
Advanced Cancer Patients

18%

APC NF2 SDHC
BRCA 1 NTRK 1  SDHD
BRCA 2 PMS 2 STK11

MEN 1 PTEN  TP53
MLH 1 RB1 TSC1
MSH 2 RET TSC2
MSH 6 SDHAF2  VHL
MUTYH  SDHB  WT1 N=1040

- Incidental findings

« Approximately 1.7 million cases of cancer each year therefore

« Up to 269,000 cancer patients with incidental findings each year

Amendola et al.,(2015, Genome Res); Parsons et al. 2016 (JAMA Onc)
Zhang et al., NEJM (2015); Schrader et al., 2016 (JAMA Onc);

C ityof Ho pe. Mandelker et al, JAMA (2017); Gray ASCO 2015 (Abstract 1510)




Best Target Response (%)

Phase 1 trial evaluating cisplatin, gemcitabine, and veliparib in 2 patient cohorts: Germline
BRCA mutation carriers and wild-type BRCA pancreatic ductal adenocarcinoma
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Gemcitabine 600 mg/m? and cisplatin 25 mg/m?

on days 3 and 10 of a 21-day cycle

Veliparib given orally twice daily on days 1 to 12

Continuous dosing of veliparib resulted in grade

4 neutropenia and thrombocytopenia (DLT’s)

Cityof
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Challenges of genomic medicine
-

« Most patients don’t have actionable » Future of artificial intelligence in

mutations medicine
« Limitations in knowledge/ insufficient  sama origiiinvestigation
evidence Diagnostic Assessment of Deep Learning Algorithms
for Detection of Lymph Node Metastases
* Flaws in interpretation in Women With Breast Cancer
— Both providers and patients oK D, Goat i, P et . W M. s Lok PHD. e e CAMELYOMIS Coreartim
— Lack of understanding about how to
advance new knowledge into general e Caution
care

— Programming the algorithms may
* Need for molecular tumor boards also inherit our biases

— Training sets lack diversity.

«-MIRACLE

CityofHope. Institute of Medicine (2001), McNiff JOP (2014), Abernethy, JCO, 2010




How do we achieve success with precision medicine?

 Mutations are rare

* Need avalilable trials to accrue
patients

* Robust biomarker analysis

S CityofHope.



Precision Medicine Trials

NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL + Afatinib - EGFR

e Crizotinib - MET amp, MET ex 14 sk, ALK, ROS1

THIS PRECISION MEDICINETRIAL ~ :  NCI-MATCH* IS FOR ADULTS WITH: .

EXPLORES TREATING PATIENTS : solid tumors lincluding rate tumors), AZDI291 - EGFR T790M

BASED ON THE MOLECULAR :  lymphomas, and myeloma * Trastuzumab and Pertuzumab - HER2 amp
.« lumors that no longer respand Lo

o i standard tdcealmenf] I * TAK-228 - mTOR

e ey «  TAK-228 - TSC1 or TSC2
" « Trametinib - GNAQ/GNA11

ABOUT 6,000 . :

CANCER PATIENTS * Vismodegib - SMO/PTCH1

::;I;EEB;EDWUHA . Sunitinib - cKIT mut

- B:mPSY » Larotrectinib - NTRK fusions
,_-: « AZD1775 - BRCA1 or BRCA2
Hesiopsin ‘D

!
]
TUMORTISSUE i

WILL UNDERGD v’

GENE :
GENE SEQUENCING WILL LOOK FOR CHANGES IN 143 GENES RS rmsTn S

IF A PATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

e MIRACLE | BN CityofHope.
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TAPUR

American Society of Clinical Oncology

TAPUR STANDS FOR .

What is the
TAPUR TARGETED AGENT and .
clinical trial? PROFILING UTILIZATION .
REGISTRY study .
" » .v"\ °
/ THISTRIALWILL .
/ COLLECTDATAonhow 7
|  patientswithadvanced | .
| cancer respond to drugs not | PHARMACEUTICAL
’, yet approved for that cancer | COMPANIES ARE °
\ typebytheUS.Food J PARTICIPATING,
\, and Drug Administration / providing 17 .
\\ (FDA) J/ targeted drugs.

S CityofHope.

? Targeted Agent and
? Profiling Utilization
9 Registry Study

3]

Axitinib - VEGFR

Bosutinib — Ber-abl, SRC, LYN, LCK
Crizotinib — ALK, ROS1, MET

Palbociclib — CDKN2A, CDK4, CDK6
Sunitinib — CSF1R, PDGFR, VEGFR
Temsirolimus — mTOR, TSC

Trastuzumab and Pertuzumab — ERBB2
Vemurafenib and Cobimetinib — BRAF V600E
Cetuximab — KRAS, NRAS, BRAF

Dasatinib - Ber-abl, SRC, KIT, PDGFRB, EPHA2,
FYN, LCK, YES1

Regorafenib — RET, VEGF1/2/3, KIT, PDGFRB,
RAF-1, BRAF

Olaparib — BRCA1/2, ATM
Pembrolizumab — POLE/POLD1, high TMB
Nivolumab and Ipilimumab — MSI high, high TMB



Industry Sponsored Precision Medicine Trials

My Pathway (NCT02091141) — Genentech

— HERZ2 overexpression or amplification
— EGFR-activating mutations
— BRAF V600 mutations

— Activating mutation of smoothened [SMO] or loss-of-function mutation of protein patched
homolog-1 [PTCH-1]

— ALK gene rearrangements, ALK mutations, ALK copy number gain

— PD-L1 copy number gain/amplification, deficiency in mismatch repair enzymes (dMMR), high
levels of microsatellite instability (MSI-H) or elevated tumor mutational burden (TMB >=10
mutations/ MB).

« Signature Trial — Novartis
— Trial is opened when a patient is identified

e MIRACLE | BN CityofHope.




“Phenotype to Genotype” trial
T

« The “Exceptional Responders” study
— NCI will collect up to 300 samples to successfully analyze 100 cases

— As of November 21, 2017, the Exceptional Responders study accrual goals have
been met, and the study is now closed to accrual

— Discover molecular features in the tumors that may predict benefit to a particular
drug or type of drug

— The molecular and clinical information (de-identified) will be placed into a large
database and shared with other approved researchers so that they can help
determine why the patient(s) had such an exceptional response

e MIRACLE | BN CityofHope.




Building for the future

I NEED SOME DATA
FROM AN UNREACHABLE
GUY NAMED ED. WHAT
SHOULD I DO?

J

JUST MAKE UP A

BUNCH OF DATA

LIKE EVERYONE
ELSE DOES.

\

scottadams@aol.com

www.dilbert.com

S CityofHope.

06 #2006 Scott Adams, Inc./Dist. by UFS, Inc.

EVERY—
ONE ELSE
DOES
THAT?

L

ARE YOU
DOUBTING
MY DATA?

|




% MOREHOUSE

S SCHOOL OF MEDICINE

USC Norris Comprehensive ONCOLOGY RESEARCH
Cancer Center S - : INFORMATION
Keck Medicine of USC > = EXCHANGE NETWORK"

Mission: Accelerating cancer
discovery and delivering hope

=
. ‘r\(nuu\( Lnuw

| Z) ENGR CanER through collabdrative learning -

= Stephenson ﬁ];_l‘Homm . and partnerShlpS

! REHENSIVE

ROS\V LL
- —— «:ANéng

IKDIAKA LM IVERSITY
ﬁ MELVIN AND BREN SIMON
CANCER CENTER



http://www.cityofhope.org/home
http://www.ucdenver.edu/academics/colleges/medicalschool/centers/cancercenter/Pages/CancerCenter.aspx

Meeting the Challenges of Therapy Development and Clinical Trials
T

«-MIRACLE

Challenges:

« Trials are too slow and costly

« Individual patients identified for
trial at time of need

« High ratio of screening to actual
enroliment

« Costs of bringing a drug to
market estimated to be $2.6
billion! and take 10 — 15 years?

« Patients with aggressive disease
often have narrow “trial matching
window”, making enroliment
especially challenging

(1) Tufts Center for the Study of Drug Development
(2) PhRMA

S CityofHope.

ORIEN Solution:

Enroll high volume of patients in
Total Cancer Care (TCC) Protocol
through ORIEN

Anticipate need of patients enrolled
in TCC by understanding patients
clinical and molecular properties

Follow TCC consented patients over
time and track disease
progression/recurrence

Proactively Identify patients that
are appropriate for target-based trial

Rapid accrual, less cost, meeting
patient need

21



NCI-MATCH: In Silico Identification of Patients

Using ORIEN Avatar, your team can
query the database for patients meeting
inclusion/exclusion criteria for the ftrial...

...in order to identify potentially
eligible patients.

Potentially Eligible Patients

Clinical Criteria

= Histologic or cytologic confirmation
of advanced, unresectable or
metastatic solid tumors

= ECOG=<1
= NO Heart Failure

Molecular Criteria

= EGFR, BRAF, NF2, KIT, or —
PIK3CA mutation ——

m White

m African American
Hispanic

m Native American

Asian American

S CityofHope. 29



NCI-MATCH: Summary of Query Results

790 « Patients in
curated data set
“ * Acceptable Performance Status
w * EGFR, BRAF, NF2, KIT, PIK3CA
mutations

M « Exclude Crizotinib, Dabrafenib,
Trametinib and Trastuzumab

CityofHope. 23 .



AACR

PROJECTGENIE
American Association « Dana-Farber Cancer Institute * Princess Margaret Cancer Centre, Canada

.for Cancer Research’

FINDING CURES TOGETHER®

.- MIRACLE

« Institut Gustave Roussy, France « Sidney Kimmel Comprehensive

+ Memorial Sloan Kettering Cancer Center at Johns Hopkins,
Cancer Center Baltimore, Maryland

* The Netherlands Cancer Institute on * University of Texas
behalf of the Center for Personalized MD Anderson Cancer Center
Cancer Treatment, The Netherlands « Vanderbilt-Ingram Cancer Center

Drug B is approved for
patients with mutation Y1. The
GENIE registry indicates that
patients with mutation Y2
can also be successfully
treated with drug B.

To confirm or refute that
mutation X or mutations X, Y,
and Z predict patient response
to drug A or that the patient’s
disease is likely to do better or
worse over time.

Drug Cis approved for
lung cancer patients with mutation
W. The GENIE registry indicates that
many blood cancers, colorectal
cancers, and stomach cancers also
have mutation W.

zfal

Enough blood, colorectal, or .
stomach cancer patients in
the GENIE data set have
already been treated with drug
C, showing that it is an effective
treatment for these patients.

New clinical trial(s) are .
opened to test drug C m
in blood, colorectal, S,

and stomach cancers. @

» Novel disease-causing
proteins could be identified
| and become new drug targets.

* Novel mutation signatures
could be uncovered that
predict drug sensitivity or
patient outcomes.

The GENIE registry could
provide the evidence
necessary to support
reimbursement for
next-generation
sequencing by payers,
opening this technology
to all patients.

Lessons learned

from the assembly .."i..*ﬁi oy ..:_'._
. o

and operation of :
GENIE could .

benefit other global ’ " e of
consortia and s A . i.

vice versa. °'._-. Ti i .?.__."

-
®eegenst”




Liquid Biopsies
-

Circulating Tumor Cells (CTCs)

R/ Cancer cells escape / - /
/__ fromthe primary
\ tumor and circulate A
in the bloodstrea oy ' "
/Q ’

N2 7 & - CTCs may bhe
————"""“ <~ detectedina
@ @ ~_ blood sample

CTCs may exit the bloodstream 3 ;
enter other organs, and grow
into new tumors |

 EGFR-mutated lung cancer -
monitoring treatment response
through liquid or tumor biopsies is
considered standard of care

Blood vessel

— Appearance of the EGFR T790M
mutation prompts the switching of
therapies to osimertinib

Metastatic

\"(&\@ : tumors

C ityof Ho pe. West H, Jin JO. Circulating Tumor Cells. JAMA Oncol. 2015;1(3):394.




Liquid Biopsies
-

Event Cancer screening  Localized cancer Metastatic cancer Refractory cancer °
Treatment Early intervention  Risk of dissemination and ~ Treatment selection and  Mechanism of resistance
strategy detection of recurrence monitoring response and new treatment
g g
I ﬁ % § Amplification
Multiple DNA and deletion
abnormalities 4

VA

M% Translocation
Circulating
tumor DNA M
[number of mutant [

molecules] Point mutations

S

RNA expression and
fusion transcripts .
CTC
[cell number]

Protein expression and
phosphorylation

o  /l

Chromosomal abnormalities

o

In vitrolin vivo culture

Haber DA and Velculescu VE, (2014) Cancer Discov 4:650-661

e MIRACLE | BN CityofHope.

Serial samples can be obtained
— Safe
— Non-invasive

Profile tumor landscape as tumor is
shed into the bloodstream

A negative liquid biopsy is not
considered actionable — need to
obtain tumor tissue



We continue to make progress
-

 Actionable mutations

« (Gene expression signatures

« Biomarkers for immunotherapy

S CityofHope.



TAILORX Methods: Treatment Assignment & Randomization

Accrued between April 2006 — October 2010
Preregister - Oncotype DX RS (N=11,232)

}

Register (N=10,273)
| I

ARM A: Low RS 0-10 Mid-Range RS 11-25 ARM D: High RS 26-100
(N=1629 evaluable) (N=6711 evaluable) (N=1389 evaluable)
ASSIGN RANDOMIZE ASSIGN
Endocrine Therapy (ET) e ET + Chemo

Stratification Factors: Menopausal
Status, Planned Chemotherapy, Planned
Radiation, and RS 11-15, 16-20, 21-25

ARM B: Experimental Arm ARM C: Standard Arm
(N=3399) (N=3312)
ET Alone ET + Chemo

PRESENTED AT: 2018 ASCO ‘JL":'ASES,;]’EW”

i S —y presenTep By:  JOseph A. Sparano, MD
ANNUAL MEET'NG [S)Iefmissl'onrequired/:rr’e:/:e. o CanCGY FGSearCh gl’OUp

Reshaping the future of patient care

Presented By Joseph Sparano at 2018 ASCO Annual Meeting



TAILORX Results: Impact on Care

RS Selects Chemo in about 30%

All with RS 26-100 (17%)
< 50 with RS 1R-25 (149

RS Ranges for Potential
Chemotherapy Benefit
Varies by Age

> 50 years < 50 years
RS 26-100 RS 16-100

ASCO #scos : T AR
presentep ar: 2018 s e e ety the i PRESENTED BY: Joseph A. Sparan ‘

ANNUAL MEET'NG ;S)e:rrer’vsisiiZn required for reuse.
Presented By Joseph Sparano at 2018 ASCO Annual Meeting

cancer research group

Reshaping the future of patient care




FDA Grants Accelerated Approved — May 2017

Pembrolizumab in MMR deficient cancers

« The objective response rate (ORR)

= Ampulis of Vater

= Cholangiocarcinoma

== Colorectal

m Endomedrial cancer
Gastroesophageal

= Neuroendocring

e Osteasarcoma

= Pancreas

= Prostate

mm Small inesting

- Thyrod

. Unknown Primery

% Change from Baseline SLD

S CityofHope.

with pembrolizumab was 39.6%
(95% ClI, 31.7-47.9), including 11
(7.4%) complete responses (CRS)
and 48 (32.2%) partial responses
(PRs). The ORR was 36% in patients
with CRC and 46% in patients with
other tumor types.

15t drug to be approved based on a
tumor’s biomarker regardless of the
tumor’s original location

Le DT, et al. N Engl J Med 2015; 372:2509-2520




Promise of precision medicine

One-size fits-all Stratified medicine Precision medicine

medicine

® O 0
Stratification e 0 Personalisation
> >
Patients are groupedm Patient individual:
by: Disease Preferences,
Subtypes ® ® ® (linical features

Demographics Medication history
Clinical features Environment
Behaviours & habits
Biomarker

Biomarkers
Figure from Manchester Precision Medicine Institute

"Here's my sequence...”
New Yorker, 2000

CityofHope.



Conclusions

* Precision medicine is powerful — potentially reduce toxicities while improving
responses

« Collaborative effort is needed to advance precision medicine
— Biomarker development  BIG DATA DASHBOARﬁ
— Molecular tumor boards
— Al
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« Data collection essential component
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“After careful consideration of all 437 charts, graphs, and metrics,

v . I've decided to throw up my hands, hit the liquor store,
C Ityof Ho peE. and get snockered. Who's with me?!”




Thank you for your attention
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