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General concept: one assay, multiple targets

Informed

Molecular screening consent
using high-throughput signed for
technologies clinical trial

(gene expression array

and/or CGH plus sequenome) Trial A
Informed
consent IF Trial B
signed for progressive
molecular disease
screening Trial C
done at any time

Trials ... X,Y,Z
Questions:

Whichtargetsin breastcancer ?

Whichregulatoryframe fortesting?

Whichplatform ?
AndreF, J Cli®nco| 2011



Outline

A NGS applications in breast cancer:
I Recurrentgenomicalterationswith objectiveresponseglevell/ll)
I Recurrentalterationsvalidatedin preclinicalstudies(levellll)
I Detectionof drivers notyet validated
I Mutational processesandgenomicscars

A Ethical regulatory financialissues:
I Analyticalvalidity
I Incidentalfindings
I Drugaccess
i Indirectcosts

A How to moveit forward ?
I Clinicalkrials
I Earlierin the diseasecourse in patients with hartb-treat cancers



What kind of information is provided by large panel ?

FEW genes for which

* objectives responses have been
observed in phase |

Does their detection improve
outcome ?
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Detection of genomic alterations for which responses
have been observed in clinical trials

Genomic

alteration

Incidence

LOE (Turner et

al, IMPAKT

Comment

2017)

BRCA1/2 3-5% 1 PARP inh Phase Il trials available,
mutations Impact of somatic mutations unknown
NTRK <1% 1c Larotrectinib, 80% ORR
transloc entrectinib
PIK3CA 25% 1 Alpelisib, taselisib 25% ORR
mutations
AKT1 4-5% 2 AZD5363 25% ORR
mutations
ERBB2 2% 2 Neratinib 30% ORR
mutations
ESR1 10-30% 2 SERDs 4 ORR out of 11 patients
mutations
PTEN, 4%, 1% NA AKT inh, Her inh Outlier responders reported ,
ERBB3 ongoing trials
mutations

Nine genes associated with objective response in phase I/l
Detection could improve patient outcome if access to therapy
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Level Il recurrent genomic alterations (actionability in preclinical studies)

gene Level Il frequency comments

TP53
MAP2K4 / MAP3K1 YES

PIK3R1 YES (hot spot 560
580)

INPP4Boss YES

SF3B1 YES

NF1 YES

ATR /ATM / PALB2  YES
PTEN YES
NOTCH1/2/2ampl YES

50%
15%

1-2%

2% fhigherin TNBC)

2%

3%

3-4%overall

30% of TNBC

ExXAPR246
MEKinh

PIK3RA348 and
PIK3R®’%mutants
targetableby MEKnh
but veryrare in BC

onlyin the contextof
PTENosS?

Fewevidencen BC,
large body okvidence
in other tumors

Chang, JCI, 2013
Lowevidencein BC

PARRNhibitors
AKTinhibitors
NOTCHnhibitors

Evidence of preclinical activity and planned drug development in 14 genes
Detection could improve likelinood of access to innovation if connected to
high volume phase | center, but no improvement in outcome



What kind of information is provided by large panel ?
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Randomizedrial testingdrugsrecommendedoy NGSesults
versusconventionakherapy(acrossdiseasé

1004 — Molecularly targeted agent
— Treatment at physician’s choice
80
g
E
S 60—
A
-
B
S 40
w
d
3
= 20-
HR 0-88 (95% Cl 0-65-1-19); p=0-41 1
0 | | T T | |
0 2 4 6 8 10 12

Number at risk Time (months)

Molecularly 99 62 20 10 5 2 0
targeted agent
Treatmentat 95* COo 19 12 8 1 0

physician’s choice

Letourneau, Lancednco| 2015
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Genomic predictors of sensitivity to anti-PD1 |
Mutational burden

Mutation load Evolution of mutational load
Metastases vs 1ry btw matched 1ry and metastases
| E Shared
8 t-testp < 7.1e-06 ] O Primary
B Metastasis

600
|

400
|
o

mutation load
100 150 200 250 300

nen-synonymous mutations

200

50

o
o
°e =]
J E .
T T
METS N=143 TCGA N=419

Wholeexomesequencing2l6metastases

sh010019 sh010115 sh010086

0

Mutations present in mBC with high mutational load are not clonal
These cancers are unlikely to respond to anti-PD1



Genomic predictors of sensitivity to anti-PD1 |
Microsatellite Instability

The U.S. Food and Drug Administration granted accelerated approval to
pembrolizumab for patients with metastatic, microsatellite instability-high (MSI-H) or
mismatch repair deficient (dMMR) solid tumors

The approval was based on data from 149 patients with MISI-H or dMMR
cancers.

BreastCancer:1% dependingon definition and subtypes (Wen, Am JSurgPatho)



Homologougecombinationdeficiencyand efficacy
of PARMnh In ovarian cancers

Confirmed Objective
objective responses by
responses by combined RECIST
RECIST and CA-125

BRCA mutant (n=40) 32 (80%, 64-91) 34 (85%, 70-94)

Germline mutation (n=20) 17 (85%, 62-97) 17 (85%, 62-97)
Somatic mutation (n=19) 14 (74%, 49-91) 16 (84%, 60-97)

Indeterminate (n=1) 1(100%, 3-100) 1(100%, 3-100)
BRCA1 mutation (n=29) 23 (79%, 60-92) 25 (86%, 68-96)
BRCA 2 mutation (n=11) 9 (82%, 48-98) 9 (82%, 48-98)
PFl=6to <12 months (n=23) 20 (87%, 66-97)  20(87%, 66-97)
PFl =12 months (n=17) 12 (71%, 44-90) 14 (82%, 57-96)
ild- i 24 (29%, 20-40 6 %, 33~
3 {BEEQQTIM type and LOH high 4(29%, 20-40) 36 (44%, 33-55)
BRCA wild-type and LOH low 7 (10%, 4-20) 14 (20%, 11-31)
(n=70)
BRCA wild-type and LOH not 4 (33%, 10-65) 7 (58%, 28-85)

classified (n=12)



Sequencing to personalize vaccine therapy

Antigen presence Immunogenic mutations

Shared

Antigens Mutanome

MERIT WAREHOUSE MERIT MUTANOME

Genomic Screen

Tumorsample

A4

off the shelf vaccine Patient1 Patient2 Patient3 de novo synthesis

H = =
® o o

MERIT Personalized Vaccine

WERIT ‘

Mutanoma Engineerad AMNA Immuno-Therapy TN BC M ER IT trial




Outline

A Deconstructingutility of NGS applications reastcancer:
i Detectionof «validated» recurrentgenomicalterations
I Sensitivityto Immunotherapeutics
I Detectionof drivers notyet validated
I Sensitivityto conventionaltherapy

A Ethical, regulatory, financial issues:
I Analyticalvalidity
I Incidentalfindings
I Drugaccess
i Indirectcosts

A How to moveit forward ?
I Clinicalkrials
I Earlierin the diseasecourse in patients with hartb-treat cancers



Tests give different results

Pooled analysis
Poor Overlap

Letters

RESEARCH LETTER

Comparison of 2 Commercially Available Next-
Generation Sequencing Platforms in Oncology
‘The growing use of next rati i
cer-associated alterations as well as the increasing number of
targeted drugs holds promise for better matching patients with
cancer with effective therapies. The FoundationOne (F1; Foun-

toidentify can-

of all genomic alterations detected by either assay and to
assess concordance between reports. Reports from results
of Fland G360 testing were also assessed to compare rec-
ommended drugs. Recommended clinical trials from the
reports were not compared owing to the wide variation in
the criteria used to select trials. We limited comparisons to
alterations identifiable by both F1 and G360 testing, and
resolved inties by representati of

dation Medicine) test: linical tumor char-
acterize the exons of 315 cancer-associated genes and introns
from 28 genes involved in rearrangements. The Guardant360

F ion Medicine and Guardant Health, respectively.
Statistical analysis used Fisher exact test and nonparametric
Mann-Whitney inference testing.

(G360; Guardant Health) test uses cell-free circulating DNA

Mutations
found in 56
cancer
patients

Vendor 2

Vendor 1

Oncotarget, Advance Publications 2017

Correlation of genomic alterations assessed by next-generation
sequencing (NGS) of tumor tissue DNA and circulating tumor
DNA (ctDNA) in metastatic renal cell carcinoma (mRCC):
potential clinical implications

. . i Andrew W. Hahn', David M. Gill', Benjamin Maughan?, Archana Agarwal’, Lubina
Concordance between genomic alterations assessed by Arjyal’, Sumati Gupta’, Jessica Streeter’, Erin Bailey’, Sumanta K. Pal®, Neeraj
next-generation sequencing in tumor tissue or circulating Agarwal®
cell-free DNA 'Department of Internal Medicine, University of Utah, Salt Lake City, UT
?Division of Medical Oncelogy, Huntsman Cancer Institute, Salt Lake City, UT
3pepartment of Pathology, University of Utah, Salt Lake City, UT
“Department of Pharmacy, Huntsman Cancer Institute, Salt Lake City, UT

Young Kwang Chae'**", Andrew A. Davis®’, Benedito A. Carneiro’??, Sunandana
Chandra*?, Nisha Mohindra*?, Aparna Kalyan'*?, Jason Kaplan'*?, Maria
Matsangou’?®, Sachin Pai'?, Ricardo Costa'’, Borko Jovanovic*’, Massimo
Cristofanilli'??, Leonidas C. Platanias’**, Francis J. Giles'>?

Tpevelopmental Therapeutics Program of Division of Hematoloay Oncology, Narthwestern University, Chicago, IL, USA

SDepartment of Oncology, City of Hope Comprehensive Cancer Center, Duarte, CA

Correspondence to: Neeraj Agarwal, email: neeraj.agarwal@hci.utah.edu

Keywords: Circulating tumor DNA NGS, tumor tissue NGS, correlation, metastatic renal cell carcinoma
Received: January 25, 2017 Accepted: March 25, 2017 Published: April 04, 2017
Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago, IL, USA
3Robert H. Lurie Comprehensive Cancer Center of Northwestern University, Chicago, IL, USA
‘Denanmen[ of Medicine, Jesse Brown Veterans Affairs Medical Center, Chicaga, IL, USA

“These authors contributed equally to this work

Correspondence to: Young Kwang Chae, email: young chae@northwestern.edu
Keywords: next-generation sequencing, celi-free DNA, genomic alterations, metastatic disease, lung cancer
Received: April 14, 2016 Accepted: August 10, 2016 Published: August 30, 2016

Slide provided by
@vinayprasad82



Sequencing detects genetic variants

43 Pathogenic germline variants
identified

r
[ Didthe patient meet genetic testing |
criteria for the dentified gene?

b

" Was the patient referred N [ Was the variant identified through |
| ta aenatic counsaling clinical genetic counseling prior to

Conclusions: In this series, 2.3% patients had previously unrecognized pi
related genes. Thus, genomic sequencing must be accompanied by a plan
with genetic counseling.

Yes (5) J No (10) ]

(" Why did the patient not }

receive clinical genetic
L testing?

] l )

- . ™y N -
[ Genetic } Genetic counseling Genetic counseling

suggested but suggested, patient
patient did not follow missed
up (2) ) appointment (1)

counseling not
discussed (3)

other gene(s) discussed |another gene but declinad

Genetic counseling for\' Genetic counseling for )
a
but declined (1) further testing (1)

/

Meric-Bernstam AnnalsOncol| 2016



Likelihood of drug access Is very low

Underwent genomic testing
(N = 2,000)

Potentially actionable
mutations

Yes No
{n=789) (n=1,211)

Genotype-matched trial after
genomic testing?

No
(n=706)
Genotype-selected trial Genotype-relevant trial
(n =54) (n=29)

Meric Bernstam J ClirOncol] 2015

s it ethical to order a test that will generate false hopes without informed consent ?
Can only be sorted out by the implementation of informed consent stating the
likelihood of success



Sequencing Is « cheap » but generates extra cost for
biopsies and off-label use of expensive drugs

Median monthly
cost (USD)

$12000

$10000 -

$8000 -

$6000 -

$4000 -

$2000 -

$0

2007

Year

2014
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Outline

A Deconstructingutility of NGS applications reastcancer:
i Detectionof «validated» recurrentgenomicalterations
I Sensitivityto Immunotherapeutics
I Detectionof drivers notyet validated
I Sensitivityto conventionaltherapy

A Ethical regulatory financialissues:
I Analyticalvalidity
I Incidentalfindings
I Drugaccess
i Indirectcosts

A How to move it forward ?
I Clinical trials
I Earlier in the disease course in patients with hard-to-treat cancers



Conclusiondisconnectinghe sequencingand the report

—_

SEQUENCING _
Runningsmallor large
panelsdoesnot change

— dramaticallythe logistics
costsS U O X
VARIANT CALL
v

REPORT: target
and treatment
recommendations




How to move forward ?

A What are the issues ?
i THE REPORT OF TARGET and TREATMENT RECOMMEN
not the sequencingtself

I DEREGULATION in fledd of medicaldevices

A Solutions ?
I Disconnecthe report andthe sequencing
I Researchn bioinformaticsand Al togeneratealgorithmsof drug
sensitivity
I Opportunityfor academiccommunityto be againinfluential by:

A Developingguidelinesthat frame the use ofmedicaldevices
A Running largelinicaltrials (TAPUR, N@I! ¢ / | = { ! CLwWAH >



