&l’ Complex Adaptive
Systems

ARIZONA STATE UNIVERSITY

The Evolution of Precision Oncology:

George Poste, D.V.M., Ph.D, F.R.C.Path, F.R.S.
Chief Scientist, Complex Adaptive Systems Initiative
and Del E. Webb Chair in Health Innovation
Arizona State University
(george.poste@asu.edu; Tel. 480-727-8662)
www.casi.asu.edu

Keynote Presentation:
2"d Annual West Cancer Center Oncology Symposium

Memphis, Tennessee. 18 November 2016



mailto:george.poste@asu.edu
http://www.casi.asu.edu/

Medical Progress:

From Superstitions to Symptoms to Sighatures
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Mapping The Molecular Signatures of Disease:
The Intellectual Foundation of Rational Diagnosis and Treatment Selection

. . : Molecular Pathways Network Regulatory
(Epl)Genomics ‘ ‘ Froteomios ‘ ‘ and Networks ‘ ‘ Mechanisms

Molecular Network Perturbations and Disease or Predisposition to Disease

ID of Causal Relationships Between ‘ ‘ Patient-Specific Signals and Signatures of Disease




Technology Assessment

Policy Issues in the
Development and Adoption of
Biomarkers for Molecularly
Targeted Cancer Therapies

WORKSHOP SUMMARY

BIOMARKERTESTS
FOR MOLECULARLY
TARGETED THERAPIES

Key to Unlocking Precision Medicine

Technology Assessment of
Molecular Pathology Testing for
the Estimation of Prognosis for

Common Cancers

Fechnology
Assessment Program
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Precision Oncology:
Not If, But...
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PRECISION
MEDICINE ‘ _, ® when?
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recision Medicine- /
the iceberg of hope _ ® what?

and complexity

® how?

® value?




The Extravagant Landscape of Molecular Signaling Network
Alterations in NSCLC
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«  “malignant snowflakes”: each cancer carries multiple unique
mutations and other genome perturbations and variable
expression of Rx targets

« disturbing implications for therapeutic ‘cure’ and development
of new Rx

Imielinski M, et al. Cell. 2012;150(6):1107-1120. Govindan R, et al. Cell. 2012;150(6):1121-1134.



Precision Oncology

« multi-platform (“panOmics”) molecular profiling and a
new taxonomy of disease classification (subtypes)

« mapping the perturbations in molecular signaling
networks in disease subtypes and individual patient
variation

* Intellectual foundation for improved diagnostic accuracy
and rational therapy selection to improve clinical
outcomes and cost-of-care



Most Common Gene Mutations and CNV Alterations
In Molecular Subtypes of Primary Breast Cancer

Luminal A Luminal B HER2-positive Triple negative
Gene mutations PIK3CA, GATA3, MAP3K1, PIK3CA,GATA3,andTP53 PIK3CA, and TP53 TP53 and PIK3CA
TP53,CDH1, MLL3, MAP2K4,
AKT1, FOXA1, CDH1, and
RUNX1
Gene gains, losses — loss of ATM; Amplification of multiple loss of INPP48, PTEN,
and amplifications amplification of CCND1,  genes based onthe HER2  and RBI; amplification
CDK4, CDK6, and MDM2  amplicon size of BRAF, CCNE1, EGFR,
and KRAS
Copy number
alterations
Gains 1qand 16p 1q, 8q, 17q, and 20q 1p36.33-p36.32, 4q13.3, 1q12-g41, 3q, 6p12-p25,
Spi5-p12,8q23.3-q24.21, 7pi2,7q22-q36,
11q13.5-g14.1, 8q23.2-24.3,
14q11.1-g11.2, 10p12-p15, 12p, 17q25,
17q23-q24, and 19g12 and 21q22
Losses 16q 1p,3q,8p,13q,16q,17p, 1p39,1p36, 1p35,1p32,  3p, 3q12, 4p15-p32,
and 22q 4p16.3,7q21-q22,7p22.3, 4q31-q35,5q11-g31,8p,
7434, 7g36.1-q36.3, 12q14-23, 13q,
8p23.3-p23.2, 14q22-q23, and 15q
8p11.23-p11.22,9p21.3,
9g34.3, 10926.3, 11q13.5,
11p155, 14g32.33,
15q11.2, 16p13.3, and
19p133
Amplifications 8p11-12, 8q, 11q13-14, 7p22,8p11-12,8q11-24, 4q13.3,8q23.3-q24.21, —
12q13-14, 17q11-12, 11q13-14,17q23,19q13, 11g13.5-gql14.1,
17q21-24, and 20g13 and 20q13 14q11.1-g11.2,

Santarpial, et al. Oncologist. 2016;21(9):1063-1078.

17q12-q21, and 1912



Precision Oncology:
The Need for Multi-Dimensional, Systems-Based Integration
Across the Research to Clinical Care Continuum

panOmics evidentiary
molecular standards
profiling and

large scale

regulation
reimburseme

care
guidelines



The Overly-Simplistic, Reductionist Focus on Genome Sequencing
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The Challenge of Genotype-Phenotype Predictions

Junk No More: Pervasive Transcription Molecular Signaling
* . Networks
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Molecular Profiling for Comprehensive ldentification of
Current Target: Drug Associations in NCCN Guidelines
Requires a Technology Agnostic Approach

trastuzumab
lapatinib
pertuzumab
T-DM1
everolimus

crizotinib  pertuzumab
everolimus T-DM1
lapatinib trastuzumab

everolimus

hormone afatinib imatinib
therapy cetuximab  panitumumab
lapatinib erlotinib osimertinib
pertuzumab gefitinib

T-DM1

trastuzumab Sequencing

pembrolizumab (Next-Gen, Sanger and Pyro;

crizotinib NGS = 46 hotspot and 592 gene

! w/ mutations , CNVs
and fusions)

MAXIMIZING CLINICAL UTILITY WITH
60+ FDA-APPROVED THERAPY
ASSOCIATIONS




Molecular Profiling for Comprehensive ldentification of
Current Target: Drug Associations Requires a
Technology Agnostic Approach

trastuzumab
crizotinib  pertuzumab lapatinib
everolimus T-DM1 pertuzumab
lapatinib  trastuzumab T-DM1

everolimus

\ everolimus

pembrolizumab (Next-Gen, Sanger and Pyro; |
crizotinib NGS = 46 hotspot and 592 gene

IHC w/ mutations , CNVs
(25 markers) and fusions)

MAXIMIZING CLINICAL UTILITY WITH
60+ FDA-APPROVED THERAPY
ASSOCIATIONS




Demonstration of the Clinical Utility of
Molecular Profiling in Precision Oncology

 assessment of treatment selection on clinical outcomes

« comparison of “matched” versus “unmatched” Rx
regimens
— Rx selection based on molecular profile (*matched”)
— Rx selection by physician with inclusion of one or

more Rx not recommended by the molecular profile
(unmatched)



Molecular Profiling and Concordant (Matched) Rx Selection
Improves Overall Survival for Ovarian Cancer Patients

— Impact of molecular profiling . ‘:-q_' &
= = on pverall .survwal of o | %'::
= patients with advanced Wigs TP

ovarian cancer, Thomas J. 05 | Vetay R

Herng, et al. Oncotarget L . . s

[Online], Volume 5 04 - .
i (1 March 2016). =
- e ‘ matched

| unmatched | yR-062:p=00295
@ %0 e 1

KEY FINDINGS:
+ Patients in the Matched cohort (n=121) had a
significantly higher median OS by 9 months compared

to those in the Unmatched cohort (n=103) (median OS 36 | W Drugs of Benefit

vs. 27 months, HR=0.62, p < 0.03). 4-| B Deuge of Lack-of-baneft
* Matched cohort received 1.2 fewer lines of therapy than

the Unmatched cohort highlighting the benefit of avoiding 3=

potentially harmful therapies (median of 3.88 lines of
therapy for Matched vs. 5.02 lines of therapy for
Unmatched).

Matched cohort Unmatched cohort

Herzog TJ, et al. Oncotarget. 2016;7(15):19840-19849.



Precision Medicine Clinical Trials to Evaluate ‘Match’ of
Rx Selection With Molecular Profiling on Clinical Outcomes

 NCI-MATCH and Pediatric-MATCH (Molecular Analysis for
Therapy Choice)

 ALCHEMIST (Adjuvant Lung Cancer Enrichment Marker
|dentification and Sequencing Trial)

* Lung-Map (Lung Cancer Master Protocol)

* NCI-IMPACT (Molecular Profiling-Based Assessment of
Cancer Therapy)

« ASCO-TAPUR (Targeted Agent and Profiling Utilization
Registry)

* NCI-Exceptional Responders Study

* Leukemia and Lymphoma Society: Beat AML Master Trial

« GBM AGILE (Adaptive Global Innovative Learning
Environment)



Cancer as a Complex Adaptive System:
The Relentless Energence of Phenotypically Diverse Tumor
Clones and Subclones During Progression and Treatment
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Precision Oncology

« understanding the evolutionary dynamics of clonal
diversification (heterogeneity)

« mapping the molecular pathways underlying the
emergence of treatment-resistant (sub)clones

 design of new therapeutic strategies to circumvent
(sub)clonal heterogeneity and treatment-resistant
phenotypes



Wagner Parsimony Profiling of Intratumoral Clonal Heterogeneity in
11 Lung Adenocarcinomas and Different Trunk (Blue), Branch (Green)
and Private (Red) Branches

Trunk: 580

Trunk: 580
Branch: 126 | |Branch: 170 Rz 313 rRiz 4 ) oo R11
Private: 26 | | Private: 9 - maﬂspﬂ ms\gmr ate R16
R“\ R14% 218 \
R12 ATRX
SE T2
g SETD2 BRCA1 EGFR
KRAS MAP2KA
R13
\
N N
l \: \:
CaselD 330 270 283" 292"
Staging 1A A nA A
Smoking Former Formar Former Never
Relapse Yes Yes No No
R12
R17 R14 i RI3 .. R13 RIRIZ o Ri4 a8
R15 Rﬂ[ \( e L'
L ER1S  R12 J-R11 RI7SC ris R Ris<d . r12
R18 < R15 RS [
R16LR11 ARru R154
ARID18 MYC EGFR ~MOMZ “NKX2-1 KRAS| ARIDIA
PTCH! NKX2-1 TP STK1
TP53 +5KP2] ~MDM2
N N
\ \
N ~ NS
N
CaselD 317" 324" 339 ase 472 499" 4390
Staging 1A 18 8 1A 18 B A
Smoking Former Current Never Never Former Former Former
Relapse No No No No No No Yes
© 2014 The Lisssarscty of Tesms M1 Andavson Cancer Center

Zhang J, et al. Science. 2014;346(6206):256-259.



Longitudinal Tumor Profiling and Adjustment of Treatment
Selection to Reflect Dynamic Changes in (Sub)Clonal Composition

* initial diagnosis (‘static snapshot’)

 |longitudinal profiling during treatment for earlier detection
of emergence of drug-resistant clones

* more agile shifts in Rx regiment to reflect changing
clonal dynamics driven by Rx selection pressure(s)



Detection of Tumor-Associated Biomarkers in Blood:
‘The Liquid Biopsy’

e cell-free tumor nucleic acids

— DNA, miRNAs
e circulating tumor cells(CTC)

* eXosomes



Liquid Biopsy (LB) Profiling in Monitoring of Disease
Progression and Predictive Treatment Selection

minimal invasiveness

— cost, clinical-patient convenience

analytical standardization

« sensitivity and detection thresholds

 reproducibility in larger N cohorts

« concordance between LB and tissue biopsy profiles?
— Intra- and inter-lesional heterogeneity

* relationship of LB positivity to tumor burden

 variation in systemic release of CTC/ctDNA from
metastases in different organs?






Targeted Therapeutics and the Omnipresent Problem of Rx
Failure Due to Emergence of Drug Resistance Clone

B =15 weeks Rx
(vemurafenib)

C = 23 weeks Rx
and emergence of
MEK1¢121S mutant?!

1. Wagle N, et al. J Clin Oncol. 2011;29(22),3085-3096.



Understanding Emergent State Shifts in Molecular Signaling
Networks and Identification of Triggers of Rx- Resistance (R)




An Ugly But Unavoidable Question

 Is the level of network dysregulation in metastatic
disease so extravagant that ‘homeostatic reset’ for
curative therapy by current categories of chemotherapy
and/or targeted agents is unlikely?

— clinical/QOL/cost challenges of ever larger Rx
combinations

— high likelihood of molecular signaling network
redundancy and selection of Rx-resistant clones

— clinical decision points for continued multi-line
Intervention(s) versus palliative care



he Promise of Immunotherapy
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Host Immune-Tumor Interactions




Recognition of Tumor Neoantigens (NA) by Cytotoxic (Killer) T Cells

Cytotoxic

tumor
T cell clones

(sub)clones

we ()



Circumventing the Inevitable Drug Resistance Problem in Targeted Rx Therapy
versus Restoration of Effective Immune Surveillance

Tumor clones tumor Cytotoxic
neoantigens cells

Q Rx, Q NA, AN
RX; ‘ NA, A

targeted
drugs

RXI% ‘ NAg A

RX5 Q NA adapti_ve
9 evolution

of immune

response

Rx-resistant NA, X and exp an_d ed
clones/ A ' cytotoxic
T cell

Rx refractory NA,2 ‘ . responses
disease I e —

] ESONON N




Immunotherapeutic Strategies to Enhance Immune Responses to
Patient-Specific Tumor Neoantigens

oo
>
[ ]
D)

|dentify potential Identify potential

2 L
o)

}S ‘-..

i z neoantigens neoantigens
tumor cell
destruction Q
Create Induce or expand
synthetic vaccine neoantigen
(RNA, DNA, peptide) specific T cells
f ] f :
( \\ z'w.,‘ \ \\ M
l
Provide \ Provide in combination \Provide in combination
checkpoint blockade | with adjuvant and checkpoint blockade
checkpoint blockade

Adapted from Schumacher TN, Schreiber RD. Science. 2015;348(6230):69-74.



Cancer Immunotherapy

Activating receptors

élg.'g::t:uzumab g

e Chi Lob 7/4 ——CD40L ) CTLA-4———{ ® Tremelimumab
e CP-870893 aPD-1
Antagonist OX40 3 | * Nivolumab

* Pembrolizumab

* Lucatumumab PD-1— e Pidilizumab

* MED16469 | 4-18B9 * AMP-224

* Urelumab (CD137) ?;I\)/;ellﬁmab
(BMS-663513) S

. D27 *# TIM3 (MSB0010718C)
PF-05082566 C e

e Varlilumab ‘ s * MEDL3280A
(CDX-1127) CD28 e LAG3 « BMS-936559

Agonistic antibodies Blocking antibodies

Batlevi CL, et al. Nat Rev Clin Oncol. 2016;13(1):25-40.



FDA Approved Indications for PD-1, PD-L1 Immune Modulators (Nov. 2016)

Malignancy Nivolumab Pembrolizumab | Atezolizumab

NSCLC ‘ ‘ ‘metastatic
O

melanoma
RCC

head and neck

Hodgkin’s
lymphoma

urothelial .
carcinoma




Ongoing Clinical Trials with PD-1, PD-L1 and PD-L2 Modulators
(Nov. 2016)

« 803 registered trials
« 20 investigational agents
— single agents
— combinations with other immunotherapies, biologics,
chemotherapy and vaccines

* need to recruit 166,736 patients



“l have never seen this before,
where you have so much development activity
In the same class of drugs.

Should these resources,
I’m not only talking about financial resources
but also patient resources, be better off spent
into looking at more novel drugs.”

Dr. R. Pazdur,
Acting Director, FDA Oncology Center of Excellence
Cited in Cancer Letter 7 October 2016, p.4



The Evolution of Cancer Immunotherapeutics (I1/O)

* likely to become SOC in increasing number of
Indications

 need for more informed rationale for combination
regimens

* new tumor cell markers for acquired immune resistance

« will new panels of immune response biomarkers be
needed for each new category of I/O agents?



Why Are Some Cancer Types
More Responsive to Immunotherapy?

« melanoma * pancreatic
« NSCLC « colorectal
« bladder e oQvarian

* renal

« head and neck



The Tumor Mutational Landscape and
Responses to Immunotherapy Agents

hypothesis that high(er) non-synonymous mutation
burden generates neoantigens recognized by the
Immune system

patients with higher neoantigen burden exhibit higher
durable clinical benefit

‘mutanome’ profiling

— |D mutant nonamer peptides with <500nM binding
affinity for patient-specific class | HLA alleles

combination with targeted anti-cancer agents
— Increase neoantigen release?



Characterization of Tumor Classes Responsive to

Immune Checkpoint Blockade

>1000 10-1000 <100
mutations/genome mutations/genome  mutations/genome

renal cell carcinoma

MSI-H tumors NSCLC lymphomas
CRC, endometrial melanoma head and neck cancers
. ' i 2
germline DNA DNA damage viral neoa?trllgehr}s.
MMR defects - smoking _recurrent nignly
. UV immunogenic and

addicted neoantigens

Lee V, et al. Oncologist. 2016;21(10):1200-1211.



Recurrent Mutations in SERPINB3 and -B4 in Melanoma
Patients Responsive to anti-CTLA4 Immunotherapy

« SERPINBS significantly mutated in melanoma (TCGA)

« mutations in SERPINB3/4 cause protein misfolding and
autophagy

— potential role of aggregates/plagues in stimulating
autoimmunity (SLE, psoriasis)?

— potential role of autophagy in enhancing autoantigen
expression?

Riaz N, et al. Nat Gen. 2016;48(11):1327-1329.



Tumor Immunophenotypes Associated With
Responsiveness to Immune Checkpoint
Modulators

high tumor mutation burden

high tumor-infiltrating CD3* CD8* cytotoxic lymphocytes (TIL)
CD45RO*" memory T cells

high activated Thl helper cells density

high expression of Thl stimulating cytokines

— CCL5, CXC29, CXC10

higher expression of TIL checkpoint receptors

— PD-1, PD-L1, CTA-4, LAG3



Tumor Phenotypes Associated With Low
Responsiveness to Immune Checkpoint
Modulators

low mutation frequency

high regulatory T (Treg) lymphocyte population
high myeloid-derived suppressor cell (MDSC)
population

lower expression of TIL checkpoint receptor

— PD-1, PD-L1, CTLA-4, LAG3

mutations in class I/l MHC and impaired
neoantigen processing

IFN-y receptor and intracellular signaling pathway
modulation and CTL-resistance



Landscape of IFN-Gamma Pathway Copy Number Alterations in
Ipilimumab Responder and Non—Responder Patients (N=16)
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~ Cancer Immunophenotyping:
Creation of an “Immunoscore or Immunogram”

Tumor Sensitivity s
to Immune Effectors .=~
: il
- MHC expression « _.
-IFN-gamma = [
sensitivity

\  Low Tumor Content

Absence of Inhibitory ~ N\ ~ of Inhibitory Treg and

Tumor Mefabolisr_n_ | \\ NN ’ /, . MDSC
- LDH, glucose UtI|I2atI0n<,__\.&\ \ / . o
s".;.’\:‘\ B/ :‘“.’
Low Soluble Inhibitory Mediators  Absence of Checkpoint Modulators
- IL-6, CRP - PD-1, PD-L1, PD-L2

Adapted from Blank CU, et al. Science. 2016;352(6286):658-660.



Immunophenotyping: Critical Questions

how will reagents, assays and cut-off thresholds be
standardized and validated?

If pre-1/0-Rx (baseline) tissue biopsy is not a robust
prediction for R or NR status when and how should post-
I/O-Rx profiling be done?

can immunophenotyping in blood accurately mirror
Intratumoral events in disseminated metastases with
heterogeneous neoantigen expression burdens?

Is there an ‘over-arching’ immunophenotype
characteristic for ‘R’ patients that will be valid for new
I/O-Rx classes with different MOAS?






Engineering Killer T Cells for Cancer Therapy

 cytotoxic anti-tumor T cells harvested from cancer
patients

* harvested cells genetically engineered and expanded
ex vivo to express T cell receptor(s) (TCRs) or chimeric
antigen receptors (CARS) that recognize tumor
antigen(s)



CD19 CAR-T Cell Therapy

high remission rates and durable responses in acute
lymphoblastic leukemia

encouraging responses in NHL and chronic
lymphocytic leukemia

evolution of next-generation CAR designs to
Incorporate costimulatory molecules to drive/sustain
In vivo expansion of CAR-T cells

challenge of creating TCR/CARs for diverse
neoantigens (hematopoietic vs. solid malignancies)

cost and complexity of ‘individualized’ therapy



Engineering T Cells with Synthetic Notch (SynNotch) Circuits for
Customizing Responsiveness to TME Signals and /or Drug Delivery

Antigen-dependent induction of:

Disease
or Tissue-specific J:_;_ oL 2C:\:t°:"2”"i'i 0 ) Custom Cytokine
Antigen N Profiles
synNotch /
P i / i i
y \\ B Therapeutics, mediators .
/ O)ET —» ——8— (TRAIL, antibodies, BiTEs) 2> Therapeutic Agents

i
g
\\ k& , ,) Master Regulator Custom T cell
Sl Y ——) -C-— Transcription Factors —> Fate Control
N (Tbet)

TARGET T CELL \
[ '- Adj t ) Stimulation of
cel (RECEIVER) (TLRlllli\;aa::s) Endogenous Immunity

(SENDER)

Roybal KT, et al. Cell. 2016;167(2):419-432.



Precision Oncology: Managing the Big Data Challenge
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The Quest for Democratization of Large Scale
Shared Open Datasets in Precision Oncology

NATIONAL CANCER INSTITUTE
GENOMIC DATA COMMONS

7 Access the Data

INFORMATION EXCHANGI

NETWORK fOf Cancer ReSearCh

CANCER'LINQ

CANCER CENTERS

) ONCOLOGY RESEARCH American ASSOCiation
ASCO

Genomics Evidence Neoplasia Information Exchange




Obvious But Complex Issues in Data Sharing,
Curation and Analysis

» scale
— terabyte per patient and petabyte/exabyte dbases

» standards for data entry and dbase design

» depth and stringency of case documentation

— clinical phenotyping, pathology-lab data, Rx use
and outcomes

— variation in case reporting formats

 different EMR vendors and interoperabillity
barriers

* privacy, security and de-identification
e consent



Obvious But Complex Issues in Data Sharing,

Curation and Analysis

scale

— terabyte per patient and petabyte/exabyte dbases
standards for data entry and dbase design

depth and stringency of case documentation

— clinical phenotyping, pathology-lab data, Rx use and
outcomes

— variation in case reporting formats

different EMR vendors and interoperability barriers
privacy, security and de-identification

consent




The Future of Cancer Care

« demographics of an aging society
* new technologies and treatments
« standards and quality of care

« cost of care

« complex clinical, economic, ethical and legal
landscape



The Future of Cancer Care

« demographics of an aging society

* new technologies and treatments

e standards and quality of care

« cost of care

« complex clinical, economic, ethical and

legal landscape

We Can No Longer Afford (Economically and Ethically)

to Avoid Asking Tough Questions About The Adequacy of
Current Approaches to Cancer Treatment and Care




Performance Comparison for New Anti-Cancer Drugs Approved
2002-2014 for Top Ten Pharmaceutical Companies

Gains in Progression-Free Survival (PFS) and Overall Survival (OS) for 71 Drugs Approved by the FDA
From 2002 to 2014 for Metastatic and/or Advanced and/or Refractory Solid Tumors

(4]
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Gains in Progression-free Survival, mo
|
]

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 Median
Drug No.

Gains in Overall Survival, mo
]

0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 Median
Drug No.

Fojo T, et al. JAMA Otolaryngol Head Neck Surg. 2014;140(12):1225-1236.



Is Widespread Adoption of Immunotherapy
Economically Feasible?

What if your
immurie system
could be taught
to kill cancer?

Inside the
brutally .
selective,
hugely
expenswe,
lifesaving
trlals of

lmmuno

By Alice Park

/‘,

herapy.

direct Rx cost
Indirect care cost

escalating cost of combination
Rx regimens (> $200K)

extravagant cost of cell-based
therapies ($500K - $1.5 million)

complex clinical management
challenges and compatibility with
community oncology services



The Evolving Trajectory for Payer Policy
for Cancer Therapeutics

« performance — based pricing
* Indication — based pricing

 reference — based pricing



The Evolving Trajectory for Payer Policy
for Cancer Therapeuti

» performance — b
* Indicati

pricing



Key Issues in the Evolution of Precision Oncology:
New Economic, Ethical and Legal Complexities

‘'value-based’: ‘pay-for-performance’

— |ID of responder cohorts and restricted Rx use

— indication-based pricing (industry risk)

— clinical payment schedule linked to outcomes and
Rx decisions (provider risk)

‘pricing life’

— NICE comes to the USA

— OALYs and other value-assessment metrics

“when is enough, enough?”

— decision criteria for balancing probability of
Intervention benefit versus palliative care/QOL

‘keeping current’

— the data deluge and professional competency

— new malpractice liabilities






Key Issues in the Evolution of Precision Oncology:
Integration of Molecular Guidance Into Routine Care

technology agnostic panOmics profiling
Integration of panOmics data into EMRSs

evidentiary standards for clinical utility of molecular
profiling (matched vs. unmatched RXx)

new analytical methods for monitoring tumor clonal
dynamics in progression (liquid biopsy)



Key Issues in the Evolution of Precision Oncology:
Integration of Molecular Guidance Into Routine Care

« anticipated rapid uptake of immunotherapy and new
classes of I/O agents

 clinical and economic incentives for new
Immunophenotyping assays to identify responder and
non-responder patients

 elucidation of mechanisms of acquired resistance to I/O
agents



Key Issues in the Evolution of Precision Oncology:
Integration of Molecular Guidance Into Routine Care

« patient profiling into ever smaller cohorts and new
clinical trial designs

« agile regulatory and reimbursement policies and
updating SOC guidelines to accommodate rapid
changes in molecular phenotyping and therapeutic
Implications

* new value-based pricing and risk sharing models for
pay-for-performance (outcomes)



Precision Oncology:
Multi-Dimensional, Systems-based Integration Across
the Research to Clinical Care Continuum

- o fit for purpose
validation e improved clinical
outcomes
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e cost-effectiveness regulation new clinical e diagnosis
e responder- and trial care e Rx guidance
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e EMR integration
e decision support
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e adaptive trials
e MDx stratified cohorts
e observational meta-data



Precision Oncology: a Data-Intensive Discipline

e |ID of Dx, Rx targets
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