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Presentation Outline

strategic drivers of the precision oncology ecosystem
from silos to systems

the challenge of integration of
large-scale, multidisciplinary, multimodal data

- molecular, clinical, environmental
- longitudinal profiling of the health to disease continuum
- new diagnostic and treatment paradigms

cancer (and all disease) as complex adaptive systems
(big datab in biomedical research and clinical medicine

sustaining scientific and clinical competencies in an
environment of rapid technological change and escalating
complexity



Confronting the Clinical, Economic and Human Toll of Cancer
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and Treatment Resistance

Escape From Controls
for Normal . B : B
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Deep Phenotyping: iMuch More Than MultiOmicso













The Health to Disease Continuum:
Dynamic Geno-phenotypic Transitions in Cell Lineages
Across Large SpatioTemporal Scales
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The Confluence of the Hallmarks
of Cancer, Aging and Immunosenescence

D. Hanahan (2022) Cancer Discov. 12:31-46; doi.org/10.1158/2159-8290.CD-21-1059

C. Lopez-Otin, et. al. (2013) CELL 153:1194-1217,
doi.org/10.1016/j.cell.2013.05.039



The fiHallmarkso of Complex Adaptive Systems (CAS)

® system state(s) determined by the interactions of multiple
subsystem components

® system behavior cannot be predicted from knowledge of the
properties of different subsystem components

® many system properties reflect non-linear subsystem
Interactions

® adaptation and emergence

- resilient (robust) to commonly encountered evolutionary
selection pressures

- exhibit fragility (instability) in response to
novel/infrequent selection pressures

- extinction (maladaptive loss of fithess) or adaptive

system shift to new state space with different properties
(emergence)






Scale, Samples and Standards

the reproducibility problem in the biomedical
literature

the multidimensionality curse and overfitting in
multiOmics profiling

- large N analytes (>10°-107)
- small sample sets (< 10%-10%)

variable (or not reported) preanalytical sample
processing protocols

fisamples of convenienceo versus samples with
defined provenance and clinical data

poorly characterized geno-phenotypic drift in
continuous cell lines grown as 2D monolayers
versus homologous cell types in vivo



Scale:
Profiling Large N MultiOmics Feature Sets in Large N Samples

B. Nguyen et. al. (2022) CELL 185:563-575.e11; doi.org/10.1016/j.cell.2022.01.003



Elucidation of Gene Regulatory Networks (GRNS)
and Characterization of Cell State/Fate Trajectories

P. Badia-iMompel (2023) Nat Rev Gen 24:739-754; doi.org/10.1038/s41576-023-00618-5



The Next Level of Large-Scale Holistic Data Integration for

Comprehensive MultiOmics Profiling

whole genome sequencing

cell, tissue and individual-specific differential gene
expression and transcription kinetics

epigenetic modifications: DNA, histones and RNAs

Integrate effects of coding and non-coding regulatory
variants across the entire genome

transcription factor-promoter: enhancer interactions
protein-RNA interactions
RNA-RNA interactions

chromosomal topologies/adjacencies chromatin
Interactions, gene neighborhoods and other
long-range interactions (the 3-D genome)









The Challenge of Profiling the TME in Disseminated Metastases

e utilitvy of liauid biopsy?

- monitoring ¢ /ctDNA, CK/LKs (plasma) and
circulating immune cell subtypes (buffy coat)

- |eve| Of phenotypir‘ fidalit\7s in raflartinAa thao Actato
spacesi of tumor host components in the tissue
environment?

- Rx ID of response/resistance phenotypes?






Whole Slide Imaging and Spatial Omics

D. Pucciarelli et. al. (2023) GEN Biotechnology 2:360-371; doi.org/10.1089/genbio.2023.0029






Large Scale Biobanks: A Core Resource for Precision Medicine

® consent
- broad to allow de-identified reuse
- opt-out provision
- recontact provision
® biospecimens
- provenance and processing standards
- tissue and Whole Slide Imaging (WSI)
- blood/serum/plasma/bloodspot; saliva; microbiome
® multimodal data integration
- Imaging data
- multiOmics, immunOmics, metabolOmics
- digital pathology and spatial multiOmics
- age, sex, race, ethnicity clinical history and socioeconomic
factors
- gaps in clinical history
- GWAS, PheWAS and ICD-EHR codes
- ML/AI platforms for unstructured but potentially informative
data






Blood-Based Liquid Biopsy: Early Detection Tests

® expand screening to broader range of cancers than
current USPSTF recommendations for
population-based cancer screening

- breast, cervical, colorectal, lung

® increase screening uptake (convenience, minimally
Invasive and reduced disparities)

® objective to shift clinical/economic burden from
advanced stage IllI/IV cancers to earlier detection
and intervention

- assay performance in detection of stage /Il
cancers

- specificity, sensitivity, NPV, PPV
- detect tissue of origin



Large Scale Multi-Institutional
Initiatives on Validation of Blood-Based
Liquid Biopsy in Cancer Detection and Treatment

NCI Vanguard Study:
Cancer Screening
Research Network

® driven by non-profit entities but extensive membership
from private sector companies

- prospective clinical trial design and endpoints

- harmonization of assay standards and
interoperability

- regulatory issues

® reported performance
- low sensitivities (25 T 40%) for stage I/l cancers

- major differences in ctDNA shedding in different
malignancies



Blood-Based Multicancer Early Detection (MCED) Tests
The Benefit: Harm Calculation

® acceptable levels of false positives and negatives?

® Importance of tissue-of-origin specificity in guiding
follow-up on positive test results
® costs for clinical evaluation of false positives
- Immediate evaluation
- protocols for follow-up testing: frequency/duration
- sociopsychological impact

® risk of overtreatment of indolent (slow growing) cancers
detected by MCED tests

® merits of population screening versus focused profiling
of individuals with known predisposition risk or
symptomatic patients referred for potential cancer
diagnosis



The Use of Cancer Liquid Biopsy Assays
In Clinical Case Management

local therapy local therapy systemic
with or without with or without therapy detection
(neo)adjuvant (neo)adjuvant for overt of
therapy for therapy for . :
non-metastatic non-metastatic metastatic Rx resistance

disease disease recurrence

Adapted from: K. Pantel & C. Alix-Panabieres (2019) Nat Rev Clin Onc volume 16:409-424; doi.org/10.1038/s41571-
019-0187-3




The Changing Landscape for Regulatory Oversight
of High Complexity MultiOmics Diagnostic Tests

theranes

consumer genomics
profiling for disease
predisposition

EUA and
withdrawal of
COVID-19 tests






The Search for New Therapeutic Targets

and New Drug Classes with Novel Mechanisms of Action










Investigational Clinical Trials in Oncology:
Derisk R&D Investment and Improve Patient Access to Innovative Rx

® reduce high failure rate, particularly for high-cost Phase
Il trials

® shorten overall completion time for trials and regulatory
approval

- inflation Reduction Act (IRA) and new windows for
post-approval market exclusivity

- improved predictive methods to identify responder:
non-responder patients/cohorts for accelerated
enrollment

® multiOmics profiling and new clinical trial designs

® reduce high rate of protocol deviations and patient
dropouts






Antibody-Drug Conjugates

higher ORR than same Rx as single agent
- validation in adjuvant setting

- lower toxicity due to targeted intracellular
RX release versus non-targeted drug

anticipated progression to first line indications
and replace chemo in multiple settings

major investment momentum
- over 200 trials registered in ClinicalTrials.gov
- 51 M&A/BD investments in 2022 and 1H/2023



























The Druggabilit

Al and Accelerated Drug Discovery: Hype or Reality?










Al and Protein Design:
From 1-D Code to 3-D Complexity
The Next Dimension in Rational Drug Design



Genome-Wide Prediction of Pathogenic Missense Mutations

® 650 million-parameter
protein language model

® predict estimated 450
million possible missense
variants in the human
genome

® outperformed earlier models
In classifying 150,000
clinVar/[HGMD missense
variants as pathogenic or
benign

® 2 million variants predicted
as damaging only in specific
protein isoforms



Use of ML-AIl Protein Structure Prediction In
Drug Discovery and Synthetic Biology

e Improved Drug-Pocket Affinities
and Expanded Modulation of
Allosteric Sites

J. Park et. al. (2019) Elife doi.org/10.7554/eLife.47839

e Design of Protein-Protein
Interactions

https://mww.cnet.com/science/biology/googles-deepmind-ai-
predicts-3d-structure-of-nearly-every-protein-known-to-science/

e Expanded Inventory of Novel
Protein Structures, Designer
ADME, Targeting Systems for
Drug Delivery and Cellular Therapy

E. Callaway (2023) Nature 619:236-238; doi.org/10.1038/d41586-023-02227-y




Now Comes the Hard Part!

Driving Precision Oncology and Large Scale
Data Analytics into Routine Practice

New Competencies, Processes
and Organizational Structures

New Participants and New Models
for Research and Care Delivery




Precision Health and Digital Health:
The Evolution of a Data-Centric Ecosystem

multiOmics and mapping
biological information

remote health status networks biological network deconvolution

monitoring (IoMT) and and disease associations
earlier identification of

clinical relapse, Rx
non-compliance

patient match:
fidigital twinso and
optimized clinical

interventions

spatio-temporal
dynamics of
disease
progression

new clinical trial EHR integration of
designs based on molecular, imaging, clinical and
multiOmics disease . _ SDoH data
subtyping clinical regimens

and outcomes












Biomedical Data: Vast, Growing Rapidly But Poorly Used

e inadequate standardization

e fragmented, incomplete, inaccurate data and uncertain
provenance

e incompatible data formats as barrier to data integration
and sharing

» obstacles to EHR integration of new data classes
(multi-Omics; wearables; IoMT)

 legislative barriers to data transfer based on well
Intentioned privacy protections (HIPAA)

e organizational, economic and cultural barriers to open
data sharing

e static, episodic snap shots of complex dynamics in
disease progression

 major impediments to research productivity, optimum
clinical decisions and continuity-of-care for patients



ML-Al Large Language Models (LLMs):
Transformation of the Research Process
and Clinical Decision-Making

GAIl and
Transformer Platforms










No Shortage of Commentaries on the Potential of Al for Limitless
Benefits or the Road to Dystopian Futures and Machine Control?




FACT SHEET: President Biden Issues

Executive Order on Safe, Secure, and
Trustworthy Artificial Intelligence







The Adoption of ML- Al Platforms in Clinical Medicine

® from early applications in image analysis to
assembly and interpretation of multi-modal deep

phenotyping data to define osignaturesi of individual
health status and risk prediction



The Emergence of Big Data and ML-AI Platforms
Changes the Questions That Can Be Asked

|Isolated Siloed Complex Complex
Data Networked Data Computational Data




Automated Context: Data Finding Data
hintelligence at Ingestiono






Will ML-Al Alter the Fundamental Intellectual
Framework for Research Investigation and Decisions?

hypothesis- |<’|:1;£r313 usggel)e
driven
research ‘ mOdeallf] O(ILLI\/I)
GAI

e large-scale
data analytics
and pattern e validation of

recognition for
hypothesis-free
analysis

LLM/GAI
decision-
support tools
new hypothesis
generation
from
orthogonal
vectors






e private sector dominance?

- compute scale and
analytical algorithms

- proprietary datasets
- talent

* new academic-industry
collaborations

- multi-scale research
questions

- funding education and
training to create talent
pipeline

P. Webster (2023) Nat. Med. 29:1034-1037,
doi.org/10.1038/s41591-023-02290-y






Regulatory Oversight and Validation of Large Language Model (LLM)
Al Platforms in Biomedicine

® most LLMs released globally but
international harmonization guidelines yet to
be defined

® new validation complexities not addressed
by current regulatory criteria for pre-LLM
machine learning algorithms

- FDA: software as medical device
(SaMD)

® availability of regulatory expertise and
resources to accommodate pace of adoption
of GPT platforms?

- Integration of next wave of multi-modal
data will exacerbate the challenge

- Vvoice-to-text, video
- AR/VR/XR platforms






Inadvertent Disclosure Risks in GPT Platforms

all data (prompts) provided to GPT platforms are not confidential
and not HIPAA complaint

employees asking ChatGPT to draft text/PowerPoint
presentations using confidential and/or unpublished data creates
potential risk of exposure to third party prompts to retrieve the
deposited information

- Samsung data breach (April 2023)

physician inputs patientis name and condition into ChatGPT
to draft a letter to insurance company justifying treatment

- third party can then ask ChatGPT what clinical condition(s)
does ipatient X have and the bot could answer breaching
patient confidentiality

Verizon, JP Morgan Chase, USG agencies and several US states
prohibit employee use at work








https://www.bmj.com/content/bmj/suppl/2015/07/17/bmj.h3044.DC1/adult_cancer_NICE_graphic_v3.1.pdf




GAIl and the Rise of Chatbots in Healthcare

B. Meské & E. J. Topol (2023) NPJ Dig Med 6:120; doi.org/10.1038/s41746-023-00873-0









New Patterns of Learning



nDigital Darwinismo:
A Looming Digital Divide

understanding data structure and its productive
aAnnlicationn/ciistomization faor acceleratinn nf
research and clinical care will become a critical
Institutional competency

major skill gaps and personnel shortages in
biomedicine

training of a new cadre of data scientists
(medical and non-medical)

Institutions lacking adequate computational
Infrastructure and critical mass in data analytics
will suffer ocognitive starvationi and relegation to
competitive irrelevance









The Evolution of Data-Intensive Precision Health

Technology Mapping Topology of :
Convergence Geno-Phenotype Biological Big Data

and Acceleration Complexity Information
Networks

Public Policy:
Ethics, Risk and

Data Security Artificial Intelligence Robotics and Human
and Privacy and Decision Support Machine Interactions

Regulation



https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53



https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53
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