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Precision Health and Digital Health:
Inter-dependent Strategic Drivers in the

Evolution of Healthcare Systems, Policies and Priorities 



The Strategic Landscape for the US Health Ecosystem 
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MultiOmics Profiling Technologies

disease risk prediction and monitoring
– germ line, CH, acquired somatic 

mutations/epigenetics
disease diagnosis and prognosis
– subtyping (endophenotypes), staging

Rx target ID, Rx selection (precision therapeutics) and 
pharmacogenetics (drug interactions/AEs)
disease progression
– monitoring, Rx resistance and adaptive Rx 
– cf/ctDNA, cell-based transcriptomics (liquid biopsy)

MRD



Frequency of Cytogenetic Subtypes of Pediatric ALL

https://radiologykey.com/acute-lymphoblastic-leukemia/







Deep Phenotyping: 
“Much More Than Omics”- Overcoming the Curse of Reductionism 

From Womb to Tomb: Systematic Integration of Diverse Health Data

SDoH, Lifestyle, Environment, Health Disparities 



Expanding the “Care Space” in Healthcare

Healthcare Beyond The Clinic

Remote Health Status Monitoring

Smartphones, Wearables, Devices
and Digital Services

M4: Making Medicine More Mobile

AORTA: Always On, Real Time Access 



Wellness Apps for Fitness, Diet and Exercise 

https://www.amazon.com/Samsung-Gear-Smartwatch-Verizon-Wireless/dp/B00PTC036U
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The 4D Genome: 
Mapping  Topologically Associating Domains (TADs)

and Long-Range Genomic Interactions  

Nature Genetics (2022) 54,170



Precision Oncology and the Evolution of Cancer Therapies









Cancer Immunotherapy 

impressive efficacy of CAR T therapies in 
hematological cancers
efficacy of CAR T in solid tumors still uncertain 
valuable impact of immune checkpoint blockade Rx 
in solid malignancies

- non-responder (NR) fraction still substantially 
higher than responders (R)

- lack of biomarkers for pre-therapy ID of R and 
NR cohorts

high cost, complex clinical management protocols
- acute AEs and unknown long-term sequelae



https://www.nature.com/articles/d41573-022-00030-4

The Landscape of Anti-PD1/PDL1 mAb Clinical Trials





H. Inaba and C.G. Mulligan (2020) Haematologica 105, 2524

Immunotherapy in ALL







Vein-to-Vein Autologous CAR T Cell  
Manufacturing Timelines

typically < 2 weeks but typically extended by 
complexity of release criteria

- transduction efficiency, # viable cells, sterility 
testing

- logistics of shipping apheresis products
enrollment to infusion time in major trials

- ELIANA (45 days:  Tisagenlecleucel)
- ZUMA-1 (17 days:  Axicabtagene ciloleucel)











Trends in Design of CAR T Therapies
Editing of Clonal Master iPSC Cell Lines for Large Scale, 

Homogeous “Universal” CAR T Cell Manufacture

Adapted From: A. Dimitri et al. (2022) Molec. Cancer 21, 78











Akoya Biosciences PhenoCyclo-Fusion (2022)

Profiling of 835,823 Cells in FFPE Oropharyngeal Squamous Cell Carcinoma 
Reveals 14 Distinct Cell Types and Four Tumor Regions (Zonal Heterogeneity)



High Dimensional Multiparameter FACS Immunophenotyping of 
Non-Responder and Responder anti-PD-1 Therapy in Pre-treatment Blood 

Mononuclear Cell Samples in Merkel Cell Carcinoma

Total Phenotypes

Adapted From: E. Greene et. al (2021) Patterns 2, 100372

Four Responder 
Phenotypes

PD-1, HLA-DR, 
CD28





Oversight of Molecular Diagnostics: FDA or CMS?

evolution of high complexity, multianalyte/MultiOmics 
tests versus traditional unianalytic LDTs
validation (fit-for-purpose)  

- preanalytical variation, standards
analytical validation

- high dimensional complexity
- ML/AI algorithms 

the V1, V2…..Vn challenge 
- relentless expansion of multianalyte associations 

with disease subtypes, incorporation of CDx-Rx 
combinations in clinical trials and Rx and product 
approvals 







Value Framework Cancer Treatment Cost  







Welcome to 
The World of 

Biomedical Research 
and 

Healthcare Information Systems



Biomedical Data: Vast But Poorly Utilized

ǒ inadequate standardization

ǒ fragmented, incomplete, inaccurate data and uncertain 
provenance

ǒ incompatible data formats as barrier to data integration and 
sharing

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

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

ǒ organizational, economic and cultural barriers to open data 
sharing

ǒ static, episodic snap shots of complex dynamic systems

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



Big Tech and Health Services: Disruptions Ahead?







Managing the Data Deluge in Biomedical Research and Healthcare

Design, Validation and Adoption of ML/AI for
Large Scale Data Analysis

Co-Evolution of Professional Competencies With
Advanced Computing and Automated Clinical Decision Systems









Bias: The Omnipresent Danger in ML/AL Datasets
IBM Watson and Cancer Care: A Classic Case Study 

• overpromised and 
underdelivered 

• underpowered training 
sets

• institution-specific data 
and bias

• risk to patients 
• instructive precedent for 

more stringent AI 
validation standards











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






The Strategic Landscape for the US Health Ecosystem 
and the Evolution of Precision Oncology 

Challenges and Opportunities 







“The greatest danger in times of turbulence,
is not the turbulence,
it is to act with yesterday’s logic.”

- Peter Drucker

Unidimensional “Quick Fixes”
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