


The vision of  ‘P4’ medicine 

has long been advocated 

by Leroy Hood  & other 

pioneers of  systems      

                                  medicine. 

Xconomy: Lee Hood's P4 Initiative 
Finds Community Partner, 
PeaceHealth 
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The major elements of  P4 medicine vision have been 

largely adopted by a series of  reports by 

US Institute of Medicine (IOM)    &    

National Academy of Sciences. 

These reports are: ƒ 

: Ensuring the United 

States Leads the Coming Biology Revolution. National 

Research Council 2009; ƒ 

: Building a Knowledge 

Network for Biomedical Research & a New Taxonomy of  

Disease. IOM November 2011; ƒ 

. IOM March 2012; 

: the Path to Continuously 

Learning Healthcare in America. IOM September 2012. 



P4 medicine/healthcare & 

precision medicine Systems approaches to 

medicine at ISB from 2000–2004 led to the concept of  a P4 

healthcare. 

The definition of  P4 medicine arises from the 

convergence of  5 social & medical thrusts: it embraces the 

concepts of  systems medicine and scientific wellness; it 

utilizes the striking opportunities of  digital health; it 

capitalizes on big data & its analytics; & it takes advantage 

of  diverse social networks for education, advocacy, and 

recruitment. Moreover, it also focuses on the individual 

assessing his/her genetic & lifestyle/environmental 

contributions to health with his/her own data clouds & with 

help from coaches or physicians make his/her own 

decisions about his/her health. 



 Six major changes in biology - from bringing engineering 

to biology in the 1970s to, in 2016, bringing medicine that 

is predictive, preventive, personalized and participatory 

(P4 Medicine) to the U.S. healthcare system. This change, 

the most recent ISB tipping point, is the result an 

affiliation between Institute for Systems Biology & 

Providence Health & Services. 



Precision medicine, born with Obama’s State of the Union Address in 2015, 
employs big data (mostly from genomics) and digital health to target disease.  
One of the most ‘‘successful” examples of precision medicine is the DNA 
sequencing of tumors to identify cancer driver mutations that might have 
complementary drugs—which can then be employed to attack the tumor. 



P4 Healthcare & the 1MGxPx Project | 
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Biomedicine (isbscience.org) 
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Cross-disciplinary environment 

all learn to speak languages of  

other disciplines  

& work together in 

biology-driven 

teams .  

Democratization’ of 

data-generation & 

data analysis tools; 

making these tools 

accessible to all 

individual scientists 
So it generate data 

for diverse ‘omic’  

Technologies 

(genomics, proteomics, metabolomics, interactomics, cellomics, 

among others) & a culture that encourages scientists to learn to speak 

languages of  multiple scientific disciplines & how to work together. 



In 2019, WHO established its 
first Department of Digital 
Health and Innovation (DHI) to 
work on digital health 
technologies to fulfil  World 
Health Assembly resolution 
WHA/71 A71.  WHO has been 
developing plans to accelerate 
the use of technologies to meet 
global public health needs.   

WHO Digital Health virtual round table with the Private Sector 
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A growing number of activated & networked 

patients & consumers have the ability to: ƒ 

 

Provide ‘big data’ essential to power innovation cycle of  

systems medicine; ƒ 

 

Improve health-related lifestyle decisions on a scale 

sufficient to halt rising incidence of  chronic & complex 

diseases, such as diabetes, which presently account for 

more than 75% of  healthcare costs in the USA. 

 



By combining scientific & technological power of systems medicine 
with active participation of networked consumers, P4 medicine will: ƒ 

Provide more cost-effective disease care; 
Reduce the incidence of disease; ƒ 
Replicate innovation cycle of systems medicine on a large scale, 
as both disease care & wellness support are integrated with 
discovery science, thereby creating what the IOM calls a 
“learning healthcare system” 

NEJM - Search Results 
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Learning Health 
Systems: Vol 6, 
No 1 (wiley.com) 

Immunization calculation 
engine (ICE) a free, open-
source immun. forecasting 
eval. & software syst. 
supports childhood, adol-
escent, & adult imm.s 
based on recommenda.s 
of Advisory Committee on 
Immu. Practices (ACIP) 
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❶ Increasing ability of 

systems biology &  

systems medicine to  

decipher the biological 

complexity of disease; 
❷ Digital revolution’s 

radically enhanced cap- 

abilities for collecting, 

integrating, storing, ana- 

lyzing & communicating 

data & information, inclu- 

ding conventional medi- 

cal histories, clinical tests & results of tools of systems me- 

dicine; ƒ Consumer access to information & interest in man-

aging their own health. 

P4   medicine is 

emerging from: 



Every consumer of  healthcare will be 

surrounded by a virtual cloud of  

billions of  data points. 



(PDF) P4 Medicine Needs 
P4 Education | Alfredo 
Cesario - Academia.edu 
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Traditional medical records should be combined with genomic, metabolomic, 
transcriptomic & proteomic data, along with data about sleep, activity, diet & 
other lifestyle data. 
Knowledge generated by aggregating & mining these vast personalized data 
clouds is already beginning to transform healthcare industry. 
Qualcomm Life (CA, USA), created an open-sourced digital infrastructure called 
‘2Net’ capable of integrating health data from devices from multiple sources 
(such as digital health devices & blood data) marketed by many different 
companies. This privately developed utility, or others like it, will eventually be 
available for use by clinical & research institutions, & physician practices. 

 
 
 
 
 
 
 
. 

P4 healthcare will be implemented as 

data from the digital health industry, 





How to bring P4 medicine to 

patients 

Challenges 

– Technological &      -  Societal. 
The latter is far more complex.  
 

At the Institute for Systems Biology in conjunction with 
Ohio State Medical School, the P4 Medicine 

Institute (P4MI) – a non-profit organization, have been 
created  

P4MI has established a fellows program to begin delving into some 
of the societal challenges of P4 medicine, eventually through 
‘white papers’ on economics, the ‘gold standard of 

healthcare information’, ethics, regulations, among 
others. 
Strategic partnerships are a crucial component for bringing 

P4 to patients worldwide & gaining its widespread 

acceptance in national & international medical communities. 











Physicians’ Perspectives of Telemedicine 
During the COVID-19 Pandemic in China: 

Qualitative Survey Study (nih.gov) 
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Artificial Intelligence & Machine Learning (AI/ML) approaches have 
proven to be extremely relevant tools for the large scale analysis of 
biomedical and clinical data; central for the development of 
Personalized Medicine. Useful as they are, implementing AI/ML 
methods in the highly demanding medical applications, it is not an 
easy endeavor. A number of caveats, shortcomings and subtle 
points have to be taken into account (and in many cases, 
circumvented) in order to provide appropriate solutions for the 
individual and public health care to fully benefit from these 
emerging paradigms. 
In this Lecture, we have discussed the extreme benefits as well as 
some of challenges, & drawbacks found in the applications of the 
methods & designs of large scale data analytics within clinical & 
biomedical environments. 



Some relevant points: 

• P4 Medicine has been recently  
presented as an emergent paradigm to approach healthcare in a 
more predictive, preventative, personalized, participatory. Precision 
Medicine has strong ties with data intensive approaches, as well as 
with machine learning & artificial intelligence. 
• To deliver promise of P4 Medicine, computational learning 
approaches are to be nurtured by well-curated & nifty integrated 
data ecosystems. 
• Data resources in biomedical research, clinical & healthcare 
environments are becoming extremely large, & are complex, 
unstructured & heterogeneous, hence difficult to deal with 
individually, even more so to be integrated into a coherent 
framework. 
• The universe of diverse data sources needs to be collected, pre-
processed, processed, modeled, & integrated to construct such 
coherent frameworks useful for P4 Medicine. 



• For ML models to give good results 
their input needs to be good data. 
Transforming existing data into optimized forms is essential. 
• To develop, implement, optimize, and improve on these methods, a 
number of challenges needs to be overcome. 
These include technical limitations, computational aspects (both 
software and hardware/infrastructure), mathematical and modeling 
issues, and even ethical, legal, and policy matters. 
• We have presented and discussed some of these challenges, aiming 
at showing the state of the art in these different fields. 
• We have introduced the need for data intensive endeavors, from 
the research arena to the clinical setting and the healthcare 
institution level to design and implement a data management plan to 
consider the issues that may arise and planning ahead for their 
solution. 



By combining scientific 

& technological power of systems 

medicine with active participation of 

networked consumers, P4 medicine will: 

■ Provide more cost-effective disease care; 
■ Reduce the incidence of disease; 
■ Replicate the innovation cycle of systems medicine on a 
large scale, as both disease care and wellness support are 
integrated with discovery science. 
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