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1. Precision medicine 



As is : prediction of diseases  

• Examples of diseases of high population burden that currently do not 
have specific predictive biomarkers include 

Alzheimer’s disease 

Type II diabetes mellitus.  
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Precision Medicine 

• an approach for more accurate diagnoses, more rational disease 
prevention strategies, better treatment selection, and the 
development of novel therapies. 

 

• redefine understanding of disease onset and progression, treatment 
response, and health outcomes through the more precise 
measurement of molecular, environmental, and behavioral factors 

 

• engages individuals as active partners – not just as patients or 
research subjects. 





Examples of early success of PM 

• Development of targeted treatments for cancer and cystic fibrosis 
that are effective in patients who share an underlying causal 
genotype. 

• The economic impact of investments in large-scale biomedical 
research has proven true in the past 

$4 billion investment in the Human Genome Project has spurred 
an estimated $965 billion in economic growth – a 178-fold return 
on investment 



Personalized medicine vs. Precision medicine 

• Individual based, 

• Genomics solutions, 

 

Big data + AI technique involved.. 

 

•  Individual + Population based, 

•  Genomics + Informatics solutions, 

Many of the ideas aren’t new, but the “scale” and “scope” are. 





Why now? 

• Thanks to advances in 

genomic technologies 

data collection and storage 

computational analysis 

mobile health applications 

the creation of a large-scale precision medicine cohort is now 
possible in a way that it was not before.  

• The PMI cohort is being launched at a time of explosive growth in the 
number, size, and complexity of potentially relevant data resources. 

The “big data” of human biology (full genomes and high 
resolution digital images) 

weather patterns, environmental monitoring, and streaming 
physiologic sensor data from study participants. 

 



A perfect convergence of technological leaps underlies the 
PMI: 

• Genome sequencing costs are down 10-million fold from 1998, with 
time collapsed from a decade to a day. 

• Improved mass spectroscopy can analyze more metabolites that can 
serve as biomarkers, enabling us to track more diseases and our 
immune systems’ responses. 

• Electronic medical records store clinical data over time. 

• Mobile health (“mHealth”) apps and technologies enable anyone to 
track almost anything, Many of us already monitor our daily food 
intake, number of steps taken, blood pressure, heart rate, sleep 
patterns, even blood sugar levels. 

• Social media is connecting patients, creating an incredibly science-
savvy constellation of online communities. 



Dramatically reduced barriers 

• IT revolution has provided remarkable reductions in the cost of data 
storage, and comparable increases in analytic capabilities.  

• Cost of DNA sequencing has been reduced nearly 10 million-fold 
from the time the sequencing phase of the Human Genome Project 
began in 1998, with complete human genomes now being routinely 
sequenced and analyzed for less than $2000 in several days.   

• Wide implementation of EHR in 95% of U.S. hospitals 

complete longitudinal health care records at extremely low cost.  

• Personal mobile technologies have been adopted at an exponential 
rate 

medical technologies are becoming mobile, home-based, and/or 
consumer-operated (mHealth) 

data from sensors and software applications can enrich self-
reported data on lifestyle and environment 





Why cohort? 

• Prospective cohort studies have the ability to identify biomarkers and 
causative factors contributing to future disease. 

• Example 

Framingham Heart Study 

smoking, high LDL cholesterol, and high blood pressure as 
major independent risk factors for heart attack and stroke 

 leading to dramatic reductions in morbidity and mortality 
from these diseases by mitigation of these risk factors  





Utility of the PMI cohort 

• Quantitative estimates of risk for a range of diseases by integrating 
environmental exposures, genetic factors, and gene-environment 
interactions 

• Determinants of safety and efficacy for commonly used therapeutics 

• Biomarkers that identify individuals with an increased risk of 
developing common diseases 

• mHealth technologies to correlate body measurements and 
environmental exposures with health outcomes. 

• Cinical impact of loss-of-function mutations. 

• New disease classifications and relationships. 

• Empowering participants with data to improve their own health 

• Platform to enable trials of targeted therapy.  



Key six areas for development of PMI-CP 

• Cohort assembly 

• Participant engagement 

• Data 

• Biobanking 

• Policy 

• Governance.  



Cohort Assembly.  

• 2 distinct methods to recruit participants 

Direct volunteers 

consent to be part of the PMI cohort 

agree to be recontacted 

undertake a PMI baseline health exam 

provide a biospecimen 

share available health data by either directing their EHR data to 
the PMI-CP and/or by undergoing an initial exam with a health 
care provider. 

Collaborate with healthcare provider organizations (HPOs) to 
recruit participants 



Data Considerations  

• The Working Group recommends that the initial core data set 
acquired from all PMI cohort participants be collected and stored 
centrally (5.13, 5.23).  

data from EHRs 

health insurance organizations 

participant surveys 

mHealth technologies 

biologic investigations  



Standards 

• Working Group recommends 
Common data model (CDM) to organize data similarly across 

HPOs and from direct volunteers 

 (many data types useful from clinical  investigation may not 
 easily be transformed to an standard) 
 Leverage existing data standards and CDM 
 (while standards do not exist for many emerging modalities such 
 as sensor) 
Early selection of commonly used mHealth technologies to gain 

experience in use and integration of these new modalities.  
 

• The best approach will balance 
normalization of only the highest value data initially for all 

participants 
followed by on-demand data curation of other data as driven by 

scientific demand.  



Hub-and-spoke model 

• Data access, data normalization, and participant engagement 

• Coordinating Center providing a single point of contact for 
coordinating data, biospecimens, participant communication and 
engagement, and research studies 

• Consider novel collaborations with not-for-profit and commercial 
organizations  

• For data storage and access 

pursue a hybrid data and analytics architecture 

leverages centralized data storage of core data 

federated access to additional data at the nodes across the 
network.  







initial PMI core data set 

• A set of standard self-report measures via direct patient assessment (all participants).  

• A brief, standardized baseline health exam at enrollment for all PMI cohort participants.  

• Structured clinical data 
Data expected from HPOs 

a. All ICD codes with dates.  
b. All CPT codes with dates.  
c. Select, high-value clinical laboratory results in a structured form  
d. All available lifetime medication data 
E. Vital measurements, including all weights, heights, heart rate, blood 

pressure, and pain score values  
A record of all encounters (e.g., dates of clinic visits, inpatient visits, ER visits)  
health plan data  

Clinical Data from Direct Volunteers:  
 they could transmit to the PMI cohort through data transfer protocols  
Current Blue Button functionality at many locations (e.g., from CMS) provides 

for ICD, CPT, some problem list data, and/or medication data. These data would 
be aggregated at the Coordinating Center.  

• Biospecimen-derived data (all participants).  

• mHealth data (many participants)  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Biobanking  

• Each PMI cohort participant should provide a new blood specimen 

 

• Samples collected for the PMI cohort will be sent to a central 
biorepository 



Policy considerations  

• The success and longevity of the PMI-CP will be heavily influenced 
by the laws, regulations, and policies surrounding research, data 
security and privacy, and access and interoperability of EHRs  

• An internal framework of PMI-CP policies will need to be developed to 
address 

participant inclusion 

IRB review and consent 

privacy 

misuse of information, and security 

sharing of data and specimens with researchers 

sharing of data and research results with participants  

• the use of a single IRB to reduce administrative burden and 
associated costs of the cohort, review time, and to harmonize 
inconsistent or conflicting policies between PMI cohort nodes  



Governance  

• Governance structures for the PMI-CP should be coordinated with 

other federal agencies 

Centers for Medicare & Medicaid Services 

Health Resources and Services Administration 

FDA 

ONC (Office of the National Coordinator for Health Information 

Technology) 

Department of Veterans Affairs (including the Million Veteran 

Program) 

Department of Defense 



mHealth devices 

• Smartphone 

• Select wireless sensors 

research grade or commercial grade wrist-worn accelerometers 

wireless weight scales 

movement sensors in the home 

continuous heart rate and pulse oxygen monitors 

respiration monitors 

glucometers 

spirometers 

other FDA approved wireless medical monitoring devices used in 
the home 





Bigdata analysis + Cloud engine 



Key design principle for building big data analytic 
systems 

• Data systems with an expectation that future growth that may be 
dramatic. 

 

• Data systems’ functional requirements should incorporate at least a 
small number of extreme use cases of large data sources. 

A useful method to doing so is to implement one or two key use 
cases in the initial phase of the PMI-CP 



Cloud computing 

• require highly elastic data storage and computing resources 

• “tools go to the big data” rather than “data being downloaded to the 
tools” 

• e.g., National Cancer Institutional Genomics Cloud Pilot projects125)  

• state-of-the-art cloud computing environments may involve novel 
public-private and academic-commercial partnerships. 



Coordinating Center 

• Centralized resources for data acquisition and management 









Workshops 

• On April 28-29, 2015, Unique Scientific Opportunities for the National 
Research Cohort, at the NIH in Bethesda, Maryland 
use cases  

• On May 28-29, 2015, Digital Health Data in a Million-Person Precision 
Medicine Initiative Cohort Workshop at Vanderbilt University in 
Nashville, Tennessee 
inclusion of specific participant groups 
most appropriate model for PMI cohort data aggregation and 

sharing. 

• On July 1-2, 2015, Participant Engagement and Health Equity 
Workshop at the NIH in Bethesda, Maryland 

• On July 27-28, 2015, Mobile and Personal Technologies in Precision 
Medicine, at the Intel Corporation in Santa Clara, California 
incorporation of sensor and mobile technology data, their data 

standards 



2. Artificial intelligence 













세계적 동향 

• 구글은 딥러닝의 대가인 제프리 힌튼 교수를 영입하고, 딥러닝 전문 회사인 
딥마인드 및 사진 인식 번역 기술을 보유한 워드 렌즈를 인수 

• IBM은 B2B 기업 컨설팅 지능 서비스 제공을 위하여 자사의 왓슨(Watson) 
시스템을 강화하는데 주력 

• 페이스북 딥러닝을 통한 얼굴인식 프로그램 딥 페이스 등 많은 연구를 진행 

• 마이크로소프트는 음성 인식을 활용한 지능형 비서 코타나, 스카이프에서 
활용 가능한 동시 통역 기술 개발 



Cognitive computing in Healthcare 

 

• IBM Watson Health: innovations in care management 

• How It Works: IBM Watson Health 

 

• Memorial Sloan Kettering collaborates with IBM to teach Watson in 
the Fight Against Cancer. 

 

https://youtu.be/M7rvHme-IGs
https://youtu.be/M7rvHme-IGs
https://youtu.be/M7rvHme-IGs
https://youtu.be/M7rvHme-IGs
https://youtu.be/ZPXCF5e1_HI
https://youtu.be/ZPXCF5e1_HI
https://youtu.be/TuxL3yzXxJo
https://youtu.be/TuxL3yzXxJo
https://youtu.be/TuxL3yzXxJo




















3. Future scope 





Medical AI era: Pros and Cons 

• 의료진 역할의 변화 
전체 의료진 수가 줄어들지는 않겠으나, 

단순한 역할은 AI가 대체하지만 AI를 조정하는 의료진 증가 

미래 의사는 환자를 진료하는 수준을 넘어 의료서비스 수준 고도화를 수행하고, 양질
의 데이터를 생산·운영하는 역할 수행  

 

• 오류(버그)에 대한 대책 필요 
의료 AI는 바둑이나 체스 게임과 같이 승패에 관여하지 않고, 

환자와 의료진의 “생명”을 다루는 현장에서 발생하기 때문에 오류에 대한 대책이 명확
하게 필요함 

 



The first trial target: Cancer treatment domain 



Future medicine 











Provide clues for creation, not creation itself 
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