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Challenges in Medical IT?

Target disciplines we should tackle in coming age to
extend and deepen our medical informatics field?

Medical Informatics, Medical I'T

Start with hospital-based technology primarily to implement clinical
System.

Now, various medical issues are deeply related with “information”,
such as, genetic medicine, informed consent, standardization of
medicine and so on.
We are expected to take a major role to bring solutions to
all of such issues where medicine and information are
closely related.
21d stage of Medical Informatics/IT

Various Challenges are there, but we should think about

them in relation to questions of what will be the key
concept of future medicine.

Key paradigm of 2 Ith cent. Medicine
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New Concepts of 21th cent. Medicine
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These New Concepts of Medicine
Cannot be Realized without
Medical I'T

Standardized (EB) Medicine
Personalized (GB) Medicine

Evidence-based CPG, Critical path
Genomic Patient Record

Computerized EB-CPG
Genomic EMR, Genomic DSS




Medical IT for Standardized
Medicine



Evidence-based Medicine

m EBM

¢ 1991 Gordon Gyatt (Clinical epidemiology)
¢ 1993 Sackett(Oxford) EBM WG

m “The conscientious, explicit and judicious use of
in making decision about the care of
individual patient” (Sackett)

m Evidences supported by Random clinical trials
m Primary practice of EBM

¢ Literature search for evidences of clinical similar situation

m Evidence-based CPG/CP

& CPG: Clinical Practice Guideline
¢ CP: Critical Pathway
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I'T systems realizing EBM

m Standardized medicine IT

¢ Best practice could not be done at the point of care by

Primarily EBM

¢ So computerized CPG/CP is needed to be implemented in
physician’s information environment

To attain the Homogeneity at high level in medical care
m Evidence-based computerized CPG/CP

¢ Stream of Intelligent DSS
instead of expert knowledge

¢ Standard terminology and
protocol

Clinical Practise

Critical path —Jp

guideline

4

EBM practice




CPG systems

m To computerize CPG

It must be machine understandable, able to be used at appropriate
situation, it should be triggered automatically when needed

But we are still lacking in the design concepts

m Example eCPG

¢ GLIF (Guideline Interchange Format) Algorithm type. Intermed
Collaboratory

¢ GEM (Guideline Element Model) GML
XML ,natural linguage Markup

¢ PROformat
« Action,Enqury,Decision,Plan

m CPG-based DSS
¢ EON blood pressure manage ATHENA DSS
¢ HsPeRproject breast cancer management OncoDoc  ASTI(dru

It should be developed together with information

——> |modelling of medical practise
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Medical IT for
Genome-based Medicine



Genome sciences open New disciple

m Human Genome project is
completed at 2003.4

+ 1988/90 start (HUGO)

¢ 2001 3Gbp Draft
Sequence

m HG opens the new field
for clinical medicine

m Specially 3 fields make
influences to medicine




Successive projects to “-Omics’

m Next to genome 77 )
: - = WA DNA
B Transriptomics F . NEE

mRNA (cDNA library) et
Microarray for gene expression
« Comparative expression

Diagnosis: Cancer subtype
diagnosis

m Proteomics
Maldi/seldi TOF-MS
Peaks and amplitude
Diagnosis: cancer subtype
diagnosis

m Metabolomics
whole metabolic molecules
Pattern analysis, PCA




Polymorphism and genomic typing

m  Genomic polymorphism
SNP
+ single nucleotide polymorphism
« 1 for 1000bp (0.1%) cSNP, gSNP
Micro-satellites, VNTR
m Linkage with
Disease susceptibility

Drug response
m Genomic Preventive medicine

: : . o haplotype
Risk appraisal for disease incidence Alb C d
m Phamacogenetic/genomic prediction 1 I
Prediction of drug response a Bl C D
m Personalized genomic typing BN ¥ Chromo
Haplotype estimation Aa Bb SSOmE

\ 1

Genetic type



Understanding life/disease as a system

m Pathway/network analysis Genome
: (DNA)
Genetic network
Metabolic pathway {1
Signaling pathway Transcriptome
m Systems biology (0t
o
Protein
m Disease modeling/simulation Il
“Common di§ease” e Pathway
+ System failure of signaling pathway (metabolic,
+ Diabetes type II; signaling failure of B cell Network)
- Syndrome X (High BP, Atherosclerosis,
Diabetes..) Ll
Phenotype




Modeling of the p53 signaling network
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DNA{_:!—anmge
p53+aP Results of this simulation

cytoplasm

signaling network which we have modeled

Reaction rules (partial)

nucleus

*DNA damage — DNA damage, p53 activation signal

Number of proteins

cytoplasm
*p53 activation signal, p53%4 — p53+P

125 249 373 497 621 745 869 993
implemented by Abstract Cell Model (Suzuki Y, Ogishima S, Tanaka H) Simulation steps




Genome-based Medicine need IT
for 1ts realization

I'T system
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Genome-based medicine soon
coming

m [mmediately

¢ Genomic typing for drug responder/ nonresponder
becomes compulsory (FDA guidance  2004)

m Coming soon
¢ Proteome Cancer diagnosis (Seldi TOF-MS)
¢ Microarray Cancer diagnosis

m Near future
# Risk appraisal for incident of “common disease”
based on haplotyping
¢ In silico disease simulation



Future in Genome-based Medicine

Clinical Medicine

ClinicAl Genome InfoRaatics

Medical Informatics Genome Sciences



Future Image of Genome-based Medicine
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Genomic EMR system

¢ Genome Electronic Record
+ Core: Whole genome sequence
= Multileveled Omic DB
* Proteome, Metabolome, Array data
\ - Polymorphism DB
* haplotype,
» drug/disease-related SNPs

\ & Clinical Electronic Record
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- Ordinary EMR, patient disease history

Eersonalized Viedicine Support sy:

¢ genomic diagnosis/therapy support
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In silico disease simulation

They applied a top-down

Creating Virtual Patients

approach, focusing first on the clinical outcomes, next on
defining the largest physioloigcal systems and functions involved
in the disease, and then adding detail and breadth. This is an

Each PhysioLab™ model is first built to represent normal, healthy

physiology. Virtual patients are then created within the model to
represent the many and varied forms of the
disease state.

iterative process that involves:

1. identifying characteristic behaviors of the disease
2. creating a mathematical model of the physiologic

systems necessary to represent those behaviors
3. validating the model based on published

Virtual Patents:
Development and Response

EiE Healthy
Functional Views ﬂﬁ\\ o
Kk ol . E
v s Mild ":j
hsease E‘
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SevErR <
: =
Disease o

Hezltbry Vanable  Variable Response
Disease State  to Treatment

Summary Diagram of Entelos® Diabetes™ PhysiolLab
Disease Map. Each node (bubble) points to more detailed
diagrams in the model. There are approximately 75 diagrams
within the complete disease map.




Hierarchial Medel
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Sciences, Simulating Life for Drug Discovery — Microsoft Internet Explorer
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Conclusion

m Standardized and Personalized Medicine are the
Key concept for 21th medicine

m Both need Medical IT to realize itself.

m Computerized EBM and Genome-based Medicine
1s new challenges for Medical IT,

though still firm design concept is lacking now

m Situations are changing rapidly than we expect, so
that we should tackle them immediately
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