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Challenges in Medical IT?Challenges in Medical IT?
Target disciplines Target disciplines we should tackle in coming  age to we should tackle in coming  age to 
extend and deepen our medical informatics field?extend and deepen our medical informatics field?
Medical Informatics, Medical ITMedical Informatics, Medical IT

StartStart with hospitalwith hospital--based technology primarily to implement clinical based technology primarily to implement clinical 
system.system.
NowNow, various medical issues are deeply related with , various medical issues are deeply related with ““informationinformation””, , 
such as, genetic medicine, informed consent, standardizationsuch as, genetic medicine, informed consent, standardization of of 
medicine and so on.medicine and so on.

We are expected to take a major role to bring solutions to We are expected to take a major role to bring solutions to 
all of such issues all of such issues where medicine and information are where medicine and information are 
closely related.closely related.

22ndnd stagestage of Medical Informatics/ITof Medical Informatics/IT
Various Challenges are there, but we should think about Various Challenges are there, but we should think about 
them in relation to questions of what will be the key them in relation to questions of what will be the key 
concept of future medicine.concept of future medicine.

Key paradigm of 21th cent. MedicineKey paradigm of 21th cent. Medicine
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micromicro--macro macro 
scope of medicinescope of medicine

MoleculeMolecule
Gene/genomeGene/genome

PopulationPopulation
societalsocietal

Cellular/OrganCellular/Organ IndividualIndividual
clinicalclinical

Existing  Existing  Medicine Medicine 

EpidemiologyEpidemiology

Clinical EpidemiologyClinical Epidemiology

EvidenceEvidence--based based 
medicinemedicine

Genome scienceGenome science

Molecular biol.Molecular biol.

GenomeGenome--based based 
medicinemedicine

New Concept ofNew Concept of
MedicineMedicine



New Concepts of 21th cent. MedicineNew Concepts of 21th cent. Medicine

““StandardizedStandardized”” Medicine Medicine 
Homogeneity of  high level in Homogeneity of  high level in 
““quality of medical carequality of medical care””
Equal opportunity to receive best Equal opportunity to receive best 
medical practice

Evidence-based
Medicine

medical practice

““PersonalizedPersonalized”” Medicine Medicine 
PatientPatient--specific care based on specific care based on 
genetic polymorphismgenetic polymorphism
Disease susceptibility/ Disease susceptibility/ 
Drug responsibilityDrug responsibility

Genome-based
Medicine

besidesbesides



These New Concepts of MedicineThese New Concepts of Medicine
Cannot be Realized without Cannot be Realized without 

Medical ITMedical IT

Standardized (EB) Medicine
Personalized (GB) Medicine

Medical ITMedical IT
systemssystems

ConceptConcept

RealizationRealization
formform

Evidence-based CPG, Critical path
Genomic Patient Record

Computerized EB-CPG
Genomic EMR, Genomic DSS



Medical IT for Standardized 
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Evidence-based MedicineEvidence-based Medicine
EBM EBM 

19911991 Gordon Gordon GyattGyatt ((Clinical epidemiology)Clinical epidemiology)
1993 1993 SackettSackett(Oxford)(Oxford)　　EBM WGEBM WG

““The conscientious, explicit and judicious The conscientious, explicit and judicious use ofuse of current current 
best evidence best evidence in in making decisionmaking decision about the care of about the care of 
individual patientindividual patient””（（SackettSackett))
Evidences supported by Evidences supported by Random clinical trialsRandom clinical trials
Primary practice of EBMPrimary practice of EBM

Literature search for evidences of clinical similar situationLiterature search for evidences of clinical similar situation
EvidenceEvidence--based CPG/CPbased CPG/CP

CPG: CPG: Clinical Practice GuidelineClinical Practice Guideline
CP: CP: Critical PathwayCritical Pathway



WebWeb--based guidelinebased guideline



IT systems realizing EBMIT systems realizing EBM
Standardized medicine ITStandardized medicine IT

Best practiceBest practice could not be done could not be done at the point of care by at the point of care by 
Primarily EBMPrimarily EBM
So So computerized CPG/CP is neededcomputerized CPG/CP is needed to be implemented in to be implemented in 
physicianphysician’’s information environment s information environment 

To attain the Homogeneity at high level in medical careTo attain the Homogeneity at high level in medical care
EvidenceEvidence--based computerized CPG/CPbased computerized CPG/CP

Stream of Intelligent DSSStream of Intelligent DSS
instead of expert knowledgeinstead of expert knowledge

Standard terminology and Standard terminology and 
protocolprotocol

EBM practiceEBM practice

Clinical Clinical PractisePractise
guidelineguideline

Critical pathCritical path

IT systemsIT systems



CPG systemsCPG systems
To computerize CPGTo computerize CPG
It must be It must be machine understandablemachine understandable, able to be used at appropriate , able to be used at appropriate 

situation, it should be situation, it should be triggered automatically when neededtriggered automatically when needed
But we are still lacking in the design conceptsBut we are still lacking in the design concepts

Example Example eCPGeCPG　　
GLIF (Guideline Interchange Format) Algorithm typeGLIF (Guideline Interchange Format) Algorithm type、、IntermedIntermed
CollaboratoryCollaboratory
GEM (Guideline Element Model) GMLGEM (Guideline Element Model) GML

XML,natural XML,natural linguagelinguage MarkupMarkup
PROPROformat format 　　

Action,Action,EnquryEnqury,Decision,Plan,Decision,Plan
CPGCPG--based DSSbased DSS

EON blood pressure manageEON blood pressure manage　　ATHENA DSSATHENA DSS
EsPeRprojectEsPeRproject　　breast cancer management breast cancer management OncoDocOncoDoc　　ASTI(drug)ASTI(drug)

It should be developed together with It should be developed together with information information 
modellingmodelling of medical of medical practisepractise



ProProformaforma andand
SoloSolo

guildlineguildline
GLIFGLIF

EsPeREsPeR projectproject
Breast cancer supportBreast cancer support
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Genome sciences open New disciple Genome sciences open New disciple 

Human Genome projectHuman Genome project is is 
completed at 2003.4completed at 2003.4

1988/90 start (HUGO)1988/90 start (HUGO)
2001 3Gbp Draft 2001 3Gbp Draft 
SequenceSequence

HG HG opens the opens the new field new field 
for clinical medicinefor clinical medicine
Specially  Specially  3 fields3 fields make make 
influences to medicineinfluences to medicine



Successive projects to ‘-Omics’Successive projects to ‘-Omics’

DNADNA

mRNAmRNA

ProteinProtein

Next to genomeNext to genome
TransriptomicsTransriptomics

mRNA (cDNA library)mRNA (cDNA library)
Microarray for gene expressionMicroarray for gene expression

Comparative expressionComparative expression
DiagnosisDiagnosis: Cancer subtype : Cancer subtype 
diagnosisdiagnosis

ProteomicsProteomics
Maldi/seldi TOFMaldi/seldi TOF--MSMS
Peaks and amplitudePeaks and amplitude
DiagnosisDiagnosis: cancer subtype : cancer subtype 
diagnosisdiagnosis

MetabolomicsMetabolomics
whole metabolic moleculeswhole metabolic molecules
Pattern analysis, PCA

Non Hodgkin 
Lymphoma

Pattern analysis, PCA



Polymorphism and genomic typingPolymorphism and genomic typing

Genomic polymorphismGenomic polymorphism
SNP SNP 

single nucleotide polymorphism
1 for 1000bp (0.1%) cSNP, gSNP

MicroMicro--satellites, VNTRsatellites, VNTR
LinkageLinkage with with 

DDisease susceptibilityisease susceptibility
Drug responseDrug response

Genomic Preventive medicineGenomic Preventive medicine
Risk appraisal for disease incidenceRisk appraisal for disease incidence

Phamacogenetic/genomic predictionPhamacogenetic/genomic prediction
Prediction of drug responsePrediction of drug response

Personalized genomic typingPersonalized genomic typing
Haplotype estimationHaplotype estimation

personApersonA
Chro.5Chro.5

personBpersonB
Chro.5Chro.5

A  b  C  dA  b  C  d

a   B  C  Da   B  C  D

AaAa BbBb

Genetic typeGenetic type

haplotypehaplotype

ChromoChromo
--somesome



Understanding life/disease as a systemUnderstanding life/disease as a system
Pathway/network analysisPathway/network analysis

Genetic networkGenetic network
Metabolic pathwayMetabolic pathway
Signaling pathwaySignaling pathway

Systems biologySystems biology
To understand life (cellular process) as a To understand life (cellular process) as a 
systemsystem

Disease modeling/simulationDisease modeling/simulation
““Common diseaseCommon disease””

System failure of signaling pathwaySystem failure of signaling pathway
Diabetes type II;   signaling failure of Diabetes type II;   signaling failure of β β cellcell
Syndrome X (High BP, Atherosclerosis, Syndrome X (High BP, Atherosclerosis, 
Diabetes..)Diabetes..)

GenomeGenome
(DNA)(DNA)

TranscriptomeTranscriptome
(RNA)(RNA)

ProteinProtein

PathwayPathway
(metabolic,(metabolic,
Network)Network)

PhenotypePhenotype



Modeling of the p53 signaling networkModeling of the p53 signaling network
to reveal its complex behaviors
•in both a limited amount of 
molecules and a limited size 
of space
•in a discrete quantity 
•with considering sub cellular 
localization and translocation 
of molecules. 

The p53 signaling network which we have modeled

cytoplasm

PI3K-PDK1

caspase
ARF

Simulation steps
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p53
P53+P
P53+nP
Others

Results of this simulation

implemented by Abstract Cell Model (Suzuki Y, Ogishima S, Tanaka H)

Reaction rules (partial)

nucleus
•DNA damage  → DNA damage, p53 activation signal

•p53 activation signal, p53×4 → p53+P



Genome-based Medicine need IT 
for its realization

Genome-based Medicine need IT 
for its realization

IT systemPreventivePreventive
Risk appraisalRisk appraisal for future disease incidentfor future disease incident
together with environmental factorstogether with environmental factors

DiagnosticsDiagnostics
ClassificationClassification forDisease/Nondisease, forDisease/Nondisease, 
Disease subtypeDisease subtype
Rule extractionRule extraction for diagnosisfor diagnosis

Therapeutics Therapeutics 
Drug responder/nonresponder predictionDrug responder/nonresponder prediction

For all aboveFor all above
disease pathway analysisdisease pathway analysis
In silico simulationIn silico simulation

Genomic PrognosticsGenomic Prognostics
Genomic Genomic EMREMR
DSSDSS for GBMfor GBM
GB Systems analysisGB Systems analysis
Disease simulationDisease simulation



Genome-based medicine soon 
coming
Genome-based medicine soon 
coming

ImmediatelyImmediately
Genomic typing for drug responder/ nonresponderGenomic typing for drug responder/ nonresponder
becomes compulsory (FDA guidance  becomes compulsory (FDA guidance  ～～2004)  2004)  

Coming soonComing soon
Proteome Cancer diagnosis (Proteome Cancer diagnosis (SeldiSeldi TOFTOF--MS)MS)
MicroarrayMicroarray Cancer diagnosisCancer diagnosis

Near futureNear future
Risk appraisal for incident of Risk appraisal for incident of ““common diseasecommon disease””
based on based on haplotypinghaplotyping
In In silicosilico disease simulationdisease simulation



Future in Genome-based MedicineFuture in Genome-based Medicine

Clinical MedicineClinical Medicine

Clinical Genome InformaticsClinical Genome Informatics

Medical InformaticsMedical Informatics Genome SciencesGenome Sciences



Future Image of Genome-based MedicineFuture Image of Genome-based Medicine

Personalized Medicine Support systemPersonalized Medicine Support system

Genomic EMRGenomic EMR

Genome seq. DB

Gene expression
DB

Haplotype
Polymorphism

Disease 
Suscept.

Drug 
Response

metabolome DB

Proteome DB

O
rdinary EM

R
O

rdinary EM
R

Personalized M
edicine



Genomic EMR systemGenomic EMR system

Genomic EMRGenomic EMR
Genome Electronic RecordGenome Electronic Record

Core: Whole genome sequenceCore: Whole genome sequence
Multileveled Multileveled OmicOmic DBDB

•• Proteome, Proteome, MetabolomeMetabolome, Array data, Array data
PolymorphismPolymorphism DB DB 

•• haplotypehaplotype, , 
•• drug/diseasedrug/disease--related related SNPsSNPs

Clinical Electronic RecordClinical Electronic Record
Ordinary EMROrdinary EMR, patient disease history, patient disease history

Personalized Medicine Support systemPersonalized Medicine Support system
genomic diagnosis/therapy supportgenomic diagnosis/therapy support

Genome viewerGenome viewer
••Whole genome viewWhole genome view

(Chromosomal view)(Chromosomal view)
••OrganOrgan--oriented vieworiented view

(Body map view)(Body map view)
••DiseaseDisease--oriented vieworiented view

(Disease(Disease--related view)related view)



Illustration: Ordinary EMR

To connect genomic EMR

電子花子電子花子 女性女性



女性女性
電子花子電子花子

Chromosomal view



In silico disease simulation



Hierarchial MedelHierarchial Medel

PhysiomePhysiome projectproject EntelosEntelos





ConclusionConclusion

Standardized Standardized and and Personalized MedicinePersonalized Medicine are the are the 
Key concept for 21th medicineKey concept for 21th medicine
Both need Medical IT to realize itself.Both need Medical IT to realize itself.
Computerized EBMComputerized EBM and and GenomeGenome--based Medicinebased Medicine
is new challenges for Medical IT,is new challenges for Medical IT,
though still firm though still firm design conceptdesign concept is lacking nowis lacking now
Situations are changing rapidly than we expect, so Situations are changing rapidly than we expect, so 
that we should tackle them immediatelythat we should tackle them immediately
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