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What’s Hypergenes?
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IBM

IBM Lead

IBM significant 
Involvement

IBM

Two IBM Haifa Research Groups :

• Healthcare & Life Sciences Group

• Machine Learning Group

Biomedical 
Information 

Infrastructure



4

Haifa Research Lab

!�"��#�	�	$������	��#��	�%	������������

Selected Cohorts:
� Milano: Ca-Co; Na-Sens
� Sassari: HCTZ; LVM; SOPHIA

� WHSS 
� European EPOGH

� Chinese EPOGH
� Paris

(total of ~30 cohorts)

Source: The Hypergenes Proposal
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Implicit Semantics…
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� Blood Pressure:
� Systolic and Diastolic measurements are components
� Mean is derived from the above components
� Heart rate (HR) measurement is timed with 

blood pressure (BP)

� Anti-hypertension drug
� Is taken with the indication of 

� Hypertension 
� Microalbuminuria

� HR + BP were measured…

� before and after taking a drug
� Dose increased if Sys.BP>x

BP, HR +48

BP, HR +24

BP, HR +16

BP, HR +12

BP, HR +8 

BP, HR +4

BP, HR 0

BP, HR -4

BP, HR -8 

Taken from different columns 
in the source data…

Losartan 100 mg/day (T=+4)

Losartan 50 mg/day (T=0)

Semantics is often implicit!

S
ource: H

ypergenes C
ohorts
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e.g., an OMIM Entry: 

Despite the dramatic responses to EGFR inhibitors in 
patients with non-small cell lung cancer, most patients 
ultimately have a relapse. {12:Kobayashi et al. (2005)} 
reported a patient with EGFR-mutant, Gefitinib-responsive, 
advanced non-small cell lung cancer who had a relapse 
after 2 years of complete remission during treatment with 
Gefitinib. The DNA sequence of the EGFR gene in his 
tumor biopsy specimen at relapse revealed the presence 
of a second mutation ({131550.0006}). Structural modeling 
and biochemical studies showed that this second mutation 
led to the Gefitinib resistance.
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� An OMIM entry is essentially unstructured

� Curated from published studies

� Indexed and hyperlinked to variants and studies

� Text Analytics:
� Analyze the text to create a more structured repres entation

� For example: 

� Free text: “ presence of a second mutation… led to the resistance…”
� Structured data based on the CG spec derived from the RIM:
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Observation

SequenceVariation

[EGFR Variant  id

131550.0001]

Relation:

[cause]

Observation

ClinicalPhenotype

[responsive]

R
elation:

[subject]

SubstanceAdministration

DrugTherapy

[Gefitinib intake details: dose, time, etc. ]

Entity / Role

ManufacturedMaterial

[Gefitinib ]

Relation:

[participation ]

Other relevant relations: 
evidence, support, 

explanation, manifestation

Observation

SequenceVariation

[EGFR Variant  id

131550.0006]

Relation:

[cause]

Observation

ClinicalPhenotype

[resistant]

RIM Class name

CG spec 
clone name Code drawn from an 

internationally 
recognized 
terminology

Relation:

[SAS]

OBSERVED

INTERPRETIVE
Provide it 
ON TIME!!
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Biomedical Infostructure
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Mass Data
Non-XML format, e.g., 

genomic; images; sensors 

Health Semantic Warehouse

BII Mart - RDFBII Mart - RDF
Data Marts

Proprietary or Standard

Information

Proprietary or Standard

Data

Proprietary or Standard

Knowledge

HEALTHCARE

EHR

RESEARCH

Exploration

P
rom

ote &
 E

xport

AnalysisAnalysis

Ex
tra

ct
io

n

XQUERY

RDF HL7 v3

N
ew

 k
no

w
le

dg
e 

&
 In

fo
rm

at
io

n
P

atient data

Sources of Sources of

HL7 RIM-based 

XML Database
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HL7 Clinical Genomics
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Individual 
Allele Bio 

Sequence

Sequence Variation

(SNP, Mutation,

Polymorphism, etc.)

PolypeptideExpression Data

Clinical 
Phenotype

Entry Point: 
GeneticLocus

Determinant

Polypeptide

Expression

Attributes

Variation

Attributes

Encapsulating Obj.

Bubbled-up Obj.

Related

Allele

genotype ������ �� phenotype
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Clinical PracticesGenomic Data 
Sources

EHR 
System

HL7 CG M
essages with m

ainly

Encapsulating HL7 Objects

HL7
 C

G
 M

es
sa

ge
s 

w
ith

 

en
ca

ps
ul

at
ed
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at

a 
as

so
ci

at
ed

 w
ith

HL7
 c

lin
ic

al
 o

bj
ec

ts
 (p

he
no

ty
pe

s)

Bubble up the most clinically-significant raw 
genomic data into specialized HL7 objects and 

link them with clinical data from the patient EHR 

Decision Support Applications

Knowledge
(KBs, Ontologies, registries, 

reference DBs, Papers, etc.)

Bridging is the challenge…

Encapsulation by 
predefined & 
constrained 

bioinformatics 
schemas

Bubbling-up is 
done continuously 
by specialized DS 

applications
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/ Loci CMETs

Patient

Relative
HL7 Vocabulary=

“FAMMEMB”

Recursive

Relation

Clinical

Data

Family 
History

Risk 
Assessment 

Results Estimated age 
of subject

Estimated age 
of subject at 

diagnosis

Relative 
Mother & 
Father IDs
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Point 

back…

Bubble 

up…
To

phenotype

and beyond….

Taken from a patient pedigree: the

portion related to patient’s daughter
(in collaboration with Mass. General Hospital 

& other HL7 Clinical Genomics group members)

Point back to the raw data of 
this relative providing 
“personal evidence”
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Hypergenes Data in…
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Terminology
Servers

Data Warehouse

Normalization,
Standardization
& Validation

Build CDA Store

HL7v3 RIM Persistors

ONTOLOGY

Cohort
Data

Harmonization Data Extraction
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OWL Ontology

Standard-based 
Instances

(e.g., CDA)

Instance 
Generation 

Engine

Data Source

Mapping local Vocabularies

Template Model

Conform to the 
Template Model

Representing constraints 

Java API

A
da

pt
er

CTS

Using UML+OCL to 
represent and 

validate constraints
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Rimification 
of v3 

Domain 
Instances

Rimification 
of Domain 
Query &

Domain-
ification of 

Query 
results

HL7 RIM-based 

XML Storage

RIMon
Persisting

Send v3 
instances 

or RIM
XQUERY

Data consumersData Producers

Rimified
Query for 

data mining 
& CDS on 

longitudinal 
and cross-

institutional 
EHR

BII / RIMon

Replacing each clone 
name with the most 

specialized RIM class 
name based on the 

classCode hierarchy, 
and preserving it

Semantic Computation Library

• RIM-oriented computation, e.g.,
• context conduction
• coding and timing

• domain-oriented computation, e.g.,
• blood pressure mean
• affected / non-affected
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Constrain & Profile HL7
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EPOGH

� Office BP
� Systolic / Diastolic BP

� Ambulatory BP 24 hours
� Systolic / Diastolic BP
� Mean (and # of measurements)
� Heart Rate (timed with BP)

� Morning
� …

� Daytime
� …

� Evening
� …

� Nighttime
� …

Sassari HCTZ

� Base BP
� Systolic / Diastolic BP
� Mean

� Hypertension therapy –
Losartan medication

� Ambulatory BP, 
timed with the therapy

� 4 weeks after start of therapy

� 8 weeks after start of therapy

NaSens

� Anamnestic BP
� Systolic / Diastolic
� Heart Rate (timed with BP)

� Ambulatory BP
� Daytime

� Systolic / Diastolic BP
� Heart Rate (timed with BP)

� Nighttime
� Systolic / Diastolic BP
� Mean BP
� Heart Rate (timed with BP)

Source: Blood Pressure Data in Various Hypergenes C ohorts

• Similar data sets

• Different names of place holders

• Slightly differences in semantics could be signific ant to reasoning
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� The Challenge:
� Given a variety of data formats, 

How could we show the commonalities while preservin g the 
disparities in a single and standard data represent ation?

� Such a representation can then be persisted in a sm art warehouse

� Possible approach:
� Use expressive structures that can accommodate slight variations

but can easily tag the commonalties
� The commonalities add up to an ‘open template’
� An open template/profile allows variations in the portions of the 

standard that are not constrained by the template

� Validation: An instance is compliant with a generic  standard and its 
open template/s but still preserves the variance in  the source data
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� A template is a set of constraints over a generic s tandard, e.g.
� A Discharge Summary is a CDA Template
� An allergy is a Clinical Statement template (e.g., hives as reaction to penicillin)

� Constrain the CDA for Essential Hypertension
� EH-CDA: a single clinical document summarizing the health conditions of an 

Essential Hypertension patient / subject
� Historical summary – fits data from historical cohor ts
� In later phases, CDA will be a forerunner of an EHR  (a dynamic information 

entity, maintained longitudinally for an individual )
� EH-CDA references Clinical Genomics (CG) instances 

(e.g., genetic testing results, genomic assays resu lts)

� Constrain CG GeneticVariation instances to encapsula te or 
reference raw data

� e.g., lab-on-chip results using markups like HapMap / BSML
� array genotyping results using tabular representati ons

� Representing constraints
� Currently UML+OCL but may move to new generation of  XML languages 
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CDA Template
Header

subject id

….

Body

reference1 to GV

reference2 to GV

reference2 to PD

….

clinical &
environmental
observations

GV Template
subject id

Genomic 
Observations

Phenotypes

Raw Genomic Data

subject id

HapMap / BSML / MAGE

Relational schemas

optimized for persistency

Encapsulation or 

referencing

Pedigree Template

O
ne

 in
st

an
ce

 p
er

 s
ub

je
ct

subject id

Genotype

Phenotype

Disease

Model
knowledgeObserved Interpretive

EHR

or

*Template (or profile) is a set of constraints spec ific to a project/solution
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Hypergenes Data out…
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� XQUERY – a powerful combination of SQL & XPATH
� E.g., Get all serum Creatinine measurement 

observations for subjects in  MilanoCaCo cohort

xquery statement:

result:

xquery

declare default element namespace "urn:hl7-org:v3"; for 

$y in db2-fn:xmlcolumn('RIMON.RIM.INSTANCE')/Docume nt//Observation

where fn:root($y)/Document/Participation/Patient/Or ganization/name/text()="Milano CaCo"

and $y/code/@displayName="Creatinine measurement, se rum"

return $y

<Observation xmlns="urn:hl7-org:v3" xmlns:voc="urn: hl7-org:v3/voc" xmlns:xsi="http://www.w3.org/2001/X MLSchema-instance" 
classCode="OBS" cloneName="observation" moodCode="E VN">

<code code="113075003" codeSystem="2.16.840.1.11388 3.6.96" codeSystemName="SNOMED CT" displayName="Cre atinine
measurement, serum"/>

<value unit="mg/dl" value="0.77" xsi:type="PQ"/>

<id root="2.16.840.1.113883.3.18.12.7.30.1061070130 36003076.12519"/>

</Observation>
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RIM-based (fully-structured) 

XML Database

Data marts
Data marts

BII Data Marts

Data mart 
management

DDQB

RDF-based 

Promotion Layer

IHE QED / XDS

Repository

Interface

Semantic computation library

XQuery: SQL+XPATH

Data / Info / Knowledge 
Warehouse (“RIMon”)

Promotion 
API

Non –mass 
data in HL7 

v3 XML 
format

Mass Data
e.g., Genomic; Images; 

Sensor... Non-XML format

Mass data

e.g., PED

Mass Data 
in optimized 

formats

BII Analysis Tools  
e.g., BDM

Sources of

Proprietary or Standard

Data / Info / Knowledge

BII

Adapters

Data marts
Data marts

Distant Data Marts Analysis

Tools

Research 
Users

One-time transfer;
Automatic update is 
available only for the 

BII data marts

Query & Retrieve API

E
nt

ry
 A

P
I

Export

Analysis Services &
Workflow Registry

Healthcare 
Users

‘R
IM

ifi
ca

tio
n’

IHE XDS

Registry

knowledge

Access Control ‘DOMAINification’
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� Why do we need marts?
� To allow user-defined views over a diversified warehouse:

� User-defined Schema
� User-defined Terminology
� User-defined transformations/computations 
� User-defined harmonization between different sources & templates

� To simplify the access to those views
� To achieve better performance on specific sub-sets of the 

data & knowledge persisted in the warehouse

� Why a warehouse is hard to access?
� A warehouse has the utmost richness representation of the raw data using 

standards dedicated to the domain

� A warehouse has various formats and schemas 
(e.g., XML, relational, objects, blobs, etc.)

� A warehouse holds both data and knowledge
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� Marts:
� Allow users to create their views (in the form of persistent marts) 

based on all the fine-grain data available in the warehouse
� A mart could hold data, knowledge or both

� Allow users to reuse portions of marts created by their peers

� Promotion layer:
� Provide a single promotion layer (per warehouse) for creating multiple marts
� The promotion layer consists of certain information in the warehouse that got 

promoted and persisted by ‘super users’ of the BII 
� Data in the promotion is always kept synchronized with the warehouse

� Promotion includes the option to perform semantic computation without 
necessarily providing a mart schema, e.g., blood pressure promotion

� The promotion layer is the means of reuse, thus a mart is always created from 
the promotion layer and not directly from the warehouse  
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In Summary…
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� A prototype of data warehouse (RIMon) is operational and 
was populated with standardized data transformed fr om 
about 30 disparate sources
� Rich XML representation of clinical data for ~12,00 0 subjects 
� 1M SNP data per subject in relational tables

� Preliminary version of the BII is available to HG partners
� Export feature to a ‘data mart’
� Enabling IBM DDQB atop of the data mart for interac tive query building 

and running
� Direct access to the data warehouse & mart through JDBC 

� QED Repository (and Consumer emulation)
� Implementing IHE “Query for Existing Data” integrati on profile 
� Tested in IHE Connectathone
� Published white paper in IBM developers Work

see http://www.ibm.com/developerworks/data/library/tech article/dm-1002purexmlqed/index.html?S_TACT=105AGX1 1&S_CMP=FP
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� Large scale efforts
� FDA Sentinel
� National EHR projects (e.g., UK, Canada and many mo re)

� Similar projects & Biobanks
� EuResist – prediction engine for HIV treatment

� Biobanking projects

� Clinical Documents Repository
� For healthcare providers (based on the RIM-based CD A specification) 

� Pharma
� Bridge to patients EHR

� From data to knowledge
� Disease registries
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� Standardize data / information / knowledge representations 
� Harmonize representations using a common reference information model

� Develop constraining formats to the generic standards 
� “capturing similarities while preserving disparitie s”

� Develop a biomedical information infrastructure (BII) 
� Core component: a general-purpose health data warehouse
� “Semantic warehousing” – mitigate the tension between  integration & computation
� Accommodate a variety of data formats: XML, tabulat ed, high throughput, etc.
� Data access mechanisms based on semantic computatio n 

(e.g., context computation) 
� For research – data marts creation tool
� For healthcare – comply with emerging standards like  IHE QED and common 

like XDS 
� Develop interfaces to health data analysis tools
� Support both research and healthcare environments

� various query mechanisms
� Support distributed repositories through IHE XDS 

� Use ‘disruptive ’ technologies (e.g., native XML indexing like pureXML)
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Warehouse: RIM-XML is both!
Exported Mart: object representation is user-define d, typically relational or RDF

Use

RIM&

RMIM
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• Thank you for your attention… ��� �

• Questions?


