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Two domain issues

* Precision medicine
« Reliability of molecular characterization of specimens

National Cancer Informatics Program
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Toward Precision Medicine: Building a
Knowledge Network for Biomedical
Research and a New Taxonomy of Disease

A new data network that integrates emerging research on the molecular makeup of diseases
with clinical data on individual patients could drive the development of a more accurate
classification of disease and ultimately enhance diagnosis and treatment. Recent advances in
biomedical research have caused an explosion of data, offering the potential to develop a “New
Taxonomy” that defines disease based on underlying molecular and environmental causes,
rather than on physical signs and symptoms. This report outlines how research and clinical
data can be captured in a “Knowledge Network” that will be broadly accessible to researchers
and clinicians. As well as improving health care, the new data network could also improve
biomedical research by enabling scientists to access patient information through electronic
health records, while still protecting patient rights.

oday, in a clinic
somewhere in
America, a patient is

learning that he has diabetes.
Based on the patient’s
symptoms and lab tests that
show high levels of insulin,
his doctor diagnoses Type II
diabetes—but this imprecise
category serves only to
distinguish the disease from
diabetes that typically

members will likely develop
diabetes in the future, and if
necessary could implement
preventative care.

In recent years, dramatic
advances in biomedical
research have created an
explosion of data that could
be used to move toward such
a world of improved health
outcomes. However,
currently there is a discon-




The before...

* Health care has terminologies
— It has many - ~70 (Ken Rubin)

« A particularly significant one

— International Classification of Disease
* Origin
— 1893 Jacques Bertillon- Bertillon Classification of Causes of
Death

* Current
— ICD-10
* World Health Organization
« Original brief to the IOM report team

— “A New Taxonomy of Disease”
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From “Toward precision medicine”

Biomedical Research y Clinical Medicine




Collectlon and Processmg of Biospecimens
rE qu: ositories
Impact Clinical and Research Outcomes OBBR s

o Effects on Clinical Outcomes
« Potential for incorrect diagnosis

* Morphological/immunostaining artifact
» Skewed clinical chemistry results
« Potential for incorrect treatment

* Therapy linked to a diagnostic test on a biospecimen
(e.g., HERZ2 in breast cancer)

» Effects on Research Outcomes
 Irreproducible results

« Variations in gene expression data
» Variations in post-translational modification data igf b

 Misinterpretation of artifacts as biomarkers
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What we have used to address the issue

* Applications

— caTissue — end user biobanking application
* NCI Semantic Infrastructure

— EVS — Enterprise Vocabulary Services

— caDSR - cancer Data Standards Repository

* 1SO11179 based common data elements
— UML Domain models

 Interoperability Framework
— caCORE SDK
» Data service generation from XMl
— caGrid
 WSRF based grid
« Data services
» Analytical services
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caTlissue — Specimen Processing Parameters

el

caTissue Suite v1.2.1

| el | 1B http: / fcatissuesuitetest.wustl.edu/catissuecore /CpBasedSearch.do | (Q nih isdp )
a|v||Al |G|+ iEn led CpBasedsearch.d ¢ | h isd

Nﬁ Keyword Search Report Problems Contact Us summary 1 Logout

=) - Home = Administrative Data ~ Biospecimen Data ~ Search ~ Bulk Operations Help ~

Rt CA Tissue sue

Collection Protocol:
AlSample %]
Participant (Protocol ID): Reglister New

smit, Jane (117 _31261) (n]

View Participant Select Specimen Event To Add [ Molacular Specimen Review =]

Specimen Details |' Ewents '| ¥iew Surgical Pathology Report ¥iew Annotation Consents

No Specimen Event Paremeters are available for Identifier : 17111

Specimen Detalls
pe Event Details "Molecular Specimen Review Event”
= @T0.0: Register: 01-14-2013

©Flasma = |User |: Admin, Admin ¢:|
Flasma —_—
® = Date 01-14-2013 | [ [MM-DD-vvvy = Time 12 Li Hr. 5o Li Min.
@) T0.0: -BOCGeneralFreezer: 01-14-2013
@) T0.0: 4CFreezer: 01-14-2013 Gel Image URL Quality Index
@) T0.0: 96WellCaliper: 01-14-2013 Gel Number Lane Mumber
Absorbance At 260 Absorbance At 280
Absorbance ratio of )
260,280 Ratio 285 To 185
Comments
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WS, National Institutes of Health |

Data Element Details

Data Element

Public 1D:

2513757

Version:

1.0

Long Name:

Molecular Specimen Review Parameter Object Gel Image Uniform Resource Locator java.lang.String

Short Name:

112513491v1.0:2178533v1.0

Preferred Question Text:

Definition:

Relating to or produced by or consisting of molecules.:A sample or part of a thing, or of several things. taken to demonstrate or
to determine the character of the whole, e.g. a substance, or portion of material obtained for use in testing. examination, or
study; particularly, a preparation of tissue or bodily fluid taken for examination or diagnosis.:The act of appraisal, evaluation, or
analysis.:Any factor that defines a system and determines (or limits) its performance._Jelly like material formed by the
coagulation of a colloidal liquid. {from On-line Medical Dictionary):Any record of an imaging event whether physical or
electronic.:An Internet address which tells a browser where to find an Internet resource. (from
http:/fwww.computeruser.com)_Generic value domain for a java datatype that is a class that represents character strings.

Value Domain:

java.lang.String

Data Element C t

L

Molecular Specimen Review Parameter Object Gel Image Uniform Resource Locator

Context:

caBIG

Workflow Status:

RELEASED

Origin:

Registration Status:

Cualified

Direct Link:

https://cdebrowser.nei.nih.gov/COEBrowser/search?

elementDetails=9&FirstTimer=0&P ageld=ElementDetails Group&publicld=2513757 &version=1.0

Reference Documents

Document Name |Document Type |Document Text |context URL
There are ne reference documents for the selected CDE.
Alternate Names and Definitions

CS* Long Name CS* Definition CSI* Name CSI* Type

caTissue_Suite caTissue Suite version 1.0 edu.wustl.catissuecore.domain UML_PACKAGE_NAME
Alternate Names

Name Type Context |Language
edu.wustl.catissuecore.domain.MolecularSpecimenReviewParameters.gellmageURL UML Qualified Attr caBIG EMNGLISH
MolecularSpecimenReviewParameters:gellmageURL UML Class:UML Attr caBIG EMNGLISH
Alternate Definitions

Name Type Context
A reference to the location of an electrophoretic gel image of the specimen. UML Class:UML Attr caBIG

CS* Long Name

CS5* Definition

CSI* Name CSI* Type

caTissue_Suite1_1

caTissue Suite 1.1 is a biospecimen banking and inventory tracking application
based on the caTissue Suite 1.1 model.

edu.wustl.catissuecore.domain|UML_PACKAGE_NAME

Alternate Names

[Name

[Contaxt | LT‘&M‘M :

[Tune
National Cancer Informatics Program
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calissue — Specimen event model

aenBEfent Collection

VAR

ZVALY,

dorain::
Fluid Specimen ReviewEvert Parameters

#  cellCount: Double

darnzin:: Cell SpecimenReviewParameters

# neoplastic Cellulanty Percentage: Double
# wiableCellPercentage: Double

dornain::
Tis=sue Specimen ReviewEvert Parameters

histological Quality :  String

lymphocytic Percentage: Double
necrosis Percentage: Double
neoplastic Cellulanty Percentage: Double
totalCellulanty Percentage: Double

E—NEREE TR

et
ReviewbventParanmters

darnain::
ErmbeddedEvent Parameters

#  embeddinghdedium: String

Hornain:: Spun EventParameters

# gravityForce: Double

# durgtionInhfinuotes: Integer

darain::
FrozenEvent Parameters

dornain::
ThawEwent Parameters

CventPammeters
dorain::
SpecimenEventParameters

#  method: String

domain::
Maolecular Specimen ReviewParameters

# absorbanceAtZEl: Double
# absorbances:i0: Double
#  gellmageURL: String

# gelMumber: Integer

#  laneMumber: String

# quality Index: String

# ratio285Tol185: Double

dormain::
CheckinCheck Out Event Pararmeter

#  storageStatus: String

dornain::

ProcedureEvent Parameters

JAVAVAYAYA

Zollection

0.

soE

darnain::

ReceivedEvent Parameters

#  name: String

#  receivedQualty: String

l

# ud: String
dorain::
Returmed Evert Parameter

dornain::
Collection Event Parameters

domain::
Dizpos=al Evert Parameters

dornain::FixedEvertPararmetars

#
#

collection Procedure:  String
container:  String

# reason: String

#  fingtionType: String

#  durgtionInhdrotes: Integer




caTlissue Dynamic Extension Principles

Extend model in particular areas
— E.g. specimen events
— Hook entities
 Participant, Specimen Collection Group, Specimen
Model Driven Extension

Save the extended model standard format
— UML — XMl
Extend within the application
— Nice Ul
— Users aren’ t conscious of
* Metadata

* The model
* Generating services
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caTissue extensions: Combo/Listbox

caTsad i uE S NYREIGRIAPO/ Listbox

| Note: Uzer Actions/inputz on thiz 2creen are zuggested by "Blue' color

| User Action

Build a Form
1. Dafing Group 2. Dafins Form 3. Bulld Form 4 Pravisw
Collection Protocol
4dd Form Attributs Form Attributss
Princinal Investizstar O Hams Text Fisld
Labal : =
N O ic Text Field
Concapt Cods: - -
P O| Diseas= Chaok Bow
Defintticn: O Tyes Lit
O| Tiesus (Sub Form
CIPHI Attributs
O make this Attribute Wandstony
|nh| Eatt Box | Propartiss
|f~7 Check Box | Display: Combo Box List Box
|t’i option Button | Display Halght: :l
— List options: User Defined L COE® Look Up
@ Comibo / List Box B
Look Into: Uszzr Forms System Forms
B Dete Pz | S
Croup: i =
] Fie Uploza -
| | Form: i =
Avallabls Attributss Lalkectsd Attributss
Lzst Name | [ aga ='E|::*u.=“'5
First Mame L2El hams
Tekpnone Mumger Remave
Up oI
Add Sub Form saparats with: 50202
[ Suom Un Do Dekete |
Zave [ Previous ] [ Mt |
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Application

Generate new model
using Ul

l

Associate to class in
static model

l

Auto generate and
create database
schema

|

Auto generate add/edit
and query forms

From Rakesh Nagarajan



Application

Generate new model
using Ul

l

Associate to class in
static model

Auto generate and
create database
schema

|

Auto generate add/edit
and query forms
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Semantic
infrastructure

Utilize controlled
vocabularies to define
classes and attributes

as per 1SO11179

specification

Utilize controlled
vocabularies to define
enumerated
permissible values

Reuse entire classes
or individual CDEs

Generate annotated
XMI from model

Load into caDSR

v

v Vv




Application

Generate new model
using Ul

l

Associate to class in
static model

l

Auto generate and
create database
schema

|

Auto generate add/edit
and query forms

From Rakesh Nagarajan

Semantic
infrastructure
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vocabularies to define
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as per 1SO11179

specification
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permissible values
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or individual CDEs

Generate annotated
XMI from model

Load into caDSR

Interoperability
Framework
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like APIs
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Application

Generate new model
using Ul

l

Associate to class in
static model

|

Auto generate and
create database
schema

|

Auto generate add/edit
and query forms

From Rakesh Nagarajan

Semantic
infrastructure

Utilize controlled
vocabularies to define
classes and attributes

as per 1SO11179

specification

Utilize controlled
vocabularies to define
enumerated
permissible values

Reuse entire classes
or individual CDEs

Generate annotated
XMI from model

Load into caDSR

Interoperability
Framework

Generate caCORE-
like APIs

|

Create XML schema
for reqgistry in GME

|

Create caGrid data
service using
Introduce

V
Grid/Web service
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UML - caDSR Mapping

UML Model ISC/IEC 11179

Common Data Element
ODELC » Yalue Doman

| UMLClass

Data Element Concepd
[ 1 Oipject Class + Property
| UMLANrBLbe LMLData Ty pe |- > 3

Object Class

Property

ValueDoman:Enumeration *

Value Domain
Fermissible Values

i
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Dynamic Extensions - two routes to models

* Via the caTissue user interface as above
— By domain experts
— Capture model as part of doing business
— Export to XMI

« Create model in modeling tool

— Extend the hook classes
— Save as XMl
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Example of Dynamic Extensions

*Prostate SPORE Biospecimen Informatics Network specifically
considered specimen handling variability and associated effects on
biomarker fidelity

*Green classes/attributes were added off hook entity - specimen

||r- wey aziu aunny I ||r- LRI AU o ysiE e gine, CllIIIIUI

1 1
ction \/D.." +histologicWariantTypeCollection l’.u‘tl.."
wnotation_Speci men: PathAnnotstion_Specimen::
:Detsils HistologicVariartType
:ail: String # otherHistologicType: Sting
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Some lessons learned

Validated the concept
— Interoperability framework (caGrid) complex to deploy

Allow rapid development of the service before labor
Intensive semantic curation

— Iterate on the model

Modeling is not part of end user workflow
— Data elements — clinicians get it

— One element at a time

Data elements are too flat

Resolve the dilemma by capturing models as part of
doing domain business

National Cancer Informatics Program ‘ NC I :"%% P.



Opportunities

* Value of domain models
* Model driven architecture
— To support dynamic domain models
« Domain driven models
— Capture models as part of doing business
— Not as a specific modeling exercise
* Process
— Implementation of consistent modeling conventions
— Or lock it down in the application
— Need a flexible semantic process
 Interoperability framework

— Looking at lighter weight technology
- RESTful services
« Semantic description of the above will be important

\\\\\\



Relevant components of Semantic Infrastructure

« Metamodel
— What do we need to know about data?

* Tools
— Tools that generate interoperable, semantically annotated,
data services
» Multiple flavors — SOAP, REST, etc

 Semantics driven
 Model driven

* Process
— The mechanisms we use to manage the metadata
— How do we collect information about data from its source?

é;"”ﬁﬁr,p Q._u\ma%'_ & tn
National Cancer Informatics Program ‘ "N%C> 1 %
I W



UML 2.0 metamodel — Classes, Properties,
Associations
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Metamodel

* Think about the metamodel you need
— What metadata do your users need?
— What do they need to know about data?

* How can we evolve the standards In this area?

(?PTG{F, Qub\ull%fc'_ & ta
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UML metamodel

Useful but likely to be a superset of the metamodel you
need

This use case here is focused on principally on
data/information models

UML still leaves a lot of choices open
— Different ways of representing associations

UML Is used at different levels
— Physical/Application/System
— Domain models

Need to pick what is needed for the purpose
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How association metadata affects users

Path Ambiguity Resolver

General Path Curated Path

Select Paths PathPopularity
Ll | Specimen == specimenColiectionGroup) == SpecimenCollectionGroup == (sife) »> Site 50 %
L] 50 %

Specimen == (storageContainer) => StorageContainer == (sife) => Site

Specimen >> Specimen Collection Group >> Site

Specimen >> Storage Container >> Site

Specimen >> collected as part of >> Specimen Collection Group >> collected at >> Site

Specimen >> stored in >> Storage Container >> located at >> Site

National Cancer Informatics Program ‘ 9
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Summary

Model Driven Architecture

— Data architecture —

— Helps address dynamic implementation
Domain Driven Models are key

— Capture models in the course of business
UML Class Models are a relevant technology
— Establish a subset of UML

Integrate metamodel of terminologies, data elements
and data models

PPPPP
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