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Clinical trials are used to determine whether new
drugs or treatments are both safe and effective.

Complex clinical trials involve collaboration among
many groups using different software applications.

Lack of standardization and reduced efficiency
leads to poor productivity.

We are building an ontological framework called
Epoch to improve semantic interoperability among
clinical trial management applications.



The Immune Tolerance Network

ITN is an international collaboration designed to
accelerate the development of immune tolerance
therapies

« Funds, plans, implements, monitors, and assesses
investigator-initiated clinical trials of novel
tolerance-promoting therapies in
« Autoimmune diseases
- Transplantation
- Allergy and Asthma

» Provides services to undertake comprehensive
mechanistic studies that complement each trial
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Specimen Table
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Specimen Workflow
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Challenges in Trials Management

» Knowledge about protocols, assays,
and specimen flow is captured in
documents and spreadsheets
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What i1s In a visit name?

Visit O, vO, v 0, O, Day O, Transplant

Table 7: Summary of Assessments for Subjects
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What i1s In a visit name?
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What i1s In a visit name?

» How many participants
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Challenges in Trials Management

» Enterprise-wide knowledge about
trials management is not formally
encoded, leading to challenges in

- Standardization

- Data integrity

- Data analysis

. Data integration

» Significant efforts may be needed to
resolve inconsistencies after a trial
has started



ITN Informatics Core at Stanford

Epoch

An Ontological Framework for Clinical
Trials Management



ITN Informatics Core at Stanford

The goals of our collaboration are to

Design tools to help acquire and maintain
knowledge about protocol and assay
designs

Use this knowledge to drive data collection
during a trial

Implement querying methods to support
trial management, and ad hoc data
analysis



Building Ontologies for ITN — Epoch

Table 7: Summary of Assessments for Subjects
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Building Ontologies for ITN — Epoch

BRIDG ITN

CDISC specifications
SAGE EON




Epoch Ontologies
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Epoch Ontologies
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Epoch Ontologies

Protocol . i Clini
— Visit Activity — inical
/Schema Y Model
Protocol /
Model Assay
\ —~ Assay — Model
Mechanistic Specimen
Study Plan Container
\ Set
Specimen

Workflow



Epoch Ontologies
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Epoch Ontologies
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Knowledge-Acquisition Environment

OWL (the Web Ontology Language proposed by
W3C)

SWRL (the Semantic Web Rule Language) to
specify constraints and queries

Protégé-OWL editor to enter ontologies in OWL
and SWRL



Epoch Protocol Model
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Epoch Protocol Model
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Protocol Model — Study Schema
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Study Schema — a Temporal Sequence
of Periods
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Visit Flow — a Temporal Sequence of
Visits
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Visit — different Visit names
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Protocol Model - Mechanistic Study Plan
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Mechanistic Study Plan
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»--m epoch:hasConta rdfs:label \ lechanistic Study Plan

»-M epoch:hasMech
»-M epoch:hasDeviat
----- = rdfs:member

----- = rdfs:isDefinedBy

..... |= -
..... = gﬁ?:gi?fzﬁésn?ﬁorr epoch:hasContainerSets + 4 & epoch:hasMechanisticStudies LR W
----- = owl:sameAs 4 Visit -1 Blood Draw Kit 4 Whole Blood - Flow Cytometry Panel Staining
""" = proteqe:inferredl ° ] * .

..... m epoch:hasPeriod it Frozen PBMC-Archive
----- ™ epoch:hasSite + Leukapheresis Kit = rofiling
----- ™ epoch:hasPartici| | lase v nam o . . = filing
- ggggE;Eg:Sﬁum:sVSChi epoch:hasDeviationCodeGroups ¢ o e
»-M epoch:hasParticipants i i

_____ = rdfemember 4+ Specimen Recglvmg
..... = rdfs isDefinedBy 4 Process And Aliquot

----- H rdfs:seeAlso + Prepare for Visit ‘ ‘0 Serum-Archive
----- = owl:differentFrom

----- = owl:sameAs

""" = protece:inferredTyne
----- ™ epoch:hasPeriods

----- ™ epoch:hasSite

----- ™ epoch:hasParticipants
----- = rfs:member
----- S rdfs:isDefinedBy

----- S rdfs:seehlso

----- = owl:differentFrom

----- = owl.sameAs

""" = proteqe:inferredType
----- ™ epoch:hasPeriods

----- ™ epoch:hasSite

----- ™ epoch:hasParticinantState

4

4




Mechanistic Study Plan

epoch:hasContainerSets
;'* Aiaid _ 1 Dlaad Measwar it

i«o

i# Leukapheresis Kit

Ll B g8 v0_ a  am P LB N AN

epoch:hasDeviationCodeGroups

4 @ ¢ epoch:hasMechanisticStudies

4]

| ¥ Frozen PBMC-Archive
e

lo Specimen Receiving
i# Process And Aliquot
io Prepare for Visit

| AL
4 Whole Blood - Flow Cytometry Panel Staining

ST T Profiling
®( ofiling
*(

# Leukaphereses WBC - Archive
2 £

® St s




Mechanistic Study Plan

epoch:hasContainerSets
;'* Aiaid _ 1 Dlaad Measwar it

i«o

i# Leukapheresis Kit

Ll B g8 v0_ a  am P LB N AN

epoch:hasDeviationCodeGroups

lo Specimen Receiving
i# Process And Aliquot
io Prepare for Visit

epoch:hasMechanisticStudies

" [® Whole Blood - Flow Cytometry Panel Staining
| ®Frozen PBMC-Archive
{ .VIL,l, e e o ol o e L L e e ':I-nﬁling

®( ofiling
*(

# Leukaphereses WBC - Archive
2 £

® St s

\




A Mechanistic Study

# Leukaphereses WBC - Archive

epoch:hasPriority # 2 epoch:studyVisits
| 6| [®Visit 8
epoch:hasSpecimenWorkflow ¢ e ¢ Baseline

-
# Leukaphereses WBC workflow Visit 6

epoch:hasAssay ¢ o
Leukaphereses WBC -




A Mechanistic Study

# Leukaphereses WBC - Archive

epoch:hasPriority # 2 epoch:studyVisits
| 6| [®Visit 8
epoch:hasSpecimenWorkflow ¢ e ¢ Baseline

-
# Leukaphereses WBC workflow Visit 6

4-€poch:hasAssay

\
<\ Leukaphereses Wﬁiy

S —

¢ o




Specimen Workflow

Exdit

File

OBEE +tBE wma W ap <@protégé

Project ©OWL  Code  Tools  Window  Help

® Metadata (1 ﬂ OWLClasses r- Properties r0 Individuals r = Forms ’/ ¢ Knowledge Tree |
Knowledge Tree SR I AL IEIN [INSTANCE EDITOR

Fy

. m epoch:hasStudyinformation — |For Instance: ¢ Leukaphereses WBC workflow (instance of epoch:SpecimenWorkfloy

-~ M epoch:hasSitePlan FFem @

r-M pnnrh-hacStudyPlan

v hugv F;ann hanisticStudyPlI croperty ‘
v ennch*hasMechanisticStudyPlan rdfs:comment

v lechanistic Study Plan ’
b epoch:hasContainerSets rdfs:label Leukaphereses WBC workflow
v-m epoch:hasMechanisticStudies
>4 \\Whole Blood - Flow Cvtome
p..... FI’O:

'.....‘ Wht
b
b
h

Value

: ggr; epoch:hasStartSpecimenWorkflowN ¢ ¢ e
"% Leukaphereses WBC - Arcl_| | ¢ Specimen Collected at Visit
»--m epoch:hasAssay i
»--m epoch:studyVisits epoch:hasSpecimenWorkflowNodes
v-® epoch:hasSpecimenWor
> & Leukaphereses WBC
----- = rdfs:member
----- B rdfs:isDefinedBy
----- O rdfs:seeAlso epochil
----- = owl.differentFrom
----- = owl:sameAs
""" = proteqe.inferredType S[H8
----- ™ epoch:hasPeriods Speci
----- ™ epoch:hasSite archi
----- ™ annrh-hacsPartirinantStg

sen

epoch:

rou
----- = rdfs:isDefinedBy ]
----- E rdfs:seeAlso

----- = owl:differentFrom

----- = owl:sameAs

----- = proteae:inferred Tybe

----- ™ epoch:hasPeriods

----- ™ epoch:hasSite

----- ™ epoch:hasParticipantState
#-M epoch:hasStudvSchemaDiaaram
- gpoch:hasArms

o ep_och:ha;PaﬂicipantSiateDiaqramT

| [»]

Fy




Specimen Workflow

Bpecimens
archived




Mechanistic Study Plan

epoch:hasContainerSets
;'* Aiaid _ 1 Dlaad Measwar it

i«o

® Leukapheresis Kit

Ll B g8 v0_ a  am P LB

N AN

ch:hasDeviationCode

4 @ ¢ epoch:hasMechanisticStudies

4]

| ¥ Frozen PBMC-Archive
e

lo Specim
i# Process And Aliquot
io Prepare for Visit

| AL
4 Whole Blood - Flow Cytometry Panel Staining

= e W = ol W e oan o W, Lo aima

~~ 7 Profiling
®( ofiling
*(

# Leukaphereses WBC - Archive
0|/

® St s




Specimen Container Set

epoch:hasContainerSetName & 2  epoch:visitsWhenUsed
|Uisit -1 Blood Draw Kit | # Baseline

epoch:hasDescription P X

epoch:hasContainerSetEleme ¢ 4. 4
_"F_I_I'I'I'I'I'n1_’ TTIIT W | LI A oy -

4 Primary - 03ml Tempus Tube (3) I
# Primary - 10ml Na Heparin Tube (1) :
® Primary - 10ml K2EDTA Tube (1) -




Specimen Container Set

epoch:hasContainerSetName & 2  epoch:visitsWhenUsed
|Uisit -1 Blood Draw Kit | # Baseline

epoch:hasDescription P X

epoch:hasContainerSetEleme ¢ 4. 4
_"F_I_I'I'I'I'I'n1_’ TTIIT W | LI A oy -

# Primary - 03ml Tempus Tube (3) [

¢ Primary - a i be (1) |-
# Primanf\: 10m|l K2EDTA Tube/(1) -




Specimen Container Set

epoch:hasDescription
epoch:hasCount »& X

1|
epoch:hasContainerName 4 4
| 10mlI K2EDTA Tube

epoch:hasContainerSetElemefl [ epoch:hasSpecimenType € ¢ &

4 Primary - 03ml Tempus Tube Whole Blood
# Primary - 10ml Na Heparin T/be
® Primary - 10ml K2EDTA Tube (1) -

epoch:hasContainerSetName
Visit -1 Blood Draw Kit |

epoch:hasDescription




Specimen Container Set

epoch:hasDescription
epoch:hasContainerSetName epoch:hasCount P 57
Visit -1 Blood Draw Kit | N
epoch:hasDescription <—e,|:mn:h:has(‘:ﬂntain® ¢ oo
| ® 10ml K2EDTA Tube
epoch:hasContainerSetElemefil [ epoch:hasSpecimenType € ¢ &
4 Primary - 03ml Tempus Tube Whole Blood
# Primary - 10ml Na Heparin T/be
® Primary - 10ml K2EDTA Tube (1) -




Specimen Container Ontology — using

OWL Full meta model

SUBCLA

Asserted Hierarchy

. ® Metadata (SpecimenCo...rModel.
| RER

For Project: ® SpecimenContainerModel

owl:Thing
v . rdfs:Class
v . owl:.Class
< ContainerMetaClass
< SpecimenTypeMC
v @ LabWare
v @ Container
¥ @ Tube
@ ABI
@ block
@ACD
@ cryomold
@ FACS round bottom
@K Oxalate
» ®K2EDTA
@ K3IEDTA
@ Li Heparin
» @ Na Citrate
@ polypropylene tube
@ Serum
@ slide
» ®SST
@ syringe

R ey

‘aﬁbtg‘_"%

TN

owl) © OWLClasses = Properties = Individuals | = Forms |

A Cl

 EDITOR
For Class: - ContainerMetaClass | (instance of owl:Class) [l Inferred View
RAC R | B [ Annotations
|| Property | Value |Lang
rdfs:comment -
rdfs:subClassOf 4. €. Properties o o wom
owl:Class | Property ‘ Cardinality Type

= additives Multiple 4 owl:oneO"RNA s
= closureColor Sinale # owl:oneOf{"blue" "
= closureTvpe Single ¢ owl:oneOf{"Hemot
= comments Sinale @ strina
= discontinued Sinale “ hoolean
m discontinuedDate  Sinale ©® date
= drawVolume Sinale @ strina
m insertColor Sinale © strina
= |abelTvpe Sinale 4 owl:oneOf{"paner"
= [onaName Sinale ¥ strina
= manufacturer Sinale 4 owl.oneOf{"Applier
= manufacturerld Sinale ® strina
= material Sinale # owl:oneOf{"alass"
™ processinaReauire Single @ ProcessinaReaulir:
= specimenTvoes Multiple . SpecimenTvneMC
™ storageReauirementSingle © StorageReauireme
= suffixSeries Sinale @ strina
= tubeGroun Sinale # owl:oneOf{"primar
= tubeSize Sinale ¥ strina

$» & O




Specimen Container Ontology — using

OWL Full meta model

| @ Metadata (speclrrranCo .Model.owl) [ ) OWLClasses | -Properties | # Individuals \ = Forms |
. RER  =MCLASSEDITOR
For Project: ® SpecimenContainerModel | g Class: - ContainerMetaClass . (instance of owl:Class) [l Inferred View
w1
g ’?i picx Y W (J Annotations
owl:Thing Property | Value |Lang
rdfs:Class rdfs:comment |~
v . owl:Class
~ ContainerMetaClass
< SpecimenTypeMC
v © LabWare
v @ Container
v @ Tube .
@ ABI _ =
 block : N
® ACD rdfs:subClassOf L Properties _ _ o ouf o
owl:Class | Property . Cardinality Type
SOk = additives Multiple 4 owl:oneO"RNA s
@ FACS round bottom = closureColor Sinale # owl:oneOf{"blue" "
= closureTvpe Sinale ¢ owl:oneOf{"Hemot
@ K Oxalate - gomm?nts 4 gmgle 4; gtrlricl
e - = discontinue ingle @ boolean
> ©K2EDTA = glscontl{iuedDate ggnale g tatf-:
@ = drawVolume inale strina
: K‘S EDT,‘.\ minsertColor Sinale  strina
@ Li Heparin ™ |abelTvoe Sinale 4 owl:oneOf{"paner"
. ™ [onaName Sinale ¥ strina
» @ Na Citrate - manhtfrac}urerld g;ggl: ; o;.ngl:oneOf{"Annlle-
. = manufacturer i strina
@ polypropylene tube = material Sinale + owl:oneOf{"alass"
® Serum ™ processinaReauire Single @ ProcessinaReauirt
) ™ specimenTvpes Multiple % SpecimenTvoeMC
@ slide m storageReauirementSinale ® StoraceReauireme
= m suffixSeries Sinale @ strina
» @SST m tubeGroun Sinale 4 owl:oneOf{"orimar
® syringe = tubeSize Sinale @ strina
Mo :-RA|& » ©




Specimen Container Ontology — using

OWL Full meta model

Asserted Hierarchy Sl !
owl:Thing F
v - rdfs:Class
v - owl-Class Properties T

ContainerMetaClass Property Cardinality Type

SpecimenTypeMC M additives Ml_l...lltiﬂle 4 owl.oneOf{"RNA s
m closureColor Sinale ¢ owl:oneOf{"blue" "
m closureTvbe Sinale % owl:.oneOf{"Hemot
= comments Sinale % strina
m discontinued Sinale % boolean
m discontinuedDate  Sinale * date
= drawVolume Sinale % strina
m jnsertColor Sinale ¥ strina
m |abelTvne Sinale 4 owl.oneOf{"paner"
= lonaName Sinale # strina
= manufacturer Sinale 4 owl:oneOf{"Anblie
= manufacturerld Sinale % strina
= material Sinale % owl.oneOf{"alass"
™ processinaReauire Sindle ProcessinaReauir
m specimenTvbes Multiple SbecimenTvpeMC
m storaageReauirementSinale StoraaeReauirems
m suffixSeries Sinale % strina
m tubeGroun Sinale 4 owl:oneOff"primar
= tubeSize Sindgle % strina




Specimen Container Ontology

fo Metadata (SpecimenCo...rModel.owl) [0 OWLClasses [- Properties {0 Individuals { = Forms ‘

SUBCLASS EXPLORER wh CLASS EDITOR F=F T

For Froject: ® SpecimenContainerModel |y cjass: @ 10ml K2EDTA Tube - Internal name: O Inferred View
Asserted Hierarchy w 1 g ' ' F =]
owl:Thing = =
v  rdfs:Class rdfs:subClassOf 4. €. Properties N
v - owl:Class ©K2 EDTA Property Cardinality | Type
= ContainerMetaClass B
<+ SpecimenTypeMC
v @ LabWare
v @ Container
v @ Tube
© ABI
® block closureColor ¥ longName £ 2 discontinued 2
®ACD [ ~| |10 m K2 EDTA (K2 EDTA - Ia| [fdze
® cryomold closureType 2  manufacturer 3¢ processingRequirer ¥ & &
® FACS round bottom Hemogard ~ | |Becton Dickinson ~| ®k2_edta_processing_instr
@ K Oxalate | || comments &£ X manufacturerld £ X storageRequiremen ¢ 4 & .
v ®K2 EDTA | | 366643 | #k2_edta_storage_inst.
©10ml K2EDTA Tube discontinuedDate + X material X additives » X
©K3EDTA I =[] [paste i Value | Type
® Li Heparin draw\Volume &~ 3 suffixSeries £ K K2EDTA Siring
» @ Na Citrate |10 mi BAt0 -57 |
:gc::]pnr]opylene tube insertColor L X tqbeGmup ¥ specimenTypes ¢ oo
| | |primary ~| |® Whole Blood
@ slide
» ®SST labelType £  tubeSize £ K
— <] | seetm ~| 116 x 100 mm | <
Mg & R R & & O N




A Hierarchy of Specimen Containers

v © LabWare
v © Container
¥ © Tube
ABI
block
ACD
cryomold
FACS round bottom
K Oxalate
v OK2EDTA
10ml K2EDTA Tube
K3 EDTA
Li Heparin
» & Na Citrate
polypropylene tube
Serum
slide
» @ SST




A Specimen Container

K2 EDTA
10ml K2EDTA Tube

175 FhAaT A

closureColor ¢ longName £ & discontinued £
favendar ~ |10 ml K2 EDTA (K2 EDTA - la| == d
closureType ¥ manufacturer X processingRequirer ¢ & &
\Hemogard | | Becton Dickinsan - | ® k2 edta_processing instr

|| comments & X  manufacturerld £ X storageRequiremen ¢ & &
| | 1366643 | ®k2_edta_storage_inst.
discontinuedDate 4+ ¥ material 2 additives » ar X
[ =10 [psti d Value Type
drawVolume £ ¥ suffixSeries I K2 EDTA sifing
10 ml -5A to -57 |
insertColor &£ X tubeGroup ¢ specimenTypes ¢ o

| primary | |® Whole Blood

labelType e tubeSize S

| |[sesthm ~| 116 x 100 mm |
olla =3




Assay Ontology — using OWL Full meta

model

fo Metadata (assaymodel.owl) ’/ OWLClasses ’/-Properlies rQIndividuals r: Forms ‘
4

a e T
For Project: ® AssayModel For Class: |AssayMC | (instance of owl:Class) Ul Inferred View
Asserted Hierarchy % I & | 5 3 OB I [J Annotations
owl:Thing ‘ Property \ Value | Lanq‘ ‘

v - rdfs:Class -
ool o o L = Properties and Restrictions

v . owl:Class

FS

m analysisTimeline (single string) —

AssayMC
v ® Assay m background (single string)
Whole Blood - Flow Cytom m batchingRequirements (single string)
AllGELISPOT m collectionTimepoints  (single string)
HLA m description  (single string)

Gene expression in urine ™ patientSets  (single string)

Leukaphereses WEC - Arc
Whole Blood - DNA HLA G
Whole Blood - Gene Expre
CSF Pellet - Gene Express
Flow Cytometry
Trans-vivo Delayed Type H
Serum Alloantibodies and k

m performedBy  (single string)

m specimenCollectionRequirements  (single string)
m specimenContainerRequirements (single string)
= turnaroundTime (single string)

m validationOfResults  (single string)

m owl:equivalentClass

= protege:abstract (single boolean)

= protege:classificationStatus

(m protege:inferredSubclassOf

= protege:inferredSuperclassOf

Histologic Assessment of A

-

i @ [E ISuperclasses | @ @ 3 2 & Disjoints
| owl.Class | | |




Assay Ontology — using OWL Full meta

model

Asserted Hierarchy % I &

owl:Thing
v :
rdfs:Class Wk mm @ = Properties and Restrictions
v - owl:Class -

m analysisTimeline (single string) —
AssayMC m hackground (single string)

w EAeeanw m batchingRequirements (single string)

m collectionTimepoints  (single string)

m description (single string)

m patientSets (single string)

m performedBy (single string)

m specimenCollectionRequirements  (single string)

m specimenContainerRequirements (single string)

m turnaroundTime (single siring)

m validationOfResults  (single string)

™ owl:equivalentClass

mprotege:abstract (single boolean)

m protege:classificationStatus

| protege:inferredSubclassOf

m protege:inferredSuperclassOf —




Assay Ontology

fo Metadata (assaymodel.owl) ’/ OWLClasses r- Properties rO Individuals ’/ = Forms |

N ST
For Project: ®# AssayModel For Class: @ Whole Blood - Flow Cytometry Panel Staining - Internal [ Inferred View
Asserted Hierarchy W g ' ' B
owl:Thing background &£ 22 description
v . rdfs:Class Process and achievement of tolerance may be i mature. costimulation
v . owl:Class closgly related to.the typ.es and. antigen presentation
AssayMC relative frequencies of different immune cell -~ |236B11Valpha 24 cD8 (
v @ Assay i CollectionRequi t £ R i ContainerR
specimenCollectionRequirements specimenContainerRequ
Whole Blood - Flow Cytometry Panel Staining P - q P - 3
6-10 ml whole blood within 36 hours 10 ml glass Na Heparin Gre
AlloELISPOT
of blood draw tube
HLA
Gene expression in urine |
Leukaphereses WBC batchingRequirements £ 3% turnaroundTime
Whole Blood - Gene Expresiion Profiling
CSF Pellet - Gene Expression Profiling
Flow Cytomet
)'Tt i o validationOfResults & 2 analysisTimeline :
Trans-vivo Delayed Type Hypersensitivity (DTH —
S Alloantibodi d HLA tch 1 month for validation from Data 6 months (can take longer ¢
erum Alloantibodies an cross-matc Center and Assay group on type of analysis)
Histologic Assessment of Allograft - Kidney Biop
collectionTimepoints £ 22 patientSets
0,3.6,7,89,10,11,12 -




Assay Ontology

v © Assay
Whole Blood - Flow Cytometry Panel Staining
AlloELISPOT
HLA
Gene expression in urine
Leukaphereses WBC
Whole Blood - DNA HLA Genotypes
Whole Blood - Gene Expresiion Profiling
CSF Pellet - Gene Expression Profiling
Flow Cytometry
Trans-vivo Delayed Type Hypersensitivity (DTH]
Serum Alloantibodies and HLA cross-match
Histologic Assessment of Allograft - Kidney Biop




Whole Blood - Flow Cytometry Panel Staining

background £ description £
Process and achievement of tolerance may be closely% Examination of PBMC surface molecule expression i
related to the types and B will be performed using 5 B
relative frequencies of different immune cell = color antibody combinations. The monoclonal =

specimenCollectionRequirements & specimenContainerRequirements &
6-10 ml whole blood within 36 hours 10 ml glass Na Heparin Green Top

of blood draw tube

batchingRequirements £ B turnaroundTime £ B
MNone - Real time assay 3 days

validationOfResults £ analysisTimeline £
1 month for validation from Data 6 months (can take longer depending

Center and Assay group on type of analysis)

collectionTimepoints & patientSets £ XK
0.3,6,7.8.9,10,11.12

performedBy £

[[] &

(|




Virtual Trial Data Model - Observation

H=13
=BT

epoch:0bservation ([instance of epoch:DataModelMC)
CLASS EDITOR

For Class:  epoch:Observation (instance of epoch:DataModelMC) L[lInferred View
[ Annotations

T e«B [E
Property Value Lang
rdfs:comment =

-

Wk & m Properties and Restrictions

= epoch:associatedVisitRecord (single epoch:VisitRecord)

= epoch:hasCode (single string)
v = epoch:hasValue (single) (someValuesFrom epoch:Expression)

epoch:Expression

v mtemporal:hasValidTime (multiple temporal:ValidTime) (minCardinality 1)
1 [from temporal:ExtendedProposition]

o & ® [E 1Superclasses | & @, & 3 @ @P Disjoints

epoch:ParticipantRecord
temporal:.ExtendedPrimitiveProposition

' Logic View ® Properties View




Virtual Trial Data Model - VisitRecord

epoch:VisitRecord (instance of epoch:DataModelMC) =] [2]1
CLASS EDITOR EERT
For Class:  epoch.VisitRecord (instance of epoch:DataModelMC) Ll Inferred View
3 +« B [8 [J Annotations
Property Value Lang

rdfs:comment

-

= Properties and Restrictions

il & @
= epoch:hasParticipantld (single string)
= gpoch:hasSiteld (single string)
= epoch:hasStudyld (single string)

= epoch:hasVisitld (single string)

v mtemporal:hasValidTime (multiple temporal:ValidTime) (minCardinality 1)
1 [from temporal:ExtendedProposition]

o e [E 1Superclasses | & @, @& 2 @ @b Disjoints

temporal:ExtendedPrimitiveProposition
epoch:ParticipantRecord

' Logic View ® Properties View




Anchor Point

- Transplant

Transplant ([instance of epoch: TemporalAnchorPoint, internal name is epoch:AnchorPoint_1)

INDIVIDUAL EDITOR

For Individual: 4 Transplant - Internal name: epoch:AnchorPoint_1

((=]/c3

d=F T

Transplant

temporal:hasGranularity

T« B [ [J Annotations
Propenty Value Lang
rdfs:comment —
rdfs:label Transplant
epoch:hasName # X temporal:hasTime + X

| =/=loo 100 {00 |
32 epoch:hasMappingRule ¢ 4 ¢

|days

| o SetTransplant

& @ B




SWRL Rule to set Transplant Time

Dbservation( o) A
associatedVisitRecord( Yo, Mwrecord)]
hasFarticipantldi *wrecord, Ppid) A
hasCode(Yo, Ycode) A
swirlboequal{vYcode, "transplant')
temporalhas'alidTime(Yo, MWt A
TemporalAnchorFoint{?a) A
hastamel?a, "Transplant”)

— temporalhastalidTime(Ya, Mo

B A Y

| v” (ol | | Cancel




Visit Time Window

Transpant + 28days +/- 3days (instance of temporal:RelativeVariableInterval, internal name is RelativeYar... E”E|E|

INDIVIDUAL EDITOR +—-FT
For Individual: 0 Transpant + 28days +~ 3days - Internal name:

¥ F e @ Fﬁ [J Annotations
Property Value Lang

rdfs:comment —
rdfs:label Transpant + 28days +/- 3days

temporal:hasPolarity 32 temporal:hasLowVari: ¢ & 4

|aﬂer v| & 3 da}ts

temporal:hasAnchor € € € temporal:hasOffset ¢ & &

# Transplant % 28 days

temporal:hasHighVari ¢ & 4

% 3 days

s 8 & &




Visit Time constraint as a SWRL rule

Check if the participant’'s visits occurred within the
visit time window specifications

VisitRecordiMvrecord) A
hasvisitldi*wrecord, Mid1) A
hasParticipantld{™wrecord, Ppid) A
temporalhasvalidTime(wrecord, WwtQ) A
Visit{?v) Al

hashisitldi ™y, Mid2) A

swirlb equalwid1, ?wid2) A
hasStatCondition( ™, ™wsc) A
temporalinside( ™0, Mwsc)

| J Ok | | Cancel




Constraints expressed as SWRL rules

On days that both immunotherapy and omalizumab are
administered, omalizumab will be injected 60 minutes
after the immunotherapy.

Fatient(?p) ~

hasExtendedEvent{7p, Yeevent1) ~ hasExtendedEvent(?p, Teavent2) ~
temporalhasWaluePesvent, Pevent1] ~ temporalhasValidTime(Yeevent!, Yevent1VT)
temporalhasTime(Pevent1WT, Yevent1Time) ~ temporalhasValue(Yeevent?, Yeventz)
temporalhasWalidTime{?eevent? YeventZVT) ~ temporalhasTimePeventZVT, YeventZTime) ~
hasVWisit{Pevent?, ™) ~ hasVisit] ?event2, ™) A

hasActivity{ Yevent1, *al)l ~ hasMHame(7al, "Omalizumab™) ~

hasActivity{ Yevent?, *a2) ~ hasMName(?a2, "Immunotherapy") ~

temporalOp beforelPevent2Time, Yevent1Time)

temporalOp durationhbdinutesL essThan{60, YeventZTime, Yevent1Time) — MNonconformingFatient( 7o)

T A S [ 1 +«

| J [o],4 | | Cancel




ITN Informatics Core at Stanford

The goals of our collaboration are to

Design tools to help acquire and maintain
knowledge about protocol and assay
designs

Use this knowledge to drive data collection
during a trial

Implement querying methods to support
trial monitoring, protocol tracking, and ad
hoc data analysis




Epoch Architectural Plan

OWL | SWRL

Epoch Knowledge Base



Epoch Architectural Plan

API

Knowledge Base Server

OWL | SWRL

Epoch Knowledge Base




Epoch Architectural Plan

API Model-Database
Mapper
Knowledge Base Server

Clinical
OWL | SWRL Trial

Database

Epoch Knowledge Base



Epoch Architectural Plan

Query / Rule Engine

SWRL | JESS

API Model-Database
Mapper
Knowledge Base Server

Clinical
OWL | SWRL Trial

Epoch Knowledge Base Database



Epoch Architectural Plan

Query / Rule Engine

Utility SWRL | JESS
Functions

API Model-Database
Mapper
Knowledge Base Server

Clinical
OWL | SWRL Trial

Epoch Knowledge Base Database



Epoch Architectural Plan

Query / Rule Engine

Utility SWRL | JESS
Functions

API Model-Database
Mapper
Knowledge Base Server

Clinical
OWL | SWRL Trial

Epoch Knowledge Base Database



Configuration of ImmunoTrak — the
Specimen Workflow Application

ImmunoTrak

File Edit “iew Applications Tools ‘Window Help

Ertter FID or Barcoce: =scans fr o
-~ . : Process & Aliguot Specimens
Seciien Traiking Worklist Filter: Selected tems | Selected -

¥ Import Container Sets

=3
59 prepare for Visit
Scan Tube Barcode =SCarn= Participant Wisit
ﬂ Receive Specimens in Lak
ﬂ e Aliguot Specim ] AU .
Barcode Barcode

ﬁ__‘? Ship Specimens from the Lak

. | E =Scan CEF Kit= | I i =Scan Serumn-SET Cryovial=
-ﬁ_? Receive Specirmens at Flow T
& =Scan Leukapheresis Kit= T yawial=
8 Record Flow Cytometry Proce)| 10k <Scen Visit -1 Blood Drawy Kit- lig| <= 1 Cryavial=
L =Scan Yist 2-9 Blood Dravy Kit= = wavial=
ﬂ Inport Fisher Accessioning Lo % i 1
& =Scan Yist UN Blood kit= i} #t Tubes

'g‘-" =Scan Lar supernstant Cryovial=

App Status | Login successtul for user scistra. | Finish and Save ] [ Clzar ][ Cancel I[




ImmunoTrak Configuration File

</Primary%esselRaleDefs=
/MKt Type=
- =MEitType Mame="¥isits 2-9 Blood Kit" Description="¥isits 2-9 Blood Kit"=
- <KitDomainType=
<Ref domaintype="DomainType" uniquekey="{DomainType ¥2 Blood Kit}" /=
</KitDomainTypex
- «PrimaryYesselkolebefs=
- <MWeszelRoleDef MinCardinality="0" MaxCardinality="-1" DefaultCardinality="2" Description="2
barcode labeled 10 ml S5T Tubes">
- <VesselDomainTypes
<Ref domaintype="DomainType" uniquekey="{DomainType 85T Tube}" /=
</ MesselDomainType=
- =ChildDefs=
- <MWesselRoleDef MinCardinality="0" MaxCardinality="-1" DefaultCardinality="33"
Description="33 barcode labeled Serum-5S5T Cryovials">
- <VesselDomainTypes
<Ref domaintype="DomainType" uniquekey="{DomainType Serum Tube}" />
</ vesselDomainType
/MW esselRoleDef=
</ChildDefs=
</MNWesselRoleDef=
- <MWeszelRoleDef MinCardinality="0" MaxCardinality="-1" DefaultCardinality="1" Description="1
barcode labeled 10 ml Na Heparin Tube"x
- <VesselDomainTypes
<Ref domaintype="DomainType" uniquekey="{DomainType MNaHeparin Tube}" />
</ MesselDomainType=
</MNWesselRoleDef=
- <MWeszelRoleDef MinCardinality="0" MaxCardinality="-1" DefaultCardinality="12" Description="12
barcode labeled 08 ml CPT Tubes"=
- <VesselDomainTypes
<Ref domaintype="DomainType" uniquekey="{DomainType CPT Tube}" />
<MesselDomainTypes
- =ChildDefs=
- <hY¥esselRolebef MinCardinality="0" MaxCardinality="-1" DefaultCardinality="10"
Descrintinn="10 harcnde laheled PRAMC Crvnwvials"




Configuration of ImmunoTrak — the

Specimen Workflow Application
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Ontology Mapping to generate XML
Document

Epoch XML Document ImmunoTrak
Ontology Ontology Configuration XML

Protocol(?p) ™ hasSitePlan(?p, ?sp) ™ hasStudySites(?sp, ?site) ™
hasSitelD(?site, ?sitelD) ™ hasParticipant(?site, ?participants) ™
hasParticipantlDs(?participant, ?participantiD) ™
hasStudylnformation(?sp, ?studylnfo) ™ hasStudyID(?studylInfo,
?hasStudyID)

-> XMLDocument(?p) ™ hasNodeName(?p, "Study') ™
XMLComponent(?participant) ™ hasNodeName(?participant,
"Participant™) ™ hasComponents(?p, ?participant) ™
hasAttribute(?participant, ?participantiD) ™
hasAttributeName(?participantlD, "id">
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What our approach buys us

« A centralized, modifiable repository of
the knowledge to drive site-oriented
applications

« The ability to use reference ontologies
to structure ITN knowledge

« A scaleable architecture that can lead
to computer-supported trial design

« The ability to use logic for inferring
relationships among the data
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