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Use Ontology to Drive:

e Creation of Alternative Data Models from i2b2

* Desirable when supporting computation directed to various
data models

* Allowing there to be Multiple Fact tables in i2b2

e Desirable when want i2b2 on top of other data models
* Desirable when accumulating large static fact tables

 Distribution of Queries to Multiple i2b2 Hives
e Desirable when Query Endpoint is not SQL



Creation of Alternative
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12b2 is a Giant Data Sponge

H Find Terms |

Generally Represents Patient Data

= /o4 PCORI Ontology
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=04 Race

0] Unknown
0] White
=D Sex
) Ambiguous
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ﬁ Certain conditions originating in the perinatal period

ﬁ Complications of pregnancy, childbirth, and the puerperiu
ﬁ Congenital anomalies

ﬁ Diseases of the blood and blood-forming organs

ﬁ Diseases of the circulatory system

ﬁ Acute rheumatic Ferver

ﬁ Cerebrovascular disease
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4 SHRINE Ontology
04 Demographics
=0
=04 Lab Test Results

Diagnoses

104 Antibiotic Susceptibilities
I3} Blood Bank
4 Chemistry

4 Coagulation

Bacteria #/area UrnS HPF
#-0l Epithelial cells
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i2b2 Star Schema

patient_dimension

visit_dimension

PK | Patient Num

observation_fact

Encounter Num

Birth_Date
Death_Date
Vital_Status_CD
Age_Num*
Gender_CD*
Race CD*
Ethnicity_CD*

Start_Date
End_Date
Active_Status_CD
Location_CD*

concept_dimension

PK | Concept_Path

PK | Patient Num
PK | Encounter Num
PK | Concept_CD
PK | Observer CD
PK [ Start_Date
PK | Modifier CD
PK | Instance Num
End_Date
ValType CD
TVal_Char
NVal_Num
ValueFlag _CD
Observation_Blob

Observer Path

Observer_CD
Name_Char

o ] observer_dimension
PK
00)
modifier_dimension

Concept_CD
Name_Char

PK

Modifier Path

Modifier_CD
Name_Char




Concept dimension “look™ ...

COMCEPT_PATH CONCEPT _CD MAME_CHAR.
lizbZ\DiagnosesiMeurologic Disorders (320-339)\Peripheral nerve disorde,,.  ICD9:359,4 Toxic ryopathy

. lizb2\Diagnoses\Meurologic Disorders {320-389)\Peripheral nerve disorde,.. ICD9:359.5 Myopathy in endocrine diseases ...

. lizbZ\DiagnosesiMeurologic Disorders (320-339)\Peripheral nerve disorde, .. ICD9:359.6 Symptomatic inflarmmatary myvop. ..

. lizb2\Diagnoses\Meurologic Disorders {320-389)\Peripheral nerve disorde,.. IC09:359.3 Cther myopathies

. lizb2\DiagnosesiMeuralagic Disarders (320-389)Peripheral nerve disorde,., ICD9:359.81 Critical illness nvopathy

. lizbZ\DiagnosesiMeurologic Disorders (320-339)\Peripheral nerve disaorde, .. ICD9:359,89 Cther myopathies

. lizb2\Diagnoses\Meurologic Disorders {320-389)\Peripheral nerve disorde... IC09:359.9 Myopathy, unspecified

. lizbZ\DiagnosesiMutritional deficiences (Z60-2690 (2600 Kwashiorkor) I 260 Hypoproteinosis

. lizbZ\DiagnosesiMutritional deficiences (Z60-26900(261 ) Mutritional maras.,. ICD9:261 Marasmus

. li2zb2\Diagnoses\Mutritional deficiences (2e0-269M(262) Other severe pr...  ICD9:262 COther severe protein-calorie mal. ..

| lizbZ\DiagnosesiMutritional deficiences (Z60-269M(263) Other and unspe,.. ICD9:Z63 Cther and unspecified prokein-c, ..
lizb2\Diagnoses\Mutritional deficiences (2e0-26204(263) Other and unspe... ICD9:263.0 Malnutrition of moderate degree
lizb2\DiagnosesiMutritional deficiences (260-269M(263) Other and unspe... ICD9:263.1 Malnukrition of mild degree
lizbZ\DiagnosesiMutritional deficiences (Z60-2690M(263) Other and unspe, .. ICD9:263,2 Coearfismn, nukritional
lizb2\Diagnoses\Mutritional deficiences (2e0-26204(263) Other and unspe... ICD9:263.8 Cther prokein-calorie malnutrikion
lizbZ\DiagnosesiMutritional deficiences (Z60-2690(263) Other and unspe. .. ICD9:263,9 Praotein-calorie undernutrition



New Information Madel Ontology

/5 Clinical Trials
l@ Custom Metadata

l@ Demographics

@ Diagnoses

/0l Diagnoses (ICD10)
-- Expression Profiles Data
-- Laboratory Tests

-- Medications

l@ PCORnet Core

l@ PCORnNet Demographics
l@ PCORnet Diagnoses
l@ PCORnNet Encounters
l@ PCORnet Enroliment
l@ PCORnet Procedures
/51 PCORnet Vital Signs
@ Procedures

-- Providers

-- Reports




Adapting i2b2 to PCORNet Data Model

1. Ontology-Driven Physical Transformation into
PCORNet Common Data Model with a Generalizable
approach to adapt to other Common Data Models

RECEIVED 31 July 2015

Data interchange using i2b2 REVISED 26 October 2015

ACCEPTED 31 October 2015

J Am Med Inform Assoc 2016;0:1-8. doi:10.1093/jamia/ocv1 88, Research and Applications
Jeffrey G Klann'23, Aaron Abend*, Vijay A Raghavan?, Kenneth D MandI?®, and /\ M I/\ OXFORD on | N

1.23
Shawn N Murphy ||||||||||||||||||||||||||||| UNIVERSITY PRESS
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Physical data transformations to
non-i2b2 formats ontology driven

izb2 Query & Analysis Tool
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PCORnDnet Common Data Model v3.0 Hawta 3.0

VITAL

VITALID

PATID
EXCOUNTERID (optionsl)
MEASURE _DATE
MEASURE_TIME

Fundamental basis VITAL _SOURCE

PCOENET_TEIAL

DISFENEE_DATE
NDC
DISPEMSE_SUP
DISPEMESE_AMT

DEATH

PATID

FESULT_MUM
FESULT_MODIFIEF.

DEATH DATE

DEATH DATE_IMPUTE
DEATH_SOURCE
DEATH MATCH_CONFIDENCE

DEATH CONDITION

Data captured from processes
associated with healthcare delivery

PATID
DEATH CAUSE
DEATH CAUSE_CODE
DEATH CAUSE_TYFE
DEATH CAUSE_SOURCE
DEATH_CAITEE_CONFIDENCE
- - Data captured within multiple
contexts: healthcare delivery,
registry activity,
or directly from patients

RESULT LT
WORM_FANGE_LOW
WORM_MCDIFIER,_LOW
WORM RANGE HIGH
WORM_MCDIFIER, HIGH

PATID
TRIALID
PARTICIPANTID

TRIAL SITEID
TRIAL_ENROLL DATE
TRIAL_END DATE

TRIAL WITHDRAW DATE
TRIAL TMVITE CODE

Associations with
PCORnet clinical trials

HARVEST

Data captured from healthcare delivery, direct encounter basis

Bl fomt imdicaies falds that cammot be aull dos to prissary ey definitioes or record-beml comstraint.

NETWORKID
KETWORK_NAME
DATAMARTID
DATAMART_WAME
DATAMART_FLATFORM

£ _VERSION
DATAMART_CLAIME
DATAMART_EHR
EBIRTH_DATE_MOMT
ENR_START_DATE_MEMT
ENR_END_DATE_MEMT
ADMIT_DRATE_MGMT
DISCHARGE DATE_MGMT
FX_DATE _MGMT
RX_ORDER_DATE_MEMT
R_START_DATE MEMT
RY_END DATE_MGMT
DIESFEMEE_DATE_MOEMT
LAE_OBDER_DATE MEMT
SPECDMEN_GATE_MOMT
RESULT_DATE_MGMT
MEASURE_DATE _MEMT
OMEET_DATE_MEMT
REPORT_DWATE MGMT
RESOLVE_DATE_MEWT
FRO_DATE_MGEMT
REFRESH_DEMOGRAFHIC_DATE
REFRESH_ENROLLMENT DATE
REFRESH_ENCOUNTER_DATE
REFRESH_DLAGNOEIS DATE
REFRESH_PROCEDURES DATE
REFRESH_VITAL_DATE
REFRESH_DISFENIDIG_DATE
REFRESH_LAB BESULT CM_DATE
REFRESH_CONDITION DATE
REFRESH_PRO_CM_DATE
REFRESH_PRESCRIEDSS DATE
REFRESH_PCORMET_TRIAL_DAWTE
REFRESH_DEATH_DATE
REFRESH_DEATH_CALUSE_DATE

Process-related data




ARCH Network Participation

,@ PCORnet Demaographics
,@ PCORnet Diagnoses

E FPCORnet Encounters
#1551 PCORnet Enroliment
#1l PCORnet Procedures
#l PCORnet Vital Signs

pcornet

The National Patient-Centered Clinical Research Network

SCILHS CDM
Information Model




Extending i12b2 for
Multiple Fact Tables

Lori Phillips MS



i2b2 Star Schema

patient_dimension

visit_dimension

PK

Patient Num

observation_fact

Encounter Num

Birth_Date
Death_Date
Vital_Status_CD
Age_Num*
Gender_CD*
Race CD*
Ethnicity_CD*

Start_Date
End_Date
Active_Status_CD
Location CD*

concept_dimension

PK

Concept_Path

PK | Patient Num
PK | Encounter Num
PK | Concept_CD
PK | Observer CD
PK [ Start_Date
PK | Modifier CD
PK | Instance Num
End_Date
ValType CD
TVal_Char
NVal_Num
ValueFlag _CD
Observation_Blob

Observer Path

Observer_CD
Name_Char

o ] observer_dimension
PK
00)
modifier_dimension

Concept_CD
Name_Char

PK

Modifier Path

Modifier _CD
Name_Char




visit_dimension

patient_dimension observation_fact PK | Encounter Num
- 1 observation_fact 1
PK | Patient Num PK | Patient Num
. Start_Date
PK | Encountar MNim £ [ Patient Num End Date
Birth_Date »|PK |Cond observation fact  ter Num y
Long an Active Status CD
Death_Date PK | Obs : CD Location CD*
Vital_Status_CD PK | start| PK | Patient Num 'r CD o0 -
Age Num* . |PK | Modi] PK | Encounter Num hte \
Gender_CD* PK | Insta PK | Concept CD  CD « ] observer_dimension
Race CD* PK |Observer CD > Num -
Ethnicity CD* End PK | Start_Date PK |Observer Path
Val'l'_g, PK | Modifier CD ‘e
TVal PK |Instance Num CD Observer_CD
NVal| ar Name_Char
VEi'Ué End_Date Im
concept_dimension Obse ValType_CD 1g_CD o0
TVal Char tion Blob modifier_dimension
PK | Concept Path NVal_Num — -
o ValueFlag_CD PK | Modifier_Path
Concept_CD Observation_Blob ]
Name_Char Mndlﬁer_CD
Name_Char




= fact tables
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Field

Required

Type

Description

observation_fact

PK
PK
PK
PK
PK
PK
PK

Patient Num
Encounter ’
Concept CD¢
Observer CD

Start_D

Modifier
Instance

End_Date ‘
ValType CD
TVal_Char
NVal Num
ValueFlag_CD
Observation Blob

procedure_occurrence_id

person_id

procedure_concept_id

Yes

integer

integer

integer

A system-generated unique identifier for each
nrocenllre o = =l

A foreign key identifier to the person who is
subjected to the procedure. The demographic

details of that person are stored in the person
table.

A foreign key that refers to a standard procedure
concept identifier in the Standardized Vocabularies.

procedure_date Yes date The date on which the procedure was performed.

procedure_type concept_id Yes integer A foreign key to the predefined concept identifier in
the Standardized Vocabularies reflecting the type
of source data from which the procedure record is
derived.

modifier_concept_id No integer A foreign key to a standard concept identifier
for a modifier to the procedure (e.g. bilateral)

quantity No integer The quantity of procedures ordered or

provider_id

visit_occurrence_id

procedure_source_value

No

integer

integer

varchar(50)

A foreign key to the provider in the provider table
who was responsible for carrying out the

A foreign key to the visit in the visit table during

The source code for the procedure as it appears in
the source data. This code is mapped to a standard
procedure concept in the Standardized
Vocabularies and the ariginal code is, stored here
for reference. Procedure source codes are typically
ICD-9-Proc, CPT-4, HCPCS or OPCS-4 codes.

procedure_source_concept_id

Mo

integer

A foreign key to a procedure concept that
refers to the code used in the source.

qualifier_source_value

No

varchar(50)

The source code for the qualifier as it appears
in the source data.
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Ontology

ables

Need to be Created -

Build ontology of OMOP standard

concepts

[ navigets Torm || [EZFH

=} [} OMOP Conditions
-] ICD9 Diagnoses
{01 Circulatory system

5] Congenital anomalies
0] Digestive system

ol Endocrine disorders
Events of pregnancy
Genitourinary system
#-[5] Hematologic diseases

1 Injury and poisoning
Mental Disorders

{51 Conditions in the perinatal period

5! Infectious and parasitic diseases

#1531 Metabolic and immunity disorders
#-5] Musct and connective tissue

[ Navigate Torma ||IEZEN

ol (VL

e orms |0

.
1<

(o]
]
@

(/5 OMOP Medications (RxNorm)
=51 RxNorm Code (by VA Drug Class)
@0 Antidotes,deterrents and poison control
@[5 Antinistamines
{5l Antimicrobials
(5] Antineoplastics
#-[5] Antiparasitics
#-[0] Antiseptics/disinfectants
@[5! Autonomic medications
5] Blood products/modifiers/volume expanders
{51 Cardiovascular medications
#-[5] Central nervous system medications
{0 Dental and oral agents, topical
#-{0] Dermatological agents
#-[5] Diagnostic agents

=-/04 OMOP Procedures
504 HCPCS (i.e., HCPCS Level Il)
/04 ICD-10-PCS
[=1/04 ICD-8-CM Procedures

[#-5] Obstetrical procedures

[+

®

[+

(0! Operations on the ear

+

m

(] Operations on the eye

-
R R

@

#-[5] Miscellaneous diagnostic and therapeutic procedures

@51 Operations on the cardiovascular system
+-5] Operations on the digestive system

(! Operations on the endocrine system

(o] Operations on the female genital organs

(o] Operations on the hemic and lymphatic system
(5] Operations on the integumentary system

+-[) Operations on the male genital organs

v

/04 OMOP Conditions
/04 OMOP Demographics
)-/04 OMOP Labs and Tests
-3l LOINC
(=104 Test finding (SNOMED)
(5] Audiological test finding
0] Breath test finding
5] Dermatological test finding
-5 Eeg finding
5] Ekg finding
{31 Electromyographic finding
@51 Endoscopy finding
-0l Gastrointestinal test finding
5] Gu test finding
-5 Imaging finding

Ontologies covering the condition, procedures, drug, measurement and observation
domains. All terms are mapped to standard concepts using OMOP’s mapping tables



Create views for OMOP Fact
Tables

PK
PK
PK
PK
PK
PK
PK

OBSERVATION_FACT
PATIENT_NUM
ENCOUNTER_NUM
CONCEPT_CD
PROVIDER_NUM
START_DATE
MODIFIER_CD
INSTANCE_NUM
End_date

Valtype_cd
Tval_char

Nval_num
Valueflag_cd

Observation_blob

CONDITION

PERSON_ID
VISIT_OCCURENCE_ID
CONDITION_CONCEPT_ID
PROVIDER_ID
CONDITION_START_DATE

CONDITION_END_DATE

CREATE VIEW [dbo].[CONDITION_VIEW]
(patient_num, encounter_num, concept_cd, provider_id,
start_date, modifier_cd, instance_num, end_date,
valtype_cd, tval_char, nval_num, valueflag_cd,
observation_blob)
AS
SELECT person_id,
visit_occurrence_id,
cast(condition_concept_id as varchar),
cast(provider_id as varchar),
condition_start_date,
‘@',
1,
condition_end_date,
cast(nullas varchar),
cast(nullas varchar),
cast(nullas decimal),
cast(nullas varchar),
cast(nullas varchar(max)
FROM condition



Use Ontology Tables to direct
Queries to proper Fact Table view

Prepend c_facttablecolumn with OMOP domain view and modify CRC to parse into
‘domain_view’ and ‘c_facttablecolumn’

C_name c_facttablecolumn c_tablename c_columnname c_operator c_dimcode
Diabetes mellitus condition_view.concept_cd concept_dimension concept_path LIKE \i2b2\Diagnoses\Endocrine disorders (240-259)\Other endocrine gland ¢
o o [[sE ]
M St Kbt D= O select patient_num from
4 [0} OMOP Conditions - .. . -
+ (51 1CD9 Diagnoses condition_view where concept_cd

ol Circulatory system
0l Conditions in the perinatal period
5] Congenital anomalies

m

IN

Wb (select
“QR AR choa i uione concept_cd from concept_dimension where
W ccsitypingind. concept_path like '\i2b2\Diagnoses\Endocrine

il disorders (240-259)\Other endocrine gland

0l Disorders of the pituitary gland and its hypo

ek apt e e diseases (250-259)\(250) Diabetes mellitus\%°)

< 1 »



Queries can be performed in i2b?2

[auery T Tieie

Query Name: | Circu-Cardi-Ekg f@14:13:17 ]

Temporal Constraint: | Treat Independently v |
Group 1
Dates Occurs > 0x Exclude || Dates Occurs >0x | Exclude || Da tes Occurs > 0x Exclude
& Circulatory system {51 cardiovascular medications & Ekg finding

vwo ] e == e
these these these

| RunQuery |  Clear | 3 Groups (][ ][ Wew Group |[* ][~
Show Query Status || Query Report I )

Number of patients

87

For Query "Circu-Cardi-Ekg f@14:13:17"

Query across 3 domains: condition, medication, measurement.
CDM populated with OMOP’s Synthetic Public Use File data (synPUF)? for 1000 patients.



Successful OMOP Queries:

* Query types included

Multi-panel, multi-domain queries
Date constrained queries

Occurs > x queries

* Value constrained queries
 Temporal queries

e Queries not fully worked out
* Modifier queries
* Ancillary tables
e Cover all OMOP Ontologies



Same Approach to PCORNet CDM

PCORnet Common Data Model v3.0 | N to 3.0
I VITAL
HTAIID— ENCOUNTER LAB RESULT CM
D TTERID (optioas]) ENCOUNTERID LAB REESULT CM ID
ﬁl;_:fSLU]'EE DAIEE EATID FATID
MEASTTRE TIME ADMIT_DATE EXNCOUNTERID (optional}
VITAL SOVECE ADAIT_TIME LAE MAME
e DISCHARGE_DATE SPECTMEN_SOURCE
mm ASTOLIC %ﬂ\mmﬁ m&gﬁ © Associations with
v - FACILITY_LOCATION FESULT _LOC PCORnet clinical trials
DRIGNI GUAL B ENC_TYPE LAE PX
PATID EF POSITION FACILITYID LAE PX TYPE
ENE_START_DATE R DISCHARGE_DISPOSITION LAE OFDEF, DATE HARVEST
EXNF_END DATE TOBACCD DISCHARGE_STATUS SPECIMEN_DATE T
CHART TOBACCD TYTE DRG ESPECTMERN_TIME WETWORE SAME
ENE, BASIS DRG_TYPE RESULT _DATE E;:M“:;;“; e
I CONDITION - G FESULT_TIME DATAMART_FLATFORM
CONDITIONID RESULT_QUAL e
- RESULT_WUM DATAMART_CLAIMS
EATID DIAGNOSIS RESULT MODIFIEE. DATAMART_ERR
EMCOUNTERID i — BIRTH_DATE ManT
T {optional} DIACNOSISID RESULT_UMIT ENF_START_DATE_MGMT
FESCLVE DATE PATID NOFM _FANGE_LOW ENE_END_DATE_MOGMT
ONSET_DATE ENCOUNTERID TOFL MODIFIER_LOW HacHinGE SATE seuT
ORI STATLE ENC TTFE (replicated) NOFM_FAMNGE _HIGH PE_DATE MGMT
> ADALIT freplicazed) MOFM_MODIFIER, HIGH R ORDER_DATE_MaMT
CONDITION _DATE (repl: e = RI_START DATE MET
CONDITION_TYFE ;iﬂm (replicated) ABN_IND ROCEND, DATE T
. DISFENEE_DATE _WMOMT
CONDITION_SOURCE DX TYPE s onnEe B st
o SPECDMEN DATE MWMOMT
FRO_CM DX_SOURCE FRESCRIBING PERLTT DATE nEMT
DEATH DATE. IMPUTE PRO QM ID = PRESCRIBINGID S pats ma
rSoURe PATID A | eamo RERORT DATE MGMT
DEATH_SOURCE ENCOUNTERID (optionl) ——— EXNCOUNTERID (optional} RESOLVE DATE MGMT
DEATH_MATCH_CONFIDENCE EY PROVIDERID FRO DATE MGWT
PRO ITEM FROCEDURESID — REFRESH_DEMOGRAFHIC_DATE
PR _LOmC B3 OFDER. DATE REFRESH_ENROLLMENT_DATE
DEATH CONDITION FRO DATE FPATID BY ORDER. TIME REFRESH_ENCOUNTER DATE
FATID PRO_TIME e e B3 START DATE REFREH PROCEDCRES DATE
DEATH_CAUSE PRO RESPONSE ENC_TTFE (replicated) F¥_END_DATE REFRESH VITAL DATE -
DEATH_CAUSE_CODE RO WMETHOD ADMIT_DATE (replicated) F3_QUANTITY REFRESH_DIFENSDSG_DATE
DEATH_CAUSE_TYPE FRO MODE FROVIDERID (replicared) EX_FEFILLS REFEESM LAB RESULT €M DATE
DEATH_CAUSE_SOURCE RO CAT PX_DATE FX_DAYS SUPPLY REFRESH PRO M DATE
DEATH CAUSE CONFIDENCE | S X B FREQUENCY REFRESH PRESCRIEDGS DATE
PX_TYFE B BASIS REFRESH_POORMET_TRIAL DATE
= REFREZM DEATH DATE
contexts: healthcare delivery, PX_SOURCE F¥MNORM_CUT REFDEIN DEATH CALSE DATE
Data captured from processes registry activity,

or directly from patients Data captured from healthcare delivery, direct encounter basis Process-related data

Beold font imdicates Falds that cammot be null dus to primsary kev dafinitions or record-lewal comstrainss,

associated with healthcare delivery



Demo of linking OMOP and i2b2 web
services

2 1262 Web Client * & o o o o
e T S PP EEe———— . Medlfare Claims Syn'thetlc Public
[ Most Visited @ Getting Started @ Epic 51 sap [ Persistent X, Congestive Heart Fail... |5 Establishing Inter-Insti... U se F 1 I es (Syn P U Fs) 11] O M O P v5

i2b2 Query & Analysis Tool Project: OMOP User: omop User Find Patients | Analysis Tools i | Message Log | Help | Change Password | Logout

te Terms Find N LT

= /5] OMOP Gonditions ~ || |Query Name: [ Edema@12:22:55 ]
ICDO Diagnoses
3} SNOMED Clinical Findings

# (F Caleulus finding
%1 {3 Clinical history and observation findings Dates Oceurs > 0x Exclude || Dates Oceurs > 0x Exclude || Dates Oceurs > 0x Exclude

# (73] Clinical stage finding = . .
5 Onnoss B eters * https://www.i2b2.org/webclient/
+[73] Deformity
&[] Disease - 835
i Ecera * Username: omop
£ Anasarca
B Brawny edema
51 Comeal stromal edema . Password: demouser
-5 Dependent edema
@ {31 Disorder characterized by edema
&3] Edema of breast I
£ Edema of cervix
£ Edema of clitoris
£ Edema of ear canal
/5] Edema of extremity
5 Edema of prepuce | Runauery | clear | 1 Group [ Jew sroup ][ ][
\ [ Edema, generalized

384
1 Gingival edema Show Query Status | | (TR || Quers Repor | =) s [

&3] Localized edema ‘

CDM is background data set

Temporal Constraint: | Treat all groups ~ |

i

& 5] Mucous membrane edema

£ Non-pitting edema Number of patients
{3 Pitting edema 3 8 4 |
+ [{3] Effect of exposure to physical force ‘
#[03] Enzyme activity finding For Query "Edema@12:22:55" [~ o ) )

# [ Fetal finding
+. /5] Finding by methad




Distribution of Queries
to Multiple i2b2 Hives

Christopher Herrick MBA



Hives Distributed in a Network

I2b2/BRISSKit <:</;ZZ/tranSMART

Genomic
Repository

RERRRRRRR

Biobank
Repository

I12b2 Clinical Data

Warehouse

Patient]
Mote bt

Text Notes
Repository 12b2




Hives Distributed in a Network

I2b2/BRISSKit <:</;ZZ/tranSMART

Genomic
Repository

RERRRRRRR

Biobank
Repository

I12b2 Clinical Data

Warehouse

Patient]
Mote bt

Text Notes
Repository 12b2




A Patient Information Commons
from Specialized i2b2 Hives

Enterprise of Specialized Hives
‘f""‘;?
Text Processor 12b2/tranSMART

3 12b2 services on
et Genomic
E - T T N
R e repository
Text Notes
repository

Biobank 12b2 i=a
repository

Parent i2b2 Hive




The Parent Hive Distributes Queries

Patient Resolution

P1 | 61| F€2 | €3
P2 | 1| F€2| ?
Ps | F1| ?2 | #€3

SUBQUERIES

—
—




The Child Hives Return Queries

Index
P1| F2
P1| F1 P3| F2
P1 | F2 Perform Output
Query OQlttgrUt Patient Set
F1 y Matrix
P3 | F2 h
Ontology
Extract @
P3 | F1 | Features So

-~ OB
Extracted
Features . @ @

(i2b2 Observation-

Fact Table) Data Classifies
New Features

Unstructured in Data
Big Data



The Parent Hive Returns Results

\

Table_Access

Ontology

eeeeeeeeee

SUBQUERY
RESULTS

-
-
s




Common Sequence for Research Registries

* 1) A researcher creates a registry of patients

 2) Data is collected on the patients

e Abstracted from clinical chart as summary data and
imaging

* Questionnaires are given and/or Interviews with
patients are performed

 3) Data is analyzed and published

e Opportunity is lost — many researchers wish to
combine with fresh clinical data and data from
other registries



Two Approaches for Connecting Data

Enterprise Centric Registry Centric
Data is shared with all researchers across Data is imported into a registry for easier
the enterprise. This is similar to how the querying and analysis of patient cohorts;
Research Patient Data Registry (RPDR) however, that data is not made readily
currently displays and shares data with available to the greater enterprise

investigators across all of Partners. o
Registries can supplement

Registries that their projegt spe.cific data
by connecting with
enterprise available
datasets that are part of
the Big Data Commons
network. Access to the
enterprise sets allow
investigators to fill in
important data gaps they
may have with their own

become part of the
enterprise centric
view allow their data
to be easily tied and
queried with other
enterprise wide data
sources in the Big
Data Commons.

This mode requires researchers to data

have the proper consents in place for ) o _

their data to be queried from an This mode is important if researchers have
enterprise level. Access to the not collected the proper patient consents or,
identified data would still be for other reasons, are not able to make their
controlled by the individual registry data available to the broader enterprise.
groups Investigators would still be able to grant

access to individual researchers who wish to
collaborate.



An Enterprise Centered Data Network

Genomic Data

Genomic data collected
through the Biobank lives
in a separate repository,
but is made available for
connecting with clinical
data. All patients within
the Biobank are
accessible

Notes & Reports

Research Repository

Notes and reports on all
patients are collected and
put into a separate data
repository that can be full
text indexed. Specific
security precautions are
used to limit the PHI that
can be queried directly

Broad repository of clinical data made
available for research is the center
point for all querying. Contains the
entire Partners patient population.

DICOM Metadata is
extracted from images
downloaded from mi2b2.
This may be supplemented
by a limited amount of tags
on all images given to us by
Radiology group. Contains
references to all patients
from who we have imaging
data

Project Registry

Individual research groups
may contribute their data
or findings back to the
Partners enterprise for
querying and use by all
researchers across the
organization. Data is used
for the greater good.



A Registry Centered Data Network

Genomic Data

Genomic data
collected through
the Biobank lives in a
separate repository,
but is made available
for connecting with
clinical data. Only
patients contained
in the project
registry can be
queried within this
network

Notes & Reports

Notes and reports on all
patients are collected and
put into a separate data
repository that can be full

text indexed. Specific

security precautions are
used to limit the PHI that
can be queried directly
Only patients contained
in the project registry can
be queried within this

network

Project Registry

The central access point for this type
of data network is the project specific
registry. All queries will be limited to

the patients that are part of this
project.

DICOM Metadata is extracted
from images downloaded from
mi2b2. This may be
supplemented by a limited
amount of tags on all images
given to us by Radiology
group. Contains references to
all patients from who we have
imaging data. Only patients
contained in the project
registry can be queried
within this network

Clinical Data

Repository that contains
most clinical data from
legacy systems as well as
Epic for all patients across
the enterprise. Only
patients contained in
the project registry can
be queried within this
network
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Atlases provide a visual guide for Radiology
Decision Support, such as determining Perinatal
Hypoxic Ischemic
Fncephalopathy

patient 027 patient 022 patient 026 patient 029

P Gy

I

i 4
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1 b

e\ A S

ADC map from 4 infants:
Each statistically compared
to age matched atlas yields
visual guide to pathology Zrmanons SR
vy
Quantitative analysis tools Zmapouotat AN
+ large data sets = Great
insights for practicing

Z-map cut off at Py : A_
-1 stdev, overlaid &~
d octo rs on ADC map (50%

transparancy)

Z-map cut off at
-2 stdev, overlaid
on ADC map (50%
transparancy)
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Clinical Image Bank
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The Clinical Image Bank is @ web-based query tool that allows Partners investigators to query and download data from curated

phenotypically characterized pediatric patient cohorts. You can alse view and make requests for medical images directly from the
image bank.
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Please read the terms of this Data Use Agreement ("Agreement”) carefully before accessing the Partners
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your potential research project(s) and the availability of clinical images for the preject(s); and
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As used in this Agreement, “"Limited Data Set” means health information that may include dates (such as admission
rlat, nd hirth datach amd rtain nasnranhic in itiac tate and i dacy bt that avelid ths

) By checking this box, you agree to the Clinical Image Bank Data Use Agreement

/ Type your Full Name to Sign: * Job Title: *
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Use of Static

Genomic Fact Table

visit_dimension

patient_dimension

PK | Encounter Num

PK | Patient Num

Birth_Date
Death_Date
Vital_Status_CD
Age_Num*
Gender_CD*
Race_CD*
Ethnicity_CD*

Start_Date
End_Date
Active_Status_CD
Location_CD*

observer_dimension

PK | QObserver Path

Observer_CD
Name_Char

concept_dimension

modifier_dimension

PK | Concept Path

PK | Modifier_Path

Concept_CD
Name_Char

Modifier_CD
Name_Char




Variant Call Format (VCF)

* A specification maintained by the Global Alliance
Data Working Group File Formats Task Team
| £ i Le FormatoVCFyd. 2 / * Used for describing genomic positions (loci)
##filedate=20160127

##source=PED

##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##INFO=<ID=RSID,Number=.,Type=String,Description="dbSNP ID in build 142">

##INFO=<ID=VariantEffect, Number— Type String,Descrlptlon—"\iarlant annotatlon (if present) in the followmg format:

la_32 8

T —

‘ #CHROM POS ID REF

ALT QUAL  FILTER INFO  FORMAT ©010061321010_RO1C01-10007854
1 17538 JHU_1.17537 c A . . RSID=rs200046632; VariantEffect=WASH7P [NR_024540.1:n.587+68G>T|p.?|intron 6T /0
11 704251 JHU_1.704250 A G . . . 6T 0/
1 737263 JHU_1.737262 G A . . RSID=rs369986014 6T 0/0
|1 740243 JHU_1.740242 T C . . RSID=rs11488375 GT e/e
1 746189 JHU_1.746188 A G . . RSID=rs139221807 GT 0/0
1 752566 rs3@94315 G A . . RSID=rs3@94315;VariantEffect=FAM87B|NR_103536.1:n.-185G>A|p.=|upstream GT 1/1
1 776394 JHU_1.776393 G A . . RSID=rs143876710;VariantEffect=LINC81128 |NR_847519.1:n.288-6640G>A|p.?|intron  GT /0
1 779286 rs149978434 C A . . RSID=rs149978434;VariantEffect=LINC81128 |NR_047519.1:n.288-3748C>A|p.?|intron  GT /0
1 779744 JHU_1.779743 T . . RSID=rs145028227;VariantEffect=LINC81128 |NR_847519.1:n.288-3290T>G|p.?|intron  GT /0
1 783318 rs6686696 A G RSID=rs6686696;VariantEffect=LINCO1128 |NR_047519.1:n.440+132A>G |p.?|intron GT /0
1 786796 JHU_1.786795  C T RSID=rs148833734;VariantEffect=LINC81128 |NR_847519.1:n.441-511C>T |p.?|intron  GT /0
| 1 786949 JHU_1.786948 G T RSID=rs140908266;VariantEffect=LINC81128 |NR_047519.1:n.441-358G>T |p.?|intron  GT /0
1 787217 JHU_1.787216 G A RSID=rs369238012;VariantEffect=LINCO1128 |NR_047519.1:n.441-90G>A|p.? |intron 6T /1
1 787428 JHU_1.787427 G A RSID=rs575685800;VariantEffect=LINC01128 [NR_@47519.1:n.562G>A| |exon GT /0
11 788713 JHU_1.788712 T C RSID=rs29803086;VariantEffect=LINCO1128 |NR_047519.1:n.721-58T>C|p.?|intron 6T 1/1
11 798768 JHU_1.790759 A G RSID=rs80164748;VariantEffect=LINC@1128 [NR_047519.1:n.2710A>G| |exon GT 1/1
1 791853 JHU_1.791852 G A RSID=rs6684487;VariantEffect=LINC@1128 |NR_847519.1:n.3803G>A| |exon GT /0
1 793521 JHU_1.793520 T G RSID=rs376882577;VariantEffect=LINC81128 |NR_847519.1:n.5471T>G| [exon  GT /0
|1 793750 JHU_1.793749 G T RSID=rs202099173;VariantEffect=LINC81128 |NR_047519.1:n.5708G>T| [exon  GT 0/0
1 793770 JHU_1.793769 G A RSID=rs147371531;VariantEffect=LINC81128 |NR_847519.1:n.5728G>A| [exon  GT /0
1 794332 JHU_1.794331 G A RSID=rs12127425;VariantEffect=LINC@1128 [NR_047519.1:n.6282G>A| |exon 6T /0
1 796775 JHU_1.796774 T o RSID=rs111922608;VariantEffect=LINC81128 |NR_847519.1:n.%1949T>C |p.=|downstream GT 0/0
1 797549 JHU_1.797548 G T RSID=rs200288382 GT 8/0

https://samtools.github.io/hts-specs/VCFv4.2.pdf



https://samtools.github.io/hts-specs/VCFv4.2.pdf

VCF

FACT

*Chromosome
*Position

*ID

*Reference Allele
Alternate Allele
*Annotations

¢ dbSNP RS ID

* Gene Name

* HGNC nomenclature

* Protein Change
* Consequence
*Genotype

.NET C# ETL

SQLBulkCopy

with

*Chromosome
*Position

*ID

*Reference Allele
*Alternate Allele
*Annotations

* dbSNP RS ID

* Gene Name

* Consequence
*Genotype

#CHROM POS ID REF INFO SUBJECT_1
1 752566 rs3094315 RSID= r53094315 VariantEffect= FAM87B|NR 103536.1:n.- 1SSG>A|p-|upstream 1//1
PATIENT_NUM CONCEPT_CD INSTANCE_NUM VALTYP TVAL C NVAL_NUM OBSERVATIO
1 S0:0001483 338720 B CHROM_1 752566 rs3094315,G_to_A,FAM87B,homozygous_ref,upstream,ID_rs3094315




|2b2 observation fact table

CONCEPT_CD
*  Two concepts with codes from Sequence Ontology: SNP (5S0:0001483) or indel (SO:1000032)

INSTANCE_NUM

* The set of all SNPs for each patient will all have the same encounter number and date

* The concept codes will be the same for all SNPs (50:0001483) and for all indels (S0:1000032).

¢ The set of all SNP facts will be enumerated in the instance_num field to make the primary key unique, as will the set of all indels.

VALTYPE_CD
* always equal “B” to indicate that data are stored in the observation_blob field and to trigger the full text search already existing in the i2b2 environment

TVAL_CHAR
* Chromosome

NVAL_NUM
* Position

OBSERVATION_BLOB
<RSID | “missing_rsid”>,<REF_TO_ALT>,<GENE_SYMBOL | “missing_gene”>,<ZYGOSITY | “missing_zygosity”>,<CONSEQUENCE | “missing_consequence”><CHIP_ID>

LARGESTRING search of OBSERVATION_BLOB

CONCEPT_CD INSTANCE_NUM VALTYPE_CD OBSERVATION_BLOB
S0:0001483 1 B rs3094315,G_to_A,FAM87B,homozygous,upstream
S0:0001483 2 B rs3131972,A_to_G,FAM87B,homozygous,upstream
S0:0001483 3 B rs61770172,C_to_G,FAM87B,homozygous,exon
S0:0001483 4 B rs3115860,C_to_A,FAM87B,homozygous,exon
S0:0001483 5 B rs12567639,G_to_A,FAM87B,homozygous,downstream
S0:0001483 6 B rs377214516,C_to_T,LINC01128 homozygous,upstream
S0:0001483 7 B rs540936498,C_to_T,LINC00115,homozygous,exon



Ontology Formulation

=l Biobank Genomics ()
- =51 dbSNP rs Identifier - 10097 €

=<?xml version="1.0"?=
- «ValueMetadataz
<\Version=3.03</Versionz
=CreationDateTime=02/23/2016</CreationDateTime=
=TestlD/ >

- 0] indel - 10097
B SNP - 10097
=&l Gene - 10097 @
-~ b]indel - 10097

- 0] 8NP - 10097

Elﬁ People with genomic data - 1

=TestName>=dbSNP rs Identifier=/TestMame=
=<DataType=GENOTYPE_RSID</DataType=
=0ktousevaluses/ =
«<MaxStringLength=30</Max5StringLength>
<EnumValues/=

- =Unitvalues>

<MormalUnits/ >

<fUnitvValues>

< /ValueMetadata=

<?xml version="1.0"?>
- <ValueMetadata=
<Version=3.03 </Version=
<CreationDateTime=02/23/2016</CreationDateTime=
=TestlD/>
=TestMame>Gene< /TastName:
<DataType>GENOTYPE_GENE </DataType:=
=Qktousevalues/ =
<MaxStringLength>30</Max5StringLength=>
<Enumvalues/ =
- =UnitValuas>
zMNormalUnits/ =
=/Unitvaluesz
</ValueMetadataz
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® Nlake Request @ Help

Search by dbSNP rs Identifier

Use the rs identifier box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first three numbers.

rs identifiers: rs3z24|

5324011 | Cto

Flease note the 2ya0 rs324018 | Tto G
particular variant (ho dentifier that appears in the box
after you start typing | '532402 | Ato C on the left) to the alternate

(nucleotide on the rig 324026 |[CtoT
rs324029 |Ato G
rs324031 | Cto T
rs32404 | Ato G
rs324059 | Gto A
rs324096 | Cto T
rs324105 | Gto A
rs324109 | Gto A




Partners Biobank Portal

@) OF - | https://biobankportal. partners.org/5-0/Tuser=ajpl2

Search by dbSNP rs Identifier

Use the rs identifier box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the firstthree numbers.

rs identifier*: rs324011 | Cta T

Please note the zygosity options in the dropdown box. See the wiki on how to query for patients without a
particular variant (nomozygous for the referencelreference allele). The rs identifier that appears in the box
after you start typing indicates the change from the reference (nucleotide on the |eft) to the alternate

(nucleotide on the right) allele.

Zygosity™: Please make a selection

[Select all]
Heterozygous (reference/alternate allele)

Homozygous (alternate/alternate allele)
Missing (failed genotype clustering)
@ Homozygous (referencefreference allele) wiki
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Partners Biobank Portal

@  https.//bicbankportal partners.org/5-0/7user=ajpl2 | * | E 4+ @

® Iake Request @ Help

Search by Gene

se the gene name box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first characters.

Gene Name™: APO
APDA1

Please note the zygo to query for patients without

a particular variant (| APOAZ

Zygosity™: APOASL
APOAS

Consequence: APOB
APOBEC1
APOBEC2 ‘m|
APOBEC3A —_—
APOBECZA_B
APOBEC3B
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® Make Request @ Help

Search by Gene

Use the gene name box to specify the variant for which to search. When you begin typing in the search
box below, a selection list will appear after you type the first characters.

Gene Name™*; APOATBP

Please note the zygosity options in the dropdown box. See the wiki on how to query for patients without
a particular variant (homozygous for the referencelfreference allele).

Zygosity™ [ Heterozygous (reference/alternate allele), Ho... = ]

Consequence: [ Please make a selection - ]

Fy

[Select all]
All protein-altering @
Frameshift
Missense

Monsense
[Tl 2tart Ince
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I’M{'[Nl-l{b PBIDE"%I'RIKL Biobank Portal Genomic Pilot [Logout]
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Havigate Terms H Find |

[w [

i ,@ Biobank Consent Information €

l ,@ Biobank Demographics &

=+~ Biobank Genomics &)

! ﬁ dbSMP rs |dentifier - 10097 &

=5l Gene - 10097 @

-~ [Blindel - 10097

. [ SNP - 10097

E Peaople with genomic data - 10097

[II--,@ Biobank Health Information Survey £

-7 Biobank Sample Types @

[—ZI--,@ Curated Disease Populations

&5 Asthma (AST) @

&0l Bipolar Disorder (BD) @

,@ Breast Cancer (BRCA) &)

,@ Chronic Obstructive Pulmonary Disease

([CcoPDYD

i ,@ Congestive Heart Failure (CHF) &)

E| ,@ Coronary Artery Disease (CAD) O
Q] CAD - current or past history (PPY 0.90) -
. 4963
3] CAD - current or past history (PPV 0.95) -
4T
3] CAD - current or past history (PPV 0.97) -
o 4462

: ,ﬁ] CAD - no history (WPV 0.99) - 41381

I ,@ Crohn's Disease (CD) &)

! =[5 Depression (DEP) @

&5l Epilepsy (EPIL) @

R R At R fataBany o

»

m

c Q, Sea

rch E
B overniew ® Find Patients

GQuery Tool [w [
Query Name: | Gene-CAD - c@13:06:52 |
Temporal Constraint: | Treat all groups independenthy - |

Dates Cceurs = 0x Exclude || Dates Oceurs = 0x Exclude || Dates Oceurs = 0x Exclude

ﬁ Gene [contams "EGFR AMND Q CAD - current or past history

(Heterozygous OR Homozygous) (PPV 0.97) - 4462

AMND (Frameshift OR missense OR

nonsense OR start_loss OR

stop_loss)

one or one or dropa
more of m more of m term
these these on here

2 Groups (][ ][Wew Groun ][+ ][]

Show Query Status | ‘ m ‘ | Query Report | | Download Results ‘ [

(3
NUMBER OF PATIENTS
a2 1009
For Query "Gene-CAD - c@13:06:52"

L




Query Formulation in SQL

dbSNP rs identifier

select count(distinct patient_num)

from observation fact

where contains(observation_blob, 'FAM148 AND (stop_loss OR
missense)')

Gene Name

select count(distinct patient num)

from observation_fact

where contains(observation_blob, 'rs183605470 AND
heterozygous"')



Times to complete queries

Seconds to Complete
25 Consequtive Queries

w D
'g One term SNP query
o
g \ Two term SNP query
v

4

——— T —— ———— Three term gene query

3

2

1

0

Queries1-25



