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FSM institutes

18 FSM institutes in Italy
3i2b2 project:
- Pavia: Oncology data & Cardiology data
- Puglia: Administrative data
- Sources and CRC in Pavia
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12b2 instances

Oncology
Active since Patients Visits Observations | Genetic | NLP | Plug- | Cells
data ins
2010 28.838 142.464 |2.341.771 Y y 6 1
Sub-project: biobank
Active since Patients Visits | Observations Genetic | NLP | Plug- | Cells
data ins
2011 786 - 6.855 - y 1 0
Cardiology
Active since | Patients Visits Observations Genetic NLP Plug- | Cells
ins
2009 6.334 15.094 205.418 n 5 1
Active since | Patients Visits Observations Genetic NLP Plug- | Cells
ins
2011 5.611 7.726 23.175 n 2 0
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12b2 development

Zq¢l

.* - o | Clinical Measurement Chart i2b2 plug-in
|"| Chart maker for clinical measurement

7 b | : ExportXLs
We p U g_ I n !"EE This plugin tabulates unidentified patient data, and applicable diagnoses

| » 4/ FSM - Biobank Info
) (| Retrive biobank samples information for a defined patient-set
( FSM - Concept Visual Monitor
N Monitor the amount of concepts and/or modifier in your data warehouse

FE| FSM - iNaviGraphMaker
BS | view similar patient using this graph maker plug-in

1 Server Side CE” k. | FSM - Mutation Monitor

) | Mutation monitor M&M

Q
D)
<
)
o

e
3
@
)
—t

FSM - Health Activity Tracker

2 neW Ce”S in development ? Graphical analysis of FSM health activity

[ & Weka GUI Chooser ¥ @ &
Program Visualization Tools Help

NHLEI Exome Sequencing Project (ESP)

Applications

) WEKA Explorer Exome Variant Server
The University
\ s of Waikato Experimenter
Waikato Environment for Knowledge Analysis KnowledgeFlow

Version 3.6.2

'[I'cl::elaigi\;ezros}?y of Waikato gﬁnﬂrﬂ’ ﬁl"Chf:‘tﬂG‘tur‘E

== 1 NLP module

&r text engineering

® P@ntaho’

|
open source business ntelhigence

Many ETL jobs

Pentaho Data Integration
Previously Kettle




Data Flow

Hospital
Information
System
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- Cancer Tissue
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3

Surgery
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Medical
Report
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1 management:

Informatics and system

- pseudonymizatio
+ barcode generatio
- biobank storage

Patient signed
informed consent

engineering lah

Biobank
Database

Mutation Report

Gene: EGFR
Exon: 19
Mutation: 746-750del

Gene: KRAS

Mutation: G120
Nuclectide: GGT --> GAT
Codon: 12

INCOMING
NGS lon Torrent
data and analysis,
pipeline

Data Integration
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ONCO-i2b2: System Architecture
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Integration process: clinical data
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Integration in the i2b2 data warehouse of medical concept
related to the day by day clinical practice, for example:

* Anamnesis

* Therapies

e Diagnosis (ICD9)

* Procedures (ICD9)
 Haematochemical blood analysis




Integration process: research data

1. Pathology Unit 2. Biobank "Bruno Boerci”

ANATOMICAL PATHOLOGY DB

.r :I
; 3 1.2 j d
ANONYMIZED

BIOBANEK DB RARCODE

Natural language processing (NLP) identifies various A
concept types in the istological textual records that are
associated with each patient for each medical record.
Automated tracking for samples coming from PU to
biobank
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Integration process: research data

1. Pathology Unit 2. Biobank "Bruno Boerci”

S92JN0S eled
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s _3:' 1|3|
ANONYMIZED

ANATOMICAL PATHOLOGY DB BIOBANK DB BARCODE

Biobank sample anonymization

Once a patient is hospitalized he/she may sign an
informed consent to donate samples, specimens and
data collected for clinical reasons to research




NLP in action

Patology Medical Report

In italian NLP output - XML format

Tipo esame : Istelogice N° Esame : 11-1-03276 Data accertazione : 08,/06/2011

<¥eml version="1.0" encoding="UTF-§"7=>
Reparto di provenienza : U.0. Chirurgia Gen. SEW <pocument>
2k . ) - - <date>0806/ 201 1</date>
Materiale inviato tissue type Ll «rypexlstolog e ype>
A LINFONODO SENTINELLA CAVD ASCELLARE DESTRO INVIATO IL O 06 2011 PER <nurmbers11-1-05276</number>
ESAME ESTEMPORANEQ <analysis>
B QUADRANTE SUPERIORE MAMMELLA DESTRA <pstragens_receptors>90%-</estrogens_receptors>
,—q‘ ) o “progesterone_receplaorss T0% < progesterone_recepiors=
Descrizione Macroscopica tissue description <KiaT=13%</K 67>

A) Due linfonadi rispattivamente di erm. 1.6 @ em. 1.1 esminat]
completamente con sezioni multiple seriate.

B) Tessuto mammarie di cm. 7 x & x 3, orientabile (peso gr. 73 dopo
fissazione), Al taglio, prossima al margine

infero esterno (distanza minima cm. 1.2}, neoplasia a margini infiltrativi
di e 1.

sc-grb_Bl»Sr</c-erb B2
<fanalysis»
<grade=G I</grade>
<state>pT1bA-pNO{sn) A=pM</stata>
<snomed_codes>

<snomed consistent="trug ">

~ <codel>T-DE100=/codel=
I diagnosis v
Diagnesi intraoperatoria al <coded>M-09410+/code2>

:J }u;ilnnfcor;odn 'f“"r:”'"' dpmeEEl N L P M O d u I e <nomed=Axilla structure (body structure)</nomel =
e .E R . . <nomel>Mo evidence of neoplasm (finding)</nomeals
B) Carcinoma duttale infiltrante della mammella, G2 5BR, a crescita di tipa </snomed>
infiltrative, con scarsa reazione linfoplasmacellulare R .
«snomed conskstent="true ">

e minima compenente (10%) peritumorale di carcinoma intraduttale di grade . .
nucleare intermedio ed alto (DIN 2-DIN 3), prevalentemente di <codel>T-04000</codel -
. crnded>M-B5003</codel>

tipo solido e cribroso con focale necrosi. .
<namel>Breast structure (body structurejs/namel>
<namel>|nfiltrating duct carcinoma (monphologic abnosmality)</name 2=

Valutazione assetto recettoriale, frazione proliferante e c-erbB2:

Recattori estrogeni; 90% <fsnomed=
Recettori progesterone: ¥0% harmene receptars valies = . . .
Kl67: 15% <snomed consistent="trua ">

<godel>T-04020< codel>

c-erb B2:punteggio DAKO HerceptTest: 3+ (positivo); intensa & completa
<code?>M-09410</codel>

colorazione delle membrane citoplasmatiche nell’80% dells cellule

neaplastiche. <namel>Right bresst structure (body structure)</namal»

<namel>Mo evidence of necplasm (finding</namel=
T-D8100 - M-09410 <fsnomen
T-04000 - M-85003 <snomed consistent="true ">
T-04020 - M-02410 <codel>T-04000< codel>
T-04000 - M-03410 .—\ <code2>M-09410</codel>
T-04000 - M-05410 <namel>Breast structure (body structurej<mamel>
T-04000 - M-09410 el 1G] <namel>Mo evidence of neoplasm (findingp</namel=
T-04000 - M-09410 <fsnomad>

</snomed_codes=>

Stadio ; pT1b-pHO{sn)-pM Grado: & 2 -\ “/dpEuments

THM classification




Integration process: -omics data
5.-OMICS DATA
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Data coming from High-Throughput Screening (HTS)
experiments

The results of these experiments provide high amount of
data that will be analyzed with the purpose of verifying the
existence of genetic mutations lon Proton™ Sequencer

Future developments:
12b2-noSQL database integration




12b2 web plug-ins

.~ -4 | Clinical Measurement Chart i2b2 plug-in
|"| Chart maker for clinical measurement

* Shows trend for clinical concepts and modifiers (ecg, holter
values or therapy dose) for each patient present in the patient
set

 Used in oncology and cardiology

SpecifyData H View Resuits H Plugin Help

Halter Monitor Test - 5t Elevation mrm

patient ae7
o = patient asss

patient #1357

= patient 43151

patint #3595

patiant #4475

40 patient aa773

patient #5537

patient ae10s

= patient 6303
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= patient #6317

o0 & e R ot ol o @1 il il on? an o
a2 a® s a® - a® a5 » a8 a2 a® a a»
o o A5 o o o o o o A A A A

1D #87 1D #3865 ID#1358 ID#3181 1D #3595 ID #4486 IDF4FTY ID #6537 1D #6106 1D #6303 1D #6317

2002H165 1 Z000A0I2 2 200008 4 2010031 2 201041 0/3 3 20001446 0 2000746 3 200044 0 2000/462 2 200071 0 2007Hi4 0
2004192 02000013 2 20080713 2 20117604 & 2011/2/2 3 20101414 1 20061276 2 200353 1 200211/5 0 2005/11/3 0 2007072 0

200411214 1 2011581 2 2007A0f3 4 2004117 020077112 0
2006122 1 2009054 4 2004/6H 02007111/ 0
2007M1% 1 01078 3 20041311 0
2008654 0 011702 3 2005773 0
20096 1 20080504 1
ooz 1 2007141 0
200833 1
200011 2
20100611




12b2 web plug-ins

EXpOrtxLs

F L]
| ""E_: This plugin tabulates unidentified patient data, and applicable diagnoses \.CBIZE)I% E MXLS H
. N Xpo ome

S1X10dx3

&1 Lastmodified an Mar 21, 2012 {view change)

e Export patient data in Excel Format V3 This is the hame of the Related Project - Exportkl& space.

* Project developed by Mauro Bucalo, University of Pavia and Wayne
Chan from the BMI-Core, University of Massachusetts Medical Schoal,
Worcester

* https://community.i2b2.org/wiki/display/ExportXLS

ExportXLs
Specify Data || View Results || Plugin Help
Click the [Excel Export] button to download the following table into an Excel file m
Patient Information
for Patient Set 'Tripli -TX - Pr@ié:22:40 [10-17-2012] [deniels] [PATIENTSET 9§1]'
Vital Birth - Marital <
PRTIENT ID Status Year Sex | fwe | Language Race | Religion Status State\City | Income  FHuye Procedures
1 284 n 1965 F 40 [c} B a 8 40
2 705 n 13952 F 58 [t} [c} [t} 2} 58 ALTRA TERAPIAL FISICA
. - o 5 7 | a 8 a a - Altra riparazione o ricostruzione del
capezzolo
4 5470 il 1974 F | 32 ] B @ o 31 Tmpianto di protesi monolaterale
5 9684 il 1355 F | 52 ] B ] 1] 1z Altro immesto di cute su altre sedi
& 10246 n 1851 F 60 @ 2} a B 2 Muadrantectonia della mammella
7 14103 n 1975 F 36 ] B ] ] 38 ALTRA TERAPIAL FISICA
g LesG0 n 1953 F 82 [c} [c} [c} [c} 82 INPIANTO DI PROTESI MONOLATERALE
] 16752 N 1947 F | 62 @ B ] 1] 62 Visita generale
INIEZIONE 0 INFUSIONE DI SOSTANZE
10 17214 ¥ 1953 F 57 [c} B a 8 57 CHEMTOTERAPICHE PER TUMORE
11 17925 i 1957 F 54 (] B (] ] 54 Quadrantectonia della maumella
1z 19123 n 1952 F 59 [c} B a B 59
INIEZIONE 0 INFUSIONE DI S05TANZIE
13 27664 n 1954 F 56 [c} B a B 56 CHEMTOTERAPICHE PER TUMORE
INIEZIONE 0 INFUSIONE DI SOSTANZE
14 282638 n 1959 F 51 [c} B a B 51 CHEMTOTERAPICHE PER TUMORE




12b2 web plug-ins

| » 1 FSM - Biobank Info
\ " Retrive biobank samples information for a defined patient-set

0o
)
o
Y
S
=
=]
*
@)

* Retrive bio-speciments information (tube position,
tissue desription, blood aliquots) for a selected
patient set

* Used in oncology

— Tipologia: Sangue

~ Paziente: 17012 Totale: 2 campioni

Barcode Posizione Box Vassoio Rack Cassetto Frigo
£94_1_1 21 Sangue Mammella 5 [ Sangue-Flasma Senologia CASSETTOZ  Frigo 1 O
594_1_2 22 Sangue Marmmella 5 C Sangue-Flasma Senologia CASSETTOZ  Frigo 1 A

Seleziona tutte le voci; [

— Tipologia: Tessuto Tumorale

~ Paziente: 17012 Totale: 3 campioni

Barcode Posizione Box Vassolo Rack Cassetto Frigo
594_3_M_1 31 rMammella & B Tessuti Senologia CASSETTOZ  Frigo 1 O
594_3_M_2 32 Mammella & B Tessuti Senologia CASSETTOZ  Frigo 1 A
594_3_M_3 33 rammella & B Tessuti Senologia CASSETTOZ  Frigo 1 O

seleziona tutte le voci: [




12b2 web plug-ins

.(_ FSM - Concept Visual Monitor
N Monitor the amount of concepts and/or modifier in your data warehouse

* Monitor the status of
the i2b2 data
warehouse by creating
charts that represent
the number of
observations and the
number of patients
related to each
concept or modifier
selected

ConceptVisualMonitor ‘

Insefiscii dati | BarChart || PieChart ” Ajuto |

Concetto

Numero Osservazioni

Numero Pazienti

Clinicopathological FeaturesiHistological

Report

(CF_HR) 526 468
Totale: 626 463
Concetto-Modifier Numero Osservazioni | Numero Pazienti

Histological Reporth\ER (HR_E) 618 468

Histological ReporthHERZ (HR_H) 612 468

Histological ReporthKis7 (HR_K) 618 464

Histological ReportyPgR (HR_P) 620 463

Totale: 2468 468
MNagcondivalon nulli O
Selezionare con il mouse un area del grafico per lo zoom. Doppio click sul grafico per tornare alla visualizzazione originaria.

Mumerosita di osservazioni e pazienti per ogni concetto
00
£25
B osservazioni
G004
P ti distint

500 =
400
300
200 -
100

ol

Q.
<3 by
Mumerosita di osservazioni e pazienti per ogni concetto
B osservazioni
Fi ti distint]

O
O
>
(@)
®
o
—t
<
)
c
L
<
O
>
=4
O
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12b2 web plug-ins

| FSM - iNaviGraphMaker
W | view similar patient using this graph maker plug-in

 Using a CBR procedure, researchers are able to enhance the patient
selection with a process based on the medical concept space related to a

patient set to identify a group of similar patients
* Analysis based on binary, nominal and continuous variables
— Binary variables: presence/absence of diseases or signs/symptoms

— Nominal and continuous variables: discrete/continuous values of clinical
observations

T _ “ ¢ Concept: Concept
i | Voot (oo Unique Identifier
(CUI) in UMLS
Metathesaurus

e Distance between
cases : semantic
similarity
between concepts
in the UMLS
ontology




12b2 web plug-ins

View the genetic information and search the available publications on
Exome Variant Server http://evs.gs.washington.edu/EVS/

Used in cardiology

Still in development

\h FSM - Mutation Monitor
; 3 J i Mutation monitor M&M
[ ]
[ ]
[ ]

<
c
—t
Q
=4
O
>
<
O
>
=4
O
O

MutationMonitor

Inseriscii dati | Aluto |
Trastina un set di Paziente per individuarne 1e mutazioni e i carrispondenti efett
Pazienti: ‘ B Qitc-5t EI-Po@@1 0:41:38 [10-19-201 2] [daniele] [PATIEN
Gene and Coding Effect (-]
" Gene Coding Effect  First Aminoacid Last Aminoacid Fosition Result
[] SCH5A k1500 del
[] SCHSA EFE4K Clu Lys 784
[] SCHSA R11230Q Arg Gln 1193
[] SCHzA RSEEH Arg His 568
[] SCH5A L12225E.
[] SCHSA 55400 Ser Ash 940
[] SCHSA F12935 Fhe Ser 1293
[] SCH5A RI75Y Arg Trp 975
[]/5CHSA MozZM lle Asn 102
[] SCHSA E1385x%
=l
[] SCHSA W13230 Wal Gly 1323
£ Trowa  Aggiorna  + Gol F'agina|:| dil Wisualizzati 1-11 di11



http://evs.gs.washington.edu/EVS/

12b2 web plug-ins

FSM - Health Activity Tracker
Graphical analysis of FSM health activity

 Developed to support the generation of reports that
explain the performance of the hospital medical units

* Used only in administration
[ Prgnpaten |

I
D
Q
—~
-
>
o
T,
<.
—+
<
_I
)
Q)
o
Q
D
-3

S| Data Vi Results Pl Hel,
Specily Data || View Resutts || Piugin Heip | M tew Results | Plugin Help
Selezionare il reparto
Selezionare il reparto P
- — | Cardiologia Riabilitazione =
| Cardiologia Riabilitazione ) PluginPatient
G Specify Data || View Results H Plugin Help P i Pr 1za delle P ie Stra | | Specify Data || View Results ” Plugin Help
Patologie Prevalenza delle Patologie S . .
i i Numerosita delle Patologie per DRG Ingit | | sel | t
Numerosita delle Patologie per DRG B Selezionare il reparo gie p ezionare il reparto
— . . Cardiologia Riabilitazione =
\Saudiciogia Riabilinzioge =) Prevalenza delle patologie perint || ! 9 =)
[1cD9_cM:428 22 100
Patologi E  Prevalenza delle Patologie Stratificate per Patologie Prevalenza delle Patologie Stratificate per Sesso
[ codiee | Descri _— ) N
||CD9 CM:429.4 ‘ Functional disturbances f Numerosita delle Patologie per DRG Incidenza delle Numerosita delle Patologie per DRG Incidenza delle Patologie
[icDe_cm:a24.1 [Aortic vaive disorders _ o.50 Nomagramma di Barber
- - Prevalenza delle patologie per sesso 120
|ICD97CM:425.4 ‘Other primary cardiomyoy - 4.4 =32
o 025 | - TU = T75%
[IcDo_cMm:a28.1 [Left nean failure Tu=os
. 20 - BB Area di accettabilita
[IcDe_cM:428.32 | Diastolic neart failure, ch| | 7% - a2 p———
= = _ _ _ _ B Oriopedia Riabiitazione.
[IcDa_cM:428.22 [ Systolic heart failure, chr o] o] =] <}
- o o (=] o
0.50 @ B @ @ _. DM E
[s] (s} o] [o] o
| Export Data | = = = =
. 0.25 -] S = 5 =
w [=-] (5] S
= > = i 1
:.::-J—_ - - —._ - o | Save lmage |
(o] (o] (o] (o] (o] - 1
=] =] =] =] =] (=] 0
I<D I<D I‘D I‘D I‘D I<D
(=] (=] [} [} [} (9]
= = = = = = It
= = = = = = = = = =
P Py o o oy L) p= L] ﬁ w
o = @ & ® = ai = / 2
| save Image | (aSueimage, |




v )

<xml />

PDO

dg<@>

Server side developed

Integated R statistical computing environment to perform survial

analysis on demand by selecting
— the patient set of interest
— the event related to the survival
— the stratification variable

Used in cardiology
— running on I12b2 version 1.5
— currently in test for version 1.6

i2b2

client

JRI - Java/R Interface
http://www.rforge.net/JRI/

rJava - Low-level R to Java interface

http://www.rforge.net/rJava

PDO data

[ XML |
<xml />

Drop a Palient Set into the input bxes below, select ane event and then click the "run Kaplan Meier” buttion 1o retrievs information about the analysis-

Patient Set: | BrugadaDiagnosis_0-70 years@11:30:10 [7-22-2010] [daniele] PATIENTSET_283]

Events:

Syncope O
Cardiac Arrest =]
|Appropriate Discharge [

Ramn Kaplan Meier Analysis Kaplan Meler analysis done, please wall for resuits

Kaplan beier grapi:

View Kaglan Meier survval curves

Data descript

Group: Female
fime  mrisk nevert survival Stderr lower 95% I upper 95% CI
46 158 1 0993 00084 09811 g8t Kaplan Meier Survival Curves
2 17 1 08851 00105 09646 08646
® M A 09712 00173 09380 08380
Groug: hale
tine nrisk nevert survval stderr lower 95% I upper 95% CI
15 "3 1 09931 00008 09974 09974
17 11181 09982 00013 09958 09958
18 11141 09973 00015 09843 09343
2 w1 09964 00016 09620 08926
2 @4 1 09854 00021 09913 0gn3 T
EIR T 09843 00023 09698 08898 3 7
Er L 09922 00028 09968 09968 £
3 ses 1 09911 00030 09853 0.883 3
3% 808 5 09845 00040 08771 087 E I+
7 180 1 09837 00042 09755 0755 @
® 138 2 09810 00048 09720 08720
40 872 1 09795 00048 09701 08701 o
4@ 635 4 09734 00057 09623 0.9623 .
42 588 1 08717 00058 08602 0.8602
a3 s 2 09682 00084 09557 08557
45 418 2 09641 00070 09505 08505
6 44 08550 00087 08395 09385 ! Y y
a7 s 09462 00093 09281 09261 . s - o o
6 a2 09411 00099 09216 0g218 Time (Years)
w3 2 09357 00106 09152 0g152
51 24 5 09193 00127 08847 08947
52 261 1 0815 00137 08802 08302
se 20 2 09063 00144 08791 08791
55 164 1 09022 00151 0873 08731
58 143 1 08959 00162 08846 08645
59 19 1 08884 00178 08542 08542
6 a1 08783 00193 08407 08407
3 M1 U870 00228 08232 0g232
6 83 1 08533 00264 08031 0.8031
8 2 1 08162 0042 07O 07340
Log-rank test:
Groups N Observed  Expected
group: Female 354 3 15041
goupMale 1188 54 41858

Chisqs 13241 on 1 degrees of freedom, p= 0.000

S|193 ¢q¢|


http://www.rforge.net/JRI/

12b2 server side development

- Weka GUI Chooser
Program Visualization Tools Help

& WEKA

The University
\ of Waikato

e .

)

Applications

o)X

Explorer

Experimenter

KnowledgeFlow

Simple CLI

@pentaho

Pentaho Data Integration
Previously Kettle

Insert the Pentaho Data Mining Community Edition (CE) also known as Weka
(original project of university of Waikato, NZ) http://weka.pentaho.com/
tools for machine learning and data mining in a server side i2b2 cell

— Suite of classification, regression, association rules and clustering algorithms

— Design a dedicated plug-in for temporal abstraction

NHLBI Exome Sequencing Project (ESP)

Exome Variant Server

Insert the NHLBI Exome Sequencing Project batch query program in a dedicated
i2b2 cells, in order to retrive:

— information about mutations

— pubblications related to mutations

Batch query program:

— BasedonlJava 6

— java -jar YOUR_DOWNLOADED_EVS CLIENT _JAR_FILE -h

N
O
N
0

1
)



http://weka.pentaho.com/

International ontologies

International Ontologies:

izb2 Query & Analysis Tool

* ICD9-CM
* SNOMED
* TNM

Browse Search Mappings Recommender Annotator Resource Ing

O BioPortal

International Classification of Diseases Teims
Jump To: | | L ‘fisualization Mate
£ DISEASES AND INJURES A Name
CERTAIN COMDITIONS ORIGINATING IN THE PERIMATAL PERICD
- COMPLICATIONS OF PREGMANCY, CHILDBIRTH, AND THE PLERPERILIA D
- CONGENITAL ANCMALIES
- DISEASES OF THE ELOOD AND BLOOD-FORMING ORGANS Full'id

DISEASES OF THE CIRCULATORY SYSTEM

DISE&SES OF THE DIGESTIVE SYSTEM

DISEASES OF THE GEMITOURIMARY SYSTEM ICA
DISEASES OF THE MUSCULOSKELETAL STSTEM AMD COMMECTIVE TISSUE
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DISORCERS
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[]@C\inicopathological Features
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EHElicog

Eﬁl Diseases and injuries

B-[F Certain conditions originating in the perinatal period

E]--ﬁ Complications of pregnancy, childbirth, and the puerperium
E]--ﬁ Congenital anomalies

E]--ﬁ Diseases ofthe blood and blood-farming argans

E]--ﬁ Diseases ofthe circulatory system

E]--ﬁ Diseases ofthe digestive systern

[]--ﬁ Diseases ofthe genitourinary svstem

& Diseases of the musculoskeletal system and connective tissue
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]--ﬁ Diseases ofthe nervous system and sense organs

) ﬁ Diseases ofthe respiratory systemn

]--ﬁ Diseases ofthe skin and subcutaneous tissue

]--ﬁ Endocrine, nutritional and metabolic diseases, and immunity disorders
]--ﬁ Infectious and parasitic diseases

{3 Injury and paisoning

7-[F] Mental disorders

Elﬁ Meoplasms

ﬁ Benign neoplasms

{31 carcinoma in situ

Elﬁ Malignant neaplasm of bone, connective tissue, skin, and hreast
[J--ﬁ Kapaosi's sarcoma

B[ Malignant melanorma of skin
B Malignant neoplasmm of hone and articular cartilage
T T y er softtissue
ﬁ Malignant neoplasm of female breast
seiaielrberh : ; ; nale breast

,ﬁl halignant neoplasm of hreast {female), unspecified

-] Malignant neaplasm of central partian of female breast

-] malignant neoplasm of lower-inner quadrant of femala breast
QI halignant neoplasm of lower-outer guadrant of female breast
QI Malignant neoplasm of nipple and areala of female breast
QI Malignant neoplasm of other specified sites of fermale breast
QI Malignant neoplasm of upper-inner guadrant of fernale breast
,ﬁl halignant neoplasm of upper-outer quadrant of fernale breast
[]--ﬁ Malignant neaplasm of male breast

B[] Other malignant neaplasrm of skin

]--ﬁ Malignant neoplasm of digestive organs and peritoneum

H| ﬁ Malignant neoplasm of genitourinary organs

]--ﬁ Malignant neaplasm of lip, oral cavity, and pharyrx

]--ﬁ Malignant neaplasm of lymphatic and hematopoietic tissue

]--ﬁ Malignant neaplasm of other and unspecified sites

{3 Malignant neaplasmm of respiratory and intrathoracic organs

7{ Meoplasms of uncertain behaviar

]--ﬁ Meoplasms of unspecified nature
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Results

 i2b2 personalization, both on the client side and on the
server side

* NLP modules to enrich the clinical information and provide
in this way the possibility to query textual reports

e ETL procedures for automatic population and update of
the i2b2 CRC

 |Implement no/off line data analysis tools for analyze data
mart instances

The IT architecture created at FSM is a concrete example of
how this type of integration can be implemented and made
available for increasing the quality of clinical practice as well as
improving the scientific results




Future ideas: i2b2 and noSQL

 Manage noSQL databases for storage of BIG DATA coming from
— Continuous patient monitoring systems (Cardiac Holter, Glycaemic Holter,...)
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— Next Generation Sequencing experiments
— Exposome: mapping the environment to understand the risk of diseases

The idea is to integrate this type of non relational data source
with i2b2 using server side cells and/or web plug-ins.

)

) mongo s 1_1-!348!;

- EZPQ h o4 ORACLE
' ' CouchDB

amazon
services

ik Redis s
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Future ideas: Shrine

Shared Health Research Information Network (SHRINE)

 Developed by Harverd Catalyst: the Harvard Clinical and Translational Science

Center

 Compiling large groups of well-characterized patients

 Determine the aggregate total number of patients at partecipating hospitals
who meet a given set of inclusion and exclusion criteria

* Because counts are aggregate, patients privacy is protected

http://catalyst.harvard.edu/spotlights/shrine.html

Biobank #1

@ i2b2

I

Biobank #3 Biobank #2
@ i2b2+—> | @ i2b2

_ - _d
SHRINE Adapter h SHRINE Adapter
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Connections between FSM
institutes in the north part of Italy
(e.g. biobank network: a
prototype could be ready in the
coming months)

Connections between all FSM
institutes

Open to other national and
international research institutes




Clinical and research data integration:

the i2b2 FSM experience

Daniele Segagni, MS, Biomedical Engineer
daniele.segagni@fsm.it




Phenotypes from clinical notes

Medical Report

Iy
Mrs Jones is an 84-year-old
African-American woman
admitted from the
emergency department
with complaint of erushing

substernal pain ... past
medical history is

significant for a 20 year
history of type 2 diabetes —
mellitus controlled with

UMLS

Unified Medical Language System

oral hypoglycaemics,

2 ppd history smoking ... -

Family history: Sister died
from myocardial infarction =
at 74 years ...

Mrs Jones was discharged
on a 1,500 ml fluid
restriction, nitroglycerin
0.4 mg/spray 1-2 spray po.
Aciphex 20 mg (20 mg
tablet DR take 1) PO

Discharge diagnosis: acute =
M, diabetes mellitus ...

—

ICD10 SNOMED LOINC
1] RxMNorm Read
;.,’ Diagnoses Billing codes
|— _I—h Environment
_|.. s Dispensed
j.. Medications medications
L Family history
Laboratory
measurements
» | Symptoms

UMLS maps a data
type from one
vocabulary to another

Standardized
vocabularies inwhich
all EHR-data items are
represented

EHR-derived database
composed of natively
codified and NLP-
codified data types

Kohane IS. Using electronic health records to drive discovery in disease genomics. Nat Rev
Genet. 2011 Jun;12(6):417-28. Epub 2011 May 18. Review. PubMed PMID: 21587298.




|12b2 data for clinical issues

i2b2- ontology relying NCBO BioPortal
http://bioportal.bioontology.org

Analysis based on ICD9-CM codes related to
— diagnosis

— procedures

Selection of patients with diagnosis of

— malignant neoplasm of female breast (ICD9-CM code
174.0-174.9)

— personal history of malignant neoplasm (ICD9-CM
V10.3)

Starting from 28.838 patients we actually
focused our attention on 8.969
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http://bioportal.bioontology.org/

12b2 data for clinical issues
Oncology Medical Unit

o)
=
Q
0
n
2]
-
™

. Patients per Year - New Patients per Year
000 . . ° @
2012: union of 2 oncology medical units
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ll Which is the actual patient care flow? ==
Which is the adherence with guidelines?
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|12b2 data for clinical issues

Which is the actual patient care flow?
Which is the adherence with guidelines?
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Off line analysis on clinical procedures and day-
hospital/inpatient treatment using

— Temporal data mining
— Process mining
Extract the common care flows in FSM oncology division

— the most common pathway is hospitalization in breast surgery
division followed by day-hospital treatements

Extraction of most frequent sequences of procedures

— The most common patterns extracted matched with the
implementation of userguide

— Example: pattern describing control ECGs that are performed
due to the potential cardiotoxicity of some chemotherapies




