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Unstructured Big Data

e Big Data

— Volume, Variety, Velocity

e Estimated 80% of all data
is unstructured

— Need to be able to make
decisions based on this
data

e Ever increasing amount of
data makes it harder and
harder to filter by hand

— Need more automation
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From Unstructured Data to Structured
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Requires each extraction to be programmed in,
Content Sources

or learnt from a large amount of annotated
material

e Linguamatics



I2E Agile Text Mining

2 Smart Query 3 Batch Query
12E Batch
Results
Information n PN ™ o n ~ ~ o
Consumers 1 | ‘ i
' v, \ J \_ J

e Linguamatics



Increasing Range Of Applications
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The Database Approach

e (Can we predetermine what is required?
e One approach is to try to extract everything ... but in practice have
to make assumptions, whether by hand or automatically
— Do we include negative statements?
— Do we include speculation?

— What context do we include?

e Need a good idea of how the data will be used to know what needs
to be extracted
e There are cases where this works well e.g.
— have useful structured data and want to add to it from free text

— have new records structured, but want to bring in information from legacy
free text
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Extracting for a Relational Database

e Extracting all relevant information from pathology reports

¥ Aspirate Eosinophils 1% 1/Bone marrow aspirate is hypocellular with suboptimal
stain... Differential shows 6% myeloblasts, 12%
PMN/bands, 1% eos, 6% mono, 65%

Lymphocytes [65% 1/Bone marrow aspirate is hypocellular with suboptimal
stain... Differential shows % myeloblasts, 12% ... eos
6% mono, 65% lymph, 8% normoblasts.

Monocytes 6% 1|Bone marrow aspirate is hypocellular with suboptimal

stain... Differential shows 8% myeloblasts, 12% ... bands, |
1% eos, 6% mono, 65% lymph, 8% ...

Ll

Myeloblasts 6% 1/Bone marrow aspirate is hypocellular with suboptimal
stain... Differential shows 6% myeloblasts, 12%
PMN/bands...

Mormoblasts  [8% 1|Bone marrow aspirate is hypocellular with suboptimal

stain... Differential shows 8% myeloblasts, 12% ... mono,
65% lymph, 8% normoblasts.

Core Biopsy P hypocellular [5% 1/Bone marrow biopsy 1s markedly hypocellular (5%
cellularity) with no evidence of fibrosis or granuloma.
¥ Peripheral Blood Blasts 19% 1|0Our manual differential on the peripheral blood smear
shows 19% blasts, 33% PMNs, 11% monos, ..
Lymphocytes [37% 1|0Our manual differential on the peripheral blood smear
shows 19% blasts, 33% PMNs,11% monos, and 37%
lymphs.
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Extracting for a Semantic Store
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e Qutput as a set of triples
e Because all the parts have URIs, the parts are web-
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The Ad Hoc Approach

e No need to build a database

e Regard text mining queries as ways to create a database on
the fly

e Keep all the unstructured free text, and query for what you
need when you need it

e Even index structured data with text mining to link
information together

e Used very successfully by knowledge professionals:

— Just like a search engine, there are thousands of questions people
want to ask of the data

— You can’t predict them all beforehand
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Ad Hoc Querying

Find relationships that you want
for any particular information
request

Treat the text mining as an
“agile” database to answer
thousands of different questions
e.g. metabolites from fruit

¥ Strawberry |7 Polyphenols b 2|22304566
contain

Catechin 116661561

Anthocyanins 118258692

Flavonols 112361146

Strawberry (Fragaria x ananassa) contains several polyphenols with strong antioxidant and anti-inflammatory
activities.

Douglas fir preparations contained the most complex set of procyanidins and consisted of oligomers of
catechin and epicatechin, whereas strawberry and avocado contained mainly (+)-catechin and (-)-epicatechin
derivatives, respectively.

Strawberry (Fragaria x ananassa) fruit contains several anthocyanins that give the ripe fruits their attractive
red color.

Strawberry fruit contains flavonols as well as other phenolic compounds such as anthocyanins and phenolic
acids.
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Do We Need More?

e |2E Agile Text Mining has opened up text mining to the end
user, but it is still mainly used by knowledge professionals

e Given the importance of unstructured big data, can we bring
the benefits of text mining to an even wider audience?
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Workflow Automation

e Successful queries converted into regular
workflows using Pipeline Pilot or KNIME

e Real-time workflows for up-to-date dashboards,

alerts

e Further analysis, visualization, integration with
other data

ExIR der Ohfk p date, Nmb Sort Data
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Pipeline Pilot
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Clinical Trials Analysis from I2E Text Mining Results
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Embedding I12E within

e Linguamatics
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Doc #18 The presence of the variant alleles 312A=n and 751Gin of XPD
have been associated with relatively high rizk of lung cancer in Caucasian
[17-20] and Asian [21-24] populations and a recent meta-analysis concludes Blood cateciolamines
that the variant genotypes 3124=n/A=sn and 751GIn/GIn are associated with
a statistically significant lung cancer risk in the Caucasian population

[25].... Additionally, interaction between XPC and XPD polymorphisms showed
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Doc #56 The AsplAsp genotype of the ERCC2XPD Azp3124sn
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Form-Based Querying

[ Select Index

e Create web interfaces (standard 8
connecting to I12E server :

 Select Query

[Gene Known as a Biomarker for Disease v l

e |nformation
professionals develop

 Edit Query

Gene known as a biomarker for a disease

sophisticated queries Find gene biomarkers for a disease
Class1 |Entrez Genes| |
e (Queries are Class1 Class2 Reln | Disease Biomarker| ]
parameterized to allow R |
end users to customize Breast cancer

m

Breast cancer stage 11

Breast cancer in situ

L Javascrl pt a I IOWS Breast cancer recurrent
po rta b | I |ty tO m O b| I e Breast cancer metastatic Il
d ev| ces suc h as | Pa d S Version: default 3ea2e48caosb (2012-04-12 19:00 +0100)

Enable default limits = Run Query Task: ‘
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Enhancing Enterprise Search

e Use text mining to annotate concepts to feed into a search
engine to:

— provide concept search
— provide concepts for facets

— provide intelligent thumbnails for documents, pulling out key
information
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Semantic annotation of documents
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near e 1S Ry 10 Hing protein 1 expression is a marker of poor survival in lung
P27 expression as a prognostic factor of breast cancer in Taiwan.
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Kohonen-Corish, Maija R J
of Vesca Resaarcn, Sydney. Ausvais. seleger 01 @malcon
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Abstract
p27Kip is & member of the Cigyiip family of cyclin-dependent kinase inhibitars. i binds to a varisty of cycin/CDK

comglexes, inhibits kinase activity, and blocks the cell cycle. Absent or reduced p27 expression has been shawn to be a JLung cancer is the leading cause of cancer-ralated mortality and requires more
signcant pradsctor of poor sunival in breast, Golorectal, prostate, nan-small call lung and esaphagus carcinomas. An sis and therapeutic respansiveness. Special AT-rich binding protein 1 (SATB) is 3

s chvomatin remodeing proteins to epigeneticall reguiate hundreds of genes m a
‘suggest that SATEH averexpression s  pradictor of poor prognosis in breast
c2 of SATB1 expression has not been evalusted in lung cancer

immunahistochemical assay was performed on 63 patients with primary breast cancers to evaluate the biolagic signiicance
of p27 expression. Decreased ;27 expression was significantly assaciated with high grade (P = 0 0002), negative estrogen
receptor (P = 0.00004). and negative progesterans receptor (P = 0.0039) breast cancers. Univariats analysis reveals that p27
‘xpression inverssly comlated signiicanty with ovsrll sunivl (P = 0,0001). By mulivarits anlysis. p27 precictsd the 267 3

ing cancers was evaluated by immunohstochemistry. Epigenstic silencing of
wrl sl Indeparcdeny (P 0.008). Ot stdy nctes ot RTRRGENN s S dapandent ognesic ik of 5Az8 2.de0xycytidne snd ichostatia A treatment, and Chomatin
breast cancer in Tasman
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and is associated with mvasive disease.

Most commanly
i i METHODS (METHODS): We measured the HGF content in tumor tissue from 56 non-small cell lung cancer patiens:
using the Wester blof technique The amount of HGF in tumor exiracts was quantitated by densitometry after transler of
proteins 1o nitracellulose and exposura to antibodies. Survival curves were generated based an cinical informatian
obtained for each patient

omen, men can also develop hreast cancer.||

H ULTS (RESULTS): Qur data indicate that HGF is also a negative prognostic indicator in lung cancer. As in the study
breast tissue of bt acesptents. FOF W assacsid wih ecumentand por sanal 1 el ok s aeen o creane
wath increasing HGF tumer content Al levels of HGF greater than 100 units, the relative risk was 10 compared with that
in patients with an HGF level of 1 unit. Noda-negative patients with an elevated HGF tumor contert had 3 significanthy

«nd other characteristics of the tumor determ

treatment. Treatment may include surgery, drugs (hermonal therapy and chemothera pvl, radlannn poarer outcome than nads-positive patients with a low HGF tumor content. The same relationship was obsered ifthe
and/or immunotherapy.[3] Surgical remnval of the tumor provides the single Iargest benefit, with patients were stratified by stage elevaled HGF was associated with stage | patients whose disease recurred and who
e of their esease, and stage | patients wit elevated HGF had  worse sunacal han hugher stage patients wih & low

surgery alone being capable of producing e inmany cases. To somewhat increase the likelihood of Javel of HGF.

long-term disease-free survival Ggveral chemmherapy regimes e commonly given in addition to — T —— " st bevated HGF dict ok
v CLUSIONS (CONCLUSIONS): Thess results suggest that alevated HGF may pradict a more aggrassie bisogy in
surgery. Most forms of chemotherapy Ki = dividing rapidly anywhere in the body, and as a non-small eticnts The e of HGF ey 6 ussil o2 it f gk m eomy sage oy
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3%, with an overall survival rate of 85%. 51l estrogen

Worldwi es 22.9%0 acers (excluding non-melano R
women. ‘causef( 458,503 deathsvorldwide (13.7% of cancer deaths in

women).[7] Brsast cancer is more than 100 Times ate comman in women than breast cancer in men,
although males tend to have poorer outcomes due ays in diagnosis.[

458,503 deaths
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Provide Concepts as Facets for Enterprise Search

Sharepoi

> Drugs
> Country
v Therapeutic Area
= CardioMetabalic
= CNS
= Immunology
= Oncology
v Respiratory
Asthma
> Formulation
v Discipline
Analytics
Compliance
DMPK
Drug Substance
Toxicology
> Organization Unit
> Document Type
> Date Modified

search.company.com

Refine th

termin

Refine Your Searc|

b [ ]

P = -

Document
information and
teaser

base

Document preview
and additional
information

Ivb

snent of Adolescent
gbjects on any chronic med

| Low Carbohydrate Diet in

abolic Syndrome
er than antihistamines, asthma medications, oral
@ntraceptives or diabetes m ns, smoke more than 5 cigarettes/day, suffer from
alcohalism or drug abuse or h ny significant abnormality not associated with metabolic
syndrame on screening labs widl be excluded from randomization. - Subjects currently taking
Byetta will be excluded from the study, as a side effect of the drug is weight loss.
http:/fclinicaltrials gov/show/NCT00940966

Glucocorticoid action and the development of selective glucocorticoid

receptor ligands.

Synthetic glucocorticoids such as dexamethasone and pradnisolone have for decades been
the cornerstone for the clinical treatment of inflammatory diseases, such as rheumatoid
arthritis and asthma, and in some lymphoid cancers, yet its prolonged use has undesirable
side effects such as obesity, diabetes, immune suppression and osteoporosis.
http:/fwww._ncbinlm_nih_gow/pubmed/17045197

Effect of Inhaled Steroids on Glucese Regulation in Asthma Patients
Therefore this epidemiology study (based on questionnaire and blood tests) aims io
investigate the effect of inhaled coricosteroid on the risk of diabetes, impaired glucose
tolerance and insulin resistance in adults with asthma. The impact of this study is expectedto
affect the current practice of long-term use of inhaled corticosteroid especially among patients
with asthma. Inhaled coricosteroids (ICS) have been shown to have many side effects that
are consistent with systemic coricosteroids, suggesting that its systemic absorption can lead
to adverse effects in the long term users.

http-/fclinicaltrials_gov/show/NCT00959348

Yoga-Based Cancer Rehabilitation Program
The purpose of this study is to find out if a Yoga-Based Cancer Rehabilitation Program can
help reduce the physical and emotional side effects of living with cancer or its treatment.
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Dictionary Matching - Companies

l_——_l{iI Organizations by Sector

F-[i Clinical Research Network

-- Government, exduding U.5. Federal

-- Miscellaneous Companies Linked to Lifesdence

-- Mationa| T=-++ ---m - £ -l

=-[f5 [iEn |Pharma and BioTech C.. |Assignee Doc Hit
:: ig‘; j‘ P Nektar Therapeutics NEKTAR THERAPEUTICS 201 INDUSTRIAL ROAD San b 11|US- 1|NEKTAR THERAPEUTICS 201 INDUSTRIAL
@ 3F Carlos CA 94070 icioam 05224-  |ROAD San Carlos CA 94070
: ﬁ; P Novartis NOVARTIS AG LICHTSTRASSE 35 Basel CH b 5{US- 1|NOVARTIS AG LICHTSTRASSE 35 Basel CH
_ g 74 20090130147
) AATH &
.. ABs|P Angiotech ANGIOTECH PHARMACEUTICALS, INC_ 1618 STATION b 8lUS- 1/ANGIOTECH PHARMACEUTICALS, INC 1618
.. @ Aca|Pharmaceuticals STREET VANCOUVER, BRITISH COLUMBIA VEA 1B6 CA 20020119202-  |STATION STREET VANCOUVER, BRITISH
@ ACE A1 COLUMBIA V6A 1B6 CA
@ Acv|P 3M Pharmacetticals  |[3M INNOVATIVE PROPERTIES COMPANY P.O_ BOX 33427 | b 4]US- 1|3M INNOVATIVE PROPERTIES COMPANY P 0.
@ ACC St Paul MN 55133-3427 20080194722-  [BOX 33427 St Paul MN 55133-3427
- @ ACT Al
- @ ACU[P Hoffmann-La Roche DSM NUTRITIONAL PRODUCTS LTD F/K/A ROCHE b 2|US- 1|DSM NUTRITIONAL PRODUCTS LTD F/KIA
-~ ACU VITAMINS AG 124 GRENZACHERSTRASSE CH-4070 Basel 20050255066-  |ROCHE VITAMINS AG 124
- ® ADM CH Al GRENZACHERSTRASSE CH-4070 Basel CH
- @ AES|D | 'Oreal L'OREAL Paris FR b 2|US-6027537- | 1|L'OREAL Paris FR
- @ AEte A
@ AFT 1) Enzon Pharmacetticals, [ENZON PHARMACEUTICALS, INC. 685 ROUTE 202/206 b 6|US- 1|ENZON PHARMACEUTICALS, INC 685 ROUTE
e :g; Inc. Bridgewater NJ 08807 20040136947-  |202/206 Bridgewater NJ 08807
o A1
@ ATy Chiron Corporation CHIRON SR L VIA FIORENTINA 1 Siena I-53100 IT b 5[US- 1|CHIRON S R L VIA FIORENTINA 1 Siena I-53100
e Al 20090130147 [T
- ALK A1
:: m‘ P Fresenius Kabi FRESENIUS KABI DEUTSCHLAND GMBH ELSE-KRONER- | P 3|US- 1|FRESENIUS KABI DEUTSCHLAND GMBH
o AME STRABE 1 BAD HOMBURG V.D H. 61346 DE 20060217293-  [ELSE-KRONER-STRABE 1 BAD HOMBURG
o At V.D H 61346 DE
.@ anw| ¥ Voclar Vivadent IVOCLAR VIVADENT AG BENDERERSTRASSE 2 FL-9494 | b 2|US- 1|MOCLAR VIVADENT AG BENDERERSTRASSE
w AOP Schaan LI 20030060536 |2 FL-9494 Schaan L

[+-More... Al
{5 U.5. Federal Agency, exduding NIH
[}-[El] University/Organization
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Pattern Matching - Institutions

&

COrganizations by Type
- @ Academy

- i Center

- @ Clinic

- @ College

- @ Corporation Organizations by Typ.. Doc Hit

B : EET:;:“E”t Department b 576[21146741 |1|Department of Ophihalmology, Poznan City Hospital,

- ® Government Center P 8421146733 |1|Nail Disease Centre, 06400 Cannes, France...

- ® Faculty Institute I 68|21056094 |1|Bioscience Institute, AmorePacific Corporation R&D Center

- @ Foundation Division b 6621135170 |1|Division of Immunology, Allergy and Infectious Diseases..

- @ Hospital University b 53|20971496 |1|Université Paris Descartes, faculté de Médecine Paris .

~ @ Insiiute School » 32|20685182|1/School of Psychelogy, Murdoch University, Perth...

:: ;Ei‘:i:ff”’ Corporation » 3121142838 |1|Amygdala Ltd, Letchworth Garden City, ..

- @ Network Laboratory I 3020934246 |1 |State Key Laboratory of Oral Diseases, VWest China College of ...

~ @ School Hospital b 26|21109520 [1|Krankenhaus Hagen-Haspe, Brusebrinkstrasse 20, 58135 .

- @ University Clinic bk 10[21029565 |1|Paediatric Clinic, Copenhagen University Hospital, .
College k920447006 |1|/College of Nursing, East Tennessee State University._.
Faculty b 821158933 |1|Faculty of Life Sciences, University of Manchester, .
Academy b 2/20718779|1|Manchester Academic Health Science Centre, NIHR Translational Research Facility ...
Foundation b 220211144 |1|Fundacdo de Medicina Tropical do Amazonas, Manaus, ...
Metwaork b 220865273 |1 Information Network of Departments of Dermatology, University of Gattingen, ..
Ministry 1120015772 |1|Ministry of Health Ankara Training and Research Hospital 2nd E.N.T.

e Not a fixed list: can find previously unknown institutions
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Pattern Matching - Mutations

Mutation Doc Hit

L858R b 7220552223k 7|... , exon 19 deletions and L8SER mutations, and
clinical outcomes ...

T790M b 71121233402| b g|Pretreatment EGFR T790M mutation and BRCA1
mRNA expression .

C8092A b 7|21827803| P 4|Polymorphisms of ERCC1 C118T/C8092A and
MDR1 C3435T predict outcome .

C118T b 521827803 b 4|Polymorphisms of ERCC1 C118T/CB8092A and
MDR1 C3435T

Lys751GIn b 521129812 b 4/Assessment of XPD Lys751GIn and XRCC1 T-77C
polymaorphisms in ...

Asn118Asn b 520354815 b 3|.. ABOG), ERCC1 (Asn118Asn), APE1
(Asn148Glu...

Arg399Gin b 521805378k 2|... ERCC2 Lys751GIn, and XRCC1 Arg399GIn.

WVE00E P 521825258( P 4|.. mutations (56.8%) were VB00E, and 16 (43.2%._.

EXPERIMENTAL DESIGN (METHODS): We assessed the TF90M mutation in pretreatment diagnostic specimens
from 129 erlotinib-treated advanced NSCLC patients with EGFR mutations. The expression of eight genes and two
proteins involved in DNA repair and four receptor tyrosine kinases was also examined.

RESULTS (RESULTS): The EGFR TF90M mutation was observed in 45 of 129 patients (35%). Progression-free
survival was 12 months in patients with and 18 months in patients without the T¥90M mutation (P = 0.05).
Progression-free survival was 27 months in patients with low BRCA1 mRNA levels, 15 months in those with
intermediate levels, and 10 months in those with high levels (P = 0.02). In the multivariate analysis, the presence of
the TT90M mutation (HR, 4.35; P = 0.001), intermediate BRCA1 levels (HR, 8.19; P < 0.0001), and high BRCA1
levels (HR, 5.46; P < 0.0001) emerged as markers of shorter prograssion-free survival.

CONCLUSIONS (CONCLUSIONS): Low BRCA1 levels neutralized the negative effect of the TF#90M mutation and
were associated with longer progression-free survival to erlotinib. We advocate baseline assessment of the TF90M
mutation and BRCA1 expression to predict outcome and provide alternative individualized treatment to patients
based on TF90M mutations and BRCA1 expression.
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Pattern Matching - Chemicals

e Assign structure to novel chemicals
e Distinguish exemplified compounds

e Distinguish compounds given properties

Chemical Feature Value Hit
@ Example 31 cis-4-Hydroxy-5-phenyl-2,3 4 S-tetrahydro
spiro(benzothiepine-3,1"-cyclohexane)-1,1-dioxide (60) ..
. @ mg of white crystal, mp 209-210° C. Proton and carbon
A mp 209-210° NMR ..
@ . 8b-Phenyl-1a,2,3,8b-tetrahydrospiro{benzothiepino[4,5-
. bloxirene-2, 1'-cyclohexane)-4,4-dioxide (58) ... } of yellow
@ mp 154-1565° solid, mp 154-155° C. Proton and carbon NMR ..
@ trans-4-Hydroxy-5-phenyl-2,3,4, 5-tetrahydro
spiro{benzothiepine-3,1-cyclohexane)-1,1-dioxide (59) ...
. @ as a white solid, mp 99-100° C. Proton NMR. showed this
A mp 89-100°
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Whatever the Content...

e ...I12E can mine and extract with precision

e
i Scientific literature _

Scientific literature

Gene/Protein|Biomarker Disease | Doc
¥TRIM25 as a new potential Breast  [1|16144914| 1|Estrogen-responsive finger protein as a new potential biomarker for breast cancer.
biomarker for cancer
is a significant prognostic (Breast  [1/16144914| 1|CONCLUSIONS: Our data suggest that Efp immunoreactivity is a significant prognostic
factor in cancer factor in breast cancer patients.
was significantly Breast  [1|16144914| 1|Moreover, Efp immunoreactivity was significantly correlated with poor prognosis of breast
correlated with cancer cancer patients, and multivariate analyses of disease-free survival and overall survival for
151 breast cancer patients showed that Efp immunoreactivity was the independent marker.
¥BCL2 is a prognostic marker in |Breast  |1|{16638854| 1/Bcl-2 is a prognostic marker in breast cancer independently of the Nottingham Prognostic
cancer Index.
is an independent Breast  [1/16638854| 1|CONCLUSION: Bcl-2 is an independent predictor of breast cancer outcome and seems to
predictor of cancer be useful as a prognostic adjunct to the NPI, particularly in the first 5 years after diagnosis.
| |
Intention Treatment User Doc| |Hit
b Just got P my flu shot @4momama 11217 [1|@4momama._. Just got my flu shot and in meeting for the ___
b1 got P my flu shot @liliis9 b 2|657 |1|@Iilig9... | got my flu shot today!
b got P my flu shot {faaaaaaannie 11658 |1|@aaaaaaannie... got my flu shot but now dizzy from the __.
¥ Getting P my flu shot @amytnguyen 1737 1|@amytnguyen. . Getting my flu shot on
P a flu shot @oregonian b 3/650 1|@oregonian... Getting a flu shot (or twa)?
P flu shot (@bobbartz 1767 |1|@bobbartz. .. Getffing flu shot
P the flu shot {@akronbabygirl 11262 |1|@akronbabygirl... Getting the flu shot?
P flu shots @lauraanng 1180 [1|@lauraann9... Getting flu shots and having blood drawn is __.
P my free flu shot @brittag10 11752 1|@brittag10__. Getting my free flu shot!
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.... ahd Wherever

Patents Drug Labels
Internal Content ME[}% | Clinical Trials
[ C Content
l Publisher Provider
— “ I2E OnDemand u
|2E Enterprise
p J
I2E Platform
|2E Platform External
Content

* 12E 4.1 Linked Servers

e Users can query local information or information on the cloud

* Proprietary content can reside within Enterprise

e Standard sources e.g. patents can be hosted on the cloud, and shared by all users

e Data from content providers can reside on their sites

e Linguamatics



Bringing the Elephant Down to Size

e Data warehouses for data that you know you need

e Embedding text mining in other applications e.g. Enterprise
Search to provide benefits of semantic search

e Building specialized new interfaces to provide self-service
applications for end-users

e Continuing role for ad hoc text mining
— text mining can ask almost any question of the data

— you can never predict every question

- e Linguamatics



