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 It's all about data

» Cognitive systems & Watson
« Analytics

 Clinical decision support
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It’s all about data
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Data — the air we breath
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Big Data: This is just the beginning
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The characteristics of Big Data

Cost efficiently
processing the
growing Volume

20X 35 ZB

2010 2020
>

.~ Establishing the
Veracity of big
data sources

Responding to the
increasing Velocity

- 30 Billion
el RFID
% =8 sensors and
—= 4" counting
>

Collectively analyzing
the broadening Variety

‘ 80% of the
worlds data is

unstructured

1 Iin 3 business leaders don’t trust
the information they use to make

decisions
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Healthcare challenge: Poly-structured data
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A vision for patient care:

How data becomes the first line of treatment

Patient-centered care: a competency outcome map

Digitize View and
clinical Exchange of
information on health-related
an individual data via a
within each customizable
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Exchange Derive value Deliver clinical and
health-related and intalligencea patient knowlaedge to
data within and to improve care aenhance and
betwaan quality and paersonalize healthcare
anterprises outcomes and to |experience
curb costs

Advanced Clinical Decision Support

 Health Analytics

Health Information Exchange (Private)
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Cognitive computing &
Watson
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Eras of Computing

Cognitive
Systems Erag

Programmable
Systems Era

Discovery
Probabilistic

Big Data
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Intelligent options
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Systems Era
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Watson
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Taking Watson beyond Jeopardy!

Understanding Interacting Explaining Learning

Precise Answers
Specific Questions Question-In/Answer-Out & Accurate Confidences Batch Training Process

The type of murmur
associated with this condition
is harsh, systolic, and
increases in intensity with
Valsalva

Emily Dickinson 99% '::;EE!
Walt Whitman = 60% i
Barnard 10% il

From specific
guestions
to rich, incomplete
problem scenarios
(e.g. EHR)

Evidence analysis Move from
and look-ahead, guality answers
drive interactive to quality answers
dialog to refine and evidence

answers and
evidence

Scale domain
learning and
adaptation rate
and efficiency

Answers

rchonleud

sponses, Learnlng Questions

Input, Responses

Refined Answers, Follow-up
Questions

Rich Problem Interactive Dialog Comparative
Scenarios Teach Watson Evidence Profiles
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Capabilities of Cognitive Systems
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A New Partnership for a New Era of

Computing
The
Cognitive
Experience
Learning & Reasoning
Systems Humans
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Cognitive Computing

Complex reasoning and interaction extends human cognition

Finance
Enhance decision

J support

','L S| Healthcare
EY s/ Nl Surface best protocols
=—— tO practitioners

Legal
Suggest defense/
@ prosecution arguments

Telemarketing
Next generation —
persuasive — call center
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Analytics
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Prediction models are based on the data features

« A patient is represented as a vector of features

Single Nucleotide polymorphism
Copy number variation
whole genome sequence

EHR/EMR

Textual information

Physician’s summary

Prescriptions, Dosages,
Day supply etc.
Toxicity

Rescue Treatments

Prescriptions, Dosages,
Day supply etc.
Treatment changes
Rescue Treatments
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ICD9 codes
Past diaghoses
Co morbidities

Text analytics

Age
Gender
Others

Hospitalization events
Days in hospital
Hospitalization type:
Inpatient, outpatient, ER

Patient feature vector



HEALTHCARE TRANSFORMATION
Patient Similarity Analytics
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The Machine Learning Paradigm: Predictive analytics

Collect
real data

Periodic Training:
| Learn from the |atest
Medical health records / Training data

provided services / lab tests X }

Output:
A new Patient / Slreer;isctions
change In disease ] .
g Analysis recommendations
state / new o
. categorization
condition

visualization ...
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From Features to Outcome

Demographic data (age,
sex, country of living)

Diagnosis
Lab tests

Procedures

Index date

Outcome

(e.g. Good/bad
response)

Features
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Qutcome

time
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Analytics and decision support in care
provisioning
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Epilepsy — optimizing treatment PhormaTiaRas

UCB and IBM bet on big data to help
epilepsy

» Epilepsy is highly heterogeneous making it an ideal
disease to leverage real world evidence for a
personalized treatment approach

« Analytics used to process large volumes of claims data

« Goal: estimate outcomes of candidate therapies and
assist in desighing optimal treatment regimen

« Patients with epilepsy often desire different outcomes
- a treatment’s success is not determined solely by its
efficacy at treating symptoms

© 2014 International Business Machines Corporation
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Step 1: Predicting the Patient’s Outcome

Hospitalization outcome Treatment change outcome

True positive rate
True positive rate

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

© ¢ o o © o o 0O
N 0 A 0 O N ® © =

——Hospitalization (AUC = 0.642) -1r/ Treatment change (AUC = 0.725)
--—-Basline hospitalization {AUC = 0.569) , ----Basline treatment change (AUC = 0.607)

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
False positive rate False positive rate
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Approaches Explored

« Patients and features clustering
— K means (Euclidean)
— Newman (spectral clustering)
— Iclust (Based on information theory)
* Learning algorithms
— Logistic regression
— Random Forest
— KNN
— SVM
e With linear, polynomial and RBF(Gaussian) kernel
— Hierarchical model
e Based on failure event type
e Based on time to event

© 2014 International Business Machines Corporation
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Step 2: Assigning the Optimal Treatment

Actual given treatment

Optimal

predicted
treatment

Recommended Treatment

Ranked
predictions
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Optimal Treatment Prediction Evaluation

« Will the recommended treatment improve the patient’s outcome?
— Only a clinical trial can tell
e But

— Comparing the outcome in case of agreement/disagreement of the
given treatment with the predicted optimal treatment should provide
support

© 2014 Inte
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Use of the system has the potential to significantly impact patient health

Time to failure - Treatment change Time to failure - Hospitalization
pval = O pval = 0.0006
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© Probability of survival

Patients who were given the treatment recommended by the system had longer survival rates for

treatment change and the hospitalization outcomes
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What can the model tell us?

top features that correlated to a
negative treatment change
outcome

Number of concomitant AEDs at index date

PDC of old AED in &m prior to index date

Number of unigue treatments
12m before index date

Treatment at index date contains
1st Gen AED drug

Prior use (PDC) of GABA augmenting AED
Age + Age?’

Number of restarts in 12m before index date
Prior use (PDC) of Phenytoin

Treatmentat index date contains

GABA augmenting AED

Medicaid claim in 12m before index date
Prior use (PDC) of glutamate reducing AED
Treatment at index date contains

glutamate reducing AED

NMumber of prior non-epilepsy related ER visits

Using analytics on RWE data we can start to make
generalizations about which combinations provide
the best outcomes
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Success/failure ratio

corr = 0.30; ru.al
prodCC = II' 27

Number of distinct dr
= Number of distinct dr
m Number of distinct dr

1 P 3
Number of drugs in treatment

In patients taking
sodium channel
modifying and GABA
augmenting agents,
the probability of
success is higher if
rational polytherapy is
employed

the probability of
success with
polytherapy is
increased when the
drugs selected have
different mechanisms
of action

corr = 0.24; pval = 8.89937 e-119

prodCC = 0.13; pval = 1.69362 e-35
~ o ®S0dium channel modifying only
o o mGABA augmenting on[,
m Both
None

1 2 5
Number of drugs in treatment




Supporting cancer care

* Oncology CareTrio — Interactive decision support system
 Precision oncology based on genomics
» Decision support for policy makers

© 2014 International Business Machines Corporation
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Oncology Care Trio

» CareEdit — Clinical Guideline Editor:
— Defines, edits and maintains clinical guidelines at the organization level
- Reflects standard of care

« Evidence based as well as data driven

— Point of care decision support tool
e Guideline based and Data driven (on top of the

guidelines)
— Retrospective analysis of past care decisions
e Comperes guidelines to provided treatment at the
population level Learn

e Enables guideline refinements and personalized
medicine

e Generates clinical insights for better care at lower cost
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Oncology Care Trio — User Roles

© 2014 International Business Machines Corporation

* The experts panel uses CareEdit to define the

organization’s guidelines to support best standard of
care

* The physician uses to decide on the best
treatment based on the guidelines, her experience and
proficiency and additional inputs from patients and
peers

 The ward manager uses to review past
decisions against organization guidelines and achieved
outcome. She can then educate physicians and/or
recommend to modify organization’s guidelines

31



tem deployed in INT

IBM Oncology Care View

(11
A |
wim

Clinical Presentation

Filter based on different clinical presentation features:

Disease status: metastatic « | Tumar region: = | Tumor size: - | Tumaor -
resectability:

Histological type: « | Tumor grade: - | Tumaor depth:
Please select one clinical presentation:

Clinical presentation

Angiosarcoma metastatic sarcoma

Angiosarcoma metastatic sarcoma in the pulmonary region, non-resectable tumaor
Dermatofibrogarcoma metastatic sarcoma

Leiomyosarcoma metastatic sarcoma

Leiomyosarcema metastatic sarcoma in the pulmonary region, non-resectable tumer
Liposarcoma metastatic sarcoma

Ietastatic sarcoma

Ietastatic sarcoma in the pulmonary region, non-resectable tumor

Wetastatic sarcoma in the pulmonary region, resectable tumor

Meurcfibrosarcoma metastatic sarcoma

MNeurofibrosarcoma metastatic sarcoma in the pulmonary region, non-resectable tumor
Pleomorphicsarcoma metastatic sarcoma

Pleamorphicsarcoma metastatic sarcoma in the pulmonary region, non-resectable tumor
Synovialsarcoma metastatic sarcoma

Synovialsarcoma metastatic sarcoma in the pulmonary region, non-resectable tumor
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o %]
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=

3
6
1
1
3
7

Total: 15 Selected: 0

» B Recommended Treatment Programs

Filters Treatment Decisions Treatment Outcome Decision Analysis

~ Bytemporal parameters Adherence by Year 2 Adherence by Guideline Version 2 Gender distribution

Guideline version range:

Start Jun/08 Oct'10 Sepi/11 Oct/12
Start date:

Starting
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System deployed in INT

Treatment Decisions Treatment Cutcome Decision Analysis

Adherence by Year 7 Adherence by Guideline Version 7 Gender distribution

f\\\ ) ale (35)

%%
Adherence
e
Mumber of
Prescribed
Treatment
Programs

D%
Adherence
-
Number of
Prescribed
Treatment
FPrograms

% Adherence
sUondUDsaU 4O SN
% Adherence
SUOQDSl4 JO JRquIny

Female (7

Version

Prescribed Treatments 7 Actual Treatments : Care Flow

- Presentation Information Pathway Instance Graph:
149 entitizs / 17 nodes / 29 adzes

Presentation ID: 38
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System deployed in INT

* [ Recommended Treatment Programs

Filters Treatment Decisions Treatment Qutcome Decision Analysis

~ Bytemporal parameters Survival statistics

Guideline version range:

Start Jun/09 Oct10 Sep/11 OctM2  Now
Start date:

Starting when?

End date:

Until when?

¥ By clinical parameters
» By demographic parameters
v By encounter parameters

Zeftings

* Survival statistics

—Cwerall survival (250)

Patient Survival (%)

Time (years)
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Adherence assessment and deviations from clinical practice guidelines

Adherence is affected
by prognostic factors

Adherence is not affected
it by demographics
pptrestents;ltian | y g p

>

Average of all TPs

v

~Decide whether to prescribe ane of
the CPG recommended TPs for the

diagnosed clinical presentation -

Prescribe a TP
according to CPG
recommendations

Manage the actual TP
that is performed
according to CPG
recommendations

|: No deviation ]

Prescribe a TP
discordantly to CPG
recommendations

Manage the actual TP
that is performed
discordantly to CPG
recommendations

{ Deviation
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Understanding rationale for deviations from guidelines

Total amount

0 1

# of reasons for deviation per TP

Previous 29

treatment™~y

Current 5%
treatment

Other clinical

© 2014 International Business Machines Corporation

Patient preference

Comorbidities

Age

verall clinical condition
Acute symptoms

Other
clinical

Tumor size

Tumor depth

Number of metastases

Tumor resectability

Disease relapse

Histological type

No disease progression

3 4 >5 Disease progression
{O

Current Anticipated efficacy
treatment Impact on quality of life
AL New clinical knowledge

Previous Residual margins
treatment | Highly pre-treated patient

Cancer status

Patient Patient refusal
preference L Patient request

0 50 100 150 200 250
N = 1191 reasons
Number of Treatment Programs
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Cost per Genome

$100M

The genomics revolution

$10M

Moore's Law

$1M

$100K

s [ e
1 9 9 O = 2 003 genome.gov/sequencingcosts
Human Genome

$1K

PrOjeCt 2001 20:)2 20:)3 20:)4 20I05 20I06 20:)7 20:)8 20:)9 20I10 201|1 20I12 :)I‘:
2004-2010

2011-2020

Beyond

2020

Charting a course for genomic

Structure Biology Biology Science Translation medicine from base pairs to
o] o] o] o] to Healthcare bedside (Nature 2011).
Genomes Genomes Disease Medicine Green ED, Guyer MS, National Human

Genome Research Institute.
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Personalization of cancer treatment based on genomics

We now know that each cancer patient, and even - Thousands of mutations
each patient’s tumor, has a unique molecular * 20,000 genes

profile  Hundreds of pathways

This tumor heterogeneity is being addressed by the development of hundreds
of new targeted drugs

« Cancer trials account for about 40% of all
clinical trials

Prescribing drugs to cancer patients becomes a complex task which is beyond
the capability of even an expert oncologist

© 2014 International Business Machines Corporation
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The vision: precision oncology cloud service

The ‘query’: Future: IBM Precision The results:
Tumor molecular profile Oncology Service Report containing ranked list of
evidence-supported drug options
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Public health for Africa: Cervical cancer

Africa’s second highest cause of mortality, stems in poor awareness, scarce

access to timely screening and treatment and lack of strategic public health
infrastructure.

Our goal:

= boost awareness about Cervical Cancer

= improve monitoring and decision making

= promote a proactive approach to public health in Africa

Method

= A new system that leverages cloud and mobile technologies to gather, manage,
analyze and visualize data on cervical cancer in Kenya

© 2014 International Business Machines Corporation
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Solution Architecture

Health Facilities Primary Schools

ID, Name, phone# ID, Name, phone#,
Address (district) Address (district), Number
Type (services available) of students, type

< Cervical Cancer Screening Form - Districts statistics
nnnnnnnnnnnnn Population (per age group), Area,
uuuuuuuuuu ’
DVI coverage, county, province

M b | * Date of Birth
O I e ap p S : = Visits Patients
H H = | Fhonenc ID, patient ID, Facility ID, ID, Name, phone#,
MO b I I e C | I n I C y VISIT DETAILS N Date, provider ID DOB, Sex, Address
Date on | PatientID
B2 Date H
Collect data from e s = e eferrs
% (vac / screen/ treat) isit ID, reason,
E Location @| Diagnosis i , eferral date, referral
t h e fl el d Facllity Name and Code © Locgtion b ) facility 1D
> Facility ID
A
County ug, ee Treatment HPV Vaccinations
District Visit ID, treatment type, Visit ID, Type (GSK /
isit Typ result Merck), Dose #,

wisi E
. e e Gather
Treatmant

Centralized
registry

Data access and visualization application for
decision support

1 Carvical Cancer Care Gemm fosih €8 it g Totaciosm M

Probabilistic graphical model of cervical cancer
care
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Specific Scenarios of interest and their future impact can be checked

IBM Cervical Can

Scenarios: 1270 B0 4 Treat 354040 18Xt your

9-12 year vacdnate 35-40 year screen and
olds, current 9-12year olds, current treat 35-40
situation olds situation year olds units
cost I 12464287 dollars
lives saved in 10 year period 0 262. 0 1439.6 women
lives saved in 30 year period D 6526 i 4817.01 women
years of life saved in 10 year period i 214.63 i 1436.12 years
years of life saved in 30 year period 0 260.8. 0 17092.3 years
wamen in age group 2090597 2 38 1194738 women

healthcare savings in later 10 years 0 378¢ i 25130 dollars
cancer incidence rate in 10 years 30.29 . 3.32 A3 women per 100,000
cancer incidence rate in 30 years 80.37 50.2 58.1: 4.38 women per 100,000

Comparing the two plans, screening and treating all the 35-40 year olds has a large short term effect
and is cheaper while the vaccination costs more but saves more lives in the 30 year period
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New technology for a better quality of life
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Thank you

The 5th
Clinical Genomics Analysis Workshop Medical Informatics
June 15, 2014 @ IBM Haifa Innovation day

June 16, 2014 @ IBM Haifa
Co-Chaired with

The Safra Bioinformatics Center, Tel Aviv
University

Keynote: Prof Isaac Kohane, Harvard Medical School

Contact information

Dr. Ranit Aharonov, ranita@il.ibm.com, +972-3-7689-456
Machine Learning for Healthcare and Life Sciences
Analytics department, IBM Research - Haifa
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