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Outline 

• 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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Mobile Social 

Cloud 

Internet of Things 

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 
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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 
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Cognitive computing & 

Watson 
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Eras of Computing 

Cognitive  
Systems Era 

Programmable 
Systems Era 

Tabulating 
Systems Era  

Search 

Deterministic 

Enterprise data 

Machine language 

Simple outputs 

 

 

Discovery 

Probabilistic 

Big Data 

Natural language 

Intelligent options 
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Watson  



© 2014 International Business Machines Corporation 12 

Taking Watson beyond Jeopardy! 

Learning Understanding Interacting Explaining 

Specific Questions 

The type of murmur 

associated with this condition 

is harsh, systolic, and 

increases in intensity with 

Valsalva 

Question-In/Answer-Out      Batch Training Process 
Precise Answers 

& Accurate Confidences 

From specific 

questions 

to rich, incomplete 

problem scenarios 

(e.g. EHR) 

 

Rich Problem 
Scenarios 

Entire 

Medical 

Record 

Evidence analysis 

and look-ahead, 

drive interactive 

dialog to refine 

answers and 

evidence 
 

Interactive Dialog  
Teach Watson 

Refined Answers, Follow-up 
Questions 

Input, Responses 

Dialog 

Scale domain 

learning and 

adaptation rate 

and efficiency 

Continuous Training 
& Learning Process 

 Answers, 

 Corrections, Judgements 

Responses, Learning Questions 

Move from 

quality answers 

to quality answers 

and evidence 

 

Comparative 
Evidence Profiles 
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Capabilities of Cognitive Systems 

Cognitive 
Systems Era 

Watson 1.0 Watson 3.0 

Memory 

Learning 

Judgment 

Perception 

Reasoning 

Multi-modal 

Watson 2.0 
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The 

Cognitive 
Experience 

Learning & Reasoning  

Systems Humans 

A New Partnership for a New Era of 
Computing 
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Cognitive Computing 
Complex reasoning and interaction extends human cognition  

Legal 
Suggest defense/ 
prosecution arguments 

Telemarketing 
Next generation –  
persuasive – call center 

Healthcare 
Surface best protocols 
to practitioners 

Finance 
Enhance decision 
support 
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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 

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

Hospitalizations 

Prescriptions, Dosages,  
Day supply etc.  
Toxicity 
Rescue Treatments 

Drugs 

Prescriptions, Dosages,  
Day supply etc.  
Treatment changes   
Rescue Treatments 

Procedures 

ICD9 codes 
Past diagnoses 
Co morbidities 

Diagnoses 

Features 

Patient feature vector 

x1 

x2 

. 

. 

. 
 

xn 

Age 
Gender 
Others 

Demographics 

Single Nucleotide polymorphism 
Copy number variation  
whole genome sequence 

Genomic 

EHR/EMR 
Physician’s summary 
Textual information 

Unstructured 

Text analytics 
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The Machine Learning Paradigm: Predictive analytics 

Output:  

alerts   

predictions 

recommendations 

categorization  

visualization … 

Training 

Analysis 

Medical health records /  

provided services / lab tests 

Statistical Prediction Models 

2. Analysis – runtime process 

1. Learning 

A new Patient / 

change in disease 

state / new 

condition 

Periodic Training: 

Learn from the latest 

data 

Collect 

real data 
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Index date 

12 month 

Outcome 
(e.g. Good/bad 

response) 

time 

Demographic data (age, 

sex, country of living) 

From Features to Outcome 

Procedures 

Drugs 

Lab tests 

Diagnosis 

12 month 

Features Outcome 



© 2014 International Business Machines Corporation 21 

Analytics and decision support in care 

provisioning 
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Epilepsy – optimizing treatment 

• 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 designing optimal treatment regimen 

 

• Patients with epilepsy often desire different outcomes 
 a treatment’s success is not determined solely by its 
efficacy at treating symptoms 
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Step 1: Predicting the Patient’s Outcome 

Treatment change outcome Hospitalization outcome 



© 2014 International Business Machines Corporation 24 

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 

• With linear, polynomial and RBF(Gaussian) kernel 

– Hierarchical model 

• Based on failure event type 

• Based on time to event 
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Actual given treatment 

Step 2: Assigning the Optimal Treatment 
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predicted 

treatment 
Recommended Treatment 
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Optimal Treatment Prediction Evaluation 

• Will the recommended treatment improve the patient’s outcome? 

– Only a clinical trial can tell 

• But 

– Comparing the outcome in case of agreement/disagreement of the 
given treatment with the predicted optimal treatment should provide 
support 
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Use of the system has the potential to significantly impact patient health 
 

Patients who were given the treatment recommended by the system had longer survival rates for 
treatment change and the hospitalization outcomes 



© 2014 International Business Machines Corporation 28 

What can the model tell us? 
the probability of 
success with 
polytherapy is 
increased when the 
drugs selected have 
different mechanisms 
of action 

top features that correlated to a 
negative treatment  change 

outcome 

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

Using analytics on RWE data we can start to make 

generalizations about which combinations provide 

the best outcomes 
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Supporting cancer care 

 

• Oncology CareTrio – Interactive decision support system 

• Precision oncology based on genomics 

• Decision support for policy makers 
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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 

• CareGuide - Physician Advisor:  

– Point of care decision support tool  

• Guideline based and Data driven (on top of the 
guidelines) 

• CareView – Decisions Review:  

– Retrospective analysis of past care decisions 

• Comperes  guidelines to provided treatment at the 
population level 

• Enables guideline refinements and personalized 
medicine  

• Generates clinical insights for better care at lower cost 

 

Define 

Decide 

Review 
Learn 
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• The experts panel uses CareEdit to define the 

organization’s guidelines to support best standard of 

care 
 

• The physician uses CareGuide 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 CareView to review past 

decisions against organization guidelines and achieved 

outcome. She can then educate physicians and/or 

recommend to modify organization’s guidelines 

 

Oncology Care Trio – User Roles 

Treating Physician 

Ward Manager 

(Reviewer) 
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System deployed in INT 
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System deployed in INT 
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System deployed in INT 
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Adherence assessment and deviations from clinical practice guidelines 

Adherence is affected 
by prognostic factors 

Adherence is not affected 
by demographics 
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Understanding rationale for deviations from guidelines 
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Structure 

of 

Genomes 

Biology 

of 

Genomes 

Biology 

of 

Disease 

Science 

of 

Medicine 

Translation 

to Healthcare 

1990-2003 
Human Genome 

Project 

2004-2010 

2011-2020 

Beyond 

2020 

Charting a course for genomic 

medicine from base pairs to 

bedside (Nature 2011).  
Green ED, Guyer MS, National Human 

Genome Research Institute.   

The genomics revolution  
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We now know that each cancer patient, and even 
each patient’s tumor, has a unique molecular 
profile 
 
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 
 

As a results, precision oncology decision support 
will become the standard of care 
 

Personalization of cancer treatment based on genomics 

• Thousands of mutations 

• 20,000 genes  

• Hundreds of pathways 
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Current: mostly manual 

process 

 

 

Batch processing:  

Comprehensive corpora of 

biomedical insights and 

supportive evidence  

A clinical report that provides ranked list of treatment options 
based on tumor molecular profile 

The ‘query’: 

Tumor molecular profile 

The results: 

Report containing ranked list of 

evidence-supported drug options 

The vision: precision oncology cloud service 

Future: IBM Precision 

Oncology Service 
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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 

 

 

 

 

“Instead of waiting for the patient to come to the clinic, the clinic comes to the patient” 
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Solution Architecture 

Manage 

Analyze View 

Gather 

Existing repositories:

Kenya openData
HISKenya.org

DBPedia
Kenya gov ?

Simulation with
Cervical cancer 

management model

Population sizes 
Health facilities
Primary schools
DVI vaccination coverages

Patient ID
Date
Action 

(vac / screen / treat)
Diagnosis
Location
Facility ID
Age

Sim
ul

at
ed

 EM
Rs

Patients
ID, Name, phone#, 
DOB, Sex, Address

HPV Vaccinations
Visit ID, Type (GSK / 
Merck), Dose #, 

Health Facilities
ID, Name, phone#
Address (district)
Type (services available)

Screening
Visit ID, Screening type (VIA 
VILI PAP), Screening result, 
HIV status, …..

Curated DB

Districts statistics
Population (per age group), Area, 
DVI coverage, county, province

Primary Schools
ID, Name, phone#, 
Address (district), Number 
of students, type

Visits
ID, patient ID, Facility ID, 
Date,  provider ID

Treatment
Visit ID, treatment type, 
result

Referral
Visit ID, reason, 
Referral date, referral 
facility ID

Centralized 

registry 

Mobile apps:  

Mobile clinic, 

Collect data from 

the field 

HPV

Current 
Age

group

HIV

Vaccinated 
(in 9-13)

Attended 
primary 
school

Health 
facility 
nearby

Rural / 
urban

cervical cancer 
status

got 
treatment 

(Cryo / LEEP)

In 
registry

county

VIA 
Screening 

result

Data access and visualization application for 

decision support 

Probabilistic graphical model of cervical cancer 

care 
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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  

Specific Scenarios of interest and their future impact can be checked 
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New technology for a better quality of life 
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The future of healthcare 
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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 

The 5th  

Clinical Genomics Analysis Workshop  

June 15, 2014 @ IBM Haifa 

 

Co-Chaired with 

The Safra Bioinformatics Center, Tel Aviv 

University 

 

 

Medical Informatics  

Innovation day 

June 16, 2014 @ IBM Haifa 

 

Keynote: Prof Isaac Kohane, Harvard Medical School 

Thank you 


