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Agenda

( What is IBM Watson and why is it important? J

How is IBM putting Watson to work?

What can we expect in the future?

© 2012 International Business Machines Corporation




WATSON

Data volume is expanding at an incredible rate
...data will grow 800% in the next five years

..unstructured data grows 10-50X faster than
structured

Data is getting more social. . .
20M articles on Wikipedia
...30B pieces of Facebook content are shared monthly

..There are 156M public blogs )

"o
—

Browse | &

N
There are over 2.3B people on the Web today ...

... and a trillion connected objects — cars, appliances,
cameras, roadways, pipelines
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Businesses on a Smarter Planet are “dying of thirst in an
ocean of data”

90% 80% 20%

of the world’s of the world’s IS the amount of
data was created data today is available data
In the last two unstructured traditional systems
years leverages

| )+ ®
AV
1In2 83%

business leaders don’t of CIO”s cited Bl and of companies use
have access to data analytics as part of their analytics for competitive
they need visionary plan advantage

?
|
|
|
|
|

4 Source: GigaOM, Software Group, IBM Institute for Business Value"
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Healthcare Industry is beset with some of the most complex

WATSON

iInformation challenges we collectively face

kg

P

o ] = 1lin
Medical information 2 W

1S doub”ng every 5 \ diagnosis that are estimated to be
years, much of k inaccurate or incomplete

which is
unstructured

81% of physicians
report spending 5
hours or less per
month reading
medical journals

“Medicine has become too complex (and only) about 20% of the knowledge

clinicians use today is evidence-based”
- Steven Shapiro Chief Medical and Scientific Officer, UPMC
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Why is it so hard for computers to understand humans

Structured Data

Where was

Einstein Copenhagen
?
4

Source: Excel File, Database,; etc.

welch ran - ST E—
_

?
e

Source: Excel File, Database, etc.

Unstructured Data

“One day, from among his city
views of Ulm, Otto chose a
water color to send to Albert
Einstein as a remembrance of
Einstein “s birthplace”

Source: http://www.schaeffenacker-ulm.defen/otto.html

“If leadership is an art then
surely Jack Welch has proved
himself a master painter during
his tenure at GE”

Source: Jack Welch and the GE Way, Robert Slater
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Watson: How It Works

Training/Testing
guestions with medically
vetted answers

Retrieve content related to
the question using index
search on documents,
passages and structured
repositories

A variety of NLP algorithms
analyze the question and the
context to attempt to figure out
what is being asked. (nhamed
entities, relations, LAT
detection, question class)

Question Candidate Supporting

Analysis Answer Evidence

Context Search Filtering Retrieval

Analysis Result
Processing Context-
Dependent
Answer Scoring

Consider all the scored
evidence to produce a final
ranked list of answers with
confidence

Removes
candidates that
should not proceed
to remaining

phases

For each candidate
answer, retrieve more
content that relates that
answer to the question

Answers &
Confidence

Query Context-
Builder Answer Independent
Generation Answer Scoring

Build an
abstract query
from question
analysis

Runtinm > Pipeline

Many algorithms attempt to
determine the degree to which
the retrieved evidence supports

the candidate answers.

From retrieved content, extract the
words or phrases that could be possible
answers

Initial Scoring of
candidate answers
independent of
supporting passages

14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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Why is Jeopardy! so difficult?

Answering complex natural language questions requires more than keyword evidence

_ —— Legend

Keyword “Hit”

\ 4
% Reference Text
celebrated celebrated Answer

\ Weak evidence
400th

anniversary
This evidence suggests

“Gary” is the answer
BUT the system must
learn that keyword
matching may be weak
relative to other types of
evidence

14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation




WATSON
Watson leverages multiple algorithms to gather deeper evidence

Legend

Temporal Reasoning

+— Statistical Paraphrasing

+—+ GeoSpatial Reasoning

. Reference Text
Answer

Stronger evidence can be
much harder to find and
score...

= Search far and wide

= Explore many hypotheses
uoL |"'-,,,:_,\

b * Find judge evidence

: = Many inference algorithms
Spatial

g ...and the evidence is still
Vasco da not 100% certain

Gama

14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA
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Evidence must be Evaluated for Different Forms

* Temporal Reasoning

— Developed for Jeopardy! Has application in Healthcare as sequence or timing
of symptoms may be relevant

» Geospatial Reasoning
. Typical influenza in adults is characterized by sudden onset of chills, fever,
— Earth geograp hy a|gor|thms prostration, cough, and generalized aches and pains (especially in the back and

b k d f h b d legs). Headache is prominent, often with photophobia and retrobulbar aching.
e reworke or numan DO 3 Respiratory symptoms may be mild at first, with scratchy sore throat, substernal

(the Pain Started in my burning, nonproductive cough, and sometimes coryza.

fingertips and progressed Later, lower respiratory tract illness becomes dominant; cough can be persistent,
raspy, and productive. Gl symptoms may occur and appear to be more common

Up my left arm) with the 2009 pandemic H1N1 strain. Children may have prominent nausea,
vomiting, or abdominal pain, and infants may present with a sepsis-like

o Statistical Paraphrasing R

TEMPORAL REASONING EXAMPLE

—New A|90rlthm5 reqU|red tO, After 2 to 3 days, acute symptoms rapidly subside, although fever may last up to
for exam p|e Map between 5 days. Cough, weakness, sweating, and fatigue may persist for several days or
]

occasionally for weeks.

medical terminology and
lay terms.

1o 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation




WATSON
IBM Watson brings together a set of transformational
technologies to drive optimized outcomes

? Generates and
SVEIEES
nypothesis for
better outcomes

1 Understands

from
user selections

..built on a massively parallel probabilistic
and responses

evidence-based architecture optimized for POWER7

© 2012 International Business Machines Corporation




NEJM Medical Concept Annotations

Relations
causeOf
modifierOf
negationOf
partOf
remedyOf
resultOf

12

Diseases Symptoms

14 Feb. 2012

Chamarthi, Bindu; Morris, Charles A.; Kaiser, Ursula B.; Katz, Joel T.; Loscalzo;»Joseph
Stalking the Diagnosis

362/9/834

http://content.nejm.org/cgi/content/full/362/9/834 </citation_fulltext_html_url>

A 58-year-old woman presented to her primary care physician after several davs of dizziness, anorexia, dry
mouth, increased thirst, and frequent urination. She had also had a fever and reported that food would "get
stuck" when she was swallowing. She reported no pain in her abdomen, back, or flank and n@ cough,
shortness of breath, diarrhea, or dysuria. Her history was notable for cutaneous lupus, hyperlipidemia,
osteoporosis, frequent urinary tract infections, three uncomplicated cesarean sections, a left ocophorectomy
for a benign cyst, and primary hypothyroidism, which had been diagnosed & year earlier. Her imedications
were levothyroxine, hydroxychloroquine, praviistatin, and alendronate. She lived with her husbaind and had
three healthy adult children. She had a 20-pa Xk-year history of sn but had quit 3 weeks before
presentation. She reported no alcohoror drug| and no exposure to tuberculosis. Her family history
included oral and bladder cancer in her yaothidr, Graves' disease in two sisters, hemochromatosis in one
sister, and idiopathic thrombocytopenic puipuia in one sister.

Medications Modifiers

Dr. Martin S. Kohn | Clinical Decision Support: DeepQA

WATSON

Entity Types

FAMILY-DISEASE
FAMILY-SUBSTANCE-ABUSE

FINDING-BLOODPRESSURE

FINDING-HEARTRATE
FINDING-HEIGHT

1| FINDING-OXYGEN-SATURATIO
4| FINDING-RESPIRATORYRATE

ETNMTINE . TEMDED AT IDE
FINDING-TEMFERAITURE

FINDING-WEIGHT
MODIFIER-ANATOMY
MODIFIER-GENERIC
MODIFIER-NEGATION
MODIFIER-TIME
PATIENT-ACTIVITY-EVENT
PATIENT-AGE
PATIENT-ALLERGY
PATIENT-FEMALE
PATIENT-HAZARD-EXPOSURE
PATIENT-HEALTHSTATE
PATIENT-LOCATION
PATIENT-MALE
PATIENT-NAME
PATIENT-OCCUPATICN

© 2012 International Business Machines Corporation
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Matching Symptoms May Require Discovering Causal Chains

Observables: Patient Symptoms Hypothesis: UTI
Not directly explained by UTI UT]I directly explains
»Dysphagia (diff. swallowing) '7 -t
»Xerostomia (dry mouth) <:> > Fever .
> Thirst ~Anorexia
> Dizziness »Frequent urination

> ...
(Others explained by UTI)

To gain confidence in UTI as the diagnosis, we have to see if it is possible to match what
UTI does explain to what is observed but not directly explained.

Are there “causal” or logical entailments that can be mined from text and knowledge
bases that give some evidence that, for example,

fever can explain thirst and dry mouth?

difficulty swallowing can explain dry mouth? ....

13 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 IBM Corporation
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Putting the proper pieces together at the point of impact can be

life changing

kErRthaihs
HH Sty

2

cutaneous lupus
osteoporosis
hyperlipidemia
frequent UTI
hypothyroidism

urine dipstick:

O leukocyte esterase

=
=
-

= supine 120/80 mm HG

heart rate: 88 bpm
urine culture: E. Coli

Diagnosis Models

Confidence

Renal Failure

UTI
Diabetes

Influenza

Hypokalemia

Esophagitis

© 2012 International Business Machines Corporation




WATSON
Key Elements of the Clinical Diagnostic Reasoning Process

Knowledge

G ~ Patient’s story
\ & !

\J

Data acquisition -

Y
Accurate “problem representation”

Context 5

Generation of hypothesis

Y
Search for and selection of illness script <=

Y
Experience "~ Diagnosis

Bowen J. N Engl J Med 2006;355:2217-2225

T NEW ENGLAND

JOURNAL of MEDICINE
14 Feb. 2012

Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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Role of Electronic Systems in Improving Diagnhosis

e Filtering, organizing, and providing access to information ...
thoroughness in gathering the patient's history, findings from the physical
examination, and other data. ... The problem of having too much
Information is now surpassing that of having too little, and it will become
Increasingly difficult to review all the patient information that is
electronically available.

* Serving as a place where clinicians, together with patients, document
succinct evaluations, craft thoughtful differential diagnoses, and note
unanswered questions. Free-text narrative will often be superior to point-
and-click boilerplate ...

Can Electronic Clinical Documentation Help Prevent Diagnostic Errors?
Gordon D. Schiff, M.D., and David W. Bates, M.D. N Engl J Med 2010; 362:1066-
1069

16 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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Role of Electronic Systems in Improving Diagnhosis

* A better approach to managing problem lists is needed. The failure to effectively
integrate the creation, updating, reorganization, and inactivation of items on
problem lists into the clinician's workflow has been one of the great failures of
clinical informatics. ...allowing specific providers (for instance, specialists or
nonphysician staff members) to work selectively with a subset of problems are
necessary features ...

* Electronic systems should incorporate checklist prompts to make sure that key
guestions are asked and relevant diagnoses considered. ... diagnostic checklists
have so far been neither clinically helpful nor widely used. Yet, human memory
alone cannot guarantee that key questions will be asked and important diagnoses
considered and accurately weighed. Decision-support software and predictive
models have also had limited use to date, but both could become important if
their design were more practical and evidence-based — if, for example, they
automatically generated differential diagnoses that facilitated both documentation
and decision making.

Can Electronic Clinical Documentation Help Prevent Diagnostic Errors?
Gordon D. Schiff, M.D., and David W. Bates, M.D. N Engl J Med 2010; 362:1066-
1069

17 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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Leveraging Electronic Clinical Documentation to Decrease Diagnostic

Error Rates

* Providing access to information

» Recording and sharing assessments

* Providing prompts

* Providing access to information sources

Can Electronic Clinical Documentation Help Prevent Diagnostic Errors?

Gordon D. Schiff, M.D., and David W. Bates, M.D. N Engl J Med 2010; 362:1066-
1069

18 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA

* Ensure ease, speed, and selectivity of
information searches; aid cognition through
aggregation, trending, contextual relevance, and
minimizing of superfluous data

* Provide a space for recording thoughtful,
succinct assessments, differential diagnoses,
contingencies, and unanswered questions

* Provide checklists to minimize reliance on
memory and directed questioning to aid in
diagnostic thoroughness and problem solving

* Provide instant access to knowledge resources
through context-specific “infobuttons” triggered
by keywords in notes that link user to relevant
textbooks and guidelines

© 2012 International Business Machines Corporation
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A Range of Watson-enabled Healthcare Solutions

Care
nsideration
utomation

reatment
Protocol
Analysis

opulation
nalysis &
are Mgmt

Consumer
Portal -: -: reatment
thorization .
. Second
-- Opinion

ifferential Treatment Options

Patient
lagnosis

Patient
' Workup

lalty Diagnosis &
atment Options

Specialty
Research

.egiver Education Genomic-
based Analysis

Clinician

Patient
© 2012 International Business Machines Corporation
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Working Together to Beat Cancer

Cancer is an insidious disease and the second highest cause of death

1in4 3X WI

Respiratory 239320 161250 28%
individuals will die from cancer rate cancer cost climbs vs. std. e e

health costs or 15-18% / yr. Genital 338620 63980

e @ [
v Breast 232620 39970
I 0" S Urinary 132000 28970

Lymphoma 75190 20620

0 ' f Leukemia 44600 21780
20% - R Oral 30400 7900

of cancer cases receive the : i i
wrong diagnosis initially with wie USin 2010
some as high as 44%

SRR
SRR
SRR

Source: American Cancer Society, National Health Institute Working Together to Beat Cancer
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IBM Watson and WellPoint putting Watson to work

What if ...

healthcare could leverage the latest insights
improving the quality of patient care while
lowering costs?

—
WELLPOINT

WellPoint is doing it!

» First commercial applications of the IBM
Watson technology

* Processing treatment requests faster and
more efficiently

 Extended data assessment based on
research, clinical, medical, market and
patient data

» Applied learning based on action taken and
outcome derived

© 2012 International Business Machines Corporation
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Watson’s Reasoning

«“Shallower” reasoning over large volumes of data and presenting
alternatives to clinicians for the final decisions

« Casts a wide net
—Considers a large amount of data
EMR
Literature
—Unbiased
—Learns
*Not limited by a database structure
« Watson defers judgment until it has considered many possibilities

22 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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Watson’s Reasoning

 Hits sweet spot of human judgment
—Problems with bias

— Difficulty processing large arrays of evidence knows what additional
case input information could have improved the confidence in the
output analysis

e Health Care is inherently "uncertain.” Watson does not make a
diagnosis. It provides evidence-based information to help the clinician
make an informed decision.

e |dentifies missing information

*\Watson’s interactive process helps clinician vector in on the appropriate
decisions

23 14 Feb. 2012 Dr. Martin S. Kohn | Clinical Decision Support: DeepQA © 2012 International Business Machines Corporation
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From battling humans on Jeopardy! to changing the way the
world thinks, acts, and operates

) . . .
Healthcare Financial Services

Diagnostic/treatment assistance, | Investment and retirement
evidenced-based insights, @ planning, institutional trading
collaborative medicine : and decision support

Contact Center Government

Call center and tech support gl Public safety, improved
services, enterprise knowledge o information sharing, security,
management, consumer insight fraud and abuse prevention

IBM Watson and Smarter Analytics have the capabillities to
address grand business and societal challenges

© 2012 International Business Machines Corporation
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