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 Overview of Artificial Intelligence (AI) in Medicine/Oncology

• Machine Learning & Deep Learning

• Advantages of AI in Medicine/Oncology

• Challenges of AI use in Medicine/Oncology

 AI Solutions answering Oncology challenges

 Research Findings of AI use

 Future of AI in Medicine/Oncology

AGENDA
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Tabulating

Systems Era
1900 – 1940s

Programmable

Systems Era
1950s – Present

Artificial 

Intelligence Era
2011 –
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IBM Leadership in AI and Health

1962

1981

1997

2005

2008

2010

2011

2012

2014

2015

2016

2017

Today

Richard Feynman 

urges creating 

quantum computer 

at MIT/IBM 

conference

IBM’s Deep Blue beat 

the world chess 

champion Garry 

Kasparov in a six-

game match 

The next

GRAND 

CHALLENGE

Cognitive test case 

results in creation 

of Watson.

IBM enables an 

“evidence-based 

healthcare 

ecosystem”

MIT & IBM $240M 

collaboration

7,000
employees 

13,000+
clients & partners 

Watson Health © IBM Corporation 2020

IBM developed and 

implemented  an 

early EMR with  

Akron Children's 

Hospital
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QUANTITY AND TYPES OF INFORMATION RELEVANT IS EXPLODING

Sources: 1. IBM
2. IBM

Data Explosion
Physician shortage and 

burnout rising
Medical images growing 
and taking valuable time

Managing vulnerable 
populations is essential

Medical data is 
expected to double 
every 73 days by 
20201

300M books 
How much health-
related data each 
person will generate 
in a lifetime2

12.9 Million
Expected global 
shortage of 
healthcare workers 
by 20353

½ of the workday
Primary care 
physicians spend 6 
hours interacting 
with the EHR during 
and after clinic 
hours4

60 Billion
Medical images 
generated in the US 
in 20155

64% of Time
radiologists spend on 
non interpretive 
tasks4

40% Growth
Expected from 2014-
2030 for the US 
population age 65 
and over6

$47 Trillion
Estimated global 
economic 
impact of chronic 
disease 
by 20307

3. WHO
4. Tethered to the EHR: Primary Care Physician Work-load Assessment using EHR Event Log Data and Time-Motion Observations

5. Journal of American College of Radiology
6. MedPac

7. WHO

IBM Watson Health / © 2020 IBM Corporation, SM 195 Rev 1



Each factor that impacts health is increasing in volume and 
complexity
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2010 2020

We are Here

44 zettabytes

Sensors 
& Devices

Natural 
Language

Enterprise 
Data

Medical
Images

Images/
Multimedia

Each person will 
generate 300M 
books of health-
related data in a 
lifetime1



1Makery MA. BMJ. 2016; 353:i2139. 
2Sinsky C et al. Ann Intern Med.  2016:165(11):753-760.
3McGlynn EA et al. N Eng J Med. 2003; 348(26):2635-45. 

4Shrang WH et al.  JAMA 2019.
5IBM Pulse Survey 2019. 
6Satcher D et al. Health Affairs. 2005;24(2):459-464. 

Medical Errors 
3rd leading cause 

of death1

Recommended 
Care

55% of adults3

Deaths Due to 
Racial Disparity  

83,0006

Difficulty paying for 
healthcare within 

past 3 months
22%5

Waste 
$760 - $935 billion 4

8

Scientific Evidence Says We Are Falling Short

Physician EHR and 
Desk Work 

2 out of 3 minutes2

https://www.ncbi.nlm.nih.gov/pubmed/?term=27143499
https://www.ncbi.nlm.nih.gov/pubmed/?term=27595430
https://www.ncbi.nlm.nih.gov/pubmed/12826639
https://www.ncbi.nlm.nih.gov/pubmed/31589283
https://www.ibm.com/watson-health/learn/pulse-surveys
https://www.ncbi.nlm.nih.gov/pubmed/15757931


COGNITIVE SYSTEM 

ATTRIBUTES
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Understanding

Measured by the ability to interpret and derive actionable 

information and knowledge

Reasoning
Ability to link together data and knowledge elements, draw 

connections from information resources and solve problems 

using the information 

Learning
Extent the system improves over time with exposure to new data

Interacting
Recognition of and leveraging available content to fit naturally in 

workflow and provide interactions that work best for users

IBM Watson Health / © 2020 IBM Corporation



Humans excel at:

Humans + AI = augmented intelligence

AI excels at:

common sense

morals

compassion

imagination

abstraction

generalization

natural language

pattern identification

locating knowledge

machine learning

reducing bias

repetition and consistency 

IBM Watson Health / © 2020 IBM Corporation



 Founded in 1950’s

• Ability for machines to execute human behavioral tasks

• Iterative process that ascertains data relationships allowing for 

speedier performance over time

 Prevalent use in transportation, communications, and social platforms

 1980’s: Machine Learning (ML)

 2000’s+: Deep Learning (DL)

AI BACKGROUND

8IBM Watson Health / © 2020 IBM Corporation



AI Term 
Definitions

IBM Watson Health / © 2020 IBM Corporation Steven Astorino  Vice President of Development, IBM Analytics. 
https://dzone.com/articles/navigating-the-ai-and-cognitive-maze12
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Oleksii Kharkovyna. The A-Z of AI and Machine Learning: Comprehensive Glossary. https://towardsdatascience.com/the-a-z-of-ai-and-machine-learning-comprehensive-

glossary-fb6f0dd8230 

https://towardsdatascience.com/@oleksii_kh?source=post_page-----fb6f0dd8230----------------------


IBM Watson Health / © 2020 IBM Corporation
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Natural Language Processing

Lung Cancer

A 52 year old man born in Cleveland, developed hip pain. He is a 28 pack year smoker who quit 7 

years ago. PMH negative. A chest CT revealed bilateral lung and multiple lesions in ribs. A pelvis MRI 

revealed multiple bony lesions consistent with metastases. His exam in normal. KPS 70%. A core 

needle biopsy of a lung lesion revealed adenocarcinoma. Additional cores have been submitted for 

mutational testing. His pain is poorly controlled with ATC Percocet. You change to a fentanyl patch 

but nausea and dizziness result and pain is still not controlled. 

Finds and breaks down language into concepts, while 

understanding the relationships between them.
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DIFFERENT KINDS OF DATA

Structured Unstructured



food would “get stuck” 
when she was 
swallowing …can cause food to move 

slowly in the esophagus. 

…food gets held-up…

pneumaturia

bubbles in the urine

Abdomen Pain
Flank Pain

Lower Back Pain

swallowing difficulty…

Abdomen Pain exacerbated by exercise

between the upper 

abdomen and the 

back

Kidney Pain

Urination Pain

Dysuria

sudden onset of chills

chills

coryza

cold

productive cough

productive cough after 
nonproductive cough 

Fever after acute 
symptoms subside… 

Fever

Temperature

High
Temperature

Causation Location

Magnitude

Negation

Terminology

Terminology

Chronology
Causation

Terminology

Chronology

Normal QRS Pattern

Delta-Wave

Abnormal QRS Complex

PR Interveral

nonproductive cough

Chronology

Domain

NLP ASSOCIATIONS

IBM Watson Health / © 2020 IBM Corporation
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ARTIFICIAL INTELLIGENCE 

Using Machines to perform human-level tasks



 Unstructured Data remains challenging to capture

 Pre-engineered data organization relied upon for input into structured datasets.

 Deep Learning is nascent and evolving to handle this dilemma.

• Imaging, Natural Language Processing (NLP), Sequence Prediction 

exemplify applications for DL

• Allows for significant possibilities within Healthcare

o Precision Medicine

o Mobile Health Interfaces

CHALLENGES IN AI & HEALTHCARE

21IBM Watson Health / © 2020 IBM Corporation



 Convolutional Neural Networks (CNN)

• DL architecture that analyzes pixel-level information from images

• Allows for delineation of lines, curves, and objects in the images

• Studies show base equivalency to humans in classification and detection

o Dermatological, Radiology, and Photographic images use CNN with high 

accuracy in several studies.

AI & CANCER IMAGING

22IBM Watson Health / © 2020 IBM Corporation

1. Webster DE, Suver C, Doerr M, et al. The Mole Mapper Study, mobile phone skin imaging and melanoma risk data 

collected using ResearchKit. Sci Data. 2017;4:170005

2. Yamade M, Saito Y, Imaoka H et al. Development of a real-time endoscopic image diagnosis support system using deep 

learning technology in colonoscopy. Sci Rep. 2019 Oct 8;9(1):14465. doi: 10.1038/s41598-019-50567-5. 

Yamada M et al.



AI & DIGITAL PATHOLOGY

25

 DL shown in automated 

Gleason grading of prostate 

adenocarcinoma 

Hematoxylin and Eosin–

stained (H&E) specimens to 

have 75% concordance 

between the algorithm and 

pathologists.

Arvaniti E, Fricker KS, Moret M, et al. Automated Gleason grading of prostate cancer tissue microarrays via deep learning. Sci 

Rep. 2018;8:12054. https://www.nature.com/articles/s41598-018-30535-1#rightslink

IBM Watson Health / © 2020 IBM Corporation



American Academy of Dermatology, September 

2017 
Comparison of the accuracy of computer algorithms to dermatologists for the 

diagnosis of melanoma from dermoscopic images 86%

71%

60%

70%

80%

90%

100%

Algorithm Dermatologists

Fusion algorithm v. 

dermatologists (N=100)

“Deep learning computer vision systems 

classified melanoma dermoscopy images 

with accuracy that exceeded some but 

not all of the dermatologists.”

26

J Am Acad Dermatol. 2018 Feb;78(2):270-277.e1. doi: 10.1016/j.jaad.2017.08.016. Epub 2017 Sep 29.

Results of the 2016 International Skin Imaging Collaboration International Symposium on Biomedical Imaging challenge: Comparison of the accuracy of computer 

algorithms to dermatologists for the diagnosis of melanoma from dermoscopic images.

Marchetti MA1, Codella NCF2, Dusza SW1, Gutman DA3, Helba B4, Kalloo A1, Mishra N5, Carrera C6, Celebi ME7, DeFazio JL1, Jaimes N8, Marghoob AA1, Quigley E1, Scope 

A9, Yélamos O1, Halpern AC10; International Skin Imaging Collaboration.
IBM Watson Health / © 2020 IBM Corporation

https://www.ncbi.nlm.nih.gov/pubmed/28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marchetti MA[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Codella NCF[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dusza SW[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gutman DA[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Helba B[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalloo A[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra N[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carrera C[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celebi ME[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeFazio JL[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaimes N[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marghoob AA[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quigley E[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scope A[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%A9lamos O[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halpern AC[Author]&cauthor=true&cauthor_uid=28969863
https://www.ncbi.nlm.nih.gov/pubmed/?term=International Skin Imaging Collaboration[Corporate Author]


 Electronic Health Records (EHR)/ Electronic Medical 

Records (EMR)

• NLP being used to predict disease development in large 

healthcare systems

o Mt. Sinai (US) used DL-AI algorithm with 93% accuracy

o Included Cancers of Prostate, Rectum and Liver

• Cancer Toxicity

o Novel discovery of drug-drug interactions

o Toxicity from prostate (urinary/rectal), liver 

(hepatobiliary), and cervical (rectal) radiotherapy using 

dosimetric data from EHR

AI & DATA OUTCOMES

27
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1. Miotto R, Li L, Kidd BA, Dudley JT. Deep patient: an unsupervised representation to predict the future of patients from the 

electronic health records. Sci Rep. 2016;6:26094.

2. Zitnik M, Agrawal M, Leskovec J. Modeling polypharmacy side effects with graph convolutional networks. Bioinformatics. 

2018;34:i457-i466.

CNN approach was used to predict side effects of polypharmacy combinations based on databases of protein-protein and 

drug-protein interactions.

Miotto, R et al.



 Using published research, clinical trial enrollment, drug development, and 

biomarker discovery opportunity for AI to assist in synthesizing this data and 

support/inform physician decision-making

• Utilize DL and natural language processing to achieve this aim. 

• AI designed to link patient data to clinical trial databases and to match patients 

to appropriate clinical trials

• AI utilizing ML to select appropriate investigational drugs in development for 

given patients 

• AI coupled with patient data, expert guidance, and national treatment 

guidelines to guide cancer management 

AI & DATA OUTCOMES

28IBM Watson Health / © 2020 IBM Corporation



 External validation and proving generalizability

• Complexity of neural networks and the large number of parameters creates a 

tendency for detailed models unable to generalize across diverse populations.

• Due to heterogeneity of medical data across institutions, several external 

validation sets required to prove accurate performance

 Data Restrictions

• Lack of data for organizations to use AI algorithms 

o Privacy restrictions

• Large amount of data needed for DL

o Problematic in disease with less prevalence

CHALLENGES IN AI

29IBM Watson Health / © 2020 IBM Corporation



 Opaque logic of the AI

• Limited ability to determine precise logic behind DL-based predictions 

• Traditional ML algorithms (i.e. linear regression) are limited to model complex 

relationships, but offer easy interpretability

o There is a set of pre-defined weighted features used to bring output

o DL utilizes unstructured input data with the bulk of knowledge generation 

from hidden layers. 

 Lack of data science training in Clinicians

• Limits ability to adopt technology more readily

• Data Scientist lack insight into appropriate clinical use cases 

CHALLENGES IN AI

30IBM Watson Health / © 2020 IBM Corporation



 Medical imaging relies heavily on deep learning architectures designed and 

trained on natural images

• Medical images are also used to further fine-tune models enhancing ability to 

recognize image patterns in training data but not generalizable to new image 

patterns. 

• Additionally, training a new model architecture needs a large number of images

that may not be readily available.

 Data challenges include differences in images from patients with different 

ethnicities 

 Light vs. dark skin produce disparities in AI model’s decisions. 

 A model trained on lighter skin individuals will perform better on lighter skin 

patients than dark skin patients.

CHALLENGES IN AI

31IBM Watson Health / © 2020 IBM Corporation

1. Henglin M, Stein G, Hushcha PV, Snoek J, Wiltschko AB, Cheng S. Machine learning approaches in cardiovascular imaging. Circ Cardiovasc Imaging 2017; 10 (10) e005614 

2.      Fei Wang and Anita Preininger. AI in Health: State of the Art, Challenges, and Future Directions. Yearb Med Inform 2019; 28(01): 016-026. DOI: 10.1055/s-0039-1677908

https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0039-1677908/id/JRwang-26


Our AI footprint

IBM Watson Health / © 2019 IBM Corporation / SM-252 Rev 1.0

Human + machine = greater than the sum of its parts

touched by IBM cognitive 

health applications

118,000 
patients 

400+ patents
granted or pending for Watson 
Health

IBM is

ranked 1st in 
US patents

46,000 cancer patients 
touched to date by Watson Health 

oncology offerings

25+ patents
granted in deep learning 

applications for healthcare 

and life sciences

40+ peer-reviewed 

publications, abstracts, and 

presentations on cognitive 

applications published by Watson 

Health

100+ journal 

publications 
on deep learning applications in 

health published by IBM Research

clinical and claims data records

295 million

clients and partners

13,000+

33
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Offering available

Part. Avail., addit ional cognitive integration in process

In development  /  **IBM Research

Program Integrity 

Watson Care Manager

Social Program 
Management 

Government Imaging

IBM Clinical Development

Watson for 
Drug Discovery

Life sciences

Clinical Trial Matching 
for Oncology

Oncology 

& Genomics

Value-Based 

Care

Real World Evidence

Not available /  or divesting

Watson Health Offerings by Pillar – Availability in Latin America

M
a
rk

e
t 

F
it

 /
 G

ro
w

th
 P

o
te

n
ti

a
l

Watson for 
Oncology

Watson for 
Genomics

Market Access (Heartbeat)

IBM Micromedex

Simpler

IBM Explorys Provider

ActionOI

IBM Flexible Analytics for 
Provider

“Cardiac Advisor” **

“Breast Advisor” **

Patient Synopsis

Merge PACS

iConnect

Ophthalmology

Stakeholder Management
IBM Care Discovery 
Quality Measures

Clinical Review



Watson Health is working to enhance the 

ability of cancer care specialists to make 

sense of health information with three 

powerful cognitive solutions:

Watson for Oncology 

- Evidenced-based treatment 

recommendations based on 

individual patient profiles

- Recommendations derived 

from published guidelines and 

top cancer center expertise

Watson for Genomics 

- Molecular profiling of tumors

- Automated translation into 

actionable insights of relevant 

genetic mutations and 

associated treatments

Watson for 

Clinical Trial Matching

- Research, guideline and patient 

record analysis 

- Automated trial identification

- Trial comparison

- Trial management dashboards

Watson Health © IBM Corporation 2020



HOW IT WORKS

39

Use those attributes to help 

identify candidate treatment 

options as determined by 

expert guidance

2
Search a corpus of 

evidence data to find 

supporting evidence for 

each option

3

Extract key attributes from 

a patient’s case

1 Use Watson’s analytic 

algorithms together  with 

expert guidance to help 

prioritize treatment options 

informed by evidence.

4

Prioritized Treatment 

Options

+

Evidence Profile

Watson for Oncology

– Inclusion/exclusion criteria

– Co morbidities

– Contraindications

– FDA risk factors

– MSK preferred treatments

– Other guidelines

– Published literature-studies, 

reports, opinions from text 

books, journals, manuals, etc.

Patient case
61 y/o woman s/p 

mastectomy is here to 

discuss treatment 

options for a recently 

diagnosed 4.2 cm 

grade 2 infiltrating 

ductal carcinoma…

Candidate 

treatment 

options

Key case 

attributes

Supporting 

evidence

Expert Treatment Options 

from Memorial Sloan 

Kettering (MSK)

IBM Watson Health / © 2020 IBM Corporation
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Shared-decision Making in 
Prostate Cancer with Clinical 
Decision-support

IBM Watson Health / © 2020 IBM Corporation

|  Rocha HAL et al. J Clin Oncol. 2019; 37(suppl) abstract 
16576.

Variation in prostate cancer treatment exists.  CDSS [clinical 
decisions-support systems] therapy options may be useful in 
quantifying and modifying unwarranted variations in prostate cancer 
treatment.

Concordant; 54%
Partially concordant; 

15%

Discordant, 31%

Concordance: WfO treatment option and chosen 
chosen treatment

Clinical decision-support systems may 
play a role in facilitating shared decision 
making when a single standard of care is 
lacking.

Watson for Oncology facilitated a 
process for in Brazil. 

53%
of discordant cases due to 
patient preference for 
treatment versus active 
surveillance 

* Excerpt from abstract



Right
information

Right person
In the right
intervention 

format

Through the 
right channel

At the right
time in the 
workflow

IBM Watson Health / © 2020 IBM Corporation

An Evaluation of Artificial 

Intelligence-based Clinical 

Decision Supports Use in 

Brazil
|  Rocha HAL. et al. J Clin Oncol. 2019; 37(suppl): 

abstract e18081.

The goal of the study was to 

investigate how the implementation 

of Watson for Oncology (WfO) affects 

clinical decision-making and workflow 

at the Instituto do Câncer do Ceará in 

Brazil. 

*AHRQ overview of CDS Five Rights

The Clinical Decision Support (CDS) Five Rights framework*:

The results from oncologists (n=7 oncologists; 903 cases) surveyed 

on the use of Watson for Oncology and the CDS Five Rights 

Framework found:

71.4%
Expressed positive statements pertaining to the 

use of WfO

86%
Agreed that WfO provides actionable information 

about treatment decisions

86%
Agreed that WfO provides information about treatment 

decisions at the right time in a clinician’s work flow

* Excerpt from abstract

https://healthit.ahrq.gov/ahrq-funded-projects/current-health-it-priorities/clinical-decision-support-cds/chapter-1-approaching-clinical-decision/section-2-overview-cds-five-rights
http://:  https://healthit.ahrq.gov/ahrq-funded-projects/current-health-it-priorities/clinical-decision-support-cds/chapter-1-approaching-clinical-decision/section-2-overview-cds-five-rights


A Systematic Review of 

Concordance Studies Using 

Watson for Oncology (WfO) 

to Support Breast Cancer 

Treatment Decisions:  A 

Four-Year Global Experience

IBM Watson Health / © 2020 IBM Corporation

| Arriaga YE et al. Accepted for the December 10-14 

2019 San Antonio Breast Cancer Symposium. 

MTB/WfO concordance than 

ICs/WfO concordance (P < .0001)

Mean concordance for all studies (range 55 – 98%)

Mean concordance with MTBs (range 79 – 98%)

Mean concordance with ICs (range 55 – 76%)

70.8%

90.7%

59.9%

Nine breast cancer concordance studies, from China, India and Thailand,  

with were identified and reviewed.  Five studies determined 

concordance with MTB and four with ICs.

Study systematically reviewed the 

results of concordance studies for 

breast cancer  measuring concordance 

between WfO therapeutic options and 

treatment recommendations by 

multidisciplinary tumor boards (MTBs) 

or individual clinicians (ICs).

“Higher concordance was observed between WfO and MTBs versus WfO and 

ICs, likely reflecting the multidisciplinary expertise having greater agreement 

with evidence and guideline-based recommendations of WfO than decisions 

of individual clinicians .”



to reduce cognitive burden on oncologist[s] by providing expert, updated, recent evidence-based 
[evidence-informed] insights for treatment-

A Prospective Blinded Study of 1000 Cases Analyzing Role of Artificial 
Intelligence.  Watson for Oncology in Change of Decision Making of a 
Multidisciplinary Tumor Board (MDT) From a Tertiary Care Cancer Centre

IBM Watson Health / © 2020 IBM Corporation

|  Somashekhar SP et al. ASCO 2019.

MDT evaluated 1,000
breast, lung, and colorectal cancer cases

MDT was presented with 
Watson 
for Oncology’s treatment 
options

MDT reviewed 
and finalized 
their decision

The MDT changed their decision in 13.6% of the cases.

Reason for 

Treatment Change

Percent

Evidence for newer 

treatment(s)
55%

More personalized 

treatment alternatives
30%

New genotypic, 

phenotypic and clinical 

insights

15%

* Excerpt from abstract



Use of Machine Learning to Identify 
Relevant Research Publications in Clinical 
Oncology  

IBM Watson Health / © 2020 IBM Corporation

| Suarez Saiz F, Sanders C et al. ASCO 2019.

"The use of machine learning to 
identify relevant publications 
may reduce the time clinicians 
spend finding pertinent 

papers were classified with 

(95% CI, 0.9-0.96; p < 0.0001); 

and

A model was trained, using abstracts 
and titles from PubMed, to identify 
relevant clinical papers based on 
articles cited by 3 expert oncology 
sources.

NCCN

NCI - PDQ

Hemonc.org

Balanced 
Training Data

On-topic set:  

cited in at least two 
expert sources

Off-topic set:

published in lower-
ranked journals

* Excerpt from abstract



• Rapid “within minutes” interpretation 

• Hence, accelerates the clinician’s access to information 
regarding therapeutic options

• Highly scalable – panels of varying sizes, whole exome, 
whole genome

• Increase the number of patients who can have access to 
individualized, precision cancer treatment by matching 
them with information related to molecular targeted 
therapies that are supported by evidence

• WFG excels at reading literature – thus is able to perform 
interpretation for known variants as well; the “long tail” 
of variants which manual/ semi-automated methods may 
not be capable of

• All cancers included in WFG interpretation

• Assist cancer care teams to keep up with the relevant 
literature published and available clinical trials

Courtesy: Dr. Warren Kibbe, Director of the Center for Biomedical Informatics and Information Technology (CBIIT) at the National Cancer 

Institute

WATSON FOR GENOMICS

IBM Watson Health / © 2020 IBM Corporation



1. Reyes-Aldasoro CC. PLoS ONE. 2017;12(3):e0173671.
2. Reily GR. Lung Cancer IASLC News. Accessed August 9th, 2018 
3. Julianne D et al. Drug Resistance Updates. 2017;30:48-62.
4. Aitken M et al. Global Oncology Trends 2017. (IQVIA, 2017). 

5. Heymach J et al. J Clin Oncol. 2018; 36, 1020 1044. 
6. Marquart J et al. JAMA Oncol. 2018;4(8):1093 1098.
7. Mersch J et al. JAMA. 2018;320(12):1266-1274.

3 million
Average number of 
publications related 
to cancer1

9 times
NCCN Guidelines 
changed for NSCLC 
in 20172

87%
Of Pharma pipe is biomarker driven 
drugs targeting late-stage cancer4

600% 
Increase from 2006 to 2018 in % of US 
patients with cancer estimated to 
benefit from genome-targeted therapy6

~50%
Of new FDA-approved cancer therapies 
(2016-17) require  specific molecular 
features5

117
FDA-approved biomarker-based 
drugs for cancer3

25% 
The percent of 
variants of 
uncertain 
significance (VUS) 
that were 
reclassified7

Staying Current with Genomic Information Needs a 
New Approach
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WATSON FOR GENOMICS: How it Works
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Performance and Validation of 
a Tumor Mutation Profiling, 
Based on Artificial Intelligence 
Annotation, to Assist Oncology 
Decision Making

IBM Watson Health / © 2020 IBM Corporation

|  Mitne-Neto M et al. J Clin Oncol. 2019; 
37(suppl): abstract e13148.

profiling highlights the importance of such approach in the clinical 
routine. Additionally, the high number of variants [indicated] the need for 

identified from a 

hybrid capture panel evaluating 366 genes from 
53 sequenced tumors.

Tumor mutation profiling has become a 
key component for orienting the 
treatment of oncologic patients. A crucial 
step for this is the correct identification 
and classification of pathogenic and 
actionable variants. 

WfG classified as pathogenic, likely pathogenic, or actionable 

and identified variants with the following indicators: 

37.7%
Were sensitive to 
targeted therapies

22.6%
Were resistant to 
targeted therapies

86%
Had indication for a 
clinical trial

66%
Could drive treatment 
decisions

* Excerpt from abstract



Clinical Insights for Hematological Malignancies 
from an Artificial Intelligence Decision-Support 
Tool

IBM Watson Health / © 2020 IBM Corporation

|  Kim M et al.  Accepted for publication ASCO 2019.

manually curated expert opinion and identified 
clinically actionable insights missed by manual 

has obviated the need for labor-intensive 
manual curation of clinical trials and therapy, 
enabling our center to exponentially scale our 

71% of cases had at least one clinically actionable therapeutic alteration

33% of cases had genes that were targeted by a US FDA approved therapy

20%
of cases without therapeutic alterations, WfG identified additional 
diagnostic or prognostic insights 

10 cases were randomly selected for manual interpretation analysis: 

WfG identified 
variants not found in manual assessment

54 South Korean patient cases with hematological malignancies were analyzed by 
Watson for Genomics (WfG): 

90% of cases were concordant with WfG analysis 

* Excerpt from abstract



1: Cancer Diagnostics and Molecular Pathology: Enhancing Next‐Generation Sequencing‐Guided 

Cancer Care Through Cognitive Computing. The Oncologist first published on November 20, 2017; 

doi:10.1634/theoncologist.2017-0170. Accessed at: 

http://theoncologist.alphamedpress.org/content/early/2017/11/20/theoncologist.2017-

0170.full.pdf+html?sid=0703cdfd-db36-45fb-b561-a81544688384

Cognitive technology uncovers 

additional therapeutic options for cancer 

patients.

In a retrospective analysis of 1,018 cancer cases at UNC 

Lineberger Cancer Center, the molecular tumor board 

identified actionable genetic alterations in 703 cases, 

which Watson also confirmed. In addition, Watson for 

Genomics identified additional potential therapeutic 

options in 323 patients, or one third of the cases 

reviewed that the molecular tumor board hadn’t 

identified. Of these, 96 were not previously identified 

as having an actionable mutation.1

UNC Lineberger Comprehensive 

Cancer Center
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Heightened Confidence

>99% 
accurate

1,018
patients

335 patients
42
patients

in identifying tumor board 

findings

were analyzed

(33% of the patients)

WATSON IDENTIFIED 

ADDITIONAL OPTIONS IN

WATSON WAS

with highly actionable 

mutations1

http://theoncologist.alphamedpress.org/content/early/2017/11/20/theoncologist.2017-0170.full.pdf+html?sid=0703cdfd-db36-45fb-b561-a81544688384


Comparing Sequencing Assays and Human-

machine Analyses in Actionable Genomics for 

Glioblastoma

IBM Watson Health / © 2020 IBM Corporation

| Wrzeszczynski et al. Neurol Genet. 2017;3(4):e164.

“These findings suggest the 

unique role for cognitive 

computing in the detection of 

genetic alterations which may 

inform opportunities for 

investigational targeted 

cancer therapies.”

Watson completed 

analysis of whole gene 

and RNA-sequencing 

results in 

of 

person-time

Watson was applied in the analysis whole gene sequencing and RNA-

sequencing of a single glioblastoma tumor in a 76-year-old patient.



As of 10/11/19 there are 319,021 clinical trials registered in 
ClinicalTrials.gov for 20191

A survey of 5,499 cancer patients found that only 40% 
discussed clinical trials with their physician and only 9% 
participated2

In a study of patient accrual into cancer clinical trials at a cancer 
center, of the 62% considered for participation only 53% had an 
appropriate protocol available for site and stage of disease3

Clinical Trial Enrollment Presents Many Challenges

1. ClinicalTrials.gov, Trends, Charts and Maps.  Accessed October 11, 2019. 
2. Unger JM et al. Patient income level and cancer clinical trial participation. htps://www.ncbi.nlm.nih.gov/pubmed/23295802
3. Lara PN Jr. et all. Prospective evaluation of cancer clinical trial accrual patterns: identifying potential barriers to enrollment. https://www.ncbi.nlm.nih.gov/pubmed/11251003
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Watson for Clinical Trial Matching (Point of Care)
An overview of the Point of Care functionality of Watson for Clinical Trial Matching

Uses natural language 

processing to read and 

understand all the patient 

data, both unstructured and 

structured, in the medical 

record

Reads the eligibility criteria 

in all ingested clinical trial 

protocols, both from your 

institution and on 

www.clinicaltrials.gov

Returns a list of potentially 

eligible trials for a patient, 

ranked by highest 

relevance, with supporting 

evidence for why a patient 

did or did not meet criteria

Watson Health © IBM Corporation 2020

http://www.clinicaltrials.gov/


Advancing Medicine’s future with 

more perfect patient matches 

Despite Mayo Clinic's best efforts, just 5% of its patients take 

part in studies. Poor participation by patients, doctors cannot 

complete crucial clinical studies. 

Watson CTM has enabled patients and clinical trial coordinators. 

Through Cognitive capabilities Watson CTM will provide 

preliminary patient matches, including a patient’s proximity to a 

clinical trial. Clinicians trained the Watson technology on 

eligibility criteria and now receive suggestions of matches for 

trials in under 8 minutes versus a review process that used to 

take clinicians upward of 30 minutes per potential candidate.

Mayo Clinic

73

Heightened Confidence

>73% 
faster

94%
Non-match

80%
2620 
visits

in identifying ideal clinical 

trial candidate patients (30 

mins went down to 8 

minutes)

Omitted automatically 

for trials

(approx. 4K~5K patients)

CLINICAL TRIAL 

ENROLLMENT UP BY

WATSON WAS

Lung and breast cancer 

cases processed

IBM Watson Health / © 2020 IBM Corporation



IBM Watson Health / © 2020 IBM Corporation

Upcoming Studies in 

Latin America
1)Variation of Care

2)Qualitative Studies on 

Satisfaction with AI

3)Cost of Care 

4)Health Equity

Planned for upcoming 

presentation at  ASCO 

or in progress
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The Watson Health Imaging value proposition

Radiology
OrthopedicsCardiovascular

Image Management

Breadth + Depth

Non-DICOM

Mobile

AI 

EHR Integration

Collaboration and 

Image Sharing

View Capture

Watson Health Imaging AI

Other ‘Ologies

IBM Watson Health / © 2019 IBM Corporation / SM-237 Rev 1.0 78



Data explosion and industry challenges: Creating opportunities for AI

More physicians are 

experiencing burnout

51% of physicians experienced at 

least one symptom of burnout in 

2016, a 25% increase in the last 

four years

Misdiagnoses entail huge 

costs for organizations

$4 billion is spent on false-

positive mammograms in the 

U.S. each year 

Administrative tasks take 

up significant time

64% of radiologists’ time spent on 

non-interpretive tasks

Imaging is generating 

a huge volume of data

60 billion medical images were 

generated in 2015 across the U.S.

Sources: 

1. http://www.cnbc.com/2015/04/06/breast-cancer-misdiagnoses-cost-4-billion-study.html; http://content.healthaffairs.org/content/34/4/576.abstract

2. http://www.jacr.org/article/S1546-1440(15)00196-9/fulltext

3.http://www.medscape.com/features/slideshow/lifestyle/2017/overview

4-5. http://www.ibmbigdatahub.com/video/ibm-big-data-minute-transforming-unstructured-data-better-healthcare-outcomes

Patient data is often 

unstructured

80% of patient data in 

organizations is unstructured, 

often lacking relevant context 
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THE HEALTHCARE INDUSTRY NEEDS:

Harness the influx of data to meet the expectations of its constituents

FHIR 3.0.1 Appendix: The Role of Informatics in the Shift from Reactive to Proactive Healthcare

competition and accelerating change 
due to on-going technology 

Research Leader, US medical device manufacturer
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Esse é nosso 

futuro em 

Oncologia

Nosso futuro 

será assim?



We believe the solutions 

to the world’s most 

challenging health issues 

are out there

Acreditamos que existem 

soluções para os 

problemas de saúde mais 

desafiadores do mundo


