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Agenda

• Building Cognitive Computing

-Defining the Importance of Natural Language Processing (NLP)

• Applying Cognitive to a Complex Problem

• Surfacing Valuable Insights in Big Data



Moving Beyond Jeopardy:  Bringing 
Cognitive Computing to Healthcare
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Differences in attribute extraction between Machine Learning 

and Rules-Based NLP

Disease <conflict> nephrotic syndrome

<conflict> glomerulosclerosis

Therapy <incorrect> cortisol

Rules-Based NLP

nephrotic syndrome

glomerulosclerosis cortisol

<none>
>10 word

<10 word

Rule: connect disease to therapy if within 10 

words of each other

Disease steroid resistant nephrotic syndrome

<subtype> glomerulosclerosis

Therapy rxdx-101

Machine Learning NLP



Applying Cognitive to Genomics



[COSMIC. Wellcome Trust Sanger Institute. October 2015 ]

Impact on Medical Genomics

[Modern Pathology. 2012 Mar;25(3):347-69. (accessed 10/5/2015)]



What’s the best treatment given a tumor sequence?
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Our Approach to NLP

ExpertNLP Annotator
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Annotating mentions
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Annotating relationships



Ensuring Agreement: Measuring Kappa Scores

Annotators
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Concepts Detection: Compare to a standard and iterate
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Relationship Detection: Compare to a standard and iterate



<text>Unexpectedly, we find that EGFR  A763_Y764insFQEA is highly sensitive to EGFR TKIs in vitro, and patients whose NSCLCs harbor this 

mutation respond to erlotinib.</text> ="alters">

<relation rid="s6-r1" subtype="OTHER" type="alters">

<rel_entity_arg argnum="1" eid="E-39"/>

<rel_entity_arg argnum="2" eid="c1"/>

<relmentions>

<relmention class="SPECIFIC" modality="ASSERTED" rmid="s6-r1-1" score="1" tense="UNSPECIFIED">

<rel_mention_arg argnum="1" mid="s6-m6">A763_Y764insFQEA</rel_mention_arg>

<rel_mention_arg argnum="2" mid="s6-m0">EGFR</rel_mention_arg>

<relation rid="s6-r5" subtype="OTHER" type="drives">

<rel_entity_arg argnum="1" eid="c1"/>

<rel_entity_arg argnum="2" eid="c3"/>

<relmentions>

<relmention class="SPECIFIC" modality="ASSERTED" rmid="s6-r5-1" score="1" tense="UNSPECIFIED">

<rel_mention_arg argnum="1" mid="s6-m0">EGFR</rel_mention_arg>

<rel_mention_arg argnum="2" mid="s6-m8">EGFR TKIs</rel_mention_arg>

Variant

s6-m6

A763_Y764insFQEA

type=category

Gene/Protein

S6-m0

EGFR

type=concept

Gene/Protein

S6-m0

EGFR

type=concept

Cancer Type

S6-m8

EGFR TKIs

type=concept

PMID: 24353160

Rel: Alters

PMID: 24353160

Rel: Sensitive

Maintaining Context Within and Across Documents



Clinical Knowledge: Example Graph



Clinical Knowledge: Extracted Data from Corpus of Documents



Clinical Knowledge: Extracted Data from Corpus of Documents



Output Sample from Knowledge Graph Query



Leveraging Literature Articles to Support Clinical Care 



Leveraging Literature Articles to Support Clinical Care 



Summary



Empowering Healthcare Professionals with Cognitive Computing

The Process of Building Value of Applying to Healthcare

• Work Closely with domain experts

• Leverage tools (like NLP) to extract 

unstructured concepts and their 

associations

• Combine unstructured and structured 

data to create knowledge

• Validate and iterate with domain experts

• Increased efficiency

• Reduced bias

• Scaling expert knowledge

• Innovating across a complex domain

With Cognitive computing, the extraction of information from clinical 

data and published literature can empower healthcare professionals to 

stay up-to-date, focus on the complex problems, and spend more time 

with caring for patients.  



Questions?

(remember, I’m not Watson..)



PRECISION ONCOLOGY FOR 
ALBERTA: INNOVATING 

HEALTH SYSTEM READINESS.

ARCC: Canadian Centre for Applied Research and 
Cancer Control

Toronto: May 25-26, 2017

Tania Bubela



ALMDx/PACEOMICS  Team
Alberta Health Services
• Don Juzwishin
Faculty of Medicine & Dentistry
University of Alberta
• Christopher McCabe
• Judith Hugh (+AHS)
• Michael Mengel (+AHS)
• Deborah James
• Stacey Hume (+AHS)

Research staff/students:
Michael Paulden, Mark Bieber, Westerly 
Luth, Katherine Fu, Kiah Van der Loos, 
Monica Wang, Yael Mansour, 
Negar Razavilar



Outline

• What is precision medicine?

• Precision medicine landscape in Alberta

• Supporting precision medicine in two contexts:
• Adoption of new technologies wherever developed

• Local innovation

• Mike Paulden will present a case example from of Life-Cycle Technology 
Management in Oncology

• Conclusions and lessons learned on barriers and enablers



PRECISION MEDICINE FOR ALBERTA?
ALMDX/PACEOMICS TEAM
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Precision Medicine: 
Personalized, 
Problematic & 
Promising 
(Jameson & Longo NEJM 2015)

Clinical 
Implementation

Clinical research: Outcomes; Safety, Cost

Clinical guidelines

Refined disease classification,                                
according to prognostic implications

New targeted treatment

Heterogeneous disease

New diagnostic test

Adoption by patients

Adoption by 
physicians and 
health systems

Adoption by 
payers



Current Challenges in Alberta

• Consensus / Joint Strategy and Vision

• Managing implementation of PM 
technologies
• Ascribing ‘value’ to new technologies and approaches

• Defining/implementing new funding strategies 
• ‘On-ramps’, decision criteria, procurement mechanisms and ‘off-ramps’ 

• Off-ramps for established but low value technologies – Choosing Wisely, 
Appropriateness of Care, Utilization management 

• Changing legislation, policies, and ‘behavior’

• Connecting the ecosystem
• Re-allocating internal budgets to reward nimble 

portfolios 6



Regulatory
Pathways

Commercial
Pathways

Economic
Evaluation

Clinical, 
Operations,

Assay 
Validation

ALMDX/PACEOMICS

Precision
Health

Economic 
Diversification

Appropriate & 
Sustainable Health Care

Commercialization of 
Alberta developed 

technologies

Health system 
implementation of 

technologies 
developed elsewhere

INTEGRATION





Precision Medicine in Oncology
Courtesy of Dr. Jeffrey S. Ross, Albany Medical College
Medical Director, Foundation Medicine Inc.

Evloution of Targeted Therapies
1970: ER testing and hormonal therapy for breast cancer
1990: cytogenetics/FISH testing and therapy for Heme malignancies
1998: HER2 testing and Trastuzumab for breast cancer
2001: BCR-ABL testing and Imatinib for chronic myelogenous leukemia
2003: EGFR mutation testing ant Eriotinib for non-small cell lung cancer (NSCLC)
2007: KRAS mutation testing and Cetuximab/Panitumumab for colorectal cancer
2010: EML4-ALK testing and Crizotinib in NSCLC
2011: BRAF mutation testing and Vemurafenib in melanoma
2013: HER2 mutation identification and anti-Her2 targeted therapy in 

NSCLC, breast cancer and micropapillary urothelial cancer
2013 NTRK1 fudion testing and Crizotinib in NSCLC
2014: PD1 and PDL1 and immunotherapies

As of 2017: 207 Pharma pipelines for CDx – 158 in cancer

Next Generation Pathology to 
Precision Oncology

Complete Regression in Pediatric Glioblastoma



Novartis-Penn Center for Advanced Cellular Therapeutics

Cancer Cellular Immunotherapy



HORIZON SCANNING:
GLOBAL IMMUNOTHERAPY CLINICAL TRIALS



SPONSORS OF 1554 CI CLINICAL TRIALS
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CRISPR and CAR-T





International Environment

ExAC



Capital Investment: Beijing Genomics Institute



Complex Legislative Framework

• Health Information
• Personal Information Protection and Electronic Documents Act R.S. 2000 c. 5 [PIPEDA]

• Health Information Act, R.S.A. 2000, c. H-5. [HIA]

• Personal Information Held by Private Sector
• Personal Information Protection and Electronic Documents Act, R.S. 2000, c. 5 [PIPEDA]

• Personal Information Protection Act, S.A. 2003, c. P-6.5 [PIPA]

• Personal Information Held by Federal Government
• Privacy Act, R.S. 2000, c. P-21.

• Personal Information Held by the Alberta Government
• Freedom of Information and Protection of Privacy Act, R.S.A. 2000, c. F-25. [FOIP]



Custodians and the Controlled Arena

• A researcher under certain 
conditions

• Research agreements

• Ethics

• There is a “controlled arena” 
around the custodians.

• Individually identifying 
health information can move 
from one custodian to 
another for the purposes 
authorized

Movement of 
identifying 
health 
information 
outside of the 
controlled arena 
is more 
restricted



Barriers to data access

• Lack of process clarity 
• Who is responsible for triggering data requests?

• Who are the appropriate contact points? 

• What information does each database contain? 

• Role of data custodian

• Miscommunication





• CFI purchase of test platform
• ALMDx & Cancer SCN local test

Challenges:
Moving from Oncotype Dx™ to Prosigna™

2011

IDEA

2012-2014

ACQUIRE 

TEST

2015-2016

BUILD 

THE 

CASE

2016-2017

GET 
CONSENSUS

2017

ROLL 

IT 

OUT

Guidelines
Local Analyses
Trials/
Comparisons



Idea
Acquire test

Build the case

Get Consensus

Roll it out
Identify:
• Clinical Need
• Best test • Feasibility

• Funding
• Lab (Technical support, Accreditation)
• End Users (Pathologists, Oncologists)
• Governing bodies (Networks, AHS, AH)

• Testing Centres
• Specimen transport
• Reporting into LIS

• Guidelines
• Local Analyses
• Trials/Comparisons

What is the Best way to Replace an Existing Test? 



CONCLUSIONS ON PRECISION MEDICINE 
FOR ALBERTA
ALMDx/PACEOMICS Team



Identified challenges
• Business models & regulatory pathways

• Laboratory Developed Test

• Licensed Software

• Distributed Kit

• Capacity limitations
• Sequencing infrastructure

• Bioinformatics capacity

• AHS Organizational structure, lack of:
• Competitive billing

• Outreach/advertising

• Innovation incentives

• Transparent re-investments between 
operational silos

• Organizational culture
• Not-for-profit

• Clinician opinion and behaviour

• Laws and policies
• Procurement

• Privacy/Health Information

• Data access (essential for PM)
• Data aggregation across databases for 

analytics

• Complex operational approval structures 

• Lack of procedural clarity and transparency



• Life-cycle evaluation of new technologies
• ‘Fend off' low value new diagnostics

• Adopt through dynamic health-economic and operational evidence generation and 
implementation process  

• Evidence-based utilization management: ‘right test at the right time in the right patient’ 
enable adoption and decommissioning of tests/technologies

• Support local innovators
• Support SME as an effective beta-site and real world incubator

• Commercialization and regulatory affairs

• Provincial procurement policies

• Impact on the Alberta Economy
• Jobs in Alberta through repatriation of high-complexity diagnostics

• Build expertise in implementation sciences i.e. knowledge-based jobs

• Become competitive in the global diagnostic testing market: research & innovation

• Attractive partner to industry

Opportunities



THANK YOU
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Innovation in Cancer Care:

The Promise and the Peril

Mike Paulden, Assistant Professor,

School of Public Health, University of Alberta

@mikepaulden     paulden@ualberta.ca     mikepaulden.com
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Overview

1.How might economists define “innovation” in cancer care?

2.What are some of the “promises” associated with this 

approach to defining “innovation”?

3.What are some of the “perils”?

4.Case study: Oncotype DX vs Prosigna for guiding adjuvant 

chemotherapy decisions in early breast cancer
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How might economists define “innovation”?
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Defining “innovation” requires a clear objective

Typically, economists make two key assumptions:

Health system has a constrained budget - we can’t afford everything

Given this, resources are allocated to satisfy some objective

Conventional objective is to “maximize population health”

Often measured using quality-adjusted life years (QALYs)

But other measures of health can be used

Alternative objectives may include non-health outcomes

Can consider generic objective of “maximizing value”
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What are some of the “promises”?
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What are some of the “perils”?
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Political and ethical issues

If policy makers wish to incentivise development of 

innovative technologies and improve population health, 

they must be willing to reject technologies in region D -

those which provide added value, but which cost so much

that they displace even more value elsewhere

Politically and ethically difficult, since beneficiaries of 

new technologies are generally known, but the patients 

who bear the cost of their adoption are generally unknown
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Dynamic issues

For technologies to be considered innovative, they must 

provide sufficient additional value, at a sufficiently 

low additional cost, compared to all other comparators

But the set of comparators can change over time

New technologies may result in technologies previously 

considered innovative no longer considered innovative

Over time, policy makers need to reassess whether 

technologies are still innovative and be prepared to 

disinvest in existing technologies when necessary
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Case study: Oncotype DX vs Prosigna
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Paulden M, Franek J, Pham B, Bedard PL, Trudeau M, Krahn M. Cost-effectiveness of the 21-gene assay for guiding adjuvant chemotherapy decisions in early 

breast cancer. Value Health. 2013;16: 729–739. doi:10.1016/j.jval.2013.03.1625
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Razavilar N, Hollman C, Paulden M, Hugh J, McCabe C. Economic evaluation of Prosigna and Oncotype DX for guiding adjuvant chemotherapy treatment in 

Alberta. Report produced for Alberta Health Services by McCabe Research Group, Faculty of Medicine and Dentistry, University of Alberta. May 2016. 
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Ontario-based economic analysis published in 2013

Compared to usual care (adjuvant chemotherapy guided using 

Adjuvant! Online or clinical judgement) Oncotype DX was 

found to increase costs ($3,505 per patient) and improve 

health outcomes (0.22 QALYs per patient), resulting in an 

incremental cost-effectiveness ratio (ICER) of $15,932 

per QALY

Compared to a conventional cost-effectiveness threshold of 

$50,000 per QALY, Oncotype DX appeared cost-effective

Oncotype DX appeared cost-effective vs usual care...
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Alberta-based economic analysis reported in 2016

Compared to Prosigna, Oncotype DX was found to increase 

costs ($1,240 per patient) and worsen health outcomes

(0.003629 QALYs per patient), resulting in Oncotype DX 

appearing dominated (higher costs and worse outcomes)

It follows that Oncotype DX is not cost-effective compared 

to Prosigna

… but Oncotype DX did not appear cost-effective vs 

Prosigna
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Prosigna has further benefits compared to Oncotype DX:

Fewer intermediate (indeterminate) results

Superior prediction of long-term treatment benefit (TransATAC study)

Repatriation of out-of-province testing (in-house vs shipped to US)

Yet barriers exist to its implementation in practice

Lack of life-cycle HTA processes (Oncotype DX not re-assessed)

Appropriate utilization and physician compliance (reluctance to 

disinvest in Oncotype DX and adopt Prosigna in its place)

No post-implementation monitoring of Oncotype DX

Policy response
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Conclusion
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Conclusions

Health interventions or technologies might be considered 

“innovative” if they improve population health outcomes

If any additional costs are borne by the health system, 

this results in forgone health care for other patients

It follows that an expensive new technology might not be 

considered innovative - even if it adds value - since it 

may displace more population health than it provides

A technology that reduces health expenditures might be 

considered innovative, even if it has no additional value
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Conclusions

It also follows that technologies previously considered 

innovative may no longer appear innovative once cheaper 

and/or more valuable comparators become available

Continuing to use older technologies when more innovative 

alternatives are available may diminish population health

Policy makers should adopt a life-cycle approach to HTA and 

be willing to disinvest in existing technologies
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Any questions?

Download slides from
https://goo.gl/uolBno
or by scanning barcode
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