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Agenda

• Importance of clinical trials in healthcare

• Challenges to enrolling patients to clinical trials

• Training a cognitive system for clinical trial matching

• Process development and clinical implementation

• Quantitative and qualitative metrics

• Lessons learned
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Learning Objectives
1) Describe how a cognitive system was developed and 

trained to address contemporary barriers to enrolling 
patients to clinical trials

2) Summarize the clinical implementation of a cognitive 
system and outline an approach to improve workflow

3) Evaluate qualitative and quantitative metrics following 
implementation of the clinical trial matching solution

4) Define the need for a culture shift to emerging 
technologies in healthcare
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Norman (Ned) Sharpless, MD
Director, National Cancer Institute

In his first address to NCI staff

December 2017

“The clinical data are trapped in doctor’s notes that are 
unstructured free text that live in these complex electronic health 
records.  And the data really are… they’re shackled. And the data 
want to be free.  So we’re going to free the data.”  
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Why are clinical trials important to 
healthcare and patients?

How are patients evaluated for clinical 
trial opportunities today?
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Studies Registered on clinicaltrials.gov

2005

12,010

2010

83,377

2017

263,476
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Cancer Therapy FDA  Approvals 
2007 - 2017

2007

9

2012

20

2017

46
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U.S. Clinical Trial Facts
Cancer Patient Treatment by Standard Therapy or 
Clinical Trial

R Goldman et al. JAMA 2003, 289:2970.

Clinical 

Trial
3%

Standard 

Therapy
97%
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Hebert-Croteau, et al. Breast Cancer Res Treat 91:279 2005

Clinical Trial Participation May Improve Survival

76%

91%

82%

Clinical trial care

Guideline-driven care

Non-guideline based care
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Challenges to Enrolling Patients on to 
Clinical Trials: Provider, Patient, Systemic 
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Challenges to Enrolling Patients on to Clinical 
Trials: Provider Barriers

• Patient visits focus on completing clinical care in the shortest time

– All clinicians, including investigators, lack time to counsel patients

– Patients on trials create additional time and clerical burden for 
providers through the duration of study participation

• Limited time and personnel to consistently screen patients for 
studies, and these resources are often not reimbursable

• Complex inclusion/exclusion criteria not codified in either the 
protocol or patient electronic health record
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Challenges to Enrolling Patients on to Clinical 
Trials: Patient Barriers

• “I do not want placebo”
• “I want something that’s proven 

to be the best”
• “I want to pick the treatment”
• “Trials are inconvenient– I don’t 

want the extra office visits and 
studies”

• “I just can’t process this 
additional information right 
now...”

• “My insurance company might 
not pay”
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Challenges to Enrolling Patients on to Clinical 
Trials : Systemic

• Patients are unaware of 
opportunities, and physicians 
remain the gatekeepers to 
such opportunities

• Many institutions with clinical 
trial programs do not have 
dedicated screening resources

• Informatics has not kept up 
with complexity of cancer 
trials  

NIH, NCI Working Group 2004.

NIH, NCI Survey 1997.

The primary reason 
patients do not participate 
in studies is because they 
were not offered a study
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Clinical Trial Matching in Oncology - 2015

Trials

Patient 

Data

Match
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Protocol Inclusion 

Criteria
Protocol Exclusion 

Criteria
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National Benchmarks for Cancer Clinical 
Trial Enrollment

• All phase I-III studies supported by the NCI - Cancer 
Therapy Evaluation Program between 2000–2007 (n=764)

‒ 82% of clinical trials do not meet accrual (enrollment) goals within the 
anticipated study period

‒ 37% fail to achieve a minimum accrual goal

• More than 1 in 5 NCI-sponsored trials fail to enroll a single 
subject

Cheng et al. Clin Cancer Res. 2011:17;1947-55. 
S Ramsey and J Scoggins. The Oncologist 2008:13;923.
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The Cost of Failure to Enroll

Define Protocol

Code & 
Coverage 
Analysis

Conflict of 
Interest Review

Scientific & IRB 
Committee 
Review & 
Approval

Final Grant and 
Contract 
signing with 
sponsor

Create 
chemotherapy 
and non-med 
orders

Implement 
Electronic Data 
Capture forms

Begin 
enrollment 
process
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Training a cognitive system for 
clinical trial matching
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Why do we need a cognitive solution?

• We cannot keep up with the pace of the medical knowledge 
doubling time, advances in preclinical/translational research, and 
drug development

• We cannot keep up with the pace of the data points our patients 
are generating

• Complexity of clinical trials is escalating in the era of precision 
medicine, targeted therapies, cellular and immunotherapies

– Soon eligibility will be driven by gene aberrations and 
molecular signatures, not tumor types

Mayo Clinic Cancer Center Clinical Trials

• 459 active drug therapy trials and 41 oncologists for solid 
tumors

• 217 active drug therapy trials and 51 hematologists for 
hematologic cancers 

• 993 active studies closed to enrollment
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Why Leverage a Cognitive Computing System?
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Cognitive System Attributes

Learning

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

Understanding

• Measured by the ability to interpret and derive actionable information and 
knowledge

Reasoning

• Ability to link together data/information elements, draw connections from 
knowledge resources and solve problems using the information 

Interacting

• Recognition of and leveraging available content to fit naturally in workflow 
and provide interactions that work best for users 
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Scientific Progress in the Development of a 
Cognitive System for Clinical Trial Matching

System initially trained to support Gastrointestinal*, Breast and Lung cancers
* GI comprised of 10 separate cancers
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Teach and Train: Set up
• Database setup for de-identified patient data

• Patient and Tumor attributes and definitions

• Most attributes are stored in unstructured text notes & reports

Breast Cancer Attributes *

• Patient setting

• Menopause status

• ER status

• PR status

• HER2 status

• BRCA1 mutation

• BRCA2 mutation

• Anthracycline chemotherapy in 

adjuvant or neoadjuvant setting

• Taxane chemotherapy in 

adjuvant or neoadjuvant setting

• Hormonal therapy in the adjuvant

or neoadjuvant setting

• cT category

• cN category

• pT category

• pN category

• Tumor size

• Stage

• Histology

• Inflammatory carcinoma

• Measurable metastasis

• Prior breast surgery (type)

• Brain metastasis

• Lines of chemotherapy in the

metastatic setting

• Hormonal therapy in the metastatic

setting

• Any prior immunotherapy

• Resectable disease

• Performance status

• 21 gene recurrence score

• Labs *partial list
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Teach and Train Cycles: Results

Teach and Train refers to the 

iterative process of loading 

information into the 

cognitive system, validating 

the results, and 

consequently adjusting the 

system for accuracy 
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The Teach & Train Continuum

Define and teach the 
“Ground Truth”

Achieve accuracy from 

limited patient and 
protocol data sets

Move to test region 
and run against more 
complex patient and 
protocol scenarios

Move to clinical use 
and mature to 

predictable results
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Data Derivation
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Validation of Screening Results
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Teach and Train: Progress

Initial system 

functionality

Current system 

(at Mayo Clinic)

Derivation of patient and 

tumor attribute data elements

Manual entry Derived from structured and 

unstructured text

Protocol eligibility criteria clinicaltrials.gov Protocol specific language

Time to derive patient and 

tumor attributes

60-180 seconds Single click (sub-second) with batch 

processing

Data quantity All data Limited to oncology specific notes 

and reports

Natural language processing Limited Strong
Can detect negatives, family history, 

hypotheticals
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Training a Cognitive System to Address 
Critical Clinical Trial Matching Barriers

• Reduces time and cognitive effort needed to screen a 
patient for clinical trial opportunities

– Derives critical patient and tumor attribute information from 
the EHR required for matching, including data from 
unstructured text

– Matches these attributes to lists of eligibility criteria from 
multiple studies

– Generates a refined list of clinical trial opportunities 

• Overcomes some of the limitations of the clinicians being 
the gatekeeper to trial opportunities

– Contingent on trial matching results being made available 
directly to patients
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Clinical Implementation of a Cognitive 
System for Clinical Trial Matching
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Clinical implementation: Provider readiness

• User identification and System training – Breast Cancer 

– Care team members (18)

– Clinical research and data coordinators (7)

– Oncology fellows (30)

• System project team in clinic with care teams for an hour 
each morning and afternoon for technical assistance during 
the initial 2 weeks
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Clinical implementation: Patient readiness
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Clinical implementation: Systemic readiness

• IRB/RPR (Request Preparatory to Research) approvals 
obtained to allow the team to look at patient records for 
the purpose of trial screening

• Identification of patient lists for batch processing prior to 
point of care

• System support team created with phone and email 
support to all users
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Clinical Implementation in Breast Oncology

Failed
Clinician use of the 

system at point of 

care

The system added 

work to MD and 

RN day

1st Iteration

Improved
Research 

coordinators 

validate list of trials 

in the system day 

prior to point of 

care

2nd Iteration

Success!

Clinical Assistants 

attached the list of 

trials to rooming 

sheets for all 

patient visits

3rd Iteration

Health Systems Engineering
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Process Engineering Is Critical

• Prior to use of the cognitive clinical trial matching system

– Physicians were not routinely screening patients for trials

– Limited screening resources lacked time and tools to screen at scale

• Placing the system into existing workflows of the physicians ADDED 
burden to their day – FAILURE ensued

• Revised plan: Worked back from the goal of providing a list of 
qualified trials in front of the physician for each patient and each visit

– Engaged a health systems engineer to the project team

– Workflow redesigned
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Quantitative and Qualitative Metrics 
following system implementation
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Increasing Clinical Trial Screening and Matching

Patient EHR 

Information

Clinical Trial 

Protocols

Standard of 

Care Protocols

Cognitive

System

Screening 

Team*

Physician

Patient

Point of Care

Clinical Trial 

Protocol

Standard of 

Care Protocol

= In clinical use now

= Possible future integration with Mayo Care Process Models

New and Established Patients

*Screening team comprised of research coordinators and data abstractors

= Future opportunity to deliver trial matching results to patients
Implementation of the cognitive clinical trial matching system into the breast oncology practice
• Practice averages 645 patient visits/mo

• All patients screened for all trials; findings validated on average for 42% of ‘high yield’ patients

• System derives up to 60 patient and tumor attributes from unstructured data 

• The attributes are evaluated across ~ 30 therapy trials with on average 30 inclusion and exclusion criteria for each trial
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Increased Enrollment to Breast Cancer Systemic Therapy 
Trials with a Cognitive Clinical Trial Matching System

• Average 3.5 

patients/mo pre-

implementation and 6.3 

patients/mo post 

80% increase in 

enrollment

• Further  increase to 8.7 

patients/mo when 

including enrollment of 

breast patients to 

Phase I trials0

2

4

6

8

10

12

14

16

Enrollment to 
Breast Trials

Enrollment of

Breast Patients

to Phase I 

Trials

System Implementation
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Time to Screen a Patient with the System

Process time by 

coordinators with

handoffs 

Process time by an

experienced research 

RN without handoffs

Timing Study Conclusions
• Fewer handoffs during the screening process reduces screening time

• Coordinator time to screen improves over time

• Nurses achieved faster screening times compared with coordinators, likely due to enhanced medical knowledge



43

Qualitative Feedback

Pros

• I’m thinking about future study 
opportunities for my patients 
even if it isn’t yet time now

• I’m sharing the screening results 
with my patients

• Patient awareness and interest is 
increasing

Cons

• I do not want to log into the system 
(Chrome) even though links to access 
it were built into the EHR

• Some results were not as relevant at 
appointments for patients with no 
evidence of disease undergoing 
surveillance or survivorship after 
curative treatment for early stage 
disease
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Qualitative Feedback

• Impact for patient

• The depth of review completed 

• Link to additional protocol 
information or consent form

• Link to coordinator contact 
information

• Protocol checklist

Additional information that would be helpful to include with the system
and matching results:

• Other patient-related 
information that would improve 
matching

– Chronologic list of diagnosis 
and treatments

– Previous cancers

– Comorbidities

– Patient symptoms and 
toxicities

– Family medical history
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Pilot with the Clinical Trials Referral Office (CTRO) 
Resource to patients external to Mayo with interest in clinical trials

• The CTRO handles approximately 
2000 inquiries per year, of which

– ~20% lead to consultations

• ~20% participate in a 
clinical trial

• For 8 weeks, the CTRO coordinators 
utilized the cognitive clinical trial 
matching system to screen patients 
for studies
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Patient Engagement & Feedback 
CTRO Pilot

Patient Comments
• This is one of the best experiences she has had in her cancer journey. 

Everyone was so open and helpful.

• You've been so helpful, I can't thank you enough. No one has spent 
this much time with us.

• You're so knowledgeable. Wish I met you years ago. I wish I could 
give you a hug through the phone. My family is so grateful.

• It's exciting listening to you…Bring hope.
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Lessons Learned
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Challenges working with a cognitive system

• Case volume is necessary 

– To teach and train the system

– To gain the ‘learning’ benefits 

• Teach and train cycles are time and resource consuming

– Requires a multidisciplinary team of SMEs, health IT and computer 
science engineers, data abstractors, business analysts

• System is maturing

– Despite being a ‘work in progress’ we are using it in the clinic and 
deriving value 

• Surveillance for system accuracy extends beyond initial training

– System updates or EHR updates may require retraining
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Challenges working with a cognitive system

• Clinical implementation 

– Will only be successful with commitment to optimize and potentially 
re-design existing clinical workflows 

• Scaling the system

– Work is needed to expand to new cancers, new aspects of cancer care 
(surgery, radiation, etc), and new phases of cancer care (prevention, 
screening, diagnostics, survivorship and symptom control)
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Adoption has been slow but steady

Embracing cognitive computing systems and solutions will 
require a major shift in the culture of our healthcare system
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Benefits of Utilizing a Cognitive System for 
Clinical Trial Matching

• More patients screened, recruited & registered to clinical trials
– Our ultimate goal is to screen all patients for all trials at all clinical 

encounters and to offer matching results directly to patients

– Ideally patients external to Mayo Clinic can also search our clinical 
trial offerings 

• Consumes less time and resource to do so 

• Reduces clinician clerical and cognitive burden

• The system handles unstructured text well and derives valuable 
clinical information

– Patient synopsis acquired in a single click

– Derived information could be re-purposed beyond trial matching

• Teach and train cycles are taking less time, over time

• Appreciated by staff and patients
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Changing Health Through the Power of Cognitive

Cognitive Computing Systems in Healthcare

– Represent new solutions and platforms for knowledge management

– Require multidisciplinary teams for successful development

– Require expert training and provider utilization to establish adoption & trust

– Will serve as the foundation of our healthcare models and the future of 
healthcare delivery

“Real knowledge is to know the extent of one’s 

ignorance.”  Confucius

“When you know better you do better.”

Maya Angelou
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