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v Symptoms 
v HRQL 
v Health state (e.g., towards utilities/

QALYs) 
v Medication use/compliance 
v Satisfaction 
v “Value” of treatment 
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Getting on the same page…  PROs? 
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What a great opportunity – why weren’t 
they already doing it? 

v PRO data are historically difficult to collect 
•  Missing data are frequent 
•  Confidence in the patient report 
•  Reliability, validity, accuracy, data quality 
•  Standards are needed 

v Who is driving the bus? 
•  Practical implementation of standardization PRO data 

collection in research and clinical care can be difficult 
•  Research or clinical care? 
•  Which researcher or which clinician? 
•  Alignment of incentives 
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BEWARE!!! 
Patient 

reported 
outcomes 
(PROs) 
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BEWARE!!! 
Data liquidity 

Real-time data use 
Data reuse 
Standards 

Culture & Incentives 
Learning 
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Rapid Learning Cancer Clinic 

Patient

Endeavor to obtain 
“research-quality” 
clinical data 
v  Equal quality of a clinical trial 
v  Reliable data can be parsed out 

for clinical trials, clinical care, 
quality monitoring, and CER 
simultaneously 

(Abernethy et al, Health Services Research, 2008) 

Start off with electronic patient-reported outcomes (ePRO) data, and then 
build in additional linked datasets over time. 
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mHealth approach to efficient PRO 
collection 

Software/
Hardware Instrument 

Process Reporting/
Analytics 
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Patient  
reports  
standardized  
data 

Clinical uses  
- Longitudinal reporting  
   at POC 
- ROS & Decision making 
- Patient education 
- Triggered interventions 
 
 

Research Uses 
-  Quality reporting 
-  CER 
- Hypothesis generation  
 
 

Clinical  
Decision Support 
& Guidelines 
 
 

Patient

Coordinated Databases 

VISION 
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Patient  
reports  
standardized  
data 

Clinical uses  
- Longitudinal reporting  
   at POC 
- ROS & Decision making 
- Patient education 
- Triggered interventions 
 
 

Research Uses 
-  Quality reporting 
-  CER 
- Hypothesis generation  
 
 

Clinical  
Decision Support 
& Guidelines 
 
 

Patient

Coordinated Databases 

 

Iterative learning cycles 
 

Continuously aggregating data 
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Patient  
reports  
standardized  
data 

Patient

Coordinated Databases 
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Location and 
platform agnostic 
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• Adapted the PACE System 
• Review of systems data and practice efficiency 
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Choice of other survey instruments 

v Portfolio of validated instruments 
•  Permission 
•  Paper – electronic equivalence testing 

v Portfolio of surveys 
•  Quality monitoring and improvement 
•  Satisfaction 
•  Can be changed ad hoc 

v Can electronically designate what questions a person 
receives at the patient – day/hour (or encounter) level 



© 2009 Duke Cancer Care Research Program 

Patient  
reports  
standardized  
data 

Clinical uses  
- Longitudinal reporting  
   at POC 
- ROS & Decision making 
- Patient education 
- Triggered interventions 
 
 

Patient

Coordinated Databases 
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Education matched to clinical needs and 
patient interest 
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Integrating into Process: Distress Triage 
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Missing Data: Encounter-level 
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Research demonstrates… 
v Easy to use, navigate, and read                       

(usability & feasibility) 
•  Patients satisfied with e/Tablets, and would recommend 

them to other patients. 

•  Help patients recall symptoms to report. 

v ePRO system can be used to collect research-quality 
data using common, validated instruments      
(reliability & validity) 
•  Reliability, validity, and                                            

equivalence testing 

•  Appropriate for clinical trials 



© 2009 Duke Cancer Care Research Program 

Understand the role of prototyping… 
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Software/
Hardware Instrument 

Process Reporting/
Analytics 
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Research Uses 
-  Quality reporting 
-  CER 
- Hypothesis generation  
 
 

Clinical  
Decision Support 
& Guidelines 
 
 

Patient

Coordinated Databases 

Now that we have the data, there are a lot 
of ways we can use it… 
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New datasets can be sequentially 
added, starting at the patient level, 
using warehousing or federated 
models.  The key element is patient-
level linkage. 

ePRO data 

Sequentially linked data 

 
Clinical and 
administrative 
data 

Clinical trials 
and research 
related data 

Molecular and 
biological data 

Coordinated Databases 
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Describing the patient experience 

Individual patient 

Research reports Clinical operations 

21% with pain >4/10 on 
>2 visits 
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Intervening: 
Sexual distress 

v >30% breast, GI, and lung cancer 
patients with moderate to severe 

v Correlated with QOL, functional 
status, symptoms 

v Clinicians sidestep the issue 

v Reorganized education and 
patient care 

v Developed flexible coping model 

v ACS funded study 

v Reinvestment of lessons learned 
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Studying new interventions: Pathfinders 
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Quality Monitoring:  “Scorecards” 
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TAKING THE TECHNOLOGY 
TO THE NEXT LEVEL 
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TAKING THE TECHNOLOGY 
TO THE NEXT LEVEL 

BEWARE!!! 
Don’t be enamored with 
the technology – this is 

really the story of process 
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Developing the needed technology 
solution - QDACT 
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•  Clinical interface 

•  Interacts with local 
EHR / administrative 
database 
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•  Colors change in 
real time 

•  Navigation interface 
designed by 
clinicians 
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Navigation interface 
designed by clinicians 
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•  Real-time reports 

•  Push and pull 

•  Overlay of data 
visualization layer 

•  Human factors research 

•  Usability & feasibility 
testing 

•  IRB approved protocols 
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Developing	  new	  solu.ons	  and	  
interven.ons:	  eBIP	  as	  a	  case	  example	  
v Tammy	  Somers,	  PhD	  
v Point	  of	  service	  paNent	  reported	  outcome	  

•  Clinical	  informaNon	  driving	  implementaNon	  of	  the	  intervenNon	  
•  ConNnuous	  data	  collecNon	  to	  refine	  intervenNon	  and	  evaluate	  it	  

v Behavioral	  therapy	  for	  cancer	  pain	  
•  Demonstrated	  benefit	  but	  poor	  uptake	  

–  Efficiency	  and	  access	  
•  Persistent	  Cancer	  Pain	  IdenNfied	  at	  Clinic	  Appointment	  

–  Electronic	  medical	  records	  
§  Past	  pain	  score	  of	  >	  3	  
§  Today’s	  clinical	  pain	  score	  >	  3	  
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Patient consents to the eBIP study 

CRC	  ini&ates	  conversa&on	  with	  
pa&ent	  a2er	  they	  meet	  the	  pain	  
criteria	  	  
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Three distinct interfaces 

v Patient  
•  takes surveys before and after therapy sessions with their 

provider. 

v Admin 
•  Sets the schedule for the surveys based on the session 

dates determined by the provider 
•  Admin can see which surveys have been competed and 

when 
•  Unique scheduling feature – patient cannot complete next 

set of surveys until the pre-scheduled time 

v Provider 
•  completes questionnaires about the patient therapy sessions 

as well 
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eBIP	  so:ware	  allows	  background	  administra.ve	  
func.ons	  –	  ge?ng	  the	  study	  set	  up	  for	  a	  new	  
pa.ent…	  
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eBIP	  so:ware	  allows	  coordina.on	  of	  pain	  behavioral	  
interven.on	  and	  data	  collec.on	  .mepoints	  …	  
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Pain 
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Pa.ent	  receives	  a	  Skype-‐based	  skills	  training	  session	  with	  
her	  eBIP	  therapist…	  
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Pa.ent	  works	  with	  the	  therapist	  

Therapy sessions are tailored to patient needs 
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Pa.ent	  works	  with	  the	  therapist	  

Sessions change each week 
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Example	  Pa.ent	  Handouts…	  
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Follow	  up	  data	  collec.on	  from	  
pa.ents…	  
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eBIP	  study	  data	  ready	  to	  be	  
analyzed…	  
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Observa.ons	  to	  date	  

v Usability testing completed and system updated in 
response 
•  Even older patients with few computer skills have been 

comfortable and efficient using the system 
•  Rapport is positive with the video-chat 

v Availability of a mHealth-based behavioral health strategy 
improves access to care 
•  People from far western and eastern North Carolina who would 

normally have been excluded from in person behavioral 
interventions due to proximity are able to participate 

•  Electronic identification of potential study participants 
has streamlined recruitment 

v Continuous refinement 
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ADDING SOPHISTICATION 



© 2009 Duke Cancer Care Research Program 



© 2009 Duke Cancer Care Research Program 

Customizable Reports 
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Treatment sequence/Sankey 
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Treatment sequence/Sankey 
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PRO Visualization 
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INTEGRATING SCIENCE TO 
ACHIEVE PRECISION 
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New datasets can be sequentially 
added, starting at the patient level, 
using warehousing or federated 
models.  The key element is patient-
level linkage. 

ePRO data 

Sequentially linked data 

 
Clinical and 
administrative 
data 

Clinical trials 
and research 
related data 

Molecular and 
biological data 

Coordinated Databases 
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LESSONS LEARNED 
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v Four interchangeable components 
v Importance of user interface and reporting 
v Must meet patient and clinical needs first 
•  Research with service 

v Efficient and high quality approach for data 
collection 
•  Missingness is a critical signal 
•  Data visualization 

68 

ePRO environment for Learning Health 
Care: Lessons learned 
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Who needs to be at the table? 

v Data architects 
v Data analysts 
v Software engineers 
v Graphics design 
v (Infographics and visualization) 
v Statisticians and clinicians working with the IT team 
v Behavioral medicine 
v Clinical trials 
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                Achievable? 

Data 
generation, 

use and 
reuse 
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