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We learn from current and past patients how to 
improve our approaches for future patients

We know a lot about a few patients … 
and apply knowledge gained to a much
larger, more diverse set of patients
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and apply knowledge gained to future 
patients ?

We learn from current and past patients how to 
improve our approaches for future patients

How can we improve so that we learn 
a lot about a lot of patients …
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Set of DVH Metrics

The models of today typically have narrow focus on 
limited types of inputs and outputs for low volume data

Outcome

Toxicity or Survival



DVH Curves

The models of tomorrow will integrate a 
wider range of input types using larger volumes of data 

and more complex interactions to inform decision frameworks
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Condensing and collecting amorphous data 
from electronic record systems requires

• Technical Solutions
• Data Proactive Clinical Processes
• Professional Society Consensus Guidelines



For truly big data 
we need multi-institution, 

multi-society, multi-stakeholder 
collaboration on solutions 

Institution A

Institution B

Institution C

Institution D



Standardization 
is the foundation 

for reaching the potential of 
Big Data - AI



That can’t be right

Example – All the amazing results from facial recognition using images “in the wild”









Standardization is built in by DNA



Medical Physicists combine the 
clinical and technical domain knowledge

needed to 
operationalize Big Data – AI in the clinic



Variability Veracity

Volume

Value

Velocity

CS MayoBig Data – AI: Where does the Medical Physicist’s effort go?

Technology (Volume, Velocity)
Multi-Center/Society Collaborative Standardization (Variability)
Data Centric Clinical Process Change (Variability, Veracity)
Reporting and Dashboards (Value)
Clinical Applications (Value)
Machine Learning and AI (Value)



Data Base Technology
You can pay me now, or you can pay me later … but you’re going to pay me

• Speed for extracting/querying data

• Ability to interface with clinical systems

• Ability to integrate with production (clinical) level code and practices

• Hosting the technology on the institutional servers behind the firewall

• Density of people in the workforce with necessary to skills use the technology

• Operational barriers between you and the data needed - technology or clinical process

Factors to consider when selecting a technology stack (e.g. SQL vs No-SQL)
and deciding when in the process to impose categorization of elements and relationships



Michigan Radiation Oncology Analytics Resource (M-ROAR)

Mayo, Kessler, Eisbruch, et.al. Advances in Radiation Oncology. 2016 1(4): 260-271 



https://www.aapm.org/pubs/reports/RPT_263.pdf

Endorsed by: 
AAPM, ASTRO
ESTRO, AAMD

• Target Structures 
• Standardized rule based 

approach (10)
• Addresses primary issues and 

expandable

• Non-Target Structures 
• Rule based approach (15) with a 

few concessions
• Specific listing of 756 defined 

structures

• DVH Nomenclature

https://www.redjournal.org/article/S0360-3016(17)34232-3/pdf

Multi-Center/Society Collaborative Standardization



Variability in Target Structure Names is a 
Really Big Problem

Over 2600 different PTV names  
in historic M-ROAR plans
(1400 CTVs, 1200 GTVs)

Data Centric Clinical Process Change



Standardized Brain SRS Directive Standardized Head and Neck Directive

Standardized Prostate Directive

Spatially Separate Targets Embedded Targets

Standardized Liver SBRT Directive

CS MayoStandardize Target Naming
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Reducing Number of Different PTV names … It’s a process

Kicking bad nomenclature habits CS Mayo



Standardize Reference Points 
to mesh with Prescriptions

• Distinct Primary Reference Point for 
each plan

• ICRU dose check point located
in PTV_High volume. 
Sanity check for safety

• Cummulative Rx tracking point 
matching each prescribed dose 
level in the plan

Now positioned to automate 
Prescription Cross checks and 
On Treatment Visit dose reporting
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Physician Adopter Hero's
for this Head and Neck project

Avi Eisbruch, MD
Michelle Mierzwa, MD

James Hayman, MD       
Shruti Jolly, MD

Dawn Owen, MD

Standardize Collection and 
Data Dictionary

For
Toxicity

Disease Control Status
Disease Site Location…

Mayo, Matuzak, Jolly,  et al Big Data in Designing Clinical Trials: Opportunities and Challenges
Frontiers in Oncology 7: 187, 2017.



Count of HN and Lung Patients with Toxicity Records
CS Mayo



SRS and SBRT Utilization Analytics

Dash boards to learn 
from Past patients 
how to best use 
resources for Future 
patients

CS Mayo

Reporting Dashboards



Incorporating Statistical DVH Metrics (Past Patients)
into Automated Planning (Future Patients) 

CS Mayo

Clinical Applications



Learning from Past Patients What Constraints to Use for Future Patients

Example for 
Superior Constrictor Dx%[Gy]

D25%[Gy]≤ 50.4

CS Mayo

AI used to analyze large
volume of data

Machine Learning and AI

439 Recent HN Patients
738 Metrics



From Data Dessert To Data Ocean

M-ROAR + Standardization gets us a lot more data to analyze 
We need to develop different analytical methods

Conventional Manual Aggregations Automated Aggregations with M-ROAR
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Patient Reported Outcomes

Courtesy of Joel Wilkie, MD and Michelle Mierzwa MD
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Data Centric Clinical Process Change

Technology

Machine Learning and AI



Poor QOL = 10 - QOL

612 Patients, 1273 Office visits
33,100 PRO Question-Answer Pairs

• PRO vs PRO
• PRO vs Toxicity
• PRO vs  DVH Metrics

Part of the story is different approaches to analysis 
and modeling that we’re taking

Level of Fatigue

Po
or

   
Q

O
L
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Which PROs are predictive of provider reported toxicity?

Courtesy of Joel Wilkie, MD and Michelle Mierzwa MD

Provider Reported Patient Reported

CS Mayo



Professional societies need to establish more 
functional standardizations of key clinical concepts

• Disease Control Status

• Treatment Approach
e.g. Prostate, Prostate+SV, Prostate+SV+Nodes

• Prescription

• Diagnosis, staging, pathology

• Imaging findings



Commercial Electronic Health Record (EHR), Radiation Oncology Information 
Systems (ROIS), and treatment planning systems (TPS)  need to be 

much more focused on data aggregation and quality

• Better integration with clinical process workflow

• Efficient entry for standard core key data elements
e.g. Diagnosis and staging

• Efficient entry / retrieval for other key data elements
e.g. Treatment Details – breath-hold, fiducials, treating physician

• Linking ROIS to TPS to identify treated plans

• Disease Control Status

• Prescription



Combining Clinical and Technical 
Domain Knowledge Skill Sets

Medical Physicists are important
to making Big Data – AI 

a practical reality in clinical practice
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