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Automation in the Clinic:
Where to Begin?
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Disclosures

● I am a cofounder, officer, and employee of Radformation, Inc.

About me

● ABR certified medical physicist

● I love programming

● Cofounded Radformation because

https://xkcd.com/1319/

Motivation: Efficiency, Safety, and Quality

● Automation has the potential to:
○ Perform tasks in less time

○ Reduce errors

○ Increase quality and consistency

● Reaching that potential depends on the 

implementation...

"blue robot" by peyri is licensed under CC BY-ND 2.0

Moঞvaঞon: Projected Workload ↑↑↑

1. Increasing Population with Cancer

2. Make Adaptive Planning Feasible

3. More SRS/SBRT & single fraction met 

treatments?

↑ Treatment Plans, Double Checks, Chart 

Checks, etc.

https://ourworldindata.org/cancer

Motivation: Adaptive Planning

A study simulating adaptive planning for lung:

● Single adapt
○ 50-65% of the benefit of Full adapt (i.e. Daily adapt) on normal tissue sparing and target dose 

escalation

● Weekly adapt
○ 80-85% of the benefit of Full adapt

● 2-5x the physics/dosimetry resources per patient?

Dial C, Weiss E, Siebers JV, Hugo GD. Benefits of adaptive radiation therapy in lung cancer as a function of replanning 
frequency. Med Phys. 2016 Apr;43(4):1787. doi: 10.1118/1.4943564. PubMed PMID: 27036576; PubMed Central PMCID: 
PMC4808061.
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● Randomized Phase 2 Trial: Nonspine Bone Mets, 12 or 16Gy x 1 vs 3Gy x 10:
○ SBRT: better rate of pain response

○ SBRT: better local control rates @ 1 and 2 years

○ No differences in treatment-related toxic effects or quality-of-life scores vs conventional

● Far less trouble for the patient (when time is particularly precious)

● Per patient: 10x less time at the linac, but arguably more physics resources
○ Enables higher patient throughput? Bottleneck now physics/dosimetry?

● Recent CMS Proposed RO Model aligns with this paradigm?

Motivation: Single Fraction Met Treatment?

Nguyen QN, Chun SG, Chow E, Komaki R, Liao Z, Zacharia R, Szeto BK, Welsh JW, Hahn SM, Fuller CD, Moon BS, Bird JE, 
Satcher R, Lin PP, Jeter M, O'Reilly MS, Lewis VO. Single-Fraction Stereotactic vs Conventional Multifraction Radiotherapy 
for Pain Relief in Patients With Predominantly Nonspine Bone Metastases: A Randomized Phase 2 Trial. JAMA Oncol. 2019 
Apr 25;. doi: 10.1001/jamaoncol.2019.0192. [Epub ahead of print] PubMed PMID: 31021390; PubMed Central PMCID: 
PMC6487911.

Automation: A Logic Puzzle

1. Identify the task   Understand it fully

2. Identify available tools    Can you build the missing pieces?

3. Implement the solution   Usually iteratively

● IMPORTANT: One of the greatest barriers to automation is 

unclear or inconsistent expectations
○ e.g. can your team commit to using specific templates (structure IDs, dose constraints, etc)?

"Puzzle" by jonkriz is licensed under CC BY 2.0

Identify the Task

● What makes a task a great candidate 

for Automation?
○ Flow chartable (Repetitive, Clear Rules)

○ Software-related (I’m biased)

○ Is it worth the time (or will it improve quality 

of life?)? 

○ Is a solution already supported in a product 

you already have, but you just have to 

configure it? (Low-hanging fruit)

● Opportunities abound, big and small

https://xkcd.com/974/

● Get the most out of products you have
○ RTFM - Read the “freaking” manual 

○ (at least skim?)

○ Call the support desk - “can this product do X”?

○ Vendor-sponsored training/webinars

● Scripting Application Programming 

Interfaces (APIs)
○ Access product functionality directly

■ Tight integration (efficiency)

○ Very powerful & flexible

■ BUT possible limitations  requiring 

workarounds

Identify Available Tools

"Cat PR" by Niklas is licensed under CC BY-NC-SA 2.0

● Task: 
○ Save IMRT QA report ⇒ Import into R&V system.

■ e.g. Currently importing into R&V requires browsing through 5 folders

● Tools / Implementation:
○ Can IMRT QA program change default save location?

○ Can the R&V document import location be changed to IMRT QA save location? 

(watch out for side effects!)

● Workarounds?: 
○ A .txt file with the path you can copy & paste from?

○ AutoHotkey???

A tiny example (small opportunities are everywhere) A bigger example

● Task: 
○ Insert treatment site-specific TG-263 compliant structures 

into a new structure set

● Tools / Implementation:
○ Does your TPS let you create Structure Set Templates?

■ Can you implement templates that meet your 

department’s needs?

■ Can you get department buy-in?

● Do you have any available auto-segmentation tools 

and templates you can configure?

● Combine with plan templates?
○ Automatically add initial fields & setup fields?
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Scripting

● Enormous power and flexibility

● … but much higher barrier to entry
○ Learning to program?

■ Like learning a new language, can be very frustrating

■ … but also very rewarding

■ Lot’s of great resources to help you learn…

● If you can muster the motivation, time, and energy

■ You will definitely encounter barriers

● A project that motivates helps a lot

○ General Advice: Divide and Conquer

■ Break a task down into well-defined manageable units

■ Explore the API & experiment

Varian Developer Community:

https://github.com/VarianAPIs : Example projects are extremely helpful

● Task: 
○ Plan Analysis & Plan Report

(TG-275 & TG-315-draft) 

■ Check Dose Constraints

■ Check Plan Parameters

■ Check Structures for Errors

■ Check for Collisions

■ Print Complete Plan Report

● Tools / Implementation:
○ Varian Eclipse™ API: Read plan data

○ Programmed Analysis and Report 

Generation

○ Make it easy to configure templates

Scripting example (ClearCheck)

Report (Necessary for Plan Check)
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● Manual Constraint Reporting: 
○ 2% had >1% error

○ 0.8% had >10% error

● ClearCheck Constraint Reporting:
○ 0 errors

● Large decrease in time for definition, 

evaluation, and documentation of 

constraints

ClearCheck Constraint Check Results

Burmeister, J.W. et al., Implementation of an Automation Tool for Treatment 
Planning Constraint Designation and Plan Evaluation, International Journal of 
Radiation Oncology • Biology • Physics, Volume 102, Issue 3, e534 - e535

Scripting examples (EZFluence)

● Task: 
○ Automate 3D Conformal Planning (Field-in-

Field or Electronic Compensator)

■ Breast

■ 4-Field Lung

■ Whole Brain

■ etc.

● Tools / Implementation:
○ Varian Eclipse™ API: Read plan data, write 

back new plan data

○ Optimization algorithm exploration and 

experimentation

EZFluence Results

● Average of 85% reduction in planning time
○ Average of 3.7 minutes for EZFluence

● Overall comparable or improved dosimetry (v1.1)
○ Lower V105% on larger breast patients

Yoder, T., Hsia, A. T., Xu, Z., Stessin, A., & Ryu, S. (2019). Usefulness of EZFluence software for radiotherapy planning of 
breast cancer treatment. Medical Dosimetry, 1-5. doi:10.1016/j.meddos.2018.12.001
I Dragojevic1*, J Hoisak1 , R Manger2 , Assessing the Performance of Automated Breast Treatment Planning Software, 
AAPM 2019 Poster 

(15 patients) D95 V105

Manual 93.5% 137cc

EZFluence 96.2% 73cc

DIY Scripting Pitfalls

● Verification and Validation (Safety)
○ How can you be sure it works correctly & 

meets the end-user’s needs?

● Long-term Support
○ What happens if the developer leaves?

○ Will the tool break when software versions 

change?

● Department Buy-in

https://xkcd.com/1319/

Summary

● Watch for opportunities to increase efficiency

● Explore available tools (both in commercial products and do-it-yourself)
○ Especially low-hanging fruit: invest a little time and effort for huge efficiency gains

● You have the power!... it just takes:
○ Time

○ Energy

○ Department buy-in


