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Disclosures
• Sean Berry holds research grants from Varian Medical Systems 

for work unrelated to this talk

• The Plan Check Tool is the result of a collaboration between 
University of Michigan, MSKCC, and Varian Medical Systems. 

• There is a licensing agreement between MSKCC and Varian 
Medical Systems for the breast compensator program.   



Objectives
• To describe our experience in using an applications 

programming interface (API) to develop tools for 
scripting/automation in the external beam radiotherapy planning 
(EBRT) process.
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PCT:  Background
• Radiotherapy pre-treatment physics chart checks have been 

shown to be a highly effective method of catching errors before 
they propagate to patient treatment1

• Issues with manual checks:
–Lapses in human attention/knowledge can limit effectiveness 

and lead to uneven error detection rates between personnel 
–Time consuming:  ~9 FTE physicist positions devoted solely to 

this job function campus wide

1Ford EC, et al. Quality control quantification (qcq): A tool to measure the value of quality control checks in 
radiation oncology. International journal of radiation oncology, biology, physics 2012;84:e263-269.



PCT:  Introduction

• ESAPI based automated plan checking tool written in C#
• Result of collaboration between UMich\MSKCC\Varian
• Used clinically >15,000-20,000x at each institution

–Released 2/2015 at UM, 4/2016 at MSKCC
• Used on all campuses of MSKCC, UMich Main Campus, and UMich

affiliate sites
• Eclipse versions v11 – v15

K Younge, S Berry, et al.  “SU-H300-GePD-F4-1:  A Model for Collaborative Software Development: 
Integration in Treatment Plan checks.”  Medical Physics v45, no 6 (2018): E158.



PCT:  Overview



Plan Check Tool: GUI



Plan Check Tool:  GUI
• 53 checkers:



Plan Check Tool:  Architecture

Modified from:
Covington, et al.  “Improving treatment plan evaluation with automation.”  JACMP v17, no 6 (2016): 16-31.



Plan Check Tool:  Architecture
• XML Configuration file:



Plan Check Tool:  Clinical Use @MSKCC

Modified from:
Covington, et al.  “Improving treatment plan evaluation with automation.”  JACMP v17, no 6 (2016): 16-31.



Plan Check Tool:  Clinical Use @MSKCC

Berry, et al.  Efficiency and Safety Increases after Implementation of a Multi-Institutional 
Automated Plan Check Tool.  Under Review, Practical Radiation Oncology

• Observation:  20% decrease in time per check after implementation:



Plan Check Tool:  Clinical Use @MSKCC

Berry, et al.  Efficiency and Safety Increases after Implementation of a Multi-Institutional 
Automated Plan Check Tool.  Under Review, Practical Radiation Oncology

• Observation:  Proportion of 
issues recorded by human 
plan checker related to 
checks automated by PCT 
statistically significantly 
decreased:



Plan Check Tool:  Clinical Use @UMich
• Observation:  Although 

similar # of errors pre/post-
PCT overall those related to 
automated checks 
decreased.  

• Treatment machine delays 
related to planning errors 
decreased by 60%.

Covington, et al.  “Improving treatment plan evaluation with automation.”  JACMP v17, no 6 (2016): 16-31.



Plan Check Tool:  Clinical Use @UMich
• Observation:  Estimated ~200 hours saved per year in plan 

checking time + add’t 288 hours saved by replacing 
subsequent checks with review of PCT output

Covington, et al.  “Improving treatment plan evaluation with automation.”  JACMP v17, no 6 (2016): 16-31.



Plan Check Tool:  Conclusions
• Very successful inter-institutional collaboration
• Flexible software that fits the needs of two large institutions and 

affiliate sites
• Improved detection of errors
• Time saved
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DVH Summary:  Background
• MSKCC has extensive, specific, and particular constraints for a 

large range of anatomical sites and prescription paradigms.
–Max, min, mean, Dx%, Dxcc, Vx%, VxcGy, NTCP, Gradient Index, 

• Issues with manual checks:
–Slow, error-prone, has to be repeated by each observer

• Issues with solutions within Eclipse:
–Limited functionality



DVH Summary:  Introduction
• ESAPI based automated DVH Summary tool written in C#
• Used on all campuses of MSKCC and extended to a hospital with 

an affiliation with MSKCC
• Eclipse versions v11 – v15



DVH Summary:  Overview



DVH Summary: GUI



DVH Summary:  Architecture

Modified from:
Covington, et al.  “Improving treatment plan evaluation with automation.”  JACMP v17, no 6 (2016): 16-31.



DVH Summary:  Architecture
• XML template configuration file:



DVH Summary:  Clinical Use @MSKCC
• Planners view via scripting 

interface during planning 
process

• Planners include in plan pdf 
for upload to dynamic 
documents

• Plan checker runs via 
scripting interface and verifies 
matches copy in plan pdf

• Copy of plan pdf used during 
chart rounds for rapid review



DVH Summary:  Conclusions
• Successful instance of enhancing functionality existing in the TPS 

via scripting.
• Flexible software that fits the needs of one large institution and 

one affiliate site.
• Flexible software, templates easily updated as constraints are 

modified.
• More efficient review of planned values vs constraints during 

planning, plan checking, and chart rounds processes.  
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ECHO:  Background
• Radiotherapy planning is a complex, time-consuming, and labor-

intensive task
• Interobserver variability in RT plan quality exists1

• Constrained hierarchical optimization is a classic optimization 
technique, but not available in commercial TPS2,3

• ECHO is a demonstration of how a home-grown optimization 
technique can become part of the clinical workflow using API 
scripting.4

1Berry, et al.  “Interobserver variability in radiation therapy plan output: results of a single-institution 
study.” PRO, 2016;6:442-449
2Deasy, et al. “Prioritized treatment planning for radiotherapy optimization”, Proc. World Congress on 
Medical Physics and Biomedical Engineering (Chicago, 2000) CD-ROM (2000).
3Deasy, et al. “The IMRT optimization problem statement”, Proc. From the NCI-NSF Sponsored Workshop 
on Operations Research Applications in Radiation Therapy (OART) (Washington, DC, 2002) (2002).
4Zarepisheh, et al., “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system”, Med Phys (doi: 10.1002/mp.13572)



ECHO:  Introduction
• ESAPI based automated constrained hierarchical optimization tool 

written in C#
• Used on all campuses of MSKCC
• Used clinically on ~1500 SBRT paraspinal patients between 4/2017 

and 5/2019.
• Eclipse versions v13 – v15.

Zarepisheh, et al., “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system”, Med Phys (doi: 10.1002/mp.13572)



ECHO:  Overview

Zarepisheh, et al.  “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system.”  Med Phys, in press, 2019 (doi: 10.1002/mp.13572)



ECHO:  GUI



ECHO:  Clinical Use @MSKCC

Zarepisheh, et al.  “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system.”  Med Phys, in press, 2019 (doi: 10.1002/mp.13572)



ECHO:  Clinical Use @MSKCC

Zarepisheh, et al.  “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system.”  Med Phys, in press, 2019 (doi: 10.1002/mp.13572)



ECHO:  Conclusions
• Successful instance of “enhancing” a FDA approved, commercial, 

TPS with API functionality and advanced algorithms.
• Increases plan efficiency and plan quality

Zarepisheh, et al., “Automated intensity modulated treatment planning: the expedited constrained 
hierarchical optimization (ECHO) system”, Med Phys (doi: 10.1002/mp.13572)
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MSK GO: Further Information



MSK GO: GUI



Breast VSim
• Built to solve 

problem that 
can’t see BEV 
and field edges 
on surface at 
same time in 
Eclipse.  



Compensator Design

Chui CS, Hong L, McCormick B. Intensity-modulated radiotherapy technique for three-field breast treatment. Int. J. 
Radiat. Oncol. Biol. Phys., 62(4), 1217-1223 (2005).
Chui CS, Hong L, Hunt M and McCormick B. A simplified intensity modulated radiation therapy technique for the 
breast. Med. Phys. 29, 522-529  (2002).



Conclusions
• Scripting can be a powerful way to:

– Improve upon vendor functionality 
– Increase safety and efficiency in your clinic
–Free yourself of the algorithmic limitations of the vendor’s 

software
• Improved optimization
• Improved segmentation
• Improved workflows

• @MSK scripts are written by software engineers/developers but 
also by clinical physicists.  


