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Objective

(1) To introduce the design and implementation of automated 
plan checking tools with API-based programming or scripting 
in a commercially available TPS

(2) To validate and evaluate these QA tools by using mock 
HDR Brachytherapy plans with simulated errors. 
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Background
• HDR remote-afterloading brachytherapy

• mature technology
• many published guidelines and guidance documents to help establish 

safety and quality management programs (TG-56, TG-59) 

• Near-misses and medical events still happen
• Most incidents due to human failures/errors (ICRP 97)
• Most often with actions having the least time available (references below)
• 4 out of 10 major error categories leading to ME were related to the 

treatment planning process (Thomadsen, 2014)

Richardson et al, PRO , 2, 157-163, 2012. Thomadsen et al, IJROBP, 57, 1492-1508, 2003. Wilkinson et al., Brachytherapy, 12, 382-386, 2013. 
Thomadsen et al, PRO, 4, 65-70, 2014. 
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Background
• Plan quality assurance (Plan QA) can increase the detectability of 

planning errors 
• Plan QA typically includes an evaluation of plan quality and a 

check of plan parameters
e.g. Checklists and forms (specific procedure/applicator); independent verification 
before treatment delivery;

However:
• often manually performed  subject to errors
• relies on the reviewer’s expertise  inconsistencies
• can be iterative:  customized plans  further plan 

optimization  repeat plan QA  repeat retrieval of plan 
parameters & plan evaluation  takes time Wilkinson et al., Brachytherapy, 12, 382-386, 2013. 

Fraass et al., Medical Physics, 25, 1773-1829, 1998.
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Features of HDR
• HDR BT demands high efficiency:  

• short time-frames (applicator placement, planning, and treatment)
• leaving limited time for plan QA

• HDR BT demands high accuracy:  
• delivery of dose in few fractions & high dose rates
• prevent severe dosimetric errors and medical events 

• HDR brachytherapy team to be efficient, accurate, and consistent
increased need for automated plan QA tools.  

• Tools embedded w/in the treatment planning system (TPS)  ideal for 
convenience and reduce errors
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A little about 
WashU

Brachytherapy 
center…
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Brachytherapy Center
• AU (RO) performs HDR implants 

• In RO dept (most common)
- Nursing & RTT assistance

• OR (sarcoma, prostate)
• Sim RTTs image (CT or MRI)
• Dosimetrist plans
• Physicist (AMP) checks
• Therapists setup, connect, & treat with AMP 

and AU present
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Brachytherapy
• ~4000/yr (implants + procedures + treatments)
• Radiopharmaceutical therapy
• LDR therapy
• HDR therapy (2 RAUs)

- Highest volume services: 
- GYN intracavitary– “template” plans —all HDR AMPs
- Breast  interstitial/SAVI-- customized plans (more experienced 

team)
- Prostate  interstitial-- customized plans (more experienced team)
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Aims of Our Work with API Scripting
• Design QA tools for automated plan checking with API-based 

programming (or scripting) in a commercially available TPS 
• Test clinical implementation of these QA tools for SAVI breast and 

HDR prostate
• High volumes (1-2 week) in an already busy clinic
• Customized planning (more experienced teams) 
• Established planning criteria (rules -- scripted)

• Design an observer study to
• Validate QA tools
• Evaluate gain (if any) in efficiency

Cai et al., ABS, Brachytherapy 2016: 15: S28-S29 
Cai et al., Brachytherapy 2019, 108e114.
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Methods: “Plan QA”
• Plan QA was divided into 2 major categories:

• Plan quality (PQ) evaluations
• Plan integrity (PI) checks

• PQ: focuses on dosimetric information and checks plan meets D-V 
constraints, and also performs a manual verification of dwell time

• PI: checks plan parameters against tolerances/specs of the RAU and 
applicator 

• Perform by physicists, dosimetrists and physicians

Mooney et al, Brachytherapy, 15, 616-624, 2016.
NSABP B-39/ROTG 0413 protocol
RTOG 0321 protocol
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Plan QA Checklist

• Sample plan QA checklist for 
HDR prostate (manual 
process)
 Items need to be 

checked
 Items need to be 

reported
• Goal: to automatically pull 

information from TPS and 
mimic human checking 
process -- scripting

As much as possible
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Scripting in TPS
• Programing via a vendor supported format or interface to access treatment 

planning information from Treatment Planning System.
 Scripting is supported by several major TPS (Eclipse, Pinnacle, RayStation, etc.)

• Many groups have studied and developed scripting tools for RT 
 Auto planning, plan QA, DVH generation, data mining, .etc.  
 Mainly for EBRT

• Education materials and resources.
 Reference guide, vendor white paper, online discussion group, courses, webinar, 

code share website. 
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Script Design in Eclipse (ESAPI)
• The Eclipse Scripting Application 

Programming Interface (Eclipse 
Scripting API or ESAPI): a programming 
interface and a software library for 
Eclipse. 

• The scripts can be integrated into the 
Eclipse user interface, or they can be 
run as standalone executables.

• User designed C# programs (“scripts”) 
were created and executed through the 
API to access planning information in 
TPS (V13.7)
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• Two quality control reports were generated on
• PI report specific to the applicator
• PQ report designed to be site dependent (SAVI-Breast, HDR Prostate)

• Information for PI checks & PQ 
evaluations retrieved mainly from two 
places: the current plan and the TPS 
database. 

• Dynamic information, e.g., individual 
plan’s planning parameters, retrieved 
from information and data structure 
within current plan

• Static information, e.g., the source, is 
retrieved from the TPS database. 



PI Reports
Directly launched within TPS 
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Results:  PI Report = “Precheck Report”

• Used as a “precheck” & “final check” tool (e.g., after opt)
• Some information simply reported (black)
• Other information compared against predetermined QA metrics with 

color-coded pass (green) or fail (red) or warning (yellow) indicators
• Forty-one parameters reported/checked



Catheter Parameters
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PQ Reports

Some manual inputs required by the PQ report:
•What site? Manually selected

• SAVI
• Prostate

•What structures for D-V stats?
• Script will automatically assign contours in plan to these 

structures based on a set naming convention, e.g., “PTV_Eval”
• Otherwise, can be manually assigned
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Results:  PQ Report

• Customizable report
- D-V indices for our clinic
- Also evaluates % air in PTV_EVAL
- Could also re-execute report with a different target contour 

structure—for example PTV_EVAL_air (simply re-assign)
• Report can be re-generated during planning & re-opt (Dos & Phys)
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Evaluating the Scripts
• Observer study to validate script, and to quantify improvement in 

plan review efficiency
• 5 blinded observers 

• 3 experienced authorized medical physicists [AMPs]
• 2 junior physicists with limited HDR-BT experience

• 4 mock plans (2 SAVIs + 2 HDR Prostates) with added 
deficiencies
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• Check mock plans using a 
condensed checklist

• Perform 2 rounds: 
• 1st withOUT script, 
• 2nd with script, run it first, and 

exclude manual check of items 
included in script

• In-house timing software 
• Track time with pausing
• To record all detected 

errors/comments along the way

Condensed Checklist 
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• 100% of simulated errors were detected by the PI scripts 
• An average time reduction of 16 mins for plan review observed when using 

the scripts
• Values failing to meet the planning constraints were red-flagged successfully 

in the PQ reports
• Appropriate warning messages displayed in the reports

Results of Observer Study
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Summary & Conclusions
• Automated API scripting-based plan QA was designed and 

implemented for HDR SAVI & prostate plans
• Can be helpful in terms of error catching and efficiency improvement
• Scripts have been in use in our clinic since 2015 (for brachy) 
• Some notable benefits:

- 10 s  Comprehensive summary  avoid some manual checking steps 
saves time, helps prevent misses

- Maintain some level of consistency between planners/checkers
- As a precheck tool—quickly identify problems and identify them all at once 

& upfront 
- Customizable – can check D-V stats, report other metrics (% air, DHI), 

quickly verify dwell times
- Reports saved to pdf, has location for AMP/AU signature and part of 

patient’s chart  concise plan report (happy dosimetrists)
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