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Outline: 

• Platform overview  

• Dose Calculations  

• Pre-treatment QA: Fraction 0  

• In Vivo QA: Fraction n  

• “Superuser” Tips & Tricks 

• System Benefits & Limitations (“Pros & Cons”) 

• Conclusion 

Learning Objectives 

1. What is PerFRACTION? 

2. How automation and analyses function 

3. Clinical workflows & applications   
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Platform Overview 
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SunCHECK™  //  Patient Plan and Phantom-Less QA 

Independent Secondary 3D Dose Calculations 

DoseCHECK™ 

Fraction 0™ – Phantom-Less Pre-Treatment QA 

PerFRACTION™ 

Fraction n™ – 2D/3D In-Vivo Monitoring 
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SunCHECK™  //  Machine Testing and Test Management 

Image-Based TG-142/VMAT Imaging and 

Mechanical QA 

SNC Machine™ 

Daily, Monthly, and Annual QA, Including 

Device Integration 

NEW! SNC Routine™ 
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What is PerFRACTION™? 

Pre-Treatment QA: Fraction 0TM 

• Phantomless EPID and/or log file-based QA 

• Point Dose, 2D and 3D absolute dose options 

• Use for IMRT, VMAT, SRS/SBRT (with MLCs) 

 

In-Vivo QA: Fraction nTM 

• EPID and/or log file-based 

• Point Dose, 2D and 3D options 

• 2D transmission measured during treatment delivery 

o Absolute dose conversion coming soon 

• 3D dose reconstruction based on actual MLC movements and delivered MU during treatment 
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Summary of Workflow 
• Dosimetrist pushes DICOM data to server – SunCHECK will now actively retrieve any linac image & log files 

corresponding to the RT Plan  
 

DoseCHECKTM   

• Automated 3D secondary calculation & analysis occurs in the background once data is received from TPS 
• Physicist reviews results offline 
 
Fraction 0TM 

• Deliver plan with EPID deployed (optional: log file mode) 
o Automated data capture, calculation & analyses occur in the background 
o Automated email if there is a failure 

 
Fraction nTM 

• Deliver plan with EPID deployed (optional: log file mode) 
o Automated data capture, calculation & analyses occur in the background 

• No news is good news! 
o Automated email if there is a failure 
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Automated Data Collection 

• Varian/ARIA 

o Query/Retrieve for images 

o File Monitor Service for log files 

 

• Varian/MOSAIQ 

o File Monitor Service for images & log files 

o Database query for CBCT 

 

• Elekta 

o iViewGT interface for images 

o iCom Collector for log files 

 

• Traceability 

o DICOM header info and UIDs are used to associate all 
patient & delivery information 
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Analyses & Settings 
QA Protocols contain tasks and settings used for 
plan analysis 
 
• Default Protocol applied to all new incoming 

data automatically (can be edited) 
 

• Point Dose, 2D and 3D tasks 
 

• Custom Protocols can be created per site or 
physician preference 
 

• Clinical Goals templates contain the Dose 
Volume constraints 
• 75 pre-configured templates (Quantec, 

RTOG, etc.) 
• Custom templates can be created 
• 7 dose volume metrics available 
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Imaging Techniques & Considerations 

• Integrated Imaging 

o Varian C-Series & True Beam, Elekta 

o Used for 2D Analysis only 

 

• Cine (continuous) Imaging 

o C-Series & Elekta: multiple cine frames 

› Can be used for simultaneous 2D and 3D analysis 

› PerFRACTION will composite frames into single image for 2D 

› Frames will be used for MLC detection in 3D reconstruction 

 

o True Beam: MPEG encoding 

› Lossy compression makes unsuitable for 2D analysis 

› 3D reconstruction only 

› Recommend collecting integrated imaging for 2D transit and using log-based reconstruction for 
3D 
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Dose Calculations 
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Dose Calculation Algorithm 

• Collapsed Cone Superposition/Convolution algorithm 

o Exclusively licensed from Johns Hopkins University 

oGPU accelerated 

 

• References: 

› Real-time dose computation: GPU-accelerated source modeling and 
superposition/convolution. Jacques, et al. Med Phys. 2011 Jan;38(1):294-305. 

 

› Towards real-time radiotherapy: GPU-accelerated superposition/convolution. 
Jacques, et al. Comput Methods Programs Biomed. 2010 Jun;98(3):285-92. 

 

YOUR MOST VALUABLE QA AND DOSIMETRY TOOLS 
© 2017 Sun Nuclear Corporation. All rights reserved. 

Latest Accuracy Publication – SNC Dose Calculator 

• Publication in JACMP 

• From the Moffitt Cancer Center in Tampa, FL 

• Compares SunCHECK’s Dose Calculator algorithm with: 

o Ion chamber 

oArcCHECK 

o PDP 3D algorithm 

o Pinnacle 3D algorithm 

• Evaluates 6 MV, 10FFF, and 15 MV  

   energies 
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Beam Models & Commissioning 
• Beam Models 

o Pre-commissioned in the software 

o Created from aggregate measured commissioning data  

oVerified to match your machine before use 
› User controlled adjustments coming soon 

o Simply select beam model for machine(s) from drop-
down 

 

• User “Commissioning” 

oDefine Reference Dose for each beam energy 
› Traceable absolute calibrated dose under specified conditions. 

o Enter CT-to-ED table for each scanner (and CBCT) 

o That is all! 
 

http://www.ncbi.nlm.nih.gov/pubmed/21361198
http://www.ncbi.nlm.nih.gov/pubmed/19695731
http://www.ncbi.nlm.nih.gov/pubmed/19695731
http://www.ncbi.nlm.nih.gov/pubmed/19695731
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How does it work? – 3D Reconstruction 
• EpiLog™ Algorithm* (when using EPID data) 

o Cine (movie, aka continuous) images & logs are collected during treatment 

o MLC and collimator positions are detected via proprietary profile-matching edge detection 
algorithm across each leaf pair, per frame 

o Dose rate/MU and gantry angle information obtained from logs 

o Actual delivery parameters are then “forward projected” into patient planning CT (or CBCT) 

o Dose reconstructed with collapsed cone superposition/convolution algorithm 

 

 

 

 

 

 

 

 

 

*patent pending 
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CBCT  

• Cone Beam CT can be very noisy, and multiple protocols may be used, so selecting a CT-to-ED curve can be a 
challenge 

• Sun Nuclear follows a published technique using a simplified 6-Tier CT-to-ED curve to obtain ~2% accuracy 

o 2015 paper by The Royal Marsden NHS Foundation Trust 
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Patient CBCT 

• Automatic reconstruction of dose on daily 
or periodic CBCT images 

• Rigid registration and fusion with planning 
CT using offsets in DICOM registration 
object 

• When CBCT is used for dose calculation, 
the 3D Analysis image display reflects the 
merged CBCT/Plan CT image 

• Custom CT-to-ED tables can be created for 
each CT scanner and EPID panel/CBCT 

• System allows you to recalculate dose 
using a previous CBCT or the original Plan 
CT image 
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Fraction 0: Pre-Treatment QA 
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Fraction 0TM 

Phantom-less pre-treatment QA 

 

• Fraction 0 Absolute Dose (FZAD) 

o 2D analysis of EPID images converted to dose 

o Calibration per energy and SID* 

 

• Fraction 0 3D 

o 3D dose reconstruction on planning CT 

o Same 3D analysis/review options as  

   Fraction n for apples-to-apples comparison 

 

• Use same RT Plan as for treatment – no additional 

   QA plans or dose maps required 

 
*patent pending 
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Fraction Zero Absolute Dose (FZAD) 

• Proprietary panel calibration algorithm* 

• Expected Dose Maps are automatically created 
from RT Plan using SunCHECK Dose Calculator 

• Delivered images are converted to dose and 
compared 

• Views: 

o Delivered & Expected Dose Maps 

o Analysis Method map 

o X and Y profiles (click on dose maps to redraw) 

o Gamma Histogram 

• Can be used in conjunction with log-based 3D 
reconstruction 

*patent pending 
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Fraction 0 3D 

• Two Ways to perform 

o Cine imaging (EpiLog reconstruction) 

o Log-only reconstruction (if also performing FZAD) 

 

• Point Dose and 3D Analysis tasks available 

• Represents the actual conditions of delivery  

 in patient anatomy 
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Fraction n: Transit In Vivo QA 
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Fraction nTM  

EPID-based mode 

• Includes daily position of patient 

• Provides independent measurement of MLC positions  

o Log files alone are not reliable indicators of MLC positions1,2 

 

Log file-based mode 

• For use when EPID cannot be deployed  

o Large couch kicks, or extra-large field sizes 

• For use alongside EPID option 

o For example, use EPID-based once a week and log-based the remainder of the week 

 

PerFRACTIONTM can automatically switch between the two modes based on whether EPID images are available. 

 

1. “A clinically observed discrepancy between image-based and log-based MLC positions,” B. Neal, M. Ahmed, K. Kathuria, T. Watkins, K. Wijesooriya, and J Siebers; Med Phys 43, 2933 (2016) 
2. “Monitoring daily MLC positional errors using trajectory log files and EPID measurements for IMRT and VMAT deliveries,” A. Agnew1, C E Agnew1, M W D Grattan1, A R Hounsell1,2 and C 

K McGarry1,2 Phys. Med. Biol. 59 (2014) N49–N63 
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Fraction n Transit 2D Analysis 

• Choose from 5 analysis methods: 

o Gamma, % Difference, Composite Evaluation (DTA), Gradient Compensation, Diff-to-DTA 

• Delivered images are compared to baseline image (typically first fraction) 

o Absolute dose calibration coming soon 

• Example on right: 
• AP/PA chest, no IGRT 
• SSDs checked daily 
• Block changed to cover more heart 
• Central lung progressively colder 
• Periphery progressively hot 

 
• Based on PerFRACTION results, CBCT 

performed: revealed lung had filled with 
fluid, peripheral separation change 
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Fraction n 3D with EpiLog (and CBCT) 

• Export dataset from TPS (if not already sent) 
• Optional: CBCT for IGRT 
• Collect cine images during treatment 
• EpiLog is used for 3D reconstruction 

 
• Example at right: 

• Fraction 1 shows dose reconstruction on 
CBCT, high passing rates 
 

• As lung tumor shrank gamma passing rates 
steadily declined 
 

• Tumor change and dosimetric effect clearly 
visible on later fractions 
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Fraction n 2D + Log Mode (with CBCT) 

• Export dataset from TPS (if not already sent) 

• CBCT for IGRT setup 

• Collect integrated images during treatment 

• Logs are used for 3D reconstruction 

 

• Example on right: 

o Ankle with custom bolus 

o 2D revealed a transmission change 

o CBCT reconstruction showed  

     bolus had slumped, leaving air gap 
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Fraction n 3D Log Mode 
• Export dataset from TPS (if not already sent) 

• No images collected during treatment (or images for 
some beams only) 

• Logs are used for 3D reconstruction 

• Can be used for non-imageable beams, automated 
deliveries (panel not deployable), or in conjunction 
with periodic imaging 

• Point Dose and 3D Analysis 

• More powerful with CBCT 
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Tips & Tricks 
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PerFRACTION Tips & Tricks 

• Harnessing simultaneous 2D & 3D analysis 

o The power is in the combination!  

o 2D contains the transit information (patient), as well as MLC/collimator verification 
for each beam. Highly sensitive. 

o 3D shows the effect of the machine performance (and patient position with CBCT) 
on the total dose distribution. 
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PerFRACTION Tips & Tricks (continued)  

“What should my tolerances be?” 

• #1 question! 

• Task Groups 218 (IMRT QA) & 219 (secondary calculations) will recommend 

o 95% passing rate for gamma at 3%/2mm  

o for both 2D and 3D 

• A new task group for EPID in vivo QA just approved 

o some time before conclusions 

• Up to each department to determine their goals for using the software – identify all 
variations or only “potentially significant” errors? Set tolerances accordingly. 

• Some have suggested using half of “reportable event” values to detect large errors, up 
to 5-10% difference (depending on regulations)  
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System Benefits and Limitations 

BENEFITS 

• Automation – capable of handling more data with less direct interaction 

• Comprehensive – 1D/2D/3D simultaneous analysis, multiple methods and data review 

• Integrated – all patient QA in one workflow, total QA (patient & machine) in one platform 

• Independent – independent measurement & verification 

• Web based – access from any networked computer with an internet browser 

 

LIMITATIONS 

• Data dependent – if machine does not produce the data (logs, images) or if the data is not 
usable for some analyses  

• DICOM dependent – sometimes desired information is missing from the DICOM objects 

• Network dependent – if the hospital network is down or slow, processing will be affected (same 
as for many server-based TPS and R&V systems) 

• Machine configuration dependent – some machine/R&V combinations make setting up 
automation more complicated 
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CONCLUSION 

• PerFRACTION from Sun Nuclear is an automated, web-based comprehensive patient QA 
software that utilizes EPID images and log files for pre-treatment QA (Fraction 0) and 
transit in vivo QA (Fraction n) as part of the SunCHECK platform. 

 

• Automation and analyses function by harnessing hospital network and DICOM 
traceability to match data (images, logs) to patient datasets exported to the system. 
Proprietary algorithms for EPID panel calibration and MLC position detection power the 
core functionalities. 

 

• Clinical workflows are designed to be minimally invasive, with a single DICOM export to 
initiate the entire patient QA process and interaction with the software only when 
review or reporting is required. 
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Thank You for Your Attention 
Any questions not addressed can be answered in booth #5001 


