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1. Introduction 
 

The Cancer Care Ontario (CCO) Physics Community of Practice identified Patient-Specific 
Quality Assurance (PSQA) as a priority quality initiative.  The main objective for the initiative was 
to improve the quality and safety in treatment delivery by supporting coordination and 
standardization of PSQA practice across the province. A working group was struck to investigate 
PSQA best practice guidance for IMRT/VMAT delivery verification.  It also serves to advise the 
development of a new provincial funding model for radiation treatment (Radiation Treatment 
Quality Based Procedure initiative), specific to quality metrics, on the subject of PSQA best 
practice. 
 
The working group is composed of nine medical physicists from cancer centres across Ontario 
and a CCO lead.  The group conducted a provincial survey on IMRT/VMAT PSQA that illustrated 
variations in practice across the Ontario cancer centres.  It also conducted a literature review on 
existing guidelines and peer reviewed papers on PSQA to further inform the best practice 
recommendations outlined in this document.  In the absence of evidence, the collective clinical 
expertise and experience of the group members were utilized.   
 
This document should be considered for review in 3 years unless newly published research or 
guidance document from a professional society warrants a change in PSQA practice.  
  

2. Summaries of Best Practice Recommendations 
 
This section outlines five summaries of PSQA best practice recommendations for IMRT and 
VMAT.  Each summary compiles a number of Key Quality Indicators (KQIs), which will be 
explained in details in the subsequent sections.   
 
While VMAT is generally considered to be a subset of IMRT, in this document, VMAT refers to 
moving gantry delivery, while IMRT refers to fixed gantry delivery.  Terminology highlighted by 
bold face is defined in the Glossary section.  The recommendations in the KQIs apply to routine 
IMRT or VMAT patient-specific delivery quality assurance on regular linacs, including Stereotactic 
Body Radiation Therapy, but excluding Stereotactic Radiosurgery or PSQA for specialized 
machines such as Tomotherapy or Cyberknife.  “Forward-planned” IMRT or IMRT that primarily 
generates wedge segmentation (e.g. breast tangents) is also excluded since the bulk of the dose 
comes from open beams.   
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Summary of Key Quality Indicators: Policy and Procedure 
 
KQI  Indicator 

Measure 
Section 

Reference 

Policy and Procedure Quality Indicators 

A1 A procedure must be implemented to verify the consistency of 
plan delivery parameters prior to first fraction for all IMRT and 
VMAT treatments. 

0 or 1 3.1 

A2 A procedure should be in place to verify plan deliverability and 
dose accuracy prior to first fraction for all IMRT and VMAT 
treatments. 

0 or 1 3.2 

A3 A procedure must be implemented to prevent or catch 
accidental alterations to the plan delivery parameters prior to 
each treatment. 

0 or 1 3.3 

A4 Restrictions or recommendations on certain IMRT/VMAT 
treatment planning system (TPS) optimization and calculation 
parameters that impact PSQA pass rates should be 
implemented. 

0 or 1 3.4 

 

Summary of Key Quality Indicators: PSQA Instrumentation 
 
KQI  Indicator 

Measure 
Section 

Reference 

PSQA Instrumentation Quality Indicators 

B1  
 

PSQA of new IMRT/VMAT techniques or class solutions 
should be evaluated using measurement devices with high 
dosimetric accuracy and high spatial resolution.   

0 or 1 4.1 

B2 Following validation of new IMRT/VMAT techniques or class 
solutions, routine PSQA may employ devices with slightly 
lower dosimetric accuracy or spatial resolution. 

0 or 1 4.2 

B3 Detectors must be commissioned prior to clinical use. 0 or 1 4.3 

B4 A QA program must be in place to ensure continued and 
consistent performance of the PSQA tools at the level at which 
they were commissioned. 

0 or 1 4.4 

B5 Detector calibration (single or array) must be performed at a 
frequency dependent on its usage or if it fails regular quality 
control (QC) tolerance. 

0 or 1 4.5 
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Summary of Key Quality Indicators: PSQA Measurement Setup and 
Methodology 
 
KQI  Indicator 

Measure 
Section 

Reference 

PSQA Measurement Setup and Methodology Quality Indicators 

C1 The PSQA detector should be set up to maximize the 
measurement of relevant clinical region.   0 or 1 5.1 

C2 Detector and phantom should reach equilibrium temperature 
with the environment before use or a temperature correction 
factor is applied. 

0 or 1 5.2 

C3 True composite is the preferred detector setup and delivery 
method.   0 or 1 5.3 

C4 Patient-specific measurements can be done on any beam-
matched linacs provided consistent inter-machine 
performance as demonstrated by compliance to appropriate 
regular linac QC guidelines. 

0 or 1 5.4 

C5 Density heterogeneity on CT must be considered in relevant 
software and phantoms in all PSQA measurements. 0 or 1 5.5 

C6 Variation of machine output should be accounted for before 
every measurement session. 0 or 1 5.6 

 

Summary of Key Quality Indicators: PSQA Evaluation Methodology 
 
KQI  Indicator 

Measure 
Section 

Reference 

PSQA Evaluation Methodology Quality Indicators 

D1 If available, reconstructed 3D dose distribution in patient 
anatomy from measured dose or fluence should be used to 
provide clinically relevant comparison with the clinical plan.  
Otherwise, 2D or 3D phantom-based Gamma evaluation may 
be used for plan comparison. 

0 or 1 6.1 

D2 The evaluated dose distribution should have at least the 
same or higher spatial resolution and dimensionality than the 
reference dose distribution. 

0 or 1 6.2 

D3 Global normalization in absolute dose should be used. 0 or 1 6.3 

D4 Normalization dose should be chosen in a consistent manner 
for each class solution, in a low gradient, high dose region.   0 or 1 6.4 
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D5 Dose interpolation should be done for the evaluated dose 
distribution prior to Gamma analysis if the spatial resolution 
is greater than 1/3 the DTA criterion. 

0 or 1 6.5 

D6 Optional vendor specific features should be carefully evaluated 
for their impact on the measurement results before use, and 
should be enabled in a consistent manner for each class 
solution. 

0 or 1 6.6 

D7 Gamma passing rate tolerance and action levels of 95% and 
90%, respectively, using 3%/2mm and 10% low dose threshold 
in Gamma analysis are recommended.   

0 or 1 6.7 

D8 PSQA program evaluation and passing rate criteria should be 
validated to ensure the chosen parameters adequately catch 
known errors. 

0 or 1 6.8 

D9 If available, clinically relevant parameters in patient anatomy 
should be evaluated.  Otherwise, Gamma passing rate, 
histogram and spatial distribution of Gamma index should be 
evaluated. 

0 or 1 6.9 

 

Summary of Key Quality Indicators: Documentation, Process and Feedback 
 
KQI  Indicator 

Measure 
Section 

Reference 

Documentation, Process and Feedback Quality Indicators 

E1 Documentation on PSQA program tolerance levels, action 
levels, and acceptance criteria should be developed and 
followed, along with formal procedures on PSQA 
measurements and analysis.   

0 or 1 7.1 

E2 A formalized process should be in place to record PSQA 
results.  PSQA results, including failures and the result of any 
subsequent investigations/decisions, should be clearly 
documented and approved by a qualified medical physicist for 
each treatment plan prior to the onset of treatment. 

0 or 1 7.2 

E3 A feedback mechanism should be in place that allows for 
discussion and shared learning of issues related to PSQA.   0 or 1 7.3 

E4 Periodic programmatic reviews of PSQA results in a database 
record and overall process should be conducted to identify 
systematic issues and/or opportunities for process 
improvement. 

0 or 1 7.4 
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3. Policy and Procedure 
3.1 Verification of Plan Delivery Parameters 

 
A procedure must be written and implemented to verify that the plan delivery parameters at the 
linac are consistent with the approved treatment plan.  This may be accomplished using direct or 
indirect means.  A direct check could be performed manually by radiation therapists on treatment 
units or automatically using delivery log.  An indirect check could be performed by a PSQA 
measurement or a fluence map comparison. 
 

Key Quality Indicator A1 Indicator Measure 

A procedure must be implemented to verify the consistency of plan 
delivery parameters prior to first fraction for all IMRT and VMAT 
treatments. 

0 or 1 

 
3.2 Verification of Plan Deliverability and Dose Accuracy 

 
Plan deliverability and dose accuracy should be verified prior to first fraction for all IMRT and 
VMAT treatments according to local policy.  Initially with any new class solutions or techniques, 
the verification should be done with PSQA using phantom based measurements.  Major 
modifications to PSQA methodologies such as a change in PSQA frequency, the use of suitable 
measurement surrogates (e.g. delivery log analysis (see Appendix I) or plan analytics1,2,3,4,5,6 with 
clear correlation to measurement results) or replacement of the measurement device warrant 
studying their impact using data driven methods.  Suitable data driven methods include a review 
of a large number of measurements with statistical control charts7,8,9,10 and/or sampling 
theory11,12. 
 

Key Quality Indicator A2 Indicator Measure 

A procedure should be in place to verify plan deliverability and dose 
accuracy prior to first fraction for all IMRT and VMAT treatments. 0 or 1 

 
3.3 Prevention of Accidental Alterations to Plan Delivery Parameters 

 
A procedure must be implemented to prevent or catch accidental changes of plan delivery 
parameters at the linac13 once they have been verified to be consistent with the approved 
treatment plan. As such, careful consideration must be given to the timing of events in the 
planning-to-pre-treatment process. This can be achieved by approving or locking the fields in the 
record and verify (R&V) system immediately after the initial consistency check (see KQI A1). In 
this way, all subsequent PSQA will be consistent with the fields to be used for patient treatment. 
Consistency check for subsequent fractions could be done by verifying the time stamp of the 
beam approval.  It is important to consider that any fields for which PSQA is performed prior to 
the R&V approval or locking could potentially be inadvertently modified before patient treatment. 
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Key Quality Indicator A3 Indicator Measure 

A procedure must be implemented to prevent or catch accidental 
alterations to the plan delivery parameters prior to each treatment. 0 or 1 

 
3.4 Restrictions/Recommendations on Treatment Optimization and 

Calculation Parameters 
 
Some TPS optimization and calculation parameters impact PSQA pass rates. Such parameters 
include: plan modulation complexity, number of small segments in a plan, minimum segment 
size, gantry angle spacing for VMAT delivery, and minimum number of MU per segment. In order 
to eliminate the effect of these parameters on PSQA pass rates failure, restrictions should be 
implemented14. 
 

Key Quality Indicator A4 Indicator Measure 

Restrictions or recommendations on certain IMRT/VMAT treatment 
planning system (TPS) optimization and calculation parameters that 
impact PSQA pass rates should be implemented. 

0 or 1 

 

4. PSQA Instrumentation 
4.1 Choice of PSQA Instrument for Technique/Class Solution Development 

 
Devices with the highest level of spatial and dosimetric measurement accuracy allow a full 
evaluation of plan delivery13,14,15 and are recommended during verification of new techniques.  3D 
or quasi-3D devices are preferable than 2D devices if they have similar resolution and dosimetric 
accuracy. 
 

Key Quality Indicator B1 Indicator Measure 

PSQA of new IMRT/VMAT techniques or class solutions should be 
evaluated using measurement devices with high dosimetric accuracy 
and high spatial resolution.   

0 or 1 

 
4.2 Choice of Instrument for Routine PSQA 

 
For routine PSQA, devices with slightly lower dosimetric measurement accuracy or spatial 
resolution can be employed after increased clinical experience (e.g. using statistical process 
control16) with a new technique. 
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Key Quality Indicator B2 Indicator Measure 

Following validation of new IMRT/VMAT techniques or class 
solutions, routine PSQA may employ devices with slightly lower 
dosimetric accuracy or spatial resolution. 

0 or 1 

 
4.3 Commissioning of Detectors 

 
PSQA passing rate may be affected by the detector response.  Detector characterization during 
commissioning should include, if applicable, but not limited to the following: small field response, 
detector volume averaging, angular response, dose interpolation, reproducibility, precision, 
accuracy, sensitivity, dose linearity, warm up time, collection efficiency, polarity effect, 
dependence on temperature, pressure and humidity17.  If non-coplanar beams or off-axis setup is 
to be used clinically, the impact of detector response change should be evaluated and, if possible, 
corrected.   
 

Key Quality Indicator B3 Indicator Measure 

Detectors must be commissioned prior to clinical use. 0 or 1 

 
4.4 QA Program for PSQA tools 

 
Detector response may change over time depending on many factors.  It is imperative to have a 
QA program in place to ensure all the PSQA tools are tested at a regular frequency for constancy 
and accuracy.  Depending on the type of detector, its usage, and performance history, this 
frequency may need to be adjusted over time. 
 

Key Quality Indicator B4 Indicator Measure 

A QA program must be in place to ensure continued and consistent 
performance of the PSQA tools at the level at which they were 
commissioned. 

0 or 1 

 
4.5 Detector Calibration 

 
Calibration accounts for differences in detector sensitivity that will degrade depending on usage14.  
Calibration should follow the manufacturer’s methodology, and must be performed at a frequency 
dependent on its usage or if it fails regular QC tolerance (KQI B4). 
 

Key Quality Indicator B5 Indicator Measure 
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Detector calibration (single or array) must be performed at a 
frequency dependent on its usage or if it fails regular quality control 
(QC) tolerance. 

0 or 1 

 
5. PSQA Measurement Setup and Methodology 

5.1 Placement for Detectors 
 
Placement for 2D detectors should be chosen so that the dose plane for evaluation has the largest 
area or volume of clinically relevant high dose region and the least amount of large dose gradient 
region.  3D or quasi-3D devices should be set up so that the high dose region is at the device 
centre, provided any changes in detector response are accounted for (see KQI B3).  However, 
the detector placement should also be chosen to minimize the change in measurement results 
(e.g. Gamma passing rate) due to a small setup uncertainty.   
 

Key Quality Indicator C1 Indicator Measure 

The PSQA detector should be set up to maximize the measurement 
of relevant clinical region.   0 or 1 

 
5.2 Detector Acclimatization 

 
If moving detector or phantom from one room to the treatment unit, measurement should begin 
after temperature equilibrium has been reached unless a temperature correction factor is applied.   
 

Key Quality Indicator C2 Indicator Measure 

Detector and phantom should reach equilibrium temperature with the 
environment before use or a temperature correction factor is applied. 0 or 1 

 
5.3 Detector Setup 

 
True composite provides a more direct measurement of dose summation that most closely 
mimics patient treatment delivery14.  Angular dependence of the detector must be negligible or 
accounted for.  If true composite is not suitable for the detector (e.g. EPID for portal dosimetry), 
perpendicular field-by-field method may be used.   
 

Key Quality Indicator C3 Indicator Measure 

True composite is the preferred detector setup and delivery method.   0 or 1 
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5.4 Measurement on Beam-matched Linacs 

 
Patient-specific measurements can be performed on any beam-matched linacs provided a set 
of appropriate IMRT/VMAT specific tests are done on a regular interval in addition to compliance 
to linac QC guidelines18,19,20,21,22.  Appropriate IMRT/VMAT specific QC may include measuring a 
set of identical IMRT/VMAT plans delivered on multiple beam-matched linacs and determining 
if the PSQA results meet a passing rate threshold23.  Applying the principles of statistical 
process control16 to PSQA results also allows small differences between closely matched linacs 
to be identified and reduced24. 
 

Key Quality Indicator C4 Indicator Measure 

Patient-specific measurements can be done on any beam-matched 
linacs provided consistent inter-machine performance as 
demonstrated by compliance to appropriate regular linac QC 
guidelines. 

0 or 1 

 
5.5 Density Heterogeneity on CT 

 
Systematic dosimetric errors can occur in phantom based PSQA due to incorrect handling of 
heterogeneity settings in the TPS.  Consideration should be made to account for: 
 
1. CT artifacts caused by high Z detectors/electronics, and    
2. Incorrect densities for high Z detectors/electronics/phantom25. 

 
Decision to override the densities on CT with either the correct ones or a homogeneous phantom 
density should be made after literature review (e.g. Chaswal et al26), manufacturer’s 
recommendations, and phantom measurement verification. For example, the measurement 
verification may be done by delivering simple phantom plans based on static fields27. 
 

Key Quality Indicator C5 Indicator Measure 

Density heterogeneity on CT must be considered in relevant software 
and phantoms in all PSQA measurements. 0 or 1 

 
5.6 Machine Output Variation 

 
Correcting for linac output variation allows for more meaningful comparison between PSQA 
measured and planned dose distribution, and provides better long term statistical tracking and 
analysis across different machines.  It is also acceptable to analyze the results without output 
variation correction if the goal is simply to provide results that are more representative of patient 
treatment on a particular linac.  Variation in accelerator output can be accounted for by measuring 
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the dose of a reference beam using the PSQA detector and comparing with the expected value, 
or by directly calibrating the detector using the reference beam. If the expected value is to be 
determined using an absolute dosimetry protocol, care must be taken to account for potential 
changes in dose due to the phantom/detector’s non-flat surface, non-water medium, and 
heterogeneous density, if applicable. 
 

Key Quality Indicator C6 Indicator Measure 

Variation of machine output should be accounted for before every 
measurement session. 0 or 1 

 
6. PSQA Evaluation Methodology 

6.1 Plan Comparison Methodology 
 
If available, 3D dose distribution in patient anatomy allows for clinically relevant comparison with 
treatment plan, such as DVH of targets and organs at risk (OARs).  Numerous studies 
demonstrated phantom-based PSQA techniques may not be sensitive to clinically meaningful 
errors28,29,30,31,32,33,34,35,36,37.  However, the reconstructed 3D dose distribution must be 
commissioned and thoroughly investigated for potential pitfalls (e.g. heterogeneous correction), 
before clinical use.  If 3D dose distribution in patient anatomy is not available, 2D or 3D Gamma 
evaluation (for dose difference and distance-to-agreement (DTA)) in phantom, ideally similar in 
size as the patient, may be adequate.  Other comparable evaluation methods are acceptable as 
long as they have been thoroughly tested.  However, Composite evaluation does not provide 
histogram distribution and may omit important information such as the magnitude of failure. 
 

Key Quality Indicator D1 Indicator Measure 

If available, reconstructed 3D dose distribution in patient anatomy 
from measured dose or fluence should be used to provide clinically 
relevant comparison with the clinical plan.  Otherwise, 2D or 3D 
phantom-based Gamma evaluation may be used for plan 
comparison. 

0 or 1 

 
6.2 Reference and Evaluated Dose Distributions 

 
In Gamma (or comparable evaluation methods) evaluation, the reference dose distribution is 
the one against which the evaluated dose distribution is compared.  The reference 
distribution can have any spatial resolution and dimensionality.  The evaluated distribution 
should have at least the same or higher spatial resolution and dimensionality14.  An example of 
the reference and evaluated distributions is 2D array detector measurement and 3D treatment 
plan dose distribution, respectively.  The reference and evaluated distributions should not be 
reversed because the DTA analysis is not invariant.  However, the choice of the distributions may 
subject to vendor’s software limitation. 
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Key Quality Indicator D2 Indicator Measure 

The evaluated dose distribution should have at least the same or 
higher spatial resolution and dimensionality than the reference dose 
distribution.     

0 or 1 

 
6.3 Dose Normalization 

 
In Gamma (or comparable evaluation methods) analysis, global normalization in absolute dose, 
where the absolute dose distributions in both the reference and evaluated dose distributions 
are normalized to the same dose value should be used.  Local normalization in absolute dose 
may also be used since it provides a more stringent analysis, useful for commissioning a new 
technique or troubleshooting.  But the recommendation remains global normalization in absolute 
dose. 
 

Key Quality Indicator D3 Indicator Measure 

Global normalization in absolute dose should be used. 0 or 1 

 
6.4 Choice of Normalization Dose 

 
Normalization dose should be chosen in a low gradient, high dose region such as the maximum 
dose or the prescription dose.  The dose point should be chosen in a consistent manner for each 
class solution, and not solely to increase passing rate. 
 

Key Quality Indicator D4 Indicator Measure 

Normalization dose should be chosen in a consistent manner for each 
class solution, in a low gradient, high dose region.   0 or 1 

 
6.5 Dose Interpolation 

 
The spatial resolution of the evaluated dose distribution has been shown to affect the Gamma 
calculation accuracy38.  If the distribution has a spatial resolution greater than 1/3 the DTA 
criterion14, dose interpolation can improve the Gamma (or comparable evaluation methods) 
calculation accuracy.  Interpolation algorithms must be investigated for appropriateness and 
accuracy before use.   
 

Key Quality Indicator D5 Indicator Measure 

Dose interpolation should be done for the evaluated dose 
distribution prior to Gamma analysis if the spatial resolution is 
greater than 1/3 the DTA criterion. 

0 or 1 
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6.6 Vender Specific Features 

 
Vendor specific features such as auto grid shift, measurement uncertainty, and fast DTA 
algorithm to save computing time can affect passing rates in a way that can mask clinically 
significant problems.  They should be enabled in a consistent manner and not solely to increase 
passing rate.  Rather, systematic error in the measurements should be eliminated.   
 

Key Quality Indicator D6 Indicator Measure 

Optional vendor specific features should be carefully evaluated for 
their impact on the measurement results before use, and should be 
enabled in a consistent manner for each class solution. 

0 or 1 

 
6.7 Evaluation and Passing Rate Criteria 

 
Assuming using global normalization in absolute dose, evaluation criteria of 3%/2mm in Gamma 
analysis should be used if the detector is capable of measuring with high precision and spatial 
resolution.  Larger dose difference and/or DTA criterion may not be sensitive to detect significant 
leaf position and clinically significant errors27,28,32,33,39.  Tighter tolerance may reveal the need to 
improve the accuracy in treatment planning beam models and delivery40.  Low dose threshold 
should be used in Gamma analysis to exclude low dose, clinically insignificant regions.  A value 
of 10% of the normalization point dose is recommended.  For plans where very low dose to OARs 
is important, centres may select a different threshold value on an ad hoc basis.  However, the 
selection must not be based solely on increasing the passing rate.  
  
Universal passing rate tolerance and action levels of 95% and 90% (3%/2mm and 10% low dose 
threshold), respectively, should be used14.  Statistical process control16 may be used to 
establish equipment and class solution limits if universal limits cannot be met.  However, steps 
should be taken to improve the passing rates. 
  
In-house evaluation criteria may continue to be used in addition to recommended criteria for 
historical comparison.  Other criteria might be used if the type of treatment or class solutions 
requires higher dose or targeting accuracy.  However, the criteria should be standardized. 
 

Key Quality Indicator D7 Indicator Measure 

Gamma passing rate tolerance and action levels of 95% and 90%, 
respectively, using 3%/2mm and 10% low dose threshold in Gamma 
analysis are recommended.   

0 or 1 

 
6.8 Validation of Evaluation and Passing Rate Criteria 
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Determining evaluation criteria and passing rate tolerance and action levels for PSQA should be 
part of implementing a new IMRT or VMAT technique, class solution or measurement procedure.  
PSQA results may depend upon details within the TPS, linac, type of measurement device and 
setup, analysis methods, treatment technique and treatment site, and therefore, should be verified 
when a major change is made in any of these.   
 
Regardless of how the PSQA evaluation criteria and tolerance/action levels are determined 
(whether equipment- or site-specific), all should be validated to ensure the chosen parameters 
adequately catch relevant errors of interest14,41.  One option is by creating and measuring plans 
with known errors of the type one would expect to see a failed PSQA test. 
 

Key Quality Indicator D8 Indicator Measure 

PSQA program evaluation and passing rate criteria should be 
validated to ensure the chosen parameters adequately catch known 
errors. 

0 or 1 

 
6.9 Additional Evaluation Parameters 

 
If available, clinically relevant parameters such as DVH, min, max, mean dose, and Gamma 
statistics of target(s) and OARs should be evaluated in 3D reconstructed dose distribution in 
patient anatomy.  Otherwise, Gamma passing rate, histogram distribution (min, max, median, and 
mean Gamma) and spatial distribution of Gamma index should be evaluated as well.  Potential 
clinical impact should be evaluated if any pixels/voxels with Gamma index >> 1, or if a large 
number of failed pixels/voxels are in the target or in the OARs.   
 

Key Quality Indicator D9 Indicator Measure 

If available, clinically relevant parameters in patient anatomy should 
be evaluated.  Otherwise, Gamma passing rate, histogram and 
spatial distribution of Gamma index should be evaluated. 

0 or 1 

 

7. Documentation, Process and Feedback 
7.1 Documentation on Acceptance Criteria 

 
Tolerance and action levels for PSQA tests as well as acceptance criteria (i.e., pass/fail 
conditions, plan approval process) should be clearly defined, reviewed periodically and 
documented along with formal procedures on measurements and analysis, such as data 
preparation in the TPS, detector/phantom setup, and software settings for analysis.   
 

Key Quality Indicator E1 Indicator Measure 
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Documentation on PSQA program tolerance levels, action levels, and 
acceptance criteria should be developed and followed, along with 
formal procedures on PSQA measurements and analysis.   

0 or 1 

 
7.2 Process for PSQA results 

 
A formalized process should be in place to make sure all staff involved in treating the patient is 
aware that the PSQA results have been completed, documented, evaluated and approved by a 
qualified medical physicist so that treatment can proceed41,42.  In case of PSQA warnings/failures, 
the formalized process, which should be followed for all patients, should include how to 
troubleshoot for a suboptimal delivery, estimate the clinical impact, determine the appropriate 
course of action, mechanisms of communication to all staff involved in the treatment of possible 
delay, and the investigation/decision results documented for each plan prior to the onset of 
treatment14,42. 
 

Key Quality Indicator E2 Indicator Measure 
A formalized process should be in place to record PSQA results.  
PSQA results, including failures and the result of any subsequent 
investigations/decisions, should be clearly documented and 
approved by a qualified medical physicist for each treatment plan 
prior to the onset of treatment. 

0 or 1 

 
7.3 Feedback Mechanism 

 
Issues with individual plans should be discussed with the dosimetrist, physicist, physics 
associate/assistant, and/or radiation oncologist involved. Systematic issues or frequent individual 
plan issues should also be communicated with a wider group for continuous learning and 
improvement.  Examples of formal feedback mechanisms that could be implemented include 
discussion at staff meetings (standing agenda item) or within the QA committee. 
 

Key Quality Indicator E3 Indicator Measure 
A feedback mechanism should be in place that allows for discussion 
and shared learning of issues related to PSQA.   0 or 1 

 
7.4 Periodic Reviews 

 
Periodic programmatic reviews of PSQA results in a database record and the overall PSQA 
process can identify systematic issues and lead to improvement in plan/delivery accuracy.  
Records should include enough information, such as patient identifier, plan/trial name, treatment 
site/technique/class solution, device used, linac used, and PSQA result etc., to be able to identify 
trends across treatment sites/techniques/class solutions, equipment, or treatment machines. 
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Key Quality Indicator E4 Indicator Measure 

Periodic programmatic reviews of PSQA results in a database record 
and overall process should be conducted to identify systematic issues 
and/or opportunities for process improvement. 

0 or 1 
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Appendix I:  Delivery Log 
 
Delivery log-based PSQA can be an acceptable alternative surrogate to phantom based PSQA 
provided it is commissioned, potential pitfalls identified, and suitable linac specific QC performed 
on a regular basis to independently confirm log file integrity. Several authors have shown that log 
based and phantom based PSQA give similar results43,44,45.  However, in two studies46,47, it was 
found that MLC leaf positions in the log files could differ from measured or planned positions by 
a clinically significant amount.  Therefore, delivery-log based software must be fully evaluated 
before clinical use.  For example, 

1. Does the delivery log contain all relevant information in reconstructing accurate dose 
distribution, such as dose rate and MU? 

2. Does the delivery log contain accurate information, such as MLC leaf positions, 
collimator/gantry angles (if they are mis-calibrated)? 

3. Does the delivery log (or the software reading the delivery log) have adequate sampling 
frequency? 

4. If applicable, is the dose reconstruction algorithm sufficiently independent and accurate?  
5. If applicable, do the delivery log based dose distribution calculations of a phantom/detector 

provide consistent results as measured dose distribution of the same phantom/detector?  
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Glossary  
 
Auto grid shift: vendor specific tool that automatically calculates the best alignment (to produce 
the highest pass rate) between reference and evaluated dose distributions. It is intended to 
compensate for potential mis-alignment of the detector in field.    
 
Beam-matched linacs: linacs commissioned to have identical or nearly identical dosimetric 
characteristics such that a patient can be moved between machines using the same treatment 
plan. A unique beam model for multiple beam-matched linacs exists in the TPS. 
 
Class solution: pre-defined beam geometry and/or optimization objectives for a given treatment 
site that usually results in a consistent solution for the achieved planning objectives and PSQA.      
 
Composite evaluation: a tool to compare reference and evaluated dose distributions by 
calculating the dose difference and the distance-to-agreement between the two distributions for 
each point in the evaluated distribution.  The calculation is deemed to be a pass if either dose 
difference or the distance-to-agreement passes an evaluation criterion.   
 
Evaluated (dose) distribution:  the evaluated dose distribution is compared against the 
reference dose distribution.  The evaluated distribution should have at least the same or higher 
spatial resolution and dimensionality than the reference distribution.   
 
Gamma (evaluation): a tool to compare reference and evaluated dose distributions by 
calculating the Euclidian “distance” as a function of their dose difference and distance-to-
agreement between the two distributions for each point in the evaluated distribution. Gamma 
between 0 and 1 is deemed to be a pass, and greater than 1 is considered a fail48. 
 
Global/local normalization: in relation to gamma analysis normalization methods: with “global 
normalization” for all evaluation points, the dose difference between the reference and evaluated 
dose distributions is normalized to a single value (typically the max point dose), whereas for 
“local normalization”, the dose difference is normalized to the reference dose at the local point. 
 
Measurement uncertainty: vendor specific tool that allows for an additional 1% of the measured 
dose at each detector to be added to the dose difference criterion before performing dose 
difference analysis.   
 
Perpendicular field-by-field: dose distribution is measured for each beam separately, with the 
detector exposed always perpendicular to the beam. 
 
Plan modulation: a measure of the variability of aperture area and leaf sequence from control 
point to control point.  
 
Reference (dose) distribution:  the reference dose distribution is the one against which the 
evaluated dose distribution is compared.  The reference distribution can have any spatial 
resolution and dimensionality.   
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Statistical process control: a method of quality control which employs statistical methods to 
monitor and control a process; key tools used include run charts, control charts, and a focus 
on continuous improvement of the process.  
 
True composite: summation of dose distribution by delivering all beams to a stationary 
detector/phantom at actual planned positions. This method best reproduces the dose distribution 
delivered to the patient. 
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