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Periodic QA in Radiotherapy

• Professional standards available for most of
conventional radiotherapy modalities
– With specific tests to be performed, frequencies, and

tolerances
• Periodic QA tests and tools available from

equipment or third party vendors
– For example, front pointers, EPID test phantom,

CBCT test phantom, etc
• Physicist or designee to perform QA tests, with

engineering support as necessary
• Beam availability not a concern
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Periodic QA in Radiotherapy
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Periodic QA in
Radiotherapy:

AAPM TG-40 Report

• TG-40 has been
functioning as the
standard of
comprehensive QA in
radiotherapy, with
adoptions by
agreement states in
the US for regulatory
enforcement
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Criticisms of TG-40

• Prescriptive
– Partly due to misapplication of TG-40

recommendations as regulatory requirements
• Not easily adaptable to new technologies

– AAPM and other organizations have since then
developed QA guidelines and other documents for
IMRT, Tomotherapy, Cyberknife, CT simulation,
prostate seed implant, HDR, etc… and proton therapy

• Does provide clear pathways for development of
new QA standards

• AAPM Task Group 100 formed to address these
criticisms
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Periodic QA in Radiotherapy:

• AAPM Task Group 100:  “Methods for
Evaluating QA Needs in Radiotherapy”

– Identify a structured systematic QA program approach
that balances patient safety and quality versus resources
commonly available

http://aapm.org/org/structure/default.asp?committee_code=TG100

• QA needs evaluated based on Likelihood of
Occurrence (O); Severity of Consequences (S); and
Likelihood of Detection (D)

• Tests developed for fulfill QA needs
henceforth identified

– Tolerances defined
– Actions defined for out-of-tolerance test results
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Periodic QA Program for Proton
Therapy

• No standards available
• QA needs may be significantly system-specific

– Scattering beam vs. scanning beam
– Fixed vs. gantry treatment rooms
– SOBP generation method
– Image localization system
– PPS design

• QA needs may be specific to institutional clinical
workflow
– Use of lasers
– Use of light field

• Competition of beam time with patient treatment
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Design of A Periodic QA Program
for Proton Therapy Systems

• Identifying critical system operating parameters
– Frequency of QA testing as a function of severity

of component failure, as well as its likelihood of
failure

– Tests designed to evaluate functioning of
multiple components at the same time where
applicable

– Purpose-built QA devices to improve
reproducibility and efficiency of QA
measurements (for example, daily QA
compensator phantom)

– Optimize efficiency of QA tests
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IBA Cyclotron and Energy Selecion
System (ESS)
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Identification of System Failure
Modes – Beam Line

• Potential beam line failure modes
– Ion chamber at cyclotron exit (ICcyclo)

• SOBP changes due to beam regulation problems
– Energy Selection System (ESS) drifts

• Range changes
– Beam focus and steering

• Lateral dose profiles
• Average proton energy

– Pristine peak width

• Potential Treatment Control System (TCS)
failure modes
– SOBP changes due to errors of Beam Current

Modulation (BCM)
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IBA Nozzle Components
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Identification of System Failure
Modes – Nozzle

• Potential nozzle failure modes
– Ion chambers and their electronic units

• Output changes
• Lateral profile changes
• Small range changes

– Range modulator wheel and its electronic unit
• Range, modulation, and SOBP changes due to loss of beam

synchronization with wheel rotation

– First and second scatterers and their electronic units
• Lateral profile changes
• Output changes
• Range changes
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Range Modulation
• Weights of Bragg Peaks (beam current weights) can be

calculated from range modulation wheel thicknesses.
• However….
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Range Modulation

• BCM files are therefore based on beam measurements and fitted
parameters.

• BCM files are stored in an Excel spreadsheet file – the ConvAlgo
(Conversion Algorithm)

• ConvAlgo also specifies first scatterer, collimator, second scatterer, and
other cyclotron and beam line settings (range at nozzle, beam current)
for a given set of clinical beam prescription parameters (range,
modulation, dose rate)
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Range Modulation
• Physical thicknesses of range modulation wheel steps vary due to

manufacturing process.
• Beam current modulation files (BCM) calculated from theoretical thicknesses

may not produce flat SOBPs
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ConvAlgo File

• Validation of the
ConvAlgo file is a
central part in the
commissioning of
the IBA proton
system

• Eclipse uses
ConvAlgo for
specification of
machine settings as
well

• Same ConvAlgo
MUST be used in
both IBA machine
and Eclipse TPS
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Other Considerations

• Global, “black box” tests of overall
dosimetry characteristics can be
performed

• Most of the failure modes can be monitored by
measurements of output, range, modulation,
SOBP, and lateral profiles
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Mechanical Accuracy Test

• All mechanical
accuracy tests must
be considered in the
context of image-
guided proton
therapy

• Special functions of
PPS (tabletop sag
correction, gantry sag
correction) need to be
tested if clinically
used
– Test performed by use

of DIPS imaging of
box phantom
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Digital Imaging Positioning System
(DIPS)
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Imaging Accuracy Test

• Cross-hair manually installed on snouts to
represent beam isocenter
– Coincidence of X-ray isocenter to lasers
– Coincidence of X-ray isocenter and proton

beam isocenter
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Periodic QA @ UFPTI: Daily QA

Variations in these timing readings may
indicate range and modulation delivery
discrepancies

Range modulation wheel signal
timing constancy check

Range verifier reading constancy for the
reference field has been established during
machine commissioning

Range verifier reading
constancy check for reference
field

Output measurements in plastic phantom
Output constancy check for
reference field

Orthogonal x-ray cross hair and laser
alignment to agree to within 1 mmkV imaging and laser accuracy

Safety interlocks, indicator
lights, neutron detector, A/V
systems

Operator checks machine operating
parameters daily

Review operator's cyclotron
and gantry startup checklists

CommentsDaily QA
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Daily QA RC Phantom
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Laser vs. DIPS Imaging Crosshair
Agreement

RAD-A RAD-B
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Periodic QA: Weekly QA

x-ray and proton double exposure film taken to
evaluate x-ray cross hair agreement with proton
field.  Different snouts used each weekly

Light / X-ray / Proton
radiation field agreement

First-scatterers are subject to  mechanical wear
and tear

Total first-scatterer water-
equivalent thickness
constancy check

SOBP measurements for
two fields

With increased use of MU calculation model,
measure output of a random patient treatment
field

Output measurements in
water phantom for two
fields

Review daily QA results

CommentsWeekly QA
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Weekly QA Film Analyzer
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Periodic QA: Monthly QA

Mechanical accuracy tests combined with x-ray
imaging shift calculation accuracy test, by
comparing artificially introduced and measured
phantom shifts and rotations

Gantry and treatment table
movement accuracy, x-ray imaging
patient shift calculation accuracy

Verify pristine peak beam energy spectrum
constancy to rule out beam steering and
centering errors

Pristine peak depth dose
measurement for two fields

MATRIX ion chamber array used
Dose profile symmetry and flatness
measurement for two fields

Complete weekly QA

Review weekly QA results

CommentsMonthly QA
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Periodic QA: Annual QA
A “mini” commissioning exercise

Contents
A. Summary daily, weekly, monthly, and patient QA data

1. Analysis QA data and evaluation convalgo
2. Analysis system performance and summary of interventions
B. Verification sub-system calibration
1. Energy-selection system calibration
2. Ionization chamber at cyclotron exit
3. Potentiometer range-modulator wheel

C. Verification dosimetry
1. Absolute machine output calibration and cross-comparison of detectors and electrometers
2. Output and dose rate
3. PDD and range and modulation accuracy
4. Lateral profiles

D. Verification mechanical alignment
1. Gantry isocentricity and positioning accuracy
2. PPS isocentricity and positioning accuracy
3. Snout positioning accuracy

E. Verification imaging
1. X-ray and proton field coincidence
2. Light-field alignment
3. Laser alignment
4. X-ray system

F. Verification aperture and range-compensator properties
1. Apertures
2. Range compensator stopping power

G. Verification safety interlocks and radiation monitors
1. Safety interlocks
2. Radiation monitors
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Results: Daily Output
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Results: Daily Range Verifier
Readings
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Results: Weekly Output
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Results: Weekly Range
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Results: Weekly Modulation
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Results: Weekly X-ray, Proton, Light
Field Agreement

Coincidence proton field and x-ray crosshair - G1
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Results: Output Calibration
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Miscellaneous Results

• Ion chamber malfunctions: detected in
daily QA output measurements

• First scatter failures:  detected in daily QA
output measurements and range verifier
readings

• TCS software failure to upload BCM
profiles: detected in daily QA output
measurements



May 21, 2008PTCOG47 Educational Workshop, Jacksonville, FL 41

Summary
• Many proton therapy system failure modes can

be monitored by standard dosimetric
measurements, such as output, beam range and
modulation, SOBP flatness, lateral profile
flatness, etc

• Additional system-specific tests may need to be
identified and implemented

• Design of a periodic QA program for proton
therapy is a continuing process, with additions
and/or deletions of specific tests determined by
a comprehensive review of system performance
over time


