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Steps to Preparing for IMRT 

1.  Delivery System Commissioning 
1.  Mechanical tasks 
2.  Dosimetric tasks (3D) 
3.  IMRT specific tasks 

2.  Treatment Planning System 
Commissioning 
1.  3D tasks (IAEA Report TRS 430 (2004), 

ESTRO Booklet 7, Camargo 2007) 
2.  IMRT specific tasks (Van Esch 2002, Sharpe 

2003, Ezzell 2003) 
3.  Dosimetric verification per plan / site 
4.  Independent verification / credentialing 
5.  Pre-treatment verification (per plan) 
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Suggested Layers of Quality Assurance: 
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1. Delivery System Commissioning 
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IMRT Commissioning of Delivery System: 
General issues for IMRT using an MLC 

•  MLC Position Accuracy 
–  Picket or Garden Fence / strip test 

•  Linac performance for small MU delivery 
•  MLC control issues & data transfer fidelity 
•  MLC physical (& dosimetric) characteristics 

–  Dosimetric leaf gap (DLG) 
–  Inter & Intra leaf leakage 
–  Tongue & groove effect 

•  Additional issues specific to sliding window IMRT 
–  Leaf position & leaf speed accuracy 
–  Minimum leaf distance (to avoid collisions) 
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MLC Position Accuracy 

•  3D: MLC defines field edge 
–  1-2mm offset may be inconsequential to output & clinical 

outcome 

•  IMRT: 
–  Consists of multiple small “segments” 
–  Leaf edge moves to many positions within the treated area 
–  Hence IMRT accuracy is much more sensitive to MLC edge 

position 

•  Rounded leaves: 0.4-1.1mm offset between light 
field edge & beam edge 
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MLC Positional Accuracy: 
Proposed Test (AAPM Report 82): 

•  Proposed test procedure: 
–  Measure offset between light field & radiation field as a 

function of distance from the central axis 
•  often offset may be considered to be constant 

–  Create test sequence that abuts irradiated strips at different 
locations across the field 

•  account for offset so that 50% lines superimpose 
–  Irradiate film & evaluate uniformity of dose 

•  Repeat at various gantry angles to assess effect of 
gravity 

•  Test over range of “carriage” motion for MLCs 
utilizing a carriage 
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Abutting MLC Dose Uniformity Test 
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expected detectability = 0.2mm 
±5% dose accuracy in the matchline 



MLC Positional Accuracy: 
Picket Fence Test 

•  Test sequence that 
creates 1mm strips 
at regular intervals 

•  Visual inspection 
can detect improper 
positioning of 
~0.5mm 

•  Repeat at multiple 
gantry & collimator 
angles 
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MLC Position Accuracy: 
Picket Fence Test 
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Linac performance for small MU delivery 

•  Step & Shoot IMRT consists of multiple small 
segments with few MU- requiring accurate dose 
linearity at low MU 

•  Recommended to verify output, along with flatness 
& symmetry 
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MLC control issues 

•  Need to determine the following for specific equipment: 
–  how MLC is calibrated 
–  how MLC position is indexed to MU 
–  how MLC position is measured 
–  MLC tolerance applied (& can this be modified) 
–  interlocks for MLC position 
–  verification records & logs are created by the control system 
–  how to respond when calibration has drifted 
–  how to recover from delivery interruptions 

•  Vendor implementation of IMRT: 
–  Segmental IMRT may be implemented as an extension of 

conventional treatment with each segment as a separate field 
(Siemens) 

–  IMRT may utilize a dedicated linac & MLC control system 
(Elekta & Varian) 
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Data Transfer Fidelity 

•  Visual verification that plan data has been 
transferred correctly between TPS and linear 
accelerator for representative plans 
–  straightforward for basic machine settings & initial MLC 

shapes 

•  MLC motion is less straightforward to verify 
–  dosimetric measurements may be a good surrogate 

•  After commissioning: it is a good idea to have a 
policy in place to verify this on a per-plan basis 
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MLC physical (& dosimetric) characteristics 

•  MLC leakage 
–  Leaf transmission is more critical for IMRT than 3DCRT 

because MLCs shadow the treatment area for a large 
portion of delivered MU 

•  MLC leaf penumbra 
–  should be measured with high resolution detector (such as 

film or diode) 
–  a beam model based on a chamber with an inner diameter 

>0.3cm may not produce accurate IMRT plans 

14 
AAPM Report 82,  2003 
ESTRO Guidebook 9: GUIDELINES FOR THE VERIFICATION OF IMRT (2008) 



MLC Leakage 

•  Leakage types: 
–  transmission through leaves 
–  interleaf leakage 

•  Often the treatment planning system uses the 
“average leakage” 
–  in this case, leakage should be measured with a detector 

large enough to provide an average value 
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MLC Penumbra 
Leaf position may be calibrated at: 
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•  actual position 
•  50% dose profile 

–  Requires minimum leaf 
distance.  Opposing leaves 
at same position would 
collide! 

–  Calibration can be done in 
water phantom 

•  best position for abutting 
leaves 
–  Gives optimal dose 

distribution with abutting 
segments 

–  Slight difference from 50% 
dose profile 

–  Calibration can be done 
using strip test 

most important: make sure linear 
accelerator & treatment planning system 
use same definition for leaf edge! 



Dosimetric Leaf Gap (DLG) or  
Dosimetric Leaf Separation (DLS) 

•  DLG is a systematic offset introduced in 
the modeled leaf position 

•  Introduced into TPS to match the linear 
accelerator 
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DLG Measurement 
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leaf gap sweeps across open field 

measure output 
using ion chamber at 
center of field 

vary the gap size 



DLG Measurement 
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Dynamic MLC IMRT: 

•  Tests developed by LoSasso (1998, 2001) & Chui (1996) 
•  Multi-institution report: Van Esch (2002) 
•  Tests include: 

–  MLC speed test: deliver stepwise intensities with all leaf pairs 
moving at different speeds 
OR 

–  ion chamber reading for 1cm sliding gap delivered with varied 
MU 

•  MLC speed will vary given a different MU delivered for the same 
MLC sequence 

•  chamber reading should be directly proportional to MU 
•  chamber checks central leaves; film / EPID could be used to 

check multiple leaves 
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IMRT Commissioning: 
General issues for IMRT using physical attenuators 

•  Treatment planning 
system: 
–  beam hardening 
–  scatter from attenuator 

•  Delivery system: 
–  Choice of attenuation 

material 
–  Machining accuracy 
–  Placement accuracy 
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Relevant References: 



Delivery System: Implications for IMRT 
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in many cases 
IMRT requires a 
stricter tolerance 
than 3D 



2. Treatment Planning System Commissioning 
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IMRT Commissioning: 
Treatment Planning System 

•  Difficult to determine if differences between 
measurement & calculation are due to the planning 
system, delivery system, or measurement technique 
–  Delivery system should be commissioned separate from 

the treatment planning system 
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Treatment Planning System Commissioning 
Aspects Requiring Special Attention for IMRT  
•  IMRT is an extension of 3D Treatment Planning 

–  same commissioning requirements as for 3D planning + some 
IMRT specific tasks 

•  IMRT specific aspects: 
–  inverse optimization 

•  the optimization process requires more stringent accuracy of 
volume determinations, beam modelling and DVHs, including the 
effect of dose grid on these parameters 

•  Guidelines & reports describe verification tests for DVH 
calculation, etc. 

•  These details can be verified collectively by a “users group” for a 
specific planning software 

–  leaf sequencer 
•  Leaf sequencing algorithm is commissioned together with the 

planning process (rather than separately) 
•  need to perform some verification if & when a new leaf sequence 

algorithm is introduced 
–  dose calculation 
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TPS Verification: 
Dose Calculation Considerations 

•  definition of leaf positions in TPS 
•  beam profiles of small segments & abutting fields 

(step & shoot) 
•  beam profiles of small fields (sliding window) 
•  tongue & groove effect 
•  leaf transmission 
•  small field output factors & depth dose curves 
•  dose distributions in inhomogeneous phantoms 

irradiated with small fields 
•  dose distributions for typical site specific fields 
•  dose distributions for representative test patients 
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TPS Verification Procedure 

•  Start simple & then advance 
to more complex tests. 

•  Example: 
–  single beam on flat phantom 

with controlled intensity 
pattern 

–  multiple beams on flat 
phantom with controlled 
intensity pattern 

–  multiple beams treating 
hypothetical targets in flat 
phantom 

–  multiple beams treating 
hypothetical targets in 
anthropomorphic phantom 
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goals: 
-verify accuracy of beam parameters in 
simple, easily analyzed situations 
-determine level of accuracy to be expected 
in clinical situations 



Example: 
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IMRT “Test Suite” 

AAPM Task Group 119 Report on IMRT 
Commissioning includes: 
•  a “test suite” of treatment planning geometries to 

verify the treatment planning & delivery system 
–  structures on square (solid water) phantom 
–  optimization constraints 

•  agreement rates from multiple institutions as a 
baseline 
–  point dose measurements (ion chamber) 
–  planar dose measurements (film) 
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IMRT “Test Suite” 

•  AAPM TG119 Test Suite: 
–  AP-PA 
–  Bands 
–  Multi-target 
–  Prostate 
–  Head & Neck 
–  C-shape (easy) 
–  C-shape (hard) 
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Bands 

different optimization 
criteria / constraints 



IMRT “Test Suite” 
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C-Shape Multi-Target 



IMRT “Test Suite” 
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head and neck mock prostate 



TG119 Multi-Institutional Baseline 

33 

variety of linear accelerators, delivery 
techniques, & planning systems 



TG 119 Multi-Institutional Baseline: Point Dose 
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σ = ~2-3.6% 

σ = ~2% 
of prescription 

largest uncertainty for 
most complicated plans 



TG 119 Multi-Institutional Baseline: Film 
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3. Dosimetric verification per plan / site 
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Dosimetric verification per planning site 

What to do when a new IMRT treatment technique is to 
be introduced (if it is relatively unique from current 
practice): 
•  prepare a sample of representative treatment plans 

–  solidify details for treatment planning, delivery, & QA 
processes 

•  make a thorough set of verification measurements 
for the sample plans 

•  goal is be confident of the robustness & dosimetric 
accuracy for the new technique 
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Suggested Layers of Quality Assurance: 
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introducing a 
new technique: w

ork from
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if discrepancies exist, move down 
the list until the problem is resolved 

stop here if 
agreement is 
good 



4. Independent QA / Credentialing 
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Independent QA / Credentialing 

•  Imaging and Radiation 
Oncology Core (IROC) 
(formerly RPC) offers 
independent QA services 
–  absolute dose output 

check 
–  IMRT phantoms (point 

dose & film 
measurement) used to 
credential for clinical trials 

•  Alternative: cross check 
absolute dose 
measurement with 
another (nearby) 
radiation oncology center 
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5. Pre-treatment verification 
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Preparing for Pre-Treatment Verification 

•  Determining a pre-treatment verification procedure 
should be performed as part of IMRT commissioning 

•  Similar measurement tools can be used as those 
used to verify dose during IMRT commissioning 
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Pre-treatment verification 

Commissioning: need to determine methods & criteria 
for per-plan pre-treatment verification 
1.  what detector & geometry?  phantom / air? 

1.  is the measurement noise at an acceptably low level? 
2.  is the detector & geometry adequately sensitive to dose 

discrepancies 

2.  what comparison analysis to be used? 
1.  dose difference (1D, 2D, & 3D) 
2.  distance to agreement (2D & 3D) 
3.  gamma analysis (1D, 2D, & 3D) 
4.  others? 

3.  what acceptance criteria is acceptable / expected? 
43 



Dose Delivery Verification Methods 

Phantom based verification: 
1.  IMRT plan is recalculated on 

the “phantom” geometry to be 
used for verification 
measurements 

2.  Plan is delivered in phantom 
geometry & dose measured 

3.  Planned & delivered dose are 
compared 

•  1D: 
–  Point dose & dose profiles 

measurements 
–  Ion chambers 

•  2D: 
–  Radiographic film 
–  Radiochromic film 
–  Computed radiography 
–  Detector arrays 

•  Ion chamber / diode detector 
arrays 

•  EPIDs 
•  2D+: 

–  Detector arrays in multiple 
planes 

•  3D: 
–  Gel dosimeters 
–  Polyurethane dosimeters 
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Point Dose Verification with Ion Chamber: 
Procedure 

1.  Measure charge at known conditions (Qref) 
(10x10cm field, reference SSD & depth, etc.) 

2.  Measure charge at point in IMRT plan (QIMRT) 
3.  DIMRT = Dref x QIMRT / Qref 
4.  Compare measured DIMRT to DIMRT from the TPS 
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Point dose verification via ion chamber 
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less correlation between 
farmer chamber and other 
detectors (due to lack of 
lateral scatter equilibrium) 



Point Dose Verification with Ion Chamber: 
Uncertainties 

•  Differences in stopping power ratios (between IMRT 
& reference conditions) can be assumed to be 
negligible 

•  Dose differences up to 9% can exist for 
measurements in penumbra region & small IMRT 
segments 

•  Minimize errors by: 
–  Using small volume ion chamber 
–  calculating dose to a volume rather than a point in the TPS 
–  avoid measurement in areas with large dose gradient 

•  Using a small volume chamber, standard uncertainty 
is 1.0-1.5% 
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Point Dose Verification: 
Other Detector Choices 

Solid state detectors: 
•  energy & dose rate dependence cause uncertainties 
•  diamond detectors not recommended for IMRT 

verification due to required pre-irradiation dose 
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2D Verification: Measurement Options 

•  Integrating Measurements 
–  Radiographic film (silver halide) 
–  Radiochromic film (radiation sensitive dye, e.g. diacetylene 

monomer) 
–  Computed radiography 

•  2D Arrays 
–  Diode / ion chamber arrays 
–  Electronic Portal Imaging Devices 
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2D Verification: Radiographic Film 

•  High spatial resolution 
•  EDR2 preferred over XV2 

due to increased dose range 
–  XV2 saturates above 2Gy 

•  Uncertainties exist due to 
lack of water equivalence & 
energy dependence 
–  can be minimized by 

measuring perpendicular to 
beam at set depth 

•  Requires measurement of 
sensitometric calibration 
curve 
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2D Verification: Radiochromic Film 

•  Nearly tissue equivalent-> eliminates energy & 
directional dependence 

•  Auto processing 
•  Scanned with flatbed scanner-> maximum 

absorption in red, hence red channel often used 
exclusively 

•  GafChromic EBT dose range: 2-800cGy 
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2D Verification: Radiochromic Film 
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2D Verification: Radiochromic Film 
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Computed Radiography Film 

•  Active layer: photostimulable phosphor 
(BaSrFBr:Eu2+) 

•  Inserted in light tight envelope to avoid signal decay 
from room light exposure 

•  semi-logarithmic dose response up to 150cGy 
•  energy dependent leads to over-response of low 

energy scatter 
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2D Arrays: 
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2D Detector Arrays 
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EPIDs 

•  CCD camera based 
systems (Philips 
SRI-100) 

•  Liquid filled matrix ion 
chamber (Varian, old 
design) 

•  Amorphous Silicon 
(a-Si) flat panel 
–  Fast response 
–  High spatial resolution 
–  Subject to ghosting 

artifacts 
–  Energy dependence 
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EPIDs 
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2D+ Arrays: 
Detector arrays in multiple axes 
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3D Dosimetry 
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New 3D dosimeters have 
overcome many of the challenges 
of prior 3D dosimeters: rigid, high 
resolution, no signal dispersion, no 
oxygen dependence 
 

Dose can be read out quickly 
with new telecentric lens optical 
CT 



3D Dosimetry 
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