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•This presentation focuses on machine‐specific QA and the commissioning of IMRT
equipment, while in the following presentation patient‐specific physics QA will be
discussed.



•A lot of general information on the implementation of IMRT can be found in: Ezzell G,
Galvin JM, Low D, Palta JR, Rosen I, Sharpe MB, Xia P, Xiao Y, Xing L and Yu CX. Guidance
document on delivery, treatment planning, and clinical implementation of IMRT: Report
of the IMRT subcommittee of the AAPM Radiation Therapy Committee. Med. Phys. 30:
2090 – 2115, 2003.

•Details of the various delivery techniques for IMRT are presented in Presentation # 8.



•These issues have been discussed in detail in: Ezzell G, Galvin JM, Low D, Palta JR,
Rosen I, Sharpe MB, Xia P, Xiao Y, Xing L and Yu CX. Guidance document on delivery,
treatment planning, and clinical implementation of IMRT: Report of the IMRT
subcommittee of the AAPM Radiation Therapy Committee. Med. Phys. 30: 2090 – 2115,
2003.



•There are many steps in the IMRT treatment process that require QA
• In this lecture we will focus on the last link of the chain
•Adapted from an illustration presented by Webb, and in the ASTRO/AAPM
Scope of IMRT Practice Report



•Detailed information on QA issues for IMRT can be found in several documents, e.g., in
Chapter 1.10 QA‐QC of IMRT: European perspective, Carlos De Wagter, and Chapter 1.11
QA‐QC of IMRT: American perspective, Jean M. Moran and Ping Xia. In: Image‐Guided
IMRT. T. Bortfeld, R. Schmidt‐Ullrich, W. De Neve and D.E. Wazer, Editors. Springer, Berlin,
Germany, 2006.



•Verification tests of the mechanical accuracy of the linear accelerator are similar for
IMRT and 3‐D CRT
•Delivery techniques for IMRT are discussed in detail in Presentation # 8



•This is an extension of existing accelerator QC programmes now including tests for
short irradiation times (MUs)



•For > 2 MU, dose output stability should be within +/‐2% (2 SD)

•Relative dose rate as indicated on the Y‐axis means relative dose per MU



•These graphs show measurements of beam profiles for 2 MU and 40 MU

•For > 2 MU, field flatness should be within +/‐ 2% (2 SD) compared to the reference
value

•Courtesy Geoff Budgell, Christie Hospital, Manchester, UK



•Measurements of flatness and symmetry for short irradiation times (low MU)

•These data have been measured with a Sun Nuclear Profiler (46 diodes, 10 profiles/s)



•For small fields the output changes dramatically as a function of field size

•For IMRT it is therefore very important that the leaf position is accurately known
•Courtesy: Thomas Bortfeld



•This slide shows the effect of a positioning error in the dose profile along two opposing
leaf pairs

•Ideally the sum of the dose profiles at the edge of the left leaf (blue) and right leaf (red)
should be almost flat around 100%

•When an error of 0.12 cm exists in the position of one of the leaves, then an under‐ or
overdosage of about 20% occurs

•This test can be performed with film, a detector array, or an EPID



•Various devices are available for performing 2‐D dose verification measurements,
including QA measurements of the MLC system



•Complimentary leaf pattern to test the MLC alignment

•This test, and several others, have been described in detail by Thomas J. Losasso “IMRT
Delivery System QA”, AAPM Medical Physics Monograph No. 29, Intensity‐Modulated
Radiation Therapy, The State of the Art, Jatinder R. Palta and T. Rockwell Mackie, Editors,
Medical Physics Publishing, Madison, WI, USA, 2003



•Ideally, the composite image would appear as a uniform field with a low‐density strip
from top to bottom corresponding to tongue‐and‐groove under‐dosage



•Composite images testing the alignment of the MLC using the leaf patterns of the
former slides for a Varian MLC
•(a) Uniform field is interrupted by a tongue‐and‐groove under‐dose (vertical band) and
leakage between leaf faces (horizontal band)
•(b) The asymmetry shown here corresponds to 0.5 mm misalignments both
perpendicular and parallel to leaf motion



•“Picket fence” test for verifying the leaf positions (entire leaf bank moves together)
•The left image shows the leaves in alignment, while leaf position errors were
intentionally introduced for the image at the right
•Junctions between exposures are caused by transmission through the rounded leaf
edges of a Varian MLC
•Measurement equipment can be film, 2D detector array or EPID
•The evaluation should confirm that the stripes have uniform width, and the junctions
are straight
•From: Thomas J. Losasso “IMRT Delivery System QA”, AAPM Medical Physics
Monograph No. 29, Intensity‐Modulated Radiation Therapy, The State of the Art,
Jatinder R. Palta and T. Rockwell Mackie, Editors, Medical Physics Publishing, Madison,
WI, USA, 2003



•Test to determine the absolute leaf position accuracy
•The bands extend to ± 14 cm laterally
•A 4 cm x 4 cm grid is superimposed on this image
•From: Thomas J. Losasso “IMRT Delivery System QA”, AAPM Medical Physics
Monograph No. 29, Intensity‐Modulated Radiation Therapy, The State of the Art,
Jatinder R. Palta and T. Rockwell Mackie, Editors, Medical Physics Publishing, Madison,
WI, USA, 2003



•When analysing data obtained from commercial devices it is important to consider the
resolution of the detector system

•From ESTRO Booklet No. 9



•Most commercial 2‐D detector arrays have software to analyse the data in a number of
ways including point dose, 1‐D and 2‐D intercomparison of dose values



•This slide shows the MapCHECK software routine for the ‘picket fence’ test for static
leaf position

•It is a routine test for consistency, but does not show the direction of an error

•For using this software it is necessary to enter the MLC file or dose map from the TPS

•The resolution of the array (X direction) is limited to 1.0 cm at best, and cannot directly
measure the MLC position

•The diode reading at the edge of the MLC leaf is very sensitive to small position errors

•Deliberately introduce MLC position errors and measure effect on dose distribution

•Note: This test is very sensitive to small setup errors



•Check leaf position during dynamic delivery with a sliding MLC leaf gap and measure
the dose along each path

•The dose pattern should stay consistent

•For a 2.0 cm MLC leaf gap, the dose will change by 5% for a 0.1 cm error

•Perform this test also with deliberately erroneous MLC files



•This slide shows the leaf leakage for three different types of accelerators
•Taken from: M.S. Huq, I.J. Das, T. Steinberg and J.M. Galvin. A dosimetric comparison of
various multileaf collimators. Phys. Med. Biol. 47: N159‐170, 2002.
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•By combining these two fields, the tongue–and‐groove effect will cause an under‐
dosage in adjacent regions



•Relationship between dose error and gap error for DMLC dose delivery

•For the range of gap widths typical of DMLC fields, dose errors as a percent of dose
delivered are shown as a function of the gap width error

•From: Thomas J. Losasso “IMRT Delivery System QA”, AAPM Medical Physics
Monograph No. 29, Intensity‐Modulated Radiation Therapy, The State of the Art,
Jatinder R. Palta and T. Rockwell Mackie, Editors, Medical Physics Publishing, Madison,
WI, USA, 2003

•The goal is to maintain gap errors below 0.2 m



•This slide shows a comparison of a strip pattern irradiated with Varian and
Elekta machines.
•Film measurements were performed of a 10‐strip test pattern
•The linacs were instructed to deliver 1 MU per strip with the step‐and‐shoot
IMRT delivery mode for a total of 10 MU
•The delivery sequence is from left to right
•Note that the strip pattern irradiation of the Elekta machine does not have any
dropped fields or redistributed MU



•In this centre IMRT of head‐and‐neck cancer patients is delivered with many segments
having a small number of MUs

•In other centres a threshold of 2 or 3 MU is often chosen to reduce the treatment
delivery time

•Courtesy Jatinder Palta



•These data are proposed by: Palta JR, Kim S, Li JG and Liu C. Tolerance limits
and action levels for planning and delivery of IMRT. In: Intensity‐Modulated
Radiation Therapy: The State Of The Art. American Association of Physicists in
Medicine Medical Physics Monograph No. 29, pp. 593‐612. Medical Physics
Publishing, Madison, WI, USA, 2003.



•These data are proposed by: Palta JR, Kim S, Li JG and Liu C. Tolerance limits
and action levels for planning and delivery of IMRT. In: Intensity‐Modulated
Radiation Therapy: The State Of The Art. American Association of Physicists in
Medicine Medical Physics Monograph No. 29, pp. 593‐612. Medical Physics
Publishing, Madison, WI, USA, 2003.





•Participants in the RTOG head‐and‐neck IMRT trial had to perform this end‐to‐end test

•Each institution was asked to scan the phantom, to make an IMRT plan in the way they
routinely use for IMRT treatments in the head‐and‐neck region , and to irradiate the
phantom according to this plan

•The irradiated TLDs and films were then mailed to RPC and there analysed and
compared with the planned data

•Details of these results can be found in: G. S. Ibbott, D. S. Followill, H. A. Molineu, J. R.
Lowenstein, P. E. Alvarez, and J. E. Roll, “Challenges in credentialing institutions and
participants in advanced technology multi‐institutional clinical trials,” Int. J. Radiat.
Oncol., Biol., Phys. 71, S71–S75 2008.



•These statements are made in AAPM Task Group Report 119 ((Ezzell et al.:
IMRT commissioning: Multiple institution planning and dosimetry comparisons,
a report from AAPM Task Group 119, Med Phys 36, 5359‐5373, 2009).



•As can be seen from this slide, many combinations of planning and delivery equipment
was used by the participating institutions.



•In this “Bands” test five adjacent 3 cm wide fields were created with doses varying
between about 40 cGy and 200 cGy

•This slide was taken from the AAPM Task Group Report 119 ((Ezzell et al.: IMRT
commissioning: Multiple institution planning and dosimetry comparisons, a report from
AAPM Task Group 119, Med Phys 36, 5359‐5373, 2009).



•Film measurements of four tests outlined in the AAPM TG 119 report



•Measurement of the dose with an ionisation chamber as part of the “Bands” test



•Analysis of the “Bands” test using the MapCHECK array detector and accompanying
software



•Dose goals for the planning of the PTV, such as D95, D90, and for the organs at risk
such as D50, are formulated for these two tests in the AAPM TG 119 report.



•Planning result and the measurement of the dose with the ionisation chamber of the
“Mock prostate” test



•Analysis of the “Mock prostate” test using the MapCHECK array detector and
accompanying software



•Planning result and the measurement of the dose with an ionisation chamber of the
“Mock head/neck” test



•Analysis of the “Mock head/neck” test using the MapCHECK array detector and
accompanying software



•In this table the mean values are given of the gamma evaluation passing rates of the
various tests performed in the different centres

•On the basis of the results of this intercomparison, a confidence limit of 7% has been
proposed






