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Objectives

* Provide an overview of the main issues
related to the commissioning of
IMRT/VMAT techniques.

» Offer guidelines for safe and accurate
implementation of IMRT/VMAT in
clinical routine.

» To discuss the strategies and QA
necessary to avoid the potential pitfalls
affecting the dose delivery




Opening statement

» The accuracy of dose calculation and
delivery is paramount for safe and
effective RT treatments.

» Commissioning of a new irradiation
techniques such as IMRT must ensure
that:

* The delivery system meets the
accuracy/precision requirements for
their clinical implementation
(ATP/QA)

e Radiation beams and machine
parameters are adequately modeled
in the TPS and properly validated.

Number of incidents

Radiotherapy incidents (1976-2007) by the stages of the process

Adverse events N = 3125

Reference : Radiotherapy risk profile. Technical manual. Geneva,
Switzerland. WHO Publishing 2008



Commissioning of Intensity modulation is complicated !

Compared to conventional RT:
»Higher dimensionality (4D vs 3D)

»Demand for higher
dosimetric/geometric accuracy
(small field sizes, MLC
transmission, dosimetric leaf
gap...)

»Increased DOF/plan complexity
(leaves move, variable dose
rates/gantry speed)

» Multiple failure modes




As a consequence accurate commissioning IMRT is challenging!
results from IROC Houston

» 82% of the institutions passed the end-to-
end test using rather lenient DD% and DTA
criteria of 7% and 4 mm, respectively.
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Radiation measurement physics
» Only 69% percent of the irradiations passed ¢
narrowed TLD DD% of 5%.

Credentialing results from IMRT irradiations of an
anthropomorphic head and neck phantom

Andrea Molineu, Nadia Hernandez, Trang Nguyen, Geoffrey Ibbott, David Followill

Dosimetric errors were related to: et Sl A - iched: 08 )anuary 2013 | hitps:/doi.org/10.1118/1.4773309 | Citations: 91
1- TPS CommiSSioning . FiG. 1. RPC H&N phantom for IMRT credentialing.
1. Incorrect data input and beam modeling
(OF PDDS) TABLE III. Comparison of pass rates for treatment planning systems with
' ) two sets of criteria.
2. Inadequate modeling of MLLC
parameters (penumbra, leaves position, Pass rate Pass rate
transmission,,) Treatment planning system (%) 3%/4 mm (%) T%/4 mm
2. Delivery system: Eclipse 72 88
. . innacle’
1. MLC performances (static/dynamic) Pinnacle 26 S
o TomoTherapy 79 03
2. Positioning errors XiO 54 76

3. MU delivery errors Other 56 78

un




Passing PSQAs no good as surrogate
for sucessfull IMRT commissioning.

Table 1 Sensitivity and specificity of IMRT QA results
compared with IROC Houston phantom resulis

No. of % Sensitivity % Specificity

Resulis” results (+5D) (+5D)
All results
Institution claim B35 2 (1) 99.6 (0.2)
Evaluated by IROC T45 18 (4) 91 (1)
Houston
Device
Ion chamber + planar 91 54 (14) T9 (%)
Ion chamber 325 25 (6) a0 (2)
Film 71 33 (16) 82(5)
MapCheck 322 14 (5) 04 (2)
Mode
Absolute 295 3(3) 94 (1)
Relative o7 21 (9) 91 (3)

» Need for a comprehensive QA
programs
» Importance of external audits

Physics Contribution

Institutional Patient-specific IMRT QA Does Not
Predict Unacceptable Plan Delivery
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TROC Houston Phantom Results - % difference

Fig. 3. Percent differences between dose measurements

and treatment planning system calculations for institutional
IMRT QA compared with the TLD in the IROC Houston
phantom. The linear trend line should ideally have a slope of
1 but instead is nearly flat. IMRT QA = intensity modulated
radiation therapy quality assurance; IROC = Imaging and
Radiation Oncology Core; TLD = thermoluminescent
dosimeters.

100 e * & »,
2%, " e s Rast x4
“l & - > v
2 - —sT P,
© . . ' AN
a ’ 4 * ’44
3 o e e v
.E. 90 + * . e »
Y . 2
(=]
=
[ * *
C] .
H y =0.062x + 91.7
& 80 R? = 0.049
=T
=]
& .
=
—
b
270

70 80 20 100
IROC Houston Phantom Result - % of pixels passing

Fig. 4. Percent of pixels passing gamma for institutional

IMRT QA compared with the TROC Houston phantom
films. The linear trend line should ideally have a slope of 1,
but instead is nearly flat. IMRT QA = intensity modulated
radiation therapy quality assurance; IROC = Imaging and
Radiation Oncology Core.



IMRT commissioning requires a multi-layered strategy:

New technique
5 YES
otent
IMRT vecmen dofvery ovel anatomio preniom
commissioning / oo rﬁmmm Level 3 / mﬂ;";fﬁﬂ":fmm \ \
(IM beams, segments, .. gmah‘icall’g ra-,gl..iar phantom

QA of planning system and L |2 statistical tests, numarical simulations,
data consistency with machine eve nalytical models, Monte Carlo computation
ionisation chamber, diamond, radiochromic

i machine QA: dasimetric and geomstric E :‘ . ": ‘
characleristics within predefined tolerances Level 1/ ionisation chamber, film, EPID, array of deteclors

Go to lower levels

(a)

Ref. Estro Physics Booklet No 9. Guidelines for the verification of IMRT



The delivery system characterization steps:

x: leaf positions X, w of dfddor

> MLC/DMLC positiona| and Speed accuracy parameters : e /," S wrt paratEg

» Linac performance for small MU delivery w: segment weights ox dd drox
» MLC physical/dosimetric characteristics: / B 4
* MLC transmisssion i
i r(x.w)
- Leaf-end / inter-leaf leakage —

» Tongue and groove effect
« Dosimetric Leaf Gap/DMLC dynamic minimum lea

» Additional issues specific to VMAT
- DMLC positional accuracy - rotating gantry dose

grad wrt ODM :

« DMLC error detection test during rotation L o
 DMLC dosimetric characteristics
* changing gantry positions
« changing gantry speed and dose rate o
« changing leaf speed during rotation .
» Safety saeen B Y —
« Data transfer af

* Interruption/Resumption test "



Th € POS 1tiona | dCCUracy Issues Physical and dosimetric aspects of a multileaf collimation system

used in the dynamic mode for implementing intensity
modulated radiotherapy

Thomas LoSasso, Chen-Shou Chui, C. Clifton Ling

First published: 13 November 1998 | https://doi-org.bvsp.idm.oclc.org/10.1118/1.598381 |
Citations: 343
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Dose error (%)
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» 3DCRT: leaf position affect only the border, 1-2 mm
error not clinically significant.

0 T T T I
0 1 2 3 4 5
> IMRT: leaf positioning affects dose in the PTV, sub- Nominal leaf gap (cm)
K : : ' FiG. 8. Calculated results relating the error in the dose delivered to the error
millimetrical accuracy is required in the sap for a inoe OF sap eoiths

» Offset (0.4- 1.1 mm ) due to the rounded leaf ends.




Tests for positional accuracy AAPM report 82

Guidance document on delivery, treatment planning, and clinical
implementation of IMRT: Report of the IMRT subcommittee of
Picket & fence the AAPM radiation therapy committee

Gary A. Ezzell, James M. Galvin, Daniel Low, Jatinder R. Palta, Isaac Rosen, Michael B. Sharpe, Ping Xia,
Ying Xiao, Lei Xing, Cedric X. Yu

Abutting strips Detectatibility 0.2 mm ( £5% dose variation
ashd ~ in the matchline)

Cross Sections

Accuracy 0.5 mm

Percent of dose

-9

Horizontal pssi’rian (cm)'

) ) ) FIG. II.1. (a) MLC test pattern with a 2 cm wide strip. (b) QA film produced by moving the pattern in 2 cm intervals and irradiating in a step-and-shoot
FiG. I1.2. (a) MLC test pattern with a 1 mm wide strip. (b) QA film produced fashion. The strips should abut at the 50% decrement lines as described in Sec. IT A 1. The line on the film shows the location of the scan (c). which is used

by moving the pattern in 2 cm intervals and irradiating in a step-and-shoot to assess the quality of the matching. This MLC has a rounded leaf end design.
fashion. This MLC has a rounded leaf end design.
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... Dynamic MLC speed test:

A fixed gap moving at a uniform rate should produce a uniform fluence.

Stability of the leaves moving at
different speed can be tested
delivering stepwise intensities with
several leaf motion patterns on a
single film/EPID.

lon chamber and film/Epid
measurements can be combined.
Central leaves can scan a gap across
the ion chamber for a fixed number of
MU, producing a constancy check.
Film/EPID image the on/off-axis gaps
moving at different rates.

Ref. AAPM report 82

11



Linac performance for small MU delivery

IMRT STEP&SHOOT ISSUE: 1.06

Py
1.04 4 \‘t.\_\
many small segments with few MUS. Fial™ TR
§ n® . K-_-—--°‘—~—‘,
T 1.00 { - S NP Basssssanisa Bssssnan srnnsasannssansdl
* Dose-per-MU constancy should 8 /}‘\//"‘*’
8 098 | —a— 1997
be CheCkEd. 8 / —eo— slitless flight tube
0.96 ’/
. - «+« M - - fas! tuning magnetron
e Similarly, the flatness and 0.94
symmetry of the beam should : ; T B “ v

be checked.

Figure 4.6 Beam calibration for a limited number of monitor units depending on the type of magnetron
and steering technique for Elekta accelerators. In 1997 the feedback technique with slits was used. An
improvement of this technique was the slitless flight tube. which was followed by a new design magne-
tron with faster tuning (Courtesy Geoff Budgell. Christie Hospital. Manchester. UK).

Ref. Estro Physics Booklet No 9. Guidelines for the verification of IMRT
Ref AAPM report 82 12



MLC Physical/dosimetric characteristics

Leakage through closed opposing leaves
~20% (rounded ends)

MLC leaves sweep through the PTV during
irradiation, it is necessary to characterized:
> Leaf leakage:
« Transmission through leaves
 Intra-Interleaf leakage
 TPS mostly require average leakage
» MLC Leaf penumbra
» Tongue and groove effect

Inter-leaf leakage

3.0
|“ Elekta
2.5 j’| : \l fﬂ/
I
S _ ,':‘ [ !\ Varian
1 /
S0 My L /A Leakage through leaf
o0 ':‘| f ;‘2 ‘| i | " 1'-"'- VY J".‘ 4
s 3 LA 5 L Y s f A
i AT A RSN Y N R RO R
SRR LSRR RSt VR B R RS B RUS R
— ; i HE T N
= f ’
=]
Ed “Siemens
& 0.5
O =TT T T T T T 71 Leakage between leaves

=]
=
]

3 4 5 6 7 8 9

Distance (cm) 13



The issue of MLC penumbra

100% +
=
A=
w
o
E
I
= with of fset
=
VT 4
T =
: e-width-
ra—0f [sel—w:

Figure from Koger et al https://doi.org/10.1002/acm2.12819

» Because of MLC leaf end design physical leaf edge
differ from dosimetric leaf edge (50% isodose line).

» The distance from the nominal edge is the leaf tip
offset or Dosimetric Leaf Gap (DLG). This parameter
is an important factor for correct dose calculation
with dMLC.

» Opposing leaves cannot be at the same position, and
a minimum tip gap between opposed leaves is
needed.

DLG measurement with
sweeping gaps

Relative dose

Energy Offset

x 15MV 2.0+0.1mm
o 6MY 171201 mm

0 20 40 60 80 100
Nominal gap width (mm)

Fic. 7. Integrated dose vs MLC gap width measured in phantom with ra-
diographic film for 6 and 15 MV x rays. The lines are linear fits to the data
using least-squares regression. Extrapolation to zero integral dose deter-
mines the effective gap offset. The uncertainties are the standard errors of
the data.

Figure from Lo Sasso et al https://doi.org/lO.1118/1.5918381
4




Penumbra modelling impacts strongly on Step&Shoot IMRT

» Step&Shoot : sum up many

— = 1: Leaves only: 5.8 mm

segment edges, penumbra is == 2: Back-up (Y) collimator only: 4.8 mm

critical. = 3: Leaves + back-up (Y) collimator: 4.2 mm

> Depending on MLC design I = 4, Side of leaves (left): 3.8 mm

1 5. Side of leaves (right): 3.5 mm

and Segment sequencer — ————  6: X-collimator only: 3.6 mm

different com ponents cause = = 7: X-collimator + leaves: 3.4 mm
different penumbras. +

» In dMLC techniques

penum bra effects blur out. Figure 4.4 Penumbra values (80%-20% dose distance) for an Elekta MLC at the indicated positions
measured with film_The arrows indicate the positions where the penumbra values were measured. The
vertical and horizontal fat lines show the position of the back-up (Y) and X-collimators, respectively.

Ref. Estro Physics Booklet No 9. Guidelines for the verification of IMRT >



Tongue and groove effect

(a)

Haz

NRRNRN

 Significant underdosages in lateral leaves
abutting segments

e Equally important for static MLC and dMLC
based techniques.

Relative dose (%)

e Depends from MLC leaf design, important
factor in TPS modeling/dose accuracy

Reference: Essers M. et al. “Commissioning of a commercially available system for intensity- 16
modulated radiotherapy dose delivery with dynamic multileaf collimation.” Radiother. Oncol.
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Mackine-typs tolerancs
Proced Noo-IMET IMET SRSSBERT
Dazimerry
Xeray flameas chazgn from bassling 1%
Xy symnwtry change from basaling +1%
Elcron Samess changs fror baveding 1%
Eleciron symmetry changs fom bawslne 1%
SRS arc rolation mods HA HA Meoziter mits st v deliversd:
(rangm: 0.5-10 MiT'dag) 10 M or 2% (whichaver is greatar)
amtry anc wet W deliversd:
10" or 2% (whichever is greater)
Xemy'olecton cwtput calibration  (TG-31) + 1% {sbwohis)
Spot chock of Sald sive dopendent 2% for fold siwe <44 oo, 1% =44 o’
ouigrat fachoms: for x my
{twn ar mors F5:)
Cutprat facters for slecten applicators = 2% fom baseling
(spot chedk of cne applicator’saargy)
N-ray beam quality (DD, or TR =1% Som bassling
FElactron beans quality (R, +1 mm
Phyical wedge Tansesiszion + 2%
factor constancy
X-ray momiter wxdt linsarity =295 =5 MU + 5% (24 MU =2% =3 MU = 5% (24 ML),
{oufput comstamcyd +1% =5 MU
Elactrom monitor unit Excarity +2% =3 MU
{mutput comstancy)
X-my output constancy v dose mate = 2% from baseling
Xy output constiney s gamtry amgle +1% from bassline
Electron cutput cOns@scy v = 1% from bascling
gy angs
Elactrem and x-ray off-axis factor =1% Som bassline
COnSmmCY Vi gy angle
Arc mods (spectsd MU, degress) = 1% from taseling
TELTEET mods Functional
POD or TME and OAF cemstancy 1% (TEI) cr 1 zom POD shift (TSET) Soe bassline
TELTSET cufput calftration %% from baseling
TELT3ET accsssotios 1% from baveling
Meckamical
ColEzmtor rotation iwccentar =1 zoem from bassling
Gantry rotation isocantar *+1 mm from basaling
Couch rotation ispcantsr =1 o from basaling
Electrom applicator interiocks Funsctional
Coincdence of radistion and 2 zom from. =2 zen from basaling =] zom from basalize
mechanical fsocanter bassling
Table top s2g I e from baseling
Tebke zngle 1"
Tabls travel maxizmm mange +1 moy
mmemsnt in all directons
Stensotactic acoessorion, bockonts, eic. NA HA Functiomal
Safery
Fallow mazeafactemes's teat procedurss Functional
Respiratory gating
Beam energy comstancy %
Tazpomal accurscy of phase/ampliseds 100 ms of expected
Eate om
Calibration of serrogate for respiratory 100 ms of axpected
Fonie mmmlinude
Interlock testing Funsctional

MEDICAL PHYSICS

The International Journal of Medical Physics Research and Practice

Task group report ) Free Access

Task Group 142 report: Quality assurance of medical
accelerators?

Eric E. Klein, Joseph Hanley, John Bayouth, Fang-Fang Yin, William Simon, Sean Dresser,
Christopher Serago, Francisco Aguirre, Lijun Ma, Bijan Arjomandy, Chihray Liu ... See all a

First published: 17 August 2009 | https://doi.org/10.1118/1.3190392 | Citations: 1,033

Received: § February 2021 Revised: 18 Marnch 2021 Accepted: 28 Aprll 2021

DOt 101002/ mp 12992

MEDICAL PHYSICS

AAPM SCIENTIFIC REPORT

AAPM Task Group 198 Report: An implementation guide
for TG 142 quality assurance of medical accelerators

Joseph Hanley! | Sean Dresser? | William Simon® | Ryan Flynn* |
Eric E. Klein® | Daniel Letourneau® | Chihray Liv® | Fang-Fang Yin® |
Bijan Arjomandy® | Lijun Ma' | Francisco Aguirre™ | Jimmy Jones2 |
John Bayouth"’ | Todd Holmes™

IMRT delivery systems require tighter tollerances than 3DCRT

Tame VW Mulilsaf collimation (with differentiation of IMET 13 noo-IMBT machings).

Procedomn Toleranse
Weeldy (IMET mochings)
Qualitative teat (Lo mached sermants, aka “picket Viszal inspecton for discemable deviztioms wach 25 am
fanca™) ncrase m imierled sanomivcon
Mlenrhly

Setting vi radiation fisld for tare patioms. (non-TMET) 2 mm

Backup dizphragm setting: (Elsicta only) 2 mm

Trzwul spead (IMET) Laoss of kaf spead =03 amis

Lagaf position acomacy (IMET) 1 p=m for leaf positices of an TMET fisld for four

cardinal ganry angies. (Ficker fwce test may be med,
test depends om clinical phonmg-sezment sive)
Annuslky

MLC tansmission (averege of leaf and imericaf ={.5% from baseling

transmizaom), all energies

Laaf position repaatability =10 mm

MLC spoke shot = 1.0 mm radns

Comcidence of gt feld and x-rey fald (all exermies) =20 mm

Sepmantal TMET [wop and shoot) test =035 cm mox amor EME, 8% of amor counts
=035 m

Moving window IMET (finr cardinal ganmy anglos) =035 cm max. amor EME, 93% of amor ounts
=035 m
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mpact of machine performances on
MRT delivery accuracy

Failure Mode Magnitude of Failure

1. Beam energy 1% PDDyg

2. Beam symmetry 2%, 3.5%, 10%

3. MLC position systematic {(one bank) 1 mm, 2 mm

4. Gantry angle systematic 2.0°
5. Collimator angle systematic 2.0°
6. Couch angle systematic 2.0°

Physics failure modes of step and shoot IMRT
delivery near the TG-142 tolerance criteria
levels have the potential for significant dose
deviations in the geometry controlled IROC-
Houston H&N phantom end to end tests.

Reference:
Tonigan Faught et al. Clinical impact of IMRT failure modes at or near TG-142
tolerance criteria levels. AAPM Meeting 2015 https://doi.org/10.1118/1.4924540

Standard Phantom Plan Physical Measurement Results

Failure Ave Aabs ADTA A%pp
Induced Error
Mode dose {mm] (7%/4mm)
1 +1.1% 1.3% 0.7 16%
1 -0.6% 1.7% 0.2 9%
3.5%
2 i 2.0% 0.2 13%
in-plane
3.5%
2 3.1% 0.3 18%
cross-plane
3 + 2 mim 1.4% 0.9 19%
4 +2° 1.8% 0.0 10%
5 +2° 0.3% 0.3 0%
6 +2° -0.1% 0.0 1%

Table 2. Physical measurements using IROC IMRT HEN phantom with TLD and
film. DTA between the primary PTV and OAR and gamma index analysis in
sagittal and axial planes. Agreement of measured and calculated doses are

compared for failure free irradiations and those with the listed FMs.

Volume

Standard Phantom Plan, MLC Positional FM

09
08
0.7
06
05
04
03
02
0.1

200

400
Dose (cGy)

Baseling
X1+2mm
—X1-2rmm
— X2 2mm
X2-2mm
Baselne
—X1+2mm
—X1-2mm
X2+ 2mm
X2-Jmm
Baseline
—X1+2mm
X1-2mm
X242mm
—X2-21m
Baselina
X1+2mm
—X1-2rmm

BUD X2+2mm

—X2-2mm



https://doi.org/10.1118/1.4924540

Assessing VMAT systems capabilities

The three most important AT eomitra [polits

e I e m e ntS are : 2 ([Sdaer;t]ry Cumulative MU/fx = MU/fx sze/:r:] Elg\,/lfjlght E)Szlci\]/ery time [C:‘;r;t/rz]speed Z\v posi;izons [c\:;] % e fLeaf} o )Nidfh
s fcm] fem]
1 11 121.00 30.71 4.85 342.42 1.63 0.85 4.70 412 890 -11.20 Q
* aCCU r‘aCy I n D M LC pOSItI 0 n 117.00 35.57 1.91 134.67 0.64 0.85 4.70 412 890 -11.20 g § 0'?7500 o210
° preC|Se dose_rate CO ntrol 113.00 37.48 1.61 113.32 0.54 0.85 4.70 412 890 -11.20 g § i;j:zz z:izgz
. . 109.00 39.08 445 313.67 1.49 0.85 4.70 412 890 -11.20 g
d urin g g antry I‘Otatl on (20 10500 43.53 663 46779 222 085 4.70 " 412 890 -11.20 00 izzﬁ z;:g
101.00 50.16 6.70 472.96 2.25 0.85 4.70 412 890 -11.20 g - .

 accurate control of gantry 2 o0 sass 257 wsss 10 o 412”850 1120 1050 9. R
: 93.00 59.84 6.02 425.06 2.02 0.85 4.70 412 890 -11.20 g 237500 a0

S peed . 89.00  65.86 8.50 600.00 2.85 0.85 4.70 412 890 -11.20 g i 210

2.87500 0.2500

X1
[cm]

1.88
1.68
1.63
1.87
1.74
1.73
1.70
1.62
1.70

X2

[em]
243
2.38
248
1.92
2.35
2.34
2.51
2.51

2.44
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DMLC positional accuracy test

Tolerance: 1 mm

b)

(
“To

“In-

N
R

—

)
p
“Central

T
" \é
:\v—'—

et

-1 0 1
Fig 2. (a) Image of a film mounted on the isocentric mounting fix-

ture (IMF) and repeatedly exposed to a slit mdiation field. (b) Radi-
ation profiles of the image.

Picket fence

Fig.3. Image of 2 film thx wa expased twice to the |.mm-wide
picket fonce pattem, once 2 stationary gantry mgh and 2 second
time = RapidArc made.

Gantry static

RapidArc

Ling et al. JROBP 2008
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Field flatness vs gantry positions > be sure that the beam flatness and symmetry were
stable during gantry arcing and at a lower dose rate

than normal
(@) sl e Table 1. Beam flatness and symmetry at varying dose rates
1UV
%0 Ornentation Dose rate (MU/min) Flatness (%)* Symmetry (%)*
s G-T 37 104.0 101.0
g @ A-B 600 103.6 100.7
g A-B 75 105.4 103.5
A-B 37 106.1 104.1
J - L Abbreviations: A-B = perpendicular to the axis of gantry rotation;
: il : G-T = parallel to the axis of gantry rotation.
20 -6 -2 -8 4 0 4 8 12 16 2 *1EC 60976 nomenclature.

Tolerance: +3%

Profiles acquired with a linear array:

a) dose rate 37 MU/min, gantry angle 150°, clockwise
motion

b) various dose rates, gantry angle 190°, clockwise motion

20 6 -2 8 4 0 4 8 12 16 20 Bedford et al. IJROBP 2009

Off-axis position (cm) 21



VMAT dose rate/ gantry speed accuracy

 Tolerance: 2%

10

5 0
Position (cm)

Open field profile

> Seven strips delivered with rapid arc
combining different dose-rates, gantry
ranges and gantry speeds to give the
same MU for each portion of the field.

Ling et al. JROBP 2008
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VMAT dose-rate/ MLC speed accuracy

* Tolerance: 2%
Leaf speed cm/s
» Repeat the previous test with four strips giving 046 0.92 1.84 2.76

the same dose with sliding windows at different
leaf speeds .
» Compare the profiles with the open field

i : T T \\ i
1 -
i 'm i
I 1 I | |
| I | |
3 145 ====== bFe————— === R N S A -]
o | I | |
= 1 I | |
(1] | I I |
£ | | | :
% 11 _______ BN e S B o A -
v % H i k
1 I | |
| | I |
| I I |
1 I I |
105k -————~ e e e B deeengt- e
1 ] | I
1 J I ] |
1 ] I | |
1 1 I | S
’_L/' ! ! L\#\
1 1 L L L 1
-150 -100 S0 0 50 100 150
Off x-axis position(mm)

Ling et al. JROBP 2008



interrupted

Interruption/Resumption
Test

Analysis Results

» Use benchmark end-to-end test
that includes measurement of
dose distribution and absolute
dose at a point, interrupt beam in
middle of delivery and continue
treatment to completion.

Evaluated Detectors: 829
Detectars (Ty = 1) 823
Paz=s Rate (Ty = 1) 99.3(%)
Maximum Ty: 128

Beam Cn (Ref): 166,55(zec)
Beam Cn (Comp): 167.30(=zec)

> TOlerance: 98% Of pOIntS |n Horizontal Dose Profile
agreement to 2% and 2 mm e Cempercon o _Reterence )
. 1]
compared with reference o (/1 o :
) . — 3 S it 7
uninterrupted delivery ot PN, -
et I AW PR Ny e
AV LA
2 WY W)
10
’ =300 =200 =100 0 100 200 300
Distance (mm)
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TPS commissioning

Review
data

» Responsable for the majority of dose delivery
failures (up to 68% , source IROC audits™)

» Intensity modulated techniques are an
extension of 3D, but with additional issues

Data processing

Review
data

related to: - T.PS. .
. . . ommissioning
Beam data acquisition Workflow

* Beam modeling
* Inverse Optimization/Leaf sequencing
* Dose calculation.

» Guidelines:
e |AEA TRS-430
* AAPM TG-53, TG 119, TG-157, TG 218

 AAPM Medical Physics Practice Guideline 5.a
(TG 244) Routine QA

* Carson et al. IJROBP”



Data acquisition for IMRT/VMAT delivery

Minimum requirements for IMRT/VMAT TPS
commissioning:
» verify both small fields and MLC

100

®  reconstructed penumbra
diamond detector (a)
------ diamond detector (b)
----- 0.3¢c ion chamber (c)

g

dose [%6]
2

£
=

20

characteristic : Detector
 PDDs down to field size < 2x2 cm? for
comparison with dose calculations small field
e Small field output factors (down to 2 x 2 detectors
cm? or smaller) should be measured for
beam modeling and/or verification. Large ion
e Leaf-end penumbra with high resolution SIEIEE]
detector
e MLC intraleaf and interleaf transmission Film
and leaf gap a:ﬂéc;r
detector

Comment
Carefully select the
detector type and size
to fit the application.
When scanning for
penumbra, diodes are
recommended.

Use
Small field scanning &
output factors.
IMRT/VMAT point
measurement.
MLC intraleaf
measurement & penumbra
Aggregat_e <.:|ose Interleaf transmission
transmission
Absolute dosimetry
preferred; relative
2D dose distribution dosimetry adequate.
including planar fluence
maps, intraleaf
measurements gantry and/or in a
phantom at different

geometries

Detectors suitable for TPS

Desirable if the device
can be mounted on the

References

TG-106 (Das et al.)
TG-120 (Low et al.)

IAEA TSR 483

Lo Sasso et al.

TG-106 (Das et al.)
TG-120 (Low et al.)

IAEA TSR 430

) 8]
an

References: AAPM TG 244

commissioning



OF vs different Varian machine Types (IROC)
Review of data
0.85 2X2 0.88 3x3
oas | 0.87 z
* Acquired data must be reviewed for 52 X ! Q ’ oss - X By T
. X = 2l X |
potential setup and measurement errors m = = E_-D E] o i EQ 1
] ) » 080 \f |
* Data should be compared, if possible, to . L os+ -l =
a reference dataset from the same type Zors- X 063
Of’ Or nearly Identlcal’ maChine to §Oq 0.888 0.89 0.8944)(40.888 0.885 0.876 931 0.938 0.94 0.9426XG0.937 0.937 0928
identify systematic anomalies Soor- x
« MLC transmission factors should be T W T x | Il
. 0.89 ' 0.94 =] X 5
compared to the published results = o T & = [ &5 =
obtained with the same MLC and ] = |
energy. . S
<y o0 g > AN " ’\‘3‘\\} & : 2 '\\'\)\ o d ol g AN 3 ’\Q‘\\}\ & o
* G" C 2 N\ L C 2 N\
Classes (N)

Figure from Kerns et al.Technical Report: Reference photon dosimetry data for Varian accelerators based on IROC-Houston site visit data.
Med Phys. 2016. doi: 10.1118/1.4945697. 27
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IMR.T beam profile
Impact on

beam
penumbra,
OF

Sources

Source Eff. dist. to source [cm] = XWidth [cm] = YWidth [cm] = Weight

0.070 0.090

Primary

Flattening filter 1.625 0.07632

Electrons 11.000 0.00752

Weight of flattening filter electron source:  0.004

Collimator position

Collimator = Eff. dist. to source [cm] | Transmission

Ylaws 36.70

XJaws 44.50 0.00100

MLC 53.50 0.01650

affects all type of intensity modulation

Modeling parameters impact differently according to the implemented technique.
A good model for IMRT Step&Shoot can be bad for dynamic/VMAT techniques

Collimator calibration

Collimator Offset [cm] = Gain

Ylaws 0.010 0.0040

Xlaws -0.010 0.0040

MLC x-position 0.010 -0.0040

MLC y-position 0.0040

Additional MLC parameters
Tongue and groove [cm]

0.025

Leaf tip width [cm]
0.370

Beam modeling in TPS software

Curvature [1/cm]
0.00030
0.00020
0.00050

Important for DMLC based

techniques

Al e

W /% tangent prejection
- (light fielal)
B Ty one VL cord leneth
o
L A lead Hp peo et s

Y
Ipacerdre po ara b

- L
Xr X o

IR Eagperaed..,

&

Positional accuracy,
Critical for Step & Shoot
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Original Article

Photon beam modeling variations predict errors in IMRT dosimetry
audits =

Beam modeling impacts on
dosimetry errors

Mallory C. Glenn*, Fre'Etta Brooks ", Christine B. Peterson“’, Rebecca M. Howell ™, David S. Followill ™,
Julianne M. Pallard-Larkin ™", Stephen E. Kry ™

* Deparmmi of Radhanen doziogy, deeenity of Seairhe; ™ Iy oy Pl Fryiics, The deneeniity of Eenm WD Anaferion Conerr Crmter; © The dnneensty of
Tms D Andreroe Conerr Crofer THezile Groduete S0 ood of 8 dinl & o 9 D ot =f Ki Tl o T bl Analh Camer Crmder, Homsoe,
Uil St

» Atypical beam modeling parameters are
associated with failing phantom audits.

c.) Changes in Dose Based on MLC Leaf Tip Offset
(RayStation)
750
_ 00
‘E 850 —Q7 Sth
; 800 S0tV75th
8 5% ——25th
500 —2 5th
450 e.) Changes in Dose Based on DLG
4 3 2 41 0 1 2 3 4 5 86 7 8 0 (Eclipse AAA)
Distance {cm)
o —97 5t
d.) Changes in Dose Based on MLC Transmission = 850 5
(RayStation) (g e TSN
750 , < 600 —50th
_— g 550 —26th
S —2 Sth
—75th 00
——25th 4 7 @
—2 5th
7 8

29



......cont

Table 1
Treatment planning system beam modeling parameters requested via IROC Houston surveys and their range of dose effects (based on the reported spread in values), as previously
determined by phantom dose calculations, for a common base Varian linac model equipped with Millennium120 MLC (e.g. Trilogy, 2100iX, etc.) using 6 MV photons [13,20].
PrOfl |eS Obta | ned Va ryl ng the DLG TPS Parameter Estimated Dose Effects
. o 2.5th Percentile 10th Percentile 90th Percentile 97.5th Percentile
p a ra m ete rS ( E C | | p S e AAA) : a ) D I_G 9 1 Parameter  Dose Effect (vs. Parameter  Dose Effect (vs. Parameter  Dose Effect (vs. Parameter  Dose Effect (vs.
Value 50th percentile) Value 50th percentile) Value 50th percentile) Value 50th percentile)
H o
° Eclipse AAA
p e rC e nt I I e / b ) D LG | Owe re d to O : O 6 C m ( 1 Effective Target Spot 0.0000 0.0% 0.0000 0.0% 0.5000 0.0% 1.0000 0.0%
. . . Size X and Y [mm|
pe rcenti |€), gOOd agreeme Nt was defl netive |y MLC Transmission Factor _0.0118 ~1.1% 0.0134 —0.7% 0.0200 +0.8% 0.0200 +0.8%
|| Dosimetric Leaf Gap [cm] _ 0.1000 —3.6% 0.1388 —1.5% 0.2000 +1.2% 0.2300 +2.8% |
i RayStation
fo u n d S ett I n g D LG to O : 1 2 5 C m Primary Source X Width  0.05000 0.0% 0.04000 0.0% 0.09700 0.0% 0.12345 0.0%
and ¥ Width [cm]
|_MLC Transmission 0.0070 —4.0% 0.0070 —4.0% 0.0250 +2.3% 0.0250 +23% |
Tongue and Groove [cm] 0.0100 +1.1% 0.0100 +1.1% 0.0500 —-0.3% 0.0500 -0.3%
a ) nght Left Profile 7% ove rd Osage Leaf Tip Width [cm] 0.1770 —1.6% 0.1860 —1.4% 0.5000 +1.9% 0.5000 +1.9%
" ] | MLC Position Offset [cm]  0.0000 —3.6% 0.0000 —3.6% 0.1160 +6.7% 0.1160 +6.7% |
Left Right MLC Position Gain 0.0000 0.0% 0.0000 0.0% 0.0150 0.0% 0.0150 0.0%
6 e e % MLC Position Curvature 0.0000 0.0% 0.0000 0.0% 0.0010 +0.2% 0.0010 +0.2%
—_—— [1/cm]
3 b' \
€4 N\ .
@ . °
3 «— Primary PTV —» N Take home message: Check the consistency of
a2 Secondary . . . .
. | , e your parameters with other institutions
-4 2 41 0 1 2 3 4 5 & 7 8 T
Distance (cm) a0
==IROC Film ===Institution TPS Values 28
=30
=
0 15
2 !
Left I Right II lﬂ .|| .|‘| 5 - |
6 Y — R 221173211 I 3% 41
= 0 s = e == - - I | n . -
&
=4
7 — ° P FE D e P P P
Secondary
0 PTV DLG (cm)
-4 -3 =2 -1 0 1 2 3 4 5 & 7
Distance (cm) 30
===|ROC Film =—=Institution TPS Values




TPS verification of the basic photon
model

Crossline profile: field size 2 cmX10 cm, SSD 95 ¢m, depth 5 em
] T T T T

=

2 =z 3 =B = B
T T T T T T
-
.
j
|
|
|
L
L

reference field size (10 emx10 cm)
=
T

Dose normalized to the beam axis

of the
e
T

Crossline profile: field size 2 cmx2 cm, S50 95 cm, depth 5 em

-~
~

Adjust and recheck the model with field
configurations different from those used for
modeling (i.e. small MLC shaped, on/off axis,
different SSD...)

Region

Tolerance®

Evaluation Method (consistent with IROC Houston)

=
T

)

] | High dose

=
T

=
T

Penumbra

=
T
A

Low-dose tail

Relative dose with one parameter change 204
from reference conditions -
Relative dose with multiple parameter changes® 5%

Distance to agreement 3 mm

Up to 5 cm from field edge 3% of maximum field dose

=
T

Dose normalized to the beam axis
of the referance field size (10 crmx10am

i I P L
3 i 4N C ] 0 & nm n & & 9 % 100
Off axis distance {mm)

| * Tolerances are relative to local dose unless otherwise noted.
f | b For example. off-axis with physical wedge.

Table from AAPM Medical Physics Practice Guideline 5.a (IG 244)




2D BEV DVH | linedose

Verification/tuning of the IMRT model* : T

» Determine if the beam/MLC parameters are
accurate using simple situations easy to evaluate.

» Determine the level of accuracy to expect in clinical
situations.

Pipeline:

1) Start with single beams on a simple, L E = I E

il o] L i 2% | il e] 16 - Sa
flat phantom. e : ( I =4 o= ; [ W
2) Progress using controlled intensity . T )

00(dsg)

patterns for multiple beams P , K , /
3) Apply multiple beams treating e ba = MUY 1

| D st DB comissianin...\RTDOSE 2.16.840.1.113663.2.531 128.749613081.201 3051 7142425, 350785.dem | &) |CADSRDBRcomissioningRS \mo...\RD1T.2.826.0. 1. 3680043, 8,176, 201 352115395026.21 6. 34474665 3.dem | &)

1
® e o & w

\__‘__h
= = E}
] 1=z o[8
o|Ea| T
25|°
L
N @ [ = TS oo

hypothetical targets Hne o - o
4) Progress to testing multiple beams i :
treating hypothetical targets in o + I

m |2 1041

#Pass 83.2 0

anthropomorphic phantom:s. . —— %

Fai 452
Total 0150

Calc Shift
-1

ART LT Ao Do e 5ok (Gl SelZ] DTA  Sefl Pas Sel2Pes
H & B o WleEen  Sem G

chy EEp
Cax 5247 s0e7 160 200 018 Dose

irssab 3t sir1 Nom7aT0 00D 30 % 000 s [sm
et ez 1129630 5 6 5121 o) SEL 5 pRe a0 B8 0% @ 34

*AAPM TG 82 Med.Phys. 2003.DOI: 10.1118/1.1591194. 32



Basic verification tests for IMRT components: examples

Measure point dose with ion
chambers and 2D dose
distribution with films/ arrays

180 |

110 |

Dose [cGy]
|

FIG. 1. Dose profile through central plane for bands. The lower curves are
the individual contributions from each subfield (band): the upper curve is the

summation.

2080

=
l-.r-

F1G. II1.3. Examples of user-controlled intensity shapes used for commissioning tests.

b

d

AAPM TG 82 Med Phys. 2003.DOI: 10.1118/1.1591194.

AAPM TG 119 ( preliminary test 2).

in low intensity regions.

Protile

Percent of dose

’I:.

N,

Position (cm)

FIG. II1.4. The dose profile measured with film across one line of a random intensity pattern (plan= dotted. film=solid). showing some systematic differences

33




TPS verification procedures for IMRT/VMAT:

TaBre 7. VMAT/IMRT test summary.

Y4

Test Objective Description  (example) Dertector Ref
< 2%2 cm® MLC shaped Diode or plastic

7.1  Verify small field PDD field, with PDD acquired at corpe Yunice et al !9

. scintillator

a clinically relevant SSD _
Use small square and C h ec k/ d dJ ust th S
75 Verify output for small rectangular MLC.“.-deﬁned Diode. Ipl.astlc scintillator, - source mo d e |
MI C-defined fields segments, measuring output minichamber or Cadman et al.
' at a clinically relevant microion chamber
depth for each?® j
Plan. measure, and compare \
planning and QA results to the Ton chamber. film TG-110
7.3 TG-119 tests TG119 report for both the d/ 1 167
Head and Neck and and/or array (Ezzell et al.* ") Ch k d . h
(C-Sh'lpe cases ec /a JUSt the
Choose at least 2 relevant M LC/ d MLC
74 Clinical tests clinical cases: p]aq. measure, Ton chz}mber. film Nelms ef al 42 param eters.
and perform an in-depth and/or array
analysis of the results
Sunulate, plan. and treat an
7.5

External review

anthropomorphic phantom with
embedded dosimeters.

Various options exist®

Kry et al.G(?

perpendicular to MLC movement

* A bar pattern scanned with a diode can be used to obtain additional absolute dose profile comparison in the direction

b If IROC Houston service is used. they typically employ TLDs and radiochromic film. Certain commercial phantoms
can accommeodate ion chambers for point dose measurements

Table from AAPM Medical Physics Practice Guideline 5.a (TG 244)



IMRT validation steps 1 & 2: small

MLC field PDD and OF(7.1/7.2)

FIELD SIZE 2X2 (CM?)

& Ray_DD% =—=—DD%

200
180
160
140
120
100

©

%Error

80 &
60 3
40 5
26 DEPTH (MM)
0
-30 20 70 120 170 220
DEPTH (MM) OF measured vs calculated
1.000 —
Field Side (cm) ~ Of___ OF,, IROC 0950 PR A
1 0.726 + 0.006 0.742 NA 0500 o
2 0.816 + 0.003 0.816 0.816 0.850 —4
3 0.861 + 0.003 0.859 0.857 0.800 ,’r
4 0.897 + 0.005 0.896 0.885 0.750 !,-’
6 0.944 + 0.003 0.946 0.937 0700
10 1.000 + 0.003 1.000 1.000 0 ! ? ’ N > ° / 10
- @ = Ofmeas ® OFRay
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IMRT validation step 3: the TG 119 test suite
(http://www.aapm.org/pubs/tgl119/default.asp)

Aim: to assess the overall accuracy of
planning and delivery of IMRT treatments.

The test suite includes:

e Rt-structures corresponding to
Targets/OARs contoured in rectangular
water equivalent slab phantom

* Objective and constraints to plan each
test.

* Beam arrangement.

Dose agreement results from a multi-
institutional study proposed as baseline for
IMRT commissioning

a) Point measurements with ion chamber in

high and low dose regions

b) Film dosimetry in a coronal plan ( gamma
3%/ 3mm)

Mock_prostate
I
Mock Head_ Neck*
x [

*Suggested by TG 244

: : C-Shape* —=——
Report from AAPM Task Group 119 Medical Physics, Vol. 36, No. 11, November 2009



TG 119 baselines

» 10 institutions passing credentialing audits
» dMLC-SMLC-binaryMLC techniques employed
» Multiple TPS (Eclipse, Pinnacle, Tomo and other...)

TABLE VII. High dose point in the PTV measured with idon chamber: [(measured dose)
—(plan dose)]/prescription dose, averaged over the institutions. with associated confidence limits.

Test Location Mean |Standard deviation (o] Maximum  Minimum
Multitarget Isocenter 0.001 0.017 0.030 —0.020
Prostate Isocenter —0.001 0.016 0.022 —0.026
Head and neck Isocenter —0.010 0.013 0.011 —0.036
CShape (easier) 2.5 cm anterior to isocenter —0.001 0.028 0.038 —0.059
CShape (harder) 2.5 cm anterior to isocenter —0.001 0.036 0.054 —0.061
Overall combined —0.002 0.022

Confidence limit=(|mean|+1.960) 0.045

o increase with plan
TABLE XI. Composite film: Percentage of points passing gamma criteria of 3%6 Fﬁ]p’bérﬁw'fer the institutions, with associated confidence limits.

TABLE IX. Low dose point in the avoidance structure measured with ion chamber: [(measured dose)
—(plan dose)]/prescription dose, averaged over the institutions, with associated confidence limits.

Test Location Mean  Standard deviation (o) Maximum Minimum
Multitarget 4 cm inferior to isocenter —0.008 0.019 0.014 —0.050
Prostate 2.5 cm posterior to isocenter 0.000 0.018 0.030 —0.025
Head and neck 4 em posterior to isocenter 0.004 0.024 0.061 —0.017
CShape (easier) Isocenter 0.010 0.024 0.050 —0.037
CShape (harder) Isocenter 0.009 0.025 0.055 —0.021
Overall combined 0.003 0.022

Confidence limit (|mean|+1.960) 0.047

Limtts:;

Test Location Mean Standard deviation (o) Maximum Minimum Number of submissions . . .
a) Passing rate criteria
Multitarget Isocenter 99.1 0.9 100 97.5 8 .
Prostate Isocenter 08.0 224 99 8 942 7 too lenient to detect
2.5 cm posterior 93.2 7.6 99.9 85 3 .
Head and neck Isocenter 96.2 3.0 100 924 8 mOdel.l.ng errO rS
4 cm posterior 97.6 1.5 08.9 95.6 4
CShape (easier) Isocenter 97.6 3.9 100 88.9 7 (N e lm S et a |--)
2.5 cm anterior to isocenter 93.9 5.0 99.6 87.9 5 .
CShape (harder) Isocenter 94.4 6.0 0904 86.2 5 b) N Ot re p res e ntatl've Of
2.5 cm anterior to isocenter 93.0 7.2 99.9 81.3 5 ' .
Overall combined 96.3 4.4 rea l p la n CO m p leXlty ‘
Confid limit=(100— +1.96 12.4 (ie., 87.6% i I
onfidence limit=( mean) a (ie passing) S I B’ SlZa b le VO lusl;r] es.




CShape example:

Radiochromic Film EBT3

Film Passing Rate (TG 119):
v (3%, 3 mm) : 94.5%

| Micro IC

58.3 cGy 57.54 cGy 1.3%

Hard dose
constraints
o ArcCheck diode array
[] ﬂi;x
e
zpziilaas._s g
‘ot o < : Passing Rate (TG 119):
= Bl gt " |y (3% 3mm):98.8%
‘-3 . _ =-‘!,-!'. e : (visible dots represent failing
- & points)

-32 -30 -28 -26 -24 -22 -20 -14 -16 -14 -12 -10 -8 -6 -4 -2 O 2 4 6 g 10 12 14 16 18 20 22 24 26 28 30 32 38



a) TG119 passing criteria too lenient

Inaccurate (volume-averaged) dose
profiles entered into beam model

Analysis
oass , (3) (b)
DA} Y
RD J AD
TH 100
%Dif |30
mn[30
%Pass 389 ~
Pass 34
Fall
Total 95

FIG. 3. (a) 3%G/3 mm gamma failing points and (b) 2%L/2 mm gamma
failing points based on a diode array at 5 cm depth, 100 cm SDD. In both
(a) and (b), the visible dots represent failing points. (¢) 2%L/2 mm gamma
failing points for EPIDose analysis at same virtual depth and (d) dose profile
through the horizontal line indicated by the arrows in panel (c¢), with the black
line extracted from the TPS dose grid and the line with dots highlighted from
the measurement.

Setting in TPS causes failure to account for
tongue-and-groove effects

Analysis (a) (b) (c) 5 (d) -

_Compure | B

oa] ¥ =9
0 -

THI00

a0 ‘ L »
w30 © e 2 &
e 's
Wos W6 - * i,

Pass |1 0200 - i

Fad 4 ) g

Total 10840 q

-2 0 2 . s ¢ 10 o 2 ‘ 6 L] b

L] ° 2 . . ' W L 2 L) L) L} 10

(f)
27 DVH analysis
| ' (with T&G error, before correction)

FIG. 2. Absolute dose planes at 5 cm depth, 100 cm SDD for (a) measured and (b) calculated dose. (¢) 3%G/3 mm gamma with failing points shown as the
shaded region over the calculated plane in grayscale. (d) 2%L/2 mm gamma failing points showing a clear pattern of meas = calc, i.e.. shaded regions showing
gamma failing points. () Patient coronal TPS plane. (f) 3DVH-estimated dose differences (3DVH-TPS), and (g) estimated DVH errors showing lower MGDR
target dose compared to planned.

Examples from Nelms et al. Evaluating IMRT and VMAT dose accuracy: Practical examples of failure to detect systematic errors when applying a commonly used metric
and action levels. Med Phys 40 November 2013. http://dx.doi.org/10.1118/1.4826166




IMRT/VMAT updated tolerances for commissioning:

Dose agreement evaluated by true composite approach:

TaBrE 8. VMAT/IMRT evaluation methods and tolerances.

Measurement Method Region Tolerance

Low-gradient target region 2% of prescribed dose < 1.5% optimal

Ion Chamber OAR region 39% of prescribed dose

2%/2 mum?, no pass rate tolerance,

Planar/Volumetric Array All regions but areas that do not pass need
to be investigated

End-to-End Low-gradient target region 5% of prescribed dose

* Application of a 2%/2 mm gamma criterion can result in the discovery of easily correctable problems with IMRT
commissioning that may be hidden in the higher (and ubiquitous) 3%/3 mm passing rates.G?

*Evaluation by local normalization is recommended by AAPM TG218 (it highlight
the failures in high dose gradient regions, useful to tune the MLC model).
*Measurements based on planar/Volumetric Array systems are allowed if
appropriated spatial resolution can be achieved

Table from AAPM Medical Physics Practice Guideline 5.a (TG 244) Journal of Applied Clinical Medical Physics, Vol. 16, No. 5, 2015



Onginal Articlke

b) N e ed Of reg | |St | C Cl | N |Ca | scena rl 0S: Characterizing the interplay of treatment parameters and complexity )

Radiotherapy

and their impact on performance on an IROC IMRT phantom using =
complexity matters SR
p y ° Hunter Mehrens **Y, Andrea Molineu*”, Nadia Hernandez *, Laurence Court ™, Rebecca Howell ™, —
David Jaffray ", Christine B. Peterson <, Julianne Pollard-Larkin ™", Stephen F. Kry™** -
‘_ll)\ Hesston Quatty Avsrpexr Cowmer; * Depertmens of Radianon Mysicx: * Drpartmeny of Scotatany, The Uriversity of Feoar MD Asdierson Canoer Cester, NMesston, T USA: and
1.03 q8.0 Radiotherapy and Oncology 182 (2023)
Dose agreement 109577
1.02 . 975 2
improves
1.01 p 97.0 %
g 100 @ »>Th lexity of | h
5 . 965 X e comp e><|ty oT treatment pP1ans Nas
0.9% ]
o 96.0 1
= 08 £ increased.
& 95.5
'L’EP 0.97 =
9t 0 = . . . .« [
Z 09 s » Complexity metrics are significant
0.95 94.5 E .
. 500 8 prognostic factors for output parameters.
0.93 935
2012 2013 2014 2015 2016 2017 2018 2019 2020
b === Primary Target =—dr—S5econdary Target =—=—{Organ-at-risk Gamma Pass Rate
Table 3
Average ranking (mean + st dev.) of the importance of each treatment or complexity metric in terms of predicting pass versus fail (classification) or parameter value (regression).
Classification Regression
»Need for supplementary tests . _ —
Pass/Fail Primary Targzet TLD Secondary Target TLD OAR TLD % of Pixels Passing Gamma
meanTGi 19 +06 62 *16 81+1.1 6.0 1.1 26+13
that rEfleCt the |eve| Of First Quartile of MLC Gaps 1912 2012 24%13 48+ 18 26+ 14
. . .. EM 31+19 3.1 +2.1 40+1.3 50+13 34+15
Comp|eXIty N the C||n|Ca| MCS 47 +1.0 42 +1.1 25+12 71+15 62+ 16
Plan Irregularity 513 7612 6.1%1.5 19 +06 38+14
. MLC Speed Modulation 56 %17 67%18 95+0.7 1307 6.4+ 05
pra ctice (Step 4) Leaf Travel 59+15 48120 6.0+16 57 £ 2.1 27416
M 79 +03 25+12 3.4+2.1 42 +15 6.6+ 0.8
1 Treatment Technique 9.5 +0.5 119 + 06 126 £ 0.5 10.3 £ 0.5 99+ 07
»Need to check different
. | . Treatment Machine 112+04 129 03 124 £ 05 124+08 10.8 + 0.4
s 11.8+04 8.0+ 18 44+28 10.8 £ 0.6 120 £ 0.0
anatomlca SIteS TPS Algorithm 13.0+ 0.0 11.1 £ 06 88+16 128+ 06 13.0 + 0.0

Beam Energy 14.0 £ 0.0 14.0 £ 0.0 140 £ 0.0 13.7+0.7 14.0 £ 0.0 41



https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure

Step 4: clinical tests

Available from TG244: http://www.aapm.org/pubs/MPPG/TPS/

Aim: to simulate the complexity and quality of plans expected to be used clinically

Downloadable from the TG-244 site:
« CT, Contours with sizable targets.
* Objectives/Constraints

5 typical clinical sites: —
 Head&Neck (SIB)

Abdomen (SIB) — Choose at least two relevant
Anal (SIB) cases ( 7.4)
Lung (PTV 767 cc)

Prostate bed (SIB)




TG 244 H&N tumor: clinically optimal plan

Plan do: &N(CT-1)
1c evh.7

-VMAT SIB 56-63-70 G

-TPS Raystation
-X 6 MV
-Millenium HD MLC
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. — . . :

3 - e . /
Fal 52 . . : p [ A NN
T | e ot soas40 00 718 20 s o6 4 o 4 iy »

2%L/2mm gamma failing
points based on the ArcCheck
diode Array.

The agreement between
calculated (b) and measured
dose (a) is good (PR=96.1).
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TG 244 anal tumor:clinically optimal plan

-VMAT SIB 45-50 G

-TPS Raystation

-X 6 MV
-Millenium HD MLC _

SEs

2%L/2mm gamma failing
points based on the
ArcCheck diode Array.

The agreement between
calculated (b) and
measured dose (a) is good

cGy

- 190
-171
w152

w133

-57
=33
-13

7 (PR=95.8). A slightly

TH{%) (100 : . . .
o systematic underestimation
| of the delivered dose is

Toul 1975 visible in ¢) and d)
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Final step: End to end test/
external review

e Closing the loop one independent end-to-end
test with anthropomorphic phantoms (H&N,
lung) , is recommended*

* A head and neck plan, such as the IROC Houston
credentialing test, is encouraged, as
complicated test plans are more likely to
demonstrate possible commissioning
deficiencies.

* If, not possible, the results of the end-to-end
tests should be peer-reviewed by another
radiation oncology center.

* AAPM Medical Physics Practice Guideline 5.a




V.

V.

Summary

Implementation of IMRT/VMAT requires careful planning, testing, and verifications.
Itlgsn%if;icult to decouple all the components of IMRT/VMAT treatment delivery and
ing:
i.p Extgnsive and Comprehensive QA procedures are necessary
ii. A multi-layered strategy should be adopted to check the limits and capabilities of
the delivery and TPS sub-systems
TPS commissioning is the main factor affecting the dose accuracy depending on:

I Qu?c!ity ogthe dosimetric data used to create the beam models (OF, penumbra
profiles...

ii. Source, MLC static/ dynamic parameters.
iii.  Plan complexity in typical clinical settings

It’s necessary:

i.  TPSfine tuning and validation for different techniques/sites.

ii.  To assess the accuracy of the whole process by end to end testing with
antropomorfic phantoms

An indipendent peer to peer review is strongly recommended



