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F t of 500 ts, fits of Meterset (RS6-TPS predicted “MU”) t The linear fits are then used to calibrate the internal RS-TPS value of Meterset - ) . .
Al proton therfa\py plans for treatment at our institution usmg.the Mevion 5250 e e e b (RS6-TPS predicte Jto | . ﬂe RS6-TPS does not currently have a facility for calibrating the internal \
plan MU were generated, extracting the best straight-line fit for each individual to the expected MU value for the plan. The expected value is used to begin the
passive scattering therapy system are verified for correct monitor units by , : , , :
. . , ) , option. As expected, the fit parameters were extremely well correlated to a linear fit, and bv deliverine th lue of d ing th lting d proton fluence in terms that can generate an actual MU value for treatment.
atient-specific dosimetric measurements. We describe software methods i vari - - - QA process, by delivering that value of MU and measuring the resuting dose
P P . _ o the slope of the fit varied from option to option. R-squared values for all options were distribution with the MatrixX. For the deep options used in approximately 40% However, the RS6-TPS algorithm does include a factor which is linearly
that are designed to streamline the workload, improve accuracy, and reduce above 0.9899. Linear fits using a slope and offset value were tested both with a best-fit of the on-treatment plans, the agreement between measured and expected proportional to the proton fluence. This feature is essential for the effective
the possibility of errors in the overall process of plan quality assurance and offset and with the offset forced to be zero (since zero delivered MU should match zero librated MU is tvpically within 1% . . .
, . T dose). Due to statistical fluctuations In the measured data a slightly better fit is found calibrate Is typically within 1%. ) ) transfer of patient plan fluence to QA plan phantom. The factor is exposed in
monitor unit determination. when the offset value is allowed to vary from zero by a small amount. " the difference between the predicted ‘expected” MU value and the the treatment plan as “MU”, although it is not calibrated. In addition, this
\ _/ | Measured MU fits to RS6-TPS Meterset values were determined over the entire range of measured MU value exceeds a threshold (set variously from 2% to 5%), the QA : g for f ’ : her- i . h g ’ h
clinically utilized MU values, representing dose-per-fraction ranging from approximately measurement is repeated with the corrected MU value, so that the final actor does not transter from one option to another; in other words, the
50 CcGE to hypofractionation values over 5 CcGE (see Figure 1). agreement is within 2%. This is a very conservative procedure, since MU scaling proportionality of the MU-factor to actual proton fluence is not constant
\_ ) based on measurement relies only on the MU-dose linearity of the S250, which from one beam option to another. For clarity in distinguishing actual
is |.ndependent|y vgrn‘ued by ma-c_hme QA. machine MU from the TPS internal representation, we call the TPS values
O BJ ECTIVES . This procedure relies on the ability of the RS6-TPS to correctly compute the “Met £ Val 7 (after the DICOM field desi tion)
Optlﬂl’l $20: Measured MU vs. TPS Meterset Range and Modulation dependence of the MU-to-Dose calibration. We have CLErset values tafter the € esignation).
500 verified this explicitly by comparing measured values of the modulation
dependence of the options-specific output factors to the values predicted by It is trivial to demonstrate that the Meterset value is linearly proportional to
: . : : ) =z 40 the RS6-TPS. This is done by taking the calculated dose distribution for the ithi - i i i i
The project has two components. The first is to simplify the model that = 2o R?=0.9983 SOBPina phantlorln and us»i/ng tllwegentracncceudose correc’ledlb;jilnverse square dOSZ V\chm th? RShG 1P ItSeI|f. 10 ?Se this value I|n patient pIa; QA’fwe |
: : : : : o ‘ ’ ) / needed to verity that it was linearly proportional to measured MU for actua
predicts the monitor unit (MU) appropriate for each beam, by using features o 25 a surrogate for the dose measured by the monitor unit chamber in the S250. | ; K y : 2 y prop on e
of the treatment planning system that can be broadly verified by independent E Agreement between actual measurement and this “virtual” output factor pfans, for eacnh op Ionf OVEr a wide range o _ elivery ' _
measurements. The second objective is to improve the software tools used to = 300 measurement is excellent. We note that the modulation dependence of output Over an extended period, we performed patient plan QA both with and
[§N] . . . . . . . _
compare measured and predicted (by the treatment planning system) dose & 550 fadgtoiuscjatlsci:rebducted V\f” bytherortfezld model [3, 4] with parameters / without patlen’F plan compgnsators in pIace,.recordmg.the R§6.TPS .Meterset
distributions. The software improvements allow for the analysis of arbitrarily S 200 adjusted to the beam option (see Figure 2). value and the final determined MU, along with any daily variations in
Ll . . . . .
shaped regions-of-interest (ROI), and particularly those that follow isodose 2 .o m'achlne output. In principle, the vaIues.of mea§ured MU should be identical
contours E with and without the compensator, but in practice there were small
\ ) w 100 D13 Option: SOBP factor, RS6-TPS vs. Measured variances, particularly for the Large options. Measurements without the
E 50 e compensator have the advantage that the isodose planes are parallel to the
= 0 | | | | | \ phantom surface (and detector plane), which helps avoid measuring in a
0 500 1000 1500 2000 2500 1.5 . D130 (9 region of dose gradient. On the other hand, measurements with the
EXPORTED METERSET FROM PLANNING SYSTEM 1.4 compensator are expected to better mimic the actual patient treatment
M ETH 0 DS FIGURE 1: DETERMINING METERSET FACTORS
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Ge comparison of measured beam profiles to RS6-TPS predictions are initially \ 11
completed using the IBA-Dosimetry myQA™ software. A limitation of this approach is '
Clinical proton therapy pIans were created with a pencil-beam double- that the software only permits single-point or rectangular regions-of-interest (ROI) to be 10 CO N c LU S I O N
tteri del f Mevi $250 t . the RavStati . 6 used in determining the fit of measurement to data. This makes it impossible to select
>Cattering mo e. or a ivievion System US”.]g € Ray.tation version the region of the dose distribution following the contour of the penumbra, if the 0.9 | | | | | |
treatment planning system (RS6-TPS). The Mevion S250 has 24 beam aperture shape is not approximately rectangular. The majority of treatment cases do not 0 2 4 6 8 10 12
options, organized into three categories (Small, Deep, and Large) according have a rectangular shape. Modulation, cm - ~
to the type Of UpStream scatterers used. Pa.tlent plans (.ZOHSISt Of.a. set of To overcome this limitation, an independent software tool was written (called internally FIGURE 2: Modulation d q £SOBP f We have verified that the internal MU values reported in the RayStation-6
beams specified by option, range, modulation, and patient-specific aperture “myQAroi”), which analyzes an arbitrarily shaped polygonal ROI (see Figure 4). The tool - Modulation dependence o actor. double-scattering proton plans (Meterset) can be used as initial predictors of
and Compensator along Wlth geometrlc parameterS. The patlent plan |S allows the ROI to be defined using an isodose line if desired. The tool also determines . < e . _
transferred b the' TPS to a homogeneous cubical phantom. and this “QA the relative MU scaling that would produce the highest pass rate in comparing measured . N treat.rT.1er.1t MU in a(_jvanc_e of QA measurements, by determmmg the option
lan” is th Y df 5 ts to det ) pth ’ t dell MU to calculated dose. As a complement to the myQA™ analysis, which uses a “gamma Patient specific proton QA measurements are made on a night|y SpeCIfIC linear reIatlonshlp between Meterset and MU.
an” is then used for measurements to determine the correct deliver ion” i i imi int-by-poi ,
o ! of the absalate valus of dote difference, Ths s reudy a Sthcter comataint amee 1t basis, analyzed the next day, and any results that exceed tolerance
value. : , . .
does not permit “distance-to-agreement” matching of dose values. are scheduled for a repeat measurement. In order to reduce hand- A-softwa.re tool. th.at aIIows. for .match.mg measured and predicted dpse
ans are constructed one for each beam ransferrin e beam i itten i .6 usi - i : " i ictribution i ive- i
. (o, and RS6 T interna pofon flence e o ||| RS6-TPS that repares aspreadshet withthe conditions forthe || mprove the acuracy of dos distribution n assie-sctteing roton
aperture, compensator, an - internal proton fluence to a : : " :
P ’ P ’ P interf d IBA-Dosi files is used h dd measurement, and also records detailed information on the beam treatments.
homogeneous phantom. A Python script within the RS6-TPS generates a ntertace to rea osimetry opg flles Is used to convert the measured dose
5 et 'I:h ' . yt o pd for the QA 5 ts Th distributions into numpy arrays. parameters. This allows for retrospective data-mining of beam data \_ Y,
spreadsheet wi arameters to be used for the measurements. The : —
P P , ) , \ / and refinement of the models used for MU prediction
measurements are made using a MatrixX™ (IBA Dosimetry) planar :
. . . —— E— (See Figure 3).
ionization detector array, with a build-up chosen to place the detector plane - < )
near the mid-point of the beam spread-out Bragg peak (SOBP). Analysis of (oot o5 sfrncedose ] csSle o Natikmessteddosso | J ST E—— T —
the agreement between RS6-TPS and measurement is done initially using | R E F E R E N C ES
the myQA ™ software (IBA Dosimetry) and subsequently with an in-house | PLAN INFORMATION WITH COMPENSATOR ANALYSIS
Softwa re tool for arbitra rily Sha ped ROI’S. Treatment plan: 1ALeft Chestwall Proton Patigntlnformation - Measurement 1 MU Check
Beam Set 1ALeft Chestw_1 Patient Name Anonymous, Patient Compensator? IN Scaled RS Meterset
e et | weoem = Somersion Facor | 02558 /~ , , N
Measurements are made initially using the predicted MU from the — ra@apan o 1V [1] Ferguson, S., Ahmad, S., & Jin, H. (2016). Implementation of output
Meterset-to-MU conversion factors determined in our model. eamset ame i oAU Dot se BT T TV — T prediction models for a passively double-scattered proton therapy system.
. . . Image Name: 1A1with comp, rerun, 223.6MU raw MEVION Option ID L6 QA Dose measured (cCCGE) 253.8 %(TPS-Meas.)/TPS: -0.58% _
M.easu reme.nts that indicate an MU ad Jgstment of more than a set tolerance e Eiﬁifaﬂividm . s o i o) [T Med. Phys., 43(11), 6089 60?7- -
will be required are repeated after making the MU adjustment. No.ofCoturmna: 32| No.ofRows: 32 Field Radius, om (Mosaiq) 7507 Resul VU Calculation Summary [2] Ferguson, S., Chen, Y., Ferreira, C., & et al. (2017). Comparability of three
It is clear that the QA plan does not have the same tissue scattering as the Couch Al (e T L i m— S s output prediction models for a compact passively double-scattered proton
phantom’ Whlch |S Often Ca”ed the patlent_scatter factor (PSF) [1’ 2]. In our Rm,,1ean_,\bs_;r;:rseh:;:; S:E?Lmamse iir:oeu;LD(cm) Largeflp.shcator Measurement 2 (if required) Ra:g:(](l)'::;nnf 3561 thera py SyStem. .j. Appl. Clln. MEd. PhyS., 18(3), 108'117.
Minimized Mean Abs. Dift: 2.54 cGy Snout Position (cm) 31.5 Compensator? IN TPS/Measured diff [%] -0.58% . . .
procedure, we rely on the TPS to transfer the same proton fluence used in e S = weoem e G pss. o CoP] e [3] Bortfeld, T. (1997). An analytical approximation of the Bragg curve for
the patient plan to the QA plan, a process which is identical to how most etz 0 oo [l A e F T T therapeutic proton beams. Medical Physics, 24(12), 2024-2033.
photon IMRT QA is done. CONTINUED ON RIGHT-HAND PANEL Beam Depth (. physica) L Q4 Dose Execte, oCGE 2549 Morda] e [4] Kooy, H. (2003). Monitor unit calculations for range-modulated spread-out
o tmotenn 5 QA sesing o et Bragg peak fields. Phys. Med. Biol., 48(17), 2797-2808.
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FIGURE 4: Custom ROI tool for proton plan QA analysis. : : : : %k .
P P y FIGURE 3: Spreadsheet (partial) auto-generated by RayStation script. briant@ackermancancer.com




