5

Instrumente Structurale
20142020

Lucrare de laborator pentru studentii specializarii Fizicid medicala
Evaluarea instrumentului MU Objective pentru tehnica VMAT in sistemul software Eclipse de

planificare a tratamentelor radioterapeutice

In cazul terapiei cu fluxuri de radiatii externe, una dintre tehnicile folosite este
VMAT (Terapie cu arc volumetric), o formad avansata de radioterapie cu intensitate
modulatd (IMRT) care furnizeaza o doza tridimensionald de radiatii, tintitd asupra unei
tumori in unul sau mai multe tratamente. La folosirea acestei tehnici este extrem de
importanta verificarea numarului unitatilor monitor (MU - Unitatile monitor reprezinta
doza de radiatii produsa de catre un accelerator clinic de particule) deoarece valori
crescute ale acestui numar poate conduce la un risc ridicat de dezvoltare a unor cancere
secondare.

Prin acest material propunem studentilor un articol stiintific [1] al carui scop este
de a reduce la valori ciat mai mici MU folosind instrumentul "MU Objective" inclus in
software-ul Eclipse pentru simularea planurilor de tratament, mentinind calitatea
planului de tratament.

Autorii studiului demonstreaza ca prin stabilirea unei valori MaxMU de 400
conduce la o reducere optima a MU, mentinadndu-se distributia originald a dozei si
parametrii dozimetrici nealterati.

[1] Sara Jiménez-Puertas, David Sanchez-Artufiedo, and Marcelino Hermida-Lopez,
Assessment of the Monitor Unit Objective tool for VMAT in the Eclipse treatment planning
system, Rep. Pract. Oncol. Radiother, 2018, 23, 121-125. doi:

https://doi.org/10.1016/j.rpor.2018.02.001

Pe baza acestui material se poate dezvolta o lucrare de laborator pentru cursul

"Radioizotopi si radioterapie”.
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Aim: This work aims to achieve the highest possible monitor units [MU) reduction using the
MU Objective tool included in the Eclipse treatment planning system, while preserving the
plan quality.
Bockground: The treatment planning system Eclipse (Varian Medical Systems, Palo Alto, CA)
includes a control mechanism for the number of monitor units of wolumetric modulated arc
themapy (WVMAT] plans, named the ML Objective tool.
Material and methods: Forty prostate plans, 20 gynecological plans and 2] head and neck
plans designed with VMAT were metrospectively studied. Each plan (base plon) was opti-
mized without using the MU Objective tocl, and it was re-optimized with different valoes of
the Maximuom MU (MaxMU) parameter of the MU Objective tool. MU differences were ana-
lyzed with a paired samples t-test and changes in plan guality were assessed with a set of
parameters for DARs and FTVs.
Resufts: The average relative MU difference (m:l considering all treatment sites, was
the highest when MaxdU =400 (—4.7%, p<0.001). For prostate plans, the lowest 35D was
obtained [—3.7%, p< 0.001). For head and neck plans 80 was —7.3% (p«<0001) and for gyne-
cological plans M was 7.0% (p = 0.002). Although similar MU reductions wers observed for
baoth sites, for some gynecological plans maximom differences were greater than 10%. Al
the asssssed parameters for FTWs and OAFRs sparing showed avemge differences below %,
Concdusion: For the three studied clinical sites, sstablishing MaxMU - 400 led to the opt-
mum MU reduction, maintaining the original dose distribution and dosimetric parameters
practically unaltered.
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* Corresponding cuthor.

E-mail addresses: jpisara@gmadcom (5. Jiménez-Puertas), dsanchezarunedo@gmalcom (D0 Sanchez-Artunedo),
mhermida@vhebron. net (M. Hermida-Lipez).

https:fdai crg/ L0116 rpor 2018 02.001

1507-13678 2018 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All nghts reserved.

POCU 130631 Practica pentru o dezvoltare durabila

UNIVERSITATEA BABES-BOLYAI
BABES-BOLYAI TUDOMANYEGYETEM
BABES-BOLYAI UNIVERSITAT
BABES-BOLYAI UNIVERSITY

TRADITIO ET EXCELLENTIA

Instrumente Structurale
2014-2020



UNIUNEA EUROPEANA

122

RIFOATS OF FEACTICAL OROOLOGY AND BADIOTHERATY 25 (201 3

121-125

1. Background

The incorporation of intensity-modulsted techmigues to
radiotherapy i supposed to improve dose sparing and con-
formity compared to comwentional 3DCAT technigues, but also
implies the delivery of 2 higher number of monitor units ().
The increase in MU entsils more secondary radistion dose and,
therefore, a higher risk of developing secondary cancers.?=

Vialumetric modulated arc therapy (VMAT) is & technigue
based on a simulteneous variation of MLC position, gantry
angle and dose rate to improve dose sparing and to shorten
the treatment time.** In modulated techniques, the totsl MU
are naot linearly related to prescribed dose, and factors as leaf
or gantry speed may substantially affect the totel MU of a
plan.

In the Eclipse treatment planning system v 11.00.13 (Varian
Medical Systems, Pelo Alto, CA), the Progressive Resolution
COptimizer (PRO3) elgorithm is included for VMAT planning,
in which three different tools can be differentiated: Dos= Vol-
ume Ohjective, Mormal Tisswe Objective and MU Objective (see
Fig. 1). The first two affect the dose homogeneity and confior-
mity in the tumor and dose sparing in healthy tizsue. As dose
homogeneity and conformity demands rise, the leaf mowve-
ment often produces many small ares segments resuldng in
increzsed MU, Conversely, the MU Objective zims to decrease
the total MU of the plan. MU Objective and Mormal Tissue
Objective tools are not mandatory to opiimize a plan, so it

Suctures aed Ubjecves [} IE”L [adheds SLEiaeL

71 s Horrod Tiams Cisjeciion Fisty  am | [T ——

iEIEIREE R R

Pt
Pamrily

[t Lok
44 Lt

e
ek PR [0 T [

[ REE

—————r

v
—

is a choice of the users to include them in the opdimization
Process.

Several parameters may be adjusted in the MU Objectve
tool, nemely, Madmum MU (MaxbdL), Mindmum MU MinAL)
and Strength (5). The MU gozl is definsd by MinAL and MaxL,
and the priority enforced by the MU reduction goal is defined
by the Svalue. In PROS algorithm the plan goals are defined by
relative prioriies assigned to dose-volume histogram (DVH]
constraints that the user is asked to specify in the Dose vaol-
ume Objective section. The grester the value of & priority of a
constraint, the more probable it is that the constraint will be
rezched, which is useful in conflicting constraints. In the MU
Objective tool, the 5 parameter ranges from 0 to 100 &nd it is
not in the same scals as the previous priorites.

Apart from the manofacturer definition, there are no fur-
ther explanztions in litersture shout how the MU Objectve
tool works or how it reduces the MU and its utilization may
envelop a compromise betareen the MU reducton and the plan
quality. )

Ahsmed et sl* studied the MU Objective tool for ten
hypopharing cancer patisnts to guantify differences betwean
MU deprived plans and those freely optimized. Clements
et al.” investigated the maximum MU reduction for prostats
plans in seven patients and reported the dose differences to
organs at risk (OARs). Beo-Tizng et al.® followed a similar pro-
cedure in sterectactic sblative VMAT lung plans obtaining a
MU reduction higher than 200 MUVYGy without compromising
the terget dose coverage &nd the OARs dose sparing. These
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Fig. 1- MU Objective tool in Edipse Frogressive Resolution Optimizer.
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studies evaluated the effect of the MU Objectve tool on the
total MU and reported the changes obtained in dosimetric
parameters.

2. Alm

This work aims to achieve the highest possible MU reduction
using the MU Objective tool while preserving the plan qual-
ity a5 unaltered =5 possible. As the MU Objective tool acts
a5 3 ‘black box', we have evaloated this tool empirically. To
improve the statistics and to find recommended values of the
MU Objective parameters without losing the PTV dose cover-
ape nd OARs dose sparing, we analyzed = higher number of
patients for the prostate, head and neck, and gynecolegical
gites than in previous works. These sites represent 33% of the
patients treated with VMAT in our instimton.

3. Materials and methods

“We retrospectively studied the last 40 prostate plans, 20 gyne-
cological plans and 30 head and neck plans treated with Rap-
idArc (varian implementation of VMAT) in 2016 at our center.

Frescribed doses for prostate plans were 57 Gy or 595 Gy for
the prostate plus seminal vesicles PTV and 72 Gy or 77 Gy for
the simulteneous integrated boost to the prostate PTV, in 30
or 35 fractions. For gynecologicel plans, prescribed doses were
45 Gy or 50.4 Gy in 25 or 28 fractions. For head and neck plans,
prescribed doses were 603Gy or 70Gy for the tumoral region
plus affected lymph nodes, and 54 Gy for non-affected ymph
nodes in 30 or 35 fractions.

We used one full arc for the prostate and two full arcs for the
head and neck and gymecologicsl sites. Plans were optimized
with the PROZ algorithm and calculated with the Acuros XB
algonithm with 2.5 mm grid resolution in the Eclipse trestment
planning system w11.0.31 using & MV photon besms with &
maximum dose rate of GO0 MUY min

Fig 1 displays the interfece of PROZ in Eclipse during the
optimization of a prostate plan. At the top-left corner of the
screen, the Mormal Tissue Objective, the Dose Volume Objec-
tive end pricrities of the OARs and PTVs are spedfied. To the
right, the OWH &nd the ewolution of the optimization process
are displayed. At the bottom-left corner, the MU Objective tool
and its parameters are svailable to use.

Clemente et al.” studied the effect of the MU Objective toal
on the MU vanation for =50 and 5= 100. The highest mean

MU reduction was obizined for =100 (AMU=—-28%] st the
expense of a high varation in the target mesn homogeneity
index value [AHI=—-23%). Following the manufecturer sug-
gestion to set the 5 parameter from 50 to 100, we set 5= 70
for all the tests reported. As in previous studies, we kept
MM =0 and fixed values of other optimization parameters,
as dose constreints, arc-length or collimator angle, to sepa-
rately assess the influence of the MoxMU parameter on the
calculated MLL

For each patient, a plan was optimized without using the
MU Ohjective tool, called base plan, with the cormresponding ML
called MUbase. This plan was re-optimized with the follow-
ing Mo U values: 400, 500, 600, 700, 800, 1000 &nd 1200; thus
generating seven additional plans, called re-optimized plons. In
each re-optimization, the dose constraints and their prion-
ties remained unchanged to evaluste only the MU Objective
tool influence on the fnal MU. Once the whole set of plans
was re-optimized and re-caloulated, the differences obtained
in the cumulative DWVH and in MU were analyzed with a paired
zamples t-test jz=0.05). Plan quality was sssessed with the
dosimetric parameters indicated in Table 1 for 0ARs, and with
the sverage doss, dose coverage (D2%, D9E%), dose confor-
mity (Va5%, V107%) and dose homogeneity (D5%-D95%) for
the FTVs.

4. Results

Fig. ? reports the average relative MU difference (AML) as a
function of the MaxMU value considering all treatment sites.
Three results are observed:

C T T T T T T
F O3 550" and TE™ parcantias
b — 5" and 967 parcanties

Fig. 2 - Global MU variadon acoording to MoxMU valuss.

Tahle 1 - Dosimetric perameters evaloated for OARS.

Sites OARE Parameters analyzed apart from average dose

Prostate Rectum VEOCy, VEICE WGy
Bladder D2%, D6, W3ty
Fernaral heads D%, VaECy

Cynecalogical Rectum VECy, V40Cy, V4ECy, Dok
Bladder VIOCy, VAOCy, ViECy
Bowel V4OCy, D30
Femaral heads VaCy, I2%

Head Mandible VTOCy

and Spinal cord and brainstem D%

neck Parobids glands D33, DEIE, DX
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Fig. 3 - MU reduction sccording to MUbaese for each
reatment site.

Table 2 — Moxll] values with the largest average MO
reduction for esch dinicsl site.

Eites MM AMIF(%) P
Prostate {MUbases G50MIT 00 =3 % D001
Cynecalogical 400 TR 0002
Head and mede 400 -73% =001

« MU reduction was the highest when Mool =400 (—4.2%,
p<0.001).

« A trend of decreasing the AMU is observed when using a
MM value greater than 400.

« The resulting MU tend to increzse for Mo values higher
than MUbase, a5 1000 and 1200,

Fig. 3 displays the relative AT according to MUbass for dif-
ferant clinical sites. Each point represents one patient whers
the AMT was obteined considering the whole different Moo
values. Only for prostate plans, 3 differentisted behavior was
found scocording to MUbase. For MUbase graster than 650, the
BN is —2.3% (p< 0.001), being the maximum for Mo = 500
{—3.7%, p=0.001). On the other hand, for prostats base plans
with MUbase lowar than 650, AT = +1.7% (p<0.001).

Table T summarizes the value of MaxMU that involves the
maximum AMIT abtained for each treatment site.

For sl DARs in prostate plans, the aversge differences of
azch parameter ware lower than 0.2%, except for the femoral
heads, with an swerage dose difference of +1.3% (p = 0.003), and
in hot-spots [ADZ% — +14%, p-0.005). As for the coverage,
conformity and homogeneity in FTVs, differences wers lower
than D.4%.

For gynecologicel plans, the only statistically significant
difference wes found in the bladder for V40Gy%), becoming
of +0.9% (p = 0007). In & small set of patients, maximom dif-
ferences greater than 10% were found, cormesponding to plans
with the highest MU reductions, up to 333 MU

Hezd snd neck results showed the madmum decrease in
AMU of all snalyzed sites without compromising the OARs
spanng. The average differences for all dosimetric parame-
ters were below 0.7%, this value being the maximum averzge
difference obtained in 0% and D5%-D9%5% for the high-dose

POCU 130631 Practica pentru o dezvoltare durabila

PTV and in D50% for the parotid glands. Differences in the rest
of dosimetric parameters for OARS and FTVs were lower than
0.3%. Unlike gynecological plans, all particular differences
were lower than 5%, which confirms that the MU reduction
maintzining the plan quality is & global trend for this =ite.

5. Discussion

Second malignancies risk in rediotherapy assodated with sec-
ondary radiation dose is an issue of concern when develaping
new treatment technigues with high modulation, duse to
the increase in MU, With the Eclipse MU Objective optimiza-
tion tool, we imvestigated a practicel method to reduce the
MU keeping the plan quality unaltered. With fixed values of
5= 70 and MinMU = 0, an optimal value of the ModdU param-
ater to reach the maximum AMU was obteined for different
treztment sites.

For prostate plans, we obtained the lowest AMU in compar-
ison to other clinical sites being statistically significant only
for MUbase grester than 650, Although the plan quality stayed
unaltered, the varisbility in AMU made it difficult to ensure
satisfectory results in all cases. When MUbase was lower than
650, the trend is to increzse the final MU. This trend becomes
more pronounced when using a3 MoxMU value higher than
MUbaze (see Fig. 7), which is an unexpected result, as & higher
MaxMU value is not supposed to incorporste an additionsl
restriction that affects MUbase.

For gynecolegical plans, particular cases showed the grest-
a5t dosimetric differences related to the grestest AMU values,
demanding an additional evaluation of these re-optimized
plans.

For head and neck plans, the maximum AMU was achieved
with the lowest dosimetric differences, meking the optimiza-
tion tool a useful choice for this site.

Clemente et sl.” achieved a M — —28% for prostate plans
with 5= 100, MotMU =0.5 = MUbase and MindU -0, although
differences in mean dose for the bladder and femormal heads
were —12.4% and +9.6%, respectively. WWe did not achieve such
a high MU zverage reduction but all dosimetric differences
were below 2%. This implies 2 MU reduction keeping the plan
practcally unaltered, espedally for plans with MUbase greater
than 650,

Ahzmed et al® investigated three values of MaxML:
0.8 » MUbzse, 0065 « MUbase and 0.5 = MUbgse; and reported
superior quality scores for base plans of hypopharinx plans.
They reported a MU decrease between E6% and 34.7% for
MaxMU - 0.E x MUbgse. In our study, the average dosimetric
differences were lower than 0.7%, but with & lower AR
[—7.3%) for MomMU - 400.

&, Concusion

Far the prostate, gynecologicsl, and head and neck sites, a plan
of similar quality to the base plan was obtained with lower
ML To improve the statistical results, we assessed & bigger
set of VMAT plans then in previous publications. Establish-
ing MaxMUf =400 leads to the op@mum MU reduction in most
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rases, keeping the origingl dose distribution and dosimetric
parameters practically unaltered.

Conflict of interest

Mone declared.

Financial disclosure

Mone declared.

Acknowladgements

The authors thank Marc Sancho and Diego Camasco for their
help in the data collection.

EEFERENCES

1. Wolff D, Stisler F, Welz=l G, =t al. Volumetric modulated arc
therapy (VMAT) vs. serial tomotherapy, step-and-shoot IMET
and ID-conformal KT for treatment of prostate cancer
Raodiother Oncol 2005,93(2): 22633,

POCU 130631 Practica pentru o dezvoltare durabila

ra

Hall E]. Intensity-modulated mdiation therapy, protons, and
the risk of s=cond cancers. Imt ] Rodia2 Oncol Biol Phys
2006;65(1):1-7.

Ery 5F, Salehpour M, Followill DS, et al. The calculated risk of
fatal secondary malignancies from intensity-modulated
radiation therapy. Int ] BEediat Onool Biol Phys

2005;52{2): 1195203,

Ot K. Volumetric modulated arc therapy: IMET in a single
gantry arc. Med Phys 200835(1):310-7

Tech M, Clark CH, Wood E, Whitaker 5, Nisbet A Volumetric
modulated arc therapy: a review of current Iterature and
clinical use in practice. Br ] Radiol 2001184/ 100796796,
Ahamed 5, Singh N, Gudipudi D), et al. Assessment of monitor
umnit limiting strat=gy using wohrmestric modulated anc thermapy
for cancer of hypopharyne Phys Med 2017357380

Clement= 5§ Corzoling M, Chinments O, Fiorentino 4, Canmnao
B, Fusco V. Monitor unit optimization in RapidAre plans for
prostate cancer. [ Appl Clin Med Phys 201314034114

Huang BT, Lin Z, Lin P-X, La J-¥, Chen C-Z Monitor unit
optimization In sterectactic body radictherapy for small
peripheral non-small cell lang cancer patiznts. 50 Rep
2015;5:18453.

UNIVERSITATEA BABES-BOLYAI
BABES-BOLYAI TUDOMANYEGYETEM
BABES-BOLYAI UNIVERSITAT
BABES-BOLYAI UNIVERSITY

TRADITIO ET EXCELLENTIA

-

<

Instrumente Structurale
2014-2020



	p1.pdf
	27_mai_2022_Lucrare_laborator_reducere_unitati_monitor.pdf

