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UNANED
wann1suazmMAHa: LA3es myQA Dally ithuedesiiedmiumsusefuguamuesiaiedisseynia @1ansn
Wﬂaaubﬁﬁ’jﬂ dose output, flatness, symmetry, center, field size Wag energy uaﬂmﬂﬁﬁ temperature
sensor WAy pressure sensor Lﬁﬂ%ﬁh@muqﬁuaxmmﬁu
Faguszaed: ileUsziliulsyansamusaains myQA Daily dudugunsaldmiunisaunuamnin
youAealsseymAlszify
Faguazdznis: lunmsusuiliulszansnmliiedoassoynia 8ve Varian ju TrueBEAM naaoufadlineu
fndaany 6 MV uagdeynaBidnaseuiindannu 9 MeV maiiwesildlumsussdiudssavsnm Uszneu
f8 short term reproducibility, linearity, temperature, pressure, dose rate L& output constancy
ntuIsufisuaiilaanniaies myQA Daily fuvindidednlessuluwdy, meslufined uas
U1905H03
HAN1SANEN: 21NN1SANYINUIWASES myQA Daily fiA1 coefficient of variation ¥4 short-term
reproducibility < 0.05% Snsmevausiesduvuiiudunse samgliuasanuduiifaain sensor nelu
fienuindedowmiioutumesTufiwesuazuiselinesiliunisaeuiisunds dmsunisvaaeu dose
rate dependent wuinUSunassadudsiiuaglutig 0.30% wazn1snaaey Output constancy W3iguiigy
sEMaATes myQA Daily Auinsdviialooouluwduiimuunnssiisnndian 1.30%
Haasu: 1A3es myQA Dally fmutdefenazannsalivszdiulssansnmueariessioynauszd
Tulg
FdAey: LAFBaLII0LAA, myQA Daily, M3UsziuAnnw

Abstract
Background: The myQA Daily device is a daily quality control device for controlling
machine-specific parameters, such as dose output, flatness, symmetry, center, field size, and
energy. The myQA Daily device also contains temperature sensors and pressure sensors for
measuring temperature and pressure.
Objective: To evaluate the performance of the myQA Daily device as a daily quality control
device for a linear accelerator.
Materials and Methods: Performance evaluation was performed using Varian TrueBEAM linear
accelerator at 6 MV photon beams and 9 MeV electron beams. The evaluating parameters
consist of short-term reproducibility, linearity, temperature and pressure, dose rate and output
constancy. Measurements of the machine using the myQA daily device were compared to
jonization chamber, thermometer and barometer.
Results: The coefficient of variation for the myQA Daily short-term reproducibility was 0.05% and

also showed a linear dose output response. On temperature and pressure test, the myQA Daily

Journal of Thai Association of Radiation Oncology
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agreed with calibrated thermometer and barometer. The variation of dose rate was within 0.30%.

Over the period, the myQA Daily output constancy agreed with the ionization chamber to

within 1.30%.

Conclusion: The myQA Daily device is reliable as an ionization chamber for routine quality

assurance of linear accelerator.

Keywords: Linear accelerator, myQA Daily, Quality assurance

J Thai Assoc Radiat Oncol 2021; 27(2): R1-R12
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FagnAnmuianaintuazsiliiinaudone
agnsierUe W wariunUsziunan MY
\n3oassoynindefinnudnduegianin uagdas
o1fgUnsalnaasufnmgndesusiugigs

N15UsEAUAMNINYBILATOIT 10YN AN
NISLNNE 919830118 AAPM Task Group 142
FaUFuU591970 AAPM Task Group 40 Teefinng
dinAnlwSeanaluladuazguasailvg 1wy
Multi-leaf collimator lkaig Respiratory gating Hudu
wazfindnluSowaunadianisanesduuulniieeg
19U Intensity modulated radiation therapy (IMRT),
Stereotactic radiosurgery (SRS) TeANudnInTI9
aounuANYBATRaTlovINsuUIMETl UL seen
1Uu 3 szau Ae 19U Sefou wazseT?

W3 myQA Daily (IBA dosimetry, Schwarzen-
bruck, Germany) (mwﬁ 1) Huresslodmsunis
Usziununmusaadoasieynia diedesdidnua

Judmdeuriuin auen 57.6 wuRwns n31e 32
WUAWAT Wazdd 4 wuRues wuadu 2 @ fe
Uvinaddnnseinduazusnamind@vuniui
81598 10x10 Wy 20x20 ANTNURLLAT AU
FrinSsdanunsanaaould dose output, flatness,
symmetry, center, field size Wag energy wagly
US1uBIannIeindil temperature sensor Wag
pressure sensor Wil ingamniiuazanudiu 3
Tuuinawhinddiuussnouseinddvinlessy
Tuedu d1uu 125 e Aliiadouavesdifedlu
nmsvinsUseiuaunImseTu Ae dose output,
flatness, symmetry, center, field size Wag energy
Windadvfinlesouluedu S1ua 4 ¥ Ui
#39nNa19 d1m5UTn photon and electron energy
constancy wazluusaziduiinanvesusig myQA
Daily §iWindedudinlonauluwdu s1uau 31 Wate
WioldSnuunafiuiisrseduay penumbra éusiug
mn%u TECR myQA Daily il software laneiild
AWSUMTIATIEYTRYA LAAINANIINAABY kaY
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A 1 1a3es myQA Daily

msfAnwAsilingUszasiiioussdiudsednsam
Y8AT09 MyQA Daily Fudugunsaldmiunis
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AIVANAMANYBUATBABUNAUTEINTY

EALATITNNT
= S X e v v oA '

n1sfnwiassiliiuteyalagldinToussoynia
§vo Varian U TrueBEAM (Varian Medical System,
Palo Alto, CA) NA&aUSIF WA UNINGIIU 6 MV Lay
° a < A o o o a
S10UNIABLENATOUTINGINU 9 MeV lnansinsad
Tunsneaesll ¥N1sAeSEaLNI9INLARIN L LASE
§99AAUINANNIINLUYDUATES (SAD) 100 LHuFLUNT

X do wa a
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nsesilenlglunisfineasedl Ao 1) myQA Daily
(IBA dosimetry, Schwarzenbruck, Germany) 2)
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bruck, Germany) 3) \A309 Electrometer (IBA
Dosimetry, Schwarzenbruck, Germany) 4) Ja9)
ﬂugaLﬁaL?jaLLUUﬂJaﬂLL‘ﬁﬂ (Gammex RMI, Middleton,
W) 5) urselitmesuazinesludines (Radiation
Product Design, Albertville, MN) Feunsaeulieu

AMUNIATIERUUTTAVE MR ATEI MyQA
Daily utsmsvngeunaluiidosoluil

1. Short term reproducibility

nsneaeurhlaenisanedadliiueios myQA
Daily wazvinfadviinlossuluisdusuiuian
augaﬁa@imwwaﬂtﬁq $1u 10 ada nedeuTien
monitor unit 100 MU Aae8ns1uUsunussdnanig
1787 400 MU/min kagUseiiiuninu reproducibility
MNASeUazURY coefficient of variation (%CV) 10
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Y
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400 MU/min WaIWa15M1ANENRAUS LT9LE Y
NA1904191nA1 coefficient of determination
(R-square) 98403
3. Temperature and Pressure accuracy
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VAFBUANINYNABIYBINTINGUNYNNAYAIUALYBN
\39¢7A$E myQA Daily mMsnaaesiizinstuiin
ﬂ"@m%ﬁuﬁLLazﬂ’J’]ﬁJﬁ’uﬁ’?@w{ﬁ]’]ﬂ sensor ﬁagﬂimah
w583 myQA Daily Wisuiflsutumesluiwes uas
visedlwed Wouay 1 A Wuszeznan 5 Weu
4. Dose rate dependent
\ennaeunansznuveInIslasuLlas
dose rate AoN1TIAUSNIUSIE FevinisAnelag
ane5edlviuidos myQA Daily waswaiassdaila
Tosaulugiu nageumssniUSinasdneniae
1381 = 100, 200, 300, 400, 500 tag 600 MU/min
TuusazAdnsUSinademenan Tersuau
3 ada Tngldien MU = 100 Tunsnnaouifinnsan
nansENUYeINIsUAsuLlas dose rate Aan1sin
USinasfedanardyanafiinléi dose rate laq
normalize fUdnyaaudidnlaii dose rate 400 MU/
min @au dose rate Unanldlupaia

5. Long-term reproducibility

\iems19deu consistency 1835 IAUTUNSE
1399 myQA Daily Swhnsanuilae a1esedliiu
583 myQA Daily wazrinssduinloseuludu
éuuﬁ’ui’a@amgaLﬁaL?jameaﬂLLsﬁa NAEDULADUAY
1 ads uiazadwihgrsiuau 3 adh Wusvevian 5
\eu Ma@oudl monitor unit 100 MU #8831
Usunuseddenuieiial 400 MU/min waziuseu
WeuUSinasdiitaldainia3os myQA Daily fu
Windduielossuluedu InefisnsanmaUdsuulas
nadyaiuiialdunazifiou normalize fu
Fuaauitialdluiouusn

NAN1SANEN

1. Short term reproducibility

PINHANINAFBUNUT TISZFUNEIU 6 MV Lae
9 MeV vau,A30¢ myQA Daily fid1 %CV taania
0.05% @slndifsaruadilaaintiingsdviinlons
Tuedu Fauandlunsisdi 1

2. Linearity

NANIVIAADUANANNUSIT I UTENISd Q0
FuUSuussdnudn fssdundsey 6 MV way 9
MeV Tuga9 0 fis 200 MU a1 coefficient of
determination (R-square) Y89%NI¥AUNAIUIIA
Wiy 1 Faanslunini 2-5

3. Temperature and pressure accuracy
HANISNAGOUNUTT To8aYAILLANAIIYDIQMUNA

gwinaLAIes myQA Daily wazieslufines ey

Tutsfitosndn 0.50% uazdosazamUuANAITe]
AUFUSEWIATDS mMyQA Daily uazunsedines &

Aegluritaundn 0.10% auandlunsned 2
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A191991 1 USunaussdninlaanniaes myQA Daily uayvinssduinloseluiedu Andeu 6 MV uag 9 MeV

- 6 MV 9 MeV
AFIN
myQA Daily (Counts) IC (nC) myQA Daily (Counts) IC (nC)
1 117590707.9 21.88 112761867.1 22.59
2 117591436.5 21.89 112801438.2 22.57
3 117598778.3 21.87 112766495.1 22.59
4 117568776.2 21.88 112798449.1 22.59
5 117580709.1 21.87 112715211.5 22.57
6 117605091.2 21.88 112728588.3 22.58
7 117568936.7 21.88 112763119.0 22.58
8 117608342.5 21.88 112704842.2 22.60
9 117586549.4 21.90 112739007.6 22.59
10 117588169.0 21.89 112753266.6 22.59
Mean 117588749.7 21.88 112753228.5 22.59
SD 13432.4 0.01 32168.7 0.01
%CV 0.01 0.04 0.03 0.04
A18a: IC = ionization chamber, nC = nanocoulombs, CV = coefficient of variation, SD = standard
deviation
6 MV Linearity of myQA Daily
25 A
= NS S S S S [ S S S S S S S S S S S S S T °
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=SS A A A S S S S S S S S O
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Monitor unit (MU)

i 2 Ysunaussdnialaanniaies myQA Daily wW3suiieuiuan monitor unit ANGIIU 6 MV
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9 MeV Linearity of Ionization chamber
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A9 5 UsunausdEntalaanniiinsedviinlessluwdu wWisuiieuiua monitor unit NS94 9 MeV

M15197 2 9aungi ANUGY UazSeUaEAIUANGNY T1IRLAR1NLATEY myQA Daily Wasluiives watuiselives

Temperature (K)

Pressure (hPa)

Number
myQA Daily Thermometer

%Difference  myQA Daily Barometer

%Difference

1 296.5 295.6
2 296.5 295.2
3 296.4 295.6
4 2975 297.0
5 299.3 298.0

0.32
0.46
0.27
0.19
0.45

1008.6 1008.0 0.06
1007.2 1007.5 -0.03
1007.4 1007.5 -0.01
1010.2 1009.5 0.07
1010.0 1009.5 0.05

Aga: hPa = hecto pascal, K = kelvin

4. Dose rate dependent

Usurusd@nialaanniaies myQA Daily 7

=

WEW 6 MV wandnsfusndian 0.26% wayil
WU 9 MeV uansnsfusnndian 0.10% uagii
Inedloooluduiindaanu 6 MV unnsrsfumniige
0.15% Warfindsanu 9 MeV uandrafusnniige
0.19% sauansluansedl 3-6

Re
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5. Long-term reproducibility

HANISVIAEBUNUT TSNy 6 MV 1a3es
myQA Daily fufiinssdviinlesslueduiinanis
Iausinasaduansnafiinniian 1.30% wag 9 Mev
ﬁmmumnm"mﬁmnﬁqm 0.70% sanandlunini
6 a7



A15197 3 USnussdninlaainiaies myQA Daily & Waw91u 6 MV Agns1Usunaussdnige

Dose rate Reading (Counts) Normalized

(MU/min) 1 2 3 Mean Value
100 117853024.7 117887229.3 117881309.6 117873854.5 100.26
200 117765383.2 117730258.5 117684800.7 117726814.1 100.14
300 117655930.8 117628381.7 117607411.7 117630574.7 100.05
400 117591883.5 117550783.2 117556630.3 117566432.3 100.00
500 117517504.8 117515899.5 117499045.9 117510816.7 99.95
600 117487733.6 117488689.8 117473160.9 117483194.8 99.93

A15197 4 USuausaafidaldanniedes myQA Daily a wasau 9 MeV fisnsnuSunaussdnnge

Dose Rate Reading (Counts) Normalized

(MU/min) 1 2 3 Mean Value
100 113203400.0 113233568.7 113163566.6 113200178.4 100.07
200 113234535.5 113208070.9 113270465.2 113237690.5 100.10
300 113252731.0 113180417.2 113162839.0 113198662.4 100.07
400 113143829.6 113097695.0 113129119.8 113123548.1 100.00
500 113146171.4 113067069.5 113108008.9 113107083.3 99.99
600 113095829.5 113112463.5 113148175.8 113118822.9 100.00

A5199 5 Usunaussdninlaannirinsidvinloosluwdu s wasu 6 MV N9ns1USHNMTIER199)

Dose Rate Reading (nC) Normalized

(MU/min) 1 2 3 Mean Value
100 21.86 21.88 21.87 21.87 100.15
200 21.84 21.86 21.85 21.85 100.06
300 21.85 21.84 21.83 21.84 100.02
400 21.83 21.84 21.84 21.84 100.00
500 21.83 21.83 21.82 21.83 99.95
600 21.82 21.82 21.83 21.82 99.94
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A15199 6 Usuaussdninlaanniinssdviinlooluedu o wasu 9 MeV MonsUsua5@nnee

Dose Rate Reading (nC) Normalized
(MU/min) 1 2 3 Mean Value

100 22.58 22.58 22.59 22.58 99.81

200 22.59 22.61 22.62 22.61 99.91

300 22.62 22.62 22.63 22.62 99.99

400 22.64 22.62 22.62 22.63 100.00

500 22.64 22.64 22.67 22.65 100.10

600 22.67 22.65 22.65 22.66 100.13

6 MV
1.015 -

3

& 1000 =

=

3 A

o 1005

|72}

o

a 1.000 ' A A

'8 * -

= 0.5

<

g 0.990

Z

0.985
0 1 2 3 4 5 6

Time period (months)

Wi 6 MLU3BULTIBU output constancy U0LATES MYQA Daily fuinsdviinlossluwdu Anaeu 6 MV

Journal of Thai Association of Radiation Oncology
Vol. 27 No.2 July - December 2021



9 MeV

1.015

e

g 1.010
Bt
3 i A .
o 1.005
2]
o
A 1000 o=
= e ry
N
= 0995
g 0.990
Z

0.985

0 1 2 3 4 5 6

Time period (months)

AWl 7 MIUSBULTIBU output constancy vedeRas myQA Daily Auminsdviinlosslustu Inassu 9 MeV
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9 MeV i1 coefficient of variation Weuni1 0.05
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waraenAdedtuyideves Binny DY dsldanaies
Daily QA 3 waviiindsduiinlossluiadu
fina1ninfien coefficient of variation 0.06 %

Linearity fisefundesu 6 MV uaz 9 MeV luts
0 19 200 MU fl@1 coefficient of determination
(R-square) vasyANsMTlAVnAY 1 Fsaenadosiv
1iTeves Binny D fina1infian coefficient of
determination (R-square) ¥89 6 MV 1&g 9 MeV i
1¢91nA3e9 Daily QA 3 waziiiasidsinlens
Tuiedy ogluzag 0.9998 uar 0.9996 My

Output constancy ¥euA383 myQA Daily fu
vinssdvinlesslulwdu danuunnssiisiniian
1.30% F9lndiAusfuauideves Michael PB™
fivhnsvageu MPC output S¥W319 MPC software
fumtndeduiinleosluwdu szoziian 5 Wou 7
nanidmnuuandnafuniian oelugie 0.60%
waraenndesfiunuiteves Binny D finanaindien
output constancy SEnedes Daily QA 3 Wagi
Insdviinloosluisdu szazinan 8 ou sglurig
2.00%

agnslsfinu ApnuuanssiithunFeuiioy
funuidefinanundreiu Sanauuandeiuressiia
WinSiduazdnuaensin JudlenSeudisunanis
nnapsInnsAneTlunsifunantsnasddug Tne
finsedviinloseluwdudusiindsdniug iy
wueglurag 2.00% wazanuisderiievesinios
myQA Daily wiziirinneunisldiaies myQA Daily
A3Y1INTS warm-up riauvlﬂﬂ%u’a
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Comparison of physical dose distributions of a carbon ion radiotherapy
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and PHITS Monte Carlo simulation
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Abstract
Background: In carbon ion radiotherapy (CIRT) treatment planning, dose prescription is done
in term of relative biological effectiveness (RBE)-weighted dose in the unit of Gy(RBE).
There are two major biophysical models used in CIRT: the microdosimetric kinetic model (MKM)
and the local effect model (LEM). For the same prescribed dose, both RBE models can lead to
different physical dose distributions in the patient. Therefore, it is not possible to directly
compare clinical data using different RBE models. In the past, the conversion factors between
MKM and LEM prescribed doses were evaluated using two treatment plans calculated based
on both models. However, direct conversion from a treatment plan to the other based on the
underlying biophysical model has not been performed. The latter approach requires the
information of the physical dose distribution from a treatment plan and the resulting
voxel-by-voxel energy spectra of primary and secondary charged particles, which can be
obtained by Monte Carlo simulation.
Objectives: To compare physical dose distributions obtained by Particle and Heavy lon Transport
code System (PHITS) Monte Carlo simulation and matRad treatment planning system, to be used
for the conversion of CIRT prescribed doses between the LEM and the MKM.
Material and methods: A virtual water phantom with the size of 50 x 35 x 50 cm3 was
generated. The target was defined as a spherical volume with a radius of 3 cm, centered
at 7 cm water-equivalent depth from the entrance surface of the phantom. Treatment planning
of the target was performed with an open-source treatment planning system matRad with the
prescribed dose of 4.3 Gy(RBE). The parameters from matRad including number, position,
energy and width of carbon ion beam spots were used to define sources in PHITS. Physical
dose distributions from matRad and PHITS were compared using the gamma analysis method.
Results: The differences between the Bragg peak positions from matRad and PHITS for
monoenergetic carbon ion beams were approximately 1 mm. By shifting the water phantom 1
mm upstream of the beam entrance in the Monte Carlo simulation, the gamma passing rates at
3%/3mm between both sets of physical dose distributions were averagely 99% and 90% in the
target region and all regions, respectively.
Conclusion: The combination of matRad and PHITS can be applied to evaluate the conversion
factors between LEM and MKM treatment plans, especially in the target region.

Keywords: Carbon ion radiotherapy, treatment planning, Monte Carlo simulation, matRad, PHITS
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unAnge
wdnnMsuazIMANA: N133nwIuziSIRaenisaedeunansueuliUsINu At asdmdndienanis
FAneduivs (RBE-weighted dose) luniseunun1sinet wuusrassfidenlddmiuduanen
RBE v@ss1oun1AAsuau Laln wuudnaes microdosimetric kinetic model (MKM) wag local effect
model (LEM) aehdlsfii mstmusuinassdanuuusiassisaossiindenavhliinisnssaneusinased
nmeamluguaesieiu IsliaunsaSouiisuranisshwlalaense luefinnisuuas RBE-weighted
dose 5¥minauUUTIaRs LEM uaz MKM virlagnisidSeuiiisuununisinuildanuuudiass
fansint widdldinefinisuadaersannuaunsinymildududnumunisinylaglfuuudass
Faiandfiugiu nisdudunisdananadedddayanisnszaieyiuadadnisnmainununisinw
wuulawuunils uazanasundanuveseynadgugiuasysgiluusas voxel siuaalfanlusunsy
wauAAsla
Faguszasd: WeaiSsuifisunisnszneunnaidnisnmvssdioymansusuiilianlusunsuseus
A15la PHITS wazlusunsuanaluunissny matRad dmsuldlunisulas RBE-weighted dose $E%314
wuudnaes LEM uag MKM
Faquagdsnis: amsjudassiialiousienunn 50 x 35 x 50 gnuradiams gunsldlunisnausy
ns¥nw Tasdmualimssnauvuindall 3 wufns dailgaquinansegiinnudn 7 wufuns Tud
WudeuugSatwang msnaununssneldlusinsy matRad Inerfviua RBE-weighted dose Wiy
4.3 Gy(RBE) Heyailléiann matRad Uszneusneg $1uau fumis néanu wazruinyesdeynamsueu
g luldfmuaduiuiingedlu PHITS snifuusinasdnionmitdiunldann matRad way PHITS
gnihuUTeuiigulagliinalinnsinsieAinuen
HansAN®N: LUINATAveseynIAAISUBLiiliaIN matRad waz PHITS eglusumsseiulszana
1 feduns madeuusiaesihdulunisusiiaded 1 Sefuns Tu PHITS shlvnsnszaeyunmsd
Meamiléiann matRad uazPHITS sudermun 39%/3 fadwns vesmsiiaesiaunann 1wies 99%
way 90% Tufeunzisathnune uagynuivnm mudiau
Foasu: ausalilusunsy matRad sauiu PHITS TunisussiliuAinisulas RBE-weighted dose 5813714
wuudraes LEM way MKM 1 Tnstamnzeenadslufounzidatmane
ANEIARY: N13R1UF1DUNIAAITUDY, NTINUHUNITINY, N15TaBeURA15lA, matRad, PHITS

J Thai Assoc Radiat Oncol 2021; 27(2): R13-R26

Introduction

Carbon ion radiotherapy (CIRT) is of increasing
interest worldwide because of the outstanding
characteristics of carbon ions for cancer treat-

ment. The high linear energy transfer (LET) of

carbon ions provides a high relative biological
effectiveness (RBE) and a low oxygen enhance-
ment ratio (OER). Furthermore, the sharp dose
falloff behind the Bragg peak region and

relatively small lateral scattering help to spare
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normal tissues from radiation dose when
delivering a high dose to the target. For CIRT
treatment planning, dose prescription is done in
terms of RBE-weighted dose in the unit of
Gy(RBE), considering the biological effect of the
radiation beam that is associated with the
physical dose and the radiation quality.

To date, two biophysical models for the
calculation of RBE-weighted dose have been
used clinically in active scanning CIRT, namely,
the microdosimetric kinetic model (MKM)™?
and the local effect model (LEM)® ¥ Both
models require the distribution of the radiation
quality of the mixed radiation field as an input,
namely, the lineal energy distribution and
the specific energy distribution, respectively”.
The MKM is used for treatment planning at the
National Institute of Radiological Sciences (NIRS)
in Japan, while the LEM is used by European
particle therapy centers such as the Heidelberg
lon Beam Therapy center (HIT) in Germany
and the National Center for Oncological Hadron-
therapy (CNAO) in Italy. For the same prescribed
dose, both RBE models can lead to different
physical dose distributions delivered to the
patient'®. Therefore, it is not possible to directly
compare clinical data from different institutes
that use different RBE-weighted dose models.

Recently, conversion between MKM and LEM
prescribed doses was performed under the
condition that the physical dose distribution and
the radiation quality in both plans were as close
as possible!”. The conversion factors from MKM
to LEM prescribed dose have been evaluated

for targets with simple geometries'” and

Journal of Thai Association of Radiation Oncology
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patient cases'™. It was found that for the simple
geometries, the LEM | prescribed dose was
higher than the MKM prescribed dose. In addition,
the size, shape, depth and dose level of the
target affected the conversion factor'”. For
patient cases, using different RBE models
brought about different isodose volumes, which
had an impact on surrounding normal tissue
doses. For example, for prostate cancer, the
MKM doses for targets and organs at risk (OARs)
ranging from 0.18 Gy(RBE) to 4.55 Gy(RBE) per
fraction were converted to the LEM doses with
the conversion factors ranging from 2.72 to 1.06,
respectively™®.

Until now, the conversion factors between
MKM and LEM prescribed dose were evaluated
using two parallel treatment plans calculated
based on the MKM and the LEM, respectively.
This approach is only feasible when the available
TPSs use the MKM and the LEM for dose prescrip-
tion. A direct conversion of CIRT prescribed dose
using the underlying biophysical models has
not been performed. The latter approach is
particularly useful when the available treatment
planning system (TPS) uses either one of the
RBE models and the Monte Carlo simulation is
used for characterizing the radiation quality
of the mixed radiation field. In that case, both
computational tools need to produce the same
physical dose distribution for the same set of
carbon ion pencil beams.

The aim of this study was to compare the
physical dose distributions obtained from matRad
treatment planning system (TPS)” and Particle

and Heavy lon Transport code System (PHITS).



MatRad is an open-source multimodality treat-
ment planning system based on the LEM V"%,
while PHITS is capable of computing lineal
energy distributions required for MKM biological
dose calculation. Treatment planning for a
spherical target was performed in matRad,
providing a set of carbon ion pencil beams that
was used as the input of the Monte Carlo
simulation. The physical dose distributions
from matRad and PHITS were compared by using

the gamma analysis method"".

Materials and methods

Target definition

A CT (computed tomography) image dataset
of a virtual water phantom with the size of 50 x
35 x 50 cm3 was generated using RayStation
treatment planning system version 8b (RaySearch
Laboratories AB, Stockholm, Sweden). The CT
dataset consisted of 260 slices, each of which
had 260 x 185 voxels. The pixel spacing was 2
mm and the slice thickness was 2 mm. The target
was defined as a spherical volume with a radius
of 3 cm, centered at 7 cm water-equivalent
depth from the beam entrance surface of the
phantom. This spherical volume represented a
head and neck tumor target similar to the study
of Fossati et al'”’

Treatment planning

MatRad was used for active scanning CIRT
treatment planning in this study. MatRad is based
on generic treatment machines, completely
written in the numerical programming language
MATLAB (MathWorks, Inc, MA, USA), and supports
DICOM data import for dose calculation and

optimization”.In matRad, the physical dose is
calculated by the pencil beam algorithm,
which scales the depth dose distribution
according to the water-equivalent path length
of tissues and calculates the lateral profile
according to the Gaussian distribution.
DICOM-RT files of the virtual water phantom
including CT images and contoured structures
were imported into matRad. Users can manually
specify the resolution of CT images. In this study,
we used the original CT resolution of 2 mm.
The parameters used for treatment optimiza-
tion are shown in Table 1. For particle therapy,
matRad can perform only the multifield
optimization, i.e. intensity modulated particle
therapy. The details of the optimization
technique has been described by Wieser et al'”.
The isocenter was automatically selected
by matRad as the center of the target volume.
Users can select the optimization parameters to
suit their specific cases. In this work, we selected
the bixel width (lateral spot spacing), the
objective function and the penalty following

Burigo et al

, who made a treatment plan
on a water phantom similar to this work. After
optimization, the physical dose distribution and
the weight for each pencil beam spot were stored
in the output variable called “resultGUI”, while
the number, position and energy of each spot
were stored in the variable called “stf.ray”. The
optimization resulted in 2771 carbon ion beam
spots with 28 different energies ranging from
133.78 to 223.96 MeV/n (MeV/nucleon). The
total number of carbon ions was 2.2x109 for this

treatment plan. In addition, the parameters of
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the generic machine such as the initial full width

at half maximum (FWHM) of carbon ion beams

at each energy was obtained from the database

used by the program.

Table 1. Treatment planning parameters used in matRad for dose calculation and optimization.

Bixel width or lateral spot spacing (mm)
Gantry angle
Couch angle
Radiation mode

Isocenter (mm)
(The Left, Posterior, Superior (LPS) coordinate

system for matRad)
Source to axis distance (mm)
Dose (Gy(RBE))

Number of fractions

Type of optimization
Volume of interest name
Volume of interest type

Objective function

Penalty (p)

5

0

0
Carbon

X = 262.1
y = 81.60
7 =262.4

10000
43
1
LEMIV_RBE
Sphere 6 cm
Target
Squared Deviation

800

Monte Carlo simulation

PHITS is a general-purpose Monte Carlo
particle transport simulation code. It can be used
to simulate almost all particles, including
neutrons, protons, heavy ions, photons and
electrons™and is freely available to users within
specific terms and conditions. The code has been
applied for the calculation of RBE-weighted dose

[13]

for heavy ion radiotherapy"~. The calculations of

physical dose, biological dose and RBEs for heavy
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ion radiotherapy by using PHITS coupled with
the MKM have been reported™”.

The same CT image dataset as used for the
matRad treatment planning was imported to
PHITS by using DICOM2PHITS program™™®. At first,
the coordinates used by matRad and PHITS
were different. Therefore, a transformation
(rotation and displacement) of CT images was
required. A graphical display of the simulated

objects was used to verify the consistence



between the coordinates used by PHITS and
matRad. The outputs and parameters from
matRad including number (or weight), position,
energy and FWHM of each carbon ion beam spot
were used to define multiple sources in the
Monte Carlo simulation. The physical dose
distribution was calculated by PHITS using the
same CT resolution as that used in the matRad
treatment planning system. The schematic of the
Monte Carlo model defined in PHITS is shown
in Figure 1. In total, 1.09x108 histories were

simulated yielding the standard deviations of the

138 positions of multisource
®e 000
0 000000
® 000000000

® 00 0000000 .
| position |seseesescssas Carbon ion beams Target
0 00 00000000 »

o000 eeeeccecoe
e ecececcsccce
LRI N NN N R )
CICIC RN NN NN )

000 ccccce

mulfisource

Several energy

.

calculated physical doses of lower than 5%.
The computing time using 32 cores of Intel Xeon
E5-2600 v4 at 3.2 GHz was approximately 18
hours.

The result of the Monte Carlo simulation was
given in the unit of the calculated quantity
(in this case, physical dose in Gy) per source
particle. The total number of carbon ions used
for the treatment plan (2.2x109 particles) was
multiplied to the Monte Carlo simulated results

to give the absolute values of physical doses.

Virtual water phantom

L L L B B B
L L L

y

SAD 1000 cm

4c i 50 cm

35cm

Figure 1. The schematic of the Monte Carlo model used in this study.

Comparison of dose distributions

The physical dose distributions obtained
from matRad and PHITS were compared using
the gamma analysis method. Both sets of
physical dose distributions were compared

slice-by-slice using 2D gamma analysis with the

criteria of 3% dose difference and 3 mm distance
to agreement (3%/3mm) using an in-house
developed MATLAB program for the target and
for all regions except voxels that received dose

less than 10% of the maximum dose.
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Results

Figure 2 shows the central-axis depth
distributions of physical dose, RBE-weighted
dose and RBE obtained from matRad for the
prescribed dose of 4.3 Gy(RBE) in the target
region. The physical dose decreased with depth
as the RBE increased to yield a nearly constant
RBE-weighted dose in the target region.

From a preliminary study, we found that
the physical depth dose distributions of the
treatment plan calculated by matRad and
PHITS were slightly displaced at depths from 5
to 11 cm, corresponding to the Bragg peak
positions of carbon ion beams in the energy
range from 133.78 to 223.96 MeV/n. Therefore,

in this work we first compared the physical depth
dose distributions of monoenergetic carbon ion
beams obtained from both programs in Figure 3.

As shown in Figure 3, the Bragg peaks from
the PHITS simulation were 1-1.9 mm deeper than
those from matRad for the carbon ion energies
ranging from 133.78 to 192.43 MeV/n (examples
in Figure 3a and 3b), while good agreement of
the Bragg peak positions was observed for the
carbon ion energies ranging from 195.18 to 223.96
MeV/n (examples in Figure 3c and 3d). These
results led to a universal shift the virtual water
phantom by 1 mm towards the beam source in
the PHITS simulation. Consequently, the Bragg
peak positions obtained from the PHITS

5
g —————— Physical dose (Gy)
-; 3 — RBE-weighted dose (Gy(RBE))
<
2
5
T 3
=
.80
()
F
R 2
s
S
g
E 1
2
<=
~
0

100 150 200

Depth in water (mm)

Figure 2. The central-axis depth distributions of physical dose (Gy), RBE-weighted dose (Gy(RBE)) and
RBE obtained from matRad.
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simulation were shifted towards the beam when using the pencil beam algorithm as used

source and, in general, had better agreement in matRad. Thus, for some carbon ion energies,
with the Bragg peak positions obtained from the Bragg peaks may appear to be wider than the
matRad. It is to note that with 2 mm resolution nominal Bragg peaks, e.g., for 150.71 and 195.18
of the CT images, the steep part and the position MeV/n energies using matRad, as shown in Figure
of the Bragg peaks may be distorted, especially 3a and 3c.
i 150.71 MeV/n ] @ 150.71 MeV/n

a3 ~ 3

) =

L S

2 2 2 2

& &

0 T 0 T
172.41 MeV/n 172.41 MeV/n
41 i1 ®
o 14 ™ o &
> | >
) i )
Qo 2 A /Al o 2 4
& '| &
1 - \ i
0 T 1 T T o T T T — Ll
195.18 MeV/n 195.18 MeV/n
41 (© i1 ®
— 2 oy, 10 74
& &
= 5 = .,
£ 2 “‘
1 1 !
‘\ ‘\
0 T T T T o T Ll T T
213.79 MeV/n 213.79 MeV/n
£9 @ ¥ W
—_ 3 7 _— 3
<) &
. .
1 A 1
\
0 T T T L] 0 T + T T
0 2 4 6 8 10 0 2 4 6 8 10
Depth (cm) Depth (cm)

Figure 3. The physical depth dose distributions of monoenergetic carbon ion beams (106 particles)
without (a, b,c and d) and with (e, f, g and h) 1 mm shift of the water phantom towards the beam source
in the Monte Carlo simulation. The dashed lines and the solid lines were calculated by matRad and
PHITS, respectively. The solid arrows and the dashed arrows indicated the depths at the entrance region
and near the Bragg peak, respectively, that were used for the comparison of lateral profiles as shown
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in Figure 4.



Figure 4 shows that the lateral profiles for
150.71 and 213.79 MeV/n carbon ions obtained
from matRad and PHITS. Both calculations agreed
well at the plateau region for both carbon ion
energies (Figure d4a and 4b) and near the Bragg
peak for 213.79 MeV/n carbon ions (Figure 4d).

b 150.71 MeV/
(a) Depth2cm ’ SR

0.08

213.79 MeV/
(b) Depth 4 cm ey

0.06 -
0.04 -

0.02 - 7

0.00 T T T

22 24 26 28 30

Dose (Gy)

Dose (Gy)

However, the central axis doses for 150.71 MeV/n
carbon ions from matRad and PHITS differed by
17%, due to the difference of the depth doses
near the Bragg peaks for this carbon ion energy,

as shown in Figure 3a.

0.08
150.71 MeV/u
(c) Depth 4.6 cm
0.06 -
0.04 —
0.02
0.00 T T T T T T T
0.08 213.79 MeV/
s eV/n
(d) Depth 8.8 cm
0.06
PHITS
0.04 -
————— matRad
0.02 -
0.00 . . .
22 24 26 28 3(

X (cm)

Figure 4. The lateral profile obtained from matRad and PHITS at the entrance region (a and b) and near

the Bragg peak (c and d) for carbon ion energies 150.71 and 213.79 MeV/n (10° particles).

Figure 5 shows the examples of the physical
dose distributions of the treatment plan
calculated by matRad and PHITS. In general,
both calculations yielded similar results with
dose differences at some depths, including 4.6,
5.2, 7.8 and 9.6 cm, which corresponded to the
Bragg peak positions of carbon ions with 150.71,
160.26, 195.18 and 218.91 MeV/n energies,

respectively. For these carbon ion energies,

Journal of Thai Association of Radiation Oncology
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matRad cave relatively different doses at the
Bragg peaks than those obtained by PHITS, as
shown in Figure 3e and 3g. The passing rates from
the 2D gamma analysis (3%/3mm) for each slice
ranged from 43% to 100% (averagely 90%) for all
regions and from 94% to 100% (averagely
99.00%) for the target region. The slices with the
relatively low passing rates were those outside

the target region.
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Figure 5. The physical dose distributions obtained from matRad (a) and PHITS (b) at the central-axis

slice of the target. The comparison for this CT slice yielded the gamma passing rates (3%/3mm) of 98.6%.

Discussion

In this study, we simulated the active
scanning CIRT treatment plan with the PHITS
Monte Carlo simulation by using the information
(position, energy, FWHM and weight) of the
carbon ion pencil beams obtained from matRad
treatment planning system. From the comparison
of the physical depth dose distributions of
monoenergetic carbon ion beams shown in
Figure 3, it was found that the Brage peak
positions of monoenergetic carbon ion beams
obtained from matRad and PHITS were displaced
by about 1 mm for some carbon ion energies.
For this reason, the water phantom in the Mon-
te Carlo simulation was shifted by 1 mm toward
the beam source. In general, the shift resulted
in reasonable agreement between Bragg peak
positions obtained by both programs. However,

for high energy carbon ion beams (> 192.43

Journal of Thai Association of Radiation Oncology

MeV/n) the shift of the water phantom caused a
larger, but still considered to be minimal,
displacement of the Bragg peaks, as shown in
Figure 3g and h.

MatRad and PHITS gave slightly different
physical dose distributions, which could be
caused by several reasons. One of the reasons
could be that both programs used the different
methods for calculating physical doses. MatRad
uses an analytical method based on the pencil
beam algorithm™®, while PHITS uses the Monte
Carlo method to mimic the random process of
radiation interactions. In the pencil beam algrithm
used in matRad, physical depth dose distributions
of monoenergetic carbon ion beams were
pre-calculated by FLUKA Monte Carlo simula-

®land used as the input of matRad

tion code
for 3D dose calculation™”. The uses of different

MC simulation codes, namely, PHITS and

_Rzs)
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FLUKA, could yield some differences in the
physical depth dose distribution™®. Nevertheless,
the 2D gamma analysis yielded the gamma
passing rates at 3%/3mm of 43-100% with the
average passing rate of 90% for all regions, while
the passing rates for the target region reached
94-100% (averagely 99%). The reduction of
gamma passing rates outside the target could
arise from the fact that the Monte Carlo
simulation took into account particle scattering
explicitly while the pencil beam algorithm used
by matRad considered particle scattering only
approximately. Nevertheless, the results of this
work indicated that the physical dose distribu-
tions for the treatment plan obtained from
matRad and PHITS were in good agreement,
especially in the target region. Therefore, the
application of both programs to study the
conversion between LEM and MKM prescribed

dose should be feasible.

Conclusions

This study compared the physical dose dis-
tributions of an active scanning CIRT treatment
plan obtained from matRad treatment planning
system and PHITS Monte Carlo simulation. It was
found that by shifting the water phantom by 1

mm towards the beam source in the Monte

Journal of Thai Association of Radiation Oncology
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Carlo simulation, both computational programs
could provide the physical dose distributions that
were in good agreement with averagely 99% and
90% gamma passing rates at 3%/3mm in the
target region and in all regions, respectively.
Therefore, the combination of matRad and PHITS
can be applied to evaluate the conversion factors
between LEM and MKM RBE-weighted doses. In
that case, matRad can be used to calculate the
LEM treatment plan, while PHITS will be used to
determine the lineal energy distribution specific
to that treatment plan to be used for calculating
the MKM RBE-weighted dose distribution.
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The comparison of late complications between 2D conventional
radiotherapy and 3D conformal radiotherapy with adjuvant
chemotherapy for patients with rectal cancer in Siriraj Hospital
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Abstract
Background: The transition of adjuvant radiotherapy techniques in treating locally
advanced rectal cancer had been developed from 2-dimension conventional radiotherapy (2D-RT)
to 3-dimensional conformal radiotherapy (3D-CRT). Theoretically, the 3D-CRT technique showed
the advantage of more target dose coverage in treating field and lessen normal tissue toxicity
compared to 2D-RT technique.
Objectives: To compare late radiation complications and quality of life (QoL) between
patients receiving 2D-RT and 3D-CRT.
Materials and Methods: Locally advanced rectal cancer patients (T2-4 and/or lymph node
positive), who received adjuvant either pre- or post-operative concurrent chemoradiotherapy
between January 2012 and December 2018, were divided into 2 treatment groups: 2D-RT or
3D-CRT. After long term follow-up, we evaluated the late radiation complications using the RTOG/
EORTC Late Radiation Morbidity Scoring Schema, and the QoL using the FACT-C Questionnaires,
version 4.
Results: 235 locally advanced rectal cancer patients, (2D-RT; n = 62 and 3D-CRT; n = 173), were
enrolled in this study. The median follow-up time was 4.92 years in 2D-RT group vs. 2.18 years
in 3D-CRT group. There was no significant difference in late small / large intestine and bladder
complications between 2 treatment groups. However, the QoL measurement showed better
scores in longer follow-up time.
Conclusion: The longer follow-up periods had a significant impact on greater daily living. While
there was no difference in late small / large intestine and bladder complications between both
radiation techniques.

Keywords: rectal cancer, 2D radiotherapy, 3D conformal radiotherapy, late complication
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TLYLYNINLUUNAFIUVNINITIIU RTOG/EORTC Late Radiation Morbidity Scoring Schema agn1s
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Introduction

Colorectal cancer is the third most common
cancer in the world according to National Cancer
institution™. The same rank in Thailand” and

Siriraj hospital™

was reported. Most of them
presented with locally advanced disease
(Stage II-Il). Universal practice in rectal cancer
treatment uses multimodality approach which
were combinations between surgical manage-
ment, radiotherapy, and chemotherapy. The
benefit of radiotherapy in rectal cancer is to
decrease the rate of locoregional recurrence
(LRR) compare with surgery alone.” However,
there was no significant improvement in disease
free survival (DFS) and overall survival (OS).

In the past 20 years, radiotherapy techniques
had huge development, from 2-dimension

conventional radiotherapy (2D-RT) using radio-

logic anatomical reference to 3-dimension
conformal radiotherapy (3D-CRT) using CT-image
mapping, which increasde accuracy in treatment
field and decreased normal tissue toxicity. In
long-term follow-up, the most common and
severe late complications of locally advanced
rectal cancer after received concurrent chemo-
radiotherapy (CCRT) were small intestine and
bladder complications which affected quality of
life (QoL). Approximately 4-12% had postopera-
tive small intestinal obstruction that required
surgical management.'” Previous studies had
reviewed factors affecting severity of late
complications after completed adjuvant rectal
carcinoma treatment. Reduction of radiation
dosage to small intestine by increasing numbers
of radiation fields would help reduce these

complications. Moreover, 3D-CRT technique had
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significant higher planning target volume
coverage and reduced volume of irradiated
small intestine compared to 2D-RT technique."”
At the Division of Radiation Oncology, Depart-
ment of Radiology, Faculty of Medicine Siriraj
Hospital, number of patients treated with 2D-RT
was constantly declined since 2012 paralleled
with an up-rise number of 3D-CRT to the present
time. In this study, we analyzed the difference in
late small / large intestine and bladder compli-
cations and the QoL between 2D-RT and 3D-CRT
techniques in locally advanced rectal cancer
patients receiving pre-operative or post-operative

CCRT.

Materials & Methods

This is a retrospective cohort study conducted
at the Division of Radiation Oncology, Depart-
ment of Radiology, Faculty of Medicine Siriraj
Hospital. The candidates in this study were rectal
cancer patients treated during January 2012 -
December 2018, aged more than 18 years old
with an Eastern Cooperative Oncology Group
(ECOQG) performance status of 0-2. These patients
had received complete course of either pre-
operative or post-operative CCRT with the
curative aim treatment. The radiotherapy energy
in our institution was Linac 10MV in both arms.
There was some difference in radiation fields
that almost both arms used 3-fields radiation
technique (PA/RL/LL) but some cases in 3D-CRT
arm who had inadequate conformal dose used
4-fields radiation technique (AP/PA/RL/LL). The
patients with second primary cancer, or distant

metastasis were excluded from this study.
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The study was approved by the Institutional
Review Board (IRB) of the Faculty of Medicine
Siriraj Hospital.

The demographic data consisted of general
data, tumor characteristics (TNM Stage: catego-
rized according to the staging of AJCC 7" edition),
treatment contents, and follow-up details were
collected from electronic medical records while
late complications and QoL were interviewed at
out-patient department or by telephone using
case record forms. The late complications and
the quality of life were collected by interview
once, either by telephone or face to face
conversation.

RTOG/EORTC Late Radiation Morbidity Scoring
Schema were used for grading late small / large
intestine and bladder complications. QoL was
scored by Functional Assessment of Cancer
Therapy for Patients with Colorectal Cancer
(FACT-C) Scoring Guidelines, version 4. The SPSS
version 24, State and R software version 3.5.1
were used for all statistical analyses. P-value <

0.05 was considered statistically significant.

Results

The study participants were treated during
January 2012 and October 2018. This period
was the transition of radiation techniques from
2D-RT to 3D-CRT. The number of 2D-RT was
gradually declined during 2012-2014 correlated
with dramatically increased in number of 3D-CRT
to the present day. There were 427 patients
diagnosed with locally advanced rectal cancer
during this period. However, only 235 participants
were enrolled in this study: 62 in 2D-RT arm and



173 in 3D-CRT arm. We only included patients
with curative aim treatment who had completed
the treatment and follow-up schedules.
Patient characteristics

All patients had histologic proven of adeno-

carcinoma of rectal cancer without history of

Table 1 Patient characteristics: General

secondary cancer or any other cancer. According
to baseline background data, there were no
differences in both groups, more than half of the
patients were male with a median age of approx-
imately 60 years old. The majority had an initial
CEA at diagnosis less than 5 ng/ml. (Table 1)

Parameter 2D-RT 3D-CRT P-value
n =62 n=173
Age (year)
Median (IQR) * 61 63 0.255
(54, 68) (56, 69)
Sex
Male 35 (56.5%) 101 (58.4%) 0.909
Female 27 (43.5%) 72 (41.6%)
CEA (initial at diagnosis)
< 5 ng/ml 33 (55.9%) 88 (52.4%) 0.638
> 5 ng/ml 26 (44.1%) 80 (47.6%)

Note. * IQR= interquartile range

Pretreatment primary tumor staging were
described using pathological TNM staging for
post-operative CCRT patients and clinical TNM
staging for pre-operative CCRT patients. The
T-staging was significant different between both
groups. T3 and T4 staging in 3D-CRT group was
96.5%, whereas only 82.3% was observed in
2D-RT group (p-value <0.001). Seventy percent
of the patients in both groups had regional lymph

nodes metastasis and the same number had

stage Ill disease. In 3D-CRT group, 35.3% of
primary tumor was located at less than 5 cm
from anal verge versus only 17.7% in 2D-RT group
(p-value 0.016). These depicted poorer prognosis
of participants in 3D-CRT group. (Table 2)

We divided treatment characteristics into
2 parts, first was the radiotherapy and chemo-
therapy session. In the late years, pre-operative
radiotherapy was scheduled only 6.5% in 2D-RT

group. While in recent years, pre-operative radio-
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Table 2 Patient characteristics: Primary tumor

Primary tumor 2D-RT 3D-CRT P-value
n==62 n=173
Staging *
T staging
T2 11 (17.7%) 6 (3.5%) <0.001
T3 41 (66.1%) 148 (85.5%)
T4 10 (16.2%) 19 (11.0%)
N staging
NO 19 (30.6%) 51 (29.5%) 0.900
N1 27 (43.6%) 81 (46.8%)
N2 16 (25.8%) 41 (23.7%)
Staging
I 1 (1.6%) 2 (1.2%) 0.944
I 18 (29.0%) 48 (27.7%)
11l 43 (69.4%) 123 (71.1%)
Distance from Anal verge
Median (IQR) ** 8 (6,10) 6 (5,10) 0.029
Primary tumor location
Upper (>10 cm from AV) 29 (46.8%) 52 (30.0%) 0.016

Middle (5-10 cm from AV)

Lower (<5 cm from AV)

22 (35.5%)
11 (17.7%)

60 (34.7%)
61 (35.3%)

Note. * Staging = post-op CCRT patients use pathological staging, pre-op CCRT patients use clinical staging

** Anal verge (AV), IOR= interquartile range

therapy became the standard treatment of rectal
cancer in Siriraj Hospital. Correlation with the
up-rise number of 3D-CRT treatment, pre-
operative radiotherapy was significantly increased
to 26.6% in 3D-CRT group (p-value 0.002).
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Most of the patients were prescribed with 45-50.4
Gy. However, booster dose of up to 54-60 Gy was
used 19.6 % in 3D-CRT and 3.2% in 2D-RT
(p-value 0.669). During radiotherapy treatment,

the majority was set up in a prone position.



Chemotherapy was administered to all patients.

For CCRT, Fluorouracil regimen was mostly

prescribed. But there was higher number of

Capecitabine regimen usage; 20.8% in 3D-CRT

group versus 4.8% in 2D-RT group (p-value 0.011).

For adjuvant chemotherapy, both Fluorouracil

and Capecitabine regimens were proportionately

used. (Table 3)

Table 3 Patient characteristics: Treatment; RT and Chemotherapy

Treatment 2D-RT 3D-CRT P-value
n=62 n=173
Radiotherapy
RT Schedule
Postoperative RT 58 (93.5%) 127 (73.4%) 0.002
Preoperative RT 4 (6.5%) 46 (26.6%)
Total dose (1.8-2.0 Gy / F)
45 - 50.4 Gy 59 (95.2%) 137 (79.2%) 0.669
54 - 60 Gy 2 (3.2%) 34 (19.6%)
> 60 Gy 1(1.6%) 2 (1.2%)
Treatment position
Prone 53 (85.5%) 154 (89.0%) 0.611
Supine 9 (14.5%) 19 (11.0%)
Chemotherapy
Concurrent regimens
Fluorouracil regimens * 53 (85.4%) 133 (76.9%) 0.011
Capecitabine regimens ** 3 (4.8%) 36 (20.8%)
NA 6 (9.8%) 4 (2.3%)
Adjuvant regimens
Fluorouracil regimens * 30 (48.4%) 96 (55.5%) 0.59

Capecitabine regimens **

NA

26 (41.9%)
6 (9.8%)

67 (38.7%)
10 (5.8%)

Note. * Fluorouracil, Fluorouracil / Leucovorin, or Fluorouracil / Leucovorin / Oxaliplatin

** Capecitabine or Capecitabine / Oxaliplatin

Abbreviation: NA = not available
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The second part of treatment characteristic
was surgical management. Most of the patients
in both radiation techniques underwent anterior
resection. The second most used procedure was
abdominal perineal resection (APR). There was
an insignificant difference in higher performed
APR in 3D-CRT and 2D-RT, 31.8% and 17.8%,
respectively. The surgical pathology was similar

in both groups, in details of surgical margin

Table 4 Patient characteristics: Treatment; Surgery

positive, perineural invasion, and lympho-
vascular space invasion. However, poorer
predictors were higher in 3D-CRT group: tumor
deposit 22.5% versus 6.5% (p-value 0.009), poor
differentiation 6.4% versus 1.6%, and mucinous
typed 5.8% versus 3.2% (p-value 0.018). On the
other hand, the pathological complete response
rate was 13% in 3D-CRT. (Table 4)

Treatment 2D-RT 3D-CRT P-value
n =62 n=173
Surgery
Surgical procedure
Anterior resection 49 (79.0%) 113 (65.3%) 0.063

Abdominal perineal resection 11 (17.8%)

Hartmann's operation 2(3.2%)
Transanal excision 0
Pathology

Surgical margin positive 8(12.9%)

Perineural invasion 27 (43.5%)

Lymphovascular invasion 20 (32.3%)
Tumor deposit 4.(6.5%)
Differentiation type

Well differentiation 8(12.9%)

Moderate differentiation 51 (82.3%)

Poor differentiation 1(1.6%)
Mucinous 2 (3.2%)
NA 0
yp Staging*
0 0
| 1(25%)
Il 2 (50%)
Il 1(25%)

55 (31.8%)

3 (1.7%)

2 (1.2%)

19 (11%) 0.861
87 (50.3%) 0.445
48 (27.7%) 0.611
39 (22.5%) 0.009

5(2.9%) 0.018

138 (79.8%)
11 (6.4%)
10 (5.8%)

9 (5.2%)

6 (13.0%) 1.000
6 (13.0%)
21 (45.7%)

13 (28.3%)

Note. * Preoperative chemoradiotherapy; 2D-RT n = 4, 3D-CRT n = 46
Abbreviation: NA = not available
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Late radiation complications and QoL were
evaluated after a median follow-up time of 4.92
(4.32, 5.54) years in 2D-RT group and 2.18 (1.53,
3.07) years in 3D-CRT groups.

Late Radiation Morbidities

We categorized patients into 2 subgroups:
patients with permanent colostomy and without
colostomy. The scoring was divided into 5 grades
from 0 to 4. The higher they graded, the worsen
of those complications.

Most of the patients were living without
permanent colostomy; 75.8% in 2D-RT and 52.6%
in 3D-CRT. Late small / large intestine and
bladder complications occurred at the same rate,
mostly mild symptoms. For colostomy patients,
all 2D-RT candidates had none to mild symptoms

of small / large intestine and bladder morbidity.

While a few numbers of 3D-CRT patients were
graded 2 or higher. There was no statistically
significant difference between two radiation
techniques. For non-colostomy patients, bladder
complication grading was in the same trend.
But for the late small / large intestinal morbidi-
ties, there was significant different outcome
between these radiation techniques (p-value
0.007). 41.8% of 3D-CRT non-colostomy patients
had graded 0 whereas only 17% had in 2D-RT
group. Twenty two percent of 3D-CRT and 21.3%
of 2D-RT groups experienced grade 2-4 small and

large bowel complications. (Table 5, 6)

Quality of life

Quality of life (QoL) was classified by
Functional Assessment of Cancer Therapy for
Patients with Colorectal Cancer (FACT-C)

Table 5 RTOG/EORTC Late Radiation Morbidity: Small/Large intestine

Small/Large intestine 2D-RT 3D-CRT P-value

Colostomy n=15 n =282

Grade 0 6 (40.0%) 55 (67.1%) 0.069

Grade 1 9 (60.0%) 19 (23.2%)

Grade 2 0 1(1.2%)

Grade 3 0 6 (7.3%)

Grade 4 0 1 (1.2%)
Non-colostomy n =47 n=091

Grade 0 8 (17.0%) 38 (41.8%) 0.007

Grade 1 29 (61.7%) 33 (36.2%)

Grade 2 7 (14.9%) 17 (18.7%)

Grade 3 2 (4.3%) 3(3.3%)

Grade 4 1(2.1%) 0
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Table 6 RTOG/EORTC Late Radiation Morbidity: Bladder

Bladder 2D-RT 3D-CRT P-value

Colostomy n=15 n=2382

Grade 0 15 (100%) 79 (96.4%) 1.000

Grade 1 0 1(1.2%)

Grade 2 0 2(2.4%)

Grade 3 0 0

Grade 4 0 0
Non-colostomy n =47 n=091

Grade 0 43 (91.5%) 89 (97.8%) 0.125

Grade 1 1(2.1%) 0

Grade 2 2 (4.3%) 2 (2.2%)

Grade 3 1(2.1%) 0

Grade 4 0 0

Questionnaires and sub-scaled in to 5 domains:
physical well-being (PWB), social/family well-
being (SWB), emotional well-being (EWB), func-
tional well-being (FWB), and colorectal cancer
sub-scale (CCS). The scoring was reported in
median and interquartile range (IQR). Equation of
total scoring system: FACT-C, FACT-G, and trial
outcome index (TOI) was described at the bottom
of Table 7-8. Higher score reflected better
quality of life. We analyzed quality of life by
2 factors: radiation techniques and follow-up
time.

All total scoring system, 2D-RT patients
significantly scored higher than 3D-CRT patients:
FACT-C 117 versus 111 (p-value 0.021), FACT-G
96 versus 90 (p-value 0.008), and TOI 73 versus
69 (p-value 0.013). As same as FACT-C sub-scale,
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2D-RT group tended to score better in all
domains. (Table 7)

Analysis of follow-up time, we divided all
patients regardless of treatment techniques into
3 groups: 52 patients of </=2 years follow-up, 80
patients of 2-4 years follow-up, and 68 patients
of > 4 years follow-up. Duration of follow-up time
had an impact on the QoL. The longer follow-up
period, the better scoring in all modalities was
observed with p-value <0.05. (Table 8)

However, social/family well-being (SWB) was
the only aspect that reported insignificant
difference either by radiation techniques (p-value
0.509) and follow-up time (p-value 0.146).

Discussion

We could presume that the group of patients



Table 7 The median score of FACT-C by Radiation technique

Treatment group 2D-RT 3D-CRT P-value
n =62 n=173

FACT-C Subscale domains
Physical well-being (PWB)

Median (IQR) 27 (25, 28) 26 (23, 28) 0.120
Social / Family well-being (SWB)

Median (IQR) 20 (17, 26) 21 (18, 23) 0.509
Emotional well-being (EWB)

Median (IQR) 23 (22, 24) 23 (20, 24) 0.025
Functional well-being (FWB)

Median (IQR) 26 (23, 27) 22 (16, 27) 0.004
Colorectal cancer subscale (CCS)

Median (IQR) 22 (19, 25) 21 (19, 24) 0.307

Total score
FACT-C * (Total score = 0 - 136)

Median (IQR) 117 (106, 124) 111 (100, 121) 0.021
FACT-G ** (Total score = 0 - 108)

Median (IQR) 96 (88, 100) 90 (82, 98) 0.008
TOI *** (Total score = 0 - 84)

Median (IQR) 73 (69, 78) 69 (60, 77) 0.013

Note. * FACT-C = Functional Assessment of Cancer Therapy - Colorectal cancer, the sum score of all subscale domains
** FACT-G = Functional Assessment of Cancer Therapy - General (Health related general quality of life, assessment

for chronic illness), the sum score of all subscale domains except CCS
X TOl = Trial outcome index, the sum score of the PWB and FWB from the FACT-G and the disease- specific

subscale items

receiving 3D-CRT had poorer prognostic features. affected the treatment option on higher total
Significant higher number of T3 and T4 pretreat- radiation dose (up to 54 — 60 Gy) and more
ment staging, and primary tumor located at APR rate. Histology also reported more tumor
lower rectum (<5 cm from anal verge) might had deposition in 3D-CRT than 2D-RT patients. There
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Table 8 The median score of FACT-C by Follow-up time

Duration of <2 Yrs 2-4 Yrs >4 Yrs P-value
follow up n=>52 n =80 n =68
FACT-C Subscale domains
Physical well-being (PWB)
Median (IQR) 26 (22, 28) 26 (24, 28) 27 (26, 28) 0.014
Social / Family well-being (SWB)
Median (IQR) 20 (19, 21) 21 (17, 23) 22 (18, 26) 0.146
Emotional well-being (EWB)
Median (IQR) 22 (20, 24) 22 (21, 23) 24 (22, 24) 0.009
Functional well-being (FWB)
Median (IQR) 19 (16, 23) 23 (17, 27) 26 (23, 28) < 0.001
Colorectal cancer (CCS)
Median (IQR) 21 (18, 24) 21 (19, 24) 23 (20, 26) 0.037
Total score
FACT-C (Total score = 0 - 136)
Median (IQR) 105 (98, 116) 112 (101, 121) 119 (109, 126) < 0.001
FACT-G (Total score = 0 - 108)
Median (IQR) 84 (79, 92) 90 (82, 97) 97 (90, 102) < 0.001
TOI (Total score = 0 - 84)
Median (IQR) 65 (59, 73) 70 (61, 78) 74 (70, 79) < 0.001
Note. * FACT-C = Functional Assessment of Cancer Therapy - Colorectal cancer, the sum score of all subscale domains

** FACT-G = Functional Assessment of Cancer Therapy - General (Health related general quality of life, assessment

for chronic illness), the sum score of all subscale domains except CCS
*** TO| = Trial outcome index, the sum score of the PWB and FWB from the FACT-G and the disease-specific

subscale item

was also distinction between cellular differen- half of patients with APR in 3D-CRT more than in
tiation type. Higher amount of poor differentia- 2D-RT. And for chemotherapy detail, the trend
tion and mucinous were found in 3D-CRT. of using capitabine was increased in 3D-CRT

Influenced by the poorer baselines in which might be convenient in daily life and
pathologic tissue in 3D-CRT, there were nearly a minimal in side effect, however, beyond the
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scope of this study. There were two previous
studies comparing 2D-RT and 3D-CRT in locally
advanced rectal cancer. Corner reported that
3D-CRT was superior to 2D-RT in terms of better
target coverage of the tumor volume and lessen
the volume of small intestine. Supported by
Cella 3D-CRT also improved target coverage of
the tumor without affecting normal tissue
complication probability for small intestine and
bladder.” Although 3D-CRT technique could in-
crease accuracy in treating field and decrease
normal tissue toxicity, it would also have an
influence on late radiation complications and
QoL.

Intestinal toxicity was the most frequent
complication and serious side effect following
radiotherapy in rectal cancer patients. It usually
occurred within the first 6-18 months after treat-
ment. Komori reported 13% of advanced rectal
cancer patients receiving post-operative radio-
therapy had experienced intestinal complication
as early as 2 to 3 months and 25% as late as 10
years."” The sequelae included diarrhea, ileus,
intestinal perforation, and pelvic inflammation.
However, pelvic small intestinal volumes and
radiation target volume were determined of late
small intestinal complication. Guckenberger
revealed that patients who underwent surgery
especially APR likely to develop small intestine
fixation but prone position and belly board used
during radiation may helped reduced volume of
small intestine in the treatment field."” Multiple
field treatment technique, even in 2D-RT that
reduced dose to small intestine which showed

benefit in reduced small intestine complication

rate to lesser than 5-10%.°"? However, in our
study, 2D-RT group showed less moderate late
intestine and bladder complications. We
assumed that it was an effect of time. The
median follow-up time of 2D-RT was 4.92 years
while only 2.18 years in 3D-CRT groups.

Quality of life (QoL) was an important factor
reflecting treatment outcome. In colorectal
cancer patients, intestine problems and stoma
had an impact on daily living. Diarrhea and
incontinence may interfere with family and social
life. To improve quality of life, we need to
facilitate post-radiation treatment adaptation.
Education, self-help group, behavioral therapy
such as anal training may help patients coped
with their changes.™”

According to Yoo’s study, FACT-C was a
valid disease specific tool responsible to change
in functional status over period of time. QoL
decreased during the first few months after
treatment while over 6 months period, it
recovered to baseline level.™ These supported
our outcome that regardless of radiation tech-
niques, FACT-C scoring may increase over the
period of time. Moreover, the number of patients
who had worsened baseline features as
mentioned above tended to receive higher
radiotherapy doses which might induce more
discomfort in daily life and bring lower QOL in
3D-CRT, which need further investigation to
clarify this suspicion. The high percentage of APR
rate in 3D-CRT increased the amount of patients
who had permanent colostomy which was not
habituated to them, thus result in reduction of

QOL point in 3D-CRT group in our study.
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There were some limitations in our study.
First, there were some differences in baseline
characteristics of both arms in which patients in
3D-CRT had poorer prognostic features. This
might make the 3D-CRT had the aggressive
treatment which could be followed by the more
severe complications and poorer quality of life.
Secondly, this study might illustrate the results
in different points of time compared between
both arms. To describe the reason, there was the
transition of 2D-RT to 3D-CRT technique from the
past to present time which would be better
if the author could further collect the data of
3D- CRT longer enough to compare them in the
same period. Third, there was a difference in
beam directions which might have influenced the
bowel complication. The radiotherapy treatment
planning system in the 3D-CRT era could adapt
the dose distribution to conform almost in target
organs and limit the dose constraints to normal
tissue. Owing to those reasons, some cases had
raised AP-beam direction and the increasing dose
treatment which might presume to increase the
bowel complications whereas the results of the
late bowel complication in this study were no

significant difference in both arms. Nevertheless,

Journal of Thai Association of Radiation Oncology
Vol. 27 No.2 July - December 2021

the colostomy dependent group showed the
trend of increasing grade 2 or more of late small/
large intestine complication in 3D-CRT (8 patients
(9.7%)) vs. 2D-RT (0 patient(0%)). In our opinion,
the benefit of the CT simulation in 3D-CRT had
more potential, although AP beam direction was
more frequently used in 3D CRT group. This
factor could be further studied to show the
resolution. Lastly, the limitation of results in
some cases of telephone interviews might affect
the quality of life’s evaluation. There might be
more accurate result by making the face-to-face

interview.

Conclusion

The 2D-RT was not inferior to 3D-CRT in term
of late bowel and bladder toxicities. There was
no significant difference in late intestine and
bladder complications between both radiation
techniques. As an effect of longer follow-up time,
2D-RT patients tended to have lesser moderate
intestine and bladder complications and
significant better Qol. We suggested that the
longer follow-up in 3D-CRT group would get
some further profitable outcomes about the

timing effect and other influential factors.
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USinausednthdslunusadinusseglnduuudnsdae
AAUAzIENIT: PANLUUYNIIARIUULBUNGIATY Shapr3D LLassTTugﬂﬁwLLcJuasﬂ“'iaﬂsumm 30x30x5
anuieiwuRiuns nelurudiasssenaudie Yeussygunsalaenldduininfiduuuduiuray
uHWinSdvlnansiTouatauas (Optically stimulated luminescence dosimeter; OSLD) way
Haunmlasiin wienanaszyiumia iunwjudiaesheiiesenvsdnesiiames fvuauunnw
nagouLaziwiuiIdniE Aoy 192 anwedesasnldansiusiunied Bvo Elekta Ju Flexitron
FoLATeIRBNTIADT1IUHUNNTINY Oncentra UssiliumumisduininsduazUTnnssdse
Haunmlasiinuazuiy OSLD Auafy
KansAne: fusaesiitugUmunuuiiiadeadivinty 149.86+3 89 HU eulinsnaeusiumis
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a1sFeuandauayMaunulasiin

Abstract

Backgrounds: Brachytherapy is a treatment method in which an encapsulated radioactive
source placed at short distance from the tumor to deliver the high radiation dose to the
target while sparing normal tissues. Due to its steep dose gradient, the lack of proper monitoring
system has led to treatment delivery errors. Therefore, the development of device for verifying
the dose delivery and the source positon accuracy is essential.

Objective: The main objective of this study was to develop a prototype phantom for dosimetric
measurement and source positioning check in **Ir high dose-rate (HDR) brachytherapy treatment.
Materials and Methods: The phantom size of 30x30x5 cm3 was designed on shapr3D application
and built from acrylic material. It was composed of a single channel for source placement via

needle applicator, 20 slots for holding the Optically stimulated luminescence dosimeter (OSLD),
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and a single slot for placing the film. The computed tomography of our phantom was acquired
and imported into the Oncentra treatment planning system (TPS). The test plan was created and
delivered into the phantom using the Flexitron HDR afterloader. The source dwell position and
calculate absorbed dose was investigated by the Gafchromic EBT3 film and nanoDots OSLD,
respectively.

Results: The phantom was rigid and simple enough to be used for dosimetric measurement with
OSLD and assessing the source dwell position with Gafchromic film. The average CT number of
the phantom was equal to 149.86+3.89 HU. The deviations of the source position were
observed to be within 1 mm. The average difference in point dose between the OSLD
measurement and TPS calculation was 4.40+2.51%.

Conclusion: Our phantom can be used as a routinely checking tool for assessing the source

position and the delivered dose in the quality control procedure of '

Ir brachytherapy unit.
Keywords: High dose rate brachytherapy/ Remote after-loading system/ Optically stimulated

luminescence dosimeter/ Gafchromic film
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Scanning Proton Therapy for Lung Cancer: A pilot study
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Abstract
Backgrounds: Pencil beam scanning (PBS) proton therapy has the capability of delivering
conformal dose to the target with a relatively low dose to normal tissues. Several studies have
shown the advantages of PBS for lung cancer treatment. However, respiratory motion causes the
interplay effect between organ motion and dynamic beam delivery.
Objective: To investigate the efficiency of gated PBS proton therapy for a lung cancer patient
with the target motion of larger than 10 mm for different gating windows (GWs) by considering
dosimetric parameters of organs at risk (OARs) and treatment time.
Materials and Methods: The four-dimensional computed tomography (4DCT) dataset of a
lung cancer patient with the target motion of 11.6 mm was used in this study. The internal
target motion was defined by deformable image registration of the GTV in each respiratory
phase to end-exhalation phase, while the external motion was defined by using the RPMTM
(Real-time-Position-Management) data. The relationship between external and internal motion
was investigated. The treatment plans for the different GWs with internal motion ranging from 2
mm to 11.6 mm were created using matRad, an open-source treatment planning system for
generic treatment machines. The dosimetric parameters for OARs from each plan were compared
using the ungated plan as the reference. The treatment time was evaluated based on published
data of Varian’s ProBeam.
Results: The treatment plans with the GWs of 10%-80%, 20%-70%, 30%-70% and 40%-60%
resulted in the reduction of Dmean in the heart by 1.43-14.29% and the reduction of Dmean in
the lung by 2.25-8.84%, while the treatment time ranged from 103.5-253.0 s, respectively. In this
case, the GW of 30%-70% was found to be most optimized as dose in the heart and lung
decreased by up to 4.6% compared to those of the 20%-70% GW and increased by up to 3.0%
compared to those of the 40%-60% GW. However, the treatment time when using the 30%-70%
GW was 24 s longer than using the 20%-70% GW but 95 s shorter than using 40%-60% GW.
Conclusion: Respiratory gating led to a reduction of the target volume and dose in surrounding
normal tissues. A trade-off between the increased dose in the OARs and the shorter treatment
time needed to be justified for determination of the optimal gating window.
Keywords: Proton therapy, respiratory gating, pencil beam scanning, gating window, treatment

time
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Introduction

Proton therapy (PT) has become of increasing
interest because of the finite range of proton
beams, resulting in decreased dose to surround-
ing normal tissues compared to photon therapy.
The most advanced delivery technique in PT is
the pencil beam scanning (PBS) technique, which

has better capability of delivering conformal dose

Journal of Thai Association of Radiation Oncology
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to the target with a relatively low dose to normal
tissues compared to the passive scattering
technique'. Several studies have shown the
advantage of PBS for lung cancer treatment in
term of sparing the nearby healthy organs such

3 However, the main

as the lung and heart
challenge of the treatment in the chest region is

the moving target, especially the movement due



to the respiratory system. The misplacement of
spots due to respiratory tumor motion during
dynamic beam delivery with PBS, the so-called

72 can result in severe under-

“interplay effect
dosing in the target and overdosing in surround-
ing normal tissues and, thus, reducing the effec-
tiveness of the treatment'®. Many mitigation
techniques have been proposed to reduce the
interplay effect such as breath-hold, abdominal
compression, rescanning and gating techniques.
In general, rescanning and gating techniques
allow the patient to breathe freely during the
treatment with more patient comfort compared
to breath-hold and abdominal compression
techniques. In the past decade, several research
groups have demonstrated that the rescanning
technique can potentially reduce the interplay
effect™ but it is still a challenge in the target with
a large motion®'?. To overcome this obstacle,
the combination of rescanning and gating is a
promising approach leading to a reduction of the
target volume, namely, the internal target
volume (ITV)" **. However, the optimal gating
window (GW) to be combined with the rescanning
technique is still unclear due to the trade-off
between normal tissue sparing and the treatment
time.

The objective of this pilot work was to
investigate the efficiency of choosing different
GWs for treating a lung cancer patient with a
target motion of larger than 10 mm using PBS
proton therapy in terms of dosimetry for organs
at risk (OARs) and treatment time. The GW
was defined using the relationship between

external and internal motion based on a four-

dimensional computed tomography (4DCT)
dataset. The treatment plans were created with
various GWs and then the dosimetric parameters
and the treatment time were investigated for

each scenario.

Materials and methods
A. Patient and image dataset

A lung cancer patient treated with photon
beam at Department of Radiation Oncology,
Chulabhorn Hospital was used in this retrospec-
tive study. Ethical approval for this study was
obtained from Human Research Ethics Commit-
tee, Chulabhorn Research Institute (Project Code:
114/2563). The patient was diagnosed with stage
I (T3AN3MO) lung adenocarcinoma at the lower
lobe of the left lung. The patient had the tumor
motion with the magnitude of 11.6 mm. The
patient information was acquired using the
16-slice Brilliance CT Big Bore 4DCT scanner
(Philips Healthcare, Cleveland, OH) integrated
with the Real-time Position Management
(RPM™) (Varian Medical Systems, Palo Alto, CA)
with the scanning protocol described in Table 1.
The patient’s respiratory pattern from the RPM
is shown in Figure 1. After the data acquisition,
image post-processing was performed to recon-
struct the 4DCT images in 10 respiratory phases

using the phase-based sorting.

B. Delineation of target volumes and OARs
In this study, the average intensity projection

(AIP) images of the 4DCT image dataset were used

for ungated and gated treatment plans. For a

gated plan, the 4DCT images within a selected
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Table 1 The scanning parameters used in the 4DCT image acquisition.

Parameters Value
Slice thickness (mm) 3
Increment (mm) -3
Voltage (kV) 120
Current (mAs/Slice) 400
Pitch 0.079
Rotation time (s) 0.5
Field of view (mm) 500

Reconstruction filter

Standard (B)

Amplitude (mm)

Riill

0 20 40 60

Time (s)

Figure 1 The patient’s respiratory pattern with end exhalation as the reference.
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GW were used to create the AIP images specific
to that GW. For each GW, the target was
delineated by a single expert radiation oncologist.
The clinical target volume (CTV) was created by
extending the gross target volume (GTV) with the

2 while the internal clinical

margin of 8 mm'
target volume (iCTV) was created to encompass
the CTVs in selected phases and then the

planning target volume (PTV) was obtained by

of the GTV that covered the selected respiratory
phases. In this study, the internal motion of the
GTV was related to the RPM signal, which was
used to identify the respiratory phases. The
external motion was defined as the amplitude
of the RPM signal taken for all phases during the
image acquisition from the surrogate box placed
on the xiphoid position and moving in the

anterior-posterior direction. The internal target

Figure 2 Illustration of iCTV and PTV generation for each gating window.

adding the geometrical margin of 5 mm to the
iCTV. Figure 2 illustrates of how iCTV and PTV
were generated for each GW. The OARs from the
initial photon plan, including esophasus, heart,
lung and spinal cord, were transferred by using
deformable registration and reviewed by the
radiation oncologist. These OAR contours were
used for all GWs.

C. Gating window selection

The GW corresponded to the internal motion

motion was obtained by deforming the GTV in
each phase to the end-exhalation phase (50%)
using the deformable image registration algorithm
of RayStation version 8B (RaySearch, Stockholm,
Sweden). The internal motion was defined as the
distance in a three-dimensional space between
the centroid of the deformed GTV at a specific
phase to that of the non-deformed GTV at 50%
phase. The relationship between the internal
target motion and the external surface motion

was calculated using the linear regression fit.
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D. Treatment planning

The PBS proton therapy plans were created
with matRad™", an open-source multi-modality
radiation treatment planning system based on
generic treatment machines. In the database of
matRad, the therapeutic proton beam energies
range from 31.7 MeV to 236.1 MeV. The isocenter
of the treatment beam was automatically placed
at the center of the GTV. The spot size available
in the generic machine dataset of matRad was 5
mm. Two beams were applied with the gantry

angles of 80° and 170°. In this study, the spot

151 35 shown in Table

criteria for normal tissue!
2.

The treatment plans from matRad provided
the weight, or the number of protons, for each
PBS spot. The energies of protons required for
the treatment plan calculated in this study were
from 52.2 to 135.1 MeV. Since matRad was
developed for a generic machine, the conversion
from spot weights to monitor units (MU) was
assumedly taken from the machine-specific
beam data of ProBeam (Varian Medical Systems,

Palo Alto, CA), which are available for 70-240 MeV

Table 2 The OAR dose constraints following the clinically used guideline at Chulabhorn Hospital

[15, 16]

modified from dosimetric compliance criteria for normal tissue .

Organs Dose constraints
Esophagus D . <34Gy No hot spot
Heart Dmean < 26 Gy DSO% < 30 Gy D%% < 30 Gy
Each lung D <20Gy V. < 65% V. <30%
mean 5Gy 20Gy
Spinal cord D, <45Gy

spacing was set to 4 mm. The PTV was prescribed
with the relative biological effectiveness
(RBE)-weighted dose of 60 Gy(RBE) in 20 fractions.
The control condition was that D, of the PTV
was equal to 95% of the prescribed dose,
namely, 57 Gy(RBE). The treatment planning was
based on the squared dose deviation objective
for the target and the OAR dose constraints were
set following the clinical guideline at Chulabhorn

Hospital modified by dosimetric compliance
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proton energies"”. For protons with energies
lower than 70 MeV, the conversion factors were
extrapolated with the spline function in MATLAB.
According to Poulsen et al™?, the minimum MU
(!\/\Um_m) of ProBeam was 1.1. In this work, the
spots with the MUs less than 1.1 were removed
from the treatment plans. The numbers of spots
before and after spot elimination for each plan

are shown in Table 3.



Table 3 The number of scanning spots in the original plans and the new plan after eliminating spots

with MU lower than 1.1.

Number of scanning spots

Treatment
Original plans New plans
plans (GWs)
80° 170° Total 80° 170° Total
Ungated 2657 2703 5360 1642 1695 3337
10% - 80% 2400 2419 4819 1545 1607 3152
20% - 70% 2184 2218 4402 1305 1423 2728
30% - 70% 2136 2168 4304 1378 1443 2821
40% - 60% 1950 1985 3935 1295 1340 2635
Therefore, to be able to compare the treat- specific to each GW. The following dosimetric
ment plans for the different GWs, each plan was parameters were compared between the treat-
normalized so that D, of the PTV was equal to ment plans with different GWs by using the
57 Gy(RBE) (D = 95%). Figure 3 shows the dose ungated treatment plan as the reference: D
distribution and beam orientation of each treat- for esophagus, heart and lung; D, for spinal cord;
ment plan on the AIP image of the 4DCT dataset and \/SGy and V2OGy for lung.

(a) (b) (©)

(d) (e)

Figure 3 Dose distributions (Gy(RBE)) and beam orientation (80° and 170°) on the average intensity
projection images of the 4DCT datasets of the ungated and gated plans: (a) ungated, (b) 10% - 80% GW,
(€) 20% - 70% GW, (d) 30% - 70% GW, and (e) 40% - 60% GW.
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E. Treatment time evaluation

To calculate the treatment time for the
ungated treatment plan, published information
related to the beam delivery time of a ProBeam
machine was used. Following Poulsen et al"®,
three parameters consisting of energy switching
time (t ), waitingtime (t _)and beam-on time

(t ) were required for the determination of

beam-on

the ungated treatment time as follows

l

ungated -

l

switch

t rwait t tbeam-on 1

The detail of equation (1) is given in the Appendix.

For the gated treatment plans, the patient’s
breathing cycle period from the RPM signal with
34 cycles was averaged to 3.4 s/cycle. This
patient’s breathing cycle was divided equally into
10 respiratory phases with 0.34 s/phase.
The breathing cycle period and the ungated
treatment time were used to predict the number
of breathing cycles required for completing the
treatment and to calculate the total treatment
time with the gating technique for the different
GWs (tgated,GW), as follows

Lungated Lungated
lgaed GW = x3.4s/cycle | - | #gy - mod surplus 2)
low lGw

where tGW is the time duration of the GW

calculated by

tow=Ngw % 0.34 s/phase (3)

N, s the number of phases in the GW per

breathing cycle. The function [—”“] in equation

fow
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(2) yields the ceiling of the division, obtained by
rounding up the division to the nearest integer,
with the value of this function corresponding to
the number of required breathing cycles for the
beam delivery. The function “mod” is the
modulo function, giving the remainder of the
division. l‘swpw5 is the time difference between
the end of the breathing cycle and the end of
the GW. It is to note that for simplicity it was

assumed that the beam delivery always started

at the beginning of the GW.

Results

Figure 4 shows the linear relationship
between the internal target motion and the
external surface motion with the coefficient of
determination (R?) from the linear regression
fit of 0.9731. This means that in this case the
external motion could be used to identify the
respiratory motion of the target.

Table 4 shows the relationship of internal
motions, external motions and coverages of
respiratory phases for the investigated case. In
this study, five values of the tumor motions
ranging from <1.4 to <11.6 mm were manually
selected for the investigation, corresponding to
the external motions ranging from <0.4 to
<4.0 mm, and the GWs of 40% - 60%, 30% - 70%,
20% - 70%, 10% - 80% and 10%-90% (ungated),
respectively.

Table 5 shows the PTV volumes for the
selected GWs. The PTV volume increased as the
GW was increased. The treatment plans for all
investigated GWs passed the criteria of dose

constraints as listed in Table 2. Table 6 gives the
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Figure 4 The relationship between external and internal motions used for gating window selection

in the investigated case. The symbols are the measured data and the line is the fitted linear curve.

The vertical dashed lines represent the respiratory phases of this patient.

resulting dosimetric parameters of the PTV and
OARs for all treatment plans and Figure 5
illustrates the percentage differences of the
dosimetric parameters of the OARs for the
different GWs relative to the ungated plan. From
Figure 5 it was found that the dosimetric
parameters for these OARs were reduced with

the narrower GW except for the esophasus, for

which Do for the 40%-60% GW was about 10%
higher than that for the 30%-70% GW. The re-
duced GW resulted in dose reduction in the OARs
by up to 14.3% for D__in the heart, 8.8% for
D _.in the left lung, 8.8% for Dmean in the total
lung, 5.5% for VSGy in the left lung, 5.5% for VSGy
in the total lung, 7.6% for V2OGy in the left lung,
and 7.7% for VzoGy in the total lung.

Table 4 The relationship of internal motions, external motions and coverages of respiratory phases for

the investigated case.

Internal motion (mm)

External motion (mm)

Gating window (Respiratory phase coverage)

<14 <0.4
<28 <1.0
<4.5 <1.7
<7.8 <26

<11.6 (Ungated) <4.0 (Ungated)

40% - 60%
30% - 70%
20% - 70%
10% - 80%
0% - 90%

Journal of Thai Association of Radiation Oncology
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Table 5 PTV volume and treatment time for the different gating windows.

Gating window PTV volume (cm?) Treatment time (s)
Ungated 216.1 89.5
10%-80% 200.4 103.5
20%-70% 186.8 133.8
30%-70% 181.8 158.2
40%-60% 170.0 253.0

] GW 10%-80% GW 20%-70% [l GW 30%-70%  [I] GW 40%-60%

Esophagus (D,

Spinal cord (D)
ke

{ Heart (D)
)

§ Total lung (V)
L]

{ Total lung (V)
L

{ Total lung (D,,..)
L.}

{ Left lung (V)

-
| Left lung (V)

=
§ Leftlung (D)

-100 -90 -80 =70 -60 -50

-40 -30 -20 -10 0

Percentage difference (compared with the ungated plan)

Figure 5 Percentage differences of b Db

and D
% me:

. for esophagus, spinal cord and heart. V.,V

Gy’ 20Gy

and Dmean for the total lung and the left lung compared to the ungated treatment plan, respectively.

The percentage differences were calculated from (DpLan- D )/ D x100.

Table 5 shows the total treatment time
for each GW. It was found that the treatment
time increased as the GW was decreased.

The percentage differences of the treatment

Journal of Thai Association of Radiation Oncology
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ungated plan ungated plan

time using the ungated plan as the reference
were 15.6%, 49.5%, 76.8%, and 182.7% for the
10%-80%, 20%-70%, 30%-70% and 40%-60%
GWs, respectively.



Table 6 Dosimetric parameters of the PTV and OARs for each treatment plan. These values were round-

ed to 2 decimal places.

Dosimetric parameters

Gating window

(Gy(RBE) or % volume) Ungated  10% - 80% 20% - 70% 30% - 70% 40% - 60%
PTV D,,.. 57 57 57 57 57
Esophagus . 4.66x10" 2.84x107 1.50x10" 6.07x10® 1.19x1%"

Spinal cord D 0.79 0.79 0.77 0.71 0.55
Heart . 0.14 0.14 0.13 0.12 0.12
. 0 0 0 0 0
Total lung . 7.06 6.90 6.65 6.63 6.44
- 14.90% 14.67% 14.36% 14.28% 14.08%
oy 13.19% 12.91% 12.54% 12.42% 12.18%
Left lung o 16.42 16.05 15.46 15.41 14.97
- 34.67% 34.13% 33.40% 33.23% 32.76%
30.67% 30.03% 29.17% 28.90% 28.33%

20Gy

°Each plan was normalized so that D of the PTV was equal to 57 Gy(RBE) (D, = 95%).

Discussion

In general, the narrower GW yielded smaller
treated volumes. Similarly, the study of Jang et
al."” showed that the ITV reduction and
smaller D__in the normal lung could be
achieved by gated photon therapy. In this work,
some exceptions were observed in the investi-
gated case. From Figure 5, it can be seen that
esophasus received about 10% higher dose for
the GW of 40%-60% compared to the 30%-70%

GW. However, esophagus dose was very low, i.e.

Journal of Thai Association of Radiation Oncology

the absolute dose was 6.1x10° Gy(RBE) for
the 30%-70% GW and 1.2x107 Gy(RBE) for the
40%-60% GW, and, in this case, not clinically
relevant. Therefore, the difference in esophagus
doses made no contribution to the selection of
the optimal GW.

In this study, the GW of 30%-70% was found
to be most optimized for the following reasons.
By using the 30%-70% GW, the dosimetric
parameters in the heart and lung were reduced

by up to 4.6% compared to those of the

R
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20%-70% GW and increased by up to 3.0%
compared to those of the 40%-60% GW. In
addition, the treatment time when using the
30%-70% GW was 24 s longer than using the
20%-70% GW but 95 s shorter than using
40%-60% GW. In this case, a trade-off between
the increased dose in the OARs and the shorter
treatment time for the 30%-70% GW compared
with the 40%-60% GW needed to be justified.
Since all treatment plans actually passed the
criteria of dose constraints for the OARs, but the
longer treatment time would cause more patient
movement. Therefore, the optimal GW in this
case was chosen to be 30%-70%, which
corresponded to <2.8 mm internal motion.
Some limitations of the present work should
be noted. First, this study included only one
patient due to the limited number of available
cases that underwent 4DCT image acquisition and
showed a large tumor motion (210 mm).
The correlation of external and internal motion
could be different in other cases. However, the
strong linear relationship of external and internal
motion shown in this study agreed with the
result of Zhang et al® and Liu et al”*". Second,
since matRad was developed based on generic
treatment machines, the evaluation of MUs
and treatment time could only be done by
employing available machine-specific data such
as those obtained from the literature for the
ProBeam machine"®. The actual treatment time
with ProBeam for the same scenarios could be
different from those reported here especially
when using different optimizers. However, the

trend of the treatment time with the GW

Journal of Thai Association of Radiation Oncology
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obtained in this work should comply with actual
situations. It is to note that a combination of
rescanning and gating has been proposed for
treatment of moving targets. In that case, the
treatment time could be increased by. 2-3
times with layered rescanning and more than 8
times with volumetric rescanning compared to
gating without rescanning®. Lastly, it was not
possible to set the minimum MU during the
optimization process in matRad. Therefore,
manual subtraction of spots with the MU less
than a specified cut-off value (in this case, 1.1
MU) was carried out. If the treatment planning
system could consider the minimum MU, the
treatment plan could be different than those
obtained here. Nevertheless, we have confirmed
that after removing the low MU spots and
normalizing D\, of the PTV to 95% of the
prescribed dose (57 Gy(RBE)), the target dose
coverage and the dose constraints at OARs could
still be achieved. Therefore, the removal of low
MU spots as done in this study was acceptable.

In this study, the open-source treatment
planning toolkit matRad was used for calculating
the proton dose distribution. MatRad uses the
pencil beam algorithm for dose calculation and
has been validated against the clinically used

14]

Syngo RT Planning™. The limitation of the pencil
beam algorithm for heterogeneous lung tissues
are well known and a Monte Carlo dose engine
should be used for the clinical treatment
planning of lung cancer®. However, in this work
we focused on the effect of the different gating
windows on OAR doses and treatment time in a

comparative manner. Therefore, the choice of



the dose calculation algorithm should not affect

the overall validity of the conclusions.

Conclusion

This paper describes a pilot study to investi-
gate the influence of the gating window on
dosimetric parameters and treatment time in
PBS proton therapy for lung cancer with a large
target motion (210 mm). The gating technique
reduced the target volume, meaning that normal
tissues received smaller dose with the smaller
gating window. Conversely, by reducing the
gating window, the beam-on time in a breathing
cycle was decreased and subsequently the
treatment time was increased. The selection of
the gating window should be optimized between
sparing normal tissues and reasonable treatment
time. In this case, the optimal gating window was
found to be 30%-70%. The result of this work
will be used in the study of the efficiency of the
combined gating and rescanning technique in PBS

proton therapy for lung cancer.
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Appendix

Following Poulsen et al"?, the ungated treat-
ment time was calculated with equation (1),
depending on energy switching time (tswm)’
waiting time (¢ ) and beam-on time (¢, ). 1In
this study, t_ was set to 0.9 s twait is the

time duration used for changing the scanning

spot. If the distance between two consecutive
spots was 10 mm or more than 10 mm (d, ),
the beam was assumed to be turned off before

going to the next spot™®. t . was defined as

0, if Ax < A preshoia a0 Ay < dypreshoia (A1)
lyit = Ax Ay
wai max lO,x+ —, [O,y+ — , otherwise
v,

X vy

tO,x and tO,y are the values of delayed time in
the x-axis and the y-axis, corresponding to 2.85
and 3.52 ms, respectively™®. The scanning speed
in the x-axis (vX) and the y-axis (vy) were set to
6.92 and 32.1 mm/ms, respectively“a]. “Ax” and
“Ay” are the distances between spots in x-axis
and y-axis, respectively. Originally, the spot spac-
ing was set to 4 mm, requiring no waiting time.
However, since the spots with the MUs lower
than 1.1 were removed from the plans, the
distances between some consecutive spots
were larger than 10 mm.

seomon 1S the time duration for delivering the
dose to each spot until achieving the MU

required by the treatment plan, defined as

tmin
tbea.m—on = MU"* (A 2)
MUmin_layer

1.94 ms, if MUy, o™ MU,,,, (A 3)
{ 1.62 ms, if MU, = MU,,, and energy > 149 MeV

‘min_layer =

2.13 ms, if MU, jpyee = MU,,;, and energy < 149 MeV

where MU is the monitor unit of the scanning

spot, MU is the lowest MU in the same

in_layer

energy layer and t s the shortest beam-on time

in the same energy layer given by equation (A 3).
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Inguszasa: Anwvinisldaunsalinantivies (Abdominal Compression: AC) Taufumaiansmelaid
ansgauliunans (Moderate deep inspiration breath hold: mDIBH+AC) lunsanessdugiSaanuugne
Tnofinguszasdndnifoyssiliumafiuszogmeesilatunimsisenideld mDIBH+AC wioumay
duiusveauermdgamamelafuszegisesiilatuatmeen uazinguszasdseaileussiiiuuima
Feaiviala uaz LAD 1950 mufssvevnaneladudanduaumeladng

Faquazasnis: AnvilugtheuzFaduudie 11 910 Inedaesmsmesdmendesenuisdaeuiinmnes
waztunindayaaunismelame Anzai Belt anugntoyane veladasy (Free Breath: FB), melawinan
zjmt.t.é’anéguawwhﬁw (Deep inspiration breath hold: DIBH) wagelananszauuiunassiuiuly
gUnsainantivies (mDIBH+AC) MniiinzvdeyadyamnsvmelademadayiFemsuaosuuda
vhmeneideyaintussezvinwesiilafuntmesen, weuwdganmsmele uazUnassdnla
uaz LAD 143U mnusumsanesdnuiusiouiisussaznandumelasswing DIBH U mDIBH+AC
HansANY: Aadeszazvinwesialafunimsasenilan 0.46 + 0.22,0.99 + 0.57 wag 0.97+ 0.54 ¥,
dwsu FB, DIBH wag mDIBH+AC mua1diu wupsduiusseninsueundganismelafussegvinawes
wlatuntmrsendudauinsyiuuiunanegeiidedWaymeeda daduussavsanduius Pearson
WU 0.623 Uena Nl MDIBH+AC Wilewisufu FB annsoand Dmean, Dmax, V20Gy uay V3OGy17i
vla a4 5.40%, 5.39 %, 23.02% uag 28.14% AUEIRU Lazanel Dmean, Dmax Wag D2% 71 LAD a4
13.77% , 6.59% waw 7.16% nudiu uazithednlnyfsvesnandusumeladaiemeaiin mDIBH+AC
wuniunadia DIBH Aolfisann 28.52+6.54 3undl iy 31.138.35 3unfi (p=0.122)

faagu: nsldf AC Tuszavsnmlunsiiiuszogisenialafuntmssen ufaaiinasdnilaas
LAD 1#5u lewfisusu FB wenanil AC Ssaelsinisvin mDIBH Sszduiinsiisstu

AdAty: nsmegladhanseaudiunany, sseevinsvewinlaiuntdmsisen, weundganismela, aunsal
nANNYI9Y

Abstract
Backgrounds: In radiotherapy for left sided breast cancer, the radiation dose to the heart and
left anterior descending artery (LAD) are major concerns. There have been attempts to develop
an effective and reproducible radiotherapy technique in order to minimize dose to the organ at
risk.
Objectives: To investigate the use of the Abdominal Compression (AC) with moderate deep

inspiration breath hold technique (mDIBH+AC) in left side breast cancer radiotherapy.
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The primary objective was to evaluate an increasing of the heart to chest wall distance by using
mDIBH+AC along with the relationship between respiratory amplitude and the heart to chest wall
distance. The secondary objective was to assess the radiation doses delivered to the heart and
LAD and duration for breath hold technique.

Materials and methods: Eleven patients with left sided breast cancer were enrolled in our studly.
CT simulation was undergone and recorded respiratory signal with Anzai Belt system in 3 data
sets: Free breath (FB), Deep inspiration breath hold (DIBH) and moderate deep inspiration breath
hold with abdominal compression (mDIBH+AC). Respiratory signal was analyzed with Fourier
Transform technique. Then, the heart to chest wall distance, the respiratory amplitude and radi-
ation doses of the heart and LAD from the radiation treatment plans were evaluated. The time
of breath hold was also compared between DIBH and mDIBH+AC.

Results: The average heart to chest wall distances were 0.46 + 0.22, 0.99 + 0.57 and 0.97+ 0.54
cm for FB, DIBH and mDIBH+AC, respectively. We found a moderate positive correlation between
respiratory amplitude and the heart to chest wall distance with a statistically significant Pearson
correlation coefficient of 0.623. Using mDIBH+AC reduced Dmean, Dmax,V20Gy and V30Gy of the
heart by 5.40%, 5.39%, 23.02% and 28.149%, respectively, and Dmean, Dmax and D2% on LAD by
13.77%, 6.59% and 7.16%, respectively when compared with FB. Moreover, the duration of breath
hold in MDIBH+AC was longer than DIBH in most patients, increased from 28.52+6.54 sec to
31.13+8.35 sec (p=0.122).

Conclusions: Using of AC is effective to increase the heart to chest wall distance including re-
ducing radiation dose to the heart and LAD compared with FB. Moreover, AC showed improving
stability of mDIBH.

Key words: Moderate deep inspiration breath hold, Heart to chest wall distance, Respiratory

amplitude, Abdominal Compression
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Abstract
Background: Causes of treatment break or incomplete radiation therapy should be analysed to
prevent premature discontinuation of palliative radiotherapy.
Objective: This study aimed to analyze the frequency and causes of premature discontinuation
of palliative radiotherapy at King Chulalongkorn Memorial Hospital.
Materials and Methods: This is a retrospective cohort study in patients underwent palliative
radiation therapy between September 2020 and December 2020.
Result: A total of 297 patients underwent palliative radiation therapy was included. Two hundred
and seventy-five patients (92.6%) completed radiation course, 238 of these patients (80.1%) had
completed radiation without treatment break, while 37 patients (12.5%) had temporary treatment
break. The most common causes of treatment break included acute side effects and personal
reasons. Twenty-two patients (7.4%) did not finish their radiation courses: 2.0% did not start
treatment after simulation, 1.3% had near completion, 1.3% had partial completion and 2.7%
received less than half of their radiation course. The common reasons for not completed

radiation course were death between radiation treatment period and patients’ refusal.
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Conclusion: Most patients completed their palliative radiation treatment courses. A fraction of

patients could not complete their radiation courses or had temporary treatment break.

The causes identified by this study may help preventing unnecessary discontinuation of palliative

radiation therapy.

Keywords: Cancer, Radiotherapy, Palliative, Premature discontinuation
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Comparison of set-up error for prostate cancer patients among three

immobilization devices in Intensity modulated radiation therapy
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Abstract

Background: Immobilization device is critical for providing the accuracy of prostate cancer
treatment with intensity-modulated radiation therapy (IMRT) techniques. However, the position-
ing accuracy may depend on the type of immobilization devices.

Objective: The objective of this study was to compare the set-up error of prostate cancer patients
among 3 immobilization devices consisting of group 1 (Pillow+Knee), group 2 (Pillow+Pelvis
Mask+Foot) and group 3 (Pillow+Vac Lock+Knee).

Materials and methods: Twenty-five prostate cancer patients treated with the IMRT technique
were enrolled in this study. The sample sizes were 5, 10, and 10 for immobilizations device group
1, group 2, and group 3, respectively. The treatment verifications were performed for each patient
on the first three days followed by weekly by comparing electronic portal imaging device (EPID)

and digitally reconstructed radiographs (DRRs) images, and data were retrospectively collected.
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In addition, set-up errors in the three immobilization groups were compared in the

superior-inferior, left-right, and anterior-posterior directions.

Results: The median set-up errors of 3 immobilization groups in left-right and anterior-posterior

directions were less than 0.10 cm. There was no statistical difference among 3 groups of immo-

bilization (p-value > 0.05). However, in the superior-inferior direction, a statistical difference

(p-value < 0.001) was observed. The median set-up errors were -0.2+0.3, 0.1+0.4 and 0+0.2 cm

for group 1, group 2 and group 3, respectively.

Conclusion: The difference of set-up error among three immobilization devices was found only

in the superior-inferior direction. Moreover, group 3 is the most reproducible immobilization,

followed by group 2 and group 1, respectively.

Keywords: Immobilization, Prostate cancer, Set-up error
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VNDUTDIATWEIINUTEN Klarity Ju R504 (Klarity
medical product, Newark, OH, USA) LLaquﬂifﬁ
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medical product, Newark, OH, USA) alvitUae
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3. N13AT93FAUNNTIAYEUIBNaUNITINEN
(Patient setup Verification)
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2 3R W1USTUU Mosaiq (Elekta, Crawley, UK)) wail
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AYULANANTISUMLITBIN SN Sed TiUSeudiou
5¥%31907N DRRs waznmiildainszuu EPID
TneszUU Mosaiq 9xiinsAuimmuaaIaaiou
Yowhumlsifnisudeuudadly Tu 3 favns Toun
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yoepupanndeuluuAses-1Wn Lateral #3o
Left-Right Ao firn1svesauaainnioulunin
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NsIUIEULBUAIW EPID AU DRRs N1USZUU
Mosaiq vie39u 2.64 wuueeulatl uandennd 2
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21U 911U 2 Yu NsEUNANALMLYRINTEAN
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(Sacro-iliac joints: SIJ) ns¥QnduUNAIdIULDY
(Lumbar vertebrae) suauuumz@m%dﬂim (Iliac
crests) Y0an1uUNtINTEANGUTINT U (Obturator
foramen) ns¥ANTINUI (Pubic bone) Yunszgn
SalAeu (Ischial tuberosities)” wasSsdunneyinnis
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Qﬂ?ﬁlﬂ%ﬂﬁﬂlﬂ

4. nMsAATzvidaya

TalUsnsa SPSS (Statistical Package for Social
Sciences) ba39u 9.0 wazlilasvonyi ondiwa 2010
1umﬁmeﬁ%’agammmwmmmLﬂﬁ@iﬁﬂﬂﬂﬂﬂ%’
gUnsaiBanTeUaniia 3 ngu detoyavesan
ﬂ’nmamﬂ?iauﬁquwﬁ’agaﬁgn 3 NAUTNITHIMAN
wuuldund gadeyardudaseroiu wazainy
wlsusuvesyateyaliwiniu Iddatifuveunisn
wn3n (Nonparametric statistics) Aa8A158g1U
(Median) dfiuiideveinialng (Inter quartile range:
IQR) lngldnisnadsunuuaagana-1oadd (Krus-
kal-Wallis test) fisgfuaanuosiu 95% (p-value <
0.05)
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Kruskal-Wallis Test

Pairwise comparision (p-value)

e (p-value) nguil 1 vs nguil 2 ngudl 1 vs nguil 3 nguil 2 vs nguil 3
Longitidinal 0.001* 0.001* 0.016* 0.010*

Lateral 0.901 - -

Vertical 0.155 = =

* FAULANFINEDR (p-value < 0.05)
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YDULIAEINTU PTV-IR = CTV (Prostate+Seminal
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posterior margin) kaz PTV-HR = CTV (Prostate) +
0.8 WS lunnfiAnig (0.5 wuhwns dmsu
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nsthaunsalganienld 2 wdialdun Vacuum Bag Cushion (VBC) uag Feet Fix (FF) n1sidenldaunsal
Agasdimnzauiudnuiliadvddyiaztisananuamandeulunisdnvingiaele
Faguszasd: Wsuifisumeunanandeulunsdavingthsansssdusanisligunsal VBC wag FF uaz
AUIUNVDUIATBINITINUHUNITINY (Planning Target Volume margin: PTV margin) ﬁL‘lﬂmxaﬂu
nsldaunsalansausazyiin dmsumsaneSduTnagudngy
Famuazisns: lunmsfnwiliutoyadiheusndeianesduinagadngu Weunsailands VBC uas FF
favua 53 au asvdeuATIAMIAlAAouTstherounsatesilaensUssduannisaienmlulnun
KV-KV imaging warUseifiumeanueainndenlu 3 §u fe Vertical (VRT), Longitudinal (LONG), wae
Lateral (LAT) Jinsngitoyanadia snduthdeyarmiusaandoudildluduanm systematic error,
random error LLaguaulun PTV margin
wansAne: fthenzifauinugadansuiliaunsaifianauu VBC Saruranandoulunsdnmn
Tagsam (Total Vector Error: TVE) fie 0.51 o3, Wazwedgunsal FF Ae 0.57 . WeTiasizsinaiuien
\eumsadinuimanuranedeulumssaiitielagligunsaifanss 2 alied liflwuanssetng
fdydndny A PTV margin ¢y VRT, LONG uaz LAT vesgunsaifan3auwuu VBC dA1 0.53, 0.75 uag
0.97 ay. guUnsal FF 1 0.51, 0.69 Uag 1.12 9. Mudwiy
Fasgu: msdavindthensSiuinadadnausensWunsaiBaneian 2 vlia fo VBC uay FF 1
wuiAnmnaaedelunsdavindiagbifanuunndsegadidedy wazdlessudiousus 3
Fau fu LAT vesitleildigunsaiBanieis 2 gunsal fdvauan PTV wniian

o o w o P

ANEATY: VOUANITINUNUN TSN, AuAaImnRaulunsiavi, aunsalans

Abstract

Background: In pelvic external beam radiotherapy, patient immobilization has an important role
in maintaining patient’s position during the course of treatment. This study compares positioning
method of two immobilization devices between Vacuum Bag Cushion (VBC) and Feet Fix (FF) at
Ramathibodi Hospital. The choice of an appropriate immobilization would lead to reduce setup
uncertainties.

Objectives: The aim of this study was to quantify the setup uncertainties and to determine PTV
margin in the pelvic radiation therapy of the two different immobilization devices: VBC and FF.
Materials and methods: Fifty-three patients were included and divided into two groups based
on using immobilization devices (VBC vs FF). The setup uncertainties were determined using the

kV-kV imaging by matching between acquired image and reference DRRs image. The displacement
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in each direction: Vertical (VRT), Longitudinal (LONG), and Lateral (LAT) were recorded. The Total

Vector Error (TVE), Systematic error, Random error and Planning Target Volume (PTV) margin were

calculated and statistically analyzed for both devices.
Results: The TVE of the VBC group was 0.51 cm, and the FF was 0.57 cm. The differences were

not statistically significant between the two devices. The PTV margins in VRT, LONG, and LAT were
0.53, 0.75, and 0.97 cm, respectively, for VBC device while those of FF device were 0.51, 0.69 and

1.12 cm, respectively.

Conclusion: The setup uncertainties evaluated from displacement in each direction for VBC and

FF were in the same magnitude in pelvic external beam radiotherapy. The setup variation was

found to be largest in the lateral direction. The PTV margin should be applied according to each

immobilization system.

Keywords: PTV margin, Setup uncertainty, Immobilization device
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FF -0.06 (0.14) -0.10 (0.19) 0.05 (0.34) 0.57
p-value 0.10 0.27 0.52 0.37

A5 3 waneA systematic error maaqﬂﬂmi Vacuum Bag Cushion (VBC) way Feet Fix (FF)

Systematic error (SE) VRT (cm) LONG (cm) LAT (cm)
VBC 0.13 0.22 0.29
FF 0.14 0.19 0.34

15199 4 uansA random error ¥839Unsal Vacuum Bag Cushion (VBC) uae Feet Fix (FF)

Random error (RE) VRT (cm) LONG (cm) LAT (cm)
VBC 0.27 0.27 0.36
FF 0.22 0.29 0.39

M5197l 5 uanarnvouls PTV dwiunisldgunsal Vacuum Bag Cushion (VBC) waw Feet Fix (FF)

Immobilize VRT (cm) LONG (cm) LAT (cm)
VBC 0.53 0.75 0.97
FF 0.51 0.69 1.12
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