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Abstract
Background: Radiation therapy for lung cancer using Stereotactic Body Radiation Therapy (SBRT)
involves delivering high doses of radiation to the cancerous tumor. However, since the lungs are
constantly moving due to breathing, the tumor can also move. Therefore, it is necessary to have
patient positioning devices to minimize the movement of the tumor and ensure the highest
accuracy in patient positioning during radiation treatment.
Objectives: This study aims to compare the effectiveness of DIBH SBRT in lung cancer patients
with the Vision RT system and Real-time position management system (RPM, Gating).
Materials and methods: This study is a retrospective study of a total of 30 patients who received
treatment from January 2021 to December 2022, divided into 2 groups both receiving a DIBH
SBRT at lung lesion treatment. The first one was combined with the Vision RT system, and the
second one was with respiratory gating. Compared both groups by using shift value from
image-guided radiation therapy (IGRT) which was a Cone-beam computed tomography (CBCT)
and analyzed by using percentage, mean, standard deviation, and t-test.
Results: For DIBH SBRT in lung lesions combined with Vision RT, the mean shift values from CBCT
in vertical, longitudinal, and lateral were 0.25+0.19 cm, 0.35+0.25 and 0.19+0.19 cm,
respectively. For DIBH SBRT combined with respiratory gating, the mean shift values from CBCT
in vertical, longitudinal, and lateral were 0.41+0.26 cm, 0.5+0.44 cm. and 0.27+0.23 cm,
respectively. A statistically significant difference was observed between the two systems in the
vertical direction (p-value = 0.0001), the longitudinal direction (p-value = 0.02), and the lateral
direction (p-value = 0.04).
Conclusion: Treating lung cancer patients by using DIBH SBRT techniques combined with Vision
RT can lower the shift values in CBCT caused by positioning error compared to the use of
respiratory gating. Which can lower the change in re-positioning leading to the unnecessary
exposure dose.
Keywords: SBRT, DIBH, Vision RT, Respiratory Gating
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Faguszaed: tilefnwdihuneiiilvinsuseiuannmieusefaddume wazaduuudassnsUssiu
AMANABURNYTIE
Faquazdsnis: iiuteyadoundsainuaunissnuiigniiulilulsunsy Accuray Precision léfun
treatment sites: head and neck, brain, chest, abdomen ez pelvis, fraction dose, target volume,
field width: 1 cm, 2.5 cm, 5 cm, pitch, modulation factor (planned and actual), gantry rotations,
gantry period, beam on time, couch travel, couch speed, fraction MUs, leaf open time(max),
leaf open time(min), leaf open time(mean), leaf open time(mode) iag leaf open time(std)
melumhe$dsnm ndunuisding: TsmenanmsBusy fAvalon daud unsaw 2563 §s Sunau
2566 ATl wensviseiuaunmnieunsaeSddumaInig odds ratio, OR 911 logistic
regression analysis K1U35 stepwise backward selection
Han1sAne: Feihueidislonalimsinssfunuamisunisaisisddumar sudumelfesiins
MaUNsSnwIl Taun treatment sites: pelvis (OR 2.91, 95% Cl 1.52-5.57), field width 2.5 cm
(OR 0.25, 95% Cl 0.07-0.91), beam on time (OR 0.99, 95% Cl 0.99-0.99), Couch speed (mm/sec)
(OR 0.14, 95% Cl 0.03-0.60), leaf open time (mode) (ms) (OR 0.99, 95% Cl 0.99-1.00) waz leaf open
time (std) (ms) (OR 1.02, 95% Cl 1.01-1.04)
Foagu: Fuhueildnnnsinniansailuvssgndlfifeduusyansmwlunsnauwunisine
anpnusdulunisviussiununieunsaesids waranszezanseroslunsdiifersunyll
Tnatanngluaniunisalissiuitlianansavindssfunmuamls Saduedosdloatiuayunisindulomsnddn
FognemnEuazusiugdely
Fdndiny: nsmefedsneiiesmneiaduuuindeyu MaUssunanmnounisane$ed (DQA), MTIuNY
nssnwmewatialiuanudy (IMRT), kuudaesnsiussiununmniounsaesed
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Abstract
Background: Radiation therapy using helical tomotherapy requires pre-treatment delivery
quality assurance (DQA) to verify treatment accuracy. However, in certain urgent situations
such as patients requiring radiation to stop bleeding, those receiving radiation for pain relief,
or those with a strictly scheduled treatment course where DQA cannot be performed immediate
treatment planning and delivery are necessary without DQA verification.
Objective: To identify predictors associated with DQA failure and to develop a predictive model
for pre-treatment DQA in helical tomotherapy.
Materials and Methods: Data were retrospectively collected from treatment plans stored in the
Accuray Precision system. The data included the following parameters: treatment sites (Head and
Neck, Brain, Chest, Abdomen, and Pelvis), fraction dose, target volume, field width (1 cm, 2.5 cm,
5 cm), pitch, modulation factor (planned and actual), gantry rotations, gantry period, beam-on
time, couch travel, couch speed, fraction monitor units (MUs), and leaf open time parameters
(maximum, minimum, mean, mode, and standard deviation). All data were obtained from the
Radiation Oncology Unit, Department of Radiology, Buddhachinaraj Hospital, Phitsanulok, between
January 2020 and December 2023. Predictive factors for delivery quality assurance (DQA) failure
prior to treatment delivery were analyzed using odds ratios (ORs) derived from logistic regression
analysis with stepwise backward selection.
Results: Predictors significantly associated with DQA failure requiring treatment re-planning
included: pelvic treatment sites (OR 2.91, 95% ClI 1.52-5.57), field width of 2.5 cm (OR 0.25,
95% Cl 0.07-0.91), beam on time (OR 0.99, 95% Cl 0.99-0.99), couch speed (mm/sec) (OR 0.14,
95% Cl 0.32-0.60), leaf open time (mode) (OR 0.99, 95% Cl 0.99-1.00), and leaf open time (std)
(OR 1.02, 95% Cl 1.01-1.04).
Conclusion: The predictors obtained from this study can be applied to improve the efficiency
of treatment planning, reduce the necessity of repeating pre-treatment quality assurance, and
shorten the waiting time in cases where re-planning is required, especially in urgent situations
where quality assurance cannot be performed. Therefore, they serve as tools to support clinical
decision making more rapidly and accurately.
Keywords: Helical tomotherapy, pre-treatment delivery quality assurance (DQA),

intensity-modulated radiation therapy (IMRT) planning, predictive model for DQA

J Thai Assoc Radiat Oncol 2025; 31(2): R13 - R29
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Weviudl Wleanniszauvesinfidandnsunme uay
dineusiaidalumsldsunsaneddfidiiunes
iVl

A 1 msvindseiunaunmnaunisaneSiduuuIn
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YaAuazIsnNIs

mddeidunisineide prognostic prediction
research §ULUU retrospective observational
cohort design ﬁﬂwﬂuﬁﬂwﬁmmwu%’ﬂmﬁaEJ
wiadadduaudy fiansdionissansSduuy
NIV flesunsaneSeainhe @ AU
Fadinen lsanerurannsdusy Rualan Faug
1UNIIAN 2563 D19 SUIAN 2566 ANUIUIUIAANEYI
Tnelilusunsu Stata v17.0 $afufds pmsampsize
d1w3U ordinal outcome lngdantoyan1sAn
119899111 30 578 ANUUAFILUSTINWIE 13 AlUs,
AN C-statistic 0.8935 (ﬁ?ﬁié’%’lﬂ%mﬂaﬂ’]iﬁﬂw’]
11909) uarsERUAUWIUETIFINNg 0.05 Nan1s
funalsfunnfegstusingy 334 510 Tnely
Fruuitununs$neidumarlunisviiuse iy
ANNINABUNTTINYT (DQA) 31U 67 518 Fatordu
Fruutum s smed mun s UT a0
nenTod I dayagnIIuT I oUnaIINUHLNTT
Shuidafiuluseuu Accuray Precision Tnesiusiu
mzukuilFnnsanessduun Helical Tomotherapy
uazeuNsIUsEiugMnMneun1sanesd (DQA)
WUUA Tneldwrsafimosanun 13 & laud
treatment sites: head and neck, brain, chest,
abdomen uag pelvis, fraction dose, target
volume, field width: 1 cm, 2.5 cm, 5 cm, pitch,
MF planning (ﬁhﬁﬁmum‘maﬁmmwu), MF actual
(Modulation Factor), gantry rotations, gantry
period, beam on time, couch travel, couch
speed, Fraction MUs, leaf open time (max), leaf

open time (min), leaf open time (mean), leaf
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open time (mode) ez leaf open time (standard
deviation:std) Q’ﬂ’;aﬁiaﬂumiﬁﬂm fio Q’ﬁlﬁ%’u
A19219UNUNT53N 1978 Helical Tomotherapy
wardni1sviuseiuamnInnounsa1esed (DQA)
WUUINBENATUNIY wrun1s$nundildlaviilse fu
ANAINABUNTTANE5E (DQA) Ieaunulaely
wiadla Direct IMRT gNAABONIINNTAN Tunsdifi
HUreAUAgIIaNgUNUN TS NEMTaNINSYIUSE Y
ANAMNBUNTRETE (DQA) 1 widonunuusni
Mg sty Sauruunuisanlunns
pszinuseanilu 2 ngu e 1) nquunun1sing
ﬁv‘hﬂszﬁu@mmwdaumﬁma%&ﬁé’uma’; 91U 78
318 Uay 2.) ﬂfjuLqum3§ﬂwwﬁﬁﬂﬂﬁxﬁ’uqmmwdau
ATANESIARIY $1UIU 1,839 518 LAAIKINING 2

Tuniaeauiidnuwiiin15vin Pre-treatment
point-dose DQA Iaglt Cheese Phantom (Accuray
Inc.) S3uAU ALSL ionization chamber 319lugwms
high dose region fiMMUATINUNUNISSNY WA
MNTINUSUNUSIEITIINATRBUNUNNTS NI
Lﬂ%’lmmﬁl%'ﬁl,l,wmﬁmmu (HT) Wisusisuiuanil
AN TPS (Accuray Precision) Tagldineual
Ay +3% mnariialddosuwiu 3%
971 “quwad” Tumshuseiunanmneunisang
$98 (DQA) UATBUMAULINLNUNTINBIRINEIEQN
S0 vnTrenudtduman yyinsUTULATRINTS
ol LLaxmﬂé’aé’ummLquﬂ’ﬁ%“ﬂw’nf%Qﬂ’mLLmu
33wl

N5ANITLEHIUANS USRI INAMENTTUANS
#915041938555UM T8 TuNY wdlsaneuIanmsu
519 fiwadlan @il COA No. 069/2567



Treatment Planning of advanced radiation
therapy techniques
(n=2266)

Exclusion:
-Treatment
Planning not DQA

(n=28)

-Direct IMRT
planning

Data collection
(n=1917)

(n=321)

Treatment planning parameters for Helical
Tomotherapy reviewed

Treatment planning parameters: Treatment sites, dbse/f, target volume, Field Width, pitch, MF planning, MF actual, gantry
rotations, gantry period, beam on time, couch travkl, couch speed, mu/fx, leaf open time(max), leaf open time(min), leaf
open time(mean), leaf open me(mode) us leaf open time(std)

Failing DQA

(n=78) (n=1917)

Passing DQA
(n=1839)

Model development/
Internal validation

AN 2 LRNUNNAIRUTUADUYDINTITAWBRUINUITE

ana
AAsedayaneadna WweliluswnsuAILIMEDR

Y
Y aa

du593U Mafifnssauun (descriptive statistics)
oSurediuneanue dmiudoyaiuanuasuuy
Unii lAede (mean) grvdimudonuunnsgiu
(SD) nAdBUANULANASMEEDFA Student’s t-test
dmFudoyafiuanuasuuvlivng MWeriisegiu
(median) givaiideaielngd (1IQR) fidran
(minimum) LaEAESER (Maximum) NAZEUAIIMN
wan|1aiIeata Wilcoxon rank sum test Yoya
fuvsiwanuaseufidusiunaziesas neaeu

AIULANANNAIBEDRA exact probability test Lay
AaTRfl s uIensvinUseiuaaninnay
N85 9FAUMAIRE odds ratio, OR 210 logistic
regression analysis H1U35 stepwise backward

selection fAnuatyEIRYN19aas p-value < 0.05

NaN1SANEN
91NNSANBILHUNISSNEARIUNTTYUTE U
ANAMROUN1TRIBSIE AILA uNTIAL 2563 T
Suneu 2566 laihgnisfinwdiuag 1,917 51¢
WuINFUUHUNT NITIIUTE AugaIAIwRauNTS
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ma%’qﬁﬁummLLaxﬂEjuLLmumi%’ﬂmﬁvﬁﬂﬁxﬁu
AuANABUAITANTIEN U ddnwazviniguiy
04 fraction dose, MF planning(Anfifnusing
é”mLLNu), gantry periods (sec), couch travel (mm),
leaf open time (max) (ms), leaf open time (min)
(ms), leaf open time (mean) (ms) wag leaf open
time (std) (ms) i target region, target volume,
field width, pitch, santry rotations, beam on time
(sec), fraction Mus uag leaf open time (mode)
(ms) ﬁWU’j’lﬂfjmLLNuﬂ’li%ﬂH’]ﬁﬁ’lUixﬁuamﬂ’lWﬂIE]‘L!
N15R1959@aNMaltesndn @1 MF actual uag
couch speed (mm/sec) ﬂfjmmumﬁ%’ﬂmﬁﬁﬁ
Useiuquninneunisatefddumaiuinnin
agnaiifdndey s1easiBunsdannead 1

dlevhnisiesgdsudsyiunenisiauseiu
ANAMRBUNTANETIFIUMAINIY odds ratio (OR)
970 logistic regression analysis 1435 stepwise
backward selection wagAIMuasEaUtudIAgy
N19aaAT p-value < 0.05 wudniisudsisideddny
‘1/1NaﬁaslumiLﬁﬂamaﬁmiﬁwizﬁ’uﬂmmw
NoUNIIA1859d (DQA) LAULUAL %qawﬁﬂﬂg_j
Anundulunmsaununis$nwle Tawa:

Treatment sites: Pelvis (OR 2.91, 95% ClI
1.52-5.57) USaldens1uiniaunainnane
984lA59851911191187301A (anatomical variation)
wazawadnunedilang (large target volume)
Feenaflaulilainavevesnnumuuiuiede
(heterogeneity) g4 Feviliununisinwdag
Fudou dinananuliuglun1sdsUsIuSE uay
Lﬁwmm%iawiamsﬁmma’;ﬁummiﬁwﬁzﬁu@mmw
nauASRE59E (DQA)

Field Width 2.5 cm (OR 0.25, 95% C1 0.07-0.91)
Yu1n field width fin¥n9szdunans (2.5 cm)

o

1 ¥ 1 aa = 4
9139281 n15de5ed@dmnuiafestosaslu
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Aududou Welsufuauiadn wu 1 cm Fadl
modulation quﬂrn"l

Beam on time (sec) (OR 0.99, 95% CI 0.99-0.99)
A1 beam on time Aiduato19UsUaNEIN1saUSI
$937159010 FeonadenanonuLluEIveINTS
deU3uased Tnoanizlusnunissneiidany
Fudauganse modulation a9 wazeraiiinlenia
YoImUAIALARDUSEINSANLR UM TR LSS

Couch speed (mm/sec) (OR 0.14, 95% Cl
0.03-0.60) AUSIveufisiianaseaduiusiv
58 SadRusludy winAnuIguiuluens
Lﬁmmim?a‘au"l,mﬁdnwasiam’mgﬂéfaq&umﬁmm%’n?{
fideoonly

Leaf open time (mode) (OR 0.99, 95% ClI
0.99-1.00) uaw Leaf open time (std) (OR 1.02, 95%
Cl 1.01-1.04) shudswaninfsdesiumsindsulm
\Unves multileaf collimator (MLO) Tneandideaum
1N (std g4) onvsiaaliadianelunside
MLC %aawﬁﬂﬂdmmlﬁLszu&Tﬂuﬂ’lidqé’w%’qﬁ
Tootanrzlunnuni1s¥nefid modulation
complexity g1 918aziBunuansluasedl 2

YoN9nG wuuTaesfiRmuuaansang nsal
ANUAUEIYRINSIUTEIUAMAWYRINM TR SE
(DQA) ldagrsiiuszaniain TnaflRudildla
ROC (AUC) winfiu 0.784 (78.4%) uansluninil 3
wanadamuaLnsalun1sILUNLEUATSS AENTid]
wualtunsviuseiuamunannsun1saeedaLLman
aaﬂmﬂLLmumi%“ﬂmﬁmumiﬁwixﬁu@mmw
Aounsaeedlalusedu 67 sadl Iedinnsusviiiu
AMNNLUUEI VDI UUINRBIA8A1TATIFdaUN T
(internal validation) In&/l%35 bootstrapping 41w
1,000 A¥s GalifAn AUC wdannsUsunnuewdes
(optimism-corrected AUC) Wifiu 0.768 wandis
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A1519% 1 LLaméhLLﬂiv‘hm&Jmiv‘hﬂﬁzﬁ’uqmﬂ’lwﬁaumima%’ﬁ

DQA Fail DQA Pass
Treatment planning parameters (n=78) (n=1,839) p-value
n (%) n (%)

Treatment sites

Head and Neek 17 (21.8) 784 (42.6) <0.001"

Brain 11 (14.1) 122 (6.6)

Chest 16 (20.5) 458 (24.9)

Abdomen 2(2.6) 23 (1.3)

Pelvis 32 (41.0) 452 (24.6)
Fraction dose (cGy), mean+SD 204.7+20.4 208.2+24.5 0.221%
Target volume, median [IQR] 1009.9 [479.1, 1378.9] 1144.5 [842.0, 1467.1] 0.008°
Field Width

1 cm. 6 (7.7) 37 (2.0) <0.001"

25cm. 19 (24.4) 1095 (59.5)

5 cm. 53 (67.9) 707 (38.4)
Pitch, mean=SD 0.30.1 0.4+0.1 0.011%
MF planning, mean=SD 2.6+0.8 2.4+0.8 0.097*
MF actual, mean+SD 2.0+0.5 1.9+0.4 0.019%
Gantry rotations, mean+SD 16.0+5.2 19.9+7.0 <0.001%
Gantry periods (sec), mean+SD 15.2+5.7 14.8+5.5 0.5117
Beam on time (sec), mean+SD 242.6+97.9 293.1+116.2 <0.001°
Couch travel (mm), mean+SD 209.8+84.9 223.9+63.1 0.057%
Couch speed (mm/sec), median [IQR] 0.9[0.7, 1.1] 0.8 [0.6, 0.9] 0.006°
Fraction MUs, median [IQR] 3231.2 [2710.3, 4093.6] 3723.1 [3136.5, 5076.5] <0.001°
Leaf open time (max) (ms), median [IQR] 257.8 [243.9, 328.1] 258.8 [239.0, 308.0] 0.633°
Leaf open time (min) (ms), mean+SD 18.0+0.2 18.5+7.5 0.6107
Leaf open time (mean) (ms), median [IQR] 144.8 [126.0, 172.3] 151.2 [131.5, 176.3] 0.097°
Leaf open time (mode) (ms), median [IQR] 2425 [147.5, 277.5] 2475 [232.5, 292.5] 0.041
Leaf open time (std) (ms), mean+SD 74.6+34.4 76.5+30.1 0.582°

'Exact probability test
*Student’s t-test

*Wilcoxon rank sum test
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‘S. a 6 o o U 1 v S Y v . . . .
M99 2 ’JLﬂi’]%‘w@nLL“UTV]’]‘LI’]EJﬂ’liV]’]UiBﬂu@mﬂ’]WﬂE]‘L!ﬂ’liQ’lEliﬂﬁallL'Via'JWJEJ Multivariable logistic

. ' an . .
regression NI Stepwise Selection

Treatment planning parameters mOR 95% ClI p-value

Treatment sites

Head and neck Ref.

Brain 1.30 0.48 - 352 0.598

Chest 1.80 0.75-4.28 0.186

Abdomen 1.96 0.39-9.88 0.415

Pelvis 291 1.52 - 5.57 0.001
Field width

1 cm. Ref.

25 cm. 0.25 0.07 - 0.91 0.036

5cm. 1.56 0.30 - 8.10 0.595
Beam on time (sec) 0.99 0.98 - 0.99 <0.001
Couch speed (mm/sec) 0.14 0.03 - 0.60 0.008
Leaf open time (mode) (ms) 0.99 0.99 - 1.00 0.002
Leaf open time (std) (ms) 1.02 1.01 - 1.04 0.003

mOR: multivariable Odds Ratio

Cl: Confidence Interval
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Sensitivity
0.50 0.75 1.00

0.25

0.00

T T
0.00 25

Area under ROC curve = 0.7843

0.50
1 - specificity

T T
0.75 1.00

AN 3 Lansnunlalas ROC

Yraunisibaainnisiasisnianlsiiune
nsvhuseiununmneunsaneSsdduman Tads
lsunsuAwinloniariuienisinseiunmnw
noun1sa1esedauival lngld@iuys treatment
sites: head and neck, brain, chest, abdomen ay
pelvis, field width: 1 cm, 2.5 cm, 5 cm, beam
on time, couch speed, leaf open time (mode)
waz leaf open time (std) wans QR Code 1ga1u
lsunswhuensihuseiuguainneunisanesed
Fanndi 4

<

un3ansal

A iijatiluiineiannuuuiiaesiansnse
MUNEAMLANMAITDINTUTEAUANAINADUNT
218598 (Pre-Treatment Delivery Quality
Assurance: DQA) dwmifumsaneSaduuuinde vy
(Helical Tomotherapy: HT) lagn1slddeua
Pnniwesang q fiferdestunnunisine
WU treatment sites: head and neck, brain, chest,
abdomen wag pelvis, fraction dose, target

volume, field width: 1 cm, 2.5 cm, 5 cm, pitch,
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DQA

Delivery Quality Assurance Prediction

open time (STD) (ms)

AW 5 wansenalusunsunsldanudiunes treatment sites waz field width anansadentéaindauys
fifviun @1 beam on time, couch speed, leaf open time (mode) kaw leaf open time (std) RudaLa%
FlFannsmnanun1sing wavnisulanavesiusunsudn Probability DAQ failure 1nnndn 4% Hedn1sv
Usefiuamuninneun1saesed (DQA) AU

Journal of Thai Association of Radiation Oncology
Vol. 31 No.2 July - December 2025



MF planning (ﬁhﬁﬁmum‘maﬁmmwu), MF actual
(Modulation Factor), gantry rotations, gantry pe-
riod, beam on time, couch travel, couch speed,
fraction MUs, leaf open time (max), leaf open
time (min), leaf open time (mean), leaf open time
(mode) uaz leaf open time (std) Fam151dimes
Wb auTinadonuFUTe U NUNT nELAL
AUkl lunsdIusuusd nsiaseiinae
multivariable logistic regression lagl435 stepwise
backward selection WUIWUUINGDIENITONNUY
AN STIUsERURMAMABUN S SYE
(DQA) lapgnsfiuszansnin lnedl AUC wihiu 0.784
waZHIUNIIN I UN1ETUAI83T bootstrapping
$1u2 1,000 A%e 1§ AUC YSuudaviniu 0.768
grvouleAnuLafgsharANLLugYnluLng
NeNTal uaﬂﬁ]wﬁé’ﬂﬂﬁzLﬁuqmﬁmﬁixﬁumwmﬁm
4% Fslsinanula (sensitivity) 78.2% uagAnusimz
(specificity) 69.5% Wn1zknN13Ig9IUNI9AALN
’Luamumizﬁﬁlﬂmmmﬁmﬁzﬁu@mmwdau
A1518598 (DQA) 19 Fedenndasiuiudsedilad
AsANBIINABUNTETind 1 TR ud s
WITADIA 9 Eni W ANAIALYVDINIT
Useiugmunmneunisatesad (DQA) Tunsanesed
wuundeIvyY (HT) dmsunisuseiuamninneu
N13R18398 (DQA) Lﬂu%y’umauﬁﬁwﬁzﬂumimmaau
mmgﬂéfaqﬁuaqLLmumﬁﬂmdauﬁ%ﬁﬂﬂ%ﬁué’ﬂw
339 Tngamzegredlumaiafifinududou 1wy
IMRT, VMAT, SBRT way HT @3@ese1fnnnuusiue
qaLﬁdﬁuﬂﬁ]dWﬂ%mm%’qﬁﬁdqaaﬂuwﬁuaamﬂﬁaqﬁu
LHUASSNE18819UTR e
91nn15AnwITHIuNINUIINISUSUAT pitch
ﬁqnﬁﬁumm3@611':1&Jamm’mﬂamﬂﬁaﬁlumﬁnaaﬂ
W@ ldeg1aiiveddy 1esainnisuiu pitch

et
a ! a v a
InalnunsInanINaLldenUpINISNILANYSIE uay

UsednSainlunisairvnuatiuduvesded
(Modulation Factor, MF)"® a1uideiilgndnnis
o o & o o
L(ﬂmmu’Lumaﬂauﬂgqﬂﬁxmumiﬂﬁzﬂuﬂmmw
ABUN15219598 (DQA) TagnITWAIUILUUTIAD
d‘ o v v vV
NEAIUITUILANUAULIAIVDY DOA VLmrmt*uauva
a & al o '
NI510LH ST LT LUNITINBRUNTSNY 19U field
width, pitch, Waz modulation factor (MF) &sina
ABAMANYBIUNUNTINY
15UsEIUBAILATIEUNS1TMSNINARBNS
Useiuauamnaunisatesed laeldinailanis
muquﬂmmwL%qaaal,ﬁaff’mumﬁdwwwwﬁma%
MaeaulunNITIBEUNISIIY kazwUIINISUSU
AN Field Width Tsangauniuiunaiessdanunsa
2~ ¥~ [20]

Feindseansainlunisaesdlaegnaiivaddn

o

o '

Tueniseil nsRasanmsiweifiddy W
treatment sites: head and neck, brain, chest,
abdomen Wag pelvis, field width: 1 cm, 2.5 cm,
5 cm, beam on time, couch speed, leaf open
time (mode) wag leaf open time (std) \ieada
LLUUﬁWaaqﬁmmmﬁ’]mEJIamamiﬂisﬁuQmmW
Aaun1521859d (DQA) avadwmaldunisanuw
Auduiussyninemisfimesiman i funadng
nsUseiunuamneaun1sanesed (DQA) laensly
luwaneginsain1suseiuaunInneun1saesed
(DQA) 91uAFefidunInu31 11518 Machine
Learning wag Artificial Intelligence (Al) ansasiiy
AL IUATNEINTAIAIUAULNAIVDINTT
Useiuamninnoun1satesed (DQA) laetnadl
Uszandnn Tnelawaunluinadaiuisaviung
ANUANWAIVBINTUTEAUAMAINABUNTRNETAE
(DQA) laandunusras MLC?

nsenerlaininadanisinssinisimes
‘17'iL?im%'mﬁ’umﬁﬁﬁmzﬁ'uqmmwﬂ'aumima%’qﬁ

(0QA) TnensllusunsudAnneadfdgaguiiasei
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wuuni1sanaaeladain (Logistic Regression
Analysis) Wiead1suuudiassfianuisaviiung
ANUANMAIYRINITUSEAUAMAINABUN TN T
(DQA) dAoudausiug (Wuildlds ROC = 0.784)
?zfqaamﬂé’aﬂﬁ“umiﬁﬂmm%’ﬂﬁﬁm%gamn
warsunanfioifinuszansainlunisvhune
AN SYIUsERURMAMABUN S SYE
(DQA)[ZZ]
AsAnedlFauBuUINNfiTiUsEENE AN
Tun1sneInNsalnNANMAITDINITUTEAUAIAIN
Aoun13ane$ed (DOA) lneldtoyaannisfivwes
wareFaiAgadestuLaunIsS YT Fedenndosiu
ATeneuntiiiuanudfyvemisiimes
mz-i’lﬁiuﬂ’liﬁwﬂixﬁ’u@mmwriaumima%’a?{ (DQA)
yenand ﬁmufﬁ%’aﬁé’mﬁuaquumﬁm%’wﬁu
Tag@nwinisifiimesatnununissneiluszuu
nsAeFaELUUNGE MU (HT) wagnud leaf open
time (LOT),beam on time, field width, couch
speed Hagauwlsvowdnuiy (treatment sites)
Wusuusfiauisayiuniganuduimalnesnis
Museiununnnounisatesed (DQA) laeeia
wdugh fheg AUC 9 naun1snvianigeds 0.82 uae
WUIAMULEweInsaumaIvEtiudwile LOT
#n91 100 ms LAY 30% YaauHUNs3nwTvInt®
Farlnfudsdnenmuesnsimislne fimaniun
Tlunsasreszuvadvayunmsdndulalunuyseiu
@mmw%'qﬁ%'ﬂwﬂﬁa&i’mL‘fluiwuuammua]’ﬁ'q%u
p819l5AnU STUU Accuray Precision Pl lumase
Hlaianunsadiaseidadiu LOT Aigindn 100 ms
lolagnse Fudenlimmieada lawn mode way std
unu Fanudn LOT (std) Sfedndaylulanmail aviou
FeunUsUsINTeInIsAaLTives MLC anailase
ANLwduglunsasUsINaSE A
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uenand Wislmesuneda 1wy pelvis target,

beam on time ¢, Field width 2.5 cm wag couch
A 9 a o v fw ° o

speed g SaudANudiusiulonianisinuseiu
ANAMABUNIRLSIE (DQA) dumiad lndenndes
AUNANNIINNNANE 19U target 7131 anatomical
variation gednvivlviunuiiaududeu wag beam

. AY a v S
on time Ndwduluanvasiaunisasssd@nsanuly
uinALAaaeaaulunsEIUSUNMSIE

wiiuudnaeatiazarunsaszytadeidenianis
MuseiuamnIMnaun13a1839d (DQA) auwiad
Toegneiluseansan wadsluinisfnnunandsain
ANSUSULHUNITSNYININATLULUIVBILUUTIAD
Ya o e vy Al a
iidednauelviinsveaeuluswianiiouseiduii
lutnadaruisaldidusuinialunisuenia
mmé’mmawmmﬁﬁ’]ﬂizﬁ’uqmmwriaumim&l%’qﬁ
(DQA) T9asansaly n1sAnwiidun1sAnwiwuy
gounds 819iYeT AN UNITAIUANAILUT WA
nsliteyavnaniduiierenadalidiiiene F9e1a

[ o

anstnaanslulluusunvesaudadshudu

. Do

P a

fmaliavsegunIaiunneaiu AI5YIINIINAGEU
Tumaiidensaaeuludnuaznisaneludnamii
WAZNIINTIRABUAINNABIVBIUUUT IR INUBYA
aeusnlunatsan1tu (Multicenter External
Validation)

Yoesu

LLUU%"WamﬁﬁwmﬁummﬁLLﬂiﬁ”lé’fﬁg Toun
treatment sites (head and neck, brain, chest,
abdomen wag pelvis), field width (1 cm, 2.5 cm,
5 c¢m), beam-on time, couch speed, leaf open
time (mode) wag leaf open time (std) @1u138
T§UsznounIsRasUILioAnnTeInuLEE 189
wnun15Snw A duunTiudumanlunisiuse i



AuNMRBUNIANeSE (DQA) leetaliusedvsnm
FnenmUasLUUTIansd drvananusndulunis
MusziuRmuaImnaun1saesed (DQA) AL
AULMA7 anASENULNAENENSUNNG ansyazan
s0A08Y8IRUIElUN1TIMHUNTTAY LN Wil
AnusIsalunisdndula Teaaniglunsdisaniu
ﬁlaimmﬁﬂiamaﬂ1i‘v‘hUixﬁu@mmwdaumsm&ﬁq?{
(DQA) 1o ELGﬁL'fluLﬂ%@qﬁaﬁaﬂmmgﬁmmiﬁwé
Funeunsnusunsine Tngliifeussdiulona
n1sauwmallunsvihuseiugunInneunsatesaa
(DQA) mw_jﬁ'umari’mumw*mﬁLmaiﬁaqé]’udau
ATINUHUAITIIY LLUUﬁwaaaﬁlﬁgﬂﬁﬁlﬂﬁwmLflu
TUsunsuvhuieanudssuvesulay dauisa
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Abstract

Background: Radiation therapy plays an important role in treating cancers located in the pelvic
region. The patients have to be treated in multiple fractions, therefore, the accuracy of patient
setup before each treatment session directly impacts the effective treatment.

Objective: To compare the setup errors in pelvic cancer patients using laser alignment system
versus 3D surface imaging system (AlignRT). The study also examined the characteristics of the
AlignRT system.

Materials and Methods: The study began with an evaluation of the characteristics of the
AlignRT system, including daily quality assurance checks, factors that may affect system
performance, and the system’s accuracy in detecting setup errors. Data were then collected
from 10 pelvic cancer patients positioned using a laser system and the AlignRT system. Position

verification was performed before radiation using Cone Beam Computed Tomography.
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Results: The study of AlignRT system characteristics showed that daily setup errors were within
0.4 millimeters. Factors from gantry angle, couch angle, room lighting, and region of interest were
within 0.2 mm, 0.1 degrees, 0.1 mm, and 0.2 mm, respectively. Clinically, setup errors in patients
positioned with the AlignRT system were smaller than those positioned with the laser system in
both the longitudinal and lateral directions. A statistically significant difference was found in the
lateral direction, but not in the longitudinal or vertical directions.

Conclusion: The AlignRT system demonstrates high accuracy and precision, and it can be
effectively applied for pre-radiation positioning in pelvic cancer patients, serving as a viable
alternative to traditional methods such as skin marking or laser systems.

Keywords: Pelvic cancer, image-guided system, 3D surface imaging system, laser system
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Tun1sdnsuwma

Couch Angle (°) Rotational Error (°)

YAW

-60 -60.1
-50 -50.1
-40 -40.0
-30 -30.0
-20 -20.0
10 -10.1
0 0.0
10 10.0
20 20.0
30 30.0
a0 40.0
50 50.0
60 60.1

ANED: YAW=AUARIALARD UL UMD 991 8-02121NUININA
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A15197 2 Tuiinwamianuaaininfiourasiurdsiudnaemlseauanuduiaingluiomienunnsiulag
Tszuu AlignRT Tunsdn@umus

Room light intensity Translational Error (mm)
(Cd/m?) Vertical Longitudinal Lateral

345 0.1 0.0 0.0
325 0.1 0.0 0.0
200 0.1 0.0 0.0
130 0.1 0.1 0.0
65 0.1 0.1 0.0
30 0.1 0.1 0.1

8 0.1 0.1 0.0
0.6 0.1 0.1 0.0

A15197 3 JufinuariauAaaAdeuYeuauTIaenivuin ROl wandeiulagldssuy AlignRT Tun1s

INAYUS
ROI Types Translational Error (mm)
Vertical Longitudinal Lateral
Small at center (10x10cm?) 0.1 -0.1 0.0
Total body (40x40cm?) 0.1 0.0 0.0
No ROI (50x50cm?2) 0.1 -0.1 0.0
Default ROI (20x30cm?) 0.2 0.0 0.1
Half right (20x40cm?) 0.1 0.0 0.1
Half left (20x40cm?2) 0.2 -0.2 -0.1
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3. N15MTIVFDUANUYNABILUNTEUAIAILARIA YUY (Translation) agludiesegndng -0.1 f

LAADUVDITZUU AlignRT 0.1 fiadwnas MeluuulIves Vertical, Longitudinal
3.1 anugneedlunseuAILLe Translation way Lateral pawandlunnsned 4

NUINANAINUARIAAADUIULUITEUIULADY

= o = i = A v . A A ° o = i
P15°9% 4 JudinrasianuranndeuiieuliaInszuy AlignRT Wedeumuwnisiuinasdluiissereinag luius
HouTwILUUIEUIU (Translation) yuLiILATeIRTe (Gantry angle) lU7 0 a3

Known Shifted (mm) Translational Error (mm)
Trial No.
(Vertical, Longitudinal, Lateral) Vertical Longitudinal Lateral
1 0,0, 1) 0.0 -0.1 0.9
2 (0,0, 3) 0.0 -0.1 3.0
3 0, 0,5) 0.0 -0.1 5.1
a4 (0,0, 10) 0.0 -0.1 10.1
5 0, 1,0 0.0 1.1 0.1
6 (0, 3,0) 0.0 2.9 0.0
7 (0, 5, 0) 0.0 5.1 0.0
8 (0, 10, 0) -0.1 10.1 0.0
9 (1,0,0) 0.1 0.0 0.0
10 (3,0,0) 3.0 0.0 0.0
11 (5,0,0) 5.0 0.0 0.0
12 (10, 0, 0) 10.0 0.0 0.0
13 (1,1,1 1.0 1.0 1.1
14 (3, 3, 3) 3.0 2.9 3.0
15 (5,5,5) 5.0 4.9 5.1
16 (10, 10, 10) 10.0 10.0 10.0

w7 Lateral Anau uwnuadaaandaulunisdieannnmeneds uay A1uIn wnuanuratneaeulun1eInaInn1neneds
U2 Longitudinal Amau unuaumainndeulumainainnmensds wag A1uan unuauaaianieulunefainnmeeds
W Vertical Aau unuauasanaeulumsinndinmeeds way A1uan wiuanuaa1aeioulun1agendnnng s
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3.2 AnugneBluNITeUAILLL Rotation
NUIIAIAILARIALAT WU LI LN WU
79MULUIVDY Yaw, Roll, wag Pitch suatlansaniu

= a = = Y
ym‘wwguf\]iﬁ IﬂEJbl.iJiJﬂ’nﬁJﬂa’lG]Lﬂaau%ﬂLLﬁﬁ]ﬂu
P~
M99 5

a13197 5 Yuiinead1auaaiadouns ulanszuu AlignRT isideusunisiuinasdluiissogaieg

Tuuumyu (Rotational) enyuyuiiia3omis (Gantry angle) Uil 0 a9

Known Shifted (°)

Rotational Error (°)

Trial No.

(Yaw, Roll, Pitch) Yaw Roll Pitch
1 0,0,1) 0.0 0.0 1.0
2 (0,0, 3) 0.0 0.0 3.0
3 (0,0, 5) 0.0 0.0 5.0
4 (0, 0, 10) 0.0 0.0 10.0
5 0, 1,0 0.0 1.0 0.0
6 0, 3,0 0.0 3.0 0.0
7 (0, 5, 0) 0.0 5.0 0.0
8 (0, 10, 0) 0.0 10.0 0.0
9 (1,0,0) 1.0 0.0 0.0
10 (3,0,0) 3.0 0.0 0.0
11 (5,0,0) 5.0 0.0 0.0
12 (10, 0, 0) 10.0 0.0 0.0

Lﬁusﬁaa&aﬂ'wmwmammﬁau%a@ﬂw 26
fractions/318 TaedUlsudazsnglasunisdnvin
#85UU AlignRT 13 fractions lutufiasinedie
@R warsyuuLaes 13 fractions lutufiasinede
1a9g] FaAn Mean 98355UU AlignRT AL
13 fractions/fhenilase wava 10 518 520U
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130 fractions kagA1 Mean Y845 UURILDT AT
419N 13 fractions/ﬁgﬂ’swﬁuw flavun 10 518
5284 130 fractions
MnnmsFeuifisudeyamanuaainadeuly
N3N YUIB U UTINTIUTENTNTTANN
dUreneuatefedlagldszuu AlignRT wavszuu



LABS NUIANRALVDIALAAIALARBUI Vertical,
Longitudinal wag Lateral v@sn1sdavinduaenau
218598A1852UU AlignRT HAnNIAY 0.36+0.25,
0.31+0.23 way 0.21+0.23 WUALLAT AIUEIAY
Tuvugiinisdnvinguaslagldssvuiawosuuly
ANLRAYYDIAINUARIALARDULYINAY 0.30+0.22,
0.36+0.26 kag 0.29+0.26 WURLUAT LULUD
Vertical, Longitudinal wag Lateral mua1du lag
ANAIINAAIALAABUTLARINNITIANIA 8 TEUY
AlignRT WaEILUULAWBIIANULANATINALDENS
a v [ U 1 =1 1
fdediaglunud Lateral waldflaauunnaig
agadidsdAglulug Vertical way Longitudinal
o P~

fanuandlun1s1en 6

unIansal
NKAN13Y1 Daily QA Ue958UU AlignRT #1la
NUiTed nudndidianunaiaiafousyly
9795¢1319 0.0 D9 0.4 Tadwuns F900318A1Y
A v a I a .
AANALARDULBY LUBI3INANINGA (Critical value)

lun1shuseiununindsedriuvesseuy AlignRT

AMuualif 1.0 Jaduas Fanina1 RMS LAu
1.0 Jadwns 9zAyinn1sUsuLisuszuy AlignRT
Tnineuazdrszuu AlignRT TUldu lnenalu
a o dy )} 4 L% = .
NUIBldonnassiunsAnyIves Dennis NS way

7] S oo = a 1Y) o
VIVLGWI’m’lSﬂﬂH’ILﬂEJ’mUﬂﬁUwﬂuﬂqmm‘w

ALY
ﬁuaqizuumwﬁuﬂaLmuamﬁamaw%ﬁwmm
Fa59u89550U AlignRT (VisionRT) Wui1A1A91Y
AANALARDUYBITTUY AlignRT 911n15%11 Daily QA
fiendidosnin 1.0 Hadluns
INNANITANYIAUENBUEVBITTUU AlignRT
nudmndadedanareszuuiosuin lngnavessy
Wedemnesed HAvRIIAEs ALad1aluiomny
wavaouafiaula agnigly 0.2 wu., 0.1 99,
0.1 3., way 0.2 Uy, AUEU Fanafilaaoudig
AN3191U398U89 Wisetrintong M. wazauz®
ﬁlé’ﬁwmiﬁﬂmLﬁﬂﬁﬁU@mauﬁaLLazﬁﬁaﬁﬁwaﬁa
N19YN9IUVDITEUY AlignRT (Version 5.0) ﬁy'qﬁ
oradunaiewnainaudsed Wssuu AlienRT
Tu vestuiiluind (Version 6.3.1) viliinsud
Fodrinvesiiadusineg Anasonugnioswosnis

21UA1

a a a ' .:4' a . ' o 1w
M3 6 L‘LJi‘c’JULV]EJUMM’]@M@’]@Lﬂaa‘lﬂ‘uLL‘u’JLaﬁ)u%muuuizmu (Translational error) isu’mﬂmiﬁ]m%’]@ﬂw

neuanesdlnglyszuu AlignRT uagszuulawes

Translation Systems Fractions  Mean (cm) SD (cm) t p

AlignRT 130 0.36 0.25

Vertical 1.825 0.069
Laser 130 0.30 0.22
AlignRT 130 0.31 0.23

Longitudinal -1.675 0.095
Laser 130 0.36 0.26
AlignRT 130 0.21 0.23

Lateral -2.775 0.006
Laser 130 0.29 0.26
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HaN13ANYIA1UgNABIlUN1ITE1UAIAINY
AAIALAROUVEITEUU AlignRT Wudada1aay
AaraLAdsutiesun Inefia1touniindeliafu
1.0 fadwnsluuwr Translation Snvislanuaay
maawpAeuluLy) Rotation Jauana1991n13Se
994 Kang S. wazamuz fldnariniiuaain
wwdsuluun Rotation fiunnnin Tnesuidosanan
ﬁm:nLﬁ'&nﬁ"ummgﬂé{awaqﬁ’m’a’lﬂuum Rotation
fisruldannszuy AlignRT ENGELR Halcyon
a&J"miiﬁmmma%aaﬁu’qammu%’ammmagﬂiﬁ’h
5¥UU AlignRT fiarnugnaedluniseiudining
rardouilosannilidadsvesmanunainndou
Tuuun Rotation topann wabrALAaIALAEoUR
leoauansnaiuantion Lﬁaqmﬂﬂﬁﬁwﬁ[,ul,l,ua
Rotation fiumnsnedu

Innan1sAnwAAuAaaedeuiilaainns
FadumiaiUaelagldssuu AlignRT wagseuuiaiwes
nunstdszuy AlignRT lunsdavinguaelv
AAuAaIAAAeUTEENIINITRTFesEUULaWeS
Tunun Lateral wazuud Longitudinal laelvina
ArAnuAanndeuoenitegaituddynisada
Tuuwn Lateral Wiiosuuatignvintu uavuenaind
Fanuinatanunaaadouluwu Vertical fildain
nsldszuu AlignRT Tunisdnvindaininnann sy
syuuiawesodailldiitedfaynieada eiinnsi
Araunaaadouluwud Vertical 993015409
Tneldszuu AlignRT flaannnindunasnaindediie
999550 AlignRT lun1snsaaduituiinfiiaang
FIUIFHU éf’mLmﬁﬁadqmaﬁﬂﬁmﬂ%zw AlignRT
Tun1sdmvinuun Vertical ﬁu%nméu%qm’lu%uﬂu
fufnfisuBeuiinnunasedeulduinniuulsy

FInallANEDnARINUNUIIBBY Nguyen D. uag

10 &

[ = L) £ ! v < ¥
ATUE V]Flﬂ‘lfﬂLLaSLUiSUﬂ’ﬁ"\]G’M’]Qﬂ’)SMZLSGL(ﬂ’]u&l
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A58 UUNNENINYIARIR8BUN TSR Tanadn
A5MISEUUNNENIDFRARIMIEBUNTUIA d1U15D
amﬂ'wmmmamm?iauiumﬁﬂmﬂuum Translation
waruul Rotation l#egnefituddey eifiaudu
NSINFBSTUULALDS warluaulIdeves Kang S.
wavanz” iRnwnUSoudiou
5ENINANUYNABILUNITIAMIUNUIAIETEUY
lawesuarsEUU AlignRT ﬁgﬂamﬁgﬂum%im Halcyon
IRuafiaonndeefuauised denuinaininy
Aamadouiildainnisidszuy AlienRT Tunisdn
sundsUledatdeeniinsldssuuamwesiuwug
Vertical uaz Lateral lngtiouninog1elitudfgy
Tuwun Vertical euuaiigaminiiy 1iesainssuy
AlignRT @ansansaaduituiafisianuanadeslan
Fatunsldszuy AlienRT lun1sdavingUleusiu
Lﬁwuuﬁﬁmmmﬂgﬂuum Vertical wag Lateral
Sehldtlannunanndoutios Snvianadiladd

ANUEDAAABINUIUITEVDY Mannerberg A Lay

1] s= = = v o I <
‘V]ﬂﬂ“lfﬂL‘L]ﬁEJ‘UL'V]EJ'Uﬂ']ﬁQ@W']LLWUQQU?H@J%@Q

AU
AaugNuUUINTEnINNIsldssuLLaeTiuTEUY
CatalystTM F991nmani153senuinnisldssuu
CatalystTM fideSunialuszuuninin3dudnio
Fredunsusn (SGRT) tuausativand1niy

o o

a I Al Y 1 Ao
ﬂa']fﬂLﬂﬁ@usLUﬂ’ﬁ‘i]WV]’]QU']EJVLWQEJ’NNUEJﬁWﬂQ_j

Yoesu
= L2 .

HANSANWIANENYYYBITEUU AlignRT Wand
Tiiudnszuudianuindedio gndssuazuiugn
newdlUldiudUae eaindAiaunainindeu

| o Ay ' = W a a
aglusgdundesniiniaindu 1.0 fadiuns
= Y o a U o 1 U
annsalfluszuunminialunsiasurialle
' o v 1 P9
neunessdligndessauld



HANSANYIANAINAIIALATOUINNANTIAALAUS
AUelagldseuu AlignRT wazIvUULAIWT WA
Tiudemuududwazanuuidsiolun1sdnm
HUlsneuatefedvessruy AlignRT lagaiuise

i N d‘ - = Y} s
anANANAAIALAADY WBlUSsuLiBuiUsTUUIaIDS
wuuthulaegnsitdedrney Tnaanwizluwua lateral
asUleinanunsatssuu AlignRT inUszendlddmsu
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AMARNUIN

JUae31e9 1

Disease: Cervix cancer

wadanN1saesed: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.36 0.02 0.01 2 0.15 0.28 0.15
3 0.27 0.64 0.05 a4 0.18 0.31 0.74
5 0.03 0.19 0.13 6 0.01 0.09 0.24
7 0.78 0.25 0.09 8 0.19 0.26 0.6
9 0.04 0.22 0.11 10 0.07 0.58 0.75
11 0.22 0.30 0.02 12 0.19 0.32 0.22
13 0.03 0.38 0.02 14 0.09 0.20 0.36
15 0.38 0.43 0.15 16 0.36 0.38 0.69
17 0.17 0.56 0.20 18 0.51 0.63 0.08
19 0.81 0.28 0.06 20 0.06 0.27 0.27
21 0.21 0.18 0.07 22 0.06 0.37 0.47
23 0.10 0.48 0.04 24 0.07 0.22 0.15
25 0.36 0.02 0.01 26 0.03 0.33 0.18
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{Uaesen 2

Disease: Cervix cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.20 0.29 0.24 2 0.57 0.70 0.11
3 0.19 0.20 0.30 a4 0.63 0.76 0.01
5 1.05 0.80 0.22 6 0.80 0.50 0.02
7 0.86 0.73 0.15 8 0.33 0.12 0.18
9 0.64 0.80 0.05 10 0.40 0.60 0.36
11 0.93 1.34 0.04 12 0.73 0.50 0.35
13 0.40 0.09 0.17 14 0.79 0.12 0.34
15 0.94 0.22 0.12 16 0.41 0.18 0.47
17 0.61 0.9 0.40 18 0.00 0.75 0.16
19 0.20 0.20 0.33 20 0.16 0.98 0.31
21 0.61 0.54 0.20 22 0.20 0.13 0.40
23 0.27 0.53 0.10 24 0.70 0.40 0.50
25 0.30 0.10 0.12 26 0.30 0.84 0.07

Rso
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HUle5199 3

Disease: Cervix cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.06 0.10 0.25 2 0.10 0.34 0.80
3 0.09 0.38 0.09 a4 0.29 0.63 0.36
5 0.13 0.48 0.14 6 0.49 0.41 0.34
7 0.05 0.05 0.34 8 0.30 0.41 0.20
9 0.68 0.42 0.21 10 0.29 0.27 0.40
11 0.37 0.34 0.18 12 0.32 0.27 0.21
13 0.07 0.38 0.04 14 0.12 0.16 0.06
15 0.15 0.35 0.02 16 0.41 0.05 0.07
17 0.31 0.09 0.30 18 0.46 0.69 0.55
19 0.04 0.11 0.20 20 0.05 0.69 0.06
21 0.41 0.34 0.34 22 0.14 0.02 0.90
23 0.50 0.61 0.24 24 0.14 0.11 0.75
25 0.84 0.32 0.34 26 0.35 0.23 0.10
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{Uaesen 4

Disease: Cervix cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.31 0.35 0.22 2 0.11 0.57 0.18
3 0.15 0.06 0.47 a4 0.12 0.32 0.29
5 0.32 0.05 0.49 6 0.59 0.26 0.05
7 0.05 0.13 0.12 8 0.16 1.13 0.69
9 0.31 0.60 0.28 10 0.39 0.21 0.77
11 0.03 0.31 0.03 12 0.35 0.17 0.45
13 0.08 0.01 0.13 14 0.15 0.18 1.14
15 0.42 0.78 0.50 16 0.17 0.02 0.54
17 0.06 0.12 0.17 18 0.28 0.18 0.63
19 0.52 0.35 0.86 20 0.31 0.05 0.09
21 0.09 0.55 0.01 22 0.03 0.05 0.10
23 0.04 0.14 0.28 24 0.13 0.15 0.00
25 0.10 0.07 0.19 26 0.28 0.08 0.21

Ro2
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HUle518% 5

Disease: Cervix cancer

wallan1sane5ed: 3D CRT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.23 0.19 0.04 2 0.02 0.43 0.03
3 0.15 0.20 0.63 a4 0.00 0.04 0.05
5 0.40 0.35 0.79 6 0.22 0.04 0.21
7 0.40 0.01 0.51 8 0.11 0.04 1.19
9 0.37 0.03 1.07 10 0.07 0.03 0.00
11 0.25 0.01 0.19 12 0.31 0.70 0.18
13 0.36 0.62 0.07 14 0.12 0.34 0.02
15 0.76 0.51 0.70 16 0.20 0.5 0.25
17 0.21 0.12 0.52 18 0.60 0.32 0.42
19 0.16 0.08 0.03 20 0.43 0.22 0.14
21 0.17 0.43 0.01 22 0.05 0.46 0.26
23 0.28 0.11 0.06 24 0.06 0.64 0.04
25 0.10 0.24 0.27 26 0.40 0.70 0.21
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HU285187 6

Disease: Cervix cancer

wallan1sane5ed: 3D CRT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)
Number VRT LNG LAT Number VRT LNG LAT
1 0.36 0.24 0.12 2 0.26 0.41 0.03
3 0.20 0.48 0.16 a4 0.12 0.57 0.31
5 0.11 0.67 0.15 6 0.12 0.24 0.58
7 0.11 0.66 0.06 8 0.08 0.64 0.13
9 0.23 0.59 0.34 10 0.13 0.47 0.03
11 0.08 0.71 0.23 12 0.24 0.55 0.22
13 0.08 0.57 0.08 14 0.05 0.60 0.17
15 0.29 0.55 0.02 16 0.41 0.07 0.28
17 0.70 0.45 0.74 18 0.67 0.02 0.14
19 0.25 0.43 0.03 20 0.19 0.38 0.11
21 0.16 0.05 0.23 22 0.05 0.50 0.77
23 0.55 0.17 0.5 24 0.58 0.90 0.80
25 0.23 0.23 0.03 26 0.21 0.54 0.51

Rot
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{Uaesen 7

Disease: Prostate cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.05 0.00 1.67 2 0.55 0.04 0.10
3 0.33 0.08 0.15 a4 0.10 0.24 0.54
5 0.69 0.62 0.19 6 0.68 0.37 0.16
7 0.03 0.61 0.03 8 0.16 0.28 0.34
9 0.70 0.20 0.16 10 0.07 0.14 0.56
11 0.24 0.16 0.05 12 0.15 0.34 0.41
13 0.28 0.32 0.22 14 0.09 0.19 0.71
15 0.16 0.35 0.11 16 0.67 0.46 0.02
17 0.60 0.27 0.04 18 0.42 0.63 0.08
19 0.52 0.28 0.20 20 0.87 0.12 0.37
21 0.29 0.09 0.47 22 0.13 0.01 0.46
23 0.36 0.09 0.47 24 0.28 0.07 0.02
25 0.45 0.10 0.08 26 0.70 0.30 0.70
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HUle519% 8

Disease: Prostate cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.43 0.62 0.18 2 0.17 0.56 0.46
3 0.44 0.02 0.08 a4 0.09 0.41 0.31
5 0.71 0.32 0.01 6 0.28 0.97 0.08
7 0.56 0.59 0.36 8 0.32 0.86 0.14
9 0.48 0.18 0.18 10 0.63 0.30 0.62
11 0.62 0.09 0.12 12 0.58 0.25 0.20
13 0.40 0.18 0.03 14 0.46 0.89 0.04
15 0.32 0.00 0.16 16 0.61 0.87 0.11
17 0.40 0.40 0.14 18 0.53 0.01 0.42
19 0.30 0.15 0.09 20 0.75 0.75 0.6
21 0.46 0.19 0.17 22 0.26 0.71 0.10
23 0.59 0.23 0.26 24 0.16 0.11 0.01
25 0.32 0.05 0.22 26 0.33 0.21 0.04

Rss
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BUa8589 9

Disease: Prostate cancer

wallan1sane5ed: 3D CRT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.07 0.66 0.14 2 0.38 0.22 0.01
3 0.76 0.19 0.40 a4 0.34 0.05 0..06
5 0.81 0.56 0.12 6 0.22 0.25 0.09
7 0.47 0.53 0.11 8 0.84 0.48 0.02
9 0.47 0.11 0.14 10 0.60 0.18 0.02
11 0.16 0.67 0.02 12 0.13 0.10 0.02
13 0.08 0.17 0.11 14 0.25 0.21 0.02
15 0.21 0.27 0.16 16 0.68 0.43 0.06
17 0.43 0.18 0.29 18 0.38 0.50 0.04
19 0.72 0.26 0.07 20 0.18 0.18 0.09
21 0.20 0.08 0.12 22 0.38 0.50 0.04
23 0.40 0.27 0.02 24 0.64 0.29 0.15
25 0.32 0.16 0.04 26 0.46 0.61 0.05
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#Ule5199 10

Disease: Rectal cancer

walAN1Sa859d: VMAT

VisionRT Laser

Fraction Translational Error (cm) Fraction Translational Error (cm)

Number VRT LNG LAT Number VRT LNG LAT
1 0.58 0.35 0.07 2 0.17 0.37 0.03
3 0.14 0.15 0.12 4 0.33 0.33 0.35
5 0.26 0.2 0.06 6 0.22 0.06 0.53
7 0.01 0.06 0.00 8 0.56 0.40 0.66
9 0.36 0.51 0.24 10 0.40 0.05 0.77
11 0.40 0.17 0.07 12 0.15 0.35 0.33
13 0.39 0.02 0.12 14 0.32 0.06 0.21
15 0.82 0.28 0.11 16 0.80 0.93 0.1
17 0.53 0.35 0.02 18 0.16 0.15 0.28
19 0.79 0.24 0.48 20 0.15 0.21 0.38
21 0.53 0.06 0.14 22 0.05 0.18 0.08
23 0.50 0.22 0.31 24 0.07 0.01 0.42
25 1.02 0.31 0.05 26 0.30 0.20 0.40

Ros
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WALAN1SYI1 CT Simulation
\WanALNUNI391 4D-CT Simulation dwsugUleuzizalan
Alternative techniques as a substitute

for 4D-CT Simulation in Lung cancer patients
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UNANED
wannsuazmgua: lunisanedsdlugthsuziSeon esanseslsaluteniimsiadeuiinunismela
nagaian ludagduiinalianisvinenvisdaeuiiunesuuu 4 & (four-dimensional computed
tomography, 4D-CT) lagafunmarvdiunisinaiunsimnismelaluraeinensisdneuiimes
g nmenasdfifivundmiunsaeSduariumiesseslsauziSaleniiutiugn uiisnisvinil
fanududounardunulunisindenunsaireutnegs
Fnquazasd: shinsinedeyasiifemaiianisndumelawazimaiianisvienussaonfiunesuuy
awnudn (slow CT) iilenaunun1svi 4D-CT
Faquazdinng: msfinviilfintesenmsgaeufinnos Phillips fu Big bore RT Tumsifudayann
Tmai%’ﬂuﬂﬁﬁ’ﬁmsLaﬁauf\f‘%nLLammsm?{auim (moving phantom) A computerized imaging reference
systems (CIRS) Baifugunsaldrassunuriounsise faendnmanuivesnisiadeuiidwusamnamel
Wiy 12 adasewndl 6’5@Lﬁué’mwmﬁmﬂkﬂuﬂﬂwﬂﬂa TnevinAaLAULUY 4D-CT, NMSalnuuuuniela
-0 ﬂg'umsﬂﬁl (inhale/exhale breath-hold CT), LﬂﬂﬁﬂﬂﬁﬁﬂLEJﬂ“leﬁ‘EjﬂEJiJﬁ’JLm@%LLUUﬁLLﬂu%’]ﬂ%MMﬂ
4 SURUURINNTSINUART pitch kA rotation time uag WIATIANTTYILENYIIADUNIADTLUULIATFIY
(standard CT)I@EJHJ’Q‘LJMQJ respiratory management fe Sentinel 4D-CT (C-RAD AB, Sweden)
\Jugunsal optical surface monitoring systems (OSMS) #3910 lAgANINEINSUIIUAUNITFNE
WNNE5ES YT IIR BN INUARZYAN N
HaN15AN®I: YN slow CT2 WagaAAIN inhale/exhale breath-hold CT Jnwunnfiounzisaiinale
Usumslaindu 8.16 uaz 9.36 gnuiAriwufimnsnuadiu TndiAsaiunisnafieunsieguuuy internal
target volume (ITV) ﬁlﬁmﬂmmw 4D-CT Aiflawinwiniu 9.93 gnuiAfiwuRiuns agnlsinunis
yenuisdronfnnesfieis inhale/exhale breath-hold fdesiinfidesmunugielfndumelaeg
Tuszauun@
faasu: Basimnzaulunisiensisdaeuiiames Phillips Ju Big bore RT iilenauyiunsvin 4D-CT
fio mavh slow CT Tnemssermfmeseaen pitch fArnfigavindiu 0.563 wag rotation time #1510
ﬁqmwhﬁ’u 1 3w Lﬁaiﬁmwﬁiﬁﬁammwiﬂélﬁsqﬁ’umiﬁw 4D-CT
ArdR: MITaninisatedidfieiniotenssdaeniames, mavienuisdaeufiumesuuu 4 47,
msenesdnouinmestuvawnudn, wadansnaumnele, uxSaen
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Abstract
Background: In radiation therapy for lung cancer, the lung lesions move with respiration.
Currently, there is a technique, four-dimensional computed tomography (4D-CT), that acquire
images while tracking the respiratory graph during the CT scan, resulting in images with accurate
size and position of the lung lesions. However, this method is complex and the cost of
purchasing the equipment is quite high.
Objectives: Conduct a study on research data regarding breath-holding techniques and slow CT
as a replacement for 4D-CT.
Materials & methods: This study used the Phillips Big Bore RT CT scanner to collect image data,
utilizing a moving phantom, specifically the computerized imaging reference systems (CIRS), which
is a device that simulates a tumor. The respiratory rate was set to 12 breaths per minute, which
is the normal breathing rate for patients. Scans were performed using 4D-CT, inhale/exhale breath-
hold CT, 4 sets of slow CT, according to difference of pitch and rotation, and standard CT. The
respiratory management device used was the Sentinel 4D-CT (C-RAD AB, Sweden), which is an
optical Surface Monitoring Systems (OSMS). Once the image sets for treatment planning were
obtained, radiation oncologists contoured the tumor lesion on each CT image set.
Results: The slow CT2 image set and the inhale/exhale breath-hold CT image set acquire tumor
volumes of 8.16 and 9.36 cubic centimeters, respectively, which were close to the tumor volume
defined using the internal target volume (ITV) obtained from the 4D-CT, 9.93 cubic centimeters.
However, the inhale/exhale breath-hold method has the limitation of requiring patients to hold
their breath at a normal level.
Conclusion: The appropriate method for performing a Phillips Big Bore RT CT scan to replace
4D-CT is slow CT by setting the parameters with the lowest pitch value of 0.563 and the highest
rotation time of 1 second. The results are of a quality comparable to that of 4D-CT.
Keywords: CT-Simulation, 4D-CT, slow CT, breath-hold technique, CA lung
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uziselendulsauziSainudududuvesilae
Tsauzisdluuszndalng anvgivibiindalianunse
v o P ) A a a
seyladnau wiladeunsusenisfionaiiiuninudes
Y9INTLAALZISIVOA WU N1TFUYNT AIULEES
VIRUGNTTU UAN1IENBINAKATEIWINS DU
dawanasruumaiunmgla lsalsaunavia nsly
ey Wuiu newvadu 2 viln Ae uviSwoniln
wadhan (small cell lung cancer) Fanulauszane
o < & P A A a
Sovay 15 valsruziSeUeanaun daluviiniiady
WUlakazhnInszanes wazuziSalanvinwas
laiiédn (non-small cell lung cancer) wul@3asaz 85
T luinisadusaelsALas kNS N5E18%1N30
¥fAKsn N1sSnelsauziSalanilhuIniaanyis
AN N1SHIFR N15R1859F LaznISREIAIuNLS
N98nan5133139N18 (systemic treatment) 1ag
NMSSNWIMIENISHIFRITE S UNTSN LS slus ey
Ao P o o o & |
usnidlifinsnszaneluesdvagdrdgouy Tusene
ludrunisareseddmsuiUisusisaen ddeud
lunsinwvatesuuediusvervesseslsa Faly
SnwnlamanAsseziSuAuIudesrasUseAuUsEAag
= v v a1 LY 24 a o v
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4 @ 2’/ v a 17 ¥ 1
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therapy), mﬂ“ﬁﬁuﬂumﬁm (immunotherapy)'
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lunsanesed Tmadanisangdeddmiuduae
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1. N15aT959dLUUERaNA (conventional
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radiation therapy) IULMALANITINYINUFIU
P19 e8NS ILUUABITRNITING EUAIS

Snwn

Journal of Thai Association of Radiation Oncology
Vol. 31 No.2 July - December 2025

B (three-dimentional

2. MIANSIFLUUEUTR
conformal radiation therapy, 3D-CRT) inaina
A5SnYINlE A1 NLeneLsEABURLRasUNgI8 Ty
ANFINRUNITINGT T ANUITOANUATUINLAE
FLNUIVDINITI Y bP DU U NUNL AU BALNANLAE
fanadnFadly vsnaniledozdAgysiuivaunsal
fAUased (multi-leaf collimator, MLC)

3. mMsa1eseduvuysuaudu®  (intensity
modulated radiation therapy, IMRT)

& a o aa a o a

WuwadianisaesdnaunseanUSunasedgs
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4. nsareFiduuuyTuaudunyusa U
(volumetric modulated arc therapy, VMAT) 18u

a o A o a A
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o A ) a | o o a
VgURaAIa WO UIULUAEUTUITIN V03a194d
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5.n1921859d@52u7A 0 (stereotactic body
radiation therapy, SBRT) Lﬁ‘;JumimEJ%'q?{U%mmqn
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W anuduasannyndnvesdnSeduarususeslsn
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motion-encompassing® #i4il

1. Slow CT scan tJumsaunudeya wuutee
A ¢ a a v a
wisenonasdaeuiinesluragiigUisme laund

2. Inhalation/Exhalation breath-hold CT

I 1% a v 1%
WunisaunudeyaninvagigUreniglaid
naurnglanazuielasennaunigla tiisanaiy
ABNAAABUVBINNILARINNISIAGBUIIRY 8l
$1499)

3. Four-dimentional CT (4D-CT) Junsauwny
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UMINgIauNAna 19 respiratory management
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A 4D-CT Tun1snausunssne wetduuuimig

N9 CT-Simulation Tugudadshunidedndn
\SosgUnInl

JaAuazIdnIs
wiestiounraunsaililunisfinuniiusznaudne
\3ealengisdaouiinnesdmiviianinisinw
ﬁ;u BigBore RT 32 Slices (Koninklijke Phillips N.V.,
Amsderdam, Natherland) la#il bore diameter
85 WURLUAS, true scan field of view (FOV)
600 fiadlms A1 rotation time ARalFivity 044,
0.5, 0.75 wag 1.0 Ju1i, helical pitch aglutas
0.04-1.65 UALHAAMAINTTULANABAKAZEIAT (MAS)
anunsoserldoglutag 15-535 Taduonuus-dund
(mAs) mMafinwilldvhnisaunugunsaisiaounu

Apunwise CIRS 34 dynamic thorax phantom
model 008A (Sun Nuclear, Norfolk, VA, U.S.)
G994 moving phantom ﬁusm’immum
2 WURLUAS (target size sphere) mmwm 1 fae
Sasraruinisindouiiniifu 12 adseund
mudnsn1siielalugUlsund Tnawansdygyio
nsindeuiivesingaunismelalusiudiassiiae
uziSeon ﬁmmuﬂ?{aﬂmmﬂﬁqmﬁ amplitude
1 wufiuns Faduszernmandeulmvesieuusise
7491501751 motion management fannd 2
TunsAnwilvinsaunuenasdneufanosiman
7 g0 lelFouifioudnuasdiing uazvu
TagileumindurnaudnaIsvemsInay N30
Fummisounzde Samsaunui 7 sqmmwﬁﬂizﬂau
A8

Al 1 uansgunsaldasunuiounzisa CIRS U Dynamic thorax phantom model 008A
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Amplitude (cm)

-1

Time (s)

= o = P o o DX < a & a
AN 2 L&A QJ}QJJ’]EIJT]’liLﬂa’QUVIGUEN’JMQGHlIﬂ’]iW’]EJSLR]IUW/IUQ’]aEJQQUUEJM%LNU@ﬂ fruacluwuing

1A13gs amplitude 1 WUALIAT

1. 4D-CT 1 AW

2. Inhalation/Exhalation breath-hold CT
1 yan

3.Slow CT 4 yan1n darmisidinesaeiu
Iﬂﬂi%ﬁ;ﬂﬂiﬂj respiratory management Ao sentinel
4DCT (C-RAD AB, Sweden) iflugunsal OSMS Ay
laser-based surface scanning Fafiiledduluns
Judindyeyrunisuielasiudunisannulonsisd
Aeuame? lunsAnwisvuadunisideui
Tagl# laser scan ﬁ@?%mﬂqqﬂmzﬁwuﬁuﬁwa
AVl Fadusumisnmsiedeuiitu-adunuiwes
gunsaldiaesiounzise

4. Standard CT 1 sqmmmﬁaiﬁsqmmwﬁm%’u
TNUNUAITTNY WNESIES Rz IIAtBUNLIS WD
WAz YANINAILIEUU Eclipse version 18.0 (Varian
Medical Systems, Inc., Palo Alto, CA, U.S.)

MMMUAAIMITIENDTAMTUALAUNNYAN NG
AMuMUlaan (slice thickness) 3 fadwmns Tudu
Y83yANN 4D-CT 19A1 rotation time 0.44 Jud,
pitch 0.109, scan time 30.90 3mﬁ, collimator
16x1.5 JAGLUAT LAYNAAMAINTEUANADALALLIAN
400 mAs §1%13UN15ALAUYANIN inhalation/
Exhalation breath-hold CT nganvinmsidaunsal
Sentinel 4D-CT (C-RAD AB, Sweden) \iouanans
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WAy scan time WU 12.90 U9 ludliuved
WITPDINTAWNU slow CT ﬁqmﬁ 1-4 $9AN rotation
time WU 1317 NnYan1sawny pitch Wity
0.567,0.563, 0.813 lag 0.567 HIUAIAY, scan time
LA 24.70, 13.80, 9.80 way 23.90 BITRLY
MU A1 collimator YA slow CT1 uag slow
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250 mAs kag slow CT4 winfiu 400 mAs faukandbu
A19197 1 Uazyann standard CT A1vuAAl
rotation time 1Ay 0.75 3u"#, pitch 0.813,
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7.40 U9
A a a & a
WwatsgumeuynnIw slow CT 14 4 7 Tagund

MINUIBIIUEDN I slice thickness YUNA 3 Tadiung
34 collimator Muanzauiunsawnu@e collimator
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CT Protocol Rotation Pitch Scan time Collimator mAs

time(s) (s) (mm) (mAs)

4D-CT 0.44 0.109 30.90 16.00 x 1.50 400

Inhale/Exhale

breath-hold CT 0.75 0.813 12.90 16.00 x 1.50 250
Slow CT1 1.00 0.567 24.70 16.00 x 0.75 250
Slow CT2 1.00 0.563 13.80 16.00 x 1.50 250
Slow CT3 1.00 0.813 9.80 16.00 x 1.50 250
Slow CT4 1.00 0.567 23.90 16.00 x 0.75 400
Standard CT 0.75 0.813 7.40 16.00 x 1.50 250
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CT Protocol

Volume (cm?)

Equivalent Sphere Diameter (cm)

4pD-CT

Inhale/Exhale breath-hold CT

Slow CT1
Slow CT2
Slow CT3
Slow CT4
Standard CT

9.93
9.36
5.30
8.16
3.04
5.71
3.52

2.7
2.6
2.2
25
1.8
2.2
1.9

Journal of Thai Association of Radiation Oncology

Vol. 31 No.2 July - December 2025

_Ror]



AW 3 LaRsSnEaE ADULIZIS N TaLAUGY CT waiazymlawn (A) 4D-CT, (B) Inhale/Exhale breath-hold
CT, (O) Slow CT1, (D) Slow CT2, (E) Slow CT3, (F) Slow CT4 waz (G) Standard CT

YBIYANN slow CT2 A pitch WU 0.563 uay
rotation time Wity 1 Suliunsdaen pitch Aives
fign uag rotation time Mundigaveaades CT il
nsAnwannsansanlaty vinldtasinasuay
durhugusnansiuiiinfeushingdvualndides
fuamves ITV Aildarnganin 4D-CT uanilgn
Fataqiumsanvedsnu lsmeuiadsisng 14
A TV ldannganin 4D-CT lumsivunveuiss
founmidlutondmivaiesd udidesnunaud
Wunisneassmanizarvsuinsuazidudiy
gudnansiuiiinfisuviringraanasluyusiaes
sheirieaenaisdreufiamedifios 1 fu Tdlsianunsa
WIRVNSanAle

R68 Journal of Thai Association of Radiation Oncology

Vol. 31 No.2 July - December 2025

uniasad

wiallAnsaunuwuy 4D-CT Wunisawnudoya
aengisgrsuRmesuiultdyaunsela
lausauansiuniarn1sindeuiivesiou
mLéa‘ﬁ'aamé’aaﬁ’umﬁmahﬁwmé'ﬂw Fethi3se
5&Lﬂu'i%ﬁL‘Vimzaumnﬁqm"m?umw"w cT
Simulation lugftheuziEeen udilearogunsald
THeugruisesenmsdreuiiinesinamasutiegs
wardsnnsfidudeu linisliauidesifaluuia
Audsedsnu dmiuinaila inhale/exhale
breath-hold CT siidadnia fiosse Ssfomsniugu
iséfummﬁﬂiumiﬂgumaiﬂﬁagiuiséfwﬂa
fgftrendumelalussdy Adnunniuldasilug



v g aa | a I a
nsaneuuziisifiveuwalugiiiuauluais
= ° Y v a Yo o af 1o &
FeagyinieTonrinnalasusedlnelaidndu

v & wa A v a & a

senugtheagldinalinliasinnuaunsalunis
AIUANsEAUALANTaINITNauMlalaraute

= = =% Y 1 o &
FUNIAITUNTHARUYUIBADUNITVILONYLTY

a s = 1 & | o
Aaufanes nien1sldeunsaldutiogsedunis
naurela 9nAI881UTY WUIEULADS 1HsuNU
Ay, MyinAnugeniufsdesgaiuntien
nengemeumeladiuazUnd euiuneunaumela
Wudu

Tugunsvivenusdmsuiimasineila slow CT
YBUATDITY Big Bore RT (Phillips) 31nn15Anw1
nuhAnlwesiminzaniunmsawnuitelilayn
awlnalAssdyu 4D-CT Ap N19AYAT pitch AU
0.563 way rotation time winfu 1 3w faduen
. a v a . . A a P
pitch NUBENEA ke rotation time NUNNEANLATD
rausaannuls 1ned1999anonsIn1smelaves
drednlng azegnusyann 12 asasiewnil e
= gj 1 = G a v
fonsnmsmelavseunn 12 assweunfinseilonsn
nsgla 1Nl @wnsaiien pitch wag rotation
time luldeuld wilumandududdUaedidnsnis
gla 91091 12 ASIRBUNT 819RBIdn1SANYN
duilessinly faFeenisUsuan pitch wag rotation
. v ' & P ¢
time Toiwngau agslsiony TuvaeNesoaansisd
ABNTILABIIUBUY WU U Somatom (Siemens)
a1115069A7 helical pitch lassus 0.35-1.50
A1 rotation time 0.33, 0.50 way 1.00 U9, LAT89
U Discovery RT (GE healthcare) @1u15084961
helical pitch lagaus 0.562-1.750 A rotation time
0.5-1.0 Jun#l, 1A3043U Aquilion LB (Canon Medical
Systems) @131150619A7 helical pitch lamaie
0.04-0.33 lpgA rotation time WAy 0.4 3u1¥

< v oA Yo o AY o w
Wuny LLG\Luaﬂmmm&ﬂm:dH%ﬂ‘ﬂ’m%aﬁ]’mﬂlu

AUVANNVANETDY LASBENTIsERBNTImasTE e
finsfnwisialuindn pitch wag rotation time
nzaunlsReAnegals sluwiaxs:um%"auaﬂmié
ADUR MBS

wii31 slow CT agvhlslavunataunzSdnalAss
U vuewes MV Aldan 4D-CT wadsiidasiinly
asldawiienin slow CT i resolution veanIwd
Aoudam msludruiiluseslsanaveforzni
A Inenuidevesnn Wurstbauer K uazany
WUg1IAISIEAIN standard CT dmsunneivay
3uq $rufulunisnununsinw® wonanYu
MagdniladnwauideianisiuSeuiisugunse
wazUsung Lﬁaaﬁuaquuwmmﬁ 1aga1nuIdY
Y93A Jang JS warANE LAANYIAIILLANGIIYEY
g‘dwsw%mmuazU%mm%’q?iﬁziqmaeiaﬂamﬁwmi
1 4D-CT 59uAU modify slow CT @n3unauiu
nsedadmemaiia SBRT lugiheusiiwen agu
1637 daya31n 4D-CT 59ufiu modify slow CT
ansateaneRanaInfionaietulunistivus
YOUALUATITINURUNITINYY HAIUITENUIN
mﬁLm’lzﬁﬂ%mmgﬂmqLLaz‘U%mm%’aﬁﬁﬁwaﬁi
LﬁaﬂamﬂﬂaﬁmmLLMﬂ@i’lqﬁua&iwﬁﬁaazﬁ’lﬁmw
an'” wagannnsAny1aITevesnn Chinneck CD
wazamziAsafu slow CT Taeld modern CT
flensnsauU3u rotation speed fnndign 1.5 Junil
wazldfen pitch Wiy 0.5 wafildfe amgUsnes

o

Tga1nnsly slow CT flawasinauovasn il
31nn15awnUNINAI19le91n standard CT!Y
yonanaganuin NUITYYesAM de Koste JR uay
Azansaldnm slow CT wnfviun CTV Tneiiiy
margin 5 fadunsa@1niulILNun1TS Y

g au™?

Journal of Thai Association of Radiation Oncology

Vol. 31 No.2 July - December 2025 |



daagu

MsNALVUWALA 4D-CT &msuinanin1sanessd
aruwmalla slow CT way inhale/exhale breath
hold CT @u15avinld laeilvuinvesieunzisdng
ey wanasldaufesiansuiniglddesnin
‘Vl’mﬁqﬂﬂiiﬁ respiratory management AIsaenly
aD-CT Lﬁaqmﬂiﬁﬂmmwmmmwﬁaﬁqm Tuedi
nsimala slow CT msidenlyan rotation time
funndign wazen pitch fitfosiian winsAnwndsil

o iy = z{' ' a s o o
ENIN?JT@?;IJ@LWSQW@WQZﬁ?ﬂﬂWWqﬁqNLm@ﬁﬁ’]Vﬁ‘U

LONH1981989

1. Tsswerunadssslenmnigad. uzsaen
nﬂizﬂs@ualﬁ [Internet]. [cited 2025
Aug 25]. Available from: https://www.
siphhospital.com/th/news/article/share/
lung-cancer

2. weyU3vA deunes. lsauziSslendviniiu
Yosiulg. 1saslsaneruiauns. 2018; 26:
61-80.

3. $9@SnwnA391%. CT-Simulator with Surface
Tracking [Internet]. [cited 2024 Aug 26].
Available from: https://sirirajradonco.org/
Healing-Tool

6. wwivendededlml. unil 2 guiitugu
IspuziSaUen [Intemet]. [cited 2024 Oct
15]. Available from: https://archive.lib.
cmu.ac.th/full/T/2560/medph80860
kapa_ch2.pdf

Journal of Thai Association of Radiation Oncology
Vol. 31 No.2 July - December 2025

~ & < v oA
slow CT 1193910 Wun1svaaeuiuteyauriniod
NS ADUN LA DSLATDLALIVIN T
AnRNIsUUsENA
vouRmutnSdnIsuImE UnTEndn1sunme anan
15985 A1AIVNTIEINYT ANEWNNEFAERS
AsTrvneiuia umInerdeuiing Navinunli
Ausnile atuayu uwazlvAuusdl Nanasly
a = Y M voe & ' I
anuiuazaunsallunisfnwassillvidusagaradu

] a
BYNA

5. Khamfongkhruea C, Thongsawad S,
Tannanonta C, Chamchod S. Comparison
of CT images with average intensity
projection, free breathing, and
mid-ventilation for dose calculation in
lung cancer. J Appl Clin Med Phys.
2017;18:26-36.

6. Keall PJ, Mageras GS, Balter JM, Emery RS,
Forster KM, Jiang SB, et al. The
management of respiratory motion in
radiation oncology: report of AAPM Task
Group 76. Med Phys. 2006;33:3883-4.

7. Puangragsa U, Pleanarom S, Phongprapun
W, Thananphuwasit U, Yaemchaisarn C,
Pongpaiboon F, et al. Stereotactic Body
Radiotherapy in lung cancer and lung
metastases patient at Siriraj hospital.
J Thai Assoc Radiat Oncol.2022;28:49-71.



10.

Boonma C, Kharuwanarin S. n15UsgLiiy
Vinassdiguaefeglnglisuannismee
enwsdneufinmeivesiasdilsanevia
#3371 [Dose assessment from abdominal
CT in adult patients at Siriraj Hospitall.
1138N559FIMeNAII. 2018;5:8-24.
Wurstbauer K, Deutschmann H, Kopp P,
Sedlmayer F. Radiotherapy planning for
lung cancer: Slow CTs allow the drawing
of tighter margins. Radiother Oncol.
2005;75:165-70.

Jang JS, Huh GJ, Park SY, Yang PS, Chung
HN, Seo JH, et al. Reconstitution of
internal target volumes by combining
four-dimentional computed tomography
and a modified slow computed
tomography scan in stereotactic body
radiotherapy planning for lung cancer.
Radiat Oncol. 2014;9:106.

11.

12.

Chinneck CD, McJury M, Hounsell AR. The
potential for undertaking slow CT using a
modern CT scanner. Br J Radiol.
2010;83:687-93.

de Koste JR, Lagerwaard FJ, de Boer HC,
Nijssen-Visser MR, Senan S.Are multiple
CT scans required for planning curative
radiotherapy in lung tumors of the lower
lobe. Int J Radiat Oncol Biol Phys.
2003;55:1394-9.

Journal of Thai Association of Radiation Oncology

Vol. 31 No.2 July - December 2025 |



RANYIUYBINTTSNElsANZITR AT S EnaTiauUsAudY
WIUINIATUUUNYUTUY Radixact® X9
Break-even point of Radixact® X9 helical tomotherapy

machines for cancer treatment
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AdARY: IRANNY, S9E5hw, lunesny, Radixact® X9, AuVUN1TINY, LATHFANENTAIS1TMEY

D

Abstract
Background: The Radixact® X9 system is an advanced radiotherapy technique in cancer treatment
with high investment costs, necessitating economic evaluation for resource allocation.
Objective: To analyze the break-even point of Radixact® X9 usage at Udon Thani and Lopburi
Cancer Hospitals.
Materials & methods: A descriptive study collecting direct and indirect cost data in 2024 to
calculate unit costs and break-even points in terms of patient numbers and treatment fractions,
including sensitivity analysis.
Results: Udon Thani Cancer Hospital showed a unit cost of 150,737.03 THB and a break-even
point of 356.45 patients/year, whereas Lopburi Cancer Hospital had a higher unit cost of 230,355.21
THB and a break-even point of 499.27 patients/year. Sensitivity analysis identified capital costs
as the most influential factor with labor costs being less impactful.
Conclusion: Achieving the break-even point for Radixact® X9 services requires a substantial
patient volume. Capital cost is the most critical factor affecting economic viability. These findings
provide essential data for investment planning, resource management, and radiotherapy
policy-making in Thailand.
Keywords: break-even point, radiotherapy, tomotherapy, Radixact® X9, unit cost, health
economics
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AMTRIMIISNLEUINNNNTANYSE i’JiJﬂl’lﬁ’]ﬁ’liil{Lﬂﬂﬂ
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A135NY1 MRINWEUNITINYT 09598 LaLiDa

< v ° e
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usmasiaiiien Aladnddalug) audiegnaelniing
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foszuinamsiaruld Yvivastfuiasaails wagi
ANSUNLBANNLININ ANUIUIINUTUIUNITIGUN
AoAse (Ga9) aa I1uruATINIslunisliuinig
ooy kazANMEEnTIAUTEUY Aegns

VC (umm) = MC1 + MC2 + MC3

FunuyNaesl (indirect cost : IDC) Ao FuyuduA
‘17111]L?]IEJ’J%IENIG]EJWNﬁ“Uﬂ’]ﬂﬁugﬂ’]iéjﬂ’flaﬁﬁﬁlﬂ’lﬁ’ﬂ‘lﬂ’]
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nsliusnsile saenauliaunsamdndiunisla
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AuUanndy ANUSUISIANITANTRvey LTudu
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szRasiunsldsnsinensslusasadianinsa
mlaainn1snsesanUydsiearenisiiuinisluy
VoYaTIeIIEN1INITIUVILAALITING VA Lol
Lﬁmmﬂﬁé’m’mﬁﬁaammﬁaLﬁauﬁ’uﬁunuiw
ﬁdﬂuﬂiﬂEJLQW’]%i’]ﬂ’](;IJuVJUi’JNﬂQﬁ LarN1SIIg
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msrnfauazame dldanuigunnudennnediu

lassafasnunulagldiussanansviniuiesas 20

maqﬁunumqmﬁ (DO) %aﬂuﬁwﬂazmmmaay%’ﬂﬁ

111 (conservative estimate) NALNUAIIII AUERT
IDC (vn) = DC x 20%

1. suyusiavdle (unit cost)
ﬁ’lmmmﬂﬁunuﬁy’wm AT UIULTUUTNNT
\A39331 Radixact® X9 st (N) Aaigns
Auusionte (Unfese) = Total cost (TC) (UW)

N (518))

v

2. 99ANNU (break-even point)

q
[%

AAUNUYDINITUTNITRNETIAMELATRITY

q q q

Radixact® X9 ﬁwuamawnﬁunuﬂaﬁ (FO) FUsznau
PIEALYILALTS (LO) kazAunuaIau (CC) 3
sefiFenifiudeniag (price : P) sindumuuysiu
semiig (VO) lasAngadunudalnligdayainn
Yauuszana 2567

v

AU =

q q

FuvuAsiisi (FC) (W)

A < '
FIALIENLNURNLIY (P) (U ) -
AuvuLUIRusanyIe (VO) (Um)

Aas1zsnula (Sensitivity Analysis)
giunisifieUsziiunansEnuueenas
Wasuwlasduusdadetudngn (key input
variables) soHadnsidndnyvosnsanu leun dunu
AONUIBLAEIAANNY ﬁgnﬁmiﬁﬂmﬁzguﬁuﬁ
nsudsiuveslademuiunuause (LC) wazlady
FrusiAaIesatesed (CCflesanniBunisly
sAUsznaUA AT UAsTiuas LU ST
wnltuasuudadduswan n1s3nszdazinnsan

SLUEULLUUG]’IiJﬁQWUﬂ’]iiﬁf\T’IaEN (scenario-based



analysis) lagn1sfiivuaaniun1saldmnsuiuyu
fusasasiolul
1. Mmylezinnuladefinisusufinaus

1. @01un15057U (base case) TAUNUAILTS
MaNARAIL SIS Usznm o Tufl 31 manew 2566

2.@01un15eid 1 é}’unummuﬁ'u%umr}
A01UN1TFIU 20%

3. d01un1saif 2 é}’unummuﬁ'u%umr}
A01UN1T0IFIU 30%
2. mmswienubiflefinisuuansanaios

1. anunsaigiu Tduuaieieses a Jud
10 panaw 2568 lagliifinnsdesewsotoiauetivay

2. @pun1sald 1 é’unuﬁwm%ww%’ﬁamm
NADUNTAIFIN 20%

3. @0unIsaiT 2 ﬁuv;uml,ﬂ%"aqa’m%’qﬁamm
NADUNTAIFIY 30%

NaNISANYN

° PR 2 a v oo a o &

uugtheuzSidruuimsiuiussnmsdu
van 7 Falus Inglsmeruiauzisenssifiguae
YI9UUA 282 518 1U15UUSNIST9MUA 6,400 ASS
1 & aa Y 3
dulsangruanziSanyiigdienavan 199 518
W5UUSNsiavNe 3,614 Ase Fedulngwuindu
AUrsuenuinninguislu Tnelsaneruiausisa
gas51digUag OPD d1u3u 273 518 unldusnng
anun 6,355 Ase dgdasludiuig 9 91 uay
WlusNIsavae 45 A3 1saneuangSanysil
AUaeuen 31U 176 T18 wliuInIsvianue 3,243
A%e daugUaglu 91wy 29 eanldusnisiavan
371 ASs

AunusievlgvesnIsatefidaninTeare S
JU Radixact® X9 HaN1IANYINUIIAUNUIIAT

LAI0921859F Radixact® X9 lsangnurauzisa
9n5511eg1 207,750,000 UM ddunuseTewviiy
150,737.03 UM LagAUNUABATY 6,641.85 UM
| 2 Ay A o a
dlsmeuauzSanysisununanesemeded
222,900,000 UM AuYUABIIERLTN 230,355.21 UM
WAZAUYUABASY 12,684.20 UM MIANTIN9 1
HAN1SIATIERYAANNY Tnalsaneunaustss
gnssHdanAuNUN 356.45 sesel w3e 9,680.07
3 1 = 1 @ aa v
ATeial diulsangrurausisaanyiignnuny
7 499.27 s1umeU U358 10,288.97 AseAay
Lﬁaﬁﬁmmﬁ"mﬁ’uﬁwmum%’wadr%m%’uu%mswud']
lsaneunauzisegassdigiuuinisianun 6,400
A5 drulsaneruiauetsanysigsuusnisianun
3,614 A1 B11INNTANYIIAANYIL NUILTING VA
& = @ aa v
wzisegnsonduazlsangrutauzissanysidunu
wUstusonsadutu 83.14 way 110.23 UIMALERU
Ieseniiuseasadu 4,419.44 uax 4,526.83 Un
MUAIRY TouagnAuvuforUIsLazAaTIUIUATS
YINSHIUSNNTLARNSIUAITIN 2 way AW 1-4
won3Nil N15AsIesigaduulunIsAnYll
galddndunisaeldauufgiunidusainaisuas
9198 utayadUieindy ieavviauanInnisal
nsandusuiiludiuny (representative
operational setting) lngtanizag98sluusunvey
Usewmalne Jasdedaudrnaniildlunisaiuio
Usenaumie
Y 1 A P ° v
1. AununsInweLAIeile nvualagld s1en
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v o & a = ' PPy
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A19197 1 AuvuseieveIn1sReTidaIneTesIu Radixact® X9

NUBIU

IN.U2599A 5517

IN.AULFANYS

£%

AUNUNNATI (VM) 35,423,202.03 38,200,571.63
ATLSE (UN) 2,592,419.11 1,378,331.57
ATTaR (VM) 443,389.33 331,966.26
ARV (UN) 32,387,393.59 36,490,273.79
FUVUNORY (VM) 7,084,640.41 7,640,114.33
éfuvqluﬁ"’wm (v ) 42,507,842.43 45,840,685.95
NUIETUUINIS (519) 282 199
Auusiente (Unfes1Y) 150,737.03 230,355.21
Suyusioviae (Unsonsy) 6,641.85 12,684.20

2. dunuyaans Muualaglidnstuisieu
dmfunquinsanisnaseulazidminnvessy
MmAgITesiumsliuinsTadsnw laun Sedunng

o

TARANFNISENNE WY1UIA LAZLNNTNTSIAWmATA

[14]

9198 ugIuTeLaRuRoUNINTg LY ward I

1) fendudesldlunsazianssy

yAaInITush
et

3. Usinaugfthesiel Ussananisann S1uiugihe
wdesied Miruuimssedinuilulsmenuianzise
aumlngeaesusia AolsamenuiauziSgasoniuas
Tsanguauzisanys warlfidugiulunisauan
AunNuUUUIRUABs1Y (VO) Wagn13AuINAIUINNg
Wavserthe (P) MIleneignduunelfmnmgiu
Adusmnans fuandluassil 3
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A19199 2 AANNUVDINTTANBTIAINATOITU Radixact® X9

Auny IN.U2599A5517]

TN.ULFENYS

[ ' v

AuraRUe (518)

'
a

AUNUAIN (UN)

q

ALTY (UN)

AU (UM)

FuULUIY (Um)
PUITUUINT (578)
AuuuUsHusony (UW/578)

=) =3 '
FIABLNAURBAN (U1N/918)
nfAuu (318sad)

ANUIUADNITSUUINIS (AT9)

o -

AUNUAIN (UIN)

ALY (VW)
$1unsunsuuans (a)
Fuyuulsiutenisuins (uin/eds)
senBeuiiusenss (Un/a)

Y

AANNY (AT95RT)

41,975,775.24 45,442,326.43
2,592,419.11 1,378,331.57
32,387,393.59 36,490,273.79
443,389.33 331,966.26
282 199
1,886.76 2,001.81
119,646.75 93,018.72
356.45 499.27
41,975,775.24 45,442,326.43
443,389.33 331,966.26
6,400 3,614
83.14 110.23
4,419.44 4,526.83
9,680.07 10,288.97

Na Y '

lsanerutauziiagassdfiduyuneniae

d

150,737.03 U waznAunNuil 356.45 s1e6ed

1%
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a

fgendndl 230,355.21 U wazgaduNuil 499.27
510l dmfuinaluladfidfunuasfigs 19y
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Tuinsiigeninazvirlsidunuasiignnszaneluds
MNBUINITIIIUNN dmalvisuudeniisanas
Fudumanailsmeiuiauzifegassi dildunu

RomemnIlsimeuiauissanys wWisuidieuiu

HaN15ANYIveY Perrier[16] wandliiuinfuyusiu
\nAn5a1853@M8LATee TomoTherapy® ot
3,069 gl3 (95% Cl, 2,885 - 3,285) n3pUseaIM
115,404 U Lﬁﬂuﬁ’uﬁuwmagmm VMAT 6?5@@&4‘171"

2,544 gls Smsuanidsu w Juil 10 woedniou
2568: 1 g5 = 37.631 v W) FaflaulndiAeaiv
Tsaneuiauzi3egnssnd whiesduedesansid
Julwanseiy
Haduvdniidamasiosunusieniiouazgndunu
funnsafusswindlsmenunariades A duyuasdi
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Break-Even Point (51%)
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Break-Even Point (ﬂ%ﬂ)
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a P o a A | . A Y oa ° v a
M99 3 ﬁ!@ﬂunu%mmim&liﬁﬁﬁ]’mLﬂiaﬁu Radixact® X9 Luaaqﬂaﬁmquﬁqﬂqﬂa’]\iLLﬁg"{l’]u'Juaﬂ'ﬂﬁJLaaH

AuIuALUe (318)

AUYUAIA (U1) 49,834,447.38
AMIS (UM) 1,325,166.09
ARV (UW) 39,871,573.79
FuvuLUIY (Um) 331,966.26
IUGITUUINIG (578) 240
FuvusiaA (UIM/518) 207,643.53
TimBeniudeny (Un/518) 104,418.86
nduvu (318sad) 481.09

ANUIUFABNITIUUSNIS (AS9)

AunUAL (VM) 49,834,447.38
ALY (Um) 331,966.26
SUMSINZUENNg (AYa) 5,000
Funusiomauinig (Wn/asy) 9,966.89
mndeuiiudenss (wm/ade) 4,172.82
anduny (asasiall) 12,077.77
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a a ¢ P | ' A a ' Y o o v o
M15719N 4 wmLm’lwmmbuamunumwm&J (um) Waagundasasaduaiindstdadeunan

dn1un1sal AUNUR NI AUNURONUIY AUNURONUIY
(U/518) (w/ada) Wasuuvas (%)

ﬂﬂ’mﬂ’]ifﬁﬁﬂu 207,643.53 9,966.89 -
A0UNIOIT 2 FuuALSa + 20% 208,968.70 10,030.50 +0.64
#01UNIOIT 3 FuuAILSa + 30% 209,631.28 10,062.30 +0.96

d01un1sal AAUYU AAUYU R SIRIEY

(518/0) ) (%)

anunsalgu 481.09 12,077.77 -
anumsali 2 FUYLALTY + 20% 484.18 12,155.47 +0.64
#01UNTOIN 3 FuMUALSI + 30% 485.73 12,194.32 +0.96

= a ¢ v i ' ~ N = v AR v v o v o
M1319N 5 Na'ﬁLﬂiqgﬂﬂ']']ﬂb'ﬂ@ﬂWunum@ﬂuj’ﬂ (Uw) Watlduuuwdassiaasesiessdidusudstadstiwavean

dnunisnl sunusieviie (U1/  funusentiy (L/  Auvusene
318) A1) Wasuuvas (%)

amumsaﬁgm 207,643.53 9,966.89 =
anuNTaif 2 AunuALA3es - 20% 170,158.53 8,167.61 -18.1
anunsalfl 3 duvuALe3ed - 30% 151,416.03 7,267.97 - 271

an1un1sal AUV ARUY) nfumuIUAsuuUAg

(518/0) ) (%)

anuNInig 481.09 12,077.77 -
anumsalil 2 ﬁuﬂqumm%q - 20% 393.54 9,879.85 -18.2
#01UMIEIA 3 FunuALAZes - 30% 349.76 8,780.89 -273

Journal of Thai Association of Radiation Oncology
Vol. 31 No.2 July - December 2025



LAEEMNIINITSENLAUAIUSNNSABIIEALANAATY
| & 2 Aa Y a |
nafie lsaneruiauzsanyTidunuaiigndi
(45,442,326.43 UM Wiguiu 41,975,775.24 un)
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Abstract
Backgrounds: The Department of Medical Sciences of Thailand has established national
diagnostic reference levels (NDRLs) for computed tomography (CT) examinations to guide radiation
dose optimization. However, each hospital should define its own institutional diagnostic levels

(typical values) to reflect actual clinical practice.

Journal of Thai Association of Radiation Oncology R89
Vol. 31 No.2 July - December 2025



Objectives: This study aimed to establish typical values for CT simulation at Naresuan
University Hospital. In addition, the study sought to analyze the correlations between radiation
dose indices and scan parameters together with patient-related factors.

Materials and Methods: Patient data were retrospectively collected between 2021 and 2023.
Radiation dose metrics, including the volume CT dose index (CTDlvol) and dose length product
(DLP), were analyzed for four anatomical regions: brain, head and neck, chest, and pelvis. Typical
values were calculated as the median of the dose distributions. Correlations between radiation
dose and both imaging parameters and patient characteristics were also evaluated.

Results: The median CTDIvoL values for brain, head and neck, chest, and pelvis regions were 41.6,
21.5,14.8, and 17.8 mGy, respectively. The corresponding median DLP values were 1,279.3, 929.7,
644.2, and 674.8 mGy-cm. Compared with the NDRLs, the CTDI values obtained in this study
were lower, whereas the DLP values were higher. Overall, these typical values were generally
consistent with previous reports, particularly those involving CT simulators. Among the examined
parameters, scan length showed a strong positive correlation with DLP (r > 0.960), whereas patient
factors such as age, weight, and height exhibited weak correlations.

Conclusion: The institutional CToI values derived from this study were lower than the Thai
NDRLs, whereas DLP values were higher. but in line with other published findings. These results
provide useful benchmarks for local optimization of CT simulator protocols, supporting radiation
dose management and patient safety while maintaining adequate image quality for diagnosis and

radiotherapy treatment planning.

Keywords: Computed tomography simulator; Volume CT dose index (CTDlvol); Dose length
product (DLP); Diagnostic reference levels (DRLs)
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U kVp mAs Slice thickness Pitch Scan length

(Naduns) (Naduns)

RN

Mean£SD *¥120+0 *350+0 2.1+0.4 *0.563+0 291.8+40.1

Range = = 1-3 = 220-390

Aswzuazaine

Mean+SD *¥120+0 330+14.4 2.5+0.5 0.748+0.107 416.8+56.3

Range - 250-350 2-3 0.563-0.817 264-651

752990

Mean£SD *¥120+0 250.5+5.1 2.6+0.5 0.782+0.054 398.6+33.1

Range - 250-300 2-3 0.688-0.813 334-478

dagansu

Mean+SD *¥120+0 *300+0 2.4+0.5 0.806+0.029 340.2+34.9

Range - - 2-3 0.688-0.813 220-444

* lifinswasuntasaimsfines Jelduansan range

Ras
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3. A1 typical value
‘:l 1 a v a YV a (%
A19197 3 LansAIUTuISIED 19895 A
891U (typical values) flAa1nn15ms19678
LA3DLENTITIABUANADITIADINITT NI ULARE
Ushw oun dues Asvruazaine 1192900 waz
d9Ben31u HaMsALINNUIT AUSINMEE CTDI
Vi
fAnadegsening 14.8-41.6 mGy UagA1 DLP

98581319 460.7-1,851.1 mGy-cm lagusianiauas
feU3inaisidgeiign (CTDI = 41.6 mGy uay DLP
= 1,279.3 mGy-cm) T9989U1AD ATELLATAIAD LAz

Y a

A a A a o =
QQL“NﬂSW‘u SL‘LJ‘*UELJWI‘USL’Jmmﬁ’N@ﬂmmUiu’]mmﬁ

(5]’1‘171'?161 (CTDIvoL = 14.8 mGy wag DLP = 644.2

mGy-cm)

A19197 3 ANUSUNUSIED 9B ITZAUNUIBNIU (typical values) @9SUNITAS NN INAIBLATOIONTLIADUNLADS

318891551 LUUS NENDY ASYLLATAIAD NT39D

N WAz

U YI9UDIAT 49999A1 DLP Typical value
CTDI  (mGy) (mGy.cm) CTDI_(mGy)  DLP (mGy.cm)
ausd (n= 25) *41.6+0 980.2-1,684.9 41.6 1,279.3
fisweuazanne (N=66) 14.8-41.6 606.3-1,851.1 215 929.8
732990 (N=98) 14.8-17.8 551.9-775.7 14.8 644.2
NI (N=144) *17.8+0 460.7-856.1 17.8 674.8

*3ifinswasunlasamisdnes

4. anuduussznindeyadUlsuasnisiives
llumsadranwiua3unasd
nan1sas1ziaduuszansanduwus
(correlation coefficient) wandlifidiuin 98 ‘1:717‘viﬁﬂ
wazauge dieudiniusiue CTDIL Tuuinafsee
wazdne sadansaen Tuszdusunn (r < 0.2)
wWuliaduiuan DLP TunnuInufidnuidany
auduiuslusydusmunnuiy sgrelsiniy
fdodunninmsfimes Scan length fmnuduius

Gauantuseiuganniual DLP Tngangluuiim
aue9 (r = 1.000) 153900 (1 = 0.963) WALHITINI Y
(r = 0.999) fauandlunsneil 4 wiHusnadsvzuay
Smovzdimnuduiuse ( = 0.112) widloliases
wenngunmen CTDI Faawit 1 wupduius

'
' a

Baudumsags (r = 1.000) lnguansdisdn DLP Liuay

v v

AYBUA
U

Y
P

PNUTTHLNTALNY BIUNTAASIENTE I8 LA
GHIRTER

cTol 7l 16.8 mGy oen Wlpsnid
1918
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a o a £ o o & ' 1% v a & P
M13799 4 Heat map wansAdudseavisanduius () senirstoyadtheuarnnsfiwesnldlunisasnanm
AuAeuiUSUuSaE (CTDI  waiz DLP) INNNFASNINLBNUSTABUNLABSINABINITS NN

FuUseBnsandunus (r)

U CDI - CDI - cbl - DLP- DLP- DLP- DLP-Scan

vol o Vol vol

21 ) wniin dugs Length

A389
Asuruay
1A
N52900

I

r = +(0-0.30) uansdsnuFuTUS s uTIN * Aiamgidaudalunmi 1
r = +(0.31-0.50) Széush

r = +(0.51-0.70), sgAuUIunad

r = +(0.71-0.90) s¥diUEd

r = +(0.91-1.00) s¥AUgN

2000

4 . 4 192 mGy
1800 R?=10.9998

=1.000 ® 21.5mGy
"
1600 | ® 416 mGy

1400 g

1200 o

r=1.000

DLP (mGy.cm)

47 R2=0.9996
r=1.000

1000 o

800 +

600 - o

400 +—+—7—7F—"7"—"F"—"T——T—FTT—T—T—T—T7T—T—T—T—T—T—TTT

200 300 400 500 600 700
Scan length (mm)

v & 1

AN 1 ANENTUSSERINeIEEEN1TALNU (scan length) wazA1U3uNSsE DLP Tundufsusuazaine
Adwunidu 3 nguauan CTDI (19.2, 21.5 uag 41.6 mGy)

Journal of Thai Association of Radiation Oncology
Vol. 31 No.2 July - December 2025



unIdansal
= 2 vo ' a U Ay a .
nsAnwdlannuaAIUInIusIde98e typical
values N5 0IBNUSEIADUNLADSI1aBINITTNN
LATYIIN1SLUSEUEUAUIIUITEADUNT WU
AIULANG19UDIAT CTDI _ uaz DLP Tunsazusineu
VI
= X Y a s A A9y
Feuegiumaiiwesmanallanly Wy kVp, mAs,
uarsrEzaunu (scan length) Feaudulladefdna
TnenswoUsunasdngUielasu
dmTuuTnaEN Az UINTIY A1 typical
values #lagnAtuiaindl CTDI R WNEIALAET
Vi
Wesanlafinisusuamsiiines kVp waz mAs
serieitheusiarste el nshiusuen kvp waua
1NN1SNAINENTNARDANUEUNUSTEIINAAY
aa U 1 1 a &
9 (CT number) UAIANUNULLUUYBDIDENATOU
FIAINARNDNITAIUIUUS LIS IF L UTEUUIBEUNTS

$nw (treatment planning system; TPS) n31WA73

duiusAsnanignasisuamsdmivudazal kvp
Fadu minfinisideu kvp zdendennsanli
donndesiulul shliursaantuliondern kvp e
v*hLa&J:]ﬁm%’m@ﬂﬁmmﬁv‘hmia%’mmw #UAT MAs
ﬁlﬁqﬂﬂ%’ﬂuﬁmmauaqLLaxé:ﬂL%qm’]uﬁ?u WDl
aulUslaneavedlsang uia

A157971 5 waT 6 LannsUSeuisuAUSina
Sedo1984 CTDI  uaw DLP Flaannnsdneniiiu
Ararnunassnadanie 9 selulsznelne way
fnaUszine lawn nsudnermansnisunmg® s1eeu
NLATINIT THA6043 TnengulseSeuwnmd™ fiuns

1]

nauya Lavaug® Kanda R. Lavaug" " wag Zalokar

N. hazmg

M157199 5 uananisiFeudiaudn typical value ved CTDI_ (mGy) flFnnsiseiifuadredmecnsy
Ingenansnsume wazauiseroundislneuarinseme
CTDI  (mGy)
Ui Ny TAsens Kanda R *uUng *Zalokar N. *aw3seidl
Iemans  THA6043 etal"  eougauaz  etal”
msuwnnd®  Teangu Az
T5958u
uwng™
GERN 62 52.9 7 - 76.9 41.6
Asvzlazaino - - - - 22.6 21.5
N31BN 18 12.1 13 - 19.2 14.8
g - - - 13 17.9 17.8

* JoAIINIATOLBNYTIADUNIADTTIABINITTN
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M157199 6 uanin1sIeuiiaud typical value 283 DLP (mGy.cm) #iléainnisi SoilfuAenidevensy
Inenenansnsunmd uazauiserounislnguazinseme
DLP (mGy.cm)
U3 nsY TAsens Kanda R *AuUnsg *Zalokar N.  *¢u3sed
WMeans  THA6043 etal"  qougauaz  etal”
msuwnd®  Tagngu IR
T59538u
wwng
BEN 1,028 1,125 1350 - 1,942.4 1,279.3
fiswzllazaine - - - - 969.2 929.8
NIWBN 417 509 510 - 832.4 644.2
AT - - - 478.7 677.1 674.8

* fayavnniAToseneisdaauiinesinaenIssnm

dmsuusaaues wuiiA CTDI fiansngn
AT 97 et vaszdien DLP HGRGR
N7151891409NUANYIFEASNITUNNE® LAy
1Asans THA6043" laiiiusesay 20 waylndlAeeiu
uved Kanda R. wazame! (draniuluiiu
Sovar 10) dlewSeudisutiunuves Zalokar N. uae
Az wunadilamninUsyanadosas 50 $9919
WUNaINAMULANAT9YBINISIHLABS N1TALNY
Tnglusues Zalokar N. uazame lHiasewinsdve
FUiAset demaen reference mAs g9n71 (Uszano
350-370 mAs) uagiUaldszuumununszuasnlulia
(AEQ) vausiinsinuwniiladlaldsyuusanan

luvsnwufsweuavaine A1 CTDI uaz DLP
danlnalAsedusuves Zalokar N. wazamg'”
nlasnaiulaifedesas 10 avviouitmisimes

A5aLNUN I IULATB9LONYLSIABUNILADITI1aBINT

R98

Vol. 31 No.2 July - December 2025

Journal of Thai Association of Radiation Oncology

Snweglutisniieufsaldiusumslusiisssme
wiiIn1sAnufaglilaldseuu AEC Amy el
ATANUUSUAS YL LATAADLANYULIAN L VBIS I8

o =

Snwn Fadlvgannu (scan length) LANA99IN9TY

U daa o =

F9@fady FdhiusngTenuaUsunusidsddly

§IUTDY

3 U

aa o & Y
AU TUNAN

aveINTUINYIMARSNITLNNENYaiunis

AnSUUTHINmSen wuinal CTDI  uaz DLP
VOl
1NNSANLTAIAININTI891UVeY Zalokar N. Lag

M Jagunuansiganulagnsuingndans

ALY
ASWNNg® wuan CTDI PnmsAnuiasngn
yaugdiAn DLP ganin senaidunainainei scan
length A4 lusumsdedsnuiidnannnit wenanil
Wae CTDI  uag DLP s‘]’qqnﬂ’jwmﬁiwmumﬂ

ANSANWINBUNTN V84 Kanda R. wazauz!



dMSUUTUGUTINTIU HaNISANYINYID
A CTDI  ua DLP YeanuAdeiinalngifssiuany
984 Zalokar N. wazagz” Lwiqqn’j’whﬁiﬂm’luima
uns aeuya wazAamz™ Yszurudewvas 30
whsanunsinwasliiadosensistnoufimes
SraeensSneufieaty usauuansadiedieu
AUUYBITIUNT WazAE DIANAINAIULANAT
999n15M5¥UU AEC %38a1nN15HeANNSIfilnes
3u q dwsunsaenmluelesenusdnoufiamnes
AuaziTe

nfinaraneuntidlioSeuiisuiuamdnds

284 NSUINGIAERS NSNS

wuIIA1 DLP #il@ann
NUITBEEAgeanImnUTM lakd aues wasnsisen
v v ' a o A Y a |
avvioulviiudnsuiasid@nldaseetagenin
ANIRIEIUTEAUUSTINA Bgelsinin deyaves
nsuAngeansnisunndiluauinsgiuileain
LAS89LBNTLSEABUNIMDIN1ITIEITATY F991909N
| A & U Ao | ' I
AganATen g luausEshw Wy nsasen kvp 1
7 120 kvp lagnlumessdsssnwazliiusuan kvp
AUVUIAYBINUIY NTBUITIUTYIINITATIENIN
dnviauunn gantry Mlngnin vinlszez SSD wnTu
v YRl a s A v a
wagdosUsuAmfiwesiieilanuninueanini
WD WanaINt SraenISAWNUIUAITINEUNI
SeEdnwding1inihmnsalilade easeunguieu
< o a a v a a o a
ueSanarelenvdgaNdesUseiiulsunusad
@9AARBINUII89IUVDY Sanderud A. wazaug!™?
fnwuin e CTDI Wag DLP YBINTASIININLDNULSE
VO
Aaufimesiiiadianin1sinyiduualdugenin
ANSAS19NINLBNTLSIABURILABSLNBNI1TINITY
WemningUseasdvainisainaninaneiu lnens
afanmenisdasuiamesTnaeIn SNy
mmgﬂﬁaaLLazmmLszua"waamwa"w%’U
ANSINTLEUNITINYY UINNI1NTanUSUUSIE

AIUMANNIT optimization VOIUIAIUTE

YonanG NMslnseiauduiusuansliifiui
91¢ Yhwedn wazdIuga fianuduiussuiniu
AN cTDI lunnusiau Yauzfin1s1dmed scan
length fAuduRUSITIVINgININAUAT DLP
Iaglangluusiiuauss n539en kagdudansiu
Fanongin nsauAuANeINsasnuiulade
daglunisanUsunusidlaslinsenuauain
YDININ

Wi 91nNIATIIERUANNENUS S9N scan
length WazA1 DLP U99USNMATZLATAIND WU
ijammuﬁmﬂi cToI wda lngdanguieya
AUAT cToI wagdimsrgsidusiengy wudn
ANNENTUSTEnIsaesiIwlIAINE T TEAUEININ
(il 1) Fedonndoatununliuauduiusiny
Tuudnadu 9

F0917Av09n157nY1 Ao LATDILENTLSE
AoufAes1anIn1s¥nuAldlunisdnud il
SxuU AEC vnlwldatuisausuan mAs dnlusd@
AUENYULNIINEINALAZVUIAAIN UL Snis
vUinadinslinnsiwmedad uonanislailed
nsmedvilvutngUig Wy water-equivalent
diameter villianisafuigl size-specific
dose estimate (SSDE) gt

dalausuuy Ae AITinsUTuUTslusinmeal
wigauiuvuagUie Wy n15AmMuA scan length
fimnzay wazn1sly chart USUA1 mAs aua
wuwm@’ﬂ’mﬂizﬁﬁlﬂﬁ AEC 57109A15RTUINTT
1% iterative reconstruction L'Wlaaﬂﬁ’] mAs Tagl
NSENUAMAINYBININ W94 A1 DRLs laiesgnltidu
dose limit Tnense uamstiifuedosiodmiuns
Wz TanazyTuenmnn Lﬁaa%'wau@aswdw
ANATNYBINNKAZANNUaRA BB
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daagu

Mnmsanwilaansaimuae typical values
Y99LA3RNLENTIsERBURLABSTIaRIN1s e e
Tagnuinel cTol dusunisasteninluusiou
dU99 ATYZUAYAIAD 13980 LAY 9N
A1 41.6, 21.5, 14.8 uag 17.8 mGy AIUARU WAL
A1 DLP WU 1,279.3, 929.75, 644.15 waz 674.75
MGy-crm ALY HanTIASIE AL dUTUET LY
Wiudn scan length (Judlededifinasedn DLP
wndian vazfidteyafiugiuvesiiae léud ong
Yaniin wardIuas flannuduiudsunnfuse
CTDI_ uaz DLP ﬁﬁagaﬁiﬁmﬂmiﬁﬂmﬁmmm
1 Junumislunismruaaiusunusedoads
fvnzaudmiuniosensssreuiimessiasinig
fnw1 Bnnamraseenenisanenluiaiesenwisd
ARNRILABSTIa0IN1sTnu LR LLAY e dah
ﬂ'Wﬁmzu%’qﬁé”m@ﬂuixﬁuﬁmamquLLazL‘flu

Wnsgrunngulueunan
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