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Abstract

Backgrounds: Stereotactic Body Radiotherapy (SBRT) for doughnut-shaped spinal metastases
presents challenges due to their irregular shapes. Various treatment planning systems (TPSs)
can deliver these plans through either volumetric modulated arc therapy (VMAT) on linear
accelerator machines or robotic radiosurgery, such as CyberKnife®. However, no direct comparison
among Eclipse”, Elements®, and Precision® exists to evaluate dosimetric outcomes.

Objectives: This study aims to compare the dosimetric outcomes among VMAT plans utilizing
Eclipse® and Elements® versus CyberKnife® plans using Precision®. The focus is on the dose
gradient from the planning target volume (PTV) to the spinal cord surface, referred to as the
parameter Vinter.

Materials and Methods: Five doughnut-shaped lesions were re-contoured and re-planned.
VMAT plans using Eclipse” and Elements® were performed with identical parameters. CyberKnife®
plans using Precision® were generated with parameters similar to those of VMAT plans. The
prescription dose was 30 Gy in 5 fractions to the PTV. Primary considerations were ensuring that
at least 95% of the PTV received the prescription dose while maintaining spinal cord constraints.
Dosimetric comparisons included the dose gradient from the PTV to the surface of the spinal
cord (V_mter), plan evaluation metrics, doses to the spinal cord, monitor units (MUs), and beam-on time.
Results: All treatment plans met the PTV criteria while maintaining spinal cord constraints, except
for two plans with Precision®. V. was steeper with Eclipse” compared to Elements® and
Precision® (ther = 1.33, 1.38, and 1.78, respectively). Eclipse” achieved superior dose conformity
(inverse paddick conformity index = 1.07, 1.15, and 1.24, respectively) and more homogeneous
doses than Elements® and Precision® (Homogeneity index = 0.15, 0.26, and 0.32, respectively).
Elements® demonstrated a steeper dose fall-off, resulting in a lower gradient index compared to
Precision® and Eclipse” (Gradient index = 2.73, 2.99, and 2.99, respectively) and delivered lower
doses to the spinal cord than Eclipse™ and Precision® (Do_35CC = 20.06 Gy, 21.62 Gy, and 21.59 Gy,
respectively). Elements® also indicated lower MUs and beam-on time. Elements® also indicated
significantly lower fractions of MUs and beam-on time than Precision®.

Conclusion: Both Eclipse” and Elements® demonstrated comparable overall dosimetric outcomes

for doughnut-shaped lesions and potentially superior treatment efficacy compared to Precision®.

Keywords: CyberKnife, Dose gradient, SBRT, VMAT
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Faquszased: lileSouiflsuusyavsammuesnsuiunsinlutheusauninsznglufinssgndunds
dnwaz doughnut-shaped fgtnALla VMAT 521313 Eclipse” waz Elements® Laghuun133ne)
489 Cyberknife® 4 Precision® lngilinguszasdudnlunisivisuiiisunisanasesusinasadain
se8lsA planning target volume (PTV) ldududssamlvdundshomsiiiines v
Fanuazdsnis: Amunseslsauzifauninszansluiinszgndundaguinsuuy doughnut-shaped
11U 5 s08lsA inTneRumella VMAT lagldnauiamesingiuunising Eclipse” wag Elements®
wagld Precision® w3y Cyberknife® fuuausinaidsd 30 st Gy) Tu 5 adsit PTV Tnefvuai
USumseen9tion 95% wad PTV Aadlasuusunussd 30 Gy Ingdninusunussdludadulssamlvdumnas
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(homogeneity index: HI) #in31 Elements® wag Precision® (HI = 0.15, 0.26 wag 0.32 AIUE1AU)
Elements® fimdudanuaindu (gradient index: GI) 3915901 Precision® wag Eclipse” (Gl = 2.73,
2.99 uay 2.99 auddu) Usinassdndulszavlodundslésudie Elements® doundn Eclipse”
waw Precision” (D, =20.06 Gy, 21.62 Gy, 4@z 21.59 Gy A& 19iv) WBNTNY Elements® wanesnua
MUs taziianlunisaiessdiesnin Precision®

HoaqU: unun133nwYes Eclipse” way Elements® dwiunzidsunsnszaeluiinssgndundsdnua
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anUSuusadiduusramlvdunaclasuuSuused
1§RnI1 TPSs u wariuwiliuwudeafumsine
WIBULEUTENINY Eclipse” Way Elements TPS™ 'Y
Dupuis wazanz lavinnisAnwiuTeuiisusening
Monaco® way Elements® aamaila VMAT Lag
Wisuiisuiu Cyberknife® Tagld Multiplan® TPS
(Accuray, Sunnyvale, CA) Faman1sfnwamuin
Elements® & dose fall-off #i§anuazs monitor
units (MUs) fitfesnd
agr9lsAnunisAneriinaunalylavinnas
WIHUBUNTINUKUNTTIN VMAT Aleeonduwis
W Eclipse” w38 Elements® TPS fifidane3iuil
wanaafy waz Cyberknife® fild Precision®

TPS 2819@N1ELANLIENS UGN WL To8lsALUU



doughnut-shaped Faduseslsafifinnuenuay
Fudauuinlunisnaununissnen esanndu
seelsafiloudeudulssavlvdunddlneseu faiy
msﬁﬂmﬁﬁaﬁqmﬂizmﬁlﬁaﬁﬂw']l,l,wuﬂﬁ%’ﬂmma
prumAlla VMAT sewin8 Eclipse” uay Elements®
TPS wazuNun133nw Cyberknife® 714 Precision®
TPS IumL%qLL‘Wi'ﬂi::ﬁmlﬂﬁﬂsxgﬂﬁuwé’qﬁﬁgﬂéw
doughnut-shaped a1nn1sITeULBUATTEN1TaAAS
99eUsudadan PTV luiituinvendudszam
Tydundedeussifiuanmisifimesiadretulng
GEA sudwiide dadnuarUSunasde iy
dneylndiAealasu (Organ At Risks: OARs) ledean
optimization wileuriulunn TPSs vaufiaien dose
calculation algorithm filn&iAesfuiietunusuld
wasfunwamslunsdeniianiesaneeduay TPS
Fumnzauiudnuazsesisai

JaauazIsnIs
1. msidenngugUae (Patients Selection)
nsAnwilldfunisenifannamznssunis
239555UN153981UAN AMEUNNEAIARSAS Y
NYWIA wInedeniing lagihyadeyaninain
\sesenustReuiamess1aensine (Computed
Tomography simulation: CT simulation) wag
A wagyieuluguuwivan (Magnetic Resonance
Imaging: MRI) mawjﬂaamﬁqLst'nizam"LUﬁﬂiz@n
Fundssnou 5 Mefimeldsunisanedadsae SBRT
Plsanenunafssvsyingd 2555 - 2565 Usznaudne
seelsAfinsegndundsaiune (cervical spine) $1uu
2 918, @1uan (thoracic spine) MU 2 578 Lag
@707 (lumbar spine) $1u7u 1 Tefifidnvuy

5U319 doughnut-shaped wargUiennsieazegly

vrusunarslunszuirunisiivdeyaninain
NTEUIUNITINRBINNTING ﬁqﬁaﬂmﬁaﬂﬂeju@ﬁw
ﬁﬁﬂﬁ?zﬂis@ﬂﬁumﬁdqu (vertebral compression
fracture), fin1zidudszamlydundignnaviv
(spinal cord compression) waglasunisuidniins

Halaneiinseandunas (metallic implantation)

2. NMIIMAVBULAYRINBUNZIS ATz dNeAe
(Targets and Normal Organs Delineation)

1 image fusion seWiNayAnN CT simulation
fifianumuvesdlas 2 Sadwmsiunim MRI 1ugsd
T1-weighted with Gadolinium dieldlunisan
YoUwATeIfauLSwMasESE T2-weighted wieldlu
AsAveURvBLdulsTEmlvduna

919159UNNESIETAY 1 AUNINITINAVBULIA
voefeunzEdlndiamuanazdvundy clinical
target volume (CTV) 1u Eclipse” Taga1a CTV
Ladifin 3 Udeavesnsegndunas wasviin1siinung
YBUATBY planning target volume (PTV) 31nANS
81898 UWe 2 dadiunslaesou CTV @un1511a
o¥ezdhafseduarld MIM Maestro® $u 7.2.3 (MIM
Software Inc., Cleveland, OH) Tagiin1smnsi9adau
AUYNABIINBINTEUNNE T E W IAUFEINY
ADUBUTNTINLNUNNSS T

3. N199NUNITINYT (Treatment Planning)
3.1 BHUNISSNEIREINATA VMAT (VMAT
treatment planning)
dmSuiadesane$ed Varian TrueBEAM®
(Varian Medical Systems, Palo Alto, CA) ﬁi% high
definition multi-leaf collimators (HD-MLCs) wazdl
0 leaf Tisunie isocenter Yun 2.5 Jadiuns
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MARUNTSNERemaila VMAT 1955d Photon
WANIU 6 MV FFF uag dose rate 1400 MU/

MNTINURUNTS NP 8N Eclipse”
TPS Sq'u 16.1.0 (Varian Medical Systems, Palo Alto,
cA) wieldiduununisdnedunuy in1sadis ring
structures Tarug inner ring %1491 PTV 4
3 Uadlueg, 10 Jadung, tag 20 ﬁaammﬂﬁamw}m
USuau%edd 30 1nsd, 15 158, wag 10 wnsd
PINEIRU A1UUAIIUIU 3 full coplanar arcs
Iﬂamuiwdw 179° wag 181° LLazﬁmuqumaﬁ
collimator 71 10°, 350°, waw 90° funUSinasad
f18 Acuros XB algorithm wagnivum dose grid
resolution 2 fiadluns laenly jaw tracking

AIUNTTINIURNUNITTN 1A NAUIS
Elements® TPS ju 3.0 ¥11n15a31¢ template
1Ay MINUATIUIU arc haEyUYDY collimator
ULRYIU Eclipse” dmsutuneunsAnaUiinn
$58v09 Elements® 9u13u8 Pencil Beam (PB)
algorithm nou 91ntfuld Monte Carlo (MC)
algorithm Wty dose optimization Wag calculation
Tpenuua dose calculation uncertainty 2% Way
dose grid resolution 2 fadtuas d@msulun1sdne
i Lallgl433ms arc duplication tilesndesnis
Anwimuausavesudas TPS Lianivun
‘W’mﬁma%ﬁlﬂé’lﬁmﬁ’umﬂﬁqm

3.2 WNUN155NU89 CyberKnife (Cyber-
Knife treatment planning)

Tun15919uRUNIs S nwIdInsuLAdoq

Cyberknife® Tngld InCise™ MLC fifwuin 3.85
TaBLUATUATYIINITINUNUALE Precision® TPS
U 3.3.1.2 (Accuray, Sunnyvale, CA) ¥n15a319
ring structure WuLRBAiU Eclipse” 1dan VOLO
optimization Fadu algorithm Twailu Precision®
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Vol. 30 No.2 July - December 2024

Tnenns optimization aumisUsInaSduas
nalunsaeddlundeutu Wetiwannaiszwing
optimization aﬂLﬁaLﬁauﬁU Sequential optimiza-
tion daudu algorithm 1Hu™*" wag VOLO optimi-
zation HANWALAITANUAAT constraints SEWI
optimization TnalAesiu Eclipse” 19598 Photon
WHWIU 6 MV FFF Wag dose rate 1000 MU/W1il
fmungIuaL node gegndl 90 nodes uaziden full
path fuaaUsIasSsaae MC algorithm waziad
dose calculation uncertainty 2% wazl% high dose
grid resolution
W& NaEunsshwlulsas

TPS uan %‘Vf’m’li‘wﬁm optimization dlewnu
ns¥nenduluaunanildlunisusziiuaes
nsfnuniifoUsinuied 30 Gy Tu 5 adieseunqu
PTV TnefivSunassdvendulssamlodundsly
‘v;ﬂLmumi%ﬂmwéfaachummmmé?ﬁﬁﬁmumLLaz
USunsvee PTV oe19ties 95% agmadlasuusunu
$98 30 Gy (PTV V30Gy = 95%) luunensdifiile
MINITIURULAY WAUSHuSsdveudulsean
Todurdslaidulununaet 3saunsaan PTV V30Gy
Tngazdaslisng 90% dmsunsimunUiunased
LazUSNINTVDIDT828919ABI01989R Y Timmer-
man R Fauanslunisned 1
4. ansUsfiudsu1usedilasu (Dosimetric
Evaluation)

wHuN1sSnwaglasunsilseuiisunisnsyane
¥a9USu10u598 (dose distribution) wag dose-vol-
ume histogram (OVH) Tagld MIM® Faumenduag
nanslunsSeudisuUinnadsd Wsanlenatiaz
WNAAILLANAIURINTITILERIA1US IS E luumay
TPS



a ° a o aa w o w v o Yo o o o . °
19799 1 MINNUAYIUIUSIENDI8IZEN ﬂﬂ.ﬂaLﬂENbL@TUﬂ’]‘VITUﬂqﬁqqﬂLLNuﬂqiiﬂ%ﬂ spmal SBRT SLU";\]’]U']U

<

5 ASq

Serial organs Volume Volume dose Max point dose

(cc) max (Gy) (Gy)
Wuuszamludunas (spinal cord) <0.35 22 28*
wduuszammedn (cauda equina) <5 30 31.5%
#a8AINNT (esophagus) <5 32.5 38*
A (heart) <15 32 38*
aanau (trachea) <5 45 50*
alddndaudu (duodenum) <5 26.5 35
aldian (small bowel) <30 24 34.5*

Parallel organs

Critical volume

Critical volume

(co) max (Gy)
Uonmagnudnenazauen (bilateral lungs) 950 12.5 V13.5 Gy < 37%
$iu (liver) 700 21.5 -
Taasudneuayduen (bilateral kidney) 200 17.5 -

* MUUAUSUINTN < 0.035 T3

nsRnwiiiingUsrasiudnlunisnisUssdn
aytin1sanasveslIuinsadann 30 Gy d 22 Gy
90 PTV Seflufinveaduiseamladunds (dose
gradient) Inga319USunsgouYiU (volume intersec-
tion: V__ 55udneUiinnsannnsuene ueuiunues
PTV aum 7 Jadiunslagsouiunsaeneveunlag
souvouduUsramladunas 5 Taduns laglisiu
fuUsunsfiszor 1 Hadwnsnelududszam
Tudunds uandlunwd 1 uwasfuaainaunisi 1

Dose gradient (ther) =V

inter 22 Gy

inter 30 Gy .
aunsi 1

_ AaUsunnstauiunlasuusuiused
mtelr 22 Gy )
= & a v aa Y o [y

22 Gy Fadulsinausdndulssamlvdundaansa
Suldmuneasinay Ve, AoUSunmstauiunlasu
USuaussd 30 Gy FaluuSunaadnnvunves PTV
Tagan v N8 WARIDNIDMNIINTTANAIVDIUTUIN
$9d9n PTV gidudszamludundiliognsinga

11AN3
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AN 1 EuATNRUAD PTV, duawnefe dulszanivdunds, dudduns PTV v81890Unvuin 7 Jaans,

udvunfe dulszamlvdundweigvevnwuin 5 Tadwes, fle7me dulssamlvdundaianvuin

1 fadaswrunaulu wazdi@e v NNFTIUNUVBINTVYLVBULA PTV IU1A 7 DAALUAT Wagn15veIe

YaUAUBLEUUsTA AU LIR 5 Daduns webisuiulsinnsisyey 1 Sedwnsaelududssamlvdunds

FoudieSsdadaildlunsusyduununisinm
oA Andivtiannandgy (inverse paddick conformity:
IPCI), ArdwiiauatnturesUTuiussd (gradient
index: GI) wazAdrinuaiLaLoeUTINNS R
(homogeneity index: HI) auiaunnsii 2411
IPCl = (TVxV ATV?) aunsii 2

TV AeUsunnsveatvang, v Ao USunasiilasy
USHeused 100% uay v, AoUsunsvetuung
Flasuusunassdaudismun (@ 1PCl laAu 1.2
Fudunasifveusuldvesarvrivrsedsne
T59n81U18A351%)
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Gl=V N dunsi 3

50%Dp p )
Vi 00 AaUsunsTAlASUUSUNIUS9E 50% 89

USHNUSa@nnnum way A AaUsumsnlasuUsuu
S9@munnvua (A1 Gl TAY 3.5 Fadunued
gausuUlave9@v1IvSId@TIY lsaneu1ads )

-D /D dunsi 4
2% 98% 50%

D, AaUsIuENATRUARUUTINASIU MY

HI =D

2%,D,,, AaUsuSENATeUAguUSIRSIU MY

98% ay D
50%

Wnidne 50%

AaUSuusENATauAquUTUIAS



yenanivimsissudisuUinasdfie sy
IraAgelasunIuAILULIIDs PTV Tagsunis
Cervical spine ldun n&uilousiimnaves
(constrictor muscles), #aan1115 (esophagus),
nasudes (larynx) wagasunn (oral cavity) AL
Thoracic spine laun “aene1s, #ila (heart)
wazvaanau (trachea) WazAILAUI Lumbar spine
IguA lavradnudneuaze (bilateral kidneys), anld
(bowel) wagtduUsza1vn19Ln (cauda equina)
srudensiUTeudiousiuau MUs Tuusazadedi
a1ouazafildlunisaisded (beam-on time)
WwitimsUsvananadildlunisane$edly Elements
anunITSnwlUg Eclipse WiefuInmIa1an
m’mﬁﬂumwymaﬂ gantry, dose rate hazdnwy
n3uéfures MLC ieaninluiiagiu Elements
Falallaunldassfianvivnedsnet Tsaneuia
#5519 Fedililansaussfiunaildlunisanesed
[ECREER

5. @afTidnagaU (Statistical analysis)
%mﬁzﬁsﬁa;ﬂamaaﬁaﬁmmﬁlﬁﬂmmmmmu
M35nw1938lUsuNTa IBM SPSS Statistics $u4 29.1.0
(IBM, Chicago, IL) WoSsudisuusunasedann
‘1?12\1 3 TPSs 1agld Friedman’s two-way ANOVA
AvuaszRuAIIdesufl 95% (p < 0.05) waz
sreunaildiuaads (mean), AGER (Max) uag
A1san (min) uenanfiluieuieuauuaneis
ag1alidedAgyneadfsynineglasld Pairwise
comparison post hoc $7uAU Bonferroni’s correc-

tion

NaN15ANY

Tunsfinuildmnisausunissnelugiae
ugiSauninszareluiinsegndundsiidsusig
doughnut-shaped 91u7U 5 AU lagilauiauaz
fums fauandluansiedl 2

P o ° I I3 ] q' o 1%
M139N 2 aﬂ“t%u%ﬁ@EJI‘EWLL@%]’IU’JUQU’JEJ&J%LS&LLWSﬂi%ﬁ]WﬂiﬂWﬂi%ﬂﬂﬁUMaﬁ

50813A gt U311A5984 PTV (cc): Aade (AAgn, Angegn)
Doughnut-shaped 5 107.45 (85.80, 134.75)
PTV locations
- Cervical spine 2 (40%) 111.30(108.48, 114.11)
- Thoracic spine 2 (40%) 110.28 (85.80, 134.75)
- Lumbar spine 1 (20%) 94.09
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dlofinnsandednsnissiunasi (passing rate)
YoIn19imesluliazunun1sin®) wuImn
W51 TLRO5UBIUNUNITE NI Elements® uay
Ectipse” {Julumuinasinnsty luvasiinisfines
PTV V30Gy wag IPCl U09lNUN1SSA¥I918 Preci-
sion® WULNUTILNES 60% (311U 3 Tu 5 W) way
40% (113w 2 Ty 5 wat) mudeu egnalsinulid
ANUUANFTENlitidARyTs passing rate lunn
Wdwes faandunisied 3

A15N5EYUSUIUSIFVBINUNITTAYING 3 TPSs §19

LERILUNINT 2 WaRasanaavealsunusdluliay
a & al a a o X

N1510MeSN T UNTU T ULARS I UA15199 4 fadl

1. msanasvaslsunaied Dose gradient (V)

NNSAIA VWU LHUA15EN 8101
W Eclipse™ uag Elements® TPS fuwalduad
ANuannsalunisanasveslsuusedn PTV 4

A91991 3 BRTINTHIUNUTVD AR NI TIALADITVBILKNUNTINY Eclipse”, Elements® uag Precision® TPS

p-value® (Post hoc with Bonferroni’s correction)

" Precision: Elements: Eclipse:  Global
IO y y y A Precision wag Precision Elements wag
(508@2) (So8az)  (So8@z) p-value
Elements wae Eclipse Eclipse
PTV V30Gy 60 100 100 0.14 1.00 1.00 1.00
IPCI 40 100 100 0.05 0.46 0.46 1.00
Gl 100 100 100 1.00 1.00 1.00 1.00
@uUszam
v e 100 100 100 1.00 1.00 1.00 1.00
lodunas (D0.03cc)
uUszam
v o 100 100 100 1.00 1.00 1.00 1.00
ludumas (D0.35¢cc)
YSunussdues
100 100 100 1.00 1.00 1.00 1.00

PP AN

Afe Global p-value fldannisiuseutisumnuuanitsedeiivedifgnisaifvosns 3 TPS 6ag Friedman’s

two-way ANOVA (p < 0.05)

Bfie uand p-value MldvnnisiwSsuiisuanuuandtegefifod1Aynieaifisendnegdae post hoc with Bonferroni’s

correction (p < 0.05)

Anga: PTV: planning target volume, V30Gy: U350 5TleEused 30 138, IPCL: inverse paddick conformitiy index, Gl: gradient

index, Dxx cc: USunausadnusunng xx cc lasu
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a | a o a ' a o v . ™ ® . ®
M13199 4 ﬂ’]‘UﬁiJ’]mmﬁ‘?JENLLWa%‘W’]i’]@JL(ﬂaﬂUﬂ’ﬁ’J’NLLN‘L!ﬂ’]iiﬂ'iﬁ’]WJ&J ECllpse y Elements™ wag Precision

TPS
Eclipse: nasneriRAedysal (Sasnnuidediui 95%)°
Precision: Elements: Anade [p-value]
s < I T f Global
NWIUADI ALRay ALRay (a1 e’
s s -value o . e
(Mengegn)  (da,gedn)  ga,geEa) P Precision Precision Elements - Eclipse
- Elements - Eclipse
Dose gradient (Vinter) 0.40 0.45 0.05
178 138 133
0.007 (0.25 to 0.56) (0.33 t0 0.57) (-0.01 to 0.11)
(1.63, 1.90) (1.32,1.44)  (1.30, 1.36)
(0342 [0.005] [0342]
PTV V30Gy (%) 97.93 -0.76 318 242
94.75 95.52
(97.59, 0,015 (-2.05 to 0.52) (-4.06 to -231) (-3.27 to -156)
(93.67,95.99)  (95.11, 96.35)
98.78) [1.000] [0.013] (0.173]
IPCl 0.09 047 0.07
124 115 107
0.007 (0.03 t0 0.16) (0.1 t0 0.23) (0.03 t0 0.11)
(1.19,1.35)  (1.09,119)  (1.06,1.09)
(0342 [0.005] [0342]
al 0.25 0.00 -0.25
2.99 273 299
0.022 (0.1 to 0.40) (-0.07 to 0.08) (-0.82 to 0.08)
(282,313)  (261,290)  (288,3.19)
[0.081] [1.000] [0.034]
Hi 0.06 017 0.11
032 0.26 015
0.007 (0.03 to 0.09) (0.12 t0 0.22) (0.07 t0 0.16)
(028,035 (0.23,028) (0.4, 0.18)
[0342] [0.005] [0392]
Wuuszamludunds 24.51 0.50 -0.57 -1.07
23.94 23.44
D0.03cc (Gy) (24.28, 0.59 (-1.42 to 2.42) (-1.25 10 0.12) (-3.02 o 0.89)
(23.51,24.43) (2170, 25.09)
24.86) [1.000] [1.000] [1.000]
Wuusvamludunds 21.62 1.54 -0.03 -1.56
21.59 20,06
D0.35¢c (Gy) (21.93, 0.022 (0.90 to 2.17) (-0.68 t0 0.63) (-2.57 to -0.56)
(20.78,21.96)  (19.25, 21.14)
21.69) [0.034] [1.000] [0.081]
13U MUs (MU) 3465.57 -1711.54
744391 2266.80 3978.34 5177.11
(1226.62 to (-2074.34 to
(5844.62, (197600, (3674.40, 0.007 (3167.09 to T187.12)
5704.52) -1348.74)
9466.80) 2554.00) 4746.30) [0.005]
[0302) 0302)
nantumsanesed Wi 23.05 22.67 -0.38
26.00 295 333
0.007 (19.45t0 2665 (1884 t0 26.49) (-0.69, -0.08)
(23.00,30.00) (29110 297) (313, 3.77)
[0.005] [0.342) [0.342]
Afe Global p-value #lgannisissuiiisuauuanatses1eiiteddgnisanfvesis 3 TPS @ag Friedman’s two-way
ANOVA (p < 0.05)
Ao WasARAyduyTallazdInTeiu 95% 91nn15lY repeated measures ANOVA
Ao uans p-value MildannisiSeuiiisumnuuwanasegadiieddynisadfseninegde post hoc with Bonferroni’s
correction (p < 0.05)
Ada: PTV: planning target volume, V30Gy: USinsasilasussd 30 1nsd, IPC: inverse paddick conformitiy index, Gl: gradient

index, D : US1nauSa@nusuns xx cc a3y, Hi: homogeneity index, MU: monitor unit
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dy a } 73 £ o v @ 1

‘W“LJN’JGUENLﬁ‘uﬂﬁ%ﬁ’miéﬂﬁ‘UWaﬁlﬂi’mLi’Jﬂ’J’]LLNu

ANS5AW Precision® TPS (V . = 1.33,1.38, uaw
inter

1.78 mIua16U) kaznUANLLANG e TuE ALy
N9adAT2INN Eclipse” AU Precision® (p = 0.005)

2. Ysumediiasaungy PTV uaznisusziiiy
WAUNITINEN

d1m5u PTV V30Gy WU WNUATSNBIVD IS
Eclipse” uay Elements® TPS 1Julumiuinesi
fifun (PTV V30Gy = 95%) luaazdi 2 lu 5
WHUN195NE1918 Precision® TPS Haanattneusi
Lwié’qagﬂumaﬁaau%’uw TAUNUAILLANAINDE 1
HAuLanA1etud1AYNI9adATEI1g Eclipse”
waz Precision® TPS (p = 0.013)

efinsundedydidededada wudn dose
conformity n1elu PTV w84 Eclipse” TPS aﬁ?jm
LAYNUAUUANANDENTTAAE AR UTZIINg
Eclipse” ffu Precision® (p = 0.005) Tuwnigiusu
N133N¥1V09 Elements® TPS wane dose fall-off
ntmneffigadefioufu Eclipse” uay
Precision®TPS (Gl = 2.73, 2.99, uag 2.99 AUaNU)
wazilAuuanaeeg 19 lte @AY INanATENINg
Elements® U Eclipse” TPS (p = 0.034) wenani
WKUNT3N¥1Y84 Eclipse finmuainiauevesy3una
Fednreludeu PTV u1nnan Elements® wag
Precision® TPS (HI = 0.15, 0.26 Uag 0.32 AUaAY)
TognuanuLAnAseg 1 ilted1 Ay nIsaifszning
Eclipse waz Precision® TPS (p = 0.005)

3. YSuassdndulszamlvdunanazaiaizdng

= a

LAB9dY 9
WaRasaundeUsunausadiduyssamlodunds

PASUNI D waE D WUIBHUNISSNMIUDY
0.03cc 0.35cc
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v :l'

Elements® TPS fluwiliutlogiign wazdanuuansig
ag19lded1Agyn19adfnu Precision® @1nsu
a ¢ A A a a U
WSResD Tuvugdlafasanusuussdves
oYerzdnafeslasu wunldfinnunanangegnedive
dAgyneaiAveia 3 TPSs lunnsuvus fauandly

A 2-4

4. 37U2U MUs hazalun1ssne
dmsuUsuia MUs 999 Elements® ﬂaaﬁqm
wazlaedn Precision® §3 3 V1 WUAMIULANAIY
2819 TydIAYNI9EIATENINN Elements® uay
Precision® (p = 0.005) Tuvaueiilidnuanuuans
a8 19l dadAgyN19aifTE1INg Eclipse” wag
Precision® waiz Eclipse” waz Elements® (p = 0.342)
drunalunsinymudi Elements® sl%l’;mﬁaaﬁqm
Tawtounin Precision® 4 8 111 WUAIIULANAI
9819 dyd1AYNI9EIATENINN Elements® uay
Precision® (p = 0.005) Tuvaueiildnuanuuans
p819ldsdAyN19aifTE1INg Eclipse” wag

Precision® waiz Eclipse” waz Elements® (p = 0.342)

UNIsal
= K ¢ A = a a
nsAnwldingUszasAiiednyiuIeuiiiey
WHUNITSAYIBIALA VMAT fae Eclipse” waz
Elements® TPS Wa¥NI15319bRNUNITSNYIATE
Cyberknife® #l% Precision® TPS TugUqefillsa
< ' A ) o aa |
wztSanInszaeluiinsegndundaniisusiawuy
doughnut-shaped Fudujusaniianududou
AMSUNNTIEY aUSELIUUSEENS A NYRINNS
MR UATIAUSUNUSIEIN PTV anadaaena5inis,
TUFanuiaNuvesdulseanlvdunds Tnadang
ANUENsaNUSINSESIAsaUAqY PTV mensly
a ¢ = & - s v X |
wisilnes Vo Fadunisdwmesnasrsvulug
mn r



Cervical spines

[ Eclipse gy Elements Precision
40.00 _
3000 L
=
9’20.00 L
o
3
a
1000 | “
0.00 e “ [ ] |

Constrictor ~ Constrictor D5cc ~ Esophagus Esophagus D5cc  Larynx D0.03cc Larynx D5cc (Gy)Oral cavity Dmax ~ Oral cavity
D0.03cc (Gy) (Gy) D0.03cc (Gy) (Gy) (Gy) (Gy) Dmean (Gy)
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Optimal pressure of Continuous Positive Airway Pressure (CPAP)
for reduction mean heart dose in left-sided breast cancer radiotherapy
[ lﬂl 54 Y / 1 lﬂl =
LL’NWL!‘VILﬂ%J’]ZﬁﬁJ‘UQ\‘iﬂ’]'i’iﬂ‘l&!’lﬂ"J&lLL’i\‘iﬂu‘U’JﬂGIBLuas‘i%’]\‘itﬂuﬁﬁiﬂﬂ (CPAP)
weanUsunusdnasivlaldsulunisatesdsnuuzSadrundudie

Sawanya Suwandee’, Jiraporn Setakoranukul’, Ukrit Choochinprakarn’, Kullathorn Thephamongkhol*
'Division of Radiation Oncology, Department of Radiology, Faculty of Medicine Siriraj Hospital, Mahidol

University

Corresponding author

Sawanya Suwandee

'Division of Radiation Oncology, Department of Radiology, Faculty of Medicine Siriraj Hospital,
Mahidol University, 2, Wanglang Road, Bangkoknoi, Bangkok 10700

Email: sawanya.suw@mahidol.ac.th

d75387 §25I00A°, 3T LEAnTuna’, angu YAUUTINT, NAsT WmweAa’
a3 59@T Y MATYTIEIMET AMELIVEAIERSASIITNEIUIA NEINIaELTing

AnusUszauny

d735871 §23IUA

U@ NMAIVISIEINGT AUTUNNYANERSAITINGIUIE UNINY1G8UTAAS
@ufl 2 ouulnds w3 waunsnentios N3MNY 10700

Bua: sawanya.suw@mahidol.ac.th

Submitted: Jul 11, 2024
Revised: Oct 22, 2024
Accepted: Nov 11, 2024

Journal of Thai Association of Radiation Oncology
Vol. 30 No.2 July - December 2024



Abstract

Backgrounds: Although deep inspiration breath hold (DIBH) method is beneficial for improving
left-sided breast radiotherapy, this technique has limited availability and some patients have poor
compliance. Continuous positive airway pressure (CPAP) has been introduced as an alternative
to DIBH for reproducing patient anatomy and managing tumor motion. This technique can increase
lung volume, thereby displacing the heart from the treatment fields.

Objective: This study aimed to evaluate the relationship between CPAP positive pressure and
mean heart dose (MHD) in the DIBH technique. Additionally, we investigated the optimal positive
pressure of the CPAP method to reduce heart and lung doses in radiotherapy for left-sided breast
cancer patients.

Materials and methods: Left-sided breast cancer patients were trained prior to CT simulation
by wearing the CPAP mask and acclimatizing to positive pressure. Automated breast planning in
breath hold-CT images was planned. The dosimetric data of MHD, heart V25%, mean left
anterior descending artery (LAD), max LAD, CPAP pressure, and left lung volume were collected.
Results: In 23 left-sided breast cancer patients who successfully utilized the CPAP technique,
the MHD decreased from 5.28 Gy (free breath, FB) to 3.46 Gy (CPAP). We found that CPAP pressure

should not exceed 14 cmH,O. For patients who were unable to tolerate a deep breath hold
with high pressure, our study determined that a CPAP pressure of 12 cmH,O was sufficient to
control the MHD. In addition heart V25, mean LAD, and max LAD were also decreased from 7.25%
(FB) to 3.57% (CPAP), 25.27 Gy (FB) to 16.99 Gy (CPAP), and 44.84Gy (FB) to 31.69 Gy (CPAP),
respectively.

Conclusion: CPAP is an effective tool for reducing MHD in DIBH patients. CPAP positive pressure

values 12 to 14 cmH,0 is a sufficient breathing pressure to use in left-sided breast radiotherapy.

Keywords: continuous positive airway pressure (CPAP), deep inspiration breath hold (DIBH), mean

heart dose
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Introduction

Postoperative radiotherapy in breast cancer
patients is an essential treatment to reduce the
risk of locoregional recurrences and improve long
term survival'. With the benefit of survival
improvement, breast radiotherapy become a
standard treatment for early-stage breast cancer.
However, radiotherapy for left-sided breast
cancer with high mean heart dose (MHD) could
result in increased mortality and secondary
cardiac events. Previous study showed a
significant linear increase in the rate of major
coronary events with the mean dose to the
heart increasing by 7.4% per Gray (Gy)?*.
Furthermore, RTOG 1005 phase IlI trial protocol
recommended the MHD should be less than
4 Gy with an acceptable dose threshold of
less than 5 Gy to minimize cardiac exposure to
radiation for whole breast irradiation'. Several
studies have developed techniques to improve
the dosimetry in left breast radiotherapy.
The most common method that has been used
is deep inspiration breath hold (DIBH). This
method utilizes voluntary breathing which
increases the lung volume to separate the
heart from the chest wall. DIBH technique
has been used in reduce the heart dose and
ipsilateral lung without compromising target
coverage®”. Although DIBH method is a helpful
technique, some patients, especially elderly or
anxiety personality patients, are unable to
achieve success with this method. This results in

poor compliance and longer treatment time

due to stress during operator which can increase
a higher heart dose.

Recently, an alternative technique to
reproduce patient anatomy and tumor motion
management using continuous positive airway
pressure (CPAP) was introduced. The system
uses a CPAP accessory to administer positive
pressure to airways during breathing entire
respiratory cycle. This technique can increase
lung volume which leads to pushing the heart
out of treatment fields. The CT images show
the effects of free breathing (FB) compared to
CPAP breath hold (Figure 1). Previous study
reported that CPAP was significantly decreased
dose to critical organs, and reduced toxicity in
thorax radiotherapy'™. Their study showed
that the CPAP method increased lung volume in
most patients which led the heart out of the
treatment field. Moreover, this method can also
decrease tumor motion and reduce margin of
planning target volume (PTV). Another pilot
study in breast radiotherapy also demonstrated
the ability of CPAP to decrease the mean heart
volume by 12% and increase the lung volume
by 16% compared with patients without CPAP.
The MHD also decreased from 3.02 Gy to 1.6 Gy
with CPAP[9]. However, the positive pressure
used in CPAP is an individual’s maximal tolerable
air pressure with an undetermined heart dose at
that time.

This study aimed to evaluate the relationship
between CPAP positive pressure with MHD in
the CPAP-breathing control technique. We also
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Free Breath

Figure 1 CT images show effect of free breathing compared to CPAP breath hold

investigated the appropriate positive pressure of
the CPAP method to reduce heart and lung
doses in radiotherapy for left-sided breast cancer

patients.

Materials and methods

Patients with left-sided breast cancer who
required postoperative radiotherapy from
February to November 2021 were enrolled in
this study. The study was conducted in Siriraj
Hospital, Bangkok, Thailand and ethics approval
was obtained by the Siriraj Institutional Review
Board.

For the study protocols, all patients were in
preparation room to train with CPAP accessory
prior to CT simulation by wearing the CPAP
mask and acclimatizing to positive pressure.
The initial CPAP pressure was started from
4 cmH,O and gradually increased by 2 cmH,O
for 2 minutes until reaching the target pressure

of 10 to 14 cmH,0O with the patient tolerance.
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The final CPAP pressure was recorded. The
patient then lay down on a breast board in
the supine position and underwent CT
simulation (Phillips Big Bore RT, Philips
Healthcare, Andover, MA, USA) under free
breathing (FB) conditions. After that, the patient,
wearing a CPAP mask with the pressure
gradually increased to 10 to 14 cmH,0,
underwent a CT simulation using the CPAP-
breathing control technique. To minimize
variations in contouring and treatment planning,
automated atlas-based contouring was utilized
to delineate the clinical target volume (CTV) for
the left breast, with a planning target volume
(PTV) expansion of 5 mm. The treatment plan
was generated using the automated breast
planning function (Raystation, Raysearch
laboratory AB, Stockholm, Sweden). Two
tangential fields with subfields were employed
to improve dose homogeneity and avoid hot
spots within the PTV, ensuring that 95% of the



PTV received 95% of the prescribed dose (50 Gy
in 25 fractions). The dosimetric data of
MHD, heart V25%, mean LAD, max LAD, CPAP
positive pressure, left lung V20%, heart and left
lung volume on both FB and DIBH plans were

collected.

Results

A total of 23 cases, 40-70 years old, were
enrolled in this study. Most patients (19 people)
could tolerate CPAP pressure up to 14 cmH,0.
Three patients could tolerate CPAP pressure up
to 12 cmH,0 and only 1 patient could tolerate
pressure with 10 cmH,O. Patient characteristics
are shown in table 1.

Table 2 demonstrates the MHD of the
patients who succeeded in DIBH with CPAP

Table 1. Patient characteristics

method compared to FB technique. Not only
MHD was reduced by using high CPAP pressure
in DIBH but heart V25, mean LAD, and max LAD
were also decreased. The MHD using CPAP
pressure 10 cmH,O (5.28 Gy) was slightly higher
than the MHD of the patients with CPAP pressure
12 and 14 cmH,0, 2.86 (1.89-3.43) Gy and 3.45
(1.1-7.55) Gy, respectively. The maximum MHD
difference between CPAP pressure 10 cmH,O
and CPAP pressure 12 cmH,0 and 14 cmH,0,
using the minimum value, were 3.39 Gy and
4.18 Gy respectively. Moreover, heart V25%,
mean LAD, and max LAD were also decreased
from 7.11% (FB) to 3.57% (CPAP), 25.27 Gy (FB)
to 16.99 Gy (CPAP), and 44.84 Gy (FB) to 31.69 Gy
(CPAP), respectively.

Patient characteristics (n=23) Overall (Range)

Median age (year) 55 (40-70)
Age <50 years 6 patients
>50 years 17 patients

Median BMI (kg/m2) 25 (16-34.08)

Median body weight (kg) 59.9 (42-95)

CPAP pressure (cmH,0)
14 19 patients (82.6%)
12 3 patients (13%)
10 1 patient (4.4%)
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Table 2. The dosimetric results from patients with CPAP method

CPAP pressure

12 cmH,0 (min-max)

CPAP pressure

14 cmH,0 (min-max)

2.86 (1.89-3.43)
2.44 (0.79-3.76)
15.35 (3.84-25.98)
34.37(8.55-49.07)

494.93(459.51-536.15)

3.45 (1.1-7.55)
3.63 (0-11.4)
16.53 (2.35-40.33)
30.29(3.72-51.15)

567.53(408.59-801.93)

Parameters FB All CPAP CPAP
(n=23) pressure pressure
(n=23) 10 cmH,0
MHD (Gy) 5.28 3.46 5.28
Heart V25 (%) 7.11 3.57 6.01
Mean LAD (Gy) 25.27 16.99 30.74
Max LAD (Gy) 44.84 31.69 50.4
Heart volume (cc) 592.04 560.68 627.84
Lung volume (cc) 945.51 1301.05 1282.71
Left lung V, (%) 25.29 24.92 27.08

1313.33(1085.07-1575.54) 1300.07(584.4-071.91)

26.66(9.24-38.11) 24.53(5.7-50.1)

We found that the patient tolerance in CPAP
pressure should not exceed 14 cmH,O which
was dependent on individual patient tolerance.
The difference of CPAP pressure level could lead

a difference in all dosimetric parameters, and the

Mean Heart Dose (Gy)

level of CPAP pressure related to the dose
overlayed to the heart. From figure 2, the
CPAP pressure between 12 to 14 cmH,O was
also effective in controlling mean heart dose
within 4 Gy.

14

CPAP pressure (cmH,0)

Figure 2 The relation of mean heart dose (Gy) with CPAP pressure 12 and 14 cmH,0O
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Discussion

CPAP is a well-known therapeutic modality
for sleep apnea as well as reducing the high
mortality in children with severe pneumonia™®.
Nowadays, CPAP has been reported to impact
chest anatomy, tumor motion, and heart sparing
in radiotherapy. Goldstein et al. showed the
potential benefits of CPAP in stereotactic
body radiotherapy in lung cancer. Their study
demonstrated significant difference in decreasing
tumor motion which reduced both lung and
heart dose[8]. The results were similar to previous
study from Jacobson et al. which showed
decreasing tumor motion in lungs as reflected
in a mean reduction of PTV. The mean lung
dose was reduced by 15%, and heart volume at
5 Gy was reduced by 16%"". Also, Kil et al.
reported that CPAP was a practical technique
for heart sparing in breast radiotherapy by
reducing the absolute MHD 2.8 Gy and 82%
dose reduction in V25 of heart"”. All patients
tolerated CPAP positive pressure with an air
pressure of 8 to 15 cmH,0 regardless of patient’s
age.

CPAP is a method that passively pressurizes
the patient’s lungs into a certain pressure and
then takes a deep breath to separate heart
from chest wall by increasing lung volume.
Moreover, this method was more reliable,
especially in the groups of elderly patients or
patients who fail DIBH. Our study demonstrated
the ability to decrease the MHD by increasing
lung volume using CPAP method. The optimal

CPAP positive pressure level to reduce the MHD
to less than 4 Gy could be 12 to 14 cmH,0.
From our results, the MHD between two groups,
12 ¢cmH,0 and 14 cmH,0, showed a similar
result. Not only the MHD, but heart V25, mean
LAD and max LAD dose also showed the same
outcome. Even though the dosimetric result
demonstrated the reduction of MHD between
CPAP pressure 10 cmH,O and 12 to 14 cmH,0,
unfortunately, we could not demonstrate
statistical difference because of the limitations
of sample size in CPAP pressure 10 cmH,0.
Our CPAP positive pressure level report was
similar to Kil et al. in terms of patient tolerance
and dosimetric results such as MHD and lung
dose™. However, the high-pressure level of
CPAP positive pressure should be aware and can
be adjusted to individual patients due to
patients’ tolerance and comfort. From our
dosimetric results, we found that the CPAP
pressure 12 cmH,0 was suitable for patients’
tolerance throughout treatment. Moreover, the
capability of this method was able to reduce
MHD and increase lung volume which are

beneficial to reduce the lung dose.

Conclusion

The use of CPAP application was associated
with reducing MHD compared with FB. The CPAP
pressure 12 cmH,O was suitable for patients
tolerate throughout treatment. CPAP method
could be an effective, simple, and safe option to
implement in most left-sided breast cancer

radiation.
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UNANED

NANNISUATIVIANA: 1303 INTRABEAM (Huirdesanessdsiudun1sninda (Intraoperative radiotherapy
IORT) fiannsalifsdumnageuinaeadussdalaonse Usinasednszanseenlumiiuyniiamislu
anvENIINaY

Faguszasd: Wlefnudnuaznisnszaeivesnnasd wazanuannsalunisdesiuduneain
Yavesusumzi

Faauazdsnie: uamvanondu 4 tumeu Téud 1. Msa1s calibration curve Tneld Gafchromic
EBT3 film 2. dauUSunaussdluuungn (Depth dose) Wazn15nsza1ufiuedusunmussdlang Gafchromic EBT3
film 3. MImsIRARUANLANTAYEIBIHUNEMluNsTesiusunTIBanFsduLuTRe Ll LAy
4. M3TaUTuaSsETIU viesdnunzUanessdlaely survey meter

HaMsANET wlsian1smaaeadu 4 @ 1) calibration curve #ildidiAn optical density (OD) wUsiu
puUTIussddudunss 9indudt oD asilnsuasdunsdaulasessduiniigadaududunss
fauszana 250 cGy Abimseumnuasdiadtunseuafidulunnnismaaes 2) Ysinadadluwn
mwiAnisUadeanlssnu Inewumuuansnauinalndia applicator uazdidlngiAesi 1 wufims
yaipil MInszaedvesUiinasidanngansnansues applicator cone fidnwaziving Auluynszuiy
Freluwuaun X uae wiu Y Sadudnuuzmanszae$aduun isotropy 3) nxfiaunsngandudiumuged
Isigefis¥onas 89.4 4) Usnausedgeaneguianisouinios INTRABEAM laugegail 30 mR/hr wagU3ana
Yedanaadlosvermaiintu lneaouenviesuasiumisU foRnuUiiusdndolufiu 1 mr/hr
foagu: A depth dose fiinlnedidu Gafchromic EBT3 aanndasiudeya depth dose fldanlsenu
HAR N5NTEAEMTBIUSINUSEIINTEUYRY applicator eenluidnwazidunisnszanefuuuiniu
ynfirvnadunssnau (sotropy) wsumemisiuszavsnmlunisgandutiinaidgs ansnany3nuid
seuvihaiinnsinaele Viinassdseus siesdimnuvasaduserdmihidaunuedosdivihanu
TurneliUsnasadgiheiluuasuontiowig

Ay mIaefadlusenininge, uadsideddiensdndsnuseiuilaliad, uiunsmiestued,
nInsztefvealsnasdviniulunniamdidnvasdunsanan

Abstract
Background: The INTRABEAM device is an intraoperative radiotherapy (IORT) system used

in conjunction with surgery. It delivers a high radiation dose directly to cancer cells, with the

radiation evenly distributed in all directions in a spherical pattem.
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Objective: To study the radiation dose distribution characteristics from a 50 kV X-ray source
of the INTRABEAM, Intra-Operative radiotherapy (IORT) machine, and the efficiency of radiation
absorption of the lead sheet using Gafchromic EBT3 film.

Materials and methods: The experiment is divided into four stages as follows: 1) Creating a
calibration curve using Gafchromic EBT3 film. 2) The measured depth dose and the distribution
of radiation using Gafchromic EBT3 film. 3) The evaluation of the lead shielding effectiveness on
a breast phantom to prevent radiation hazards. 4) The radiation dose measurement around the
operating room during radiation delivery using a survey meter.

Results: The results are divided into 4 parts. 1) The calibration curve showed that the optical
density (OD) increased linearly with the radiation dose, and then plateaued. The red light spectrum
was the most sensitive to radiation, maintaining linearity up to approximately 250 cGy. Therefore,
red light was used to read the film in all experiments. 2) The depth dose profile resembled the
manufacturer’s specifications, with slight deviations near the applicator surface and stabilization
at around 1 cm depth. The radiation dose distribution from the applicator cone’s center was
uniform across all planes along both the X and Y axes, indicating an isotropic radiation pattern.
3) Lead sheets were able to absorb up to 89% of the radiation dose. 4) The highest radiation
dose was detected near the INTRABEAM device, with a maximum of 34 mR/hr. The radiation dose
decreased with increasing distance, measuring below 1 mR/hr outside the operating room and at
the staff positions.

Conclusion: The depth dose measured using Gafchromic EBT3 film is consistent with the depth
dose data provided by the manufacturer. The distribution of radiation from the edge of the
applicator demonstrates isotropic distribution. The lead sheets have high efficiency in absorbing
radiation. The radiation levels around the operating room are within safe limits for personnel
operating the device, ensuring safety both inside and outside the operating room during patient
treatment.

Keywords: INTRABEAM, Intraoperative irradiation: IORT, Low kV X-Ray source, Lead Sheet
Shielding, isotropy
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Abstract
Background: To enhance treatment precision and accuracy, verification before irradiation is
crucial in reducing the risk of complications. Each institution should determine an appropriate
frequency for verification treatments to ensure optimal results.
Objective: This research aimed to study the appropriate frequency of verification treatment and
evaluate setup errors in positioning for head and neck cancer and pelvic cancer using cone beam
computed tomography (CBCT) at King Chulalongkorn Memorial Hospital, Thai Red Cross Society.
Materials and Methods: Investigators retrospectively reviewed 40 cases of head and neck
cancer and pelvic cancer treated between December 2023 and February 2024. CBCT images
were used to assess setup errors in the vertical (Vrt.), longitudinal (Lng.), and lateral (Lat.)
directions. The recorded data was divided into three groups based on the number of CBCT used
in the first week of radiation treatment, CBCT performed at the first session only, CBCT
performed during the first three treatment sessions, and CBCT performed during the first five
treatment sessions. Weekly imaging was performed thereafter. Setup errors were analyzed
for each cancer type.
Results: For head and neck cancer, the setup deviations in the Vrt., Lng., and Lat. directions were
0.14+0.13 cm, 0.20+0.16 cm, and 0.15+0.13 cm, respectively. For pelvic cancer, the setup
deviations were 0.27+0.22 cm, 0.20+0.20 cm, and 0.34+0.26 cm, respectively. There was no
significant differences in setup errors of Vrt., Lng,. and Lat. direction among the three CBCT
frequency groups for both head and neck cancer (p-values = 0.86, 0.94 and 0.93 respectively)
and pelvic cancer (p-values = 0.99, 0.95 and 0.90 respectively). The highest setup error for both
cancer types across all directions was 0.49 cm.
Conclusion: Position verification using CBCT should be performed at least during the first
treatment session and then weekly to enhance the precision and accuracy of radiotherapy.

Keywords: verification, head and neck cancer, pelvic cancer, setup error, CBCT
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