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a7 (1)
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> 30 7 10.00 10 14.29

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2078' 19



M159% 2 ARdeuardulenuuassu nsdnisenatsauslumsguanueaieiunssnwmesid wagnsun
faunaanuFBurenguVInaRIuaENgNAIUAN (n = 140)

. NRUNARDY NRNAILAN
UBYA R y < . > 5
FAIUIU TREUNE X S.D. ATUIU TREUNS X S.D.
fruruasiaimadnldianansianunsadilani 4.39 2.70 3.93 1.86
o 1 70 100.0 5.42 2.57 70 100.0 5.30 1.92
a2 54 77.14 5.08 2.76 55 78.57 4.99 1.82
o 3 48 68.57 4.96 2.80 50 71.43 3.90 1.72
Flnvid 4 28 40.00 4.89 2.79 44 62.86 3.72 1.67
o 5 7 10.00 4.31 2.27 10 14.29 2.67 1.66
i 6 1 1.43 1.00 0.00 1 1.43 2.00 0.00
szAUYRIM SN lElan@1sALuzn (Radunii) 2.97 2.33 5.34 1.85
dlpni 1 70 100.0 3.49 2.80 70 100.0 6.39 1.79
o 2 54 77.14 3.24 247 55 78.57 5.64 1.6
a3 48 68.57 2.98 2.29 50 71.43 5.39 1.63
dlnnii 4 28 40.00 2.48 1.91 44 62.86 5.38 1.61
o 5 7 10.00 2.41 1.97 10 14.29 4.76 1.93
Flnif 6 1 1.43 1.00 0.00 1 1.43 4.00 0.00
sEAUURAINSIN LT ana1saiaANsating (raddmv)  4.91 2.27 - - - -
dlpid 1 70 100.0 6.01 2.30 . . - -
a2 54 77.14 5.39 2.27 - - - -
o 3 48 68.57 509 212 - - - -
o 4 28 40.00 457 2.14 - - - -
Flaif 5 7 10.00 4.56 2.38 - - - -
Floid 6 1 143 400 0.00 - - - -

MsLENfkUAIANNRUINEANUNMSS NI AR5 R sad a1

Flnii 1 65 92.86 - - 50 71.43 - -
o 2 30 55.56 - - 36 65.45 - -
o 3 20 41.67 - - 34 68.00 - -
Flni 4 14 50.00 - - 33 75.00 - -
o 5 4 57.14 ; ; 8 80.00 - -
Flnif 6 0 0.00 - - 1 100.00 - -

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
2 on 24 avun 1 unsiAu - Juigu 2561



a13190 3 mMadSeuifisuaneivanuslunsguaieiiunissnuieSdve sl saifunssnndmesdneunis
NARDY FEUINNGUNAGLS (n = 70) UaNGNAIUAN (n = 70)

e _ mean indepen- 95% Cl
NANMAIDENY n X S.D. . p-value
N differencea  dent t-test lower Upper
NENNARDY 70 7.64 1.60
1.800 6.474 .000* 1.250 2.350
NANAILIAN 70 5.84 1.69

TiedAYNNABATIZAL *0.06

M1399 4 MsSeuiisuanuuanisvesaeisauilunsguanuetfediunssnunesed neunasndnsly
wnansdidavselind seviningunaaes (n = 70) uaznguauau (n = 70)

"o y _ mean paired 95% ClI
NRANAIREY AN n X S.D. ) p-value
difference t-test lower Upper
NENNAREY  NAUNARES 70 7.64 1.60
1.614 10.867 0.000* 1.318 1.911
NRIWAAD 70 9.26 0.94
NGUAILAN  TAUNARES 70 5.84 1.69
2.114 12.737 0.000* 1.783 2.445
NRIWAAD 70 7.96 1.19

AR NNABANTZAL *0.05

me$ed (mean difference = 1.614) aeninguAluAy
(mean difference = 2.114) fa911579% 4

mMaSeuiisummuanssaiadsanuslunisgua
puleaiafunsinwmdiefedueaiisuzifeisuns
Snwmesed neuwazvainisldionansseninanguneaes
warngualunx lnemuaudvsnanziuuaulun1sows
Renfumsinwisnefidnounsaass wuhaadsny
Humsquatfenfumsinwse$sd udsnslilonansngu
muauiifansveseuilunsquanueaieaiunis
FhwmeFadinnnINguaaerintiu 0.596 AzWUU BENS

o w

AlpdAgn19adfangesu 0.05 (p = 0) NN 5

anufisnelavesnislitenarsnisguaiieaiuns
Snwshededuesithonzidefifumssnuniesad nudn
asawianelalagsangumeaass (= 4.68,S.D. = 0.66)
geninaueIuAa ( = 4.19, S.D. = 0.74) f393737 6

n1sanusigwa

FUasuzisifunsinundiefednaunnaseiild
wnansdidnnsedndnsquaiieatumssnusnesedsom
futenansiuuzi fanuilunisquaiieafunisinw
mefEnaINIIMAaedaNIIneunaaes ag1alted Ay
naATsedu 0.05 Judulumuanign wansiins
Henansdidnnsedindnisguaiieafiunissnuisessd
eldmugruenansmuusthi@udsiurinszany il
Htheuzifaisumsinseddinnuslumsguaiientu
ns¥nwidaefedldundu IndiAsstunisdnuives

Aunun @aasuns ¢

9 Anwnadugninininieutes
tihAnuiiGeusentidedidnnsedndtunisaeudeis
Unfl Instennauiianes szé’wé’ﬂgmﬁm%wssasé”’u
wuinnguieudiendededidnnsedndInadugud
memsiseuannslivdidedidnvsedindwdinisneass

'
o w

gandneunaaes egniieddyneadiansedv 0.05

]

agnalsfimu Tuns@inwiasell wuianuslunsaua
Weafiumssnumesdndnisldienans nquneasaiilyd

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2078' 21



M13199 5 N19UTuLiiguAINLANG19YeIAlade AN luN1TARanUIRLAEINUNTSNYIAIETIE nameaeensly
wnasdidanselind sewinanguvaaes (n = 70) uazngualuAl (n = 70)

" e mean 95% ClI
NANAIDEY n X S.D. . p-value
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0.596 .000* 0.964 0.924
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a multiple linear regression adjusted by pre-test
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Comparison of Setup error of isocenter between above and below nipple levels
in thoracic and upper abdominal malignancies using KV orthogonal or
Cone-beam computed tomography (CBCT) images at Siriraj Hospital

uNAHTYT A MU, SFnala
WIEATY AUNNMUUA m.u. 538naila
wEgE LazaeAgass . SeFmalla .. Inenmanssad

ABSTRACT

Background

The challenging point in radiotherapy at thoracic and upper abdominal region is the setup error from
skin marker due to arm up positioning. The arm up position might not be identical for each day of treatment
particularly in case of isocenter close to the arms. Therefore, in this study, we studied the setup error

compared between levels of isocenter, above versus below nipple.

Objective

To study the variations of isocenter shifting from skin marker to bone matching by KV orthogonal (KV-KV)
or Cone Beam CT (CBCT) matching in thoracic and upper abdominal radiotherapy with Wing board device
and Wing board with Vac-lokTM positioning cushion.

Materials and Methods

Fifty consecutive patients who underwent thoracic or upper abdomen radiotherapy (lung, esophagus,
liver and stomach) with Wing board device and Wing board with Vac-lokTM from June 2014- February 2016
at Siriraj hospital were retrospectively analyzed. The patients were assessed isocenter shifting in Vertical
(Vrt.), Longitudinal (Lng.) and Lateral (Lat.) directions from skin marker to bone matching (KV-KV and CBCT
imaging) and the patients were divided into two groups by location of isocenter, above versus below

nipple. Datasets were statistically analyzed using percentage, mean, standard deviation and t-test.
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Results

The setup error in the longitudinal direction was higher in isocenter above nipple groups, 0.41 cm. vs.
0.32 cm. (p-value 0.041). However, there is no statistical significant difference in setup error among vertical

and lateral directions.

Conclusion

The skin marker and laser setup had significantly more error in longitudinal direction in thoracic and
upper abdominal radiotherapy with arm up position with wing board device especially at isocenter above

nipple. The possible reason would be due to daily setup uncertainty of arm up positioning.

Keywords: CBCT, isocenter, KV-KV, Setup error, Vac-lok™, Wing board
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untin (Introduction)

TsauziSansienuwazdaaias WulsauziSamdu

awsuesnsdeTinludududug sesusymelve lsa
3 ] v v 1 < <

1g5aMTIeNLazYama wwa lsauziSalan, TsaugiSe
Na9ARINIS, 13ANLISPU wazlsausiSansTIIEeInng
INTBNUADRVBINUNTIET Y TsaneuIadssIeny
' 2 a P & < a
71 lspuSamseninuinniian fie lsauzisen lned
enuIIUgUINidFumMssnuiununSedshw 1ss
NYIUNARSIIY TEWINGUN.A.2555 — 2557 31U 72 578,
55 518 Way 66 918 AIUAIRU

TsruiSmrisenuasdosios tuannsadnelime
Igmnduszezdug wilduisnsinwmde nsanesed
Uagtiunmssnendieuziimseniaydowios vaunun
S Tsaneunadssvdu Yseneuludemaians
21859d@@ 18R (3D-Conformal Radiotherapy : 3DCRT)
wazmAdAn1Ae5IdUsUAIGN (Intensity-modulat-
ed Radiotherapy: IMRT) lngrUieazusuluviiounae
snuvLTuitaodraviedsey ieliadannsadn
maguinsdiildlaeliiuuuding gunsaidasSeils
Tutlagtudugunsalfivaslunsenuvugtae (Wing
board) 3001980151458 Vac-LokTM iftetaeluns
ngsuvufihelazninnndeiy Tunsaiesadosda
miloufunneds waefihedesaninsnegfisnaonnis
$nwn ielinnssnmniannauiug

AnugnaedlunsdnvidUiesenitenisane sl
wilouunn fululedendnvesnisaneSdadelnl ns
SavinillainssiumsiigeansaneiurliuTinasead
peliinseunquuINiifesnsatedsd (taret tissue)

warUsnndilidainisanessdagldfuusunasdlagly
$1tu? reunsanesedduiimsreameaesyuunimi
Fneunsanesediiterimunsumidiignifesnounisae
59d

A15AYAMNAETEUUAINUNIE Image-Guided
Radiation Therapy (IGRT) fionisenenimifionsiadey
ANUYNFasBIALILINITRIeSIEse Usenaulude
5¥UUNTN On Board Imager (OBI) flduvasiilonwisy
FnFUNI3A8NIN (KVS: KV x-ray source) Lag@asunw
(KVD: KV detector) Ll:u'qaaﬂLﬂumWLLmismUﬁjé%mﬂ
2 §1# (2D KV-pair planar image) %38 KV Orthogonal
30 KV-KV laznnu3unng 3 498 (3D KV-CBCT) %o
CBCT

Tunsimuanisdrenmadaladudueg fuau
Foansvesunmd Taeluuwdununssdsne lsamenuna
A3 dnsmmualiinsansnin KV-KV se CBCT Ao
nsanefedadiusnuarduaviazadsluguasiianedie
wafia IMRT wae 2 dnviadslugihefiansdomaia
3DCRT lagn13a1801W KV-KV %138 CBCT faunsansssd
Dududdyiitaglidiuauuiugilunissnw Jse
wiiugnduladeddglunssnudiaeuzideinenisats
¥4 uonileanmsdavindtaglimiioudumnads

mqmmmﬂﬁ'auﬁ'Lﬁm'ﬁ“ﬂ{umﬂmﬁmm@ﬂw GREEET
anlalngldgunsalfaiefivanzan Samfunsnsiaaey
AanapdeulasnsaeaTH KV-KV w3e CBCT rou
nsane¥ed adanugnaedlunisfmunveuwamsans
FduazmsuSusamaiiansdavinglasuzimsasen th
lugmsanveuivnnisin SsdmarlutigesnsAiui
Yiinaufadlimevingivawinvesseslsn™

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 20181 27



msAnenNsldgunsalluniseness (mmobilization)
Tudthauwdmsnendmiunmsmesdiinsfnweud
170 drulvaiumsanwnvudoundulunivesnsly
gunsalBanTaiunnsneiu®® lusideves Bentel nam
31 anugnaeslunisinviidUisusiimsiensening
FUeTle cradle AUl cradle Tnonsasivaeulagly
21 2D portal image wuin nsld cradle ansnsodi

AMgNABNnIN”

iesannsanesdiinenzSmsenuazdearios
:ﬁ'ﬂﬁ%’mh@ﬂaaluﬁﬂwmzEJmLﬁuu%umﬁaﬁim Fadu
Haddrdyresnnunanindourassiuvus isocenter
Tuusaztu Jsflanudululdinsenuaudiliviiuly
wiaz TurvdsarerunaIAIAAe BV isocenter
g Falaerluudinisaneedasiinisnassuanunain
wndeuliarmih TasAadsazeglutig 0.5-0.7 oy, us
mﬂmié’qmmmnﬂixaumaaiﬁw'mmwm'w%ﬂwﬁﬁ
AU isocenter USaLULBLLIIUL (nipple) 13D
ﬁaﬁﬂiz@ﬂ‘?ﬁﬂﬂ"ljaﬂﬁ 4 (4th intercostals space) il
ANuAAIALAGEULINNIE U TTid UM isocenter
Uhaisnivdeuiiuuaius (nipple) Tngunsseny
Hiflnnueaiandounnnda +1 9y JunnniAiedeild
Naunul3Ee 0.3-0.5 vy, Fadufinvesmsinuil et
Tdnmsusuugimsdnrinisaiesed

dNUS:aA

1. efnwanueaiandeulunisaiededves
AUz Sy nenuastecies sewinewumis isocenter
wilfouw nipple Wieufiu isocenter sndwiiawiiuiun
nipple lnensussiiuanugneissainnsiuseuiieunim
KV-KV 0 CBCT riounnsanesad lunguifiaeildgunsal
2 wuu fe nguthedld Wing board waz nguiUaeily
Wing board 921U Vac-Lok™

A A

2. @Anwammduiiinasenuaaiaadou L
wiel, fvilananie, 81y

Janua:d38n1s (Materials and methods)
msAndanyUoy

Uszannsiiinumsinenide fe nquiiiousise

o

NTNDALATVDINDY ‘UN'?JWEJ 20 - 90 U 97u3u 50 AU %

' 21803 OWSHWSHU’IHUS\JHSHU’]Ha :180INeMiUS:INAINg
2 UR 24 aouil 1 unsAw - ouigu 2561

losunsaesedmeamatinnisatesdauda (3DCRT)
wazwallan1saessdusuadu (IMRT) Tusyninaiou
flo. 57-nw. 59 Taeldgunsal 2 uuu Ao nquiihedld
Wing board ag ﬂéjméﬂwmﬂ’f Wing board $2uAU
Vac-Lok™

nsfnwiiutangunisfnwesnidu 2 ngu Téun
&y Upper isocenter ﬁaﬂduﬁﬁ%mﬂq isocenter ¢
willowws nipple FulUauioun Apex of lung uaznau
Lower isocenter #o ﬂdmﬁﬁﬁ%mﬁﬂ isocenter s
Wiawihfuwun nipple aunuiwouawesdlasadud
12 vi3aU31asreu UL Lumbar spine 7 3 wazaidonds
Hgmunveuunsumia isocenter uwwfanansdda
(central) fe sumis isocenter agiluuAsnansddh
AADALUI dIU isocenter WUITOUUBNAINAIIEINA
(peripheral) A LML isocenter azmiﬁﬁ’mmmtmﬁmma
aeenlunesudialunuagieun

msdnrigdos
nsdavigtaelunguiaedild Wing board 3
Vac-LokTM 1u 14 Vac-LokTM wu1a 70x100 cm? 274

Wuasuy Wing board MigUlsusunagadlvinediv
gunsal :ntuiinsgeauain Vac-LokTM Tiugeya

U
o

NAIUFUS19v8Y Vac-LokTM wedfiuuwuuuasyaiidu
onvesfUae ludiuvesnguiaedld _Wing board
st Smvinludnuasdingefu fonsaestienty
wileoAswedugunsal lag3anawauuu Wing board
(Faguit 1) Bslumsdavindthaifientsvigunsal assilu
5’u1?ir§ﬂwmﬁw CT-planning \ileautumeunis CT-
planning n3adn1sunndvinnsiniduuuiagisuay
Vac-LokTM witeldlunsdnriuagldidusunisdneds
(Reference) Tun1smauuunssnwlaetnandnisunme
Saufuumg MmN TNUKLNSS N ESIAY L’%'wﬁwﬁ%u
moulunIdnaensinw (Simulation) ghedosuenly
AnwazgunIalifeafiuiuiuin CT-planning lng
FuWUs isocenter filda1nnssiassn1snwnazdy
munialdlunisane e



\ -

gﬂﬂ?‘i 1 gunsnddnma (A) Wing board uaz (B) Wing board $auriu Vac-Lok™

Treatment Verification

reunmsEuae3ed dumeunsngihedesinegiuri
Lﬁmﬁumauf\i’waaamﬁﬂm T,Wama set-up 910 skin mark
"3 m‘uumww #e laser toiingsinumia isocenter
Pntusutuneumsnenenaisdnounsanesidse
\n30snesdisseyniadidnaseu (Clinac iX, Varian
Medical Systems Inc., Palo Alto, CA, USA) lnedisyuu
aeAni1IE (On-Board Imager e OBI) Tunisananm
MuuaUTUISIE 125 KV, 270 mAs. 19 bowtie wuu half
fan wagld slice thickness u1a 3 . IAVRUIIANT
shenmwindy 17.5 ey, Tuswavuans deldnim Kv-kv
%38 CBCT wadihnsiseuliisununin DRRs (Digital
reconstructed radiographs) #3001 CT-planning
(FsgUil 2 uaw 3)

Setup error Ao AMUARIALAROUVTOAILLANG
Yosfuntsae SdfiinannsUTeuTisufusEnIng
AW Digital reconstructed radiographs (DRRs) #3907
91 CT-planning Jafunmenmsdnoufiamesiildly
MMIRLNNTSAEIRUAII KV-KV %158 CBCT Fadunn
nussTiseULReIesdieszuunI OBl fouvinIs
2e5adUae Tngsvuunenimoivendsmioidas
SBUREMNLAIALAAB LY LTINS e S AT VLA
3 e fad)

1. Longitudinal (Lng.) %38 Crainal-Caudal (CC) fi®
firnsanunananAsuIuUIAsHElUMahTes
Vet

2. Lateral (Lat.) %30 Left-Right (LR) Aa¥iFANI3
mmeaadouInuelurvesile

gﬂﬁ 3 wamsnafFauiiauszuananan CT Planning fiUNTW 3DKV-CBCT lullia Transverse, Sagittal kaz Coronal

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2078' 29



3. Vertical (Vrt.) %38 Anterior-Posterior (AP) Aiafifivna
AUARIAAREUII N U LU Undaves
Hthe
MsSsuiBun N KV-KV iU DRRs 19115 match

bone Wi spine fauantiudosUsudadumidignies
M11LUT bone UL isocenter mmxmud?u%ﬁ CBCT
14385 Auto match bone fey 9nthldiEnsase
aouvLIAFUTes GTV Iaseumgusumii tumor e
A5 match ALas3a TUSKASHAZUARIAIAILARTA
waeulu 3 fimva Ao Vertical (Vrt.), Longitudinal (Lng.)
wax Lateral (Lat) Inefidaruuafie S1pnunannedou
fienunnndn 2wy, TivhmstuiinAanueaiapdeunes
fUhendenviuiissarsiiieidigiuniafigndosnou
Mnsa1e5ed uwimndandesnivisewinnu 2 uu. 1A
nsduiinaianuaaimedeulaglifewinnisudu

RNDRE

M13199 1 Teyaniluvesrthelunguiivinn sfine

ang
nadevanuAgIun1ITelagldatflun1siagizi

Youa liun fouay, Anade, Andouuunnsg, ttest,

Ineflinausinisdindula Ae A1 p-value < 0.05

wan1sfinun (Results)

furelunsfinwnilfidaseny 20-90 T dade 60 T
, thntindlutng 21-89 nn. Avadsegil 57 nn. luvas
firugeesnduithedomaiien 145-182 wu. Aade
987l 162 wal. BMI flenogsening 14-42 Aadvegd 22
Taofifteioglunguénu 6 auuaz $rusnn 3 au Tudou
V24N TUTZIILAN Y VR sEURe (KPS vi3e The Kamofsky
Performance Status Scale) wuiilunguifihedidian KPS
90% n3enguitieRfamannstiemdeiieduizes
UnAftuguldfids 36 aunndthesinun 50 aufadu
72 % maanduﬁﬂaaﬁwm (Fam3neiin)

ANHUE Upper Isocenter n (%) Lower Isocenter n (%) p-value

LNA 0.254
il 12 (48.0%) 16 (64.0%)

TN 13 (52.0%) 9 (36.0%)

el (ﬂ): mean (SD) 58.2 (16.8) 62.7 (13.7) 0.298

T (nn.) : mean (SD) 59.2 (15.0) 55.5(10.4) 0.313

fatiuaanig (BMI) 0.463
< 25 (1A - Unp) 19 (76.0%) 22 (88.0%)
> 25 (891 — 821N1N) 6 (24.0%) 3 (12.0%)

AL isocenter 0.254
Aananedndia (Midiine) 12 (48.0%) 16 (64.0%)
LLuQi@uuaﬂﬁqn@wqéwﬁq (Peripheral) 13 (52.0%) 9 (36.0%)

Auidesaelsa 0.001
Respiratory and intrathoracic organs 22 (88.0%) 10 (40.0%)

Digestive organs 3(12.0%) 13 (52.0%)
B - 2 (8.0%)
KPS 0.047
70 (3011a) 1 (4.0%) 2 (8.0%)
80 (sn1) 9 (36.0%) 2 (8.0%)
90 (1Auls) 15 (60.0%) 21 (84.0%)
Qﬂﬂitﬁ Immobilization 0.189

Wing board
Wing board + Vac-Lok™

24 (96.0%)
1(4.0%)

20 (80.0%)
5 (20.0%)

VeI

KPS (The Karnofsky Performance Status)

{15033 91SASAALSLESNLIEL:ISVINEWiOUS:NATNg

3 | on 24 avun 1 unsiAu - Juigu 2561



Tunsfinmnsfineideanddaeianun 50 58
wiadunguitldfumsussifiunnueaaedeulumumia
isocenter wile kaz TkwT nipple I1wIunguay 25 518
Snvnuzdoyavesite lud te, 01g, twiln, dauilng
nMeLAEAWMLA isocenter WuaRananad i (central) iy
isocenter WUITOULANAINANEE (peripheral) Wle
Wisulsuseninanguudilanuanuwansneiulunig
add sncfuluSeshumisseslsa Tnglumsdnyidelu
psilduanniunduitaeilldgunsal Wing board An
Ju 96% lungu Upper isocenter uay 80% Tungu
Lower isocenter (1915747 1)

A KV-KV 930 CBCT Midlunsinuideiiionun
208 A 10de 4 awserthe 1 518 Uszneulusie am
CBCT 69 aw Aoy 33% way A KV-KV 137 A An
B 67% 903U 4 wanausugiiuansinanuraaidon
vosrhelUTeuliiguseninangy Upper isocenter Uag
Lower isocenter 511 3 fifin1g wudn lungqu Upper
isocenter $iA1 mean+SD Tuwua Vertical (Vrt.),
Longitudinal (Lng.) agLateral (Lat.) A® 0.265+0.233,
0.4140.366 WA 0.261+0.260 . ALY vasziily
n&sl Lower isocenter A1 0.272:0.241, 0.323+0.259
uay 0.268+0.240 @My (Fagui 4)

PNHan1ITe nuhanuemaedeuluun Lng. 1
mmﬂameﬂﬁauLLazmmuﬂiﬂiaumaﬁagamn‘ﬁ'qmLﬁa
Wisuiisufuanuaaaedeuluiun Vit wae Lat. Tng
mwmammﬁlaumﬂmﬁﬂméﬂuEﬂ,uu,m Lng. SEWIN
ﬂ&jm Upper isocenter g Lower isocenter Hauuen
mafulszann 1 un. egalsinumnuuananfanail

o w a

odfaymeedid (p-value 0.041) (Fans197t 2)

Hadudertune nudimandedinnuaainndou
wazANUWUTUTINYR TRy AgeaR UL Lng. Tusinumis
Upper isocenter &A1 mean+SD Ao 0.461+0.394 ué
dewSeuiisussnianevauazmavdanuiilidany
wansinsluneads egnslsinulungy Lower isocenter
wudunemdgaianunaiandeuluuul Lat. annndiie
greog1dTeddyneadf (p-value 0.024) Fadien
ANHAAIALARDUANIIUUTEINM 1 . (Fans1edt 3)

20
15 M1
c
T
10 3
2
s
>
H]
H - e
g 20
w
15 I
3
10 H
[ ]
s
) 150 100 050 0.00 050 1.00 1.50 200 €M
vrt
15
107} -
c
M g
. - L
> -
H nn ﬂ'” [ [H
S
a e Q
g 151
- P—
107
:
r ’ | \
Tam as a0 0% 000 050 100 150 200 ©m
Lng
201
15 i
a 3
B
10 2
2
5
z
g mils Ml = .
3 0 -
g =
w —
15
g
10 H
<
5
B 8 o n
oy T T T T T T T T
200 45 400 05 000 050 1.00 150 200 cm
Lat

= PN . < vy o
gﬂ'ﬂ 4 LLNunm:Jmemmwmmmmmum@wﬂqmmqu

50 918 WfFLLTiEUsEUINaNgu Upper isocenter WAz

Lower isocenter 11w (A) Vertical (Vrt.), (B)
Longitudinal (Lng.) taz(C) Lateral (Lat.)

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2078'

31



a319di 2 memﬂmmmﬂLﬂﬁaumﬂmié’mmﬁﬂaﬂuum Vertical (Vrt.), Longitudinal (Lng.) wag Lateral (Lat.)

5¥MI19ngaY Upper isocenter Wag Lower isocenter

Mean (cm) (SD)

p-value*
Upper iso. Lower iso.
b9 Vrt. (Antero-Posterior) 0.265 (0.233) 0.272 (0.241) 0.829
IL149 Lng. (Cranial-caudal) 0.414 (0.366) 0.323 (0.259) 0.041
U9 Lat. (Left-Right) 0.261 (0.260) 0.268 (0.240) 0.846

Note: “t-test

M15°9% 3 wanstafedumeaniinaderAnuaainfowa N siavindUasluiua Vertical (vrt), Longitudinal (Lng.)

iag Lateral (Lat.) 1uﬂq'u Upper isocenter Wy Lower isocenter

AL Mean (cm) (SD)

isocenter @el il prvalue®
b9 Vrt. Upper iso. 0.316 (0.244) 0.224 (0.218) 0.053
(Antero-Posterior) Lower iso. 0.250 (0.228) 0.307 (0.259) 0.226
L Lng. Upper iso. 0.356 (0.322) 0.461 (0.394) 0.160
(Cranial-caudal) Lower iso. 0.312 (0.228) 0.340 (0.302) 0.607
W Lat. Upper iso. 0.256 (0.243) 0.265 (0.276) 0.867
(Left-Right) Lower iso. 0.225 (0.186) 0.335 (0.297) 0.033

Note: “t-test
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und91sni (Discussion)
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goadsu (Conclusion)

nn1sAnwITeluasalinudn Al Upper
isocenter AUgunin1uAINAaIaLAdaulULYD
Longitudinal (Lng.) #38 CC (Cranial-Caudal) 111nn71

M19199 4 uanatadednu BMI Niiasierinnuaa1amaauaInn1sdavingUieluwa Vertical (vrt.), Longitudinal (Lng.)

Ay Lateral (Lat.) Iuﬂfju Upper isocenter Wag Lower isocenter

ALLIAUG Mean (cm) (SD)
. p-value*
Isocenter BMI < 25 BMI > 25
W7 Vrt. Upper iso. 0.233 (0.237) 0.356 (0.198) 0.023
(Antero-Posterior) Lower iso. 0.249 (0.228) 0.429 (0.276) 0.009
U3 Lng. Upper iso. 0.310 (0.268) 0.716 (0.443) < 0.001
(Cranial-caudal) Lower iso. 0.292 (0.225) 0.536 (0.369) 0.030
WU Lat. Upper iso. 0.263 (0.271) 0.256 (0.233) 0.915
(Left-Right) Lower iso. 0.239 (0.209) 0.464 (0.341) 0.030

Note: “t-test

M15°9% 5 wanstafeduengiiinasierinunainndenann1sdavigtieluu Vertical (vrt.), Longitudinal (Lng.)

ey Lateral (Lat.) iuﬂejm Upper isocenter Wy Lower isocenter

ALLIAUG Mean (cm) (SD)
. p-value*
isocenter 21g < 60 1 218 > 60 U
WD Vrt. Upper iso. 0.255 (0.248) 0.275 (0.220) 0.677
(Antero-Posterior) Lower iso. 0.209 (0.180) 0.313 (0.266) 0.015
L3 Lng. Upper iso. 0.357 (0.398) 0.473(0.323) 0.120
(Cranial-caudal) Lower iso. 0.216 (0.203) 0.393 (0.268) < 0.001
W7 Lat. Upper iso. 0.206 (0.190) 0.317 (0.309) 0.037
(Left-Right) Lower iso. 0.211 (0.147) 0.304 (0.280) 0.024

Note: “t-test

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2018 | 33



o

AU Lower isocenter g13dmiau Fadadefiviilviin
AruAaaAdouTy HirsdasAnwdudy Wesann
LﬁumsﬁﬂmLawwxﬂawmaameﬂﬁauiuLLua Translation
Wigsegraiien luldd@nwainuaatnadouluwun
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Tuadedlil 2 wuu dafunisAnelnensdasnissiuun
gunsalnvazfuitviafioifiuanudaaulunisud
Hamdaly MeilfiTeidoiaueuusmnannsniasy
gunsaifmviningauninsenuuuld msvinlasiamne
Auule Upper isocerter lngunnduazinidnddos
AsanswiulunslunmsimuafianinIsinvesenssd
Tmnzanfusoslsa drunsdivesstisdifiniunain
\dousniaglianssaudtaymld n1svin Kv-kv v
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Anadsvasruaaaadeu Sdliaunsavenimaluma

Aadinle Feesiinisfnuseiionfioruam PTV margin
Tudruvesdfadeiasufiainiurveiianuduiusfu
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1. unu

ns¥nwilsausdsduannsasnuldvanvansgy
wuuiumnensiu fHSnssnwmdnie nskide leed
UUn wazmInnessd lngonaidenisnssne e siswie)
visonaeissaniy Tuiuriauazszesvodlsauuide sau
faavnmwedUas nsanessdidunislididndanuge
nzdluidounsss Wevharunduiouveusad
uzi§evidestomiwdesrihudssiioniinisanans Tneiised
Tolunsnundvasussaddun fedunumainiades
Tavead 60 Sedlonduazeuniadidnaseuainiedouss
oumAiudu fsdienduazunun (Inew) :nia3esans
Yedwanil Werdhgiunedtasiinaiidazaes anas
AUAUENTISIER T ez s undsieuneSs
fanaiviunassdeglusyaugs egnslsinudadssddnngy
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taqtiu Wudeynelusmeu wazasusulesou lasiile
Tusmewmdeuiinluluseamerie Wsnouazidhlh
dunsnseiudidnaseuluszneu uaztemwasuliiy
Mnansiiaioaniouanauiivedusaeu dinanee
nduUsinassatesinn sunseiclusnaundoululng
JrgENNNdevedaunIA (range) lUsHBUAT MG 1Y
Fruaunn dnandnsganduliinaiidgean indu
Bragg peak ﬁﬁuiﬂé'ﬁw%nmﬁiﬂwawqmm Tnehluag

srunlisumisiumundesfounside vl foe
UnAflegvdsrounz3slailasused Gasinaainnnslesed
londidansiuiinusiavdtouns fandooy Tasany
ANUNEILILY Bragg peak Fuiungeuvedlusnau
ﬁummﬁugﬂﬁ 1 wwdiagtnWandnsunmdanuisaiden
Tiwdanuimnzaufieliunse suinassdgennn
Bragg peak aaﬂiﬁﬁaumﬁdlﬁ ﬁuaéwﬂugﬂﬁ 2 U@AINIS
WisuileuUsinassdluidieusiSaues Medulloblas-
toma fenslilimeunasiusneu wzidiuinisld
pouRziiUTINusednig nszateeyseudUisuinm
N1900NU0IE159E 7138131 dose bath VauzAivsinassd
nlusneuarasaunquaniz UM sliied
Wi UsinauSediiwalalasuidu 0% uavenlafuidios
2-3% Wi
2. Us:oi

wwAnn s lusneuanldlunissnwigUae gnih
\duensausning Robert Rathbun Willsan™ lud
W.A. 2489 mmzﬁv‘hmuﬁﬂazﬁquéﬁ%’ﬂsﬂﬂamum%m%
7 (Harvard Cyclotron Laboratory) duviesufjifin15ns
Fedl0sniad (Berkeley Radiation Laboratory) &in15iin
Tsmourlflumsinviiheuniaiundusnlulsane
ansgoiinilul we. 2097 \Hulusneuindnainlalaa
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Pristine Bragg Peaks
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g% 1 Bunnuid@auanuaniifisainllsnaundsenusinge (Prof. Zhu XR. MD Andersorn

cancer center proton therapy)

PHOTONS

“dose bath”

gU% 2 nsnszanenfannuiedlugilae Medulloblastoma saennsldinneuuaslismen

(https://www.ptc.cz/en/for-professionals/)

pIouTUAEURILALENa 184 1 Taoidutaeumss
whuuianglsneuuinasenldaues (pituitary eland)
ilonasesluy vauriidaylsy WesufoRnnsanauue
(Svedberg Laboratory) tilasguzea Ussinaaiiauiinis
TiiusnausnudiasuziSeaunsnlulull we. 2500 uay
\wesrvaymalusnougnianindeglulsimenua
whswsniuvinendensummglaun dumn (Loma Linda
University Medical Center) Uszieiansigowsnitud
W.A. 2534

ndeyalundledegiaduninisves Particle
Therapy Co-Operative Group (PTCOG)” Wui1d1uau
wdosmweynielusnewilanluras 40 Jusn Heusd
w.A. 2512 840 .. 2552 fiaTesangaynialusnouiiss
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o a =

adlfouegiaaudios 58 1des wagfinaifiutuetis
a3 W 210 13es Tuline. 2560 wazandeya
fimsamzdevluszuures PTCOG mainazdiiedosmns
oumalusnoudinduduegnetion 314 in3edlud wa.
2563 Fefiuuiiugstuia 500 % lutisnan 10 Yangn
Fauandlugui 3

Tuuseinalneiiuuifnfiaziiniosaiseynin
TusmouurldlumssnuitaeusSeioudd v 2543
Ao TN TG NTUNTUNNE NTTNTIEISTUGY
Iauelasmssnmifthonsdeoynmalusneutu lu
i3y 4,500 d1uuw eenslsinuledinisdisiats
Uselomiuazanumnzanlumsasmuiiietieesas
sunalusreuldSnulsausdludsznelve negsn



Uszmadanguazans”™ nuirdwiudiisuzisainly
Usginalne Sadutmnendnlumsinusmelusnoulu
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weaflofiugiulunsliuinsdiisunde Wuindos
Tauead in3easieyna suduedoddusdilifomense
Sruufieluvardu uasalddelunssnudeutiags
nssnTsEnseguisdiufsfumsindeiriasaiseya
TusmewiiotanldsnuwlsauzSdlussmalne a1ndu
Tasamaadosnigeynialusneululssmalnedamyaly
unsevilssmenuapnnsalinisitauslasinisiaies
aweymalusmouiundnads uasluifounsngiam we.
2557 ARNEINYIANNAIULIYA IieydRsulszanaiou
wsnLduduauiu 1,200 rwum Tunsdakeudsed
Tusneuthinveslsmeuiagmnasal fadusuyniudiu
Un.a. 2558-2561 iflerduguénansgiinaedoulunis
Fnwlsnunde® egdlsfinulaumsiignuzaseeniuiiie
6‘1’1Lﬁumué’l’mé'iy’ﬂiawmmaf\;mmfﬁa&J'NLﬁugiJLLwriau
Tugaanaifeatuil Tsmemunataluan sy Universal
Strategy Institute Limited Liability Company 210
Ustadiiusmasunumnusiudislunsadegudanssed
$nwshelooaumin (Heavy lon Therapy) Faiidefinile
nimslilusnoulubemamsinefianii uagldina
Tumssnundunit® egndlsfinnm lassmsiigsadlaifian
Aumiiegrsdaian luvugdlssmeiuiaguiasnsal

350

anmualne Id3ulassnsdadaauginugiaslse
uziSwheaumalusnaulul wa. 2557 diauslasinis
uisguIalul wa. 2558 uarldSuoudfsulszanuiau
1,200 & v Tl wa. 2559 dwiuiedesaigeynia
Tusnouduu 1 1edes uazldFuwszsrmmudegudi
“audlusnauaunanssmnsausvgan” nefiunuay
Waguddmiusnwiisludud wa. 2563 vaugilss
weru1adu Tudsemalneilasansquélusnounay
Asueu lesauluswandulndlduiu

3. misidenlglusmeuliioifisununisidsodions™®”

awasnuuvesnitu 5 ndu Taun

3.1 nauiiideustlunisidenldlusmendivaian
(definite indication) fie uzi3slugftaewdin e uzi5ed
Fosldsunisanedidfiaueswayludunds (craniospinal
irradiation) udenduiiloans (rhabdomyosarcoma)
uz15998nn (retinoblastoma) iiieseniiaues
(ependymoma, craniopharyngioma, glioma) losan
faedindiaandedlunisiinugiSemAegs (secondary
cancer) AendwINNIGIMGY s 1EddIndug1inda
deannnisldlusmeuanunsonadnadessiniedluss
afeunidun

3.2 nguiiialenidlunismevinainlsa (improve
curability) TouA ugi5slusiu (hepatocellular carcinoma)
uziSeusnagunzlvan (skull base tumor) a1 (ocular
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tumor) 533N (nasal cavity tumor) nsganULazLiaIds

(bone and soft tissue tumor)

33 nguilifiuauvuasads (improve safety)
annsaanuadiaAsInnsinvdesanaiunsoan
UhinafedsoaiuizdfniiogndfounzidatuizSalen
(locally advanced lung cancer) 1gi54%a8n01Ms

(esophageal cancer)

3.4 nauilidang (unknown) g uziSsaues fu
gou nsvnzlaanie ungn wazuuSeiiseinisateadd

3.5 nauiilinanssnwlauansnainnisldssdien
4 loun uziSonszeziuiy wazuziSwoNgnvun

4. 1pSevisveymalusnau

TusnougnAunulaetininemanssieesiu 3o
oooinu Inanylail (Eugene Goldstein) Tul w.a. 2463
Mnmsnaaeaielfiunasassdunlnauazuelua lag
Winsuueunieyagiuveteznen Wsneuas iy
nsousgnsenansvesiiuaioa (3und1 Uindesu i
Aaau UM duuan fauszayagiuindu +1le dl
haiindszana 1.67 x 1077 Alanfu wiewinnin
duanmseu 1,836 W fvuinvesuszaniniu 1.6 x 10
gaouy lnslusneuildluirdeasseyniainainnisi
lelasaueznaugnisdianaseusen Sundeiedusneou
FunToasseynalusmeudl 2 Ussnvvang 1éun Ledes
lelaamau (Cyclotron) wag Fulasaseu (Synchrotron)

4.1 lelnamseu \uiedoasieyniauuus (Circular
accelerator) tislaymaiindasugetu Tnen1susu
Wasuiaindlagsveseynialinisiu lelaansougn
af19tunfousn dowadudiuguinans 4 @2 oy
wotiuad lauauln aadisud (Ermest Orlando Lawrence)
wawdadiu anuag §3%adu (Milton

Stanley Livingston) tsuniinendsundneside 9
dsniad Tul wa. 2472 Taefindannisiiauiugiu
Aanansluzud 4
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wasudundanumuiideansilelusneusiiugunsal
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PNNUFIUVBUTUINEN (F = quB) uazusaitng
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cyclotron frequency wWasuly fuupdeslelnaneud
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4.1.1 lsochronous cyclotron den1sUSuLiia
AsLsesaIwimEnTiTag tuisuaiadousivan
wuuwileath (superconducting magnet) Wieraeung
yosoymAiindu ilseflunsedoureseymausay
FOUAILAN AINEUATT 1 = mv/B 1ne compact proton
YDIUTEM Varian wag compact proton ¥83UTEW 1BA
Jushedeiildlalraneutszanil

4.1.2 Synchrocyclotron e1fni1susuanaud
ﬂ?iufmq Lﬁmmmsmamaaaqmmﬁlﬁﬁu ANENATT (3)
Ime cyclotron WU full gantry vesusEm IBA 1Uusiegna
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Farticle injection

Y

Emelging beam

G Accelerating cavity

5% 5 wassdautsznauuazndnnisevATeaieunAtularsey

(http://www.schoolphysics.co.uk/age16-19/Nuclear%20physics/Accelerators/text/Synchrotron_/index.html)
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4.2 Fulasmseu WuedeasseymaLuys (Circu-
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nou aun1AlUsmeuIriinIvuivaUnsalanneundsu
(energy degrader) JUWUUANSY WU UNWTER (slab of
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gnissbiiindanulutasszana 70-250 winzdidnaseu
Taadt dmsunssnungihneludasewdndaus 4-35 .
(Fleunnumnusiugin) s wlluguil 1 uamsUFunm
$dmunnudnvedusmeundsnuieafiSon Pristine
funtlawes Brage peak Fuffumdscuvadlusneuili
RIAITAINUANS 191UV UTADUAILAINENVDIA DU
wzsitialdanamenusdaeufiames Tnefasands
Hadusingg Wuanuuanenseaieideioynalusnou
AL AmnuAmAAABUTesideTieNinty ogsls
Amnuanmisiifeunzsaiivunn wlkanuniieves Bragg
peak lsiifissmotiarasaunquioussiSeiedou Sedana
§nduiierdeswensnuninwes Brags peak ninsiu
welinquiouusiSsimun Tnsanunsavildlag 2 3
TauA

6.1 Passive scattering

linannisnszidsveseynalyiiiuilubuiniugie
(beam profile) niauazanausduatousnly single



magnetic field

Energy
cyclo range: i o y selection slits
33g/cm: f

range

‘ Energy Degrader

Range in patient:
24 gfcm?

fast degrader
at cyclotron exit (PSI) , >

5U% 6 sredraazasiianldlunsasmeundenuuunduiule uazuuuglan wavssuuiRennaw

icattermg fouLiuﬂﬁiﬂixmaﬂﬂimaﬂﬂmmwwu 9814ls s\347i38n91 spread-out Bragg peak (SOBP) ffagng
Anw famamLagamaamimmaumgﬂmﬂsﬂ,ua’ma luguit 8

YUINLAN Na9NTU Koehler wazanuz™ dnisiaue
N5l double scattering foils Tud w.e. 2520 lagh

scattering foil ffidesinanianiiiadiaveznauga

Relative dose (%) :Tumor'
1 1

wazein 35U dundenunnndn esanlidlusneund i o |
AuaasenIdudaansluguil 7 i
nniudliTanaaveundsnuluguiuusiieg dield e *°
Tun1sUsumuanues Bragg peak dsuavinli Bragg peak 601
fanunanniulivsinusdnadiaenseunquiou —) 40
20

0 5 10 15 20 2¢
Depth in water (cm)

Single scattering

Used for:

g Small fields (< 4 cm) gﬂﬁ 8 uaman1in 1% Bragg peak ndn9lu Tmﬂmﬂﬁi’qmﬁu
heavy material causes Very robust WBrnnuiadnuasnanannasusne Aldandndon
: scattering Efficiency: 3% v A o .
Dcublescanen'ﬁg / BunnuFedladmingu (applied from Prof. Dan Jones,
i < Used for: iThemba LABS, Faure. Cape Town)
Large fields (< 15¢cm)
| Alignment important
Light material compensates Efficiency: ~30% o
energy loss Bn1TaAneuUNSIuiNaINa18ITIUAUNS

A v oA

2ONUUUVBIUABTUTEN 013ldurugAnAused (slab

U7l 7 ulsuieuFunnufsdluuuagudng (beam profile) . . - e
absorber) lun1sususuntisnuanvesde (range) 104

seniegzuunisld single scattering Wag double
scattering (Marco Schippers, chapter 6: Proton beam TUsnau wazUsudnalruusunusadluwnasndaanumse

production and dose delivery technique) USunasulaeld19a 0Us UL UAIINRUIR 19
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(rotating wheel) ﬁ'&gﬂ‘ﬁ 9(n) AINTBIKUUAU (ridge filter)
AagUT 9(v) viTemnTaeuUUAN (wedge filter)

(m

gl 9 setsgunaniildaaneundsnuiterntanunig
U89 Bragg peak 'Lug'ﬂmm (n) rotating wheel Laz ()
ridge filter (https:/radiologykey.com/treatment-
planning/)

Uunadadluwwiniutegnidnveuiuanuuun
gafaunsSimuuan1laen1sld aperture Tadiv
1309 (snout) Faguil 10 vauEdl compensator (#1370
Lucite w38 wax feguil 11) anansaldifieusugusnsves
Uinasssdnnugusisesieunifaniuaudn uiies
mnuldsesingiae uazuiidesailiainaneves
oo wiliannsnuiuiinasdluundunines
founziials fwegrauandlusuil 12

6.2 Active scanning

\nsesangeynelusnouaielnl amnsaldnisany
mewadla active scanning 3 pencil beam scanninglé
Tngenfendnnmsuiateunzidadulsunnsidng (voxel)
AUANNEN (2) wATWUIIUE (cy) warlddTusneud]
W pristine aunumuwnsudnslaeefousinandeiu
Slusnoulunuiuny xy fimnwdn Z fidnfiganou 910
fuddsumndnlussiuiinutu Tnsnsasmdenues
TUsou mmumaiﬂwawuuﬂ JURNARIUNEZISY Aanansly
51J*v1 13§43 pencil beam scanning Hanunsoanusuna
FedvRegi (secondary radiation) anfianseuld waglv
Usinasdlimuguimesiounssaneiumiuaziu
nasle

' 21803 QWSHWSHU"IHUS\)HSHU"IIIH :i803NeALUS:INAINg
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gﬂﬁ 10 UAAIANHNIYDS aperture 1S TRTLIIATES
aynaldanevluuudiudng Tasgaudni snout 7
@gfLuLﬂ?l'ﬂdfmﬂméﬂ’lﬂTﬂim'ﬂu (https://bokcenter.
harvard.edu/blog/teaching-objects-part-2)

17 11 uamsdnEzIescompensator AMustildilFugiinaaes
Bunufsdnugiinsresfeunzidamupeuan i
/7N (N) wax kag (1) lucite (http:/lukeboote.
com/2011/11/27/proton-therapy/)

a d o ' o
gU# 12 nsld compensator 1eU5uglsneaesBunnidniy
sseresiauNzBmNANAN LmLimmmemm
fAngftlae uazuGesenaliiasianereadeide



7% 13 n1sli5s@neds active scanning aannisaunuanniallsneuiiaviuaunay

P

VSRR

(http://www.protonpals.org/why-md-anderson-proton-therapy-center/)

38 active scanning 4 @unsawdseanidu 3 35
gowq ¥ laun

6.2.1 Discrete spot scanning HunsTisunasedi
asiaueluuiay spot wiszwinafiadoului
spot dalulifinslised wilewdunisliuuu
step-and-shoot

6.2.2 Raster scanning AaM8AUNSIAUS LS sdeeTs
discrete spot scanning wsiszninan1sadeuly
i spot daluaglisunssdnaaniaan

6.2.3 Dynamic spot scanning%lﬂumﬂﬁﬂ%mm
Sadodredoillos agngalvsedianiziflefinng
Wasunds Tnessninansaunuaninsauiu
Anuswazanudulunsay spot o vinld
anunsaidnvinssnelusnaumemaiauiu
ALY (Intensity modulated proton therapy,
MPT) 18 Feaiinisldmadintinniudess lu
DUAG

7. asu

Tuilagtiu Weneusudranfiununlunissnw
fthensdanntu funliifasdsnuniinssnumine
Yiddndundlselusunandulnd ilesandefaneniaud
elAndues Bragg peak filsiUSunassdnauiioussiss
waglufivunadedndadounsis saufuiesns
penumbra fidesninileifisuiulnneuviodidnasou
ilianainistrafesasanlonalunisiiauzsmie
pidledisuiunsldliineulunissnu lussmalnenis
egtheuzisenelusneuazisulusunandulnd ferdu
puwislndeesaulnglunsi@nlsauzssdmnmevia lu
unumvesinfidndnsunng Feafimanieuisludes
vosnsilaafudunsieannssd gunsal iedesilotauasiii
Foyaounelusneu in3esiiousyiunaamiifianuunn
ssnnmsnsliinimeussnsdmds ileaumsesluns
THrmuedeslsmaulumsinuusiiiulssmalneseld

Journal of Thai Association of Radiation Oncology
Vol. 24 No. 1 January - June 2078' 43



19nd158109v

1.

2.

44

Wilson RR. “Radiological Use of Fast Protons”. Radiology. 1946; 47:487-91.
https://www.ptcog.ch

080 Uszaosany, Al fufaad, Aol duadaeties. “anumzanlunmsamuiiodissemisivdisnou
wldshwlsauzddulszmalng. Nsasulevsuwasunuasnsage. 2001; 43): 1-14.

¢ Vo

wﬁa%aﬁuwmmmaaaulaﬁaﬂ’u‘?u*ﬁ' 29 n.A. 2557. (http://www.manager.co.th/Politics/ViewNews.
aspx?NewsID=9570000085985)

o

yledeRunUnuiles atuTud 2 we. 2557.

American Society for Radiation Oncology (astro) Model Policies: Proton Beam Therapy (PBT) Fairfax,
VA: ASTRO; 2014.

Aarhus University. The Danish National Center for Particle Radiotherapy. Aarhus, Denmark: Aarhus
University; 2012.

Koehler AM, Schneider RJ, Sisterson JM. “Flattening of proton dose distribution for large field
radiotherapy”. Med Phys. 1977; 4: 297-301.

Furukawa T, Inaniwa T, Sato S, Tomitani T, Minohara S, Noda K, et al. “Design study of a raster scanning

system for moving target irradiation in heavy-ion radiotherapy”. Med Phys. 2007; 34: 1085-97.

J

803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
on 24 avun 1 unsiAu - Juigu 2561



NsUS:AUAINIWIASOVAIEISVE

Su TrueBEAM

712835 Machine Performance Check (MPC)

Wufinn a3

ANFTNuasNafTN
hefadanen Tsaneiaqiiasnsal annimalng

Wwseene 59U TrueBEAM lonsdmigluviesmainaausdt a.a. 2010 anglinisuivesussm Varian lnglainis

Wannguuuulassaiangludielimvungauiunisiieies Linear accelerator (LINAC) snUssgnaldlunisaneSsdee

wiatlassddaunssns e (Stereotactic Radiosurgery: SRS) $3@32uii1in (Stereotactic Radiation Therapy: SRT) %38
FedsufaUIIE16 (Stereotactic Body Radiation Therapy: SBRT) @191 anunsalvignsiusuiausadgalaglaisadlds
n394 (Flattening Filter Free: FFF) 8nvisszuunalnuean3eaissedsu TrueBEAM vianun 1Juszuuddnea saudenns

WauNsrUUNsas 19Nl Useans nnanngegy 2

lun1squataieantsfsdnnendenisnsisaoy
AMEN YT YDILATOIR18TIE dlavinsfndaados
(Acceptance test) uagnsifivteyataiesatsdsd
TrueBEAM (Commissioning) ka3 n15UseiunmnIn
iwsosneiaddinauduiuiidesiesideilomann
91gn1slgu

Inquszasdlummissfuannimedonisdsd fe
iiensaspunudnvuzveuAiawmefElidsauuly
MnAGudu iefisuiunudnuazveuaiasansed
Fuiirasauaniutoyavonaios ¥ flonashfuifiien
fuismslumsnsvseuruanTRvesaiesaeisdvany
aUu 19U International Electrotechnical Commission
(IEC) ™ American Association of Physicist in Medicine

(AAPM) %38 American College of Medical Physics

(ACMP) lagarunsauuangy Useianuesni1suseiu
= v aM Yy oo “!"[6]
ARSI T il

1. auaudfnulIuusad (Dosimetric)
nalnveaa3esmesd (Mechanical)

3. STUUNTEIINNMN (Imaging system) iona
FOUMULIUINITANSE

4.  anuvasnadie (Safety)

AAPM TG-1423 lapendenmundiniunisusziu
AMNMLADIRE AR AAPM TG-40 7 Tyl A g
2009 Inglvinseumquuazduiusiunisiauimalulad
TouA30e5E FeUsznaulufeszuunsadienin 8n
ilsessuiumatiamsaeSdniiimududounnnd iy
LU N1921859@LUUUTUAILTN (Intensity Modulated
Radiation Therapy: IMRT), N1321833@WUuUFUALTY
59UsIEU38 (Volumetric Modulated Arc Therapy:
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VMAT), Ssdfaenssusiuiiine, Ssdvuiidn vIededsou
fifnusadi WWudu lng AAPM TG-142 fvunineust
goudmiuusagmTfinesiviinisnsanaey Juty
dnuwaigmsldnuveeiosnsd wu msuseiunanm
Renfumnugndesvesiumisawes dmiuieieans
Yednfnuandilunisaiedsdsemaia SRS/SBRT
Foatoundn +1 Tadlms MniAnasiesudmiueTe
peSsiiilianansoneiddomaiai fo +2 fedues
dmuiedesmeediulmiviadlidfnges awnsali
fadludnBnassdae Werfinuszavnmnisanssed
shewaiia SRS/SBRT Ssgusnalnsntdasdunuusedin
fgslaifinsesunsuumnansasaaeuiidaaly AAPM
TG-142 uifidadnduiordesmsUszfununmlagns
vdnmsuisafunsusziunuamardssaduilndiis
nsadldviiuduused

w3esanededadelnidssuunininiad (Image
Guided Radiation Therapy: IGRT) Lﬁamsmaaummgﬂ
Fosvownunishunsanessd Ussnause wdesgnenn
LUUAInea (Electronic Portal Imaging Device: EPID)
WAZIZUUEST NAINLBNGLII ADNNUADSTWUUNTINTIY
(Cone Beam Computed Tomography: CBCT) Fadnfu
Funuvditeadan e @i daseluvae igtasuou
agluvinvein1saesid vuieniesad Tnensyuiuns
vwazadenmiiléainszuu IGRT e1vvzdunin 2 iR
v3e 3 1A uiteldlunisasinasumnugniesassiumis
nsanefed Aeuflazyinnisanesedloiunsog

nsUsERuauALAEI UL UYRITTUY
a$unmuazvenaiomedid Sadudrunileiiddnly
nsuszAugmunn Tnglanziedsaneaaiinaeudaly
nsaneiedsiomada SRS/SRT way SBRT 1ileaain
\unssnunfefediliviunassdnigainiinisaisied
wuuUnAvhly BsAAPM TG-179 Tgimuainasisensu
dwsugavyusiudureardosansfidianunsaaned
memaila SRS/SBRT aginnglu +1 Tadluns niAuUn
+2 fadns dwiuiaiesaedadilifinuamiiflunsans
Sedemaiing uenaniiu gunsaliasunntudiuasios
vhmansaeulsransamianuuiugwesnalnves
\n3es TianuantRvesUTinassdnnndsedily Ing
nsuseiunnmluusazdufaziiounsalusenouile
T¥lunsasiaaeuiiuandnediu uansdsguil 1 19 ()
Winston-Lutz test Tolun1snsiadeugamyusiuiures
\n3eaa71834@ 130 (b) Isocentric beam checker [Radia-
tion Products Design, Inc.] llun1snsiadeu Radiation
and light field congruence, collimator isocentric,
collimator field size accuracy, laser alignment, gantry
isocentric &m3UgUNIaINTINEBUANUYNADIUAZILIILEN
vosUFuaed loun (0 gaindesindsdussiniu
Daily QA [Sun Nuclear, Melbourne, FL] 38 PTW
QUICKCHECK [PTW, Germany] 1Jugiu

MnfinamnmunasdiuldinssuinnsUssiu
AMNINLATOIR83eAUTENBUR dENAEAIU Ut
nsrvrumsUssiuguamdunszuumsiddnunll
1§ Fadunszuiuniswayiinislunisussfuguninaes
Lﬂ%qmai"aa’ifummiaﬂ%’ulﬁﬁua&viﬁummmezamaq

sU¥ 1 wans fedsgunsnidmiunistsziuanniniasesansiag

a) NNNIIATIRABLIAANNUIBATEIANEFIRAAE Winston-Lutz test

b) Isocentric beam checker )
¢) PTW QUICK CHECK dmiudnfsddszandu
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wiazaady Auws38ns we3esdlefiliensazaneiy
widpadngusvasdlunisuseiuaunimviliouiu e
Audnvaziaiesnefedlidssuilunnisudu ides
flofianldlunsusefununindosddaianimazaan
Tdnudie danugndeuazusiugilunisyszidiuna

\n3edan834A8%e Varian Ju TrueBEAM (Varian
Medical System. Inc., Palo Alto, CA) Igfifesduisen
1 Machine Performance Check (MPC) ifisidiusn Lo
Tyl danansavhnsusefunanmeiasane $edldazain
wndstu fldannsadilsitunishouildonmiiag
vénuuneninosmUAIATsRE39E TrueBEAM Fsns
Usgfuaninmiaiesanesdsng MPC Usznaude 1
9Unsa) 1t IsoCal phantom wagaenliwasiiteldlums
UszAuannmieiesnnsdsd wazsruunminiad Tag
ansnsonsradeuldtinunalnuenaies metauium
$98 uaganugneBsvessEUUNIE A lngendedaya
amilFnnssuaunsaianmiondudiindeduia
MV uaz kv thandinsizsina danszuiunisnsivdey
Hanuaazdunisiuuudalud® nszuaunmaiiunm
Tpziing anansaviliegsaann wazTias,

IsoCal phantom fiegunsaiildlunisuseiunmnin
FUTNNTINTLUDNNAI VNAFUENUAUINA1N WazAIY
g1ty 23 wuRles lneagidia tungsten-carbide

YUIR 4 Taang Ehagjﬁzwm 16 Fwmi dieldlunis
afeanmuarliaseiing lag IsoCal phantom aggnaNg
vuwiuFsanusadendniuiiesanessduiin carbon fiber
YOUASIRE5IE TrueBEAM Fishusnis H2 léwef wana
13Ul 2a neuuiinsussiuguamAdesane3a
TrueBEAM 13835 MPC ag#ia9dalvi IsoCal phantom o¢
flaaudnaniveandosansded Tnelduanawesiiud
AAUAANLSAUS

doflFsudinglumn MPC uanafaguil 2b szuvae
vhanilnsindeuieans$ed uazgunsaliunmeosnineg
Tushumim$eufuam qunsaifuninitasdn kv wae
MV azeglusundsivisnnduindnisdiduszes 150
wufms awvhmaiudeyanwiaen 39 a1 wady
A IsoCal phantom anAuRLEassdsdn kv 31w
12 nw 8n 27 s BunmannduiidinSadaiia MV (Aiu
A IsoCal phantom d1wau 20 7w way 1ald 1soCal
phantom WU 7 A1) mwﬁu’wungﬂﬁﬂﬂﬂssma
Ha uazuanInansUTEiuAMA AT e sAluudaY
wilwesviud glénudanunsaguansuseidiu uavds
sandeya niougsevunalunmendanls egrslsfin
AINgNAB998IN1sUsEAUANAINLASBIRTEFeE
TrueBEAM #1835 MPC ifuifsansSsuiisusiuanis
#u o Yuivinmsaeuiiou (calibrate) MPC wivify 14
A%8910 Clivio uazanz® fidusumnugndesoins

al o { o
7% 2 ugns nsseiugnNINATEIRNY SR TreBEAM
a) N174A"4 Isocal phantom LWLARsaN 5@ eHA carbon fiber
b) wnrhaArenineululuun MPC
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Uszununmiaesans$sdneds MPC isufuisily
gunsaluuusineg Alfidulsed maUserugaamaies
218598 TrueBEAM @7835 MPC @11130A51968Y
AudnumesoeTEluninesine dail

1. Geometric check

Junsussiliunaaudfiddyvonionised
TrueBEAM iUl UILNL fIUI AZIUIAAYILUYDN
W3BIRY SININSTELULYRIgANINaNTRIgUNsal

unwiiguiuganyueseessd lnvaunsouuale
il

e

11 Qﬂnuuuauln§auaﬂa§ué’1 (Isocenter)

FEUUIANYUVDUATOIRETIE TrueBEAM Faing
SEUUMTESNANLNID WAYTTUUNISAS 1IN NLUURINGDA

a '

Anagivununiveuniemedd awusenaume 4 dw

)3

Ao YAMyUYRITEULNALN (mechanical isocenter) 0

q q

MYUYIE154d (radiation treatment isocenter) 3w
FEUUNTATNNNYTIA (kV imaging isocenter) kazqn
NYUTTUUNITAS1AMUUUATABS (MV imaging
isocenten! MsUsyuAMAINLATEIN8TIE TrueBEAM
MEE MPC 9gm9anyuvesyuunalnannsiunm
84 IsoCal phantom fiunuviya 0, 45, 90, 135, 180,
225, 270 Waw 315 83 FUTUFILNUYOINTVULNLY
370ULA309R19598 TTUUAEMIAIUMLAYDI9ANYUTBY
szuunalnipiesnedednnduviseada tungsten-
carbide ravun 16 s uAnIFaUT 3a drugavsy
Yo FadmensUsEAuAMAINE3s MPC 1aannis
Lﬁummwumﬁiﬁ IsoCal phantom ‘17" collimator 3Ja 270,
315, 0, 45, uay 90 4 ARINAIRALYBUAULIASS
4u (Angle bisector) v099nfinveua13ed (Edge
intersection) wesgsy collimator fifadu s 4 1&u 7
Usnguugunsnisunin 3nnn sy collimator W15 38
fonuganuuvesdr¥ed uansdsgui 3b

- guavesavueaiesidmlinaey
viaflnndigasevinagamauesszuunaln wazqamyy
Yoad1Ted

- madeauuvesgunsaifuniwisues kv uaz
MV @nansamildannszezvinsnniignszninegananans
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vosgUnsaliunm fugamuvesssuunalnieiesansfed
TnsAndoavuifanmnsohnisudeldlnenisyi isocal
calibration11 GaiA3esae¥saTu TrueBEAM anansau
mnsisauuesgunsaifunmliignifestdluseninenis
iunw

@ee Angle bisector
3 Edge intersection

R Rotation Center

gﬂﬁ 3 uany a) mmwmmummLm?;mmﬁaﬁmnﬁﬁwm
STaNE)
tungsten-carbide
b) ﬂ’Wi‘ﬂ']LLWJLLﬂuﬂ@’N“IJ’N@D’IﬁanL&’uLLﬂﬂ
ﬂ?'mmm collimator %\1 5 HN6

9INNIANEIVDY Barnes M lansivaaunisusziu
aunmiaTesaeediiuiurnngavyureAIesany
$4d uarn1sidsauuvesgunsal¥unm ¢eds Winston-
Lutz test TngldTUsunsuiifanntuedunsdinsesina
(In-house developed) W3gULBUAUTE MPC WU W@
MIATRABUTLIAYL LTI BN A wagmaides
wuresgunsalfunmanniie 2 38 ikadilalusnsretu

o w

ag19dltedAyMata

1.2 Collimation

NIATIVADUANINYNABIVBITZUY collimation 9z
vhmstunmilgsunuy 0 esen msUseiugnnaes
218598 TrueBEAM ¢1e38 MPC a18N30¥ni88AI1uAa10
\douaInnsvs collimator 1¢ Fsszuu collimation
Usznaume

121 nsdenuuvesdiidigised (Multi-
leaves collimator: MLC offset) @ansamlalagnisasia
2Yes MLC 3nnnsilavauinanssdnie MLC Tvning
wnfigawiiigunsaiiunmannsafiuamld esan
muwmﬁqﬁmsﬂﬁumwmmm 40x30 MFNGURLAS Tivey
150 wufiluns fau MLC Ju Millennium-120 MLC
Fruaustaun 40 g (undaz 5 fadwns) fioguiiam
A3INae azansansIvdeulsneR n1w static comb-like



pattern uamssgUl da anansauiuuugunsaliunines
WruldmnadesuuresdmvEsed Tnensinszes
nUareanves MLC witaed aufsuuanionans MLC veq
MLC usiage

122 nadsauuresgunsaitsdud¥ed Jaws
offset) n3raapulaunIsUATIdUWIN 18x18 A9
wudlas Fandunnadifdvuneinhaiianiigunsal
Funmannsoduldiszey 150 lwuflms fio 27x27 M9
WURNS uansiaguRl 4b TasninumuazuuIdUATs
uansdsvouiinvesgUnsaitiafud3idfiniosns3sdiln
AIUNINUINATINANUAAITIIAAUEINANNITUYUYDIA
$4@ Tngsyuvagiinisinssezanveuvesaunsalledy

asdtnAudnanMmyuesEnSElUTsu s uiue
4 qu Ao X1, X2, Y1 wag Y2

123 AMUARIAAADUTEINITMYY (Rotation
offset) WuIWBUVBI MLC a1saldm AnumanAdiou
wnPgailiosannnismyu collimator Ligufuafiaall

gﬂﬁ 4 uam3a) NN static comb-like pattern eriunldunnng
{Haanaesdnidsed
b) mmmﬁﬁqﬁ'Lﬁ'@mmm'jmmummqﬁmm’ﬁqﬁu
Rr]

21N15AN®I04 Clivio A6 levin1smsiaaeauaIl
gndaaves MLC Insnsldguuuunsindeudives MLC 7
158N picket fence test LUSHUWBUAUIE MPC WUi1n1g
\douives MLC amaindeulsiiin 0.5 Jaduwns 91t
238 dwiumsnaasunisieauuvesgunsailiadud
%93 loFouliiuis MPC uagn1sindae PTW
StarCheck (PTW, Freiburg, Germany) Wui1 36 MPC
wannansidsauuesUnsaltfua3sds Y1 wihiu
-1 Hadng uagdu Y2 Wity +0.9 fiadiums Fan s

$he PTW StarCheck anaalanunnudesuuvegunsal
Hefud$ed vadenaidesarngunsalfnsed PTW
StarCheck 1A1uawtdunveIivinsedviiiu 3 fadiuns
FaliiaziBunfisanefiaznsinduauaainindeuves
33N

1.3 ununs (Gantry) Us:naundg

1.3.1  Absolute ABAIUYNABIVDILUUNUNT
wuuduysel Tasgainuulunuvsatissluuulfad
donRdeITULILNUNAN RIS FaELILAUYT O Bem
FamsUseiunnunnaiesanned TrueBEAM ¢e3s MPC
FnAsIERaInam Isocal phantom fignanineie
sufndadadyin MV uaz kv lnen1suiuseauamugs
youBaTuansneiu MPC mAnuAmALARDUTBRMUN
WNTUUY JUYIainNNISAUIMTEEEIAMETYRY phan-
tom finanadauanganyuveauunudeEluLwn
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The Dosimetric Comparison of Planning Target Volume between Helical Tomotherapy
and Volumetric Modulated Arc Therapy in Lung Cancer
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Abstract

Backgrounds: Radiotherapy is an essential component in lung cancer treatment. Locally advanced lung
cancer always presents with large tumor size and needs advanced technique in radiotherapy planning.
Helical tomotherapy (HT) and volumetric modulated arc therapy (VMAT) are advanced techniques of
delivering intensity-modulated radiotherapy which high dose to target and low dose for organs at risk (OARs)
are expected.

Objectives: To compare the planning target volume (PTV) dosimetric result between HT and VMAT treatment
planning for advanced lung cancer.

Material and methods: 4D CT simulation was used for seven lung cancer HT and VMAT treatment plannings.
The PTV prescription dose was 6 MV photon, 60 Gy in 30 fractions. The HT and VMAT plans were generated
using VoLO™ V.5.0.1.24 and Monaco V.5.11 treatment planning respectively. The dose constraints for PTV
was reviewed using ICRU 83 recommendation. The homogeneity index (HI) and target coverage (TC) were
absoluted to evaluate the quality of the plan.

Results: There was no statistical difference between HT and VMAT PTV dose. The means HIin HT and VMAT
techniques were 9.32 and 9.88, respectively (p = 0.313). VMAT had statistically significant better in TC with
the mean TC of HT and VMAT of 0.61 and 0.86, respectively (p < 0.001).

Conclusions: According to ICRU Report 83, this study shows that HT and VMAT provide similar quality of
PTV dose for advanced lung cancer. However, VMAT shows superior in mean TC.

Keywords: Helical tomotherapy, Volumetric modulated arc therapy, Lung cancer, Homogeneity index,
Target coverage
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Abstract

Backgrounds: In premenopausal women who received radiotherapy at pelvic region for cervical cancer that
induced early post menopause. This led to develop osteopenia and/or osteoporosis as the same as
postmenopausal women. This retrospective study is conducted to demonstrated incidence of osteopenia
and/or osteoporosis after pelvic irradiation in premenopausal cervical cancer.

Material and method: Retrospective, descriptive study of premenopausal cervical cancer who received
radiotherapy at pelvic region at Mahavajiralongkorn Thanyaburi Hospital since 1 October 2007 to 30
September 2012.

Results: The total premenopausal cervical cancer were163 patients, median age were 43.23 + 4.68 (28.4 - 52.1)
years old and median BMI was 24.65 + 4.49 (15.79 - 41.65) kg/m2. They received radiotherapy with four
fields box technique (57.67%), intracavitary high dose rate brachytherapy (98.77%) and without chemotherapy
treatment (61.97%). There was no history of previous bone fracture (95.09%) and the most of patients had
no previous hysterectomy (90.18%) and no previous oophorectomy (98.77%). After follow-up, the incidence
of osteopenia and osteoporosis were 22.70% and 6.13%, respectively. The factor which affected of osteopenia
and osteoporosis in this study were history of coffee or tea drinking (p = 0.028), exercise (p = 0.010) and
history of bone fracture (p = 0.034).

Conclusion: At Mahavajiralongkorn Thanyaburi Hospital, radiotherapy at pelvic region in premenopausal
cervical cancer induced osteopenia/osteoporosis higher than normal Thai female population. The factors
which affected in this study included history of coffee or tea drinking, exercise and history of bone fracture.

Keywords: cervical cancer, osteopenia, osteoporosis, premenopausal, radiotherapy
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Introduction

As more people with cancer had survived longer
and increasing number of patients are living with the
complications of radiotherapy. Radiotherapy (RT) at
pelvic region induces some side effect such as diar-
rhea, bladder problem, damage to surrounding non-
cancerous tissues including pelvic bone and proximal
femur. Women who received RT in the pelvic area
may stop having menstrual periods and have other
symptoms of menopause. " ? There was a direct
relationship between the lack of estrogen after
menopause and the development of osteoporosis.
Early menopause women have low estrogen

hormone levels that cause bone resorption overtakes

NOANTIUNTAUYIMAL/MTBNH, WYANITTUNITBBNAAINEY

the building of new bone. Osteoporosis is one of the
major problem because the morbid event is fracture.
Following a hip fracture, there is 10-20% mortality
over the subsequent 6 months, 50% of suffers will
be unable to walk without assistance, and 25% will
require long-term domiciliary care and high annual
cost of osteoporosis to the healthcare system. © This
retrospective study is conducted to demonstrate the
incidence of osteopenia/osteoporosis that occurred
after RT at pelvic region in premenopausal cervical

cancer
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Material and Method

We searched the archives of premenopausal
cervical cancer patients who received RT at pelvic
region in Mahavajiralongkorn Thanyaburi Hospital
since 1 October 2007 to 30 September 2012. All
patients were followed up to September 2013. The
following data were collected: age, body weight,
height, education, occupation, primary tumor, staging,
radiotherapy technique, chemotherapy treatment
and personal history which could be the factors that
affected this study. We excluded patients who had
underlying rheumatologic disorder such as rheuma-
toid arthritis, ankylosing spondylitis, bone metastasis,
no bone densitometer study post radiotherapy and

patients who refused studly.

Data were analyzed using SPSS statistical
software, version 15 (SPSS Inc., Chicago, IL). Descriptive
statistic was summarized as number and percentage.
Chi-square test and Fisher exact were used to
correlate between each factor and bone densitometry.
A two-sided p-value of <0.05 was considered

statistically significant.

Results

The study revealed 667 cervical cancer patients
who received RT at pelvic region in Mahavajiralongkorn
Thanyaburi Hospital since 1 October 2007 to 30
September 2012. Of these, 337 patients were
premenopausal without underlying rheumatologic
disorder such as Rheumatoid arthritis, ankylosing
spondylitis, bone metastasis. One hundred and sixty-
three patients who had post-radiotherapy bone
densitometer studies at lumbar spine were included

in this study.

In 163 patients, mean age was 43.23 + 4.68 (28.4
- 52.1) years old and mean BMI was 24.65 + 4.49
(15.79 - 41.65) kg/m2. The most were stage IIB (86
patients, 52.76%), received RT with four fields box
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technique (94 patients, 57.67%), intracavitary high
dose rate brachytherapy (161 patients, 98.77%) and
without chemotherapy treatment (101 patients,
61.97%). There were no smoking (153 patients,
93.87%), no alcohol drinking (145 patients, 88.96%),
no coffee or tea drinking (132 patients, 80.98%), no
exercise (123 patients, 75.46%) and no history of
previous bone fracture (155 patients, 95.09%). Almost
had no previous hysterectomy (147 patients, 90.18%)
and no previous oophorectomy (161 patients,
98.77%). Most of them did not take vitamin D (155
patients, 95.09%) but took calcium usually (119
patients, 73.01%). Characteristics of patients at
baseline are showed in table 1 and the risk factors
for osteoporosis in this study population are showed
in table 2.

Premenopausal cervical cancer patients
developed osteopenia and osteoporosis in 22.70%
and 6.13%, respectively. Most of the patients
underwent bone densitometry study post pelvic
radiotherapy within 12-36 months (median 13.1
months, mean 20.3 months), the results are showed
in table 3. The factors which affected of osteopenia
and osteoporosis included history of coffee or tea
drinking (p = 0.028), exercise (p = 0.010) and history
of bone fracture (p = 0.034) (table 4).

Discussion

Limpaphayom did a Nation-wide survey during
2000-2001 and showed the age-adjusted prevalence
of osteoporosis in Thai women ranging in age from
40-80 years was 13.6% and 19.8% for femoral neck
and lumbar spine, respectively. The age-specific
prevalence increased with age from 0.4%-1.7% at
age 40-44 years, to more than 50% after 70 years of
age. Comparatively, our study revealed premenopausal
cervical cancer patients who underwent RT at pelvis
region developed osteopenia (22.70%) and

osteoporosis (6.13%) more than normal Thai women



Table 1 Patient’s baseline characteristic (N = 163)

Characteristic Number (%) Mean (SD)
Age (year olds) 43.23 (4.68)
20-29.9 1(0.61)
30-39.9 36 (22.09)
40 -49.9 114 (69.94)
50 - 55 12 (7.36)
BMI (kg/m®) 24.65 (4.49)
<185 6 (3.68)
18.56-22.9 64 (39.26)
23-24.9 25 (15.34)
25-29.9 54 (33.13)
> 30 14 (8.59)
Education
No 3(1.84)
Primary school 93 (57.06)
High school 51 (31.29)
Diploma degree 4 (2.45)
Bachelor degree 6 (3.68)
Unknown 6 (3.68)
Status
Single 9(5.52)
Marry 127 (77.92)
Widow 9 (5.52)
Divorce 13 (7.98)
Separated 4 (2.45)
Unknown 1(0.61)
Career
Not working 19 (11.66)
Employee 89 (54.60)
Agriculture 12 (7.36)
Government service 4 (2.45)
Merchant 26 (15.95)
Other 13 (7.98)
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Characteristic Number (%)

Mean (SD)

Stage

Stage | 24 (14.72)
Stage IIA 5(3.07)
Stage 1B 86 (52.76)
Stage IlIA 0
Stage 11IB 41 (25.15)
Stage IV 5(3.07)
Unknown 2(1.23)

Radiotherapy technique
AP//PA technique 69 (42.33)
Four field box technique 94 (57.67)

High dose rate brachytherapy

Yes 161 (98.77)

No 2(1.23)
Chemotherapy

Concurrent chemotherapy 61 (37.42)

Adjuvant chemotherapy 1(0.61)

No 101 (61.97)

Table 2 Risk factors for osteoporosis

Factors Number (%) Factors Number (%)

Underlying disease Alcohol intake

No 135 (82.82) Yes 18 (11.04)

DM 2(1.23) No 145 (88.96)

Heart disease 1(0.61) Coffee/Tea drinking

HT 5(3.07) Yes 31(19.02)

Thyroid 2(1.23) No 132 (80.98)

Renal disease 0 Exercise

Other 18 (11.04) Yes 40 (24.54)
Smoking No 123 (75.46)

Yes 10 (6.13) Others drug intake

No 153 (93.87) Herb 13(7.98)

Hormone 12 (7.36)
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Factors Number (%)

No 138 (84.66)
S/P Hysterectomy

Yes 16 (9.82)

No 147 (90.18)

S/P Oophorectomy

Unilateral 2(1.23)
Bilateral 0
No 161 (98.77)

History of bone fracture

Hip fracture 1(0.61)
Wrist fracture 2(1.23)
Arm fracture 3(1.84)
Other sites 2(1.23)
No 155 (95.09)

Calcium intake
Yes 119 (73.01)
No 44 (26.99)
Vitamin D intake
Yes 8(4.91)

No 155 (95.09)

Table 3 Results of BMD and duration of BMD study
after pelvic radiotherapy

Factor Number (%)

Result of BMD
Normal ( BMD > -1) 116 (71.17)

Osteopenia ( BMD -1 to -2.5) 37 (22.70)

Osteoporosis (BMD < -2.5) 10 (6.13)

Duration of BMD study after pelvic radiotherapy

12 — 24 months 110 (67.48)
> 24 — 36 months 17 (10.43)
> 36 — 48 months 19 (11.66)
> 48 — 60 months 12 (7.36)
> 60 months 5(3.07)

population. Some patients developed osteopenia
from age over 30 years old and developed
osteoporosis from age over 40 years old. Overall of
patients who underwent bone densitometer study
at lumbar spine had developed osteopenia/
osteoporosis within 12-24 months post RT. Incidence
of osteopenia was 4.90%, 15.95% and 1.84%
respectively, in the age group 30-39.9 years, 40-49.9
years and 50-55 years, respectively. An incidence of
osteoporosis was 4.90% and 1.23% respectively, in
the age group 40-49.9 years and 50-55 vyears,
respectively. Another study from Pongchaiyakul C at
Khon Kaen province® reported the prevalence of
osteoporosis in pre-menopausal Thai women showing
a bit higher than the aforementioned study. The
prevalence of osteoporosis was found to be 37.4%
at femoral neck, 30.2% at lumbar spine, 44.5% at
ultra-distal radius and 31.5% at mid shaft-radius.

While the prevalence of osteoporosis in China
base on 26 studies published between 1980 and
2008 showed the prevalence in Chinese
premenopausal women (1.8-3.2%) was much lower
than that in postmenopausal women (9.4% to 37.9%).
And the prevalence of osteoporosis was much
lower among those aged 40-50 years old than that
among aged 50 years and older, by approximately
20 - 40 times. From the cross sectional study of
osteoporosis among India women who underwent
calcaneal Quantitative Ultra Sonography (QUS)
method utilizing same WHO T score criteria for
screening of osteopenia and osteoporosis.” This study
revealed prevalence of premenopausal women
developed osteopenia and osteoporosis were 38%
and 7.7%, respectively. The prevalence of osteopenia
was 42.7% and 64.3% respectively, in the age group
35-44 years and 45-54 years, respectively. And the
prevalence of osteoporosis was 8.3% and 19%
respectively, in the age group 35-44 years and 45-54

years, respectively.
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Table 4 Correlation between factors and bone densitometry (BMD) report

BMD report
Factors Normal Osteopenia Osteoporosis p- value
(n =116) (n=37) (n=10)
Age (year olds) 0.349
20-29.9 1 (0.86%) 0(0.0%) 0 (0.0%)
30-39.9 28 (24.14%) 8(21.62%) 0 (0.0%)
40 -49.9 80 (68.97%) 26 (70.27%) 8 (80.0%)
50 - 55 7 (6.03%) 3(8.11%) 2 (20.0%)
BMI (kg/m®) 0.167
<18.5 5 (4.31%) 1(2.70%) 0 (0.0%)
18.56-22.9 39 (33.62%) 21 (56.76%) 4 (40.0%)
23-24.9 22 (18.97%) 3(8.11%) 0 (0.0%)
25-29.9 41 (35.34%) 8(21.62%) 5 (50.0%)
> 30 9 (7.76%) 4 (10.81%) 1(10.0%)
Career 0.834
Not working 16 (13.79%) 3(8.11%) 0(0.0%)
Employee 63 (54.31%) 18 (48.65%) 8 (80.0%)
Agriculture 7 (6.03%) 4(10.81%) 1(10.0%)
Government service 4 (3.45%) 0 (0.0%) 0 (0.0%)
Merchant 17 (14.66%) 8 (21.62%) 1(10.0%)
Other 9 (7.76%) 4(10.81%) 0 (0.0%)
Stage 0.089
Stage | 20 (17.24%) 2 (5.41%) 2 (20.0%)
Stage IIA 3(2.59%) 2 (5.41%) 0 (0.0%)
Stage IIB 64 (55.17%) 19 (51.35%) 3 (30.0%)
Stage IlIA 0 (0.0%) 0(0.0%) 0(0.0%)
Stage 1lIB 25 (21.55%) 12 (32.43%) 4 (40.0%)
Stage IV 4 (3.45%) 1(2.70%) 0 (0.0%)
Unknown 0 (0.0%) 1(2.70%) 1(10.0%)
Radiotherapy technique 0.120
AP//PA technique 45 (38.79%) 21 (56.76%) 3(30.0%)
Four field box technique 71(61.21%) 16 (43.24%) 7 (70.0%)
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BMD report

Factors Normal Osteopenia Osteoporosis p- value
(n =116) (n=37) (n=10)

High dose rate brachytherapy 0.495
Yes 115 (99.14%) 36 (97.30%) 10 (100%)
No 1(0.86%) 1(2.70%) 0 (0.0%)

Chemotherapy 1.000
Concurrent chemotherapy 43 (37.07%) 14 (37.84%) 4 (40.0%)
Adjuvant chemotherapy 1(0.86%) 0 (0.0%) 0 (0.0%)
No 72 (62.07%) 23 (62.16%) 6 (60.0%)

Underlying disease 0.796
Yes 21(18.10%) 6 (16.22%) 1(10.0%)
No 95 (81.90%) 31(83.78%) 9 (90.0%)

Smoking 0.602
Yes 9 (7.76%) 1(2.70%) 0 (0.0%)
No 107 (92.24%) 36 (97.30%) 10 (100%)

Alcohol intake 0.326
Yes 11 (9.48%) 5(13.51%) 2 (20.0%)
No 105 (90.52%) 32 (86.49%) 8 (80.0%)

Coffee/Tea drinking 0.028
Yes 28 (24.14%) 3(8.11%) 0 (0.0%)
No 88 (75.86%) 34 (91.89%) 10 (100.0%)

Exercise 0.010
Yes 36 (31.03%) 3(8.11%) 1(10.0%)
No 80 (68.97%) 34 (91.89%) 9 (90.0%)

Others drug intake 0.099
Herb 10 (8.62%) 3(8.11%) 0 (0.0%)
Hormone 7 (6.03%) 4(10.81%) 1(10.0%)
No 99 (85.35%) 30 (81.08%) 9 (90.0%)

S/P Hysterectomy 0.558
Yes 13 (11.21%) 3(8.11%) 0(0.0%)
No 103 (88.79%) 34 (91.89%) 10 (100.0%)
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BMD report

Factors Normal Osteopenia Osteoporosis p- value
(n =116) (n=37) (n=10)
S/P Oophorectomy 0.101
Unilateral 1(0.86%) 0 (0.0%) 1(10.0%)
Bilateral 0 (0.0%) 0 (0.0%) 0 (0.0%)
No 115 (99.14%) 37 (100%) 9 (90.0%)
History of bone fracture 0.034 *
Hip fracture 0 (0.0%) 1(2.70%) 0 (0.0%)
Wrist fracture 2 (1.73%) 0 (0.0%) 0 (0.0%)
Arm fracture 1(0.86%) 2 (5.41%) 0 (0.0%)
Other sites 1(0.86%) 0 (0.0%) 1(10.0%)
No 112 (96.55%) 34 (91.89%) 9 (90.0%)
Calcium intake 0.075
Yes 79 (68.10%) 32 (86.49%) 8 (80.0%)
No 37 (31.90%) 5 (13.51%) 2 (20.0%)
Vitamin D intake 0.643
Yes 5(4.31%) 3(8.11%) 0 (0.0%)
No 111 (95.69%) 34 (91.89%) 10 (100.0%)
Duration of BMD study after pelvic radiotherapy 0.085
12 — 24 months 84 (72.41%) 23 (62.16%) 3(30.0%)
> 24 - 36 months 11 (9.48%) 5(13.51%) 1(10.0%)
> 36 — 48 months 9 (7.76%) 6 (16.22%) 4 (40.0%)
> 48 — 60 months 9 (7.76%) 1(2.70%) 2 (20.0%)
> 60 months 3(2.59%) 2 (5.41%) 0 (0.0%)

Women who received RT in the pelvic area lead
to impaired uterine function and impaired ovarian
function that may stop having menstrual periods and
have other symptoms of menopause. Direct high
dose radiation (>25 Gy) commonly leads to
irreversible damage to both vasculature and muscular
function of the uterus ©. Irreversible ovarian failure
is certain at delivery dose to both ovaries of 4 to 7

Gy in women older than 40 years. A dose >8 Gy
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causes permanent ovarian damage in patients older
than 40 years. A dose >20 Gy causes permanent
sterility in patients of any age, with disappearance of
the primordial follicles. ® The patients in our study
received external beam RT dose 40-60 Gy and
intracavitary high dose rate brachytherapy dose 0-26
Gy, and stopped having menstrual period after

complete RT.



Bilateral oophorectomy at the time of
hysterectomy for benign disease was commonly
practiced to prevent the subsequent development
of ovarian cancer. Observational study of bilateral
oophorectomy versus ovarian conservation “?
showed that estrogen deficiency, resulting from
premenopausal was associated with higher risks of
osteoporosis. Woman who underwent oophorectomy
had the greatest risk of bone resorption during the
first few years after oophorectomy and bone
resorption markers were highest in 3 years since
oophorectomy. And the lowest lumbar bone mineral
density was found in the women who underwent
oophorectomy more than 3 years, that bone loss
after oophorectomy were greater than that after
natural menopause. Same as the review risks and
benefits of elective oophorectomy for benign
gynecologic disorder ™V that showed women who
underwent oophorectomy before age 45 years old
had an accepted risk factor for development of
osteoporosis. In a study following 16 years after those
women had undergone oophorectomy, 54% more
osteoporotic fractures than women with intact ovaries
was observed. But in our study showed that about
15% of the patients developed osteopenia and
osteoporosis within the first few years after pelvic
RT. We found only 2 patients who underwent
unilateral oophorectomy and 1 patient developed

osteoporosis.

Most premenopausal women with low BMD had
an underlying disorder or medication exposure that
has interfered with bone mass during adolescence.
In a population study from Olmsted Country,
Minnesota® | 90% of women aged 20-44 with
osteoporotic fractures were found to have a
secondary cause such as estrogen deficiency,
inflammatory disease, collagen disorders,
gastrointestinal disease and glucocorticoids and

other medication exposures. Modifiable factors

included disease predisposing to bone loss, menstrual
factors and lifestyle factors. From the review factors
related to variation in premenopausal bone mineral

status *¥

showed heredity and possibly age at
menarche were unmodifiable risk factors and
attention should therefore be directed to more
amenable factors. While amenorrhea, low body
weight, disordered eating and smoking were
modifiable risk. Protective factors include a higher
body weight especially due to increased muscularity,
calcium supplementation and load-bearing exercise.
Moderate intakes of alcohol and caffeine have no
apparent effect on premenopausal bone. Vitamin D
was not a factor for premenopausal women who
received incidental sun exposure and consume
fortified foods, but supplementation should be
considered for other, especially during the winter
months. The longitudinal Michigan Bone Health study
(MBHS) ““ revealed risk factors for lower BMD at the
lumbar spine includes history of any facture. Risk
factors for greater bone loss included postmenopausal
status and the reporting of a reproductive cancer.
The major protective factor was additional body
weight. Baseline age, calcium intake, smoking and
current physical activity were not associated with
bone loss. But the factors that affected osteopenia/
osteoporosis in our study were history of coffee or

tea drinking, exercise and history of bone fracture.

Our study showed the patients who drink coffee/
tea (=3 cup/ week) had lower incidence of osteopenia/
osteoporosis than the patients who not drink coffee/
tea (< 3 cup/ week). To date, it is well known that
consumption of coffee may increase urinary excretion
of calcium which may induce osteoporosis especially
in people with inadequate calcium intake. Higdon JV
49 suggested that coffee consumption was significantly
associated with increased risk of osteoporosis and

(16)

osteoporotic fracture. However, Choi evaluated

the effects of coffee consumption on bone mineral
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density in Korean premenopausal women. They
obtained the data from the fourth Korea National
Health and Nutrition Examination Survey 2008-2009,
which consisted of 1,761 Korean premenopausal
women. They found that coffee consumption showed
no significant association with the bone mineral
density of either the femoral neck or lumbar spine.
These results were similar to findings from a large
and long-term epidemiological study published in
Sweden. 7 They obtained 61,433 women born in
1914-1948 and was followed up from 1987 through
2008. They showed a high coffee intake (24 cups
daily) versus a low intake (<1 cup daily) was
associated with a 2%-4% lower bone density but
the odds ratio for osteoporosis was only 1.28 (95%
confidence interval: 0.88, 1.87). Thus, high coffee
consumption was associated with a small reduction

in bone density.
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study. Many factors that affected our results such as
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patients in our study. However, this study can be
used as a guideline for developing appropriate
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premenopausal patient of our hospital in the future.

Conclusion

In our study, RT at pelvic region in premenopausal
cervical cancer induced osteopenia/ osteoporosis
higher than normal Thai female population. The
factors which affected in this study included history
of coffee or tea drinking, exercise and history of bone

fracture.
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Abstract

Background: The Division of Radiation Oncology at Maharaj Nakorn Chiang Mai Hospital has a major role in
take caring of patients from 8 provinces located at the northern area. The number of patients at this division
has increased yearly, but the capability of radiotherapy service is limited. Thus, it is necessary to find
improvement solutions for increasing the capability of this service in order to serve more patients.

Objective: To propose and evaluate improvement methods for increasing capability of radiotherapy service
at Maharaj Nakorn Chiang Mai Hospital.

Materials and Methods: To propose and evaluate improvement solutions, it is impossible to conduct
experiments under the real situation. Therefore, simulation technique, one tool of industrial engineering
tools, was applied in this research. Using simulation, the simulation model for the radiotherapy service was
developed. Then, this model was applied for testing the current situation and each solution. The results
from the simulation tests can be used in decision making in order to select appropriate solutions for the
real implementation in the future.

Result: The results from the simulation model of the treatment room no. 2 presented that the largest
portion of the total operation time was at radiation process. Other operations are carried out by two
technicians, so the number of technicians has an effect on long operation times. Therefore, improvements
were proposed to increase the efficiency of the radiation machine and technicians. Three solutions were
proposed as follows: (1) increasing the number of technicians from 2 to 3 persons; (2) investing a new
technology radiation machine; and (3) adopting 3 technicians and investing a new machine. Then, simulation
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experiments were conducted to present the results of each solution. The results showed that all solutions
can improve the number of patients per day at this treatment room significantly as 9.28%, 56.06%, and
64.01%, respectively.

Conclusion: The results of this study can be concluded as follows. Firstly, for short term improvement,
increasing the number of technicians from 2 to 3 persons is effective to be implemented with minor
increasing in the number of patients per day as 9.28% or 2 to 3 patients comparing with the current number.
Secondly, if the hospital wants to increase the number of patients per day at the optimized level, the
hospital should consider the second solution that is only to invest a new technology radiation machine.
With the second solution, 56.06% increasing in the number of patients per day will be achieved as equal
to 13 patients increasing per day. In addition, the results from simulation tests did not present the significant
difference between the second and third solutions, it can be concluded that the second solution is more
appropriated to be implemented to the real system in the future. The second solution can be considered
as a long term improvement plan for the hospital.

Keywords: Simulation, Health Care, Radiotherapy, Operations Improvement
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Technique p-value Distribution

2-DRT 0.253 TRIA(1.5, 3.6, 4.5)

3-DCRT 0.075 2.5+ LOGN(3.4, 2.57)

IMRT 0.075 3.5+ 18 * BETA(2.23, 1.15)
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2-DRT TRIA(1.5, 3.6, 4.5)
LA 3-DCRT 2.5+ LOGN(3.4, 2.57)
IMRT 3.5+ 18 * BETA(2.23, 1.15)
2-DRT 0.5+ LOGN(1.9, 1.3)
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Triple negative (TNBC

a o o a
woy.AnsiaR Andrsda asnauing

Tranerrunaqriaensnd annigining

unun

UagtudinsuuinguuziSasiuuniy molecular
A & v a s |
subtype tiaiJudayaluisosnsnensalvedlsauazaieg
UIINIIRDUAUBIRBNITINYIAN Systemic treatment
wideyawmanidliifinasonisinwiluges locoregional
treatment unAuIdun1ITIUTINToYaTeINTS N
uziSadnuuvda triple negative

NISUUVBIAYEVLLSVIFIUL

JagUuntsmu molecular subtype laidu 5 aiia
Ao Luminal A, Luminal B, HER2, basal-like uagngy

%2 Fawandlupnsed 1% nqu basal-like

normal-like
\dunquitlalfl molecular w315 expression wos
receptor liinag18u estrogen, progesterone v#3e HER2
SAviinIg expression ﬁqwm c-Kit , myoepithelial

cytokeratins 5,6,17 wag HER1 G?Jéqslumwﬁﬁaﬁl’ﬂﬂﬁm

A1571991 1 Lana intrinsic subtype vasuziSainuy @

1lariufe basal-like ﬁaﬂémﬁmm immunohistochem-
istry U ER,PR,HER2 uaadanduau Ja5enin triple
negative vaemauinduay fufusduinldascsn
AR U WAe399 wanldinlioudu Sussuna 25-30%
i flanuuansefuserinenisnsIanng molecular Az

© &an3n519

N1991529 immunohistochemistry 13 3 6
nemolecular waiulaun microarrays, molecular
profiling #59115¢1523 immunohistochemistry 5iA74
FutoUNINTU
<& v a &y iao v o = A
wiSusnunsdaflafifneusuiveesluunsedud
HER2 %39 triple negative (TNBC) dudldnaiuuszuiau
2 v g = ao :4' .
15-20% UDINLLIAATUNYNNUA YINANBEUENaggressive
dwaliuzisusuueiaddnisnensallsafineNgaiieu
Aurdadug @ uziSadunedadindanuieadesiv
fUaefiongies IBRCAImutation, WeyaAkensiy, i

Intrinsic subtype IHC status Grade Outcome Prevalence®
Luminal A [ER+|PR+] HER2-KIG7- 12 Good 23.7% [p1] [10]
Luminal B* [ER+|PR+] HER2-KIB7 + 2|3 Intermediate 38.8% [p1] [10]
[ER+|PR+] HER2+KI&GT7 + | Poor 14% [p1] [10]
HER2 over-expression” [ER-PR-] HER2+ 2]13 Poor 11.2% [p1] [10]
Basal” [ER-PR-] HER2-, basal marker+ 3 Poor 12.3% [p1] [10]
Normal-like [ER+|PR+] HER2-KIG7- 1|12]3 Intermediate 7.8% [p2] [15]

Adapted from Dai X, Li T, Bai Z, Yang Y, Liu X, Zhan J, et al. Breast cancer intrinsic subtype classification, clinical use and future trends. American

journal of cancer research. 2015;5:2929.

. 21803 OWSHWSHU’IHUS\JHSHU’]Ha :180INeMiUS:INAINg
8 UR 24 aouil 1 unsAw - ouigu 2561



SnuYrNIINEISTageressive LU WUANBME tumor
. gy oA .
necrosis, 49ATINTHUIAINGS, high grade TasnIs
wensallsALgtueTuiUsTEyYeslsalausly Aausd
& < a = A My

azfungiSesveziSuusn uandinsnennsallsaiugle
lusesmsunsnszngluneninimvassiu dvarensdnw
aA' ' g v A A :4' a '

szynussainunsiaiflonanasiimsunsnszanaly
pautmwanssnuilaunnIwdadu waglenianisnau
Wuguanie?i (locoregional recurrence rate : LRR ) 1fn
WAndwdnailedu wazdnannieus fun1sunsnszane

lUfigu (distant metastasis) ¢

n1siuvsinuav Triple negative breast cancer 9n
gene expression

Ya0un15uten1u gene expression wudlaagng
ey 7 NguMUNISANYIVEY Lehman

(15 & s

fanmd 1 lawn

. ngu Basal-lke | nguiifidnuuzuisiaugy uagl
ausanu cell cycle ¢ nduilfefiniafintuvos
MRNA 984 Ki6 7 Lagnauauadfosngy antimitotic

. Ngy Basal-like 2 ﬂfcjmﬁﬁ expression U84 EGFR,
TP63 uaz MET uazifiadosiunsnazdunszuiu
miamaﬂgﬂﬂa (glycolysis) WaguUIUNTAUATIZI
nglaaniolnalauainarsildliaislulaase

(gluconeogenesis)

- ndu immunomodulatory nguiUssneuseigad
NTLUUYAANAY (immune system) 12U TNF, NK
\waa

. ﬂfju mesenchymal ikag mesenchymal stem-like
ﬁdﬁmﬂ@lmﬁmmﬁm‘uaﬂ epithelial-mesenchymal
transition markers 33léiun VEGFR2 wae mTOR us
nqu mesenchymal stem-like 3gdUTu0
ya3proliferation gene 7isn

. ﬂéjm Luminal androgen receptor ﬂzjmﬁﬁ androgen
receptors expression (AR) 1t Inga1adiinngs 9
LﬁﬂLﬁaLﬁﬂUﬁ’Uﬂdﬁu Tnefidafl estrogen receptor
Juuan

. nguduq Fendingy Unstable %o unclassified

TNBC daiUu radiosensitivity nSa radioresistance

Judeiidenniesiuin TNBC dudiu subtype fine
RoSidnsonauauefinentsinudiessd nsanuiili
foyaludsnesomssnmde¥dduldun nisfnyives
Kyndi " (Danish PMRT trial) Ssane3s@lugineiinumds
NMSHIFR mastectomy AeLLINTNBC agwuniiloniansu
Jusnamziivinnnieiadu uidlelimsifiumsaesdd
Skt miamawaamsﬂé’mﬂu%ﬂLawwﬁwulé‘[,umjm
TNBC Yosiignideifisuunguaug Fsenaazudaithule
Iataradioresistance w89 TNBC wan1sanwiluanuny

M BL1 10% B BL2 20%

Bl MSL 10% B LAR 10%

TNBC

=

B IM 20% M 20%

Bl Unstable 10%

o , v L (15)
NNAN 1 UAASNITILNHZLINIATUNATN gene expression

Adapted from Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, Shyr Y, et al. Identification of human
triple-negative breast cancer subtypes and preclinical models for selection of targeted therapies. The Journal of clinical

investigation. 2011;121:2750.

Journal of Thai Association of Radiation Oncology |
Vol. 24 No. 1 January - June 2078' 81



wudlndAeeiunan1sAneiain Oxford meta analysis
07 AN AN E NI THIRALUUE LA UL
Ieuseleviitdoslungu TNBC Wiaileuiungu strong ER+

usnisuwlarasinan ldlauvainslinasaiessdlu
TNBC iffasannnisanedadlidinasnundnisnadauuy
Ty Fuldusslondlunsannsndudusnansi uas
Wiudnsnssendin

Tuvaugiaunfguiii TNBC o1audurdinfineuauss
Frensinyde¥dduinanarwifitingu TNBC 4
clinicopathology mqmuﬁﬂé’ﬂmﬁqﬁumjm BRCA1
carriers Hufie laianunsagen DNA fifaundld Tungu
BRCA1 carriers tumuindl sensitivity ApgLAliunUnuNg
fhanntu wungu platinum uazly semsaesed 0
yilidiadeinenaaswy sensitivity Fntulunay
TNBC e

pgalsinu SeilwanisAnuiosunuazddnuds
fudngu TNBC Hudunduiinouauesivieliifused
ndoRniuinsneUaUswaIlsay subtype 183 TNBC
Tuforeerldmiloutu

dnsan1snauiusniawn:Avev TNBC 1eiussuliisuiu
ziSoiuusindulugUasnsnuAemMsuIARLUUEDOU
IMIa:AUA28N1SaN8SLE ( Breast-conserving therapy :
BCT)

= = Y o @ g v
fvangmsfinugdninsnduiludivesuziiadm
uumumolecular subtype HANTANYINNIANUINGH
S Ao o @ S e A
TNBC Huiidnsinisnauidudiameiinuinninviingu
wagnsAnwTilinuANUANF1YeINgd TNBC Wasngy
ilallsy TNBC slapngnadt 2 029

A157199 2 wananisnduldudianizfiveunas subtype MAINISHIRALUUATIULA TUNLATAUA8N1TANE5E

Toasudy % LaswanINaudn1sAn®I31 TNBC 3 LRR wnnninviindunsely

TNBC ass | nsdnmn sEEEIaN AT % LRR
higher - -
e dnaw () the Luminal Her2 | TNBC
(an)
A B

No Haffy 7.9 482 non TNBC 17 17
(2006)

Yes Nguyen 58 793 1.8 15 8.4 71
(2008)

No Millar 7 482 51 8.7 154 17.3
(2009)

Yes Solin 8 519 non TNBC 4 8
(2009)

Yes Arvold 71 1434 0.8 1.1 10.8 6.7
(2011)

No Gangi 5 1851 5 4 4 7
(2014)

Angla TNBC = Triple negative breast cancer

LRR = Locoregional recurrence rate

TNBC ass higher LRR = Triple negative breast cancer associated with higher locoregional recurrence rate
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nsfinwianualunsadu retrospective wazeg
Tuapiildldli targeted therapy TuUae HER2 Wuuan
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ngu TNBC Aungudilaily TNBC iumsudadusyiin lne
= . . = N a e Ao
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FouTuitunsldis gene amplification ( fluorescence
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2 ypnanluses

HER2 21 immunohistochemistry
nMsnseTiasdenty mssnwAtinsdsudaddann
la7nazidunisiuiinen Aromatase inhibitor uay
targeted therapy (trastuzumab) ivilsiaeansnsinig
ndulusuameAlfiumnniulunguitvae uminal way
HER2 Wuuan feurilinansanulutimded e
wanAaiun1sAnunlugausne fie nspivaulsAlRNg
fluosngy HER2 Aty dewalinisnduidudivos

TNBCJunguiiueiign

q

NM3AN® meta analysis U89 EBCTCG Tud 2011
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wuhithefldsumsanefsdndamsndanuuanudus
fhenguifiandiunevausssosesluutes Tlenna

nsndududianegiiiunnninguindadiasugs 7

NNMIFNYINEITIU 019asUlae TN N3
SNYILUUHNFALUUE U UL A AR 8NN TIE U
TallsiduderuludUae TNBC

dnsimsnauibugiawi:Aven TNBC iellSeulfisunu
uzidvifuusinduludiosiuiAanvis (mastectomy)
Han1sAnwY IndiAesiugieilasunssndaui
unnvuadliinaslaanesidnunseld Inengy basal-
like 30 TNBC 1w Tdnsinsndududnanigiiigandn

@9 FeAnwinsnau

Ny luminal N1sAn®¥1vea Voduc
ugianed TugUhe 6 subtypes laun Luminal A, B,
Her2, uazuennasl basal-like 89310 TNBC lagn130579
EGFR uay Cytokeratin 5 %38 6 KaN15ANWITEYIINGY
basal-like uazngu HER2 finvundesiasiinloniandy
\Hudanginniign msAnundfifiasdldsumsi
wuvanuiunde Faeudssmesnduus tawe i
gelungy basal-like wag HER2 wwuiieaiiu

msAnwIves Kyndi *@ dahgieusyann 1,000

AUAINN15ANYY DBCG (Danish Breast Cancer
Cooperative Group) 82 trials b uaz ¢ guitaeiluaen
nauAonguilasunarlaildsunsme¥dmuvdanssingn
whnsdneiidisieatu biology Taeid tissue
microarrays (TMAs) , §3 immunohistochemical (IHC)
stainings @113V ER uay PR, dou IHC wag fluorescence
in situ hybridization (FISH) dw5u HER2

finsle1a Rec+ Ao ER+ LAZHS® PR+, Rec— Aawa
ER- way PR- mslasiwideyaszuustaedu 4 ndu
Ao Rec+/HER2-, Rec+/HER2+, Rec—/HER2- (TNBC)
waw Rec—/HER2+ nansnwdie nsidungu TNBC #3e
Rec-/HER2+ nuinfiaanfeadeseseiidaddaiuns
il overall mortality (p=0.02, <0.001) , N1TNINTEANE
(distant metastatses p=0.02,<0.001), LRR (p=0.01,0.009)
Ty univariate analyses wazngu TNBC famau
prognostic factor @%3U overall mortality ez LRR Tu
multivariate analyses sisnguithefildsunsansSsduay
Tailagu
BCT vs mastectomy for TNBC

Lﬁaamﬂwmﬂmﬁmﬂﬂﬁ%’agawhmqLﬁmﬁudﬂ
nauEfihe TNBC mslisunssnwiamz vy aggressive
Falumemsiidnenamnedimsieniededhunesnly
v fausuindoasdeiinnisidauuuanudiu
swnunsaesEnawnsnaliUsEANSMNANTS YN
ANAUNSHAALUU mastectomy 138 li

lhemnelandu “” Anwftheuisusmuuyauensiu
372 AuIIN133N®1 BCT wso MRM azilnanieline
overall survival, metastasis-free survival wag LRR
mumolecular subtype etoaguiilide laifauuan
1999435153 w16e overall survival wag LRR lag
basal like subtype Lﬁuﬂ&juﬁﬁ overall survival ﬁLLEJﬁ?jﬂ

Adkins ® la@nwgdae TNBC 1325 au lng 49%
145U BCT uawdn 51% 16 MRM wdlefinnily 62 iieu
WU 5 yr locoregional free survival gandlungs BCT
(76 % vs 71%, p=0.032) 1ufieaniu distant metastasis
free survival (68 % vs 54%, p<0.0001) wag overall
survival (74% vs 63%, p< 0.0001) ag1elsAnuly
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multivariate analysis gUsuun155nw1 ( BCT , MRM) lai
wuirderuduiusiunisdiu LRR sgnediuddey (HR
107, P = 0.55) msfnwiiasaguin TNBC lallfidude
WuueanIs BCT

AsAnwIvee Abdulkarim @

ludihauziSasiu
T1-2NOMO 768 aunuailu2 naudengu BCT uazngu
MRM @na sty 7.2 U wuidn 5 yr LRR free survival fe
949%,85% way 87% Tunay BCT, MRM wag MRM il
Sunsanesad (p<0.001) lu multivariate analysis Wu31
MRM, lymphovascular invasion wagnisinsnszagly
siosniwdes dutusifumaiiiu LRR f¥hmsfinuagui
FUauszeET1-2NOMO TNBC #ilé MRM wazlaildane3sd
PundsuEny LRR figendnfuaedild BCT

AatuINNIsAnwtdungldainsamdeasun
Fataula n1sendalidnnuulvu (BCT #se mastectomy)
AliladudomudmsunmssnesgUae TNBC

Meta analysis

nsAnuBu My meta-analysis FaAnwgsng
ﬂ?iﬂﬁULﬂu‘?}g”lLaW’]%ﬁMé’ﬂﬁ]’m&hﬁﬂIﬂEJLLEJﬂmllsubtype
lauAnsAnw1ves Lowery %aiméﬂw 12,592 AU
15 msnwlunsed 3 msAnwidnuingiaeiiiu
luminal subtype ﬁmmL?ﬂqmaﬁﬂﬂﬁt,ﬁmﬂé’uLﬁu%mmz
fifisndnngy TNBC ( RR 0.38, 95%CI 0.23-0.61) Wy
&y HER2 (RR 0.34, 95%Cl 0.26-0.45) AN3IMEINTHIAR
wuvanwiuNTINiuNINe s uaﬂmﬂﬁﬂéu Luminal
é’ﬁé”mwmﬁﬂé’uLﬂusg%awwﬁﬁﬁaamwﬁqmjm TNBC
(OR 0.69, 95%Cl 0.54-0.89) LLa&tﬂEjiJ HER2 (OR 0.61,
95%C| 0.46-0.79) Tugfhevdsidn mastectomy N3
Anwilaguiings TNBC uaz HER2 fanuidsanmsndu
Hudaweiifinnninguu dafuenaerldusslonise
MISnwIaneiif aggressive n31 Fanmnsanlunind
2 upe 3

M1999 3 LanMIAnwInmaid1ssegly meta analysis o9 Lowery et al. *”

Authors Country Year Study Median Median  Number BCT (n) Mastectomy Luminal Her24+ TN
of origin duration follow-up age of patients (n) (n) (n) (n)
time (years) analyzed
(months)
Arvold et al. USA 2011 1997-2006 85 * 1,434 1,434 ] 1,208 55 171
Siponen et al. Finland 2011 2001-2005 57 58 1.281 1,281 0 1.178 23 80
Mersin et al. Turkey 20011 2004-2008 W4 49 1,101 0 1,101 913 82 106
Meyers et al. USA 2011 1997-2005 55 48 149 49 100 80 20 49
Wong et al. Singapore 2011 1989-2007 72 49 413 413 0 323 34 56
Wang et al. China 2010 2000-2004 47 49 835 0 835 595 99 141
Voduc et al. Canada 2010 1986-1992 144 59 2,985 1,271 1,714 2202 227 556
Straver et al. Netherlands 2010 2000-2007 35 45 251 126 125 138 56 57
Gabos et al. Canada 2010 1998-2003 58 # 602 233 369 442 88 72
Millar et al. Australia 2009 = 84 61 482 482 ] 417 13 52
Solin et al. USA 2009 1990-2003 47 55 519 519 0 370 59 90
Kyndi et al. Denmark 2008 1982-1990 204 * 996 0 996 724 120 152
Freedman et al.  USA 2008  1990-2006 44 54 753 753 0 600 55 98
Ihemelanduetal. USA 2008  1998-2005 * * 309 131 178 207 34 68
Haffty et al. USA 2006 1980-2003 95 * 482 482 0 365 * 117

BCT breast conserving therapy, Luminal Luminal A and B subtype, HER2+ HER2/neu-overexpressing, TN triple negative, % all percentages are
of number of patients analyzed within the study, * data not reported or not extractable from publication

Adapted from Lowery, A, Kell, M, Glynn, R, Kerin, M, and Sweeney, K. Locoregional recurrence after breast cancer surgery: a systematic review by

receptor phenotype. Breast Cancer Res Treat. 2012; 133: 831-841
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RR (95% Confidence Interval)

0.22(0.04, 1.24)
0.73(0.56, 0.97)
0.36(0.22, 0.63)
0.51(0.23,1.18)
0.85(0.27, 2.69)
0.26 (0.15, 0.48)
0.99 (0.64, 1.58)
0.57(0.17, 2.01)
2.46 (0.46, 14.41)
0.18(0.00, 1.63)
0.09 (0.03,0.28)
0.58(0.19, 1.78)
0.49(0.33,0.73)

A BCT:Non-TNvs.TN.tumors
Straveret al
Voducetal .'
Millaret al ——-
Solin et al ——
Freedman etal &
Anvold et al ——
Hafftyet al —
Ihemelanduetal - —
Gabosetal -
Meyersetal (
Wong et al —-
Siponenetal —‘I——
combinedfrandom] —e—
O,(!)i 0.'1 O,IZ 0,I5 1 2I .‘.': 1:7

L}
100

NINT 2 uaRd locoregional outcome aasEtheflaFun1sFnEuLL BCT (TN e wzifusinunadia triple negative ) AannnsAnsnaes

Lowery et al. *”

Adapted from Lowery, A, Kell, M, Glynn, R, Kerin, M, and Sweeney, K. Locoregional recurrence after breast cancer surgery:

a systematic review by receptor phenotype. Breast Cancer Res Treat. 2012; 133: 831-841

B
Straveret al

Voduc etal
Ihemelandu etal
Kyndietal
Gabos etal
Wanget al
Meyers etal

Mersinetal

combined [random]

Mastectomy: Non-TNvs. TN tumors

1l

0.37(0.07, 2.08)

0.75(0.55, 1.03)

0.47(0.13, 1.73)

0.78(0.54, 1.15)

0.38(0.18,0.83)

0.76(0.47, 1.27)

0.27(0.09, 0.89)

0.32(0.11,0.93)

0.66(0.53,0.83)

f
0.01

NNT 3 uand locoregional outcome aasfLlheRlAFUN1sFNHILLIL Mastectomy annisAnmnaes Lowery et al. ©

Adapted from Lowery, A, Kell, M, Glynn, R, Kerin, M, and Sweeney, K. Locoregional recurrence after breast cancer surgery:

a systematic review by receptor phenotype. Breast Cancer Res Treat. 2012; 133: 831-841
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M3ANwIves Chen ® FesugUaey 21,645 AUAN

15 madnw nuidledelingy Luminal A baseline
N Luminal B, HER2, TNBC faandssvesnisnduidiu
danziiuarnsuninszansldinnniingy Luminal A
ohailuddny uazidlowSouifisungy TNBC funguil
1afly TNBC wudingu TNBC Smnmideswasnisnduiiu
szgjéﬂﬁv’wm (overall recurrence) HR 3.19, 95% C| 1.91-
531 wazarmidssasnisndududniansd HR 3.31,
95% CI 1.69-6.45 madnwdasululunadeatuiingy
TNBC #sfinrmndssnisnduidusunniigaidleftouty
nqudug Fefumsazdosfisnsanenaiviinlugias
ﬂejmﬁ

N3N meta analysis Y84 Wang * §s@inwni3es
msﬂé’mﬂusg%awwﬁLLazmsﬂé’uuwiﬂizm&ﬂuﬁﬂw
TNBC 313w 15,312 AU 90 22 MSANYY KaNI5ANY
asuidthe TNBC Aldsumsinwuuusindaasuiiius
sufumInefadmundsnasinda farndululdfiayd
audsmesmanduduiemsfiuasuninszaneiivos
N111133AYILUY mastectomy (RR 0.75, 95%Cl 0.65-
0.87, RR 0.68 95%CI 0.60-0.76) lunguiftheilasuns
$nwuuuusntiu (BCT) ngw TNBC wiuaudssvesnisn
é’uL‘fJusgwLawwz‘ﬁlLLazmsLLW%ﬂizﬂﬁﬂMﬂﬂﬂdﬂﬂ&jmﬁiﬂﬂi
TNBC (RR1.88 95%Cl 1.58-2.22, RR 2.12 95%Cl 1.72-
2.62) usngu TNBC farudssesnduidusiane i
Weeningu HER2 (RR 0.69 95%CI 0.53-0.91) usilsinu
ALLANA190E 9Tl Te A Ay vetAIILABIBINITUNS
nI¥ANBYRIADINGY

N1s2189SLANUNAVNISLINAN mastectomy
(Postmastectomy irradiation : PMRT)

PMRT anlomansnduidugdianizi uazdlsiia
8n3 M IToRTInlugUIsuengy VaUTALANYDS

)

PMRT Lo finnsunsnszanglusautinmassiisnus, fou

(33,34)

fifivualugindn 5 ¥ positive margin Fansnany
Tngugitine TNBC il LRR iganinngudu Feenaidu
Fousiveansvih PMRT

nsAnwwes Wang * vilugthe 681 au dadu
TNBC 5302 1,2 f1l# mastectomy dugtheifuaosngy
AonquilléFusiadivinegaien LLazﬁﬂﬂdmlﬁ%Uﬁ”qm

' 21803 OWSHWSHU’IHUS\JHSHU’]Ha :180INeMiUS:INAINg
8 UR 24 aouil 1 unsAw - ouigu 2561

witnuagnsane3ed msfnuisasmudtisly 86.5
LAiOW WU 5-yr Recurrence free survival A9 88.3%
uaz 74.6% (p=0.02) lunguilld3unissnunisansesis
dieutueneiviinegianfior uaznguiild¥uiseiad
thdanaynnsane3sdil 5 yr overall survival figsninngy

lesvsnaiivntnegaiereg 19l dudrAgynieaia
(90.4% uay 78.7%,P=0.03)

A15EnwIvee Abdulkarim @

AUNANSANYT 19U
flgnanliudde Anwlugiuisadng T1-2N0MO
768 au w3 nquAengu BCT , MRM uag MRM i
16 PMRT fimeulu 7.2 ¥ wuidn 5 yr LRR free survival
Ao 94%,85% wa 87% Tunau BCT, MRM Wwag MRM 7
I¢¥unsanesed (p<0.001) Feffrmsinwagui fiae
528 T1-2NOMO TNBC 7ils MRM wazlalldane$adnumaa
thuasnu LRR ﬁgmﬁwgﬂwmé’ BCT

fawdnisAnwinsnanaglinalulumafeadun
N TNBC 7if1 LRR geenadiwunliiuliuselomiann PMRT
wigsfinsfinwnfitdes warnssverandnanulenalsl
unume il guideline Tutlagtudslalldifudotsinig
AU subtype fiu PMRT ulunsuseyuves St.Gallen
59 ASTRO ®” waz ESMO guideline ®® findnnin §lsid
vdnguLfisanefiazuuzahlyivi

NS boost MUNAVNISLIARIUUADIULAIUL

ifnaziiiunsane$dlU tumor bed mumdanis
Meddtadn eanlonansnaudusemsfiuintuy
Tnenansanwidnstemuiienun Suduusslonia
funneeguesitae™ Taenguiilsustleviunniian
Aonguonglionndn 50 U warfthefiduatuilodu high

(40)

grade
drilugfine TNBC Fufhagnulsvasegudalugiie
1gtiosuazilu high grade @4 risk factor wighildanalsf
wisllon1ann3a=d microscopic disease PUMAINIIHIRA
@ éﬁ’auunamms TNBC uwwmuﬂamlmuﬂiﬂmu
PNMIEFARunaE N SHFALUUATIE LY



n1sléinadin Hypofractionation TudjUoengdu TNBC

Yagtumadaildsunisseusuduisuinsgiud
anunsaldlafuuziusinunszeziu ndwInnsiIAwUY
ANUAIUN INNSANYILUUENNIINAN15ANY131AN

YaanduuazuszansamliunnseiunisaneSduuuiiy
(42-45)

n1sae3aduuUl annsduunisaeiiduas i
Usinasedendinnidu 5-6 dUamimde 3-4 dUami
Uselomifilsruiihefoanduuiuiidesnlsmenuia
wazanalielumsane¥d msanedduuuiioguuiiu
F1UBIAMSAEITU radiobiology YelwaRLEIS A

aghslsAnny Silidnanis@nwrvesnisidwmedailiu

45)

AUIengu TNBC fauinnsfinwives Whelan® qzdisubset

analysis MszilnsgianisldlunguifUae ER negative
Fanmil 4 ust Astro guideline® luilaqiudslsifinng
syyfactor Fawsiieatu subtype vesmzduduaiy
nsanededlaemaiail fwsinersezdedinnnudiuin
usiag subtype 9193 sensitivity ¢ie radiation fractionation

sy wendaldfinansfnendaiau

msIGinadn Accelerated partial breast irradiation (APBI)
Tuguosndu TNBC

Lwﬂﬁﬂﬁgamﬂﬂﬁ tumor bed wszilesanidy
U3naiiiAin local recurrence Tdnnninuiiadu ud
\leswnuia TNBC Sinsanwindlenafiazifn true
local recurrence l#3nnni subtype Bue) dae vilsk
1AnA1UATIa31 TNBC agaruisaldimaila partial
irradiation lavsaly

(48) ¢

msfiny1an Shaitelman Faudsitaeduaunau
oA Ng suitable, cautionary wazNgY unsuitable dle
Aol 53.5 WounuinsndusvessmSeiiduadng
it 5 9 (5-year actuarial rates of ipsilateral breast
tumor recurrence : IBTR) fia 2.59%, 5.43% way 5.28%
mudsu Tuunivariate analysis wuihdadeiendifdu
\Aedasfu IBTR fe ER necative ( OR, 4.01; 95% Cl,
1.87-8.57; P = .0003) Famsanwnifliualulumaientu
flun1sAnwIves McHaffie, Stull uag Pashtan " ngu
ER negative thudiugiv in-breast failure 1NAINGY
ER positive

P Value for

Subgroup Hazard Ratio (95% Cl) Interaction
Age ; 0.67

=50 yr —_— 1.02 (0.62-1.70)

<50yr - 0.77 (0.35-1.70)
Tumor size : 0.90

=2 cm = 0.99 (0.49-1.98)

<2em —_— 0.95 (0.55-1.64)
Estrogen-receptor status 1 036

Positive 4l—‘r7 0.71 (0.41-1.23)

Negative -~ m 1.32 (0.62-2.82)

Equivocal —om 1.30 (0.22-7.81)
Tumor grade 1 0.01

Low = 1 0.70 (0.31-1.58)

Moderate = : 057 (0.29-1.12)

High \ = 3.08 (1.22-7.76)
Systemic therapy ; 0.65

No - 0.86 (0.48-1.55)

Yes [ 1.06 (0.58-1.97)

r T T 1
0.25 1.00 5.00 10.00
Hypofractionated Standard Regimen Better
Regimen Better

W4 waes Hazard ratio 289n13i7in ipsilateral recurrence aasfUhanzifasinunlunsazngu aannisdnswes Whelan et al. “

Adapted from Whelan TJ, Pignol JP, Levine MN, Julian JA, MacKenzie R, Parpia S, Long-term results of hypofractionated
radiation therapy for breast cancer.N Engl J Med. 2010;362(6):513-20.
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msfinw ELIOT™ Fawustheduaeanguldun nau
d‘ v N v v v a
Nessdnauilaesussdunanaisusn (whole breast
radiation : WBRT) llsuiiunisanesadiiieamidsnisluies
HdALNIE? tumor bed ( intraoperative radiation :
IORT) Wiafnauly 5.8 Ywuin 5-year IBRT fio 4.4% Tu
NAuLASU IORT waw 0.4% lunguildsu WBRT e
nauEelasy I0RT TUnsgvinudn 5-year IBRT ag
geulugUiendvunaiewiu 2 9y, dn1sunsnszangly
! 3 & P o ' <
AaNUmdeINNNIIMSEIWNIAU 4 mew, Wugrade3, ER
negative Wag TNBC AnN597 4

aghalsfmu flunsnsdneadilinudn TNBC fina
nsnduilusfiugninsubtypesy laurnsinuves
Wilkinson waz Wilder®*® §afunissenuainaaidu
WgsaaUuLfen

YaqUu ASTRO guideline U 2017° ganslvingu ER
negative anaglunga cautionary Aelviszilnsyianslyd
APBI Tugdasnauiuasasindu clinical trial an
3 5

a13197 4 uansdadeifeddesiu IBRT TuiUrefldsu IORT fae electron

patients IBTR 5-yr event rate (95%Cl) Log-rank P value
Total 35/651 4.4% (2.7-6.1) -
Pathological size
<=1cm. 5/199 1.9% (0.0-4.0) -
1-1.5¢cm. 13/243 4.2% (1.5-6.9) -
1.5-2cm. 7/120 4.7% (0.7-8.8) -
>2 cm. 10/83 10.9%(3.7-18.1) 0.006
Number of positive nodes
None 21/478 3.5% (1.7-5.3) -
1-3 10/138 5.3% (1.5-9.2) -
>=4 4/31 15 % (1.4-28.7) 0.06
Tumor grade
G1 5/196 1.1% (0.0-2.7) -
G2 15/305 3.8% (1.5-6.1) -
G3 15/129 11.9%(5.7-18.2) 0.0003
Estrogen receptor
Absent 8/63 14.9%(5.2-24.5) -
Present 21/583 3.3% (1.8-4.9) 0.004
Proliferation index (Ki-67)
<14% 8/263 1.8%(0-3.5) -
14-20% 5/138 1.5%(0-3.6) -
>20% 22/244 9.1%(5.1-13.1) 0.002
Molecular subtype
Luminal A 7/256 1.4%(0-3.0) -
Luminal B 20/327 4.9%(2.4-7.4) -
HER2+ (non luminal) 1/20 5.9%(0-17.1) -
TNBC 7/43 18.9%(6.1-31.7) 0.001
Characteristics suggesting subse-
quent whole breast irradiation
No 14/452 1.5%(0.3-2.7) -
Yes 21/199 11.3%(6.4-16.1) <0.0001

Adapted from Veronesi, U, Orecchia, R, Luini, A et al. Intraoperative radiotherapy during breast conserving surgery: a study on 1,822 cases treated

with electrons. Breast Cancer Res Treat. 2010; 124: 141-151
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A13197 5 wanenisilSeuiisuvesdenuziilunisld APBI Tnsuvalusngu fie nqu suitability, cautionary waz

unsuitable

Patient group Risk factor Original

Update

Suitability Age =60y

Margins Negative by at least 2 mm

T stage T1
DCIS Not allowed

=50y

No change

Tisor T1

If all of the below:

® Screen-detected

® Low to intermediate nuclear grade

® Size =25 cm

® Resected with margins negative at =3 mm

Cautionary Age 50-59 y

Margins Close (<2 mm)
DCIS =3 cm

® 40-49 v if all other criteria for "suitable™ are met

® =50 y if patient has at least 1 of the pathologic factors
below and does not have any "unsuitable” factors
Pathologic factors:

® Size 2,1-3.0 cm*®

T2

® Close margins (<2 mm)

® Limited/focal LVSI

* ER(-)

® Clinically unifocal with total size 2.1-3.0 cm ®

* Invasive lobular histology

® Pure DCIS =3 cm if criteria for "suitable™ not fully met
® EIC =3 cm

No change

=3 cm and does not meet criteria for “suitable”

Unsuitable Age <50 years

Margins Positive
DCIS =3 cm

® <40y

® 4049 y and do not meet the criteria for cautionary
No change

No change

* The size of the invasive tumor component.

" Microscopic multifocality allowed, provided the lesion is clinically unifocal (a single discrete lesion by physical examination and ultmson ography/
mammography ) and the total lesion size (including foci of multifocality and mtervening normal breast parenchyma) falls between 2.1 and 3.0 cm.

Adapted from Correa C, Harris EE, Leonardi MC, Smith BD, Taghian AG, Thompson AM, Accelerated Partial Breast Irradiation: Executive summary
for the update of an ASTRO Evidence-Based Consensus Statement.Pract Radiat Oncol. 2017,7(2):73-79.

Locally advanced TNBC

TunsaiMduszes locally advanced naslef
neoadjuvant chemotherapy o1y standard of care
Tuns@nwves Liedtke ©° 67’5&‘1&’1;31]38 1,118 Auitlésu
neoadjuvant chemotherapy 3101 M.D. Anderson
cancer center ipunUSsuifiBunanIsnoUALBRNE
wiUndn pCR (pathologic complete response) U4
thengu TNBC wagnguillaly TNBC wanisfnwinud
nay TNBC 1 pCR rate ﬁ@m’iwazmﬁﬁaéwﬁ’zymaaaa
(229% vs 11%, p=0.034) Wonaniidanudn TNBC i 3-yr
PFS, 3-yr OS fitfosnindnnga (p<0.0001) uarlunsdli

= & o . S o
§I pCR visaoengudl overall survival Nlduanenaiumig

atif (p=0.24) usinly pCR ngu TNBC zdl overall

o @

survival NiugnInegnelivedfey (p<0.0001) 3NN 6

flog pCR uans subtype tmzluguaeilésu
N33V BCT mun1sAnw1wes Swisher " wudn
pCR SZJEN%)‘UIQEJ HR+/HER2- , HR+/HER2+, HR-/HER2+,
HR-/HER2- fio 16.5%, 45.7%,72.4% uag 42% (p<0.001)
ag 5-yr LRR-free | 97.2%, 96.1%, 94.4% Lag 93.4%
(p=0.44) pudu dmFunay HR-/HER2- ilaiUSeuiiiey
LRR-free survival ‘U@ﬂﬂfjmmﬁ pCR uazliild pCR fag
Wuﬁﬁﬂajmm@’f pCR 31 LRR-free survival ﬁgﬂﬂﬂﬂ@&hdﬁﬁﬂ

o o A

dftyAe 98.6 % uay 89.9% (p=0.007) Tu multivariate
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< .3 \| B
s i Po0001 T TTmel
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E;_ 0.7 1 | '
68%
= — R
= 0.6- -,
= pCR/non-THNBC L . .
o —— BCRTNBC ..
@ 0.5 ---- RDmon-TNBC L
= ROYTNBC
0.4 T T T T T 1
1 2 3 4 5 6 7
Time After Surgery (years}

2WA 5 wand overall survival el,uéﬂ'mﬁlblﬁﬁ/u neoadjuvant chemotherapy Taguiiaiflungs TNBC waz non- TNBC LL@xLLﬁdéﬂQﬂmﬁ
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Abstract

Background: Stereotactic radiotherapy (SRT) is an alternative treatment for Vestibular Schwannoma. The
advancement of linear accelerator technology and the development of intensity modulated radiotherapy
such as Volumetric Modulated Arc Therapy (VMAT) and Helical tomotherapy (HT) techniques that can
achieve a high accuracy, a high level of conformity and steep dose gradients to the treatment target and
reduce radiation dose to the normal organs. These techniques are an option for Vestibular Schwannoma
treatment.

Objectives: To compare the dosimetric results of VMAT and HT treatment planning for Vestibular Schwannoma.

Materials/Methods: This is a retrospective study of sixteen Vestibular Schwannoma patients who received
SRT with Helical tomotherapy. The CT images data with patient's treatment target and normal organs
structures were used to create the VMAT plans with total radiation doses of 50-54 Gy (1.8-2Gy/F). Treatment
target and organs at risk were constraint follow ICRU 83 report and Quantec guideline respectively. Treatment
plan quality evaluation parameters included conformation number (CN), conformality gradient index (CGlg)
and homogeneity index (HI). Radiation dose of organs at risk were evaluated by D2, D and Dmean

Results: The CN, CGlg and HI between HT and VMAT plans were no statistically significant different (p-value
< 0.05). The organs at risk doses of VMAT plan were statistically significant lower than HT plan (p-value
< 0.05). These doses of VMAT and HT plans were as follows D2 (Gy) of the brainstem was 44.326+10.528
and 46.339+8.181, D2 (Gy) of optic chiasm was 4.495+3.508 and 8.304+5.829, D__ (Gy) of optic chiasm was
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5.109+4.026 and 8.819+6.085, D2 (Gy) of ipsi-lateral optic nerve was 3.372+1.623 and 7.487+3.770, Dmax (Gy)
of ipsi-lateral optic nerve was 3.665+1.837 and 8.174+3.933, D, (Gy) of contra-lateral optic nerve was
2.147+1.041 and 4.832+2.514, Dmax (Gy) of contra-lateral optic nerve was 2.361+1.154 and 5.122+2.610,
Dmean (Gy) of ipsi-lateral globe was 1.781+0.513 and 3.482+1.865, D, (Gy) of ipsi-lateral globe was 2.778+0.765
and 6.314+1.881, Dmean (Gy) of contra-lateral globe was 1.057+0.551 and 2.749+1.484, D2 (Gy) of contra-
lateral globe was 2.321+0.765 and 5.080+1.483 respectively.

Conclusions: There were no statistically significant difference of CN, CGlg and HI between VMAT and HT
plans for Vestibular Schwannoma SRT. But VMAT plans provided organs at risk dose statistically significant
less than HT plans.

Keyword: Dosimetric Comparison, SRT, VMAT, Helical Tomotherapy, Vestibular Schwannoma
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AU uelausIdEs Ny HT iSunassdunaionz unAdnamsaunnndnuanussdine VMAT agnslitdAtgynnsaia

Y

1A N35SI URITIERNR, S9ETWAANSRT, S9USUAUUL U UKLV LA G UN, SAFRRUILUUINEG )

vy lsalilasenveaduuszamy

unun (Introduction)

Tsaiiiosanvonduszainy (Vestibular
schwannoma; VS %38 acoustic neuroma) L‘f]ulﬂdjaﬂ’e)ﬂ
siiali¥euswaziulndn fintuain Schwann cells a4
\oue myelin sheath fiviovudulszamauasgiiuua
madandmsunssnwilann nsdanmeinis | nns
H1n N195nw1a19598 Teeldinatiasedsiuiiig
(stereotactic) Heuuun13R1859d¥nYIASTLREA
(stereotactic radiosurgery ;SRS) %38 N1521859ETNY
Manensa (stereotactic radiotherapy ; SRT) flausilu
DANNISHIAALUU microsurgical resection aglasunis
Asundunmssnwman uwimaden n1sShwisesed
Sauiie Aleunseensuethaniiennslutag 20 Yk
11 fwdwmaila SRS wiNgauiU benign tumors W
wiada SRT Hdelaiussudesaddiinenannnisuus
Usinaused denaliAanadnafiesainnisaiesediismun
Tuvauzfinsmuaulsaiisuifestunslifaddnunuy
SRS waznsrindn Tnevily SRT iuiiosen Vs fifluunn
Tugindn 3 cm. M%@Qﬂ’mﬁﬁ Hasegawa Type D lesions
(ffosongnanuluiifourth ventricle) flaianunsnsi
surgical decompression uazdalumadendmiugiae
Addanuannsolunslgulreildiddwunaiosen
windlasdnuiidnagldsiuduaunsal stereotactic way
a¥dvnadnranan3ed luvanessunu saumeendonis
a¥enmuuuanudf e nuadunisvesseslsa
wallAN1sAe$ad SRT vildlaensldaSedsunay i
vuanednuseslsa wsensidveslaaseduuulsule

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
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(dynamically shaping) Gghﬂqﬁﬂ'iﬂj mini %38 micro
multileaf collimators (MLCs) Tugasfiknusneufinavh
vounaluladindousioynauagszuunimi (image-
guidance systems) vl#n155nwLUY linac-based &
ANNYNABIEN, TANUAIATUVRIUTIIUTIFS (steep
dose gradients) uagilpudizuas U a.m.2013 v
Sydfnwinazuziieiner a1nivSedinen aug
wnneransivinerdedodu Bulinisaiesed SRT
uigthelsaiiiosenveadulsyamy deimaiinddn
YNWUUNAE MY (Helical tomotherapy ; HT) ngld
\309218533 Tomo Therapy 34l binary MLC $1u7u
64 witaz@inins 6.25 mm. i control point NN°) 7° U39
51 asen1suu 1 50U deNmiiedadinuuarusiia
Inen IWAndardetane3sd Elekta Synergy fianansa
Tn1snwaiemalinddusuanuduLuuwunyy
waeud (VMAT) waedisnenuidedunumiinaninis
Twaila VMAT 21e5sdsuiian lneld8mgesedisiaan
Aawiiu 5 mm. VMAT lumedasedusunnuda
Usznaume 177 control points Aian1suyulseu 1o
YedgUlau WsadsuUsInaadmnetomaluadade”
nATeEldhnInRLSESvmeda SRT freuny
Sidusummuduuuunumuadeud (VMAT) Tugfie
Tsiflosonvasidutsyamy Wudthefingldsunsans
Fedlulsangrvnaumssuasdodndaismainsiddn
YNUUVUNTY MU (HT) UdnUTeuLfiguaiiuysieded
panvesUTuesdwng (PTV) wazeitizunitiaifes
(OARS) SEmrineunuseasnu ot



danua:38n1s (Material and methods)

éﬂwLﬁaqaﬂ‘uauﬁuﬂﬁzmwﬁmu 16 519 1AsU
mMssnudemnaiaded@siuficn SRT fineunusedsnw
HT #elusunsa TomoTherapy Hi Art 13854y 5.1.0.4
Tutaa® A.6.2013-2016 Foganmisadnvnsesdied
Sdunndnaseslsauaveiisunddrufeswas tusinli
Tupdesnauiinnesinaseslsa Oncentra Master Plan
ot 4.3 Fadudeyaymieriuiiaglinausniidsnm
HT gnaslilusunsamnausu Monaco 1esdu 5.11.01
Weaunussdsnvmaia VMAT Feunndimunlig
Urelgsudsnasidiiseslsn 50-54 Gy e 1.8-2 Gy/
fractions 5 fractions/week Usunas GTV WYNVYILBDN
U 35 mm. wieasradu PTV

WHUSIETNYY HT Usenaume nsaneSeduuunien
s (helical) , Field width (FW) aglugas 1.05 - 2.50
cm, Modulation factor (MF) aglutas 1.435-2.790 uag
Pitch aglutae 0.240-0.287

WHUSIETNE VMAT Usenauniudesiuiniasad
(Double arc) fiflgngudsanAeatu uwIReFsELsNYY
360° usdnwing, Tudinisngudes LaTLUIRNES
doem 180° manduuniing, vuifes 90°

Useillunmnminudsdsnu VMAT fladistudae
DVH curve wa Dose statistic fvuaieulaliusuna
$9A7 e lésU snw ICRU 837 T D50 = Prescription
dose (D50 e Usinasdiiusums 50%wve PTV 195y
;W Gy) , V95 = 98% (V95 Ao Usunasves PTV filé
SUUsIEaE = 95% vesUiuasaErifvun ; wie %)
waz V107 < 2% (V107 fie Usunasves PTV fildsudsunm
598 > 107% vosUSuasaEfisviun ; wie %) uaz
USuauSedvesedeazunddiafeslaun Auaues
(Brainstem) , AiugsauUszamen (Optic chiasm) , 1&u
Uszaman (Optic nerves) uagn (Globes) fmualviog
Tunasionsuves QUANTECH Tusiiadeiitmundeuly
vounudEsnveasunaidald fn D, Vv, waz V
dusulsumsidmang dawiniu (launnanaiuegiadl
Hodnaymneadia) fansnedl 1

NMTIATRAUNNUB N USIES NYTl A AvTla Y

13U (conformation number ; CN) ', dndwiiaau

antureIUTUNaSIE (Conformality Gradient Index ;
CGlg) ¥ wazArdvtiaruaiaue (Homogeneity
Index ; HI ) ©

_ Viret x Virer

on VT Vref (1)

Ao UsumsvaathumneiilasuuSunasdviniu

_ (Tref) \
Y3aUNNINUSUIUSIENMUA
v Ao Usumsvastnungianun
v fa Usuimsvasiladenlasulsunusadivindu

= ' o v aa o
NIDUINNIMUINUUTIENNNUA

CGlg = 100 - {100 x[( R ) - 0.3cm.} (2

-R
eff ,509%Rx eff,Rx
flo SAilvas 50%%®dprescription isodose
eff ,50%Rx

level Niapusou PTV

3 [3Vs0u
Reff,500Rx = ’4_m (3)

A oA L. . Ay
R n A IANUBDY prescription isodose level Navu
39U PTV
_ 3[3v
Reff,Rx - 47 (4)
D,-D
HI = ——=x100 (5)
P
D waz D Ao USUNUSaaEnusunms 2% way 98% 1e9
PTV
& a v dau o s o
D A9 USUIUTIENTIFUNNENINRUA

miUszdiulinnasdietorunfdiades (OARs)
THaduUsiedidadn Toud Usunasadivsies 2%
ves0¥erlisu ), ViinassedgegmileTeazléiu (0 )
 wavUBinasdndeiiofoarldsu (O _)mslpsigima
affluAn Paired t test Tulusunsy SPSS version 17
finsananuiifddynieadfiian p-value < 0.05

wan1s3v9 (Results)

Tusudsedlamruneulvvesnussd@snw VAT
wag HT T9dA1 D50 V95 wag V107 dmsuusuing

Whuwne Savidusandunsed 1 sanisdFeu
WieuAA MLALSIETNE VMAT fuunusadsne HT fe
A1 Cl, CGlg tag HI 993 PTV wanslumsnad 2 wudnen
Fudmaniflddnnuanaisegreideddgymieadn
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A151991 1 asradSeuiisuatfanls D, .V, uaz vmsuaﬂuu,wu%’qﬁ%’ﬂm HT fiu VMAT

. HT VMAT
fauils P-Value
Mean += SD Mean += SD
D, (Gy) 53.266 2.065 53.428 1.868 0.219
V., (%) 99.55 0.681 99.531 0.532 0.914
v, (%) 0.000 0.000 0.013 0.027 0.071
A157199 2 MsaUSeuisuAiwUsBeSdnminuas PTV Tuwkusadsnwi HT fu VMAT
Aauls1Ee5ed HT VMAT
a P-Value
ATUR Mean + SD Mean + SD
CN 0.607 0.147 0.599 0.065 0.842
HI 5.585 1.412 6.363 1.565 0.145
CGlg 10.591 26.744 8.281 25.060 0.506
A157199 3 esaUSeuisuainUsdeSedndinuas OARs TuwkusadSnwl HT U VMAT
, AawlsiEa59A HT VMAT
Organ at risk - P-Value
AR Mean + SD Mean + SD
D2 (Gy) 46.339 8.181 44.326 10.528 0.014
brain stem
Dmax Gy) 52.841 4313 52.381 4412 0.186
D2 (Gy) 8.304 5.829 4.495 3.508 0.001
optic chiasm
Dmax (Gy) 8.819 6.085 5.109 4.026 0.002
. D2 (Gy) 7.487 3.770 3.372 1,623 <0.001
ipsilateral
optic nerve Dmax (Gy) 8.174 3.933 3.665 1.837 <0.001
D2 (Gy) 4.832 2514 2147 1.041 <0.001
contralateral
optic nerve Dmax (Gy) 5.122 2,610 2.361 1.154 <0.001
. Dmean (Gy) 3.482 1.865 1.781 0.513 0.003
ipsilateral
globe D2 (Gy) 6.314 1.881 2.778 0.765 <0.001
Dmean (Gy) 2.749 1.484 1.057 0.551 <0.001
contralateral
globe D2 (Gy) 5.080 1.483 2.321 0.765 <0.001

wugs) : ArANEd ATy eaii e P-Value < 0.05
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(P-Value < 0.05) a15197 3 waneA1USuI5ead
OARslH5U WU WNU5IEThS VMAT TsAmuSanaused D2
#i brain stem tosni1 HT wae WimUsuasad D2 wax
Drmax il optic chiasm, ipsilateral optic Nerve,
contralateral optic nerve, ipsilateral globe Lag
contralateral globe Wosni1 HT egslidudAgyniseia
(P-Value < 0.05)

anusngwannsdve (Discussion)

Han1Ieuansliiunan MBS dndnvosunniad
$hwn VMAT uag HT laean CN, CGlg, HI ag USunussd
7 OARs ¢35y wans3suinudn An CN, CGlg wagHI
5¥MI9 VMAT wag HT liifimnuusnsnsiusensiivedaty
NEDR @nADINUNUIIBYOY Mayo, C.S.uazams”
slfAnmnsareisdsuidamata SRTIuU brain
metastasisiiaz Melanoma 911U 12 578 WigULigU
RapidArc $1u3u 2-3 arcs 34ld3dassduwn 5 mm.
fiu HT w1nudiA Conformity Index (Clinv-Paddick)
luflanuuana1segeiitodAyeans dausn CGlg wu

o a

71 VMAT §@1917n31 HT ag19fldedAuni1edda wiann

o
v

namFIseinuinA CGlg voumnadiavsaasliunnm1eiu
wazaeAndoetu Ruschin, Muazane® Falddnwinis
eFadTiidameaia SRT Tugthe Brain metastases
waw post surgical cavities 9 518 LWSsUiEU VMAT &
T43510s598uwm 4 mm. U HT wudn conformity index
uag homogeneity index ¥BILHUSIASAB IO HT AU
VMAT laiflannuuanansiusgnsdtodingyneada Tudiu
203UsI0u5937 OARs Wi5U wudh VMAT TienuSunas
S98UA OARs Haeni1 HT ot 1sldsd1Agynisaia
aenpdaitu Fogliata, A, wazamy” FelddnuiuSeudiou
RapidArc @4 Usssduun 2.5 mm. wag 5 mm. fu
HT lugUae benign intracranial tumours $1u7u 12 918
WU AuaNes (brain stem) , AugsInUsEamA (Optic
chiasm) , W@uUszammtadeanuseslsa (ipsi-lateral
optic nerve) , mdaAganuTeElsn (psilateral eye) 1o

$u D2 Weowni1 HT egsiltdAgnieads tazaenados
fuI1IT8v09 Cao, D. wazane™ FeladanwiUSeuiiieu

IMAT #u HT lugthe 10 58 1 2 510914 IMAT non-
coplanar arcs lugU3e glioblastoma multiforme wu
IMAT 191 maximal dose ¥84iuaNB3 Laziduuszam
1 Ueendn HT egaiidudfynieadin du Tudtae Left
orbit Wu31 IMAT T4#fn maximal dose ¥89fUaNDIAS
optical apparatus %eeni1 HT agdltdAyIEns

1] &

AANIN
Yo w a [ a
nslAaSeduu fan beam vyuseuluinden uag

9194AA97N HT 3 craniocaudal penumbra'

secondary collimators 7ign fix ilvieeazundtrafes
IFUUBInaSdnnni VAT safisluend il VAT
12 FaprativanUTunasdun
agzunidraAeslasnin HT

ILUU non-coplanar arc

asuwan1s39y (Conclusions)

MNNRUTIUTEULNUS SESh 3R SRT nalla
HT uaginadla VMAT IuéﬂﬁéﬂiﬂL'ﬁad@ﬂsﬂmlﬁuﬂi%aﬁﬂ
y wuh unuFeEsnwTaeamadali enddiandigy
(CN) , Adassinnuasiiaue (H) wavAdaiinuaindu
Y99UTUI5E (CGlg) vesUiumsidwmangliuansnaiu
wewatla HT Tiusunassdunetetsunidiafeannnin
watla VMAT agnsiitodiAgniseia

nnAnssuUs:nA

nATeiastauysalldfemungaiuazduusi
961978991 Man519138 ay.dule Famun3ng e
Mans19156 as.audnd 1ssailadn wazidwmhiing
vinlumheddsnvuazunsaing) Tsmeuiaumsy
upsiFedlil yaufadmihiinavinuluusmn3sddnw Tse
wenunauziSsany3 Mlvianamemdeuazaduayilums
sflun1sidelidiSeaansined veveunseauasouas
vosf3de fliindslauazatuayulinisdnduniside
duSuarUszaudugrinadied
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