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Post graduate Training

Awards and

Certificate of Physics in Radiotherapy (External beam, interstitial and intracavitary
dosimetry-Manual and Computer methods of calculation)M.D. Anderson Hospital,
Houston, Texas, 1984

Clinical fellow in Radiation Oncology and Hyperthermia, Hahnemann University
Hospital, Philadelphia ,Pennsylvania (with Dr. Luther W. Brady) 1987-1988
Clinical fellow in Radiation Oncology and Hyperthermia, university of Wisconsin-
Madison (with Dr. Richard A. Steeves) 1988-1989

Scholarship

Audrey Meyer Mars International Fellowship Award from the American Cancer
Society ,1988-1989 (one year training in Radiation Oncology at University of
Wisconsin-Madison)

From Phramongkutklao Hospital for oral presentation at the 12" Asia Pacific Cancer
Conference (APCC), Singapore, 1995 (topic of Hyperthermia)

2" prize from Army Medical Department (ﬂTNLLWVl?jV]MW?Uﬂ) for original article
published in the Royal Thai Army Medical Journal (’JW?M?LLWV}ETVIMW?UH) 1995
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1985-present Radiation Oncologist, Division of Radiation Oncology (WHunFI@5FnE),
Phramongkutklao Hospital
1991-1998 : Chief, Division of Radiation Oncology(ﬁ’mﬁ’]LLNuﬂi‘V\‘ia?ﬂH’]),
Phramongkutklao Hospital
1999-present : Consultant radiation Oncologist(ﬁﬂ?ﬂﬂﬁLLNuﬂﬁf‘Vﬁ%ﬂHﬂ), Division of

Radiation Oncology, Phramongkutklao hospital
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International book chapter 489 RSNA(Radiological Society of North America)
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treatment for locally advanced or metastatic cervix cancer ;2) A randomized study of conventional
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and neck ;3) Phase | study of preoperative radiation and Capecitabine followed by surgery in

rectal cancer WazsauLiy co-investigator ANVAEIUIE
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LAAINITHLNNAN malignant glioma ANNNINENIUIIARAIN recursive partitioning analysis

Class Characteristic

MST (LARu)  2Yr survival(%)

symptom
1l -
- GBM, age <50 yr, KPS 90-100

- GBM, age <50 yr, KPS <90

neurologic functional status

received > 54.4 Gy

VI -
received <54.5 Gy

status

AAF, age <50 yr, normal mental status

AAF, age>50 yr, KPS 70-100, >3 mo time to first

AAF, age <50 yr, abnormal mental status

AAF, age>50 yr, <3 mo time to first symptom

- GBM, KPS 70-100, >partial resection, "work"

GBM, age >50 yr, KPS 70-100, >partial resection,

"home" or "hospital" neurologic functional status

- GBM, age >50 yr, KPS 70-100, biopsy only,

- GBM, age >50 yr, KPS < 70, normal mental status
GBM, age >50 yr, KPS 70-100, biopsy only,

- GBM, age >50 yr, KPS <70, abnormal mental

58.6 76

37.4 68

17.9 35

8.9 6

4.6 4

Note MST-median survival time, AAF-astrocytoma with atypical or anaplastic feature

v v
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woaimnneas ln Fuuisdg (Planning Target
Volume -High Risk, PTV-HR) asvizaiilasuuilas
13un0u593nanss (altered fractionation)

yanaininislaniseans (interstitial
brachytherapy) Y3ann5 LT stereotactic radio-

50 1

“PASDITUU” DSANSAAUSHASNBIAUISOINENIKbUSINAING A 15 aUUA 1 unsiAu-Onuieu 2552




T

surgery WTuanasuilefanefintFuuidne
RIS

Chan® mmmmmﬁ”‘ﬂmaﬂfm malignant
glioma a1uau 34 318l pEnIseneieA 3 A
38704 90 138 WURNTZELIIANN5T0ATIALNN
fU 11,7 (Aeu WUANIANFUBAINANNaY
WLIS9R9 78% LALAN 13% MBUIALN ALY
Lmlﬂqliumumﬂwmmvﬁ (in-field failure)

RTOG™ yhmsdnmifeuiiiaugiiag

Y WNNNIRNLIAULL whole brain 60 1Nl LAz
mimmqmmu whole brain 60 in7d T muaae
boost LFIRNBLALII 10 N8 WA 728121987
nns3endanluuAnANeiY (9.3 uay 8.2 LHau
ANHNAIAL)

n1raNeFaALUL altered fractionation

(10,11)

d9launnnsle hyperfractionation WA

v v
(1219 Aqunacuwn 'l

accelerated fractionation
FUNSANSN LAUNREANET IUNLAN AN O
§R3NN370ATAR el BeLfiauRunTsan iR
paelFunusadneniauuulng (conventional
fractionation)

mﬂ% interstitial brachytherapy Lﬁlm‘ﬁlm
Funusandaanniaiuniseansfadainanauen
asunnsfnmsuazaeaulng La perriere™ uaz
Selker™ TnenfsanesaanuiTuntsdnmulFe
ey (phase Il randomized trial) i::WJINmﬁ?
A8 RNEUBNVRIH G (+BCNU) uazn13ang
$9@annniEuansaNty 1125 implant &ananns
AnEn U NUAINLANANST998 AIIN2T8AT AR
LLaxgﬂLLuum:—rrﬁG?mmim%qﬁmﬁmiuu?mm
Aanansreenauuzise

i’mmmmmiﬁmmgﬂuﬂﬁd (retrospective

study) Inele stereotactic radiosurgery (SRS)

v
boost uasannlafunisa1af9? (conventional

radiotherapy) WUANUIAZIN NAFATINITIDA

(17-19)

T3m Lmesﬁﬂmm‘?ﬂmﬁﬂuTmﬂ RTOG(ZO’

iumﬂqa glioblastoma AflIuALELNIMTE
N 4 T3, B3N TG ALAIANNAYEINN TN
Lzﬁmzmw conventional radiotherapy 60 Lﬂ'a‘ﬂ
391 BONU 1ieuiflsudunisla SRS boost
15-24 1N98 AINAIEN1FRI859R 1AL BCNU
WLAN FELIIANNITAATINUAYARINN3T0ATAR
Tuuananeiu InannsinGuaeslsaanizicians
wluilymdnAny

(Rcdiochemotherapy)

gad e nlaufunssneasy

(adjuvant treatment) Mﬁx‘i@’mi;i‘/i_lﬂ’]iml’]ﬁm‘m
naunziSananitanua Inganiafitniaasliinds
auziSafivasvieey i adesiunisiiy
La‘wq“ﬁ'LL@”ﬂyﬂqrﬁ’ummwémvmw@aim &
mmmumuuj mmﬂummmw na19Ae finns
PEUAURIIRINBLNITIAREN AT T AND AL AT
LARARaAnaf N3 1T BadtTalun19inEn
malignant glioma snfitlsz@nsaanludan
Lﬁ@qmﬂmLmﬁﬁﬂﬁmm'qu‘mm'"l,u'mma‘am"]u
blood brain barrier (BBB) WATENUNNTRANNNT
metabolism Nl’m enzyme P450 %dﬁzﬂ'sm\m?ﬂ
anesanalasuenfudn 1 phenytoin ¥inlu
a‘voﬁ”umLﬁﬁﬁﬁﬂmiua‘lwmﬂiﬂi@W@ﬁ%ﬁﬁ@ﬂﬂ
Fanzi3eln @2

mmuﬁm’”méu nitrosoureas 'laun
BCNU (Carmustine) az CCNU (Lomustine)
LﬂummuLLa‘n‘w"Lmmmmﬂwﬂumﬁﬂmmjfm
EAERIARGN Lummﬂmmmummmmmmu
BBB laimsranunsnaranelulasule s ( (high
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liposolubility) waztiu non-ionic TaawuAan

BCNU #1190 NENTINIT79ATART 18 LADU
v 1 1 1

1A 10-15% wa lNWLANNLANAINUR98 RTINS

(24-26)

70ATIRN 12 9T 24 LABU De Angelis®”

1 7| 1 v 1
ge91ug oai Jarguannan 44 1 uacd

' 1y p
performance status ALiunguilafutlszlonu

v
ann1glaFu BCNU g940
CCNU T4 oral nitrosourea @4uzi54
1 v 1
ANDINBMIINITADUAVDIA DN LT LA B AL
BCNU Ag 30-40% 2
gARLN1TA Temozolomide (TMZ) 1w
n e 44 -
anfilafumnnuaulaniniign esannidueniv
a Y 5 = .:i (29)
WATHNATNLAENAN N3ANETYeIE? 2 Tael Stupp
Y o ] ¥ v
lugiog glioblastoma 64 318 Lialunsaniy
N1721859R WATUAIRNLTIRATUNLAN NIzey

1 v
NAINNIIBATIADY 16 LADU WATAI4AtATLINY

AunNsANEITEsd 3 ”Luéﬂw glioblastoma 573
8 AlAFUNIHAAALAY WReLReUsEMa19ng
28597 pEUALIAL T IATIINTA AN AEEn
WALMTA TMZ uiunnsfneasudn 6 ey
wuan nauilauiedindtnTadsrazinainig
JanTAMANT YA 12.1 1oy 11 14.6 1Fau
Lasdmsnsseniand 2 7 ifiaduann 10.4 iy
26.5% (P<0.0001)*" uazifiesanndu MGMT
(O6 -methylguanine-DNA methyltransferase)
& aTudiud nandulolunisseuusy DNA 7
gnyYnaneann alkylating agent Faumnluf
Lﬁu”l,snﬁﬁﬁmﬂu methylated (silenced) MGMT
gouvinlmmaauzifaiulanenn TMZ 10 adu
naamenlaniad methylated MGMT uaale

o

FuFsdsnHsoniy TMZ A6R9nn99anTangs

(31,32)

X o N
UL ANMNTINN 2

A15197 2 uanelaagIuntssendanluyiae glioblastoma delafunisinuiniefadinmm

sanfuen TMZ uWFaumauszmaeyilaafiduazlud methylated MGMT promoter®”

I52131UN1992ATIR (LADY)

FIRTNEN 5985y TMZ
Methylated MGMT promoter 15,3 21.7
Unmethylated MGMT promoter 11.8 12.7

aadUningasuan PCV (Procarba
zine, CCNU, Vincristine) VLG?'?‘LIM?TWMHN@M?
imsf’flumﬂfm anaplastic astrocytoma TnaFeay
Fie03EM2 191991 859R AN AYE POV WAENNS
an85a@muA9t BONU winnnnslueiaiitinage
qns PCV ANUNTLANIZE19A1NNT8ATARAN
82 ety 157 1aau®™ vlnpeuiaiiad
afagms POV lafunislsunsvaneludagiion

glioblastoma, anaplastic oligodendroglioma

uaz low-grade glioma atnelafinnu Prados™
iﬂmmmmiﬂﬂmmum\ﬂumﬂw anaplastio
astrocytoma FlAFUEn BONU 257 98 LAy mjfm
Flasu PCV 175 318 Mansanlucuidaans
RTOG (RTOG protocols 7018, 8302, 9006,
9404) ‘wmqmmummmm PCV ‘meqmi
sanfanluuanni9anngn BCNU waziile
3R N9ADANLAN TasefidinafusAsINNg
sanTanRe ang AnTWInEgLat (performace
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T

status) LL@”‘H@UL“IIGIT]’]?BJ”]M@ (extent of surgery)
mmu Vl,ummmmmmmumummmﬂm
Lmezgm MRC trial®” mmﬂﬂ?ﬂumﬂuaﬂw
malignant glioma 674 918 (glioblastoma 561
T8l LL@“’ anaplastic astrocytoma 113 918)
D CERTCEY R Y FIRRIT IR mimmm
mw;fmmmmgm PCV lugniasa wuansyey
wansendsalunguisuuarlalafuanedita
TUUANANSRY (10 1Fa1 LAT 9.5 1ABL MNAFL)

Meta-analysis'*® ) §a300391NaNNT3S e
16 T1891 Lﬂﬁ‘EI‘LILVIEU?VM’JNH’]%I’]E]N@@EI’N
WEa LAY mﬂmmmumu mmﬂmn@m
nitrosourea Wi N3l EATLTATINAAE
AU NERINTTATART 1 uay 2 1 Tasan
] 8.6%

o o A = o e a A
m’]N@’]mULN@L‘L@HULWﬂUﬂUﬂq?ﬂqﬂﬁ\\‘l@@HqﬂLﬂﬂq

U (absolute survival benefit) 10.1 Lay
Tuaneh meta-analysis® a14AT999UIINHA
Y o 1
N13998 12 918973 (18l 3004 3181) WUAINNS
Yo & Ao o A o Aa A
1598 AR LT AR NemsINTanT RN 1 4
WNAY 6% (a1n 40% 1w 46%) A 2 4 wdu
5% (AN15% L1l 20%) waziuseazinaInng
aa a A p - ~ o
TAATAALAAE 2 LAaU IallTaunauiuniIans
o ! =
NG NI
v v
nasla BCNU Tugduuy wafer lasu
1 Yo

PENUNANSANHsEaE? 3 Tugilie high-grade
glioma 1AE1979 wafer UF190U tumor bed UAYANN
[ 7 | v v
mmﬂwimumimmm ¥ LAMRINAIUNTREY
593 WUANTLHLIIANNNTIRATAAINITL 13.9 LA a1
A = ~ o Y dn ¥
WalFaumauiuyioai lafu placebo wafer
=< o~ aa ~ p
PINTLHULIIAINITIAATAALNEGY 11.8 LAY
(P=0.03) LL@“L:Jmmm”m@Wﬂ”mﬂfm gl|oblastoma
3Y821991N17780 T3 Al ULA AL ﬂZ\]NL‘VI’m‘LI 13.5
WAL 11.4 Hau (P=0.1) ANAIAL

UNUINYOLMSANESLAIVUUSUAUIUY

(Intensity modulated radiation therapy, IMRT)
ﬂ’]?'mﬂ?mﬂ?‘]_lﬂmmﬂu Lﬂu')ﬁﬂﬁl?‘muﬂ
Tun19e18598 3 AR (3D conformal radiation
therapy, 3D CRT) lauilqaaanunaiit il
isodose conformity #aazyinlvaniFunnsadne
adtazlnAanafea (organ at risk, OAR) AN
‘ﬂI')ﬂ@m?”ﬂzL'mﬂuﬂﬂmNLLNuﬂ’]?@ﬁﬁlfﬂﬁ
(treatment plannmg time) Lu@amnslfm@qumm
LﬂuLﬂ?‘ﬂQ“ﬁ'ﬂﬂﬂquqm ﬂquLﬂNﬂ‘ﬂ\‘lﬂ?Nf]M?Q@
(inverse planning) wnuiazlginAdna iy
mmuummam (forward plannmg)

¥y

u,mwrammmmumu s nLF
594 (dose escalation) PLS\I')’W:')Eleﬂuﬂ altered
fractionation, interstitial brachytherapy boost
98 stereotactic radlosurgery @””Lumma*m‘wu
@mmmﬁ@mmmmmmﬂaﬂ malignant glioma 1@
@mwuﬂmﬂm LANYTEANN3RNE5IR LTy
mﬁmwmiﬂuaﬂw malignant glioma 11
z?l\i‘lvm'Lm:ﬁmmmm@%‘”ﬂm’zﬂugﬂu,uwm
dosimetric study WA clinical study ﬁﬂ%iﬁ:
nanafesanelilil
H sS1EgouMsAnNINsSNsS:oeUSUNUSOE

(Dosimetric study)

Chan ® ¥inns@nenisnszanadiunm
594 (dosimetric study) slw;ﬂl’m glioblastoma
S 5 3¢ Taeif3euifieusywang 3D-CRT
wae IMRT Tm?;lsl‘; 3 non-coplanar fields LﬁuLﬁm
futFunnssRidmanene GTV Wiy 70 1nser
(2.12 138/A%9) WAz PTV iU 59.4 13t (1.8
Lﬂ??;lr/ﬁ%\i) WU mAdA IMRT ﬁjlqmjummmz
L3991ulunT99uEUN TR 85eR I ANA N 3D
CRT uazdnunsnifintFunassdne GTV lamnen
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mAila 3D CRT TneBunnisdneadenzinfim
Flaudu (Meavifanfaniad 3)

Thilman“” N1n1s@nEIN1TNTZae
ﬂ?ﬁmm%\‘lmuiﬂfm 20 718 72W219 3D CRT
(7-field non-coplanar) was IMRT (step-and-
shoot, SIB, inverse planning) UFunmufea
Lﬁwmw{@ PTV-high risk (PTV-HR) wﬁrﬁ”‘u 75

miﬂfiummz‘ﬁ' PTV-low risk (PTV-LR) m'ﬁr‘fu 60
\nse 1w 30 AFS naiMuAlY dose volume
constraint fﬁllffJ lens wllﬂﬁv‘i_l 10 Lﬂi?j, optic chiasm
Wag optic nerve wﬁﬁu 52 Lﬂiﬂr, WAL brain stem
WAL 54 1038 Wuan IMRT WdFunnied i
conform A8 PTV-HR uavan/3unniadnalie
anasln@laAngn 3D CRT (AN3797 4)

A15199 3 wananFeuiauls i@ seinns IMRT was 3D CRT lun13@n®1999 Chan®

Goal IMRT 3DCRT
(Simultamous Integrated Boost, SIB)
GTV definition Post-op gadolinium-enhanced T1W MRI
GTV dose 70 Gy (2.12 Gy/Fx) 60 Gy (2 Gy/Fx)
Median GTV volume 39 cc 39 cc
PTV definition GTV (or tumor bed)+ 2.5 cm margin GTV (or tumor bed)+ 2.5 cm
margin
PTV dose 59.4 Gy (1.8 Gy/Fx) 59.4 Gy (1.8 Gy/Fx)
Median PTV volume 397 cc 397 cc
Result
GTV D Max
D Mean 71.4 Gy 64.2 Gy
D Minimum 68.5 Gy 62.5 Gy
PTV D Max 62.1 Gy 59.9 Gy
D Mean 71.4 Gy 64.1 Gy
D Minimum 64 Gy 62 Gy
V 95 48.3 Gy 51.6 Gy
Brain stem D Max 98% 97%
Chiasm D Max 58 Gy 59 Gy
Optic nerve D Max 43 Gy 49 Gy
Retina D Max 23 Gy 24 Gy
Lens D Max 18 Gy 17 Gy
Brain D Mean 2.9 Gy 3.1 Gy
27 Gy 32 Gy
Note D Max - average maximum dose
D Max - average mean dose
D Min - average minimum dose
V95 - volume that received 95% of prescribed dose
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A5199 4 wandan1lIaumeud3unusedlunis@nenues Thilman®”

Goal IMRT 3D CRT
PTV-HR definition Gadolinium enhanced T1 W MRI+1 mm margin
PTV-HR dose 75 Gy 75Gy
PTV-LR definition edema in T2 Wl + 1.5 cm margin
PTV-HR dose 60 Gy 60 Gy
Result
PTV-HR V95% 87.5% 93.7%
PTV-HR CI 0.85 0.69
PTV-LR V107% 13.9% 30.9%
VI5% 88.4% 75.3%
Brain V50 Gy 33 cc 60 cc
Note V95% - volume that received >95% of prescribed dose

V107% - volume that received >107% of prescribed dose

V50Gy - volume that received >50 Gy

Cl - conformity index

Khoo*"” vinnnsdnsnisnszanaifun
ﬁ?\i?ﬂuéﬂfm 5 318l (optic glioma 2 918, astrocytoma
2 918, meningioma 1 918) i‘zmlw 3D CRT
(4-field non coplanar) Laz IMRT (peacock
system, inverse planning) lagdFunmusad
WinsngMAiL 50-55 1n9el T 30-33 AT WU9A
IMRT 1 minimum PTV dose 44721 uaz dose
homogeneity An91 3D-CRT Tuaausdit3unoy

$9@ne optic nerve LAY lens WeinaN 3D CRT
i uunaann IMRT lunsdnenillamain
tomotherapy %QLﬂum?'ﬂ’mi\/ﬁLLuu coplanar
plane wﬁfm ([51’1?’1\1‘71' 5)

24 qautiuguaInisens

2189UB U
o A o ¥ a o =
FAAUUUUFUAMNIINGIN1IDAALUT N UTE
AanIuANed Laulszaiman gnan Taaluiws

13unusadnaliiaanasini

A1519N 5 waAIN19NIzanaFunusai lunisAnsuee Khoo*”

IMRT
(peacock system)

3D CRT

CTV definition

- Contrast-enhanced CT volume
- For nonenhancing tumor : abnormality+5-10 mm margin

PTV definition

CTV+10 mm margin

PTV D Max 103.3 £ 0.5% 103.2 £ 1.4%
D Min 91.3+1.4% 89.5 + 1.5%
D Max-D min* 121 +£1.7% 13.9+£1.3%

Note : D Max-D min - Lmuﬂl'] homogeneity ﬂﬂﬂﬂ?u’]m‘}/ﬁﬁl"a PTV
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B s1eouMsANINMOAATN (Clinical study)

P

memmmm?ﬁﬂmmiﬂsﬁfmiﬁmm
Seduanalviiiuiienesaes IMRT uAnan1sAnm
mm@uﬁimmﬂm IMRT deluanmnsauanslu
WTuan IMRT 298l 18R91N1790AT 3R89
Qﬂaﬁlm dewSeufisufunanisla 3D CRT
Tuein tewuaiglaedndnisinGuianizi
wazdedanluiign veilidesidumaz malignant
glioma #A2uguLssTaslsANIn usianazle IMRT

Tun1ai N3 i nanaunisang 90 e

vidal1inadia hypofractionation el Funns
Sedmanss fddluanunsnaaunalsalanisdine
Tuernanunaziluli lufiennsnnslsanaiitingn
Ve target therapy 79 UNNTRN859R pelilil
W UINEaZIR aATRIINE9IUNITANEHINIAR TN

3 aloFun A RN LAY

Chan? ‘j‘vﬂ‘]:mﬂz‘ijw malignant glioma 34
918l (anaplastic astrocytoma 1 91¢l, astrocytoma
1918, glioblastoma 33 91¢l) L;'m IMRT (in-house,
forward planning, 5 non-coplanar bean) Tnel
AM4UA GTV AN post-op gadolinium-enhanced
TAW MRI LAZF9LA PTV 1A% OAR ATNANSIST
6 wuagaeddnmnnTrandand 1 uaz 2 i
MNFUIatAY 47.1 WAL 12.9 Auan A Inedisvey
1981MN998ATAR 11.7 iew gLiae 23 71 AN
L SN BuTineuuy Sy 18 1
TureurAn1sa1a5ed 3 318 wazLFiIuseLTaL
AAN1RMEE 2 118 BautannsAnEndasls

«

= o al =2 ' ”Q o '
'ﬂi‘N’]m‘j‘\‘]@@\‘m\‘i 90 N7 LLG]B;IJQ@E]VLNWUJW’]Q?J

| i/

LLV]Tﬂ“I]@uVI TIELT

A9 6 LAANNIININUATBIIALAZUF TR U99 GTV waz PTVIuAN2An®1999 Chan'®

Definitions Dose
GTV Post-op gadolinium-enhanced T1W MRI
PTV1 GTV + 0.5 cm margin 90 Gy
PTV2 GTV + 1.5 cm margin 60 Gy
PTV3 GTV + 2.5 cm margin 45 Gy
Suzuki“? sneauNanisinEy o nsla IMRT tWaluidFuiussdnoe

malignant glioma 6 918l (anaplastic astrocytoma
1 918, anaplastic oligodendoglioma 1 918,
glioblastoma 4 91¢) E;'JEI IMRT (5 coplanar,
equally spaced beam) IMHﬂWMumﬂ?mmmzﬁ
[5]@ PTV-G, PTV-C llaz OAR [5]'1&1[31'1?’1\‘11/1 7 ‘W‘]_I'M
QUQENﬂ’]?ﬂ’WL?UL'ﬂW'ﬁtVl 5 918 aLundunng
ri’%?ulum@ummma‘mﬁﬁ 4 918 LATUANUAU
wAnsanesed 1 e gusededinuas 3 sg
(nenRedanuaeannBuanased 4, 16 waz 7 Hew)

WARA hypofractionation IasunisAnmly 3
718971 1ag Sultanem™ Lay Floyd “0 fa3ne
aviduanalilid
Sultanem a‘“m:mmﬂfm glioblastoma
F149U 25 3181 9gl IMRT (SIB, step-and-shoot,
forward planning, 3-non coplanar beam) Thel
AuunFunusadne GTV uay PTV fimnsned
8 WUy LaedsrazinannIsendan 9.5 e

dmannssandand 11 sesas 40 Ineyilee 16 3¢
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T

M99 7 WARINIIANNLATELALATUFNISARE PTV way OAR Post-op lun1s@nsneed Suzuki®

Definitions Dose
GTV Post-op contrast enhanced CT volume VER
preoperative volume

CTV GTV + 2 cm marginiiae extend f4r8U edema

PTV-G GTV + 0.5 cm margin 70 Gy/28 Fx
D5% < 77 Gy

PTV-C CTV + 0.5 cm margin 56 Gy/28 Fx

PTV-A PTV-C aumqel PTV-G D5% < 70 Gy

PTV D95% >prescribed dose

Brain D Max 54 Gy
D 33% 45 Gy
D 66% 40 Gy

Brain stem D Max 54 Gy
D 33% 42 Gy
D 66% 38 Gy

Optic nerve D Max 40 Gy

Lens D Max 6 Gy

Pituitary D Max 30 Gy

Note: D5% - Dose to 5% of volume

D Max - maximum dose at each volume

AN519N 8 LAAINITNINNUATDLALAZLTNISIARE GTV waz PTV lun13@n®1999 Sultanem™

Definitions Dose
GTV Post-op contrast enhanced T1W-MRT 60 Gy/20 Fx
D 95%* = 58.5 Gy
PTV GTV + 1.5 cm margin 40 Gy/ 20 Fx
D 95% = 43.8 Gy

*D 95% - UFnusidnAsaunqulTuInsasnauan 95% 189 GTV usa PTV

A aa i o a ¥ ~
WeTaniataInnIsnniEurealsaylas 5 98 J
o a "o aaa ! A
nisniFuresise waddaInes luanenan 4 9e
aunen
Yo
Floyd“® §nungilag glioblastoma 18 3¢l
mﬂ II\/IRT (peacock system) ‘Emﬂmuumﬁmm
5afme GTV uay CTV #4m1319% 9 wuan
hypofraction IMRT ‘Vlﬂ,‘mﬁm grade 4 brain
) v o = F 27 -
necrosis TugUaene 3 e uazyUaaiioainis
aa = A
TAATIALNEN 7 LADU

Yo

LLN‘J’]?WEN’mmﬂﬁj hypofractionation
%wr;u%e]mmummﬂmmimmmLm‘uﬂi‘u
Ao uaglalszlaanluunnidn um luchi”
sg9unanisle hypofractionated IMRT
slus;ﬂfm 25 el Funnsednenaunzifouas
TOLLIA 5 L. 48-68 1n38l1 8 AN (Vl,c; bio-
logical equivalent dose \Faumafy 64-105
inse ieAnTunseNe5aRARas 2 1nse) 13100

i < ¥ o al ¥ o o
Iﬁilﬁ‘@llﬂ‘ﬂuNs‘ﬁLNiﬂﬂ?N’]m@ﬂ@u@ﬁ@ﬂ9]’13~I@’1®‘1_|
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M

Na19Ae 40 Uz 32 178l 8 A WisuTieuiy
naugUoeludantuideaiy 39lnsunisens
FaFuu 3 7 40-60 1n9elu 15-30 ASeluedn
(historical control) Wuﬁﬁmmmfﬁﬂmum%ﬂmmﬁ@
e 8 ASall aunsnla 2 year progression-
free survival a1n 17.6 1 53.6 1Wasiius uas
N RINssanTanigasidain 19.4 1y 55.6
Lﬂm:lﬁﬁum:‘ﬁ'qt;ﬁﬁﬂL%q‘ﬁﬁwuﬂummnmmm
3812190 INLIRAIDLINAN

Panet-Raymond“® #18191U[aN195N11
;;/‘ﬂl'm glioblastoma 35 ﬁ?ﬁﬂiﬂﬂﬂ’]isl%ﬂ’]imﬂ%\‘la
LUULFUANIAY 60 1Nl 20 ﬂéj/\‘li:’mﬁ/‘]_l?ﬂ
Temozolomide @mmﬂfmumﬂmumm Stupp

qumqmnmmmmﬂmma 12.6 LA N
Qﬂf;m@ﬂm 82.8 lasusediaditiin Tnad
ﬁﬁﬂgmmmmﬁ@m%ﬁm 14.4 Beudadiaumn
AuTeeuaed Stupp® mﬂfamum'smwumu

1ﬁﬂﬂﬂﬂUiUHuﬂdﬂ@WQﬂﬂﬂﬂﬂuN 139

AN9I9N 9 LAAINITNUUATELALATLFNIMTIARe GTV way PTV lun1s@neiaed Floyd“®

Definitions Dose
GTV Pre-op enhancing primary 50 Gy/10 Fx
Post-op residual tumor of surgical cavity
CTV Surrounding edema 30 Gy/10 Fx

mMsmKuQ dose-volume constraint (DVC)

B n9AnENI9AAUEN (Clinical study)
N19NNUUA dose volume constraint [ﬂl@
AUDIUAYNILANDY MNNRANIUIANN TD 5/5 34
s1a9mlag Emami®® wuan D100%, D66% Uas
D33% 1a4ANAUNTTL 45, 50 WY 60 1N3E A
AL s TeanuANaUNTL 50, 53 LAz
60 178 TeatarFanantanalaiiunuanigly
Anaruue DVC 1o TaemialiiFunassdnalie
auasdaTufiseniunndiy tolerance dose ma

& v ! e
whole brain A 50 in3e lug lney uaz 30-35 inse

| - 1 %
Twdn Waatasadlulsunns 1.8-2 1nse AaAs
Imﬂﬁmmmmﬂ?mmé‘”ﬁﬁﬁfﬁﬁmmﬁmmm‘vﬁ

Twmm brain necrosis wnrm 50-57.6 1nge*0s"

Lu@qﬂf;ﬂiﬁu?\mmﬂmﬂm@wnh”‘u 54 1n3el

L v o
WugUAN1TEUNITIAA radionecrosis 5% g1lasl
v v 1
ANNTOUAAIBINTIARIUR 6 LRAUNAIREFIE
warnwugiAn1sugegain 1-2 1 ndsaneid lng

75% a9 radiation necrosis Wun1elu 3 dugn®”
{Tadefifiuamanisiin radiation necrosis
zgq%u ﬁ@éﬂwLﬁﬂ‘fmﬂL@Wﬁz@éwﬁamqﬂ@mdﬁ
2 625 gejaaiilafueafitanaug funis
218598 Psunmiadneniegqe™ uazdsums
aiileanasd 1o Fuadlulsunnge
%@umﬁ'mﬁﬂ;m{ DVC Fermualunng
a3t protocol [?1’1\‘1“1 mmmuum DVC ¥aN bram
stem Flamau s lumnaT 10 uaz 11 T83yaImai]
anansolniluuuandla wandalufifaeuis

v
NNZUNTNIGRU

B Eye & Optic tract

nauNy L@ﬂummwmlﬂm suprasellar
area Wa¥ temparal lobe %rﬁlmmuum DVC [51@
optic chiasm Wag optic tract WetlasmulalmAa
mf;:;Lmsﬂs;@uw'awﬁﬂﬂ;s;ﬂwmmm
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A197990 10 DVC 284N 1UaNe U3 UR 19T

Author Parameter Limit
Chan®® D Max 58 Gy
Suzuki“? D Max 54 Gy
D 33% 42 Gy
D 66% 38 Gy
Emami“? D100% 50 Gy
D 66% 53 Gy
D 33% 60 Gy
RTOG 0420%” D Max 60 Gy
RTOG 0424®" D Max 56.7 Gy
RTOG 0211%9 D Max 60 Gy
RTOG br0131%? D Max 60 Gy
RTOG 98-13® D Max 60 Gy
A1579# 11 DVC m@wﬁ@@mﬂumuﬁﬁw{wj
Parameter Limit
Chan®® D Mean 27 Gy
Thilman“? V50 Gy 33 cc
Suzuki“? D Max 54 Gy
D 33% 45 Gy
D 66% 40 Gy
Emami“’ D100% 45 Gy
D 66% 50 Gy
D 33% 60 Gy
RTOG 0424"°" contralateral brain D Max 36 Gy

Emami 91¢911“? Tolerance dose (TD)
5/5 984 optic nerve WAL optic chiasm wllﬂﬁv‘}_l
50 mifj(moo%) Tummxﬁ TD5/5 484 lens Way
retina "R 10 uAL 45 LﬂiET(D100%) ANNANAL

Harris® 378191191130 useR 45-50
Lﬂi?;l (mﬂ conventional fractionation) VLN‘VHGL‘M
INANIIY Lmﬁ?ﬂsnfauﬁ{@ optic nerve LLG{M’WﬂLWN
ﬂﬁ‘N’]EMNZW]@ﬂN mju mnnmmmmnu 2.5
nse @zwummminmum@u 20% mmgﬂfm

v

Parsons® $18M UHANI AN AUUAT

Y o [ v
Tugilae 106 918 lunun1nzunsngaunae optic

nerve (visual acuity WiNan 20/1 00) wnUsunol
ﬁ*ﬁmuiﬁlﬁu 59 1n5e] LAYANBUANEARNANNI
60 Lm‘ﬂ ATNUNNIE Lm@ﬂsﬂ@um'@ optlc nerve D
1% Iumﬂqwimuﬂsmma‘mm'am\m@ﬁmw
1.9 \n281) WAL 47% 1u@ﬂmmimuﬂa‘mmmﬁ
ABASINANNINVERINAFL 1.9 insel)

©3 waz Goldsmith® 918911

Movsas
N@ﬂﬁ?ﬁﬂwﬂéﬂuwﬁﬂuﬂ;ﬂw pituitary adenoma
21 998 A BNUEeR 45-50.4 g8l (1.8-2 1ngel
/ﬂ%\‘l) lunnaauintn@ees visual field wdaann

AE5IRATL
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Radiation retinopathy L[AAAINAANNNA
UnAgeanaaniaan (retinal mlcroang|opathy)
nfaanlasuniIaneid nanuvaeniaen
retinal capillary {iANNIgAML mﬁﬂﬂzﬂ retinal
hemorrhage, microaneurysm, cotlan-wool spot,
retinal edema WAZ/138 neovascularization %11
slﬁmmmsluﬁqm(%’ Jadufivinloiin radiation
retinopathy laun 1Funaussdsan Psunnsedne
pfauasiLTneaetszamalei B ased

Parsons’® $1ENUHANNIANHNEAUNAS
slw;ﬂfmmizﬁqﬁmzt,l,@%ﬁm AU 64 518 WL
;;ﬂlfm 26 71¢l %ﬂLﬁm radiation retinopathy(visual
acuity Leinan 20/200) tnaEaiinennisd 2.8 1
niaanafedaTuLazlFuufeRfinaluiin
radiation retinopathy Budaum 45 13 (UTunod
$eRAaeUszaman lafy >50% 109Fuans
(D50%)) Imﬂwmumnwmmmuiumﬂqmimu
FufaRNNN9M 1.9 1n38/Ass mﬂqwimum
mum‘ummzaﬂwiimmmm

Takeda® $184TUHANNTANEA HAUNAS
lugrauzieinssagynuazloda 25 me luwy
AR ANIIZUNINT auR aaatlsrananLas |y
Jﬂqmﬁiﬁ:ﬁf‘“uﬂ?mmiﬁmm Anaaallsz@nmn
(retina Dmax) u@F;Iﬂ’J’] 50 LN gel Tummvv{mwimu
Nmmmmnﬂmmmmﬂu 50 tn3el mummim

284 radiation retinopathy 09 44% Taaunn

v 1 L
V50Gy=>60% 184iuiaeLszanmi azigiinnisns

1 ¥ 1

49019 57% Wa04z7197n V50 Gy < 60% 189U
= ea T A =

A91sza1nnNe AazdgiAn1TmnaINes 13%
Y v &

uﬂﬂmﬂﬁm%me\mw\mu@u‘“ﬁmimm&mm

neovascular glaucoma N4 14% Iumﬂw‘wim‘u

ﬂimmmmmmmmm 50 \n5el AEITLEZINA

mLLﬁlemHNmumm retinopathy LLaZ glaucoma

@AIMITL 32 uAY 22 LAaURNEIAL q;ﬂfm 1
18 Felafuiunmsidgegafiaatlszamen 75
LﬂiﬁT \N@ central retinal artery obstruction ‘Vfﬂﬂz
ANUeAT 30 AR TR

Monroe® $1ENANITANEN Y LA
slw;ﬂfmmﬁqﬁmmmdﬂm 186 318 luanuau
#\An radiation retinopathy 30 918l W‘}J’Jlﬁ;;ﬂ'm‘ﬁl
LN/ radiation retinopathy asuiBunnedsaun
40-86.04 1n98l (median 64.8 1N9) Tmﬂéﬂqm‘ﬁlig
S BunnusaAneaatlszannm (D25%) < 50 \n3el
SqiiAn7niifin retinopathy 4% luaniziigiaei
D25% > 50 i3t H191TAn"90s 24% uazlaniaifin
retinopathy @m@ﬂusjﬂwﬁi;i“umimﬂ%ﬁLL‘uu
hyperfractlonatlon (neas L@ﬂmlum’mw 12)
srezIIaRILARN SR WA retinopathy 1a@e
2.6 1

mn%@mmgﬁﬂmu@%ﬂq;u ATV
'ﬂimma\mmm (Dmax) m optlc nerve LL@“’
optic chlasm L‘Vﬂﬂ‘u 60 Lm?ﬂ 18 4 rfl@ retina L‘W]
1 50 1n38 F9@aRAADSAL DVC luanAdety

197 Aauanelinsned 13 uaz 14

B Middle and inner Ear
AnsanefedanavnliiAn serous otitis
media laiifa9anniAanisuanaes mucosa
1UT190U Eustachian tube WA¥LAA serous
transudation Imﬂmlfmsl,wmlmmmvﬂ@z‘mﬁlvlﬁ?
UAIAINNY ARNEI5IA unepssananasiu nasal
decongestant 13811 myringotomy a1N17UAAS
R ummimmum conductive hearing loss """
Emami“? s1291% TD5/5 489 middle
WAY external ear wllﬂﬁ/u 55 miélr aqLﬁumﬂﬁ

finuua DVC 2849 middle ear Dmax < 55 ingel
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T

AN5NN 12 UAAIAHANWUSTEMI NN SNAReAasza e LazglifnnsunI9ia radiation

retinopathy wLAINMATAN1TR8 593 lun13AnE1289 Monroe®

. Fractionation
1Funussdnaan AU
Ugz@Inmn (D25%) Once-daily Twice daily
> 30 Gy 0/24 (0%) 0/14 (0%) 0/10 (0%)
30-39.99 Gy 0/31 (0%) 0/21 (0%) 0/10 (0%)
40-49.99 Gy 3/17 (18%) 3/16 (19%) 0/1 (0%)
50-59.99 Gy 2/31 (6%) 2/13 (15%) 0/18 (0%)
60-69.99 Gy 15/53 (28%) 12/31 (39%) 3/22 (14%)
> 70 Gy 10/30 (33%) 6/13 (46%) 4/17 (24%)

A19799 13 DVC 284 optic nerve, optic chiasm TWaNUATET WA

Parameter Limit
Emami “? D100% 50 Gy
RTOG 0420 * Dmax 54 Gy
RTOG 0211 Dmax 60 Gy
RTOG br0131 © Dmax 60 Gy
RTOG 98-13 ¥ Dmax 54 Gy
RTOG 98-03 "” Dmax 55 Gy

A15197 14 DVC 994 retina Tquuﬁé’ﬂ%wﬁﬂ

Parameter Limit
Emami “? D100% 45 Gy
RTOG 0420 * Dmax 50 Gy
RTOG 0424 " D15% (one eye) 10 Gy
RTOG 0211 ©® Dmax 50 Gy
RTOG br0131 ©? Dmax 50 Gy
RTOG 98-13 ¥ Dmax 50 Gy
RTOG 98-03 " Dmax 55 Gy

nsanefedusnmytuly §dleduay
's{ﬁﬁﬁyﬁ@ cochlear m@ﬁﬂﬁlﬁm sensorineural
hearing loss @4sn3udenismdsanenssed
6-12 eu™ Taawunisqodanisladuiipau
Lammwﬁlq\‘i > 4 kHz (high-frequeny hearing
l0ss)™ I 25-50% 2@agaeilaFuLFanmsed

Ly

g49nq1 50-60 nse'

%78 Taer Grau”® 189IUNS

v v o1 1
nnmaaaun1glaguaedylianeuLazudinig

a1f9@anuan 22 2e wugAnisainisiin
hearing loss e 8% (1/13 318) Iugﬂwﬁig%‘”u
PSunnufeduennan 50 Lﬂ?ﬁiummzﬁqﬁﬁminj
zgq%ul,ﬂu 44% (8/18 91¢1) sLu;;ﬂfmﬁ”L;ﬁ?uﬂ?mm
Fe@u1nnan 59 19t

Huang®” mmmm@mﬁnmsjﬂlfm
Wnfidu medulloblastoma 4119u 26 318

W3 ueusE1914 conventional RT wag IMRT
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W11 IMRT @18130anUFuNmseded ane
cochlear 10 54.2 1n3el Wae 36.7 1n3e dautlu
m@lu%nmmmin%@um'@mﬂ@:imguﬁ;mm
(grade 3-4 hearing loss) AAAYAIN 64% LUAD
13% (P < 0.014) Tmﬂéﬁﬁmuzﬁﬂﬁﬁ DVC 8
cochlear < 37 Lﬂ?giuéﬂﬂﬂﬁﬂ fefundunnlu
ATANENT AD INATANITRNEFIR UL IMRT
S?I\n;ﬁ@vﬂ'ﬂw §3a@ whole craniospinal P
conventional RT luiiineauuaaniumae IMRT 1u
99 boost TAeL BN UFIRANANNLIALIAD
nnsnnBuLedlsa (high risk thaz low risk) W‘LIQI’]
mﬂw low risk LAz h|gh risk azla 1B uNni5eR
A8 cochlear LWALINAGL 34.3 uAz 41.7 1n3e)
ANANAL Fau DVC mq%‘“ﬂuuzﬁﬂ aely
mmml%"l,;lummmi
D\‘ILLﬁjI/'JI’m’]i’?),’]EIﬁ\?ZQLLUUU?UW’J’]NL‘HN
avaunrnaniuiusedne cochlear o um
MATA 3D-CRT paeins two wedged posterior
oblique field f@u1TaaAlTuIMSIALT IO
cochlear Wiaalszannd 70% 1eamaila parallel—
opposed lateral field oy Tmﬁ Breen®
398971491 3D-CRT HAudzAanmn IMRT lu
AnesnHTaseniFian, posterior fossa Anta
FUNuFAnnnsenuLTIA0L optic nerve, lens €4

v ¥
14a8N21 IMRT @nAnel

v v v

AMNUVAY AT WNAULDLAUD LU DVC mna

inner ear ﬁ‘ﬂ Dmax < 50 tngg tlazDmean < 40 1Nl

Bl Skin

Yo Adn Ve o & a =~ o

e lafunisanafadusinndsmysin

v v
An1qzunsndeuidsunauudnniamislaun
erythema, alopecia, hyperpigmentation WLag
v v 1% 1

desquamation 719 81N19uAANT WA TUUTHM
o Qldl ¥ o alv o a o a o ¥
5a@nyioalasy Tasdnaziiandsainiamisle

v

SuFaRennaues 20-25 tnsd aaulunaainnis
&g basal epithelial cell meqﬂvl,g%"]_lﬂ?mm
Sefgalu faziin1avian endothelial cell uas
vascular lumens @uﬂizﬁﬂmzﬁmmfuﬁm skin
necrosis WA telangiectasia Iuﬁzgm(”‘%) UTunn
SaRgeqai AavleannTnenuaniaiedlnae
45 10509 Farfulunnsenusad U ionANed g
qinenazlasunis immobilization aagr mask
VTﬂﬁmmLaﬂ skin sparing effect WANNE IR TN
AR3RNMLA DVC AaRaws LW@ﬂmnu”Lstﬁ;B:ﬂw
mmmmqqumImmmuﬂuﬂ?mmammmm

uuqmmimﬂu 45 mm (D Max < 45 Lm‘?;l)

B Pituitary gland

@Uﬁm’]immimm hypop|tU|tar|sm ‘ﬂu@ﬂ
FUAUMLT09N DULE mwmmqmmﬂﬂ@ﬂu
panlmguasvitely tunnusedfinenlnauasle
Fu @WE!‘I]@QIZS‘IJQEILLﬂxﬂ’ﬁ“}/ﬂH’]ﬁﬁiﬂfmigﬁ‘/‘u T
éﬂ%ﬂ@ﬁﬂﬁ@ﬂﬁt@ﬂ’]@ﬁ@mﬁWﬂ’m’]ﬁ“ﬂ'ﬂ\‘l hypopi-
tuitarism ladaiau giaeflnsunsundnsaaiy
' nsaneiedlugiion pituitary adenoma dlanna
e hypopituitarism mnﬂfglﬂﬂjﬂfmﬁvl,;'?umimﬂ
$aFasnaiAen viselaunnIHAaeENaAEg® o

@lﬂqwummmm hypopituitarism 80
a¥ilnsanm growth hormone(GH) Lﬂu@'f;umﬂ
wnazlaFuBunnfeR e 45 \n3el (1.8 1098/
) s‘ﬁ'\n;ﬂwmivl,ﬁ:‘i“uam:‘imuwmmuﬁzﬂmﬁﬂ
LL@WTEL‘MELII Ansansastuulususuneunlaun
gonadotroplns ACTH uwag thyrotropin mmmml
uAdwsEes L prolactin fawmvmummu FauTuy
N@mmﬂmmﬂmmiﬂﬂum prolactin-inhibitory
center‘ﬁl hypothalamus

Littley® 121UpAN125N1 B;:‘UI’JF;I pituitary
adema 119U 165 318 ARE1FUIEE 37.5-
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& ¥ s
42 51038 (T 15-16 AF9) NUN13AAERTINY GH,
gonadotropins, corticotropin kag TSH AU
100%, 96%, 84% WAT 49% ATNAIAL TUULER

\NA hyperprolactinemia 45%

v Yo (-7 1
patiu lugilosnzifaanasinaunzisely
v 1 Yo v ° v ° o o o
laaglnananlnaneas uuzilnanimlEuimiag

T
mw{@uimmﬂuu@ﬂmﬁ 35n98 (D Mean<35
1N981) WAL D Max 189N 45 1ngel

Tnaiagyl mnm@y}@ﬁmmq%ﬁmu%\mm
arunsnnualFunuiadneasanznilunis
anesaRB e lAFInNIeT 15

A1597 15 agduuannalunisnivue DVC Tunsal Brain tumor

[98E Parameter Limit

Brain stem D Max 60 Gy
Brain D 33% 60 Gy
Optic nerve, chiasm D Max 54 Gy
Retina D Max 50 Gy
Middle ear D Max 55 Gy
Cochlear D Max 50 Gy
D Mean 40 Gy

Scalp D Max 45 Gy
Pituitary gland D Max 45 Gy
D Mean 35 Gy

unuwnuoomsmas“oéuuuusunowuwu
Tu brain fumor sTOSU"

31897un15 1 IMRT 1 brain tumor 1ia
@uj mwmuimmnuﬂLumﬂmumﬂunu glio-
blastoma ‘ﬂEl’]\‘lVLﬁ‘ﬂGl’m An9ls IMRT Tunewiie
sangiinay @qaﬂuumﬂma‘mmﬂum@ n19am
ﬂ?mmmzﬁmfafm%ﬂﬂm@uu@ ANHNAY mniu
AN99NMUNLN TN H A inverse planning 79
mwummmmuunﬂmnmimmn 189UNTS
f;ﬂwmiﬂmﬂumamwmmﬂm IMRT 1umﬂq&
memngloma T medulloblastoma 0

Uy mmmmmmﬁﬂmmﬂfm menin-
gioma a9 40 318l mﬂ IMRT (NOI\/IOS Peacock
System) 13110593 44-60 Lﬂ’;‘?;l (median 53 Lﬂ??;l)
LAIRARKHANNTNHLNULEAE 30 LFaU W19
II\/IRT1‘1;?3/[51?’1ﬂ’1§‘ﬂf3‘1_lﬂuii‘ﬂL@W’]:ﬁﬁLL@t‘ﬁ/ﬁlﬂﬂ’]i
500337 5 1 AU 93% UAY 89% ANANFL

(%

GNLVIF;I‘]_ILWm‘LIN@ﬂ’W??ﬂH’]WJH conventional RT
Lu@\imﬂmmmmLum@ﬂslumﬁmmzﬂlﬂmw
1um LZQuN’]FTu?_Iﬂ@N 3.4 1u.) \feuFeufiey
funnsla radiosurgery mumwmmmmm
mm@niﬂumMmq 3 . meam?mmu
T?Mmmnmwﬂuﬂu mmwmmiumﬁﬂm
mﬂfmmﬂ IMRT laun tanfsse 3ainmnae
g1untan uay late CNS toxicity > grade3d
AU 2 978

Huang(80) 71891UNANTINE medul-
loblastoma lWfna1wIL 26 318 wuanale
IMRT boost #44 whole cramospmal |rrad|at|on
mm?mmﬂ?mm?mmw‘ﬁuslwnmmﬂfm an
54.2 me;l (conventional RT) WA 36.7 m’a‘ﬁ
uazan hearing loss grade > 3 a1 64% Wida 13%
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M

asu

Anasnmnawiesenlugues 1in high- AHNI0INERINN700TARlARNIN conventional
grade astrocytoma patl IMRT flaalaif3ennan  RT um IMRT flanuanunsalunisiimus DVC
conventional RT Muaiuanuazaanlunimne  aeeseazdnd i lvinnsunsngeuneadads
unsinE g lsaeufiameslunsiuen  Unfanas RefiunAnsaelllueunanae n1sle
WU inverse planning Tagdsnea 1un1sidanin  IMRT IufueLATiiTa
waanA9s aenelafaNy nansinEdla ey
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Level Frequency of emesis (%) Agent

High >90 Carmustine
Cyclophosphamide ( >,=1500mg/m2)
Cisplatin

Darcarbazine
Hexamethylmelamine
Mechlorethamine
Procarbazine
Streptozocin

Moderate 30-90 Carboplatin

Cyclophosphamide ( <1500mg/m2)
Cytarabine

Daunorubicin

Doxorubicin

Epirubicin

Ifosfamide

Irinotecan

Oxaliplatin

Temozolomide

Low 10-30 Capecitabine

Cytarabine (<,=1000mg/m2)
Docetaxel

Etoposide

Fluoruracil

Gemcitabine
Methotrexate ( 50mg/m2 )
Mitomycin

Mitoxantrone

Paclitaxel

Pemetrexed

Topotecan

Minimal <10 Bleomycin
Busulfan
Chlorambucil
Fludarabine
Melphalan
Thioguanune
Vinblastine
Vincristine
Vinorelbine
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Metoclopramide
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Lﬁ@l%iuﬂ?mwm@qiu?ﬁLLuuam Immﬂﬂﬁu&qﬁ
UF Lo dopamine receptors WATLH Ty
ﬂ?z\nm@\‘m%EUEWUimm serotonin receptors
A9

Uszd@nsnn lugLaeiilady cisplatin
n13lu metoclopramide TuauIAgagINI9n
paANAazAALlae AEuls agndlafinna dnns
AneReudiensemanansiv metoclopramide
ﬁum&%umtﬁﬂuiumﬁu serotonin antagonists
lugaefilasueafiidaivimiAanisniaz
palaeiaauge wuanglaeilasuenlungs
mﬁ’qmmmmumumwvxﬁu%mﬁw%ﬁnﬁ
metoclopram|de mrﬂummm@ﬂ‘w 2 ?A41NEN
Nad serotonin antagomsts Iumﬂqwimum
mumum‘wm’mmmmq m@u"mewﬂum

HATILAEN mmwmmmwuimmmm
metoclopramide A8 81117999uBUIANTaE,
N2 dystonic reaction, akathisia, NN
TTQ'MLL@;‘ﬁfﬁNLﬂ;W 21N17 dystonic reaction A&
FuusiuenguazAsniaivisen Ameeunis
Lﬁmmﬂ"ﬂwlﬁm‘ﬂm metoclopramide slw;‘ﬂlfaf;l
500 Meftlasuen wuandlglAnisaiifin trismus
w3e torticollis tRee 2% lugiasfangannnan
30 1 lunamsennanulaie 27% lugiaeiient
weenan lunsrasaAsswLLeean1s metoclo-
pramide ‘Lusﬂmeuﬂ?mmm@i‘wmummu
IR

A1ae dystonic reaction Tul1a1n1s
szm ImWTIQVLﬂLLg'm’n?Lﬁm dystonic reaction
Lay akathisia d1u1s0teeiulanaenasle
diphenhydramine, benztropine mesylate
(Cogentin) 32 benzodiazepine P Er Ty
A23NaLTY contraindication mqma“lﬁm‘lumﬁu‘ﬁ

Journal of Thai Society of Therapeutic Radiology and Oncology Vol. 15 No. 1 january -

june 2009 1 79



mo:ﬂe‘{uTa‘| oldsu

a aal ¥ ° o a e = = o N o o o
MA15190 4 TuqmﬁqLL@z'Jﬁﬂq?i‘VlﬁW@Wﬁ?ﬂﬂ"]’liﬁﬂ@uylﬁﬂqLQE‘HLL‘LI‘LIL'ﬂﬁlﬂWﬂuluﬂ"]LﬂNUqU@W
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Dosage’

Antiemetic agent Oral

Intravenous

Dolasetron mesylate 100 mg once

100 mg (1.8mg/kg) once

Granisetron

Ondansetron

Palonosetron
Dexamethasone
Metoclopramide
Haloperidol
Dronabinol
Prochloperazine
Lorazepam

Aprepitant

1 or 2 mg once
16-24 mg once or
8 mg bid

Not available

20 mg once

Not recommended
1-2 mg q 4-6 hr
5mg/m2 g4 hr
Not recommended
0.5-2.0 mg

125 mg

1 mg (0.01 mg/kg) once
8 mg (0.15mg/kg) once

0.25 mg once

20 mg once over 5 min
2-3mg/Kg g2 hr

1-3 mg q 4-6 hr

Not available

10-20 mg g 3-4 hr
0.5-2.0 mg g 4-6 hr

Not available

a= mwmummﬂwn@ummumumﬂffzmm 30 Wit ﬂ\?LLJJ’J’)Eﬂ?%ﬂ@JJ serotonin antagonists
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anlaluunems

Lorazepam
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vomiting 1991/

YSuraugn W 0.5-1.5 AaAuNIuAS
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Aprepitant
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NK1 antagonists 4141961413092 AUNI9LAA
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o Ada
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Risk level

Recommended antiemetic regimena

High ( cisplatin)
plus

plus

High / moderate
plus

Serotonin antagonist

Dexamethasone (12 mg)

Aprepitant (125 mg)

Serotonin antagonist

Dexamethasone (20 mg)

Low Single agent, such as corticosteroid
or serotonin antagonist
Minimal No preventive agent is recommended

for general use
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Risk level Duration Agent Dose and schedule
High Day 2-4 Aprepitant 80 mg PO qd * 2
plus
Dexamethasone 8 mg PO qd
Serotonin antagonist
Ondansetron 8 mg PO bid
Dolasetron mesylate 100 mg PO bid
Granisetron 1 mg PO bid
Palonosetron 0.25 mg IV day 1 only
plus
Dexamethasone 8 mg PO bid
Metoclopramide 30-40 mg PO bid
plus
Dexamethasone 8 mg PO bid
Moderate Day 2-3 Serotonin antagonist or
dexamethasone or metoclopramide
as single agent or in combination
at dose and schedule above
Low No preventive regimen is
recommended for general use
Minimal No preventive regimen is
recommended for general use
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Department of Otolaryngology®, Faculty of Medicine, Chi

ABSTRACT
Cancer is one of the major public

health problems in Thailand. In 2002, cancer
became the third common cause of death in
the Northern part of Thailand (1). The data
sources of this report are from the Maharaj
Nakorn Chiang Mai Hospital-based registration.
Maharaj Nakorn Chiang Mai Hospital is the
university hospital of the Faculty of Medicine,
Chiang Mai University. The hospital has 1,800
beds and serves about 415,000 out-patients
and 49,200 in-patients each year.

A retrospective study was performed
using the data from Chiang Mai Cancer registry

and Maharaj Nakorn Chiang Mai Hospital

B Materials and Methods

The retrospective analysis in the
present study was based on the data of Chiang
Mai Cancer Registry, Maharaj Nakorn Chiang
Mai Hospital and the medical records of
patients from January 2001 - December 2005.

In 2005, there were 4,108 cases of new
invasive cancer at Maharaj Nakorn Chiang Mai

Hospital (2). Thirty-six percent were Chiang Mai

ang Mai University, Thailand

records from January 2001 to December 2005.
There were 4,108 new cancer cases being
treated at the institution. The distribution of
patients are (a) 32% from Chiang Mai, (b) 42%
from nearby provinces of Lampoon, Phayao,
and Chiang Rai, (c) 20.4% from other northern
provinces, and (d) 1.2% from other parts of
Thailand. Based on our data, the common
cancers by relative frequency are the cancers
of the lung, cervix, liver, breast and non-
Hodgkin's lymphoma. The current treatment
options used to manage the leading cancers

are described in this article.

residents, 42.0% came from nearby provinces
(Lampoon, Lampang, Phayao and Chiang Rai),
20.4% came from the other provinces in the
northern region, and only 1.2% resided outside

the northern part of Thailand.

B Age and sex
There were 1,810 male and 2,298 female cancer

cases in the year 2005, with a male-to-female
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ratio of 1:1.3, but 1,135 (49.4%) of the cancers
in females occurred in sex-specific sites (i.e.
breast and reproductive organs) while only 80
cases (4.4%) of sex-specific cancers (i.e.
prostate, testis, and penis cancers) occurred
in males. When sex-specific sites were
excluded, the male-to-female ratio increased
to 1.5:1 (2).

Ages ranged from below one year to
98 years. The median age at diagnosis was 55
years, which was 57.3 years for males and 59
years for females. In the age group of 25 to
59, there were more female cancer patients
than males, while in the age group of above
60, there were more male cancer patients than
female cancer patients. There were 100 cases
of cancer in children (below age 15), account-
ing for only 2.4% of all cases, but there were
1,618 cases in the old-age group (age 60 and
above), accounting for 39.4% of all cases (2).

There were 214 in situ patients and
they were not included in this analysis. Uterine
cervical cancer in situ was the most common,
accounting for 63.6% of cases.

B Stage of disease

Twenty eight percent were diagnosed
at an advanced stage (20.3% distant metastasis
and 8.3% regional node metastasis), and
55.9% were diagnosed at a localized stage and
locally advanced. In 835 cases of distant
metastasis, 13.2% had multiple sites of
metastasis. The most common site of distant
metastasis was lung (21.7%), followed by
distant lymph nodes (21.4%), liver (16.5%),
bone (14.0%), and brain (12.6%).

B Leading sites of cancer cases

Of the invasive cancer in both sexes
combined, lung cancer was the most common
(14.1%), followed by cervix, liver, breast, and
non-Hodgkin's lymphoma (Table 1). Together
these five types of cancer accounted for 51.2%
of all new cancers. For males, the most common
cancer was lung cancer, accounting for 19.8%
of all new cases, followed by liver cancer,
non-Hodgkin's lymphoma, nasopharyngeal
cancer and rectal cancer. For females, the
most common cancers were cervix cancer,
accounting for 23.7% of all new cases, followed
by breast, lung, ovary, and liver cancer.

Table 1 : The 10 leading malignancies in Maharaj Nakorn Chiang Mai Hospital, 2005

Males cases % Females cases % Both sexes cases %
1 Lung 359 19.8 Cervix 544 23.7 Lung 578 141
2 Liver 319 17.6 Breast 324 141 Cervix 544 13.2
3 NHL 114 6.3 Lung 219 9.5 Liver 433 10.5
4 Nasopharynx 77 4.0 Ovary 143 6.2 Breast 333 8.1
5 Bladder 72 4.0 Liver 115 5.0 NHL 217 5.3
6 Rectum 61 3.4 NHL 103 4.5 Ovary 143 3.0
7 Colon 60 3.3 Corpus 94 4.1 Colon 119 2.9
8 Stomach 57 3.1 Thyroid 74 3.2 Rectum 115 2.8
9 Leukaemia 52 2.9 Colon 59 2.6 Nasopharynx 107 2.6
10  Prostate 48 2.7 Rectum 54 2.3 Thyroid 100 2.4

@
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B Childhood cancer

Approximately 24 percent of Thailand's
population is younger than 15 years old (3). At
Maharaj Nakorn Chiang Mai Hospital, there
were 100 cases of childhood cancers (ages
below 1 to 14), accounting for 2.4% of all cancer
cases in 2005. The most common childhood
cancer was leukemia, accounting for 49.0% of
childhood cancers, followed by brain and nervous
system (13.0%), NHL (6.0%), bone (5.0%), and
eye (5.0%). Leukemia, brain and nervous system
were the common causes of death in childhood

cancer.

B Primary Treatment:

In 2004, there were 18.8% of cancer
patients who received symptomatic treatment
alone due to advanced disease or patient
refusal. The other 81.2% received definitive
treatment (1). The majority of the patients
received single modality treatment and the most
common primary treatment was surgery,
followed by chemotherapy, and radiation
therapy (Table 2).

Table 2 : Type of Primary Treatment for Cancers in 2004

Type of Treatment

Single Modality
Surgery
Chemotherapy
Radiotherapy
Others

Combined modalities
Surgery + Chemotherapy
Surgery + Radiotherapy
Radiotherapy + Chemotherapy
Surgery + Radiotherapy + Chemotherapy
Others

Total

Cases %
2,176 77.6
1,208 43.1
553 19.7
414 14.8
1 0.0
628 22.4
332 11.8
137 4.9
107 3.8
47 1.7
5 0.2
2,804 100.0

THE 2 MOST COMMON CANCERS IN
NORTHERN THAILAND:

This study demonstrates that lung and
uterine cervix cancers are the two most common
cancers in Northern Thailand. A comprehensive
report on the characteristics, diagnosis and
staging, and the treatment is presented in the

management of these malignancies.

B Lung cancer

Cancer is defined as one of the major
health problems in Thailand and has been the
most common cause of death since 1999 (4).
Lung cancer in Thailand is the second most
common cancer in males after liver cancer and
the fourth in females

after cervix, breast and liver cancers. There is
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a higher incidence rate of lung cancer in northern
Thailand than other areas (5). In 2005, there
were 535 new cases of lung cancer diagnosed
in 2005 (326 males, 209 females) in Northern
Thailand. This constituted 25.6% of all cancers
in males and 14.9% of those in females. The
age-standardized incidence rates were 38.0 for
males and 21.7 for females. Lung cancer has
ranked first for new male cancers in Chiang
Mai since the first population-based registration
in 1983 until 2005 in this report. For females,
lung cancer ranked third in 2005 after breast
and cervix cancers. The incidence rates
increased with age in both sexes, with the rates
in males increasing sharply after the age of 45
years and exceeding those in females. The
cumulative rate percent to age 75 were 4.9%

for males and 2.7% for females. The risk of men

developing lung cancer by the age of 75 years
was 10 in 205 for men and 10 in 376 for women.
Among lung cancer deaths, 375 cases (70.2%)
died within one year of diagnosis and 116

cases (21.7%) died in the second year.

B Diagnosis and stage of lung cancer

Fifty percent of cases were diagnosed
in advanced stage (36.6% had distant metastasis,
13.1% had regional nodes metastasis). The
most common metastasis site was distant
lymph nodes, followed by brain (Table 3). One
hundred and thirty cases (40.7%) were diagnosed
by clinical diagnosis and 85 cases were
diagnosed by death certificate only. The common
cell types were adenocarcinoma (30.1%) and

squamous cell carcinoma (15.7%).

Table 3 : Histological Cell type and Staging of Lung Cancer

Cell Type males females both % Stage cases %
Adenocarcinoma 96 65 161 30.1 Localized 23 4.3
Squamous cell g9 29 84 15.7 Locally advanced 148  27.7
Small cell 21 7 28 5.2 Regional node 70 131
Large cell 8 15 23 4.3 metastasis 196 36.6
Others 16 5 21 3.9 Distant metastasis 98 18.3
Clinical diagnosis 130 88 218 40.7 Unknown/not stage 830

All 326 209 535 All

In terms of diagnosis and staging for
lung cancer, plain film chest radiography and
computed tomography (CT) of the chest and
upper abdomen including the liver and adrenal
glands are necessary. For endobronchial
lesions, pathologic diagnosis can be obtained
from bronchoscopic biopsy or CT-guided
needle biopsy. Mediastinoscopy and biopsy of

mediastinal nodes are commonly performed
during preoperative assessment of patients
with resectable lung cancer. Pulmonary function
tests are utilized to identify patients at high risk
of surgical complications. At present, the routine
screening for lung cancer in heavy smokers

utilizing CT scans is not implemented.
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B Treatment of Lung Cancer

Various platinum-based chemotherapy
regimens have been utilized in combination
with radiotherapy. Cisplatin-based chemotherapy
regimens such as cisplatin plus etoposide are
commonly used. Other regimens including
carboplatin/cisplatin plus paclitaxel, Cisplatin/
carboplatin plus gemcitabine and Cisplatin
plus vinorelbine have also been utilized.

Palliative thoracic radiotherapy is
commonly used for relieving symptoms caused
by advanced disease. Various total dose and
fraction arrangements were considered for
controlling symptoms: 13 Gy given in 2 fractions,
or 8 Gy single-fraction, or 20 Gy over 5 fractions
are commonly used. Whole brain radiation is
usually indicated for stage IV non-small cell
lung cancer with intracranial metastases.
Prophylactic cranial irradiation is recommended
for small cell lung cancer patients with good
response from the primary treatment. Palliative
radiotherapy for bone pain and prevention of
fractures in weight-bearing bones among
patients with bone metastasis is commonly

used.

B Cervix cancer

There were 234 new cases of cervix
cancer diagnosed in 2005. This was 10.3% of
all cancers in females. The age-standardized
incidence rates were 22.7 and trended to be
slightly decreased. Cervix cancer was one of
the three most common cancers in females. In
2005, cervix cancer ranked second after breast
cancer. The incidence rates increased sharply

after the age of 25 and were more common

than breast and lung cancers in the age group
15-44 years. The mean age at diagnosis was
50.4 years and the median age at diagnosis
was 48 years. The cumulative rate percent to
age 75 were 2.3%, represented 1 in 44 risk for
women developing cervix cancer by the age
of 75 years.

Screening for cervical cancer uses the
Pap test to detect the presence of premalignant
or malignant cells of the uterine cervix.
Although human papilloma virus (HPV) is a
major risk factor for uterine cervical cancer,
testing for HPV deoxyribonucleic acid (DNA)
is not a component in the routine screening of
cervical cancer in Northern Thailand.

Among cervix cancer deaths, 24 cases
(27.0%) survived more than five years, 34
cases (38.2%) survived more than three years
and 15 cases (16.9%) survived less than one

year.

B Diagnosis and stage of cancer

There were 223 cases of carcinoma in
situ of cervix uteri which were not included in
this analysis. The most widely accepted staging
system for cervical cancer is the FIGO (International
Federation of Gynecology and Obstetrics)
system. Among the invasive cancer, 112 cases
(47.9%) were diagnosed in localized stage and
6 cases had distant metastasis. The most
common metastasis site was intra-peritoneum
seedling. Ninety eight percent were histologically
diagnosed and the common cell types were
squamous cell carcinoma (79.1%) and

adenocarcinoma (17.1%).
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Table 4 : Histological Cell type and Staging of Uterine Cervical Cancer

Cell type males females both % Stage cases %
Squamous cell ca. 185 185 79.1 Localized 112  47.9
Adenocarcinoma 40 40 171 Locally advanced 104 444
Others 6 6 2.6 Regional node metastasis 6 2.6
Clinical diagnosis 3 3 1.3 Distant metastasis 6 2.6
All 234 234 100.0 Unknown/not stage 6 2.6

All 234 100.0

The patient is staged by physical
examination including a bimanual pelvic
examination with attention to parametria and
pelvic side walls, rectovaginal examination, as
well as examination of regional lymph nodes.
Imaging studies recommended include chest
radiography, intravenous pyelography (IVP)
and computed tomography (CT). In some
situations magnetic resonance imaging (MRI)
will help to identify local involvement of the
disease, as well as evidence of metastatic
spreading. Cystoscopy or proctoscopy is
indicated in advanced diseases in which bladder

and/or rectal involvement are suspected.

Treatment of Cervical Cancer:

Surgery

Surgery alone can be utilized for
carcinoma in situ (CIS), stage I1A1-2 and IB1.
Primary surgery is often chosen in younger
patients to preserve ovarian function. Surgery
is commonly used in conjunction with
chemotherapy and radiation therapy for

patients with bulky disease.

Radiation Therapy

Radiotherapy alone can also be used
for CIS, stage IA1-2 , and IB1 disease but is
often chosen for older patients to avoid surgical
risks. Radiation can be delivered with external
beam and/or intracavitary approaches.
Postoperative radiotherapy is recommended in
patients whose disease exhibits high-risk
features including bulky tumors, lymphovascular
invasion, deep cervical stromal invasion,
positive lymph nodes, and positive margins.
Radiation therapy is delivered with concurrent
chemotherapy for patients with stage IB, I, I

and IVA cancers.

Chemotherapy

Current chemotherapy recommendations
are platinum-based regimens. Cisplatin-based
chemotherapy concurrent with radiotherapy
affords improved locoregional control and
survival and is the standard of care in Northern
Thailand.

This study referred to only the Northern
part of Thailand. However, the data and

findings are important for the planning and
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delivery of the most appropriate and effective
health services for the regional population. The
authors recommended that cancer registry is
one of the best methods for handling cancer
problems in Thailand in terms of serving and

gquiding the health care plan.
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Abstract

Symptom experiences symptom management and quality of life in head and neck cancer

patients with radiation induced xerostomia

By Niramon Pojdoung, Chaveevan Jermsom and Churairat Thammapian Out Patient Department ,

Nursing Division, Loburi Cancer Center.

The purpose of this descriptive study
was to analyze the experience of certain
symptoms, symptom management, and quality
of life(QOL) in head and neck cancer patients
with radiation induced xerostomia based on the
Symptom Management Model of Dodd et al.
(2001). The study focused on 80 patients with
head and neck cancer who were treated by
radiotherapy in Loburi Cancer Center.

Data collection took place from January
to March 2008. The data was collected by
using Likert xerostomia questionnaires developed
by Esbruch et al. (2001), Xerostomia - related
QOL scale developed by Henson et al. (2001)
and Symptom management questionnaires
developed by Busakorn Sangkaew et al. (2006)
and Sujira Foongfaung et al. (2007). The
questionnaires were tested for content validity
by 3 experts. The CVI was .95 and the reliability
of The Cronbach' Alpha correlation coefficient
in relation to two categories (Likert xerostomia
questionnaries and Xeostomia - related QOL

scale) were .81 and .74 respectively.

The finding showed that 90% of the
subjects had xerostomia. They had moderate
distress and the most severe symptom was
difficulty in swallowing dry or solid food. To
improve their symptoms, the subjects used to
have soft diet or small pieces of food and avoid
tobacco, caffeine and alcohol consumption.
They should sip water frequently, drink water
at least 2000 cc/day and care oral hygiene by
brushing teeth twice daily. Xerostomia affected
their QOL. The severity of xerostomia was
significantly associated with QOL (p = .01).

In conclusion, xerostomia following
radiotherapy in head and neck cancer patients
was common and affected QOL. Thus health
care team should pay more attention to this
health problem and put a specific program to

improve symptoms and QOL of these patients.

Key word : Symptom experiences / quality of
life / head and neck cancer / xerostomia /

radiotherapy
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Target delineation in pelvic malignancy

B Prof. Pierre Scalliet

Target delineation is a medical procedure based on 3D imaging of the patient, in the
region of the tumour and its possible extensions. Its objective is to provide the medical physicist
with clear instructions for dose planning regarding volumes to be irradiated and organs at risk
(OAR) to be protected.

Target delineation is usually based on a set of CT images acquired in treatment position,
with fiducial markers set on the patient's skin (or other stereotactic methods). MRI and PET
scan can provide additional information, especially on tumour volume and characteristics
(metabolic imaging), that can help to modulate the prescription according to various
parameters (cancer cell density, level of perfusion, proliferative activity, etc).

In a way, the job of delineating targets is similar to the preparation of a surgical tumour
resection, as the common objective is to eradicate all visible tumour, together with microscopic
possible extensions (lymph nodes, etc). For this purpose, ICRU has developed a set of definitions
that clarify the consecutive steps of the delineation procedure (ICRU 50 & 62).
® 1.GTV

The Gross Tumour Volume (GTV) consist of all visible cancer sites that can be identified
on the imaging study. It can be unique or multiple (tumour GTV, enlarged positive lymph node
GTV). It represents the primary "target" that needs to be treated at nominal dose.

In pelvic malignancies, the GTV can be clearly seen on CT images (cervix cancer), or it can not
(prostate cancer, rectum cancer).
® 2 CTV

The CTV is a volume that is susceptible to contain microscopic extensions of the can-
cer, either in the vicinity of the GTV, or further in the lymph nodes of the relevant lymphatic
pathways. The CTV is an oncological volume with a high probability of containing cancer cells
in lower density (thus, not visible on CT or other imaging), whose irradiation is necessary for
adequate disease control.

CTV encompasses GTV in prostate and rectum cancer. In prostate cancer, the disease
can be confined to a small volume, or it can invade the entire gland. This cannot be distin-
guished on the planning CT study. Therefore, the entire prostate gland is entered as CTV.

Attempts are currently done to use functional MRI in order to better delineate, within the pros-
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tate gland, the subvolume containing the tumour, but it remains, so far, an investigational field.
In rectum cancer, the primary tumour volume can also be difficult to delineate on the CT. If so,
no GTV is contoured, and the delineation starts directly with the CTV (i.e. the mesorectum and
the relevant lymphatic pathways).

Extension of the CTV to lymphatic pathways depends on the probability of nodal
involvement.

In prostate cancer, this probability depends on the triad (a) T stage, (b) PSA level and
(c) Gleason score. It can be calculated with nomograms (Partin's tables, various websites) If
the probability of nodal involvement exceeds 10 to 15%, inclusion of lymphatics in the CTV
must be considered.

In rectum cancer, lymphatic pathways are always irradiated as the probability of nodal
involvement usually exceeds 15-20% for T2 cancer.

In cervix cancer, the probability of nodal involvement is also high for Stage Il and Ill tumours
(preoperative radiotherapy) or the nodal involvement has been demonstrated pathologically
(postoperative radiotherapy).

The anatomical localisation of the various lymphatic pathways has been published in a series of
articles (Radiotherapy & Oncology 2007 and 2009).

® 3 PTV

GTV and CTV are based on a proper understanding of cancer growth and spread.
PTV is a different concept, based on the ability, in specific circumstances, to actually deliver a
full prescribed dose to a specified GTV and CTV. It depends on organ movements and
displacements (respiration, day-to-day variation in bladder and bowel filling), as well as on
mechanical and dosimetric characteristics of the radiotherapy equipment (isocenter stability,
penumbra, etc).

It can be splitin Internal Target Volume (ITV), i.e. the margins necessary to accommodate
organ movements and displacement, and PTV that depends on mechanical and dosimetric
factors.

Clear recommendations for PTV are difficult to make as they depend on individual patient
characteristics, as well a son equipment characteristics in a given department. A conservative

PTV would be around 1 to 1.5 cm in all pelvic malignancies.
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nsqnansludemaninmies nisgnanwlddanenirlaviesils uaznimuiraauzidaluzeanes
‘J@GTWIN"] wani 16;15’13~I’11°;1uﬂ’1?ﬁ'3]’1?mqLL‘]_II\‘iﬁ‘Zﬁ:“]J‘ﬂ\‘iﬂJtLgx‘iLﬁﬂuiWNNm@jﬂ Inua1Aanisg
Nlﬁﬁmﬂlfau (surgicopathologic staging) %ﬂiﬁ?ﬁﬂﬂ?ﬂ?zﬁmmr}@\iﬁuimﬁ International Federation of
Gynecology and Obstetrics (FIGO) lud ar.1988 LL@zigﬁﬂW?ﬂ?:‘quwumquimﬁiuﬂ AA. 2000?
Tmﬁ‘ﬁ'ﬂixﬁuﬁuﬁ‘lﬁifgizum“ml,u'qa‘w:muw’?u LL@:”L&-;LWIML&MLmeqma@Lma‘”ﬂm (clinical
practice guideline) t:;ﬂfmmimf:;w

WaIN1sI9nIsILessazannzifadayinsaungn®

ﬂﬁ?LL‘]_II\i?::?;IL’Wﬂ\mL’LﬁG*QLﬁ@qIW?QNﬂQﬂ Guilleafeusnluszvanad ad. 1951-1961 lag
Brunschwig Lkasande L?‘F;Iﬂ')l’w the "League of Nations" staging system ([ﬁn’a‘w‘ﬁl 1) ﬂ’]?LLﬁﬂ?:ﬂz‘ﬁLLﬁﬂ
Wuaesszas A szazfiuileuznisey lufungnuazssaziaazifaguandaungn szazfiuiiou
Wunquiinndale waznauiiiaanudsmentsunie sofufdineaadunnsineadnluaduney
[ﬂlfﬂmsluﬁ‘zmlwﬁ AFA. 1961-1971 International Federation of Gynecology and Obstetrics (FIGO)
1gﬁmuﬁa‘:uuﬂﬂ?LLﬁaa‘:ﬁxmmmL?aLﬁlﬂuiwmum@nslmflﬁl,ﬂua'?:m (AN9197 1) uaziianfia
A, 1971 Infimsuusszasiiviady 1A uaz 18 puArNANTeeINISNAYN WAZLRY histologic
grading 1anldans® zﬁ’qmmﬁﬂmﬂl,ﬁqa‘:ﬁ:m@wu?aLﬁlﬂuiwmmgﬂﬁm{wmLLga‘&u wWunsuus
a‘tﬂzimﬂ%%mgawﬂaﬁﬂr{@uma‘ﬂhﬁmuﬁ\ﬂﬁﬂﬂfh clinical staging Aalpsimuni surgical staging
lunieuas

ﬁuwm Surgical staging

WRINI9TT8Y surgical staging L?:Nmmﬂﬁ‘ﬂf;la’]uw‘ﬂﬂ Sir John Stallworthy WazAns (5, 6)
ANNUNANEae Oxford ud AA. 1970-1971 Vmeﬂmuma‘mmm Wertheim hysterectomy and
Iymphadenectomy 1umﬂqau LNLEI@‘LIIWNN@@ﬂ?“’EI 3N 109 ?WEI N@ﬂ’\?ﬁﬂ‘]:f’]W‘Ll”J’\?'ﬂEl@“’ 11.4
Nﬂ’\‘iLL‘W‘iﬂ?u@WﬂﬂJ‘ﬂ\m L?Qllﬂﬂ\iﬁl@ﬂuﬁma‘ﬂ\i Q’]LLuﬂLﬂuﬁ“ﬂEQVS 5 ?@f_lﬂ 10 ALY ?’PJF;IZM 26 SLLLEJ‘]J"JEI
NVLNLEI@UIWNN@@ﬂ?vﬁV‘VI‘VIu\‘I WN9A1 LNTA2 LAY LNTA3 ATNAIAL ﬂ@wmmwmﬁmmmm@mi
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A. Staging 1951-1961

Stage Cases which the pathologist considers most likely to be of carcinomatous
0 nature, though it is impossible to arrive at a definite microscopic diagnosis
Stage | The growth is confined to the uterus

Group 1 Operable advisable

Group 2 Bad operative risk
Stage Il The growth is spread outside the uterus

B. Staging 1961-1971

Stage 0 Histological findings are suspicious of malignancy but not proven
Stage | The carcinoma is confined to the corpus
Stage Il The carcinoma has involved the corpus and the cervix
Stage Il The carcinoma has extended outside the uterus but not outside the pelvis
Stage IV The carcinoma has extended outside the true pelvis or has obviously involved

the mucosa of the bladder or rectum

C. 1971 modifications of satage |

Stage | The carcinoma is confined to the corpus
Stage IA The length of the uterine cavity is 8 cm or less
Stage IB The length of the uterine cavity is more than 8 cm

The stage | cases should be subgrouped with regard to histological type of

adenocarcinoma as follow

G1 High differentiated adenomatous carcinoma
G2 Differentiated adenomatous carcinoma with partly solid areas
G3 Predominantly solid or entirely undifferentiated carcinomas

@ﬂmm”l,ﬂﬁ\w{@uﬁﬂmam ﬁ@mwﬁﬂmmmmnmuL%ﬂvlﬂiuﬂgqm{"i@mm (myometrial invasion)

Taemuanfinsunsnszanelldanauinmansasay 24 1uﬂimmmmmﬂmmmmnmmmﬂﬂlu

ﬂ’g’mL‘JfﬂNﬂ@ﬂN’mﬂ'ﬂ 2 NaAWRAT mmmnm%wgunﬂiummmmmﬂiymﬂm staging system

% sluasieriudauaszeaznim clinical staging mumLmeqmi@]memgﬂfmmmLmqiwmmqﬂ
.

TCUSLINAIE
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v
Tunnsiszmu The Felix Rutledge Society 1 Af. 1971 Boronow uazanz laiinsadlsais
= =< A Y = o ' X a .
n13ANEI284 StallworthyuazAns Tenilseguiaualninisdnsiisesauluemsng Ing Gynecologic
Oncology Group 1] Pilot study 1 GudAnunlud ae. 1973-1977 waztiiaualuid ad. 19847° ua
nsfnen Aaugaeug LNLEI@UIWNN@@T]?VEJVV]MM\WNMNm 222 718 Wusuauiinuaniinisuns
nazaneeszitlldinantimdes Taaaz 10 S1uunAmINTA1 N92 waz inTn3 laiuresas
v v v v v 1
2.2 908A%11.4 UAZIRYAY 26.8 ANNAIAL AINNIIANEIT9AN v lmiAiannsAnEnani tng
! 7 1Y v '

Creasman wazAz® 1¥3e GOG 33 Tedlyaefianiun1sAneiaunm 621 998 NAN1TANHINLAN

1 1 1 v ]
adadevdAnyuazlaniasasnisunsnssasaasnziflldmandnvane (A19199 2) wulllu

1 4 1 v F 27 1 1

Lme\iLﬁmﬁuﬁumiﬁnmmim uanaInieanuansan 22 vasgtlanzidutieynsaungnazazi
uils (clinical stage) finnsnszanavesnziialluandanngn

gag7LlanneAnEades "me\mmmﬂqem siuflayInssungnanulaniageenisuns
nrzanerasziddlldimeaiuvaes ulu 2 nqu fe Tamadasuas (negligible risk) Aa uzidala

v v ¥ o ¥ v ¥ ' i
gnansinldlunanitienngnusaanlllunauiiaungnlusin (superficial invasion) Tunsiin

v v v 4 v 1 v 1
Wuinas 1 waz 2 aadinegnatnan ldlunanuilanngnivsesas 30 lwnizinga 1 wmntiundlania
& ¥ = Sy o . Sy e '
\@aeuet 99ND9387 IuH vascular space involvement (VS1) uagzlusnait lufinnsunsnszanalluan
1 1 v o 1 % 1 1

Fanagn unenslainnlugienquidiilenialaniazesnisunsnszaiaaenziiqlldmnen
93 - rv (9) 7 dI - d;ld 1 1 1 dl dl 1 1 =
wnndeslasesar 0-3° yiasnuenmieaniitienaylunguidasnanisunsnszaneuesnziialy

1 v
f9maN1UNLUARY (substantial risk)

FIGO staging of endometrial cancer 1988 and 2000
o = . = %9
NAIANNNNTANBIUDS Gynecolog|c Oncology Group Nnoa9rulag Boronow” way
Creasman” Vl,mumﬁ?ﬂiwnuLL@vﬂiymﬂhmnmaumm@\m LNLEI@UTWNN@@Hiu%UUIMNﬁJ@&
International Federation of Gynecology and Obstetrics (FIGO) Iuﬂ AA. 1988 Tmmﬂ@ﬂu@’m
clinical staging 11w surgico-pathological staging (11319% 3) uazladnisuseagununanluslud
AA.2000?

v 13 1 v v
o

dunaulun1ani surgical staging AaaAa"” nsunfauunasluuuws vertical midline
incision mumlm}lmwmm@m peritoneal washmg Tm?ﬂfn Normal saline %78 ngers lactate
solutlon UIuu 50 100 LanAmT &szimmslmmvumu YT paracolic gutter ‘1/]\1@@\‘1‘11’1\‘1 LAY
mmmaummm LW@@\‘]G]?'MM’]L“H@@NBLN ummnuﬂuﬂmmmzmﬂlummmmLmeummmm
Lﬁ‘lfﬂmwmmm%mmmu%gd ﬁﬁﬁmumanum%ﬂﬂ}%mm%qq (extrafascial total hysterectomy
with bilateral salpingo- oophorectomy Iuﬂ?mm\lma‘ﬂimwiﬂmﬂﬂﬂum@ﬂLLuq,uﬂummwmﬂLL‘LI‘LI
mod|f|ed radical hysterectomy mmmWﬂmmma@ﬂu'ﬂ\‘im\‘miﬂuu@”/m@ para-aortic Tuﬂimw
mmmmmimvmm@w 139 m@lmm‘wmmmmemm@mmimﬁmmm LN"Lﬂmmummam

IHEREY lymph node sampling mummawmm 138 N lymphadenectomy ﬂvl,mmmmm:u
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Risk factors No.of patients Pelvic LN. (%) Para-aortic LN (%)

Histology

Endometrioid adenocarcinoma 599 56(9%) 30(5%)

Others 22 2(9%) 4(18%)
Grade

G1 180 5(3%) 3(2%)

G2 288 25(9%) 14(5%)

G3 153 28(18%) 17(11%)
Myometrial invasion

Endometrial 87 1(1%) 1(1%)

Superficial 279 15(5%) 8(3%)

Middle 116 7(6%) 1(1%)

Deep 139 35(25%) 24(17%)
Site of tumor location

Fundus 524 42(8%) 20(4%)

Isthmus-cervix 97 16(16%) 14(14%)
Capillary-like space involvement

Negative 528 37(7%) 19(4%)

Positive 93 21(23%) 15(16%)
Other extrauterine metastasis

Negative 586 40(7%) 26(4%)

Positive 35 18(51%) 8(23%)
Peritoneal cytology

Negative 537 38(7%) 20(4%)

Positive 75 19(25%) 14(19%)

% & ~ ' P s =y ! % A A o =
quV@ﬂ\TLWﬁ\?@EﬂQLﬂﬂ'}@q@VLN PNENNE LUANAMNAUIALBNA BN UNUNBINHUNITNTSANURNIURAINELT

LazaunInaa L lai A eresas 30 © 1 Girardi UAYATLENLINIDEAT 37 TBINANUNLNADITT
ANINTEANERITaaN LI R IUNAIENNN 2 TaRIATLALIALAE 47 HU1NALENNIT 10 HaAwmas™?
%@ﬁq%ﬁdﬂﬁmmmmiﬁﬂ lymph node sampling VBIRBULNLIAD para-aortic Aa Asda9NTinNg
nsvangrans il ineutnvae para-aortic ¥38 common iliac IaEN1TART TAN1NTTANE VR

1 1 1 1 v v v
wziivlddameinlauarmieivle nenunmdedlugaudenauls dnisgnainaesnzialyly
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v £ 1 ! 4 ¥ 1

NANILANAGNNINNGIATITBIAINULN wananHduuzn Tuvin luse i histology wuwl clear cell,

1 v
papillary serous %38 carcino-sarcoma histologic subtype au7 aaa®

M1519% 3 Surgical staging of endometrial cancer, FIGO 1988 & 2000%

Stage 0 Carcinoma in situ
Stage | Tumor confined to the corpus uteri
IA G123 Tumor limited to endometrium
IB G123 Tumor invades up to less than half of myometrium
IC G123 Tumor invades more than half of myometrium
Stage |l Tumor invades cervix but does not extend beyond uterus
A G123 Endocervical glandular involvement only
1B G123 Cervical stromal invasion
Stage Il Local and/or regional spread as specified in I11A,B,C
A G123 Tumor involves serosa and/or adnexa (direct extension or metastasis)

and/or cancer cells in ascites or peritoneal washings

B G123 Vaginal involvement (direct extension or metastasis)
C G123 Metastasis to pelvic and/or para-aortic lymph nodes
Stage IVA Tumor invades bladder mucosa and/or bowel mucosa
VB Distant metastasis (excluding metastasis to vagina, pelvic serosa,

or adnexa, including metastasis to intra-abdominal lymph nodes other

than para-aortic lymph nodes and/or inguinal lymph nodes)

Notes:  Histopathologic grade (G)
G1 Well diferentiated;
G2 Moderatedly differentiated;
G3 Poorly or not differentiated;

Morbidity AN Surgical staging
ANNANATYTRINIINT surgical staging @Qﬁma‘ﬁﬁﬂﬂﬁm{@uﬁﬁmﬁmﬁmméﬁu?ﬁqmm
WAL/ 130 para-aortic TagRNani lymphadenectomy YR lymph node sampling 51; %Q;mmﬁﬂ
ﬂimum?mrlmxmmﬁwmmiumaﬁﬁr:im”mmﬂ @Wﬂﬂ’)?ﬁﬂ‘]ﬂﬂ[ﬂl’m"] A9l wua1 a3
surgical staging sl,uﬁ@mmsjﬁi’ﬁmm firsastlataeluntsandafimanzay wazil adequate exposure
“’llﬂJLWNLQﬂﬂsluﬂ%‘N’][ﬂﬂ ma‘mm@@m T‘ﬂﬂﬂ’&ﬂ]‘ﬂx‘lﬂ’]ﬂ‘ﬁm@ﬂ LASTOEHS L"J@’]‘Vllﬂjﬂl"sﬁllﬁl@\i‘ﬂﬂiu
T39NELNA LN@Lﬂ?‘F;IULVIEI‘]Jﬂ‘]_IﬂW?N’mm\Iﬁ@ﬂLL@“’NPL"]J LWEI\‘J@EINL@EI"J (10 u@ﬂmnumq LL‘V]?ﬂsﬁ‘ﬂu
‘VlLﬂﬂ‘lIuQﬁﬂlhl ﬂ%‘[ﬁlm‘ﬂ@ ﬂﬂgﬁ'ﬁ’lLﬂﬂ@’]ﬂLLN@N’ﬂﬂﬁLL@Z embolic phenomenon mummmmaﬂeﬂ@u

NAATUANNNINIUNAY 11 lymphocyst %38 lymph edema hutnauas9dllsg1Anylunguinvn
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v 7| 1 1
surgical staging(”’m”g) anulug e dunindaninnening Aesneenuaed Foley uazaniz(19)
: o

W‘LI'J’] Tunnumﬂqamnqutm@mn‘ununnmumnunmﬂnﬁ %Lﬁmmmnﬂumimﬁnﬂ?mm@@n

h o

v 7
=

fidelUanizrnsa §asnnsfinunaRnd euazuRALEN muﬁ\ﬁxmmmﬁpﬂﬂqa;@a@@u‘mwmmn
nnﬁqﬁﬁm‘nﬁn&l Inefignsnisifnunainideuazunanen fasuduiusinenseiuninzlafinans
AEURINITHAR u@nnﬁnﬁluiﬂlwmﬁqLﬁlnqimwnqmwzﬁ' 1 Alasunisvinandaang
PBATNMARY (therapeutic Iymphadenectomy) anagagann N T lun s MR NI RS

usialasluii N recurrent rate® 2"

mﬂmqmnm (external rad|otherapy) AEvdensEnEaly
mﬂqau Liqtﬂnu‘twmunnnuﬂm 1 vmnmmmmm (high-risk) 1% Tusneadus mmnu‘twmun
QNNTA 2 UAY 3 umiqnmmmmmLm”l,ﬂunmuLu@unqn u aggressive cell type vidalusne s
nsnszanaaednzielldalinuagn %ﬂtqmn@qﬂﬁmi n’tinﬁmﬂu%ﬂuét\t@qnimvln (local pelvic
control) wrlarlaiia survival rate™ ® 722 Tumianduiuenalfiun1nsunsngeuinaanniadsne

i (24-27)

MSHIAARDNUNLUADY SNARANNSSNE (Therapeutic value)wdalu

u‘t_lmLtmuﬂ’titnuﬂwnﬂimmnm@mu’tmnm (Iymphadenectomy 38 Iymph node samphng)
nﬂiumunnummmmuw HTURINY mmnuiwmmnn 9 0aad891n1IHN T AR ONTWA 99T
Uselgmiifeaiii avanniswennsailsn ‘m@umiunmmmmﬁnmaﬂwnw #elusravndaiis
ﬁmm‘ﬁ'nﬁumuminﬂﬁn ianzAea AR luATUTaININE NN T Kilgore uazAm ™ Anu
gnuuﬁ\iLLE“EJ‘UL‘ﬁﬂu;ﬂwwﬁqLﬁln‘uiwmmn@n iwdwnnuﬁiniﬁminﬂﬁnnnuﬁnmam (muttiple-site
Iymph node dissection) ﬂ‘]_Jﬂ@N‘t/tvLm“Llﬂ’tiN’]mmNm@ﬂLL@”NVL?I M WUQﬂun@wVLniun’timnn
PENLNIMABY & survival rate nnmn@mrvl,uvl,mumimnnn@ummnm@mwuﬂmnm Lazuen
Lﬂ?ﬁumﬂﬂunnmﬂwmﬂu low risk Uaz high risk LAYFAN Chuang tazanie" " WLUANNNSHA AR
n@uu’tmnm (Iymph node sampllng) milnmﬂ‘ummi‘ﬂm retroperitoneal recurrence Trimble Lag
ADdE® wummamnnn@mmmmﬂummnmu (lymph node sampling) mmwu 5-year relative
survival rate iumﬂfmu mtmu‘twmun@nivﬂm 11n9m 3

yenani Larson uaz ADLZ(30) vl,nmﬂ\mun’mnmmﬂfmu L?dLH@UIWNNﬂ@ﬂI‘Hﬂ@N high
risk ;Qﬂnﬂimmntm mmuﬂmm}\‘t (therapeutrc lymphadenectomy) LL@“’”L%JI»L&?%; adjuvant treatment
Tuseit lufinnsnszanaresusiielldanansinmaed mnminnmwudmﬂwu survival rate f4308a%
90 Podratz uazAne®" Tﬁﬂdﬁu’ﬂqﬁﬁﬂﬁﬂmﬂ’]iﬂﬁuLﬂu%’t (recurrent disease) ‘Lunzg'uiﬂw moderate
WAL high-risk eI RN A (therapeutic lymphadenectomy) TeilsAannnislnged
Fipbea (teletherapy) wu&qﬁ@ﬁﬁmi;@mv 6.6 ANIRNETIaRIAaNARRITUTLINNTANE1 Y04 l\/lohan
LLZ\]“’NLL“’ i’tm’tumﬂqw L?QLEI@UIWNN@@M‘”E]“’VI 1 minmm@mmnunnnttnvmhLL@ LT,

LA mnuu’tma’a\t (therapeutic lymphadenectomy) mun‘ui‘n brachytherapy ‘W‘LI’M 15-year overall
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survival rate gailaTeeas 98 wazil recurrent rate TesAz 4 dvagUlunisAnmnan grade wazng
anamasanzfuallunanuilenngn luilnane overall disease-free survival A1NNNTANE
wRauiilen (prospective randomized control trial) GOG study 99 Tugtisauziaifieyinsaungn
Teel 517{ 1 ‘17‘{‘1/Tf1 complete surgical staging uazdl intermediate-risk TmﬂLﬂ?ﬂmﬁﬂu%wﬁwm{uﬁi;?ﬂ
Fadfne (pelvic radiotherapy) 17111 5,040 cGy nun@mimimqu@mm ‘W‘Llfm survival rate
mmmm\‘m@uiuummLufmmNﬂufm;muuﬂmﬁmmmmm

Barnes WazAne® laAnun cost-effectiveness ‘Lumi@lmi“ﬂmpzﬂqamﬁqLﬁlﬂqiwmmqﬂ
sreIzian (early-stage) ‘Emml,ﬁ\maleﬂfmmmLmemLL@%ﬂmﬁﬁ:ﬁ@ ﬂ@INLLiﬂﬁ‘V]e’] comprehen-
sive surg|ca| staging LL@“’WNMﬂHﬁ (external radiotherapy) L@Wﬁ”Iuiﬂﬂwu vifanszaneliluen
mummmuu ﬂ@lummmm TAH+BSO 1 brachytherapy QU I mmfau‘[wmmamym 1B
grade?2 LL@ﬂ‘M external radiotherapy sLquJ]‘ﬂfJEl high risk V]Lu@@ ﬂ@‘m/lmﬂumﬁﬂ‘iﬁ’ummmmnu
ﬂ@lmﬁ'mm LLI?]I&LT;VT’] frozen section mmﬁqumnr{@uﬁmﬁmau%Lﬁ@nﬁﬁﬂﬂﬁmLmvr;{@m}f]mﬁ@ﬂu
ﬁwummmmm NANSANENLAN ‘Luﬂ@mmﬂmﬂmwmmﬂqmm AL (cost per patlent)
mmm N13AN®IT89 Barnes WazAME Fanning™ sn\uﬂiﬂ‘umﬂ‘ummLL@iﬂmmﬂfmu L:Nm@'u
I‘WNN@@N”E} Wan ‘:?“’me‘mz{smm comprehensive surg|ca| staging LL@’JSLM brachytherapy Tu
mﬂ‘w high risk 1l n@m/nm selective lymphadenectomy LL@fﬂ‘ﬁ teletherapy lunsalinaaiu ‘wmﬂu
ﬂﬂNLLiﬂ@”N cost savmg mmﬂm” 39 @m\ﬂ,iﬂ mumiﬂﬂwﬁmﬂmﬂ‘u cost-effectiveness 1 mu"l,u
NﬁﬂW@W@xmqﬂim’J’] n19911 surgical staging i cost-effectiveness 234

mﬂ%@umﬁ”mrgm%ﬁﬂ;ﬁ LLm‘EﬂmmmmLmaf““ﬂms?ﬂqawﬁqL?J'fauiwmmamxﬂ%m
(early stage) sl,uﬂ@fwu n19911 comprehensive surgical staging 1@L°]J’13JWU‘1/]‘1J’W1LL@ Lﬂumjfam‘u
11NT 1 BeNANNATT I8 U3 0999N TR L AR INY LNLL@”@’]LLuﬂNﬂQEIGI’mﬂ'J’mL@F;N‘Mﬁ‘@ﬂ’]ﬁ‘
Wmmm‘imimmgmum mim@lumummmﬁﬂmQﬂf;mnmﬁﬂimumimmim Surgical
staging "Lu‘lﬁmwmmmﬂwmmm

NSUL9sEE TN LNLﬂ@UIWNM@ﬂmu FIGO Staging 1 Ar.1988 VmemIﬂu
INWF;I’WU’]@@W’]@QH?MWQLLM i ae. 1994 Tnaneunuiulainni surgical staging 119 B9fansnin
mﬂumm 1) luszeizingn 7 1 daun 9 Ar.1994-2000 mﬂfm:u LNLH@UTWNmmmnmmm
mimmmmum 222 91¢l slummuu”l,mm surgical staging 156 18 (i“ﬂ?.l@” 70) mmmm 54.5 4
(24 84 i) ﬁ‘@?;l@w 63.5 @ﬂ‘l,mwumm 10818273.5% @ﬂsl,mv axft 1 fnnsnszansaeusfalyd
muml,mmmmmmmmm 15 918l (i"ﬂ?;l@“’ 9.6) 'J@fwmemﬁmwum@mmim”mmmu 139
il smesiinmans A histologic grading miqﬂmm@\mzmLmvl,ﬂsluﬂmuLu@mqn (myometrial
invasion) Lmeimmqm@\mzﬁﬁﬂmﬂmmmfggﬂ (mm\‘rﬁ' 4) zﬁ'fmzﬁmmmwm@ﬁwumix@ﬁ”mﬁ
NAN"E histologic subtype nnansvaneesnzialidadan isthmus wazdnuagn iuifads Rereitl

AledAyn1eada
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Risk factor Pelvic LN. No.(%)

Grade*

G1 (N=90) 5(5.6%)

G2 (N=32) 0

G3 (N=43) 10(30.3%)
Myometrial invasion

No invasion (N=40) 1(2.5%)

Less than 50% (N=64) 1(1.6%)

More than 50% (N=52) 13(25%)
Cervical metastasis

Negative (N=133) 9(6.8%)

Positive (N=23) 6(26%)

* 1 g1en1lu Clear cell 'l Histologic grading

LLu"JVI’Nﬂ’]?mL@?ﬂ‘]:MNﬂQEIN mLa@‘ui‘wswm@ﬂm@qimwmmmWﬁmm‘m‘luﬂ@wu (@ﬂm)
1wn complete surgical staging )n37¢ anwluseiiniag LLVI?ﬂ"ﬁ‘ﬂu%’]\‘lﬂ’m?ﬂ??NVILﬂu‘ﬂﬂ@??ﬂ
mma‘mmm ummmwiﬂmmﬂm@ﬂ@mwmmu (gross cervical lesion) 8n1snszana e
mmﬂmu (frozen peIV|S meslum‘wu distant metastasis A& 1n33NELEE A TIRFNENOY
AnsudavtelumefidanuAeanineaninszarsensslldaneninmaesie 1ummmﬂmm
Lm”lﬂ“l,uﬂmmu@ngﬂ Tuumam‘vmmmm@qmm@@ﬂu@ﬂmmqﬂLmvuju Well differentiate

adenocarcinoma (AN3797 5)%

AN9197 5 fadedeanTnananisnszaneaednsiialldanansninaes GOG study®

Lymph node metastasis(%)

Risk Factor Pelvic Para-aortic

Low risk (no moderate- or high-riskfactors)
Grade 1, endometrial only, no intraperitoneal disease 0/44 0/44
Moderate risk (inner mid invasion, Grade 2 or 3;

no intraperitoneal disease 4/158(3%) 3/158(2%)

Onl fact
nly one factor 15/268(6%)  6/268(2%)

Both factors
High risk (intraperitoneal disease, deep invasion)

Deep invasion only 21/116(18%)  17/116(14%)
Intraperitoneal disease only 4/12(33%) 1/12(8%)
Both 14/23(61%) 7/23(30%)
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Guideline for management of endometrial cancer
at King Chulalongkorn Memorial Hospital

Fractional Curettage
Complete investigations

Good surgical candidates ‘

- Well-differentiated - Other histology and grades

adenocarcinoma
- Uterine sound within 8 | - Uterine sound beyond 8

|

Vertical incision

Peritoneal cytology

Abdominal exploration
Extra fascial TAH+BSO  Complete surgical staging

i

Open the uterus off the field

No myometrial invasion Myometrial invasion

Pelvic lymphadenectomy Pelvic lymphadenectomy+

para-aortic lymph node

Poor surgical candidates

Severe medical illness
Gross cervical lesion
Advanced pelvic disease
Distant metastasis

i

Pre-operative radiation

|

Vertical incision
Peritoneal cytology
Abdominal exploration
Extrafascial TAH+BSO
Lymph node sampling in
suspected nodes

x| o v @ A <
sU# 1 uwneanisguasneylianziiutiey insanngnaealsaneuiaginaansu
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Response of Intensity Modulation Radiotherapy (IMRT)

for the metastasis pleura of synovial soft tissue sarcoma :

A case report

Bl Atchima Pongchawee, MD, Kanjana Shotelersuk, MD
and Chonlakiet Khorprasert, MD

Division of Therapeutic Radiology and Oncology, Department of Radiology
Faculty of Medicine ; Chulalongkorn University

Background : Pleural lesion is a challenging location to be treated with 2-dimension or 3-dimension
radiotherapy because of its adjacent critical normal structures including ipsilateral and
contralateral lungs, spinal cord and heart. Intensity-modulated radiation therapy (IMRT) is an
advanced and promising radiation treatment technique which allows a more conformal radiation
dose to target volume especially in hemithorax comparing with 2-D and 3-D techniques. Pleural
IMRT after extrapleual pneumonectomy (EPP) for patients with malignant pleural mesothelioma
has been shown to be feasible. Therefore, IMRT of the pleural metastatic lesion is a challenging
treatment.
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Materials and Methods : We report a 34-year-old female with history of synovial sarcoma at the
right thigh. After a one-year disease-free interval, she developed multiple pleural masses at
right lower lung. She underwent thoracotomy followed by several cycles of chemotherapy.
However the tumor had poor response to treatment. The pleural masses still increased in size
and number. The two large pleural masses from CT scan, measured about 9.2x4.6x5.4 cm and
7.3x2.7x3.4cm were at medial and posterior basal segment of the right lower lung respectively.
The smaller one was at posterolateral of the right 9th rib. She was then referred to our department
for palliative radiotherapy.

CT simulation with contrast enhancement was done with the patient in the supine position.
The gross tumor volume (GTV), planning target volume (PTV), and critical organs at risk (OARs)
were contoured on each transverse slice of the planning CT images. The GTV included multiple
enhancing pleural masses on axial images. A uniform 5-mm margin was applied to extend the
GTV in all directions to form PTV. The interesting OARs were heart, spinal cord and lungs.

IMRT dose prescription was 40 Gy in 20 fractions with concurrent carboplatin (AUC5)
every 3 weeks.. The IMRT isocenter was placed in the geometric center of PTV. Nine axial
nonopposed 6-MV photon beams were used.
Results: The 95% of PTV was received 40 Gy. For the OARs, the lungs were evaluated using
V20 (lung volume receiving greater or equal to 20 Gy). The V20 was 27%. Spinal cord dose was
within tolerance limit. The heart V30 was 38%. Acute side effects of treatment were minimal with
only grade | nausea and grade | neutropenia. No clinical pneumonitis was detected.

After three and six months follow up, CT scan of the chest showed very good response
with complete regression of the pleural mass at the right 9th rib and partial decreased size of
the pleural masses at medial and posterior basal of the right lower lung. (Figure)

Conclusion : Treatment of the metastatic synovial sarcoma in pleural cavity was feasible. Good
clinical response was observed using IMRT and concurrent chemotherapy. The excellent dose
distributionin target volume with acceptable normal tissue dose were demonstrated. The
patient was well tolerated. IMRT of pleural lesion is encouraging for further study.

Figure

Pre-treatment Post-treatment 6 months
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Two-isocenter IMRT technique for soft tissue

sarcoma of extremity : a case report.

B Napapat Amornwichet, Chonlakiet Khorprasert

Division of Therapeutic Radiation and Oncology, Department of Radiology,
Faculty of Medicine, Chulalongkorn University

BACKGROUND : The majority of high grade soft tissue sarcomas of the extremity require
postoperative radiation therapy as a component of their local management. In some cases, the
treatments fields are very long. It is technically challenging to treat such a long volume
homogeneously, while sparing at least one-third of the circumference limb and half of the
cortex of the adjacent bone. These challenges can now be met by utilizing two-isocenter IMRT

approach to treatment planning and delivery.

MATERIALS AND METHODS : A case of 56 year-old female patient with multiple recurrent
liposarcoma at anterior and medial compartment of the left thigh upto the gluteal region. She
was previously treated with post-operative radiation at this site 2 years ago. For this time, the
tumor was surgically excised and planned to have postoperative radiation. The patient was
immobilized using a thermoplastic mold in supine position. Contrast-enhanced CT simulation
from lower abdomen to below knee was performed. The GTV included the residual tumor
visualized on CT simulation. The CTV was tumor volume as seen in the pre-operative MRI. The
PTV divided to PTV1, PTV2, and PTV3. The PTV1 was the GTV plus 1.5 cm margin whereas the
PTV2 was the CTV plus 2.5 cm margin in all directions and PTV3 was CTV plus 3 cm margin in
horizontal plane and 5 cm in vertical plane. As a result, the longest dimension in cephalocaudal
axis and volume of the largest PTV were about 50 cm and 878 cm3, respectively. This could not
be encompassed in only one isocenter IMRT plan. Therefore, the two-isocenter IMRT with 14
treatment fields was used. This two-isocenter IMRT plan was optimized without controlled
junction dose. The dose was prescribed in simultaneous integrated boost. The PTV1 was
prescribed to 70 Gy while the PTV2 was planned 60 Gy and 50 Gy for PTV3 in 35 fractions. The

maximum dose constraint to the adjacent bone was also specified.

RESULTS : The dosimetry showed homogeneous dose distribution throughout the PTV. The
95% of PTV achieved prescribe dose while 99% of the volume received higher than 93% of

prescribed dose. And There was not more than 3% of the PTV volume received more than
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107% of prescribed dose. Reductions in maximum dose to bone and sparing of the remaining
posterior compartment of the limb were observed. This two-isocenter IMRT plan also reduced
hot and cold spot within the overlapping junction. Furthermore, we created the situation of
set-up error demonstrated by 0.5 and 1 cm shifting of two isocenters in cephalocaudal axis.
After recalculation, we found that there was no unacceptable cold or hot spot. Because when
we use 3D conformal technique, isocenters shift of matching fields always produce very low or

high dose at overlapping region.

CONCLUSION : The two-isocenter IMRT planning showed excellent dose distribution in very
long PTV (longer than 40 cm) without unacceptable hot or cold spot despite there was set-up

error.

MRI-assisted brachytherapy for cervical

carcinoma at King Chulalongkorn Memorial Hospital.

B Napapat Amornwichet, Kanjana Shotelersuk,
Chonlakiet Khorprasert

Division of Therapeutic Radiation and Oncology, Department of Radiology
Faculty of Medicine, Chulalongkorn University

BACKGROUND : Intracavitary brachytherapy plays a crucial role in the management of invasive
cervical cancer. Currently, most of procedures are done using 2D treatment planning. Radiation
dose is usually prescribed at point A and dose-point specification of bladder and rectum is
done in accordance with the ICRU 38. However, these might not be good representative for
tumor and whole volume of organs at risk. MRI-assisted brachytherapy is a useful tool to help
adjusting dose distribution in order to better cover the tumor while sparing adjacent normal

tissue. Therefore, superior local control rate with minimal complication can be achieved.

MATERIALS AND METHODS : A case of 54 year-old female patient with FIGO stage IlIB invasive
sgaumous cell carcinoma of cervix was treated with MRI-assisted brachytherapy at King
Chulalongkorn Memorial Hospital. First, We performed CT simulation and MRI of pelvis after
insertion of MRI/CT compatible brachytherapy applicators. GTV, CTV-high risk, CTV-intermediate
risk and organs at risk were delineated according to GEC-ESTRO recommendations. Dosimetry
of 2D optimization and point A dose prescription was compared with 3D-based treatment

planning. 3D treatment planning consisted of two methods of optimization, one was to prescribe
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dose to the points at surface of CTV and another was inverse planning system. The 3D-dose

volume parameters from DVH were also compared to each methods.

RESULTS : Comparing with 2D plan, 3D treatment planning allowed much improvement in CTV
coverage. But increasing radiation dose to organs at risk was demonstrated. Large CTV volume
and using conventional applicators may be limited factors to modify the dose distribution.
Interstitial needle implantation may be beneficial in this aspect.

The treatment process including applicators insertion, CT simulation, MRI and treatment

delivery was complete within 4 hours.

CONCLUSION : MRI-assisted Intracavitary brachytherapy can provide excellent CTV coverage.
However, clinical correlations such as local control and morbidities are important issues that

need more experience and long term follow up.

Nasopharyngeal Carcinoma in Childhood

and Adolescence

B Pimkhuan Kamnerdsupaphon, MD., Vicharn Lorvidhaya,MD.,
Imjai Chitapanarux, MD., Ekkasit Tharavichitkul,
MD., Vimol Sukthomya, MD.

Division of Therapeutic Radiology and Oncology, Faculty of Medicine, Chiang Mai University, THAILAND
Email address of main author: pimkhuan@mail.med.cmu.ac.th

Cancer of the nasopharynx (NPC) is a NIH listed rare tumor that in children and
adolescents, of 0-19 years of age has a crude rate calculated at 0.6 cases per million by the
North American Central Cancer Registry (NACCR) based on data published in 2003. According
to the International Agency for Research on Cancer (IARC) the worldwide crude rate for NPC in
children, 0-14 years of age is 0.1 per 100,000. The most affected continent is Asia with 891
cases, followed by Africa with 469 cases, America with 167 cases and Europe with 45 cases in
2002.

Objective : This is a retrospective, single institutional, review of the management and results of
locally advanced nasopharyngeal cancer in childhood and adolescents in Chiang Mai
Thailand.
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Materials and Methods : From January 2000 to December 2005, there were 16 nasopharyngeal
cancer patients receiving the treatment at the Division of Therapeutic Radiology and Oncology,
Faculty of Medicine, Chiang Mai University. Five patients were excluded from this analysis due
to presenting with distant metastasis or diagnosed with non-Hogdkin's lymphoma. A total of 11
locally advanced nasopharyngeal cancer patients entering onto this study. The median age
was 18 years, ranged from 10 to 19 years. The majority (90.9%) were male with the ratio of male
to female = 10:1. There were stage 3 in 2 patients, stage 4A in 5 patients and stage 4B in 4
patients, according to 1997 AJCC staging system. Treatment approaches include 7 concurrent
radiochemotherapy + adjuvant chemotherapy and 4 neoadjuvant chemotherapy + concurrent
radiochemotherapy. The Median radiation dose at primary site was 7,000 cGy (6600-7000 cGy)
and the median radiation dose at regional lymph node was 7,000 cGy (5,000-7,000 cGy). The
chemotherapy regimens were cisplatin + 5-fluorouracil in 8 patients and carboplatin + 5-
fluorouracil in 3 patients. Ten patients achieved complete response and one patient got partial
response. The median follow-up time was 51 months (6-86 months). Six of 11 patients (54.5%)
have been followed more than 50 months. There was only one patient (9.09%) developed distant

bony metastasis of pelvis at 8 months after treatment completion.

Conclusion : This review demonstrated that the definitive radiotherapy integrated with systemic
chemotherapy is the effective treatment for locally advanced nasopharyngeal cancer in the

young. This combination also yields the prolonged survival in this retrospect population.
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The results of incomplete planned cycle of weekly

cisplatin in locally advanced cervical cancer

B Auttapol Pinitpatcharalert,MD, Ekkasit Tharavichitkul,MD,
Imjai Chitapanarux,MD, Pimkhuan Kamnerdsupaphon,MD,
Vicharn Lorvidhaya,MD, Vimol Sukthomya,MD.

Division of Therapeutic Radiology and Oncology, Faculty of Medicine, Chiang Mai University,
Thailand.

Background

The standard treatment for locally advanced cervical cancer is concurrent chemotherapy
with six cycles of weekly cisplatin (40 mg/m2) and radiotherapy. However, some patients
undergo incomplete planned cycle of chemotherapy due to intolerance such as hematoxicity
or nephrotoxicity. This study evaluated the results of different number of weekly cisplatin, in
term of locoregional control (LRC) and disease free survival (DFS).
Patients and Methods

From January 2004 to December 2006, patients with FIGO stage IIB and IlIB cervical
cancer who treated with concurrent chemoradiotherapy by weekly cisplatin (40 mg/m2) at least
one to six cycles and complete schedule of radiotherapy were reviewed retrospectively.
Results

One hundred and fifty one patients were included in this study. 86 patients (56.9%)
received complete planned of six cycles of cisplatin and 30, 18, 6, 4 and 7 patients received
five, four, three, two, and one cycle of cisplatin respectively. Median time to follow up was 28
months. No statistical significance of 4-years DFS (74.4% versus 64.6% p=0.161) and LRC
(90.7% versus 84.6% p=0.207) were founded between patients who received six versus less
than six cycles of cisplatin. The 4-years DFS and LRC were not significantly different between
patients who received >5 cycles and <5 cycles of cisplatin (DFS: 71.6% versus 65.7% p=0.39,
LRC: 89.7% versus 82.9% p=0.227). Results of subgroup analyses of efficacy by stage was
done, and we found the statistical significant of only 4-years LRC (87.5% versus 61.5% p=0.041),
not for 4-year DFS (59.4% versus 46.2% p=0.223) in stage IlIB patients. No significantly different
for 4-years DFS (76.2% versus 77.3% p=0.939) and LRC (90.5% versus 95.5% p=0.497) in
stage |IB patients.
Conclusions

The effectiveness of concurrent chemoradiotherapy with weekly cisplatin in locally
advanced cervical cancer was decreased when given less than six cycles of cisplatin, in term
of 4-year DFS and LRC. But no statistical significance were reached. Subgroup of stage IlIB
patients had significant decreased in LRC when given less than five cycles of cisplatin but not
reflected to 4-year DFS. For stage |IB, 4-year LRC and DFS were similar.
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The alveolar gel can reduce acute skin radiation

reaction in breast cancer patients.

Bl Cherasamran S., Chainam Y.
Division of Radiation Oncology, Lampang cancer center,
Department of medical services

Objective : Many technique and devices have been used in an attempt to minimize acute
skin radiation reaction which is the major limiting toxicity for treatment of breast irradiation.

The alovara gel was designed to minimize acute skin radiation reaction.

Meterials and methods : From October 2007 to June 2008,100 breast carcinoma patients who
received postoperative breast radiation therapy were included in this study. The radiation field
were planned to devide in two side. One for alovara gel side compared with the control area.
In this process we usesd alovara gel 3 times per day on radiated days. The skin reaction was
recorded by digital camera everyday. Compare the acute skin radiation reaction by RTOG Skin

toxicity Criteria.

Result: the alveolar gel cannot reduce acute skin radiation reaction in breast cancer patient.
But can delay acute skin radiation reaction .
Conclusion: the alveolar gel cannot reduce acute skin radiation reaction in breast cancer

patient. But can delay acute skin radiation reaction.

Key word : acute skin radiation reaction, breast cancer, the alveolar gel
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Small bowel displacement device can reduce
small bowel volume in radiation field and
GI complication in postoperative pelvic
radiation therapy patients.

Bl Cherasamran S., Chumpoo N., Pungpang B., Tikeaw A.,

Panyafun K. , Homkanjan S.

Division of Radiation Oncology, Lampang cancer center,

Department of medical services
Objective : Many technique and devices have been used in an attempt to minimize
gastrointestinal side effect which is the major limiting toxicity for treatment of pelvic irradiation.
The small bowel displacement device designed to displace the small bowel out of the

pelvic radiation field and minimize treatment related bowel side effect .

Meterials and methods : From October 2006 to June 2008, 40 cervical carcinoma and uterus
carcinoma patients who received postoperative pelvic radiation therapy were included in this
study. The patient were planned to use small bowel displacement device(SBDD) to minimize
small bowel volume in radiation field and immobilization board. The SBDD consist of customized
compression device and immobilization board. After opacifying the small bowel with barium,
the patient were laid in prone position and posterior - anterior (PA) simulation film were taken
with and without SBDD. The volume of the small bowel included in the radiation field with
and without the SBDD were compared acute toxicity from the treatment was recorded and

compared to the control group.
Result :the mean small bowel volume and area of patient treated with SBDD was reduced by
40.55 % and34.79% respectively. Patients treated with the SBDD manifested lower incidence

of acute gastrointestinal toxicity.

Conclusion: SBDD can reduce small bowel volume in the radiation field which result in lower

incidence of gastro-intestinal toxicity.

Key word : acute gastrointestinal side effect, pelvic radiation, small bowel displacement device
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The Efficacy of Oral Aloe Vera Juice for
Radiation Induced Mucositis

in Head and Neck Cancer Patients :
A Double-Blind Placebo-Controlled Study

B Putipun Puataweepong, M.D.,* Mantana Dhanachai, M.D.,*
Somjai Dangprasert, M.D.,* Chomporn sithatani, M.D.,*
Thiti Sawangsilp, M.D.,* Laddawan Narkwong, M.D.,*
Parmorn Puttikaran,M.D., * Tanin Intragumtornchai, M.D.,**
Ekapop Muennuch, M.D.,*** Chonsanee Klaitong, M.D. ***

Purpose : The aim of this double -blind, randomized controlled trial was to evaluate the efficacy
of oral aloe vera juice in the alleviation of radiation induced mucositis in head and neck cancer

patients.

Methods and Materials : 61 eligible head and neck cancer patients who received conventional
radiation therapy at Ramathibodi hospital and Mahavajilalongkorn Cancer Center were
randomized to received oral aloe vera juice or placebo . Mucosal reaction was assessed

during the course of radiation using RTOG grading system.

Results : Patient baseline characteristics were identical in both arm except gender, which was
more male patient in the aloe vera group (p=0.03) and previous surgery, which was higher in
the placebo group (p=0.04). The incidence of the severe mucositis was statistically significant
lower in the aloe vera group compared with the placebo (53% vs 87%, p =0.004). However.
there was no statistically significant difference in the time to severe mucositis development. No

adverse effects related to the drug were reported in this study.

Conclusions : Our study showed that oral aloe vera juice had some benefits in alleviating the
severity of radiation-induced mucositis without any side effects. Because it is easy accessible
in Thailand with a relatively low cost, the aloe vera juice should be considered as a good

alternative agent for the radiation-induced mucositis in patients with head and neck cancers.

Keywords : Head and neck cancer, Radiation induced mucositis, Aloe vera
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Symposium in "QA in Advanced

Treatment Techniques"

Bl Mr. Taweap Sanghangthum

Division of Radiation Oncology, Department of Radiology,
King Chulalongkorn Memorial Hospital
Department of Nuclear Technology, Faculty of Engineering, Chulalongkorn University

Quality assurance (QA) is the process of verifying or determining whether products or
services meet or exceed customer expectations. In radiotherapy, the QA is one of the major
parts that contributed to the treatment result. The goal of a QA procedure in radiation oncology
is to evaluate a particular treatment delivery process. The traditional QA procedure compares
the results to limitation from the specifications, defined by some group e.g. AAPM Task Group,
which is acceptable or unacceptable. However, those specifications are including both random
and systematic sources of error. One goal of an optimal QA procedure is to separate these
types of errors and to minimize the number and magnitude of systematic error. The way to do
this can be done by the control chart.

In these few years, control chart was applied to use as a modern and highest level QA
tool in radiotherapy. The control chart (Shewart chart) or process-behavior chart is one of the
seven basic quality control tools for statistical process control (SPC) used to distinguish between
process variation resulting from common causes and variation resulting from special causes. It
was introduced by Walter A. Shewhart in the 1920s that originally for industrial manufacturing
process and business field. A control chart consists of three basic components: a central line
represents the mean value, two horizontal lines of the upper control limit (UCL) and lower
control limit (LCL) as a limitation of common variation causes, and the data points that plotted
over time. If the chart indicates that the process is currently under control then it can be used
with confidence to predict the future performance of the process. If the chart indicates that the
process being monitored is not in control, the pattern it reveals can help determine the source
of variation to be eliminated to bring the process back into control. There are various types of
control chart, so the medical physicist should be selected the appropriate applications of

different control charts to get the highest benefit.

Key words : Quality Assurance, Radiotherapy, Control Chart
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Symposium in "QA in Advanced

Treatment Techniques"

Bl Miss Lukkana Apipunyasopon

Division of Radiation Oncology, Faculty of Medicine Siriraj Hospital, Mahidol University
Department of Nuclear Technology, Faculty of Engineering, Chulalongkorn University

The Intensity Modulated Radiotherapy (IMRT) technique is the most advanced from the
3D conformal radiotherapy which increased the tumor control probability and decreased
treatment normal tissue complication probability. However, the clinical implementation of IMRT
is still have many problems such as increased treatment time and MLC failures, demanded the
individual patient QA and many components of this new technology (both hardware and software)
and set up uncertainty will have a greater impacted etc. Therefore the requirement of the devices
and the QA methods of increasing the precision and accuracy now become necessary.
Recently, the imaging technologies for guidance in the radiotherapy play on important role
such as Image-guided radiotherapy (IGRT) with KV or MV Cone beam CT to reduce the instability
of the safety margin and the geometric uncertainty of patient setup.

IMRT using inverse treatment planning can improve dose distribution. Each IMRT field
is created with a number of small segments and delivered though many small irregular and
asymmetric MLC field. So the accuracy of IMRT depends on small field dosimetry, MLC system,
characterization of MLC system in the computerized treatment planning system (TPS) and
mechanical accuracy of the linear accelerator.

A small field is defined as a field with a size smaller than the lateral range of charged
particles, which electronic equilibrium condition isn't exists. Dosimetric error of small and
non-standard field in IMRT has become considerably larger than the conventional beam. So
the high resolution detector and the measurement with extra precision are necessary.

For the sliding window delivery technique, MLC moves continuously in the same direction
and with independent speed while the beam is on. Therefore the accuracy of the leaf motion
and the leaf position are very important for the treatment. There are two methods to obtain the
actual leaf positions for delivered IMRT field: either by a direct measurement with a radiographic
imaging system or by saving the MLC controller log files. For the IMRT technique by using the
commercial treatment planning with inverse planning software, the description and performance
of the MLC must be defined. The wrong data will be gave the wrong dose distribution.

The mechanical function and dosimetric data of the linear accelerator are essential to
check for establish the precision, accuracy and limitation of the machine. The movement of
MLC and machine uncertainty impacts the actual dose distribution of the patient.

Key words : IMRT, IGRT, Cone beam CT, MLC, inverse planning,
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QA in Advance treatment technique

W Sukanya Rutchantuek

Division of Radiation and Oncology, Faculty of Medicine, Ramathibodi hospital

Abstract

There are significant differences between conventional 2D radiation treatment and 3D
conformal radiation therapy. Making a transition from one to the other is an important mission.
A complete understanding of all steps is necessary before one can successfully begin program
in 3D CRT. Delivery of treatment in an accurate and reliable manner by no means easy to
achieve, since the radiation therapy process is a complex interweaving of a number of related
tasks for designing and delivering radiation treatment. To treat the patient as planned requires
accurately calibrated treatment units, the availability of treatment aids and immobilization
devices for positioning and maintaining the patient in the planned position. Additionally, verifying
the correct delivery of treatment may require the use of portal and verification radiographs, in
vivo dosimetry, and record-and-verify system. For the safe practice of 3D CRT, it is essential
that there is a QA program covering the whole process from CT scanning through to treatment
delivery. It is important to arrange for proper maintenance of these equipments and to ensure
that the treatment machines, simulator, and computer treatment planning are available during

normal working hours.

Verification of Treatment Setup Using Computed Radiography

for Portal Imaging : Preliminary Experience

B Ruj Singhasaenee ' Sutee Dechawongsuwan '
Chumpot kakanaporn ' Paku Ruengprom ?
Tanyaporn Saenarai °

' Division of Radiation oncology, Department of Radiology, Faculty of medicine, Siriraj Hospital, Mahidol University

* Department of Radiologic Technology, Faculty of Medical Technology, Mahidol University

ABSTRACT

Introduction : Portal images for photon beam therapy are necessary to confirm the treatment
field by comparing them with a simulation image obtained before treatment. As a result, film
processors are being removed from service or are poorly quality assured. The aim of this study
was to examine a method to more conveniently acquire portal images by using a computed

radiography (CR) system.
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Material and methods : All images were obtained with head and neck region of Rando phantom
and irradiated with Cobalt-60 and 6 MV X rays. The CR system used in this study included
diagnostic imaging cassette and photostimulable phosphor plate (PSP). An observer study was
designed to compare the image quality of CR with enhanced contrast (EC) film by Cobalt-60,
and also compared for CR images and electronic portal imaging (EPI) with 6 MV X rays.14
observers were used: two radiation oncologists and twelve radiation therapy technologists.
They rated CR, EC film and EPI images of the head and neck region phantom for the clarity of
landmarks using a numerical scoring system. Images were rated on a scale of 1 to 5, with 5
being the clearest, the visibility of each landmark in each image. The score for each landmark

was averaged overall reviewers..

Result : Ratings for the clarity of landmarks were similar for CR and EC film/EPI images for most
landmarks. There were no statistically significant differences (p > 0.05), except the nasal septum
in AP image from 6 x-rays, CR images rated poorly compared to EPI as 'not clear' in AP view but
body and spinous process of C-spine, and skull in lateral view were more visible in CR images
than in EPI.

Conclusion : Because of the results gathered from a small sample size .The visibility of landmarks
in CR images is comparable to that in EC film and EPI. The CR system may replace the film
without any noticeable decrease in image quality thereby reducing processing time and saving
the costs of films, and shorter exposure times for CR may result in a reduction of motion artifacts
and reduce the patient dose compare to EPI. We hope that the CR system will be come more
widely used and replace the film method and a future aim is to develop a CR system to take

advantage of computerized image-processing techniques and PAC technology.
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Updated and Advanced Technology

in Radiation Therapy

B Chirapha Tannanont ' Chumpot Kakanaporn *

' Chulabhorn Research institute
? Radiation Oncology, Faculty of Medicine, Siriraj Hospital, Mahidol University

One of the greatest challenges of using radiation therapy for the cancer treatment is to
deliver the highest possible dose to the malignant tissue and, at the same time, ensure that
normal tissues closest to the tumor receive the lowest possible dose. The technologies of radiation
therapy process including image modalities, planning, verification and delivery have undergone
rapid change. While these changes have been welcomed for the benefit of the cancer patient,
each change has carried with it a spectrum of new concerns about its appropriate application
and efficient integration into radiation therapy practice.

Modern advances in computers have paralleled advances in imaging technologies.
The improvements in imaging have in turn allowed a higher level of complexity to be incorporated
into radiation therapy treatment planning systems. As a result of these changes, the delivery of
radiation therapy evolved from therapy designed based primarily on plain x-ray images and
hand calculations to three-dimensional x-ray based images incorporating increasingly complex
computer algorithms. Advanced treatment planning software has furthered our ability to modulate
radiation dose. Instead of choosing every beam angle and weighting, computer optimization
techniques can now help determine the distribution of beam intensities across a treatment
volume, which often include a nonintuitive distribution of "beamlets" which called IMRT. In addition,
greater awareness of the challenges to the accuracy of the treatment planning process, such
as problems with set-up error and organ movement have begun to be systematically addressed,
that called Four-Dimensional Radiation Therapy (4D-RT). We are also limited by the difficulties
of immobilizing a patient for the duration of an IMRT treatment. Patients and tumors move both
as a result of movement such as respiration and digestion. Then the imaging technology for
IGRT enables clinicians to acquire 2D, 3D, or 4D images prior to each treatment session and
visualize soft tissue detail .This enables clinicians to detect and correct for patient motion, and
even determine if the patient would benefit from a new treatment plan. This increasing use of
IMRT and IGRT has focused attention on the need to better account for both intrafraction and
interfraction uncertainties, which has helped spur the development of treatment machines with
integrated planar and volumetric advanced imaging capabilities.

This brief overview discusses how these advances have changed the way the most

common neoplasms are treated now and will be treated in the near future.
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Effectiveness of Clinical Practice Guidelines Implementation

for Mucositis Prevention Among Head and
Neck Cancer Patients at Lampang Cancer Center

Bl Mrs. Arporn Fukul
Master of Nursing Science (Adult Nursing)

Independent Study Advisory Committee
Lecturer Dr. Pratum  Soivong Chairperson
Lecturer Suthatip Upalabut Member

ABSTRACT

Mucositis is a significant complication in head and neck cancer patients who are
receiving radiation or combination of radiation and chemotherapy. With the appropriate care,
this complication can be prevented or decreased its severity. This operational study aimed to
explore the effectiveness of clinical practice guidelines implementation for mucositis prevention
among head and neck cancer patients attending services at Lampang Cancer Center. The
implementation of clinical practice guidelines model of Registered Nurse Association of Ontario
(RNAQ, 2002) was applied as a conceptual framework of this study. The subjects of this study
included 19 head and neck cancer patients receiving routine care for mucositis prevention and
23 head and neck cancer patients receiving care through clinical practice guidelines for
mucositis prevention. The instruments of this study were; 1) Clinical Practice Guidelines for
Mucositis Prevention Among Head and Neck Cancer Patients Receiving Radiation or
Chemotherapy developed by Wiphassawong (2004) and 2) the Mucositis Assessment Form.
The content validity and reliability of the instruments were approved before use in this study.
Data were analyzed using descriptive statistics. The result of this study reveal that upon completion
of clinical practice guidelines implementation, the mucositis incident rate decreased from 89.50%
to 34.78%.

The findings of this study demonstrate that nursing practice base on evidence have an

impact on nursing outcomes and lead to quality improvement.
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Blue Line Gauze in HDR

Brachytherapy : Pilot Study

B Nitaya Suthiyuth, MM*, Surangrat Phrommet, BN*,
Kantarat Rojanapan, BN*, Sunthari Rueang-amphan, BN*

PURPOSE : To identify the anterior rectal wall by using the blue line vaginal gauze packing in

the vagina during the high dose rate brachytherapy procedures in cervical cancer patients.

MATERIALS AND METHODS : The high dose rate brachytherapy cases during November
2008 to January 2009 using a tandem and two ovoids were included. Firstly, 4-feet blue line
vaginal gauze packing was placed anterior and posterior to the ovoids in order to push the
rectum and the bladder away from the applicators and to stabilize the applicators. Orthogonal
radiography were taken to check the applicators position and vaginal gauze packing after
each insertion. The position of vaginal gauze packing was examined by looking at the blue line
inside the gauze. The vaginal gauze was ensured to be placed just posterior and anterior to the
ovoids. The repacking was performed if the packing was inappropriate. A reference volume
definition for rectal and bladder dose calculations were carried out. The rectal dose was
defined at the position of 0.5 cm. posterior from the posterior most of the blue line vaginal
gauze packing compared with the dose of the rectal probe. The bladder was not defined by

using the blue line gauze packing, in fact using the posterior wall of the foley balloon.

RESULTS : 62 applicators insertions with blue line vaginal gauze packing were excluded in
this study. Repacking were performed in 3 out of 62 insertions due to unsatisfied packing.
Among the 62 insertions, 6 insertions demonstrated higher rectal doses by using blue line
marker compared to rectal probe. The dose differences less than 10% were detected in 4 out of

6 insertions. The other 2 insertions were found to have more than 25% rectal dose differences.

CONCLUSION : The blue line vaginal gauze packing is useful to demonstrate the appropriate

packing and likely the represent the accurate anterior rectal wall doses.
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Symptom experiences symptom management

and quality of life 1n head and neck

cancer patients with radiation induced xerostomia

B Niramon Pojdoung, Chaveevan Jermsom
and Churairat Thammapian Out Patient Department , Nursing
Division, Loburi Cancer Center.

The purpose of this descriptive study was to analyze the experience of certain symptoms,
symptom management, and quality of life(QOL) in head and neck cancer patients with radiation
induced xerostomia based on the Symptom Management Model of Dodd et al. (2001). The
study focused on 80 patients with head and neck cancer who were treated by radiotherapy in
Loburi Cancer Center.

Data collection took place from January to March 2008. The data was collected by
using Likert xerostomia questionnaires developed by Esbruch et al. (2001), Xerostomia - related
QOL scale developed by Henson et al. (2001) and Symptom management questionnaires
developed by Busakorn Sangkaew et al. (2006) and Sujira Foongfaung et al. (2007). The
questionnaires were tested for content validity by 3 experts. The CVI was .95 and the reliability
of The Cronbach' Alpha correlation coefficient in relation to two categories (Likert xerostomia
questionnaries and Xeostomia - related QOL scale) were .81 and .74 respectively.

The finding showed that 90% of the subjects had xerostomia. They had moderate
distress and the most severe symptom was difficulty in swallowing dry or solid food. To improve
their symptoms, the subjects used to have soft diet or small pieces of food and avoid tobacco,
caffeine and alcohol consumption. They should sip water frequently, drink water at least 2000
cc/day and care oral hygiene by brushing teeth twice daily. Xerostomia affected their QOL. The
severity of xerostomia was significantly associated with QOL (p = .01).

In conclusion, xerostomia following radiotherapy in head and neck cancer patients was
common and affected QOL. Thus health care team should pay more attention to this health

problem and put a specific program to improve symptoms and QOL of these patients.

Key word :  Symptom experiences / quality of life / head and neck cancer / xerostomia /

radiotherapy
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