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The preliminary results of High-Dose-Rate intracavitary brachytherapy with
small-sized cobalt-60 radioisotope in carcinoma of cervix uteri :
The first results of Thailand from Lampang regional cancer center.

Wey. WAdagT aNEINA Wl
T. Asakit, MD.
. o )
nzgmwwmn‘m @uﬂﬂtLNﬂ’]ﬂ’N
Lampang Cancer Center, Lampang, Thailand

ABSTRACT

Objective : to evaluate the treatment outcomes and gastrointestinal and genitourinary toxicity
associated with Co-60 source in the high-dose-rate brachytherapy of cervical cancer.
Study design: Retrospective, descriptive study

Material and method : The data were retrospectivelly collected from medical records of women
with stage I-III cervical cancer who recieved whole pelvic external beam radiotherapy followed by Co-60
source high-dose rate (HDR) brachytherapy from 1 December 2007 to 31 July 2010 at Lampang Cancer
Center and were analyzed by using descriptive statistics. Toxicities were scored using Common
Terminology Criteria of Adverse Events (CTCAE) version 3.0.

Results : During the study period, 46 patients with cervical cancer were mean age 59.5 years.
Twenty four patients (52.2%) were FIGO stage 1IB, 14 patients (30.4%) were FIGO stage IIIB. They
received 50 Gy in 25 fractions of pelvic external beam radiotherapy and 26.0 Gy in 4 fractions of HDR
brachytherapy with Co-60 source. The median total treatment time was 56 days. The mean total BED
(Gy10) for point A was 90.9 Gy (75.8-107.5), for rectum (BED Gy3) was 111.15 Gy (78.60-210.70) while
that for bladder (BED Gy3) was 101.80 (76.80-171.80). Fourty patients (95.6%) were classified complete
response. The most common acute gastrointestinal toxicity was diarrhea (11 patients, 23.9%). One patient
(2.2%) had grade 3 gastrointestinal toxicity while all others (10 patients, 21.7%) had <grade 2 toxicity.
The most common acute genitourinary toxicity was urinary frequency (9 patients, 19.5%). All of them
had <grade 2 toxicity. Six patients (13.0%) had late gastrointestinal toxicity (proctitis). One patient (2.2%)
had grade 3 proctitis while others had only grade 1.

Conclusion : The results of this study have shown that pelvic external beam radiotherapy followed
by HDR brachytherapy with Co-60 source is effective, with acceptable toxicities and might be
comparable with other radioisotope. Further long-term follow-up or study should be performed.

Keywords : External beam radiotherapy, HDR brachytherapy, Co-60 source, cervical cancer, toxicity
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ANTUIATBILATENNENGDA LA LINIUALEN daudnT
AuTunsadlaueas-60 (Cobalt-60) Tuiilunfiaw
4 v o~ e 4 .
Weasanauinressiuniinfadnasirresiedenld
wiluszazuandfaunnluninitansiuduniedas
WEn-192(11) wpiluilaqiiuanunsniazuanLAses
Hoag1iuaenldansinsunfadlaueas-60 AHaIUA

WANWNEULASNAUAN AN UATIARTALN-192 WAL
wugn liansanTAn i @nd5alsmuleunuans

unFRDIRN-192(12)
dalerauresasinduniadlaueas-60 Ap

'
=<

a0 aa ldl 1 o o v adaa a
LANATNTINNUIUNIN A1 TN T UATIRDILAEIN-192
Tpedni N AL as-600AAT9TIR Aa 5.2 1]
T Ran AN URSIAa3iRLN-192 HANATNTIM 73.8
Juynlansinunadasnen-192 adluseanlasw
£% o a o a A ldl o o o a
Funinisdnn 3-4 weu Tusnienansiudunig
Taueas-60 aniludeaasusuniinisdnn 6-8 T
gansnndunfaadlauead-60 andufuniliniedn
WHNZANE1 LA TRARNINENNTAN TR
AutuANisANziTaztlasiudindnaiig
laRnNshmAfasTLLN17dan ldusTRASATINTHE
Fnnuidgesmataueas-60 unnsnaaslsvine
Inasaus 29 waAan18u2550 wazlduliiinis
o N [~3 v VYo o ]
Snnfihanziialnuagniaanisiia@inunesng
al A 1 o al o o Z’/ 1) dJ
WAERUTE TN AUENLARLNTANFLAT WA, 2545 B
I a Cs 3 o v Yo a
wellAxnegudnzsaanL g laRsr UL iR ey
TnAriadnsnN1TuELBNEAsTAUNa1e (Medium
dose rate) IagldFAuniasaR a1 NI un TR
FUFHAN-137 (Cesium-137) agjudn Inaluilaqiiuga
TafinsAnennananisinenziainuagning 4
o o o al & n:llzzl [~3 d!/
gnanuunF9dlaueas-60 ARvuALANT
o o = X s A =
AaTiuNsAnENiiqatszasA aAnEINanIg
Snuleeld5adsnunszaslndlnednsiunfedlanvea
F 298D NITUNINTRUNTAIZLLNILALBINNT
sruuilaganny (Gastrointestinal and Genitourinary
. . v [~3 dl Yo
complications) Tugilaauzifanungninldiunig
fnEAaen1TaNefAAINAEuaNANNARNNTEen 1d
wirHASRINITWHLEN U AgeSuans TN un A
Taueas-60 NlAUNsinEAuTAILANLATTIaiY
TsANZIF9RInIAa1LNg
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s:10auna:3smsoe
AN9AAETINTTUUL L UANHERUNAY (retro-
spective descriptive study) Ansnlugiloauzisa
Unuagnifnananendiiugu dunzSalnungn
i‘zﬂ:ﬁl -l 184 (FIGO) ﬁﬁmﬂ’]wf’]\m’m(peﬁormance
status) ﬁgﬂﬂiuﬁuimﬂ Eastern Cooperative Oncol-
ogy Group (ECOG) performance status scale
aglusziu 0-2 1HFunisfnunlaaiedinun ey
asAgavTesaNdueAiLNTe TAFun15nmn
YU 1 §U01AN 2550 -31 NINGIAN 2553 NIANTEN
ialainaufaefiduantnensiuiudndusis
waaLan (small cell ) @ﬂqmﬁﬁ*ﬂmuﬁqmaﬂ?:ﬁu
UszAsaq (Palliative aim) Hilaaszezuninszany
(stage IVB) ;:Jﬂqm:ﬂ:ﬂﬁuLﬂu%'nl,az;:iﬂwﬁl,mﬂ”lﬁ
FuFadinmuBnugasionauninou

MSSNUAasLEASNL
o v o al 1 (=] 1 A
nNsFnEAfefaLLatly 2 dau Ae
1. n1ssnEIAlgsIgannnauan (EBRT) Iaeld
LPFBNLSNEUNIA (Linac) 111 BMV 138 10MV Muun
d’f d'o/ al 2 o v a2
1BUANUNTIA T AgNadaazn el ugudansu
A (Whole pelvis) LaEAMUARANIANTIAN
v v v o .
NNATUNUILATANUNAN (antero posterior, AP/ pos-
tero anterior, PA) 183gilag Tuduineniu Ingaauiw
ARNUTIOUIEWIN L4 LAY L5 19UANATATALAQN
A v a o
Obturator foramen m@mm@ﬂ‘ia‘ngﬂmmqmm
NIITRIARE A NANTOUNTLNELRLANAINIAINGTDE
T9A 2 @1, douraUAIud19raeNuiTadn1uun 1
PANTNTALTRINITANEIEINIWINeanldeay 1.5
-2 . TaelFTunusad 2 Gysfraction/fadu ane 5
FuradUa1f UFunnufadsandszannl 46-50 Gy Taw
aviin1statfaunsaddaunane (Midline block) A
2UNALTTNN 4x10 WwLRWATN 3 11 4 wRaNun TR

Tuwuaunu y Welddiunnfadlduda 20-40Gy 1w

o

agiuauinrassaslsn AntuanIuIANUN RS
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ile boost 1aw1z Parametrium TagrmunLFunns
KAl 4-10 Gy Tufusrazanslsa
2. n19damldus (Intracavitary brachytherapy)
lfusntindnsnisundinniadgelaeldauniiia
Ssdlaueas-60 14LAsasldusui remote afterload-
ing FanAnlnuL3Em BEBIG szmdluasudl way
U099 LN NI (Treatment Planning
System; TPS) D05 2.2 §RIALLINRLIRAE
Winfiu 2 curie genlduslngldieiestle intrauterine
tandem Wag intravaginal colpostat %iia Henschke
Type applicator 178 Manchester type applicator
Taevinnnsaanldusdilansias 1-2 axa Inavinaii 72
Falus azBuaenldus Waaunsenessdannanauen
Wiaseninedavi 4 vite 5 T99n13anaisAaN
AEueN FvLe BN ALAALAKI 57 5 Gy 1413-5
A% lunsganldususiazaiaazyinnisld Vaginal
packing gl roll gauze ﬂ;‘i.l@ﬂiﬁi.l?ﬁ (Barium Sul-
fate) R Ry R SRITE RIS Y 2 ICITRN
n9znnziladnae (Posterior bladder wall) ﬁﬁlq@ﬂu'mq
AN AT ANUEIaaN AR (anterior rectal wall)
feagniedungs lunssiendlauazldanadon
laan22l3 wazld normal saline solution N@N&1IAL
5By 7 fedansandlilu balloon 1ile
FYAIUNUNERY ICRU bladder pointmﬂﬁuﬁﬂw
mﬁ’]msdmmwmﬂﬁnLiﬂ“ﬂmﬂ‘l%m?mvxl@uﬂ@‘imiﬂﬂ
13ip C-arm 1ABIRAZNINNIONLNINYIN PA LAY lateral
AN orthogonal 7ilFdlelaAsadanaiay
neinEduiunsldus (TPS BEBIG HDR basic 2.2
) TAeNUA{AEN9BIEIMFLINI AU BN UEE
ANITLIL ICRU 381l mN LTl inva faid

Point A 32812 2 [UAIATANN external os 11l
ANNLUIENIURY intrauterine tandem aanlU@du
dnafsann/U tandem 2 ETURLLAS

Point B 92812 2 LUFLNATANN external os
Tuldmuuuananeanda aenllniadudneiaann



fuaFia 5 LIUALNAST
naznnzilaanne (bladder) ﬁﬁuum@;mﬁ@g‘é’m
wiaw94 balloon ArefL foley’s catheter Faifly
ALY bladder neck (ICRU bladder point)
d11&ms9 (rectum) ﬂ°wumf~gm'71|izmﬁwmn
vaginal mucosa 0.5 LIUFLNAT MM posterior part

of ovoid Tisz@uiAenii guard ring (ICRU rectal
point)

Tnaafaliunusedfinszinnzilasizuas
Al msel&5ulaiAn 70% 1091 BuNEET point A
AuTLTETR LA

NN 1 WS orthogonal x-ray (posteroanterior and lateral views) for point A, point B,
bladder and rectal point

frlaeflegluszes 1B2-1l azléFuruuzin Il
SuAHLNTRIaNTUN13978593 (Concurrent chemo-
radiation) @ﬂqaﬁﬂﬁmﬁmﬁﬁqﬁm anndranisly
wiause AlsAgannnn azfansunlifedsnuesie
LREIn (Radiation alone)

mssnudainiiuinla

T iTaRlHlunnssnend 2 aiie 1dun

1. Cisplatin 40 mg/m2 Nné&uUa 9 Ineazsies
A1 Hb>= 10g/dL, WBC= 3,000cell/m3, ANC>
1,500cell/m3, platelet count >100,000 A1 GFR=50
ml/min

2. Carboplatin 100 mg/m2 38 carboplatin
AUC2 niciiil GFR<50 mi/minyjndtlanyt

neuldaniaiitide Cisplatin Azl hydration,
aufnauldenaeuTila 5-HT antagonist, dexam-
ethasone lugtuuuan daunauliaiaiitns

Carboplatin azldenuiaanldan@susiia 5-HT
. = 1 o
agonist, LAz dexamethasone 'lugﬂl,mmm‘ﬂuﬂu

nsus:IiJuwanmsnu
dilhaaclafunismsmaniesluiatlsyidiunanis
Ut 3 BeuwINUaINIFNHIEsadulas
a7Ae World Health Organization (WHO) criteria T
NM3UILEUNNTRDLAUBIFANITTNE HARINNITHIIR
n ve v o - .
nlfuazgmiviiniedssiliunasialyl

MsuUs:1JunN12:INsNBauDINMSSNU
dilheagldfunsdssifiuninzunandauluszas
RUUNAUTTULNIAURIUNTUAZIZULNLAY
{la@112 (Acute gastrointestinal and urogenital
toxicities) Intiunneigpuaszudnnisinenndunng
1aeIld National Cancer Institute-Common Toxicity
Criteria of Adverse Events (NCI-CTCAE) version 3.0

Journal of Thai Society of Therapeutic Radiology and Oncology |
Vol. 17 No. T January - June 2077' 17



ANTUAIIARAANNUAINITNHN 6 FUpl 2 A%
WATUAIAINTIWNN 3-4 thiaulu 1-2 Dusn nnsdsziiiu
Y = dﬂl U a 1 £ o
giaaluntsAnuiisesinninatietiay 90 Ju
PAINITINEN

Ms3Ins:hdoya
UndayandiAs s NanAImInNs iU (De-
scriptive statistics) Ingn1imasninunAns s
wniang), sveizaeslsn, AaNnEang, UsHnufan Ay
A135N11, NANNTFNEN LATNATNGLALNTRINNT5NEN
d o - . Y
iaranszidiunanisinu lugae

wamsfnu

A9UB 1 §U3AN 2550-31 NIng1AN 2553 Etlag
o o = N 2o
A1 46 PedviansAnen fulaeynaglaunag

a L o = Py
pINaRARAINaENIRE 90 41 (3 1Hew) srazaIy
thalffunshinauiadeyindu 376.9 fisrange 117-
979 414 (12.6 \hiew: range 3.9-32.6 1haw) angat/lu
199 32-81 T filosiszez 1B by FIGO gnwuiilu
AuauNInign Anflu 52.2% 2eegionriannn
nsliadiintanudn 52.2% lalaFuiafitnia,
28.3% l@Fuaafitingdaidy Cisplatin,19.6% 189
fulaelAFueaaiitntniu Carboplatin dnmousiia
llaasgilranandlumngei 1

Asd 1 anwnzaesdihenlafunisanefe@saiunslifdssesindansiudiuanwialaueas-60

(Patient characteristics)

Anmauzialy
ang (1)
Median
Range
ECOG performance status
0
1
2
FIGO stage
1B
I1A
1B
1A
1B
Pathology
Squamous cell CA
Adenocarcinoma
Adenosquamous cell CA
Other (Verrucous carcinoma)
Chemotherapy
No
Cisplatin
Carboplatin

f L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
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AU (n=46)

Sauaz (%)

59.5

49 (32-81)

19

15 41.3

12 32.6
26.1

2

3 4.3

24 6.5

3 52.2

14 6.5
30.4

38

5 82.6

2 10.9

1 4.3
2.2

24

13 52.2

9 28.3
19.6



A1 Biological Equivalent Dose A1uanine’ld
@;m‘ﬁﬂmm linear quadratic TaeldAn alpha/beta
gaafaunziSavingL 10 TeiefeLnfwing 3 (13)
A" BED L@l 0 point A (Gy10) delisaasnmnne
annuansaufunssenldusvingy 90.9 Tuaned

M990 2 LARINNIFNE (Treatment characteristics)

Cervical cancer IB-IlIB (n=46)
External beam radiation: Whole pelvis(Gy)

High dose rate intracavitary brachytherapy (Gy/f)

BED (Gym) point A (External+HDR)
ICRU rectal point (GyS)

ICRU bladder point (Gys)

BED (GyS) Rectum (External+HDR)
BED (Gya) Bladder (External+HDR)

Total treatment time

MnTUNINTeUIT BN A LTINS NN WL
ﬁ@ﬂﬁ'zgmmi:uu Gastrointestinal system &L
N9z Diarrhea 11 978 (23.9%) filag 10 372 (21.7)
Aanazunsndeussdl 1 uaz 2 deldfunsinem
mxe g ldanilusiasnganisinuvsaiuinmly
T59neuNa ;}’ﬂqwﬁqawL'ﬁmmqumiﬂ%@mxﬁu 3
(2.2%) Fa1n1388uan 7-8 AXasiady adusiasmgn
Wnnnraefaduazlfenfnuininennisiaelusies
Fnenlulsanenuna nazunndeussesiaunanlu
7¥UU Genitourinary system Tunnnaz urinary
frequency Wi 9 978 (19.5%) Lasiamaunnag
UnsNFaUIZAL 1 LAY 2 ANINT 3 LAAIANIZLNIN
FaUTTEIIRUNAUIBINTFNEN

Lﬁ'@ﬁmmuéﬂqﬂﬂmnﬂdw 90 TUNANAUNNT
Snwn wudnHgLlog 6 9181 (13.0%) Aan1azunsndau
sxaizen Tnavianualunnig proctitis tHUszAL 1

aldnsa (Gy3)ld 111.5 nszimnzilagnazls 101.8
SYALNANUBINTTINIA (total treatment time) HAn
naNg 56 Ju dayaneenisliidinuiaunanana

famnanai2

Median Range

50 46-50

6.5 Gy /f x4 6-7.2 Gy/ f
fractions 3-4 fractions
90.9 75.8-107.5
4.37 1.69-7.77
3.60 1.562-7.13
111.15 78.60-210.70
101.80 76.80-171.80
56 U 51-59 914

AU 5 9181(10.8%) T2AL 3 AU 1 918 (2.2%)
Tainudndfiloaifinniazunsndausyazanaluszuy
genitourinary system 2gazI88AKNAIBINAT19LALN
LARIATlURNTIaT 4

HaN13iNEY AnnisRanNgLae 46 2alng
n13tnUsedR meaasieanieLarnaanie lunieisia
wudngilae 44 312 (95.6%) lawuandiiaunziiumnan
gl (complete response; CR) dn1sinuduinian
UFnilinuagn 2 9 (4.3%) Hunfeuuziied
PUIALINLAN 1 978 (stable disease; SD) WaTHAIT
nﬁmﬂu%’m’?mmmnm@uﬂ (recurrence disease)
saufufinisananludosaninniefnnmile
Tl wilamelneilszezannlsaniig Snnsuns
m:mﬂvl,ﬂﬁqm”mzﬁluj uanuaw 8 918 (17.39%)
Fauanslunnsed 5
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ANS199 3 LAAINNZLNINE AU IR LINAUTRINTSNHIMNN CTCAE V.3

NEUNSNdau AU Sae182(%)
Diarrhea 11 23.9
Grade1 7 15.2

Increase of<4 stools per day over baseline: mild
increase in ostomy output compared to baseline
Grade 2 3 6.5
Increase of 4-6 stools per day over baseline: IV fluids
indicated<24hr: moderate increase in ostomy output
compared to baseline; not interfering with ADL*
Grade 3 1 2.2
Increase of 7 stool per day over baseline: incontinence
IV fluid>24 hr: hospitalization; severe increase in ostomy
output compared to baseline: interfering with ADL

Grade 4 0 0
Life-threatening consequences(eg. Hemodynamic collapse)

Urinary frequency 9 19.5

Grade 1 7 15.2

Increase in frequency or nocturia up to 2xnormal: enuresis

Grade 2 2 4.3
Increase>2xnormal but hourly
Grade 3 0 0

>1x/hr, urgency, catheter indicated

* ADL utnnaiila Activity diary life

AN 4 LAPNNIIZLNINTaUTE I E19989n195N 1AM CTCAE V.3

nMazunsndau AU Sasaz

Proctitis 6 13.0

Grade 1 5 10.8
Rectal discomfort, intervention not indicated

Grade 2 0 0
Symptoms not interfering: medical intervention indicated

Grade 3 1 2.2

Stool incontinence or other symptoms interfering with ADL
operative intervention indicated

Grade 4 0 0
Life-threatening consequences(eg. perforation)
Genitourinary toxicities 0 0
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AN 5 LAAINIIANVALTRININEN

Treatment failure
Total
Local failure
Stable disease
Local recurrence+SPC lymph node metastasis
Distant metastasis
SPC lymph node
Lung
Liver
Abdominal

unaDsnd

n1slFa @ Tae lfsaniuimiunTavse 1
F@snmedrunaatedunisinguinsgudmiy
mlf‘i‘dﬂ'}nmqmzmﬁ I1-IVA N5 TW5sasnsn1lsynay
faanslicadannnnauensaniunislEfdszaslng
viannsaanldus Tnaunumaenisdenldusfiie
TifFunufdgelnansesanounziis aniiileife
UnilFFutinmuiddenign n1saenldusaia
AR3INNIUNUTHNIUFIAGS (HDR) THUsHAMNMNIE
aulunnslinnssnendmiusemArdaimunig
;ﬁﬂfaﬂmﬁamnm@m"mqumnLﬁ@qmnswmm
TunneinEusiazARduLATaLNTa NI NELL
guhauenléi(14)

F3ien-192 Wiugnsiusiunfaffinenihun 144
wrun e fanued1aunsvaalunisaenldusoia
ARIINFUNUTHNLEIAG wazHaeUNanTNE
UIWAIMaeNITANEIA19T LA TANTURTE
Truaar-60 ainlelaindaunndn SnsdAnsaes
Ballester LAaZANE (12) WUINHNNINIZA8IF8459R
TunsldlelainUlaueas-60 lauansneannnsld
fnaN-192 atneldadnAny nsAnsiindnmay
gean1s3nEnfiacnuuAnAnefluGEeaeenislien
wRLMTR winnsldfedsnennauentaAauAfne
Anadu nrsaenlduslaafisuniiiniediduans
fusiumsadTaLead-60 Inet Funausadsania s

AU Sasaz
9 19.6
2 4.34
1 217
1 217
8 17.39
2 4.35
3 6.52
1 217
2 4.35

p¥arnennsaanldusumnanetuaany iosannds
Taifiuamnenn 91BN nsed Sruunssraanisly
Fa@sza£lnd (optimal schedule) 289n195NENLIT
Unnumagn feudediesAnilaianisiinnazunsn
faufitioiign wazlisunousenanisineaasise
American Brachytherapy Society (ABS) TAuztin
Funnssdluusasaisraanisaanldussfingmsn
mnmﬂ?mmimmiumimu 7.5 Gy wazaan baus
4-8 ﬂi\‘i (15) u@ﬂmﬂumnmmﬂmm\im@uﬂlum
ﬂfmu:L‘;Nﬂmum@uﬂmﬁmmmnﬂi:mﬁ"l,mL‘miu
gilae 70 918 wudannsldlelainylaueasf-60lina
nnssnenialagldnanisinmnen BED Gy10 184
point A 86.2(84.4-88.8) BED Gy3 18481 l&nsa 124.4
(120-133) gilae 2 3181 (3%) Wantazunandauly
7¢UL gastrointestinal system ﬂmmquLLi\‘inﬁu 3
ufaﬂmﬁ@mm%mﬂumqugmmwzﬁu 1 ae 2(16)
A& Ae TN sAnEnl

s18971NN9ANEIAE Jain WATARY(17) WLGN
Funnufedvanun 65-71 Gy Taeldansiusiunsed
sdan 192 Wuduriafed Taedlufinaslviad
thiln anansalimsaauanlsaanina BEDGy,
7l 86-109 anananpauAnlaaludafnmuraamzis
svesd 3 147(18) wazAn BEDGy, >84.5 liidnsn
nsaruAnlsauaLsRsINIsTendaind 5 digendd
A" BED ApNndn 84.5 (19) AMnseNLNNTANE IRe
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Chen wazANY(20) WU91AN BEDGy, 82.6-101.1
(Anan4 91.5) AuWusAusmInssendann 5 1
73% luszeicdi 2 uaz 56% lusvalsdi 3 aantsinen
iiwudndn BEDGY10 fiAn 90.9 waznudnflgitaed
FAalaanduiilugn 1 9121(2.15%) Tspelapang] 1 3¢l
(2.15%) 39un195 N ANIMAILEMUNNAYN 2 918
(4.3%)

AIAnE NI saenldusTand RN gL
FnnfaRgestaansindunia@lauess-60 giloe
anunsanusen1sinel4a Sitoeddaanilene
(2.2%) ARAAN9E acute diarthea 7¥AL 3 T9d0
wgARNN9RNe A IHFunsfnEmnennig luan
Wudasiunisinenlulsana1uia A1 BED Gy 3 189
Al dR39189NN3ANETIAN 111,15 (78.60-210.70) B4
AN BED Gy3 1a3an1&maa ‘ﬁ@g’aﬁwdw 110-125 fia
ANz unsndauszazedaaldnssiiaansy
14 TmannsAnE1189 Ferrigno WAZAUENLIANAZINA
nzunsndeuszazenafualdnsdldmngn12%
#ifin BED Gy3 <110 LAZIAANNIZUNING B 18% 11N
A" BED Gy3>110 waznsAnmitlanudniinnas
WNINTaUTTLL genitourinary system ﬁﬁ;uLLN
3261 3 (21)

nsAnE Al Mosalaei A. WAZAMLZYINNNTANEN
Wiudeyafieundsludibanziialinungn 237 9e
Tuszazionan 20 T sz (IB-IVA Al&Fun1senesd
annnMEuandaeLAtesan e fARIF U e TRy
niNTTunTedTlaueasd-60 U5u1ad 50 Gy 195a@
25 A% puERENsaen gL TTAATINT LA FR
Fadgesnuansindunialaueas-60 Usunmia
10 Gy 1-7]'% A daviaguilinse iunananuddan
Taifins1fenathin wudndnsnisseadand 107
‘ﬂgl:‘ﬁl 62.4% NITUNINTRUITLL gastrointestinal way
genitourinary system ﬁ@gi:ﬁuiuLL?awuﬂixuﬁm
6 % (22)
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A9ANERLTWINE N9 sE R UNANN I N LAY
nazunsndauaesnisineuziainuagnananig
aanlduwsaiadmnsn suNUTNNFAgesanans
v o e f Xy momy oo e o X
AuTunsaadlauaas-60 Leasy Aaldeandnsail
Wasanngudilasiuiazaruaulsauziiedandn
annalafuasesldusatindmnsnisunidgeson
An9fNsTun TR AUea-60 Nlwnanluuny Nl
o v AN vo o v A A o '
anuaugilienlaiunisinunlaeldinseciioidsls
11N ANz zina lunIRARNNA S AR LE19F
wsingugAruaNLaziloaiulsanziddandnanlg
A9 NUN1RAAINNANIT NN T UDaNad N
= L 1 dJ v o
mevaesdilaelussazenasialieinanisinuuay
£ = ‘ﬂl 1 Y Yo
uadnapsaiuniinela fulaaldfumaanaznan
wnTuanasiululadnlusuiannisinuningans
Ausuniadlaueas-60 a1u1saNazldlunns5ne
B 4 2 v o
nziianuagniiluiunsanaIngau wazsaede
IAFauiszasnanluniaasuansinsun Sad lus
1 U a) o va 1 Cd
Aaud1uIn (51) MnlddANRIzansaud
flasiuuazaruanlsanziialunisuznnsdnnigly
dnurawuilszannluszazannaliiaoutaveuls
R‘ 5 Y a U F 2~ o
NINENTY uazausliuEniediaelaiiuaiuou
HINIININAZAINTIALTIE T

unasu
=S da/ 1 o < v

nM3AnEINLdINIsINENzITaLINNAgnaae
n13RN859 RN NAEUaNINTUN1Tden AL TTA
fmenisuiFuiufidgesanisiudunied
TALaF-60 @113l NANIIFNMINR AT NTN
£ ‘I) = = o o 2 o o o a
Fausn WgLAtanuni1sinenineldansiudumnfea
CRGRE

nadnssuus:me
=2 if < v v 1 A
nisAnaiaanysallAfaa A udanimae
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Comparison of whole brain irradiation
20 Gy versus 30 Gy for the treatment of brain metastases.

AIRG UANG WAL, AR Yayu919 M.,
Chawalit Lakdee M.D., Sombat Boonkhwang M.S.,
ANWTTOUEN AUNSEZEN WA, 215 WRASENENA NI,
Suphansa Chansuriya M.S., Aree Polsrisutthikul RN.,

gy AudUNS wa.
Yupin Junin RN.

Tsanenunannatus Aenflan drinauarsisugadainfivnylan
dinauldnnszneaansnsniga TRATEuNIg W.A.2554

ABSTRACT

Problem/Background : Currently, the standard palliative treatment for multiple brain metastases
consists of whole brain radiation therapy (WBRT). The WBRT with 30 Gy in 2 weeks is the most
commonly used regimen worldwide and can be considered the “standard” schedule. However, the optimal
dose-fractionation schedule of WBRT is still controversial.

Objective : This retrospective study compares whole brain irradiation with the dose of 20 Gy versus
30 Gy for the treatment of brain metastases.

Research design : A retrospective analytical study.

Setting : Buddhachinaraj Phitsanulok Hospital

Material and Methods : A retrospective study was performed on the records of 118 patients with
brain metastases, retrieved from the database of the Radiotherapy Unit, Buddhachinaraj Phitsanulok
Hospital.

Twenty-eight patients treated with WBRT of 4Gy to a total dose of 20Gy (4Gyx5Fx) were compared
to 90 patients treated with 3Gy to a total dose of 30 Gy (3Gyx10Fx) in terms of overall survival (OS).
The potential factors affecting survival included age, sex, Karnofsky performance status (KPS), hospital
status, Radiation recursive partitioning analysis (RPA) classification, Machine and primary tumor.
Survival analyses were performed by Kaplan-Meier method. The Cox proportional Hazard Model was
used to assess the association between independent variables and survival.

Results : One-year OS among the patients treated with 4Gyx5Fx and 3Gyx10Fx were 14.39 % and
28.89%, respectively. Compare to the patients treated with 20 Gy WBRT, those who received 30 Gy in
2 weeks showed statistically significant improvement in survival (p=0.034). There were more hospital
admission among patients treated with 4Gyx5Fx WBRT than 3Gyx10Fx WBRT (p=0.003). All
interested factors were not prognostic for OS (p>0.05).

Conclusion : Our data suggested that the standard dose-fractionation WBRT (3Gyx10Fx) for patients
with brain metastases appeared more preferable than the short course (4Gyx5Fx), showing the better
survival. This treatment would be recommended for these patients.

Keywords : brain metastases, whole brain irradiation, 20 Gy versus 30 Gy
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Abstract

The purpose of radiotherapy treatment planning is to design the best irradiation technique for the
patient. After the treatment plans are performed by medical physicists, the oncologist evaluates the plan.
In physical evaluation, the criteria are determined in terms of doses and irradiated volumes by using the
evaluation tools such as dose distribution, dose volume histogram (DVH) and dose statistics. This is
insufficient to predict any biological end point of radiotherapy. Recently, the radiobiological models are
introduced in commercial treatment planning. The purpose of this study was the use of radiobiological
model in treatment planning system to evaluate treatment plan. The plans of 34 patients treated with
3D-CRT were irradiated. The biological index such as TCP, NTCP, EUD and P+ were calculated for each
treatment plan and the P+ values were then compared. In each case, the best plan with highest P+ value
was examined whether it was chosen for patient treatment. The results revealed that of 16 patients (47
percents) the plan with highest P+ value was selected. Statistical analysis showed significant difference
between the treatment plan evaluation by using radiobiological model and without using radiobiological
model (p value < 0.05). The radiobiological model can help choosing the best treatment plan, therefore,

the treatment outcome and a quality of life will be improved as a consequence.

Keywords : radiobiological model, TCP, NTCP, EUD, P+

I. INTRODUCTION

Radiotherapy is the major treatment modality
for cancer patients.[1] When cells are exposed to
radiation, the physical phenomenons between
radiation and cells occur first following by biological
effect to cells. The tissue responses of radiation
depend on many factors such as irradiated volume,
normal tissue architecture and the amount of tumor
clonogenic cells.[2] In external beam radiotherapy,
3-dimensional technique is commonly used to treat
the patients. The technique is based on 3-dimen-
sional anatomic information and the dose distribution
conforming to the target volume in terms of adequate
dose to tumor and minimum dose to normal tissue.
After the treatment plan is performed, it is evaluated
by the oncologist. The physical evaluation of the
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treatment plan is based only on doses and irradiated
volumes. It is insufficient to predict any biological
end point from radiation. Recently, the radiobio-
logical models have become available in commercial
treatment planning system to evaluate and optimize
the treatment plan. The aim of this study was the use
of radiobiological model in treatment planning to
evaluate treatment plan.

II. MATERIALS AND METHODS

This study was the retrospective study. The inclusion
criteria were as followed; the treatment plans were
performed in radiotherapy treatment planning
software Pinnacle version 7.6¢, the patients were
treated with 3D-CRT plan with curative intend and
they had at least 2 plans or 2 trials, and the stages of



cancers were well defined. Totally 94 treatment plans
of 34 patients at Maharaj Nakorn ChiangMai
Hospital, Faculty of Medicine, Chiang Mai University,
were investigated.

The selected treatment plans were imported to
the radiotherapy treatment planning software
Pinnacle version 8.0d. The importing data was
verified by comparing the dose volume histogram
(DVH) from treatment planning software Pinnacle
version 7.6¢ and version 8.0d. Then treatment
planning software Pinnacle version 8.0d was used
to calculate the biological index of these plans.

The index in the biological model such as tumor
control probability (TCP), normal tissue complication
probability (NTCP), equivalent uniform dose (EUD)
and complication free tumor control (P+) were
calculated for each region of interest. TCP and NTCP

were calculated by using Kéllman-S model, the
biological model using in Pinnacle system.[3] EUD
was calculated using generalized EUD (gEUD).[4]
Finally the treatment plans were evaluated by
comparing P+ value of each plan. In each case, the
best plan with highest P+ value was examined
whether it was chosen to treat the patient. Statistical
analysis in this study was performed using dependent
t-test for the highest P+ value plan and the plan
chosen for treatment.

III. RESULTS

The 34 patients were enrolled in this study with
94 treatment plans. The results showed 16 patients
(47 percents) whose best plan with highest P+ value
was chosen for treatment.

Table 1 P+ values of the best plan (highest P+) and the chosen plan for patient treatment

Patients Chosen plan Highest P+ plan
1 -0.21 -0.21
2 -0.981 -0.98
3 -0.296 -0.296
4 0.15 0.15
5 0.051 0.051
6 0.184 0.184
7 0.678 0.678
8 -0.315 -0.315
9 0.966 0.966
10 0.001 0.003
1" 0.37 0.37
12 0.059 0.101
13 -0.167 -0.144
14 0.251 0.254
15 -0.238 -0.238
16 0.248 0.248
17 0.277 0.277
18 0.284 0.284
19 0.614 0.616
20 0.499 0.499
21 0.278 0.348
22 0.083 0.104
23 0.259 0.291
24 0.376 0.457
25 0.293 0.404
26 -0.043 -0.043
27 0.327 0.471
28 0.168 0.407
29 0.054 0.06
30 0.139 0.213
31 -0.185 -0.172
32 0.36 0.468
33 0.283 0.283
34 0.123 0.172
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Statistical analysis in this study was performed using
t-test for dependent samples. There was significantly
difference between the treatment plan evaluation by
using radiobiological model and without using
radiobiological model (p value < 0.05).

IV. DISCUSSION AND CONCLUSIONS

Radiobiological model has the potential to
distinguish between the treatment plans which from
the physical dose would be considered equal. It is
used to evaluate the treatment plans by biological
index. The radiobiological model may reveal
radiation effects which might be difficult to assess
by using the DVH alone. The model can help
choosing the best treatment plan, and as a conse-
quence the treatment outcome and a quality of life
for the patient will be improved. However the
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biological indexes depend on the parameters used in
the model which should be implemented with
caution. These parameters using in this study are
based on the clinical data from reviewed literatures
and some are in the database of Pinnacle system. In
Thailand, as the other countries, radiobiological
models are a new tool. It is still in the early phase,
therefore, it’s application should be performed by
the expertise either for evaluation or optimization
the treatment plans.
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Neurofibromatosis type 2
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Abstract

Neurofibromatosis type 2 (NF2) is a dominantly inherited syndrome that causes several tumors of
the nervous system in affected individuals. Mutations in the NF2 gene cause neurofibromatosis type 2.

The NF2 gene provides instructions for producing a protein called merlin, a cell membrane-related
protein that acts as a tumor suppressor. Recent studies estimate that the incidence of neurofibromatosis
type 2 may be as high as 1 in 25,000 people. The symptoms of neurofibromatosis type 2 are typically
noticed between 18 to 22 years of age. The most common first symptom is hearing loss or tinnitus.

The clinical presentations of NF2 include bilateral vestibular schwannomas. Other commonly observed
nervous system tumors include intracranial meningiomas, schwannomas of other cranial nerves, and
spinal tumors. Neuropathies and ocular and cutancous manifestations are also frequent. The clinical
diagnosis of NF2 is based upon the National Institutes of Health consensus criteria as subsequently
modified in the Manchester criteria. The differential diagnosis includes sporadic unilateral vestibular
schwannomas, neurofibromatosis type 1, schwannomatosis, and familial meningiomas. Although the
treatment of the various clinical manifestations of NF2 is similar to that for sporadic tumors of the same
particular type, multidisciplinary team approach is required to minimize the potential morbidities caused

by treatment.
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epiretinal membrane (1,2,20,30) lagl cataracts
aznulAszanni 60-80% aefitlog NF2 uazdnmouy
\@N¥B8N cataracts Tugilaa NF2 Aa Lﬁmmiﬁu‘ﬁ'
131904 posterior subcapsular A93audR Lot
fifpufindnAzeciu NF2 enanufinaaunmses
ge9nnINLiuALAseEnEnT Lmzﬁzﬁ’ﬁﬁmmz
suiluagneds Aededitadananisa optic nerve
meningiomas %38 retinal hamartomasiuﬁliﬂ%mﬁn
NF2 aanainlsa retinoblastoma loilAlana

VI 81N15UAR9FANeT] 189ANEALNRYes
Ronilstlszanndenay 70 1esfilon NF2 azilannis
WAAIFNT T09ANNEALNALTOUEMIS weasd
esderas 10 Fasnuiduifesentesfunfanils
(1) 81NTUARAIFANNTIBIANNRAUNALTIANG RHATis
Fnulludilae NF2 Téur

(1) Plaque-like lesions FaaziAnauluRav
44 intracutaneous wazaziiuusasyuuuioni
Aneen LnepsseaRAidiund B undawidleasey
Lmeqﬂ%m@wuﬁﬁuuﬁuum@wuﬁumLwiuﬂdﬁ

| L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
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RamlerFinnudnanes

(2) Subcutaneous nodules %dmmmmﬁwu
1§ LaTUN9AFIATIANLIANLA ATUATLL U T AL
szandiudate aenanalidn subcutaneous
nodules IMANHIAAANNNTIINIL e 7AW
e

(3) Intracutaneoustumors%‘\‘iwud%ﬂmﬁmﬂﬂ
gaafanifsludy intracutaneous ITWAEARLTNL
1muﬁ§ﬂQﬂ neurofibromatosis type 1 (NF1) RN
pxsanunsemu 1A ludng NF2 Wi waswudndn
intracutaneous tumors ﬁwﬂuéﬂw NF2 ﬁ%lﬂu

schwannomas texnnddlu neurofibromas

Ns3UpdanaduoINms NF2
Criteria NM9ARUNFIMTUNNATATUNZNAINT
NF2 : Criteria N 9AALNAEMIU NF2 Tﬁgﬂﬁmm“ﬁﬁu
AFausnlnEnTIRNadInAuTil§ann NIH Consensus
Conference (31) wazsanlaiunisiiulgsauls
\l14 Manchester criteria %dwudﬂﬁ sensitivity ‘*7{23]\‘1
Tunnsaniadalsn Taelald Waswuilas specificity
(17,32)
N9INAdaNINARLNEINIL NF2 %mﬁﬁﬁuﬁjm
vesmsiivilsfaresnniauiinsne foselyil
(1) Bilateral vestibular schwannomas
(2) MNoRANRTITZAU first-degree 1w
NF2 uay
a)  Unilateral vestibular schwannoma
138
b) Netnaiies 2 AuRnLnAgerellil -
meningioma, schwannoma, glioma,
neurofibroma, posterior subcapsular
lenticular opacities
(3) Unilateral vestibular schwannomas wavH
atinatios 2 AnuRalnAfsellil - meningioma,

schwannoma, glioma, neurofibroma, posterior



subcapsular lenticular opacities
(4) Multiple meningiomas Wag
a) # Unilateral vestibular schwannoma
99
b) Netneday 2 AnuRnlnRsaselld ;
schwannoma, glioma, neurofibroma,
cataract
N199NAdeNI9AANNEUFLUNgNaINT NF2
A o vy A ‘ﬂl %
gnngntudulidaanisnaidaniaAuninany
AALUNENIIRUGNITNTREW NF2 WFa N13RgIaLie
U a a o = tﬂld
AUMIANRALNANINRUENIINTB9E Y NF2 NHgL
WULLAERY ANNLeLEa1e9Rauiiesan 2 Awiia
- e " a4 o
Aumpnsrsiuanglag el (2)

mMsasapIWoAaNsopMNGUOIMS NF2

\Wasanndadlgilas NF2awsusnnAinuuw
de novo NF2 Aaunuuanizseyans taelud
Uszdflunsaunin wazatan wuuwnnefaailogun
FiNe] AewAneuniniiiadani1apdindiuiy NF2
QEATUBIUANN criteria LABAE AITUNITAUNL
giloe NF2 wsiiiue) azilavndiAnyeenegalunig
ana1nsunIndeusinge redisaduinaainaanu
NaUnAaestin NF2 14

. oy o v o d .

aneruzaesgilasnaagidnfunisnsaiiefn
nsaavnguanis NF21 #un (33)

1) gnAnyRauRINITAL frst-degree NlAFL
nN99tade NF2 (8nfaesinaty ne i W Hee vde
1n3)

2) faeldFuntsaiadeniy multiple spinal
tumors (111 schwannomas VEG meningiomas )

3) falasunisnadeili cutaneous schwan-
nomas

4)  fasla3unisatiageiilu vestibular schwan-

dld £ 1 = = Yas aa o |
nomas Mg aandn 30 1 vise lasunisatiadeiu
) = L Ao o ! ~
spinal tumor %78 meningioma NXa1gua8Nd1 20 1

ArNantdulunisnsoalNeAnnsaenIngw

2IN17 NF2 Iuﬁjﬂw unilateral vestibular schwan-
o 1 o L2 Y 1 t:al/ = dl
noma fialadaiau widfilaemantariaonuides
Pazimunliiflu NF2 gendnyanavioly wefidsls
A [~ U ] -13’ o o dl o k2 aa
fotdudetaTda 1 niunisnsaaNeAnnNseaRaeas
n19639a1 germline mutations aintdulugilog uni-
lateral vestibular schwannoma ﬁﬁ@’mﬂ@m’jﬂ 20
T (34)
y - X v o o oy A

nisngaivalsziiuluilessugniugilosn
gedadnazilu NF2 azlsenavliding

(1) nsdniszdfvesdilasuazasaunialag
AviREn

(2) n1Imaianelneaziden tasaniznng
AIVARLAZHININ

(3) NIMTIANINENENNTAAIEARULNLNAN
A9 nuaNewarladuuda (1)

Anuiufnddszdn NF2 Tumrsauaianlaiunig

o X = P ¥

ATIANLINN mutation 289811 NF2 a9 Dadudadls
dj’ Y Y o dl o o 1
FlidFunnmeaa Wednnsasluseiuluianasan
fiagl

ms3upaananisa

TsavitananuinlnfAfidesdtasausnlsaan
NF2 1éun

- sporadic vestibular schwannoma

- neurofilbromatosis type 1 (NF1)

- schwannomatosis

- familial syndrome of multiple

meningiomas (2)

eazlBeATBILAazlsAVTaANNAALNGLUAN
Hazlénansialuasusialyl
. Sporadic vestibular schwannoma

Sporadic vestibular schwannoma ﬁwuiﬁﬂ@ﬂ
Tlsvannaialy uiidnidesenafinidazwudni
Framen wAluuneaianisAnadedn iy sporadic
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vestibular schwannoma #113ugiaeuesneena
Fuanlimnsalumnsannls drusulantamanudlulyl
Fuasn13msanul unilateral vestibular schwan-
noma MuaINITLAAILINTBY NF2 azauati
angaasiie Tnelunguiilandenydiesndy 30
o 1 = ~ o ~
@mwmmmm@;w%wmmiﬂu contralateral
vestibular schwannoma lunansiannlanazgilaalu
dzﬂ Yo o ] va

nsmiasmnslasun1snsIaLilnsydees1elndtanay
AaLiled IawiInaslililsedm NF2 luaseuaiafinnu
o o U o =K v 1 1 | dﬁl
gadmnuaniudasaisliianadinguiilaaiiona
1114 NF2 4%im de novo somatic mutation NN
mosaicsm & (34,35) andiayanuangiaaaalaiy
nn33tadeiilu vestibular schwannoma AN@7EHN
191 30 T azilennadu NF2 Tétias

Il.  Neurofibromatosis type 1 (NF1)

NF2 waz NF1 Lﬁmmﬂmmamﬂﬂﬁmmﬁuﬁ@g’
ulasTulaaiunnsineiu ustneinglafimugilos NF2
Laz NF1 a1afiunsannisuaasfimilousuld aq
aunsorn iR dLaldesA%s AuuANsng
fidnArysziing NF1 wa NF2 flgail

(1) Lisch nodules qﬁl\‘iL‘ﬂu pigmented hamar-
tomas 184 iris ﬁLﬁ@mq@mwméﬂwﬁﬁ Lisch
nodules ﬂ%wmﬂm@wwuﬁwﬁu%wﬂm iris Tmel
Lisch nodules Hastiiudnmnizanimizaes NF1 uas
wulddanlu NF2

(2) Schwannomas #wulu NF2 azilenuau
Haaunniasimulasuulasliifly malignant
lesion 73841 neurofibrosarcoma WaafiGaniu
vialaldn peripheral nerve sheath tumor

(3) Spinal root tumors ﬁlﬁﬁnwm:gﬂéwﬂu
dumbbell shape mmmwu’lﬁﬁqlu NF2 waz NF1
WHWLI1 spinal root tumors T NF2 aziflu schwan-
nomas @911 NF1 aziflu neurofibromas

| L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
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4) NF2 azlidduiusiuminuunnsedang
WAIUINN9IN9ENed Teasnwlaasle NF1

Ill.  Schwannomatosis

dlupruiialnAn1siugnesnaiin autosomal
dominant ‘ﬁlwuvlﬁfi@ﬂ ;:iﬂfm schwannomatosis
mmmmmwuiﬁﬁq intracranial Las peripheral
schwannoma #aiAatul§fawsitFonaes spinal
roots, plexuses tautsdaulansaaadulszain
wiazlilifinTufl vestibular nerve schwannomatosis
AuiusiuaouRaLnfvesEu SMARCB1 ﬁﬁl\mﬂuu
Thstalaugi 22 fiauiiesen schwannoma Tuglae
schwannomatosis mmmﬁsecondary mutation
gasiiu NF2 1§ usrauasnftasliamnsonsma
wuannnsAnE L germline

IV. Familial syndrome of multiple meningiomas
wsananLFanan familial meningioma
Wumpanudadninnulédes wazisnaeulu
MUIUARNTA familial meningioma azlddNRRSL
ANRALNATeYEn NF2 Tag multiple meningiomas
dnnuludgeengifludoulug) drufudilaaingma
| . . . dltzl £ 1 =)
wuLilu single meningioma aaurRNaNylaengn 25 1
AarlifunismsaatszilulnaazidanuiafAund
Y e d oy
ANNEALINANSRUgNIINNenateunsls (24)

nuomomsgasnuwuda NF2

wuanslunisguainegilos NF2riuAgwudng
Fudeunarandudiesenfaausaniioandidun
BIEYNALANUN WeRarilesiuuazineiaanuin
Unfisnaieennisunandausneiienaifaduldiug
g wnaunsnvinlagasaesldfunisguainm
Tngfinanarandullsznevludaedidasanlunig
@LLm“nm;T\iéﬂw NF2 wazanndnlunsauaiined
g1loe NF26i9e



1. wuwanslunissnun Vestibular
schwannomas:

wWhusnelunissnen vestibular schwannomas
A mFudilon NF2 ABN19499UN1919 118914 U
szam vestibular nerve WAZAIIBATUNINTIA

L U 1 o dld o i// o
wesfjthaliagluszduinn (1) deiunisnsanudnd
P X . M vl q
fiauiilesan vestibular schwannoma lulaneily
b4 1 é’ o o o rdl
Tatealun19InIssnEn luiun wasdselaginana
U v Yas U = a = = o
dfilanazlify desdinislseidunFaunauiuy
ANIAENNAzIiAf U sauInazinNinEdog
L@NE da1i9TNazinn195n1N vestibular schwannoma
Tuditlae NF2 Taasialy Taun nnswudndaonu@desd
v j = U va Y
Aaultlearnadaatiiuanes naslatunesdiloy
@ONAY WAZ/Y3BNNIN facial nerve dysfunction (2)

‘ﬂl a Y o a 1 = o | A = v
wnHeaNaNTILAAnI AN T uvTalde
Ustduiudian NF2 uda vestibular schwannoma
Tpeinliazine@aeRan1sNFe waznIgenFRFNE
vestibular schwannoma lugtlael NF2 anadudau
wazgsennanlugiaedlald NF2 Wesanndnile
sanwulugile NF2 dndlunuy multifocal 8nvia
X , Ao = = .
Wasanwaniiilanianazgnaalilie facial nerve
17 TadanalFnnsuFnsne vestibular schwannoma
Tudjtlae NF2 Hlannanazvindumsnaun facial nerve
168aa (1) uazdaduilymuanitiasannidulszam
facial nerve unfiALAN blink reflex Lazgiaga
naziatszamusdauliarun lacrimal gland #qe
FINIGRLAHAINITD LUNIINEWTUAILATNIS

L% o qya d A . o

wasimazynliiAnilynauneaiunreegian
AuNNlAaNaE1wLLeL

lutlaqifumatianisanaia@aninanlddunum
&1Atyluni93nu vestibular schwannomas lugilog
Alunlyld NF2 Alasun1sRansaunAnaanasing
AN delaevinllazifludiloandenggend
) 1 o 1 = d!/
dulow NF2 wnn fanfduntsnsaanudniiilasan
vestibular schwannoma WigdnaLmeq dauunuin

21895985N 1419150 vestibular schwannomas
Tugftlae NF2 felaidnian (36-39) nsAn®Isnge
geen s ld5ad i ugdn NF2 sraeunainan
snsiueanty wazdsnadayarasnisminmugilon
usrarenandag Belundnfudanudnianisihns
dndandsanngilaelifunnsinundoamaiinisd
ﬁﬁmmLm’iq%mnﬁﬁummnaﬁu Bnadaiinana
fnaludeseinisiuanudadunisifauzds
g ludian NF2 AlAsURdsnmaEndan (40-42)
Tunsdifidiaeianuunnsestesnisliiuiguuss
814AWANITUNNATIANNIYIN cochlear T brain stem

implants GvanadosfiaelilalszTamiing (43)

2. uuamelunigsnm Meninigioma:

o Ay Py ¥ . .

sanlananallunensiundadn meningiomas i
giloe NF2 anunsnifinaulavisluidion intracranial
waly spinal cord fLTand intradural ¥i78 extramed-
ullary £ mFugilos NF2 wdanisfnunuanaes men-
ingiomas ABNTTHIFA d1FLTIATNENAzAANTN
WannseAna 15U meningiomas ld@unsann LA
WraMn bAENUNEIU (44) upiaeinglafinuilaqiiu
farndeyalunisfinningilon NF2szazananls
FuFaAFnE1d1uFy meningioma WAZLTULABANY
AuLnLIMaeeN@inEnd11iy vestibular schwan-

o o . 4 4

noma AagelimuialuFesasnnu@aslunig
NaNziFmRagRanfdinmansae

3. wuamelunigsne Intramedullary spinal
tumors:

guiudilos NF2udq Ussnnniferas 75 1a9
intramedullary spinal tumors aznuilu ependymo-
A d’ 1 VYo aa o
mas grade | v3a Il Fedaulunjazldfunnsitiade
d‘ ) Yo o v 1 o a
Wadihalafunisnsadansassaaninten1eia
13nsladunaa InesssuanAvesisaldn ependymo-
A 1 d’f ] 173 1
ma grade | 98 Il azpae] InTuatnedn tnelad
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2n131a° usrezinanunu felunsetifnesnmnd
WNIZANABNITENAARINATIAREIN1INNTELY
ﬂi:mmsﬂfa\i;ﬁﬂwmjwﬁimﬁmLﬂmwmﬁ'méﬂw%\i
Tsnanany waziledilaeflennisuazanidudesldsy
nefnen SenulEldeninuda fasfiansnniden
nesnmdaemstidipannndnfiazidennisanesed

4. wuwslunissnemae Targeted therapy:
d‘ = =® Adl A = dl
\aganin1sAnENnugEu NF2 Adauinen

dasriunang pathways luseauluanandunusiu

naastyiFulnessa wazanadnlalpaudusiig

wiantiesnganalinuusitdumanuduldldreanis
4 targeted therapy Tunnsinuiidasaniinulu gilae
NF2 ainsiaagnaliu 81 bevacizumab Bais1e911
WLINN9 M 81 bevacizumab lunnsinuniilas NF2
¥ vestibular schwannomas ﬁ'ggﬂﬂ’mﬂ{ﬁmu 1298l
1 v ﬂgj = ] %
wuan Aeuillaseniaunnanasadnetian 40%
(45,46)

5. WuINNlUMSALARNNEN I UATALASY
wasgtlae NF2:
fuiunsaunfaresdlaeildFunisidase

Hufunguainis NF2 uio nImsaLiiedanses

dwianinluaseuniafinaanuidesdiedniinana

zﬁ’ﬁﬁcyLmzﬁﬁLﬂuﬁmﬁumLﬁﬂmﬁﬁﬂéﬂumﬁuj (1)
nsAsaANAndnAReLAluATsSamnTn

‘VfﬂﬁmﬂmmmmﬁmﬂﬂﬁmqﬁuﬁqﬂﬁuﬁﬁﬂL‘qu

LULALWAY (2) weetnelanmIN Ad9szanlddnnng

mmﬁmmmLﬁﬂuﬁmqwuamﬂﬂEWﬁaWuqﬂi?m

g miudilaa NF21allARAN sensitivity 1Tl 100%

TilugtheRfiaauAaUnAneiugnasaaesdn NF2

APl AFLNNIRARINLAZRIIRAIER BRI Assia

Hdaugan (1,2):

(1) N9ATIANINENE N TR AR ARULAIMAN

ThresSunanesuazladunds Taauuzilicu

' :18V3IU Q’]S?T’]S?TU’]HUS\JHSDU’] la:u:80aneivus:nAlng
4 Un 17 aduil 1 unsAw - ouigu 2554

p39aRene 10-12 3 udandeanniuliinsaatmn 21
@uﬂizﬁqmﬂiﬁ 207) fi\ﬂﬁmfwﬁ%mn 37 (1) uaziile
Iafimnainsanuiidesenlaidnazfuiionle
Whinnsmsaaginnd

(2) nanmamsléusanianenaaa brainstem
auditory evoked response LLutﬁﬂﬁmquﬂﬂ

(3) Ngmaranlaednswnne

(4) AnsAsaafianaiioAunn cutaneous le-
sions

dwfuandniing fldwoflaanuiauniives
flu NF2 Flaifauandufiazfesnmalas i

mswennsnilsana:sssusduopnguoims NF2
Taevinliudagilee NF2 Mifiafitiasenlugluuy
A9 AUKAAIBINNTTUTeNE LTI 20 T (17)
° dl 1 L @ A dﬁl
anskansiinuleslugdiaeiAnae iesanies
HantiauazANNRAUNARA19T 189A1 AetiunIg

o '

fadanqueinis NF2 lTudntdu daulun/aseeu

)

D)

198191 (23,47) uddnazinsddnaiugilas NF2

1A

D =2

=

5 mummimmL@@nmmﬁmﬁﬂmmm Tunng
a‘m:mLum@mmvmmmmﬂﬂmmﬂ fimarany Wi
1]98 NF2 ﬂmmmmmmimmqwmmwmgum
ala dl 1 U Y
SYEIZINANNNTIDATIRNABUT9AU (1)
sanlananalddnasiundndn vestibular schwan-
nomas Tugtlae NF2uwineennndtlugiaadialy
Al NF2 iwwsnvanmouzaadiiesan vestibular
schwannomas Tugilog NF2 sindluiuy multifocal
WAy lobular (48) waziiassaemeratilsznauiy
= a :l/ U = o U Yo ] 1
nnafwensan nrivaesdnsasin g daedaulung
AzyuuInlungn
- . 4
nsgryALaNAANIINIIAaLdesandulszam
anedg 8 gnvnatsannillesansaNiunIsiA
UANFBINNAEAT WATNANLIBADULIY AVUNEIU
M lgLae NF2 arwsuniniaginafusesivede
dusswsdedluainousi



FLAZIIANNII0ATIA IALITINTBIL LY NF2 Tiu
A X o | =
ABUTNNAY Hesaniiiasanwazaninlnilugy

C o X oo d =
wuus1e Agannsniatulideiinaallnisinm
TutaanAl9914M 1970s AT 1980s F189IUINTZEIE
NAINIIIBATIANLNAIRINNITIBAFUNGNAINT
NF2 udamniuscazinanads 15T lnanudnangde
WwALAR 36 T/ (17,49,50) whntnalafmn Wuneeu
FufuInInassleA LAY LaznsRATN195 NN
HilszAnBnwnatuazdoalinanisinmgiles NF2
AaunNlsae (33,51)

unasu

1. Neurofibromatosis type 2 (NF2) Aangs
mmi‘?‘iLﬁmmnmwﬁmﬂnﬁmaﬁuqmmuuu
dominant %uﬂumLwﬂﬁlﬁmtﬁm@ﬂmﬁmmﬂ 294
izuuﬂi:mﬂuéﬁlﬁmwﬁmﬂﬂﬁﬁ Tmer NF2 10m
anpNAnnAvesiy NF2 Tnedu NF2 diwihil
NARANs merlin %'\1Lﬂu‘iﬂiﬁuﬁﬁuﬁuﬁrﬁmﬁ'@ﬁmm
LayME T tumor suppressor
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Brain Metastases in Breast Cancer
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Abstract

Breast cancer is the second most common cancer associated with brain metastases based on the data
of the United States. The incidence of brain metastases appears to be rising due to a tendency of longer
survival in the advanced breast cancer patients. In particular subsets of patients, disease progression in
the central nervous system has become the major life-limiting problem. In general, patients with controlled
extracranial or stable disease and patients with human epidermal growth factor receptor 2- positive or
estrogen receptor-positive disease tend to have a prolonged survival, and more aggressive treatments
should be undertaken in these groups of patients. Symptom management of brain metastases includes
control of increased intracranial pressure and peritumoral edema with corticosteroids, treatment and
prevention of seizures as well as treatment and prevention of venous thromboembolic disease. For patients
with a single central nervous system lesion that is surgically accessible, surgical resection should be
recommended. Stereotactic radiosurgery is an option for patients with lesions in surgically inaccessible
locations and those who are not surgical candidates. For patients with more than one metastasis, but a
limited number (generally less than 4 lesions), treatment is individualized, based upon such factors as
tumor size and location, tumor biology, and treatment toxicity. For patients with brain metastases and a
poor prognosis (poor performance status or rapidly progressive systemic disease), palliative whole brain
irradiation is generally recommended.
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Review Article :

Role of Cyberknife for

Parmon Puddhikarant, MD

spinal metastases

Division of Radiology Radiotherapy and Oncology Unit Faculty of Medicine, Ramathibodi Hospital

Abstract

Stereotactic body radiosurgery (SBRS) provide an option to deliver high dose per fraction radiation
and a high biologic equivalent dose (BED), typically in one to five fractions with aim to improve clinical
response, improve tumor control and reduce retreatment rate.

These aims were applied to patients by using Cyberknife as a single modality or combined modality
in unirradiated or reirradiated painful spinal metastases patients with safe and effective response.

Introduction :

Radiosurgery was well established for the
intracranial treatment. Cyberknife is a frameless
robotic system for radiosurgery which was
introduced by Adler JR jr since 1994 (1), first used
for intracranial lesions. To date stereotactic body
radiotherapy (SBRT) is an increasingly used method
for definitive treatment of lung, liver, pancreas,
kidney, prostate and spinal lesions (2-4) and also has
a role in limited cancer metastases (5) located in
variety of organ including spine. Most common
lesions in spine include metastatic disease,
neurofibroma, schwannomas, meningiomas,
lymphoma, myeloma, astrocytomas and vascular
malformation (6). Approximately 5-10% of all
cancer patients will develop spine metastases. The
use of radiation therapy for treatment of spine
metastases has been well established and has a role
as a primary treatment or salvage therapy. The goals
of local radiation therapy in the treatment of spinal
tumors have been palliation of pain, prevention of
local disease progression and subsequent pathologic

fractures, and halting progression of or reversing
neurologic compromise.(7)

This article will review the role of Cyberknife
in spinal metastases in term of clinical indications
and outcome.

Overview of Cyberknife :

Cyberknife (Accuray, Inc., Sunnyvale, CA) (Fig
1) is one of a system capable for SBRT, automatic
LINAC positional adjustments to compensate for
any detected changes in target positioning. It was
approved in 2001 by the United States Food and
Drug Administration for use throughout the body.

Cyberknife is a frameless image-guided
stereotactic radiosurgical system that uses X-ray
radiographic imaging to locate and track the
treatment site while controlling the alignment of
radiation beams via a robot-mounted linear
accelerator. Compact 6-MV linear accelerator that
smaller and lighter in weight than conventional
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linear accelerator, is used. The smaller size permits
the robotic arm to manipulate wider range of beam
orientation than conventional radiotherapy device.
Fiducial markers are gold seeds or stainless steel
screws that are implanted in and/or around a soft
tissue tumor, or within the bony spine, to act as a
radiologic landmark, to define the target lesion's
position with millimeter precision. The Cyberknife
radiosurgerey system has a clinically relevant
accuracy of 1.1 + 0.3 mm when CT slice thickness
of 1.25 mm is used. (8) For spinal lesions, XsightTM
(Accuray, Inc) is used for accurate tracking of the
spinal skeletal anatomy and for accurate treatment
delivery, thus allowing fiducial-free tracking of
spinal lesions. Couch adjustments are still required
for translations beyond 10mm, or rotational offsets
of 1 degree for pitch and roll and 3 degree for yaw.

Figure 1 : Cyberknife

Role of radiotherapy for spinal metastases :

For patients with spinal metastases who present
with spinal instability, i.e., pathologic fracture,
significant kyphosis or deformity, surgery remained
the recommended management. The adjuvant
radiotherapy post operative or radiotherapy alone is
optional for palliation of spinal metastases.

The current role of radiotherapy without surgery
is recommended for painful spinal metastases
without epidural spinal compression, epidural spinal
cord compression caused by radiosensitive tumors
(such as germ cell tumor, lymphoma) or medically
inoperable patients.

External beam radiotherapy can provide
significant palliation painful bone metastases in
50-80% of patients. Up to one-third of patients
achieving complete pain relief at treated site. (9)
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There are vast majority of dose-fractionation
schedule used for palliative bone metastases from
single fraction to conventional fractions. The most
commonly used schedule fractionation schedule was
3Gy X 10. Maranzano et al found that the fractionation
schedule was not a significant predictor of pain-
related outcomes.(10) As no guideline exist, treatment
regimen will probably remain a geographical choice
although higher appear to offer some advantages
related to longer local recurrence free interval. (9)

The spinal cord consists of bundles of motor and
sensory, surrounded by the thecal sac, which encased
by the spinal canal. The commonly accepted spinal
cord dose to give is S0Gy to less than 5 cm of cord,
which yield a 5% or less risk of radiation myelopathy
at 5 years. Though rare, RT-induced spinal cord
injury can be severe, resulting in pain, paresthesias,
sensory deficits, paralysis, Brown-Sequard syndrome
and bowel/bladder incontinence.(11) The severe
complications are often delayed complication such
as radiation myelopathy, which rarely occur less than
6 months after completion of radiotherapy and most
cases appear within 3 years. Other toxicities caused
by RT are mainly related to the level of the spine.
SBRS provide an option to deliver high dose per
fraction radiation and a high BED, typically in one
to five fractions. The goals of SBRS in spinal
metastases are to improve clinical response, improve
tumor control and reduce retreatment rate. (12, 13)

These goals were applied to patients by using
Cyberknife as a single modality or combined
modality in unirradiated or reirradiated patients.
(Table 1, 2)

The current indications for the use of radiosurgery
as a treatment modality for metastatic spine disease
can be summarized into

1. Pain (palliative benefit)

Radiographic tumor progression
As a primary treatment modality
Progressive neurologic deficit
Postoperative.

woh e

While the general categories as defined by
Sahgal et al (14) into 4 general categories.
1. Unirradiated patients: spinal metastases in
a previously unirradiated volume treated
with SBRS



Reirradiated patients: spinal metastases in
a previously irradiated volume now
containing new, recurrent, or progressive
metastatic disese treated with SBRS
Postoperative SBRS patients: spinal
metatases treated with SBRS after open
surgical intervention, with or without spinal
stabilization

Mixed patients: mixed populations involving
patients in the previous 3 categories in
which outcomes are not separately
reported.

Exclusion criteria for spine SBRS was
summarized by Sahgal et al (12) into

1.

W

Pacemaker such that MRI cannot be
performed or the treatment cannot be
delivered safely

Scleroderma or connective tissue disease
as a contraindication to radiotherapy
Unable to lie flat

Treated with 89Sr or systemic chemotherapy
within 30 days before SBRT

External beam radiotherapy to the same area
within 3 months before SBRT
Significant or progressive neurologic
deficit

>25% spinal canal compromise
Malignant epidural spinal cord compression
or cauda equina syndrome

Spine instability or neurologic deficit
resulting from compression of neural
structures

Three common primary malignancies are
breasts, renal and pulmonary cancer. The prescribed
dose of radiation to the tumor is determined based
on the histology of the tumor, spinal cord or cauda
equina tolerance and previous radiation dose to
normal tissue, especially spinal cord.

Table 1. Summary of unirradiated patients

Reference Total no. Primary Indication Target Total dose/ BED Follow-up Outcome
tumor/ for CK volume number of at Cord months
patients fx of CK
Sahgal, 09 23/14 | Radioseneitive: Pain 24 (7-40) Gy/ 56 (30-114) 8(1-26)  1& 2 year progres-
(14) 34.78% 56.52% 8.3 (2.1-106) 3(1-5) Gy2 sion-free probability
Post op of 85% and 69%
Radioresistant | 21.74% No radiation induced
(Sarcoma, renal myelopathy or
call, Drop metas radiculopathy

from glioma,
melanoma):
65.21%
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Table 2. Summary of reirradiated patients

Reference

Gerszten,

04 (15)

Gerszten,
07 (16)

Gibbs,
07(17)

Gagnon, 07
(18)

Saghal 09,
(14)

Gagnon, 09
(19)

Choi, 2010
(20)

Total no.
tumor/
patients

125/115

500/336

102/74

NA/18

37/25

NA/151

51/42

Primary

19.2%
16%
8.8%
4.8%

Breast
Renal
Lung
Colon
Prostate 4%
MM 4%
Hemangioblastoma
3.2%
Laryngeal CA 3.2%
Melanoma 2.4%
Lymphoma2.4%
Sarcoma 2.4%
others 16%
Benign Tumor

13.6%
Renal 18.6%
Breast 17.2%
Lung 16%

Melanoma 7.6%
Colon 6. 4%

Sarcoma  5.2%
Prostate  4.8%
MM 3.6%

Unknown 2.8%
Sq cell (larynx) 2.4%
Thyroid  2.2%

Other 13.8%
Renal 19.6%
Breast 17.64%
Lung 11.76%
Melanoma 11.76%
GI 8.82%
Sarcoma  6.86%
H&N 6.86%
Prostate  2.94%
Unknown 2.94%
other 10.78%
Breast 100%

Radiosensitive
91.89%
Radioresistant
(Sarcoma, renal call,
Drop metas from
glioma, melanoma)

8.1%
Breast 23.84%
NSCLC  15.89%
Renal 11.92%
Breast 31%,
Other 26%,

NSCLC 21%
Salivary gland 7%
Colorectal 5%
Thyroid 5%
Lymphoma 5%

Indication Target  Previous Previous Total dose/number
for CK volume BED/a/f EQD, of fx of CK
of cord

Pain  63.2% Mean 27.8 | NA NA mean 14Gy
Progressive deficit cm’ (12-20Gy/1fraction)
14.4% (0.3-232)
Primary

11.2%
Post op 7.2%
Boost 4%
Pain  67.2% Median  62Gy, 37Gy 12.5-25 Gy/ 1
Progressive deficit 29cm? (60- (36-38.5  fraction
14.4% (0.2-264) | 64Gy,) Gy)
Primary

11.2%
Post op 7.2%
Boost 4%
Pain & neurologic 122 cm® | 50/74 66.67 16-25Gy/ 1-5
dysfunction (0.025-  patients (21.67- fractions

81% 685.3)  had 103.33)Gy
Asymptomatic previous

19% radio-
Exclude therapy
- Patients with 66.67
paralysis (21.67-
- Spinal instability 124) Gy,
- Spinal lesions
extending beyond
2 consecutive
vertebral segments
- Receiving
previous radiation
within 3 months
-Failed prior NA NA NA 21-28Gy/3-5
external beam
radiation
-Primary treatment
Imaging confirmed = 21 cm*  66.85Gy, 40.1Gy 24 (8-30)Gy/ 3(1-5)
of progression (0.4-177)  47Gy,, fractions

100%

- Pain NA NA NA Mean 26.4Gy/3
Recurrent lesion 10.3em’ | 67Gy, 40Gy 20Gy (10-30Gy)/1-5
that locate close to | (0.2-128.6) (40-82 (24.2- fractions
spinal cord Gy,) 50.4Gy)

EQD2/a/p
of cord
(Total)

NA

NA

Maximal
BED3 of
spinal cord/
cauda
equina
4.5-182 Gy

NA

36 (20-98)
Gy,

NA

76Gy,
(32-
122Gy3)

Follow-up Outcome

months

18 (9-30 )  Safety feasibility
and effectiveness
18 cases with
myelopathic due to
cord compression

21(3-53) Image control 88%
Pain improvement
86%

Medain time to
death 11 months
1 year actuarial
survival 46.3%

9(0-33)

Similar ambulation,
performance status
and pain worsened
between cyberknife
and conventional
external beam
radiotehrapy groups
7(1-48) 1 & 2 year
progression-free
probability of 85%
and 69%

No radiation
induced myelopathy
or radiculopathy

12 (1-51)  Significant decrease
pain score from
40.1 to 28.6

No significant
improvement in
quality of life

6/12months local
control = 87%/73%
6/12months overall
survival = 81%/68%

7(2-47)

abbreviations: NA= not available, CK = Cyberknife, MM = Multiple myeloma, BED = Biological equivalent dose, EQD2 = Total biologically equivalent dose in 2 Gy fractions, fx = fraction
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Outcome of the treatment :

The most frequent indication for the treatment
is pain. Pain is reported to decrease usually within
weeks after treatment, and occasionally within days.
Gerszten et al (13) reported a mixed population with
an overall pain improvement in 290 of 336 cases
(86%), depending on primary histopathology, 96%
of cases with melanoma, 94% of cases with renal
cell carcinoma, and 93% of lung cancer cases. Gibbs
et al reported that 84% of symptomatic patients
experienced improvement or resolution of symptoms
after treatment.(17, 21) Excellent pain-control and
quality of life analysis after spinal radiosurgery has
beenreported from Georgetown University Hospital.
(19) The pain scores were assessed by Visual Analog
Scale (VAS). Data reviewed no significant change
of 12-item Short Form Health Survey Physical
Component scores throughout the follow-up period.

In term of local control and Radiographic Tumor
Progression, a series of 500 cases (16) showed 88%
of overall longterm radiographic tumor control for
progressive spinal disease based of primary
pathology: breast (100%), lung (100%), renal cell
(87%), and melanoma (75%). Gagnon et al published
a matched-pair analysis comparing 18 patients with
breast-cancer spine metastases treated with
Cyberknife (radiosurgery) to 18 matched patients
who received conventional external beam radio-
therapy up front. This study concluded that salvage
Cyberknife is as efficacious as initial fractionated
radiotherapy without added toxicity. (18)

Gerszten et al (16) reported no case of tumor
progression within the immediate adjacent vertebral
levels based on 500 cases. Chang et al (22) reported
their patterns of failure for 74 treated tumors where

References :

23% demonstrated imaging progression. Based on
these data, Sahgal et al (14) concluded that it is
possible that failure in the epidural space may be due
to underdosing of the tumor because of strict spinal
cord constraints, uninvolved adjacent posterior
elements should be included in the target volume,
and encompassing one vertebral body above and
below the diseased vertebrae is unnecessary.

Complication associated with radiosurgery are
generally self limited and mild. (13) Radiation-
induced spinal cord injury is exceedingly rare, and
few cases have been reported in the literature. Gersz-
ten et al (16) found no spinal cord toxicity with over
60 months of follow-up. Rye et al (23) specifically
addressed the partial volume tolerence of the spinal
cord and complication of single-dose radiosurgery
which reported a single case of radiation induced
cord injury after 13 months of radiosurgery. They
concluded that partial volume tolerance of the human
spinal cord is at least 10Gy to 10% of the spinal cord
volume, defined as 6mm above and below the
radiosurgery target.

Conclusion :

Cyberknife is a noninvasive option for patient
with painful spinal metastases with safe and effective
response and local control, regardless of prior
fractionated radiotherapy. The dose fractionations
are varies from single fraction to hypofractions. No
consensus on dose can be made based on the available
evidence. Randomized controlled trials would be
helpful to determine the dose prescription and the
dose limitation of organs in comparison with
conventional radiation delivery.
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Identification of Rectal Cancer Genes by Microarray Analysis
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Abstract

In northern part of Thailand, cancer is a leading cause of death and colorectal cancer is ranked the
third among different fatalities in this region. The purpose of this study is to use a cDNA microarray to
analyze the difference in gene expression profiles between normal and tumor tissue in 6 stage III rectal
cancer patients who were treated at Maharaj Nakorn Chiang Mai Hospital (Suandok) between December
2009 - April 2010.

Microarray analysis for rectal cancer genes was completed using the R program, which is a program
for statistical and graphical computation. To measure gene expression we used the linear model statistics
function provided by the limma package in R. This approach included three main steps. First, the cDNA
microarray data was imported into R. cDNA preprocessing steps including background correction,
normalization and summarization were performed. Normalization involved both within-array and
between-array normalization. Second, the linear model function was used to analyze the cDNA gene
expression and classify different gene expressions of rectal cancer. Using fold change value of 2 (=2) and
a p-value less than 0.005 (<0.005) for t-test, the differences in the gene expressions between normal and
tumor tissue were obtained. Finally, from TNM staging we found common rectal cancer genes in T3 stage
differentiated from normal tissue. After intensive analysis, three genes were identified, named CDC4
gene, placenta growth factor precursor (PIGF) and CD27-binding protein.

Key words : Rectal cancer, Gene expression, Microarray
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Hypofractionation
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Hypofractionation in breast cancer at Ubonratchatani cancer center
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Ubonratchathani Cancer Center

Abstract

Between January 2008 and July 2010, 156 consecutively previously surgery patients with breast
cancer had completed post operative radiotherapy at Ubonratchathani cancer center. 30.76 % of these
were treated with hypofractionated radiotherapy. Compare with the conventional fraction group, the
hypofractionation group was older (median 53.5 vs Slyears ; p = 0.37) but similar tumor size ( median
35 mm ). Had all eligible patients receive hypofractionation in 2009, an extra 9 patients each month could
be treated and health-care cost would be reduced by 36 % .
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(breast conserving surgery : BCS) #9811 Modified radical mastectomy (MRM)

eee |-

ECOG performance status 0 to 2

o~ DN

® tumor size > 5 cm (T3) and T4 lesion

®  axillary nodes positive
® vascular-lymphatic space invasion
®  skin or muscle invasion

® cvidence of residual tumor
6. @1y 18-80 1
7. dulugueanlinnginem

msSnuU:ISPIAUNAaSLE
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Hmd‘f;ml,i\‘mlémﬂ Linac 6MV 178 cobalt-60

UFIRAGUISTUNYTAHTIINFI98N 5,000 cGy/25

fraction LA2819R18 boost UFLI0 surgical scar

#311000 - 1,500 cGy %u@gﬁuéﬂmm@:mﬂ

Ms3IAsAAIBoEaDINNISANESLE

E7l

A5 2 Anldanslunnsanasadnnieatann 3 ans

nseleinsin MRMstaaflu high risk Ae Tunsaiselilil

ldwelasunisens faatTuamiammsanidadnuuNinen

2. NM9SNENAIESIAULL hypofractionation

Iiatadissayna Linac 6MV via cobalt-60
NFRAQUIFUNVTOHITIMII98N 260 -320 cGy /13
-15 fraction L&2813818 boost L3104 surgical scar
#isl 1300 - 1,500 cGy “%uag'ﬁu;ﬁﬂqmwimiw

(@Ansrinslsviugunindauntiv/ansdnsanns/anadseinden)

471921 Fractions
15 ( hypofractionation laifl Boost )
20 ( hypofractionation 994 Boost )
25 ( conventional fraction 1 Boost )

30 ( conventional fraction 99 Boost )

MsJiAs1hdoya
Tdn319uanuwasa Nl fiFuAwaa A0
ANAHLANANNTEUIengulngld Chi-squared

tests

1A (UN)
15,500
18,000
24,500
29,000

wamsfAnu
a Yo dl $ o o 1’/ a
fffthandnfunnsinuwnsnianun 156 38 H
SNEATIDEA AIANTN N 3

Journal of Thai Society of Therapeutic Radiology and Oncology |
Vol. 17 No. 1 January - June 2077' 81



P59 3 Anwnuzaesiilas

Conventional fraction Hypofractionation 394 (n=156)
(n=108) AT (%)  (n= 48) AT (%) ANND (%)
a2
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40-49 30.56 35.42 32.05
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A Comparison between the Las Vegas and the

PTW EPID QC PHANTOM"

for portal imaging quality assurance

Paranee Sahachjesdakul, M.Sc.
Radiation Oncology Department, Rajavithi Hospital.

Abstract

Electronic portal imaging device (EPID) is widely used for patient position verification. The regular
quality assurance (QA) of EPID image quality is necessary to ensure treatment efficacy. The purpose of
the study was to compare the Las Vegas phantom and PTW EPID QA PHANTOM® in an amorphous
silicon EPID image quality investigation. The Elekta iViewGT system was investigated with the PTW
EPID QA PHANTOM?® and compared with the Las Vegas phantom. We exposed both phantoms by for
x-low (6 MV x-ray) and x-high (10 MV X-ray), at dose rate of 200 and 400 MU/min (the normal dose
rate which used in routine) and the monitor units from 1, 2, 4, 6, 8, 10, 50 and 100. The results showed
that the Las Vegas phantom could be shown only the number of holes that could be seen. The visible holes
in raw and column in the Las Vegas image determines the contrast and resolution of EPID. For x-low
beams showed more holes than x-high. More MU used, more holes could be seen. The dose rate of the
x-low and x-high do not affected the number of holes. For the PTW EPID QC PHANTOM?® showed the
mean values of signal-to-noise-ratio and contrast resolutions. X-high showed the higher values of the
SNRs than x-low. The 25% MTF high contrast (horizontal) Ip/mm for the x-low is in the range of 0.61
- 0.62, xhigh is 0.56 - 0.58 Ip/min. The 25% MTF high contrast (vertical) Ip/mm for x-high is 0.50 and

0.46 for x-low.

Introduction

ELEKTA SYNERGY linear accelerator (Elekta
Oncology Systems Ltd, Crawley, UK) was installed
at Rajavithi Hospital in 2009. An Elekta SYNERGY
equipped with the electronic portal imaging device
(EPID), which is mounted orthogonally to the
treatment head. The EPID is a powerful tool in the
reduction of treatment setup errors and the quality
assurance and verification of complex treatments. So
quality control is required to optimize the operating
and to maintain image quality. It is generally
accepted that the quality of the image acquired using
megavoltage x-ray is poorer than acquired with
kilovoltage x-rays. The comparison using the Las
Vegas phantom and the PTW EPID QA PHANTOM®
for the image qualities were studied. When the linear
accelerator acceptance test has been done, the image
quality of the EPID was tested using the Las Vegas
phantom supplied by Elekta. The numbers of holes
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were counted. Visualizing holes in the Las Vegas
image determines the contrast and resolution of
EPID. No analyses of the SNRs or the contrast curves
were suggested. The initial images obtained during
acceptance test represent the reference data for con-
tinuing quality assurance of the EPID. When we
started to use the EPID for verifying the treatment’s
fields at the end of 2010, we started to use the PTW
EPID QA PHANTOM?® for the image quality
verification. It consists of 5 essential tool to measure
the geometric accuracy, signal to noise ratio (SNR),
dose linearity, the low and the high contrast
resolutions and are aligned with divergence to
measure the imaging and geometric parameters in
horizontal and vertical directions. The pelvis
phantom was also used to test for this purpose and
kept the results as the references images.



Materials & Method
The Las Vegas phantom

The phantom was designed with holes of various
diameters and depths. (Fig. 1) No data are provided
on the holes depths and contrast values for the phan-
tom provided by Elekta with iViewGT system.
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Figure 1. Positioning of the Las Vegas phantom

The PTW EPID QC PHANTOM®

The PTW EPID QC PHANTOM?® was developed
for checking the constancy of the image quality of
EPIDs for high-energy photon radiations in radiation
therapy. (Fig.2)

Figure 2. The PTW EPID QC phantom

The pelvis phantom
The pelvis phantom is the product of BrainLAB,
ET verification phantom, s/n prototype 3051.

The Linear accelerator

The Linear accelerator is ELEKTASYNGERGY
which attaches with electronic portal imaging device
(EPID) for MV-imaging and XVi (kV imaging
system). The MV-imaging is iViewGT system. The
distance from the target to the surface of the flat
panel is 160 cm.

The Las Vegas phantom was setup on the patient
couch of the linear accelerator. The phantom’s top
surface is at isocenter (100 cm.), with the holes
facing down. The phantom was exposed to x-low
and x-high beams. By varying the dose rate 200 and
400 MU/min, as well as varied the monitor units
(MU) from 1, 2, 4, 6, 8, 10, 50 and 100. The field
size was 12 x 12 cm. After exposed the phantom,
using the contrast and brightness functions optimized
the displayed images.

The PTW EPID QC PHANTOM® should be
placed on the patient couch at the place free of
absorption with the printed front plate facing the
beam. The recessed lines on the side of the phantom
should be aligned with room laser. The phantom set
to isocenter height 100 cm. (SSD=96.2 cm). The field
size is 26 x 26 cm. which cover all test elements of
the phantom completely.

The pelvis phantom was exposed to x-low and
x-high using double exposure technique. (Table 1)
and used SAD technique was 100 cm. The dose rate
is 400 MU/min which is normally used in clinical.
The pelvis phantom’s the mid line depth is 11 cm.
The planned field size was 15 x 15 cm. and the open
field size was 20 x 20 cm.

Table 1. The double exposure techniques to the pelvis phantom.

Tested Techniques Exposure
1 Open field before planned field 2 MU;2MU
2 Open field before planned field 2 MU;1MU
3 Open field before planned field 1 MU;2MU
4 Planned field before open field 1 MU;2MU
5 Planned field before open field 2 MU;2MU
6 Planned field before open field 2 MU; 1IMU
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Results

The Las Vegas phantom
The images of EPID for x-low beam, the EPID TR
will be able to resolve in the range of 18-26 holes Pasnste Comvoke  Usperi
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Figure 5. The evaluation results.

Figure 3. The Las Vegas exposed to x-low, dose rate 200 ®
MU/min and 100 monitor unit (MU). The PTW EPID QC PHANTOM

The image qualities of the PTW EPID QC
PHANTOMR were analyzed with epiSoftR 2.1
program (Fig. 5)

When plotting between monitor units (MU) and
SNRs at different dose rate (200 and 400 MU/min)
of 6 and 10 MV x-ray, the curve showed small SNR
atlow MU and increasing until about 6 MU the curve
became to plateau (Fig.6). For the 25%MTF high
contrast (horizontal) Ip/mm for the x-low are in the
range 0.61 - 0.62, x-high are 0.56 - 0.58 (Fig.7). The
25%MTF high contrast (vertical) Ip/mm for the x-low
is 0.46, x-high is 0.50 (Fig.8). The 50% MTF high
contrast (horizontal & vertical) Ip/mm for both x-low
and x-high show no difference of the values which
are in the range of 0.30-0.31 (Fig.9). For the low
contrast of x-low and x-high, the number of holes
are 17 -1 9 and 16-19 respectively.

Figure 4. The Las Vegas exposed to x-high, dose rate 400
MU/min and 100 monitor unit (MU).
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The pelvis phantom

Analyzing the images of the pelvis phantom by
Elekta iViewGT, the image of the open field exposed
before the planned field are better than the images
which the planned field exposed first (Fig.10 and
Fig.11).

The best result for double exposure technique
is 2 MU and 2 MU for the open and planned fields.

Discussion

The images from the Las Vegas phantom, we
can count only the number of visible holes. It gives
only visual information. We do not know the contrast
of the holes due to the vendor does not provide the
data of the depth and contrast for the phantom. The

Figure 10. The image of pelvis phantom with double exposure,
the open field was exposed first, then the planned
field by 2 MU & 2 MU and x-low.
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Figure 11. The image of pelvis phantom with double
exposure, the planned field was exposed first,
then the open field by 2 MU & 2 MU and x-low



images of x-low are smoother than x-high. For
x-high, the aluminum’s lines can be seen on the
images since the high energy photon penetrate the
Las Vegas phantom. When imaging with low-energy
photon beam (6 MV) a properly functioning EPID
will be able to resolve the 17 holes.1-2 From the
acceptance tests, x-low (6 MV) for 100 MU, dose
rate 200 MU/min, the visible holes was 16. X-high
(10 MV) for 100 MU, dose rate 200 MU/min, the
holes visible was 13 holes. In this test, for x-low,
dose rate 200 MU/min, the EPID can be seen 26
holes on 100 MU. For x-high, dose rate 200 MU/min
and 100 MU, the holes are 25. So the visible images
depend on the observation experience and motivation,
room lighting and the doses (MU).

The results of SNRs from the PTW EPID QC
PHANTOMR showed that the SNRs increase when
the doses (MU) increase and x-high gives higher
SNRs than x-low. Since scattered x-rays can reduced
the subject contrast and the signal to noise ratio of
portal image by generating signals in the image
receptor that carry no geometric information about
the patient’s anatomy but that add noise to the
image.2 For EPIDs, the reduction in signal to noise
ratio due to x-ray scatter is more important than the
reduction in contrast.1 So the testing the PTW EPID
QCPHANTOMR, it should be used high dose (above
50 MU) because the SNRs is in the plateau region.
For the MTF values or the SNR values are found
very few published data. Csilla Pesznyak3 reported
the 50% MTF from Elekta iView (which is a camera
base, analog signal) were 0.323, 0.324, 0.321, 0.315
and 0.305 for 1, 2, 4, 6 and 8 MU respectively. He
did not show which energies were used in his study.
In this study, Elekta iViewGT (amorphous silicon,
digital signal) the 50% MTF for 6 MV were 0.292,
0.299, 0.306, 0.305 and 0.305 for 1, 2, 4, 6 and 8
MU. For 10 MV, 50% MTF were 0.298,0.306,0.312,
0.313 and 0.313.

References:

The Las Vegas phantom gives only visible
information, while the PTW EPID QC PHANTOMR
gives numeric analysis tool. So the reference values
shall be determined during acceptance test of the
equipments.

The double exposure of the pelvis phantom for
x-low and x-high, the best result of image was
irradiation the open field before the planned field.
The open field image is used to correct for reproduc-
ible treatment field specific characteristics.2 When
the planned field was irradiated before the open field,
the images looked like double exposure to the
planned field, the edge of the field could not see. For
verification of patient sets up, the high dose is not
necessary to use. 2 MU +2 MU for double exposure
are enough or 2 MU for open field and 1 MU for
planned field are enough for a slim patient. Given
the high MU, it will be added the doses to the
patient.

Conclusion

The EPID systems demonstrate the usefulness
for verifying patient positioning during IMRT or
other conformal radiotherapy techniques. The major
difficulty in verification is that megavoltage beam
images have inherently poor contrast. The initial
images represent baseline data for continuing quality
assurance of the EPID. Images of anthropomorphic
phantom by EPID should be stored to represent the
operation of the image at optimum image quality.2
Quality assurance program is required to optimize
the operating parameters and to maintain image
quality.2 A monthly recalibration may be necessary
depending on the mechanical stability of the EPID.
Calibration procedures depend on the type of EPID
and vendor recommendations; however in each case
it involves exposing the EPID to radiation under
specific conditions. 1

1. Herman MG, Kruse JJ, Hangness CR, Guide to clinical use of electronic portal imaging:

J Appl. Clin. Med. Phys. 2000; 1, 38 -57

2. Herman MG, Balter JM, Jaffray DA, et al. Clinical use of electronic portal imaging: Report of AAPM
Radiation Therapy Committee Task Group 58: Med. Phys. 2001; 28, 712-736
3. Pesznyak C, Polgar I, Weisz C, et al. Verification of quality parameters for portal images in

radiotherapy: Radiol. Oncol. 2011: 45,68-74
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Human Papilloma Virus in
Oropharyngeal Carcinoma
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Yaowalak Chansilpa, M.D.*
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Abstract

Oropharyngeal cancer, the second most common of head and neck cancer patients in Siriraj hospital,
is a challenging disease in head and neck squamous cell carcinoma (HNSCC). Although tobacco use is
known the predominant risk factor in oropharyngeal oncogenesis. A very interesting etiological linkage
between the human papillomavirus (HPV) and a subgroup of HNSCC has recently been established. At
this time, in the year of 2011, we have more and more scientific data to support that tumor HPV status is
a paramount prognostic biomarker for head and neck cancers in terms of tumor control, disease free
survival and overall survival. In other words, the group of HPV positive patients has definitely better
prognosis. In the near future, results from clinical trials on oropharyngeal cancer will inform us the
better way how to treat these groups of patients without any compromise in survival and less toxicity.

Human Papilloma Virus

In 1935, the existence of papilloma viruses was
first demonstrated by Shope”, who used an
ultrafiltrate of warts from rabbits to discover them.
Later, papilloma viruses with an epithelial tropism
have been demonstrated in humans that were
detected in an invasive squamous cell carcinoma of
head and neck by Southern blot hybridization in the
first time®. Human Papilloma Virus (HPV), which
is a member of the papillomavirus family of viruses
that is capable of infecting humans, are encapsulated
DNA viruses containing a double-stranded DNA
genome of approximately 8,000 base pairs in size.
After infecting a suitable epithelium, viral DNA
replication takes place in the basal cells of the
epidermis, where the HPV genome is stably retained
in multiple copies, guaranteeing its persistence in
the epithelium's proliferative cells. Some types of
HPV don’t affect humans, while other types can cause
infection and cancer. Transcription from the HPV
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genome occurs in two waves: an early phase with
seven to eight gene products (E1-E8) and a late phase
with two gene products (L1-L2) (As Figure 1). The
early phase of HPV infection plays a key role in the
E5 oncoprotein. However, the ability of different
high-risk HPVs to transform human epithelia has
been primarily associated with the expression of two
specific viral gene products, E6 and E7¢%. The E6
oncoprotein causes degradation of tumor suppressor
protein p53, whereas the E7 oncoprotein results in
loss of retinoblastoma (Rb) tumor suppressor protein.
Thus, the E6 and E7 oncoproteins are the specific
HPV-induced carcinogenesis that promotes tumor
growth and malignant transformation®?,

Incidence of HPV in Oropharyngeal Cancer
The incidence of oropharyngeal cancer patients

in 2008 was 80 patients who came to Siriraj Hospital,

which was the second most common in head and



Figure 1 : Genome organization of human papillomavirus 16.
(E1-E7 early genes, L1-L2 late genes : capsid)®

neck cancer in our hospital”. The Surveillance,
Epidemiology, and End Results (SEER) database by
Shiboski et al., studied the incidence of oral carci-
noma among young adults that has been reported in
the United States and Europe from 1973 to 2001.
They found that there was a statistically significant
increase in the incidence of oral tongue squamous
cell carcinoma, base of tongue squamous cell carci-
noma, and palatine tonsil squamous cell carcinoma
(Annual percentage change = +2.1, +1.7, and +3.9,
respectively)®. Thus, oropharyngeal cancer is a
major cancer disease in head and neck squamous cell
carcinoma (HNSCC), which is a disease largely
attributed to the usage and exposure of tobacco and
the consumption of alcohol®!'?. However, Gillison
ML, et al.'V presented that a small number of

HNSCCs, about 15-20%, demonstrates the presence
of other risk factors. They hypothesized that HPV
may be an etiologic agent for HNSCC; thus, they
reviewed tumor tissues from 253 patients with
newly diagnosed or recurrent HNSCC by testing for
the presence of HPV genome with the usage of
polymerase chain reaction (PCR)-based assays,
Southern blot hybridization, and in situ hybridization.
The result showed that HPV genomic DNA was
detected in 62 (25%) of 253 cases (95% confidence
interval [CI] = 19%-30%) and high- risk, tumori-
genic type HPV16 was identified in 90% of the
HPV-positive tumors. Moreover, poor tumor grade
(odds ratio [OR] = 2.4; 95% CI = 1.2— 4.9) and
oropharyngeal site (OR = 6.2; 95% CI = 3.1-12.1)
independently increased the probability of HPV
presence (As Table 1). They presented that HPV type
16 was the majority type in HPV positive group of
oropharyngeal cancer patients. Nonsmokers were
more frequent in the HPV-positive group (21%) than
in the HPV-negative oropharynx group (4%), but this
difference was not statistically significant.

Characteristic of HPV in Orophayrngeal cancer

Weinberger PM, et al.!"® proposed three-class
models for oropharyngeal carcinogenesis. In the first
model (class I), an excess alcohol or tobacco exposure
induces mutations or epigenetic inactivations of p53,
p16 and retinoblastoma (Rb) in a multistep progression
that causes squamous cell carcinoma of the head and
neck, which is called classic oncogenic. The second

Table 1:  Characteristics of the head neck cancer study population grouped by HPV status
(adopted from Gillison ML, et al.("V)
Characteristic HPV-positive group HPV-negative group Unadjusted OR
(n = 62 patients) (n = 191 patients) (95% CI)

Primary site
Oral cavity 10 (16%) 74 (39%) 1.0 (referent)
Oropharynx 34 (55%) 26 (14%) 9.7 (4.2-22)
Hypopharynx 2 (3%) 19 (10%) 0.78 (0.16-3.8)
Larynx 16 (26%) 70 (37%) 1.7 (0.72-4.0)
Nasopharynx 0 (0%) 2(1%) -

Tumor grade
Well 8 (13%) 33 (17%) 1.0 (referent)
Moderate 26 (42%) 115 (60%) 0.93 (0.39-2.3)
Poor 27 (44%) 32 (17%) 35(1.4-8.8)
Unknown 1 (2%) 11 (6%) -

Multivariate analysis  Adjusted OR 95% C1 pvalue
Oropharynx 62 3.1-12.1 <0.001
Poor tumorgrade 2.4 1249 0.01
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model (class II) describes a novel class, possibly
formed when tobacco/alcohol-related tumors are
subsequently infected by high risk HPVs, which was
multifactorial in origin. In the third model (class III),
high-risk human papillomavirus (HPV) may also
lead to tumor formation, in a similar fashion to its
role in cervical cancer, which oncogenic HPV E6
and E7 proteins act to inactivate p53 and Rb
pathways, with subsequent upregulation of p16
expression through loss of feedback inhibition. (As
Figure 2)

N I
&"k Class B eored

Moreover, Pernille Lassan® concluded the
characteristics of HPV-positive and HPV-negative
HNSCC on amolecular, epidemiological, and clinical
basis (As Table 2). However, there are some issues
that still are controversial such as smoke. Kumar B,
et al.'¥ suggested that smoking was not a significant
prognostic factor after accounting for HPV status,
whereas another found HPV status had a minimal
effect on survival outcomes among smokers, but the
smoking status had an important impact among
HPV-positives and concluded that HPV-positive
nonsmokers had the best outcome!?.

Figure 2 : three-class model for oropharyngeal carcinogenesis ('?

94

Table 2 : Distinct differences between HPV negative and positive HNSCC?

HPV-positive HPV-negative

Clinical factors

Anatomic site Predominantly oropharynx All sites

Pathology Poorly differentiated All types

Age Younger Older

Performance status Good Poor

T-classification T1-2 All

N-classification N+ All

Stage -1 All

Prognosis Improved Worse
Epidemiological factors

Tobacco use Never smoker Heavy smoking

Alcohol use Mild/moderate Heavy

Sexual behaviour Assoclated Not associated

Incidence Increasing Decreasing
Molecular biology

p53 mutations Infrequent Common

p16 expression High Low

High EGFR expression Infrequent Common
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Specific characteristics of head and neck cancer
patients who have HPV+ are described scientifically,
such as younger age (5-10 year, compared with
HPV-), anatomic sites as tonsil and base of tongue,
histology as poorly differentiated nonkeratinizing
with basaloid features, and high number of vaginal
and oral sex partners.

HPV as Prognostic Factor in Oropharyngeal
Cancer

There were many studies that presented that
HPV was a prognostic factor for treatment in
oropharyngeal cancer. The Gillison ML, et al.1,
demonstrated that the HPV positive group showed
better improvement than the HPV negative group in
disease specific free survival (hazard ratio [HR] =
0.26; 95% CI = 0.07-0.98). In addition, the authors
adjusted the data that showed the presence of lymph
node disease (HR =2.3; 95% CI = 1.4— 3.8), heavy
alcohol consumption (HR =2.6; 95% CI = 1.4-4.7),
and age greater than 60 years (HR = 1.4; 95% CI =
0.8-2.3), all patients with HPV-positive tumors had
a 59% reduction in risk of death from cancer when
compared with HPV-negative HNSCC patients (HR
=0.41; 95% CI = 0.20-0.88). Thus, they concluded
that there is a high probability that HPV-positive
oropharyngeal cancer is associated with HPV
infection and has a markedly improve prognosis.

In 2007, Ragin CC, et al.'® reviewed many
case-series as a recent meta-analysis, the reduction
in risk of death of patients with HPV-positive head
and neck squamous cell carcinomas was 18% (hazard
ratio (HR) 0.85, 95% confidence interval (CI) 0.7—
1.0) and the reduction in risk of disease failure was
38% (HR 0.62, 95% CI 0.5-0.8) when compared to
the HPV-negative patient. Especially in oropharyngeal
cancers, they showed that HPV-positive have a 28%
(HR 0.72,95% C10.5-1.0) reduced risk of death and
a49% (HR 0.51, 95% CI 0.4-0.7) reduced risk of
disease-failure when compared to patients with
HPV-negative oropharyngeal cancers. However, this
meta-analysis had some limitations, as the estimates
were derived from un- adjusted hazards and were
not based on individual patient data.

Last year, 2010, Dayyani et al."'” included 5681
patients from 34 published articles in meta-analysis.
The hazard ration for death in HPV+ patients was
0.42 (95%CI = 0.27 to 0.57). Other than prognosis
and treatment response, the authors also proved that

the HPV 16+ patients, compared with HPV16-
patients, has higher risk to develop head and neck
cancer (Odds Ratio = 4.44 with 95% CI = 2.87 to
6.02)

In 2008, a phase II trial of investigational
therapy in patients with oropharyngeal and laryngeal
cancers, ECOG 2399"® was established. In this trial,
patients were treated with paclitaxel and carboplatin
induction followed by radiation concurrently
administered with weekly paclitaxel. There was 40%
HPV-positive of all cancers and 63% HPV-positive
of oropharyngeal cancers via a combination of HPV
in situ hybridization and polymerase chain reaction
(PCR). After a median survival of 39 months, patients
with HPV- positive tumors had an improved overall
survival and after adjustment for age, tumor stage
and ECOG performance status, had a 73% (HR 0.27,
95% CI 0.10-0.75) reduction in risk of progression
and 64% (HR 0.36, 95% CI 0.15-0.85) reduction in
risk of death when compared to the HPV-negative
patients.

From a recent analysis of over 47,000 incident
cases of oral cancer reported to SEER"” program of
the National Cancer Institute, USA. In the US,
during the period from 1973 through to 2003, the
incidence rate for cancers at sites etiologically
related to HPV infection significantly increased,
whereas significant declines in incidence were
observed for oral cancers not etiologically related to
HPV. In addition, they presented that there was a
significant improvement in absolute 2-year overall
survivals of patients treated with radiation therapy
with local (~10.1 versus 5.3%) or regionally (~23.1
versus 3.1% increase) advanced HPV-related cancers,
but not for patients with HPV-unrelated cancers,
respectively.

In 2010, Lassen P, et al.!® reviewed and
provided a summary of the current understanding of
the role of HPV in head and neck cancer. A
researcher found that there were five studies about
the effect of tumor HPV status on response to
conventionally fractionated radiotherapy. These
studies showed that there were about 15-50% HPV-
positive of oropharyngeal cancers in each study and
most studies established that HPV-positive tumor
patients had a significant improvement in local
control, disease free survival, and overall survival.
Moreover, one study demonstrated that p16 expression
was the strongest independent determinant of them,
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too. In addition, this study focused on the effect of
HPV on accelerated fractionated radiotherapy in
HNSCC. This study concluded two studies (DAH-
ANCA 6 and 7?9, and RTOG 129?Y). DAHANCA 6
and 7 established that tumor p16 status was the strong
independent prognostic impact of HPV- associated
p16 expression on outcome of radiotherapy in terms
of tumor control, disease specific survival, and over-
all survival. However, RTOG 129 showed a statistical
significance in HPV-positive when compared with
HPV-negative tumors in terms of overall survival
and progression-free survival (3-year rate: overall
survival = 82.4% vs 57.1%, progression-free
survival = 73.3% vs 43.3%). In concurrent chemo-
radiotherapy (CCRT) in HNSCC, there were seven
studies that were included in this study. The result
of this study showed that tumor HPV status was a
significant prognostic factor for outcome after
CCRT.

DAHANCA 5@ focused on the effect of HPV
on response to hypoxic modification in radiotherapy
in HNSCC. They assessed by using p16-status as a
retrospective stratification parameter and evaluated
the influence of pl6-expression on the response to
nimorazole in HNSCC. The result showed that
positive expression of p16 also significantly improved
the outcome after radiotherapy. In the subgroup of
patients with p16- negative tumours, locoregional
failure was more frequent in the placebo group than
in the nimorazole group. However, in the p16-positive
group, patients treated with nimorazole had a
loco-regional control rate similar to patients given
placebo. Thus, they concluded that HPV/p16-
expression significantly improved outcome after
radiotherapy in HNSCC. Hypoxic modification
improved the outcome in HPV/p16-negative tumors
but was of no significant benefit in HPV/ p16-positive
tumors.

In summary, at this time data support the
conclusion that especially oropharyngeal cancer,
tumor HPV status is an important prognostic
biomarker for head and neck cancers. Moreover, in
advanced disease due to nodal involvement, patients
with HPV-positive tumors have apparently a superior
outcome when compared to the HPV-negative
patients in terms of tumor control and survival. In
addition, the characteristic genotype and molecular
biological profile of the HPV-associated HNSCC
may be an important factor of tumor response to
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radiotherapy; therefore, in the near future, the
attenuated treatment, such as reduced dose of
radiotherapy or chemotherapy might be proved to
have not only the same clinical outcome but also less
toxicity.

Effect of HPV Vaccines in treatment of
Oropharyngeal Cancer

There are many studies that have shown that
HPV-positive tumor have an effect on the outcome
of treatment for oropharyngeal cancer. Thus, some
researchers believe that HPV vaccine may reduce
the incidence of HPV infection and treat oropharyn-
geal cancer. At this time, there are three approaches
to HPV vaccine development (As Figure 3)®.

Prophylactic HPV Vaccines
HPY L1 copsid protein-bosed vaccines (VLPs®)
HPV L2 copsid protein-bosed vaccines
Therapeutic HPY Vaccines
Viral vector voccines
Voccinia virus vaccines
Adenovirus and adeno-associated virus voccines
Alphavirus vaccines
Bodterial vecior voccines
Listeria voccines
Other bacterial vaccines (Salmonella, BCG)
Peptide/ protein vaccines
Peptide voccines
Protein vaccines
Nuelaic acid voccines
DMNA voccines
RMNA replicon voccines
Cell-based voccines
Dendritic cell-based voccines
Tumer cell-bosed vaccines
Combined Prophylactic and Therapeutic Vaccines
HPV chimeric VLPs*
HPY pseudavirion vaccines

"V1Py: virus-like particles

Figure 3 : HPV vaccine strategies ¥

Nowadays, the prophylactic vaccine is a
well-known vaccine because in a recent proof-of-
principle efficacy trial, systemic immunization with
a prophylactic HPV 16 vaccine was highly effective
in preventing a persistent HPV16 infection in the
female genital tract®. However, it is not known
whether such a vaccine will also alter the carriage
rate of oropharyngeal HPV16; thus, we still suspect
successfully targets genital HPV16 infection that
might also reduce the incidence of HPV 16-associated
disease outside the anogenital tract, including
HNSCC. The current strategy in preventive vaccines
utilizes the capsid proteins L1 and L2 as target



antigens, inducing antibodies to neutralize and
prevent entry of HPV into cells.

On the other hand, the therapeutic vaccines have
been developed for the usage in humans. A number
of therapeutic vaccines have been targeted of E6 and
E7 oncoproteins®. Up to now, delivery systems
tested clinically have included fusion proteins used
alone and with adjuvant. Clinical trials that have been
done up to now have been moderately successful in
eliciting cell-mediated immune responses to HPV
E6 and E7 in patients with a spectrum of HPV-asso-
ciated disease®®. However, for preclinical data and
evidence of therapeutic benefit from induced T-cell
response in humans has been limited.
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Squamous cell carcinoma of the breast :

a case report and review

7% 5.0, un. ez dssiidleiau
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Abstract

of the literature.

Squamous cell carcinoma is a common histopathology in many epithelial cancers such as skin, head
and neck, esophagus and cervix. But primary squamous cell carcinoma (SCC) of the breast is rare. This
is areport case of a 56 year old female with diagnosis of recurrent SCC of right breast. Four histopathology
reports confirmed SCC of the breast from initial diagnosis to recurrent of disease. The patient was
treated with right modified radical mastectomy without adjuvant treatment. Nine months later chest wall
recurrent occur and radiation therapy at chest wall was given. The patient refused chemotherapy. One
year examination found only abscess at chest wall and antibiotics were prescribed. Three months later
shallow ulceration noted within radiation field and the patient was sent to surgical department for biopsy
but the patient loss follow up. Contact letter from referred hospital confirmed the patient died one year
later because of uncontrolled infection at chest wall. For SCC of the breast, mammography gives no
specific finding but ultrasonography may shows cystic lesion with content or inflammation process.
Tumors are predominantly hormonal negative. Surgery is the major treatment. Radiosensitivity of SCC
of the breast is uncertain. SCC of the breast is aggressive and poor response to treatment. The literatures
are review.
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Prevalence of Hypothyroidism Following Radiotherapy of

Nasopharyngeal Cancer Patients

in Srinagarind Hospital between
1994 and 2007
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Abstract

Objectives : To investigate the frequency and severity of hypothyroidism following external beam
radiotherapy to head and neck region in the treatment of nasopharyngeal cancer and to evaluate factors
related with prevalence of hypothyroidism.
Methods and Materials: Patients with non-metastatic nasopharyngeal cancer treated with radiotherapy to
head and neck region in Srinagarind hospital between January 1994 and December 2007. These patients
were evaluated thyroid function (TSH and FT4) and symptoms of hypothyroidism when they came to be
followed up after complete radiotherapy. Then the patient’s data were reviewed regarding to age, gender,
image findings, staging, histopathology, radiation fields, radiation dose, chemotherapy and clinical
status.

Results : Eighty five nasopharygeal cancer patients were enrolled to evaluate thyroid function. Ten
patients (12%) have developed hypothyroidism, five of them were classified as central hypothyroidism,
and five were primary hypothyroidism. Seven patients had subclinical hypothyroidism and three patients
had clinical hypothyroidism. The latent period of hypothyroidism ranged between 5 months to 15 years
after complete radiotherapy. In clinical hypothyroid patients, clinical presentations were not so obvious.
From statistical analyses, only latency of post-radiation time showed significant influence to development
of primary hypothyroidism and adjuvant chemotherapy influenced the development of central
hypothyroidism.

Conclusion : The prevalence of hypothyroidism in our study is 12% at 15years after radiotherapy
and most of the hypothyroid patients were subclinical hypothyroidism. So, we recommend thyroid
function test to be a routine follow-up check for the patients who had been treated by radiotherapy to
head and neck region.

Keywords : Hypothyroidism, Nasopharyngeal cancer, Radiotherapy
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Nasopharyngeal carcinoma (NPC) is a common
cancer in Southeast Asia. In Thailand, the highest
incidence is found in Chiang Mai province, espe-
cially in hilltribers, which is estimated to be about
14% of their population and the incidence of
nasopharyngeal cancer is common in the North East
of Thailand. The primary treatment modality for NPC
is radiation therapy (RT). The radiation fields
usually cover both thyroid and pituitary glands. So,
primary and central hypothyroidism could happen
after radiotherapy.

Although the incidence of radiation induced
thyroid dysfunction reported in several studies varied
so much between 3-92 %. In Thailand, the incidence
and prevalence of radiation induced hypothyroidism
and time onset were not much reported. Furthermore,
the significant risk factors of radiation induced
hypothyroidism are unclear.

MATERIAL AND METHOD

This study was conducted prospectively in the
patients with non- metastatic nasopharyngeal cancer
who were treated by radiation therapy in Division of
Radiotherapy, Srinagarind Hospital between January
1994 and December 2007. There were 1,164 patients
with nasopharyngeal cancer whom had been treated.
The number of evaluable sample size was calculated
by WINPEPI program.[14]

The inclusion criteria were : 1) Patients with
non-metastatic nasopharyngeal cancer who had been
treated by radiation therapy in Division of Radio-
therapy, Srinagarind Hospital between 3 January,
1994 and 31 December, 2007 ; 2) patients must have
no familial history of thyroid diseases ; 3) No his-
tory of previous irradiation at head and neck and
thyroid surgery; 4) patients must have written in-
formed consent before being enrolled into the
study.

The exclusion criteria were 1) patients who did
not have sufficient data records; 2) patients with
previous history of thyroid disorder.

The Duration of study is from October 2008 to
January 2009.

When the nasopharyngeal cancer patients with
post radiotherapy came to be followed up in our
Radiation Oncology Unit will routinely be examined
for detection of residual and/or recurrent tumor and
treatment-related complications. Clinical signs and
symptoms of hypothyroidism were also evaluated.

Thyroid function test is one of routine check will be
ordered following standard guideline whenever the
patients agree to participate in the study and had
given informed consent.

Then the patient data was reviewed regarding
to age, sex, image findings, staging, histopathology,
radiation fields, radiation dose, clinical status and
thyroid function test.

In this study, we want to find out types and
severity of hypothyroidism. So, we decided to check
thyroid stimulating hormone (TSH) and free thyroxin
(FT4). All blood samples were tested with radioim-
munoassay method by same laboratory. The normal
value of TSH in serum is 0.50-5.10 plU/ml and free
thyroxin is 0.7-1.8 ng/dl. This normal value is the
standard value used in Srinakarind hospital.

Clinical hypothyroidism and subclinical hypo-
thyroidism were defined by combination of elevated
TSH and decreased of FT4 level correlated with
clinical signs and symptoms. Primary and central
hypothyroidism were categorized as classified by
combined TSH and FT4 level in table 1.

The definition of primary hypothyroidism (PH)
is the hypofunction of thyroid gland primarily caused
by thyroid gland itself, and central hypothyroidism
(CH) is the hypofunction of thyroid gland resulting
from damage to the pituitary, hypothalamus or
hypothalamic-pituitary portal system.

We calculated the latency period of developing
hypothyroidism from the date of completed
radiotherapy to the date of abnormal thyroid function
were detected. The percentage of patients who were
identified to have thyroid hypofunction from all the
enrolled patients was assumed to be the prevalence
of hypothyroidism in our study. In patients who had
repeated radiotherapy, the latency period were
calculated from the date of complete first radio-
therapy course.

Treatment considerations :

Because there was heterogeneity of staging data,
radiation techniques, treatment parameters, field
arrangements, beam energies, total doses, and
fraction sizes. So, we had to recalculate the same
bioequivalent radiation dose to primary tumor and
neck nodes.
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Table 1: Classification of hypothyroidism

Type Serum FT4 Serum TSH Clinical manifestations
Subclinical PH Normal High Vague symptoms/no symptoms
Clinical PH Low High Symptoms present
Subclinical CH Normal Low Vague symptoms/no symptoms
Clinical CH Low Low Symptoms present

NB : PH = primary hypothyroidism, CH = central hypothyroidism

Radiation dose:

The different dose-time fractionation of radio-
therapy were recalculated to be bioequivalent to
conventional fractionation (2Gy per fraction, five
times per week).

The Withers formula[17] was used to convert a total
dose D delivered with dose per fraction d into the
isoeffective dose of 2 Gy/fraction.

The o/B ratio of thyroid gland was reviewed from
different resources. Many references recommend the
a/P ratio of thyroid gland as 3[18]. Total radiation
dose in all patients were recalculated to bioequivalent
dose of 2 Gy per fraction for comparison the effect
of radiation dose in each patients.

d+<%)

2+(%)

EQD2 = D

Average radiation dose at neck

Dueto varying radiation techniques and radiation
dose on each side of neck, we decided to use average
dose in the comparison analysis.

Restaging

Since, the definition of staging system of
nasopharyngeal cancer had been changed in the year
1992, 1998 and 2002. So, we had to restage all the
enrolled patients with nasopharyngeal cancer to
AJCC system 2002.

Statistic analysis

The factors related to hypothyroidism following
radiotherapy were evaluated by program SPSS
v.16

Discrete variables were gender, staging, concur-
rent chemoradiotherapy, adjuvant chemoradiotherapy,
radiation machines, re-irradiation at head and neck,
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brachytherapy and radiation technique at the last
follow up were described by proportions.

Continuous variables were age at diagnosis,
latency of post radiation time, radiation dose at neck
and radiation dose at nasopharynx , were described
by mean, standard deviation or median.

Multivariate binary logistic analysis was used
to evaluate factor variables in respect to prevalence
hypothyroidism.

RESULTS

In this study 85 patients with nasopharyngeal
carcinoma who received radiation therapy to the head
and neck region were evaluated. The mean age at
diagnosis was 52.3 yr (median: 52 years, range:
25-78 years) and 54 patients were male (63.5%).
The mean latency period of developing hypothyroism
was 3.4 years (median: 2years, range: 0.4 -15
years)

The mean radiation dose at nasopharynx applied
were 68.5 Gy (52—-74.5 Gy) The mean radiation dose
atneck applied were 60.5 Gy(48.4-70Gy) for positive
neck node patients and were 56.6Gy (40-70Gy) in
negative neck node patients.Some demographic
properties and stages of the patients according to the
AJCC2002 staging system are shown in Table 2.

All patients were treated with external beam
radiotherapy with and without chemotherapy.
Twenty two patients (25.9%) were treated with
concurrent chemoradiotherapy and twelve patients
(14.1%) received adjuvant chemotherapy after
completed radiation.

Among of these patients, there were 17 patients
who had local recurrence and have to be retreated
with EBRT at nasopharynx. Three of them had
primary hypothyroidism and two had central
hypothyroidism.



Table 2 : Characteristics of the Patients

Some Characteristics of the Patients

N(%)

Gender
Male
Female
Stage
Stage [
Stage ITA
Stage 11B
Stage 111
Stage IVA
Stage IVB

54(63.5%)
31(36.5%)

Age at diagnosis (years)
Latency period of developing hypothyroidism (years)

4(4.7%)
2(2.3%)
13(15.3%)
23(27.1%)
23(27.1%)
20(23.5%)
Mean Range
52.3 (25-78)
3.4 (0.4-15)

Table 3 : Status of thyroid function

Thyroid function status

number of patients

Euthyroidism

Hypothyroidism
Clinical primary hypothyroidism
Subclinical primary hypothyroidism
Clinical central hypothyroidism
Subclinical central hypothyroidism

—
S W

wn O N W

Prevalence of hypothyroidism following
radiotherapy :

In the enrolled 85 patients with nasopharyngeal
cancer, ten patients (12%) have developed hypothy-
roidism. Five patients were central hypothyroidism,
and five were primary hypothyroidism. Seven
patients were subclinical hypothyroidism and 3
patients were clinical hypothyroidism. Number of
patients in each group is presented in table 3.

We had observed subclinical hypothyroidism
more than clinical hypothyroidism. In clinical
hypothyroid patients, we did not detect any patients
with obvious clinical hypothyroidism. Only one
patient with clinical hypothyroidism experienced
symptom of fatigue without other symptoms.

Table 4.1 and table 4.2 shows factors related to
hypothyroidism following radiotherapy. The relative
significance of variables such as age, gender, post
radiation time, radiation dose, concurrent chemora-
diotherapy, adjuvant chemoradiotherpy, etc. were
analyzed by univariate and multivariate analysis
using Cox regression analysis.

From statistical analyses, only post-radiation
time significantly related to development of primary
hypothyroidism and adjuvant chemotherapy signifi-
cantly related to development of central hypothyroid-
ism.

From univariate analysis, gender and adjuvant
chemotherapy seemed to relate to development of
central hypothyroidism. However, multivariate
analysis showed that adjuvant chemotherapy is the
only factor statistically related to development of
central hypothyroidism.

DISCUSSION

The prevalence of hypothyroidism at 15 years
after radiation treatment in our study is 12%. Our
prevalence is different from study of Ulger et al.[5],
which reported prevalence of 14% of hypothyroidism
after radiotherapy in nasopharyngeal cancer at 7
years. Y. Wu et al [9] reported the prevalence of
hypothyroidism after radiotherapy for nasopharyn-
geal cancer patients with 4.9% at 3 year, 7.9 % at 5
year and 49.7% at 10 year.
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Although hypothyroidism following radio-
therapy is generally developed at 2-3 years after
completion of the treatment. But there was a report
of early hypothyroidism at 3 months after radio-
therapy [19]. In contrast, late occurrences of hypo-
thyroidism can occurred as late as 20 yr after
completion of the therapy [15],[20] ,[21]. In our
study, we had observed an early hypothyroidism
occurring at 5 month after radiotherapy. According
to data of Nishiyama K et al.[19] they reported
hypothyroidism detected at 3 months after radio-
therapy. However, half of the hypothyroidism occurs
in the first 5 years after the therapy, with the peak
latency period of 2-3 years.

We separated analyses for primary and central
hypothyroidism by two reasons. First, radiotherapy
is a local treatment which should effect mostly on
organs of irradiated such as nasopharynx which
located near pituitary gland should contributed to
development of central hypothyroidism. Likewise,
irradiation at neck should contributed to development
of primary hypothyroidism. Second, to find out
significant factors related to primary hypothyroidism
and central hypothyroidism.

In our study, median latency period of primary
hypothyroidism was 6 years and central hypothyroid-
ism was 1 year. Central hypothyroidism has been
observed more early than primary hypothyroidism.
This result is different from Bhandare N. et al.[22]
which reported median latency period of 3.1 years
for primary hypothyroidism and 4.8 years for central
hypothyroidism. The reasons of discordant of differ-
ent studies may be due to different radiation
techniques and radiation dose at each region.

From our data analysis, mean radiation doses at
nasopharynx was 68.5 Gy, and 60.5 Gy for positive
neck nodes and 56.6Gy for negative neck node
patients. Higher radiation dose to nasopharynx /or
pituitary gland contributed to more occurrence of
central hypothyroidism than primary hypothyroidism
and shorter latency period to development of
hypothyroidism.

f L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
1101 7 17 avud 1 wnsaew - oguigu 2554

Hypothyroidism is a frequent condition in a
random population sample, with a prevalence of
about 2% in females[23]. It is more common in
women than in men [23], and the prevalence
increases with age [24]. Previous studies on the risk
of hypothyroidism after neck irradiation has shown
that hypothyroidism is more frequent in women than
inmen [25]. However, our study showed no significant
correlation between age nor sex with hypothyroid-
ism.

The clinical manifestations of central hypothy-
roidism are similar to those of primary hypothyroid.
The most common symptoms of hypothyroidism
include fatigue, cold intolerance, muscle cramp, and
weight gain. The manifestations of hypothyroidism
include depression, slow mentation, pericardial and
pleural effusions, and a decrease in gastrointestinal
tract motility. Decreased wound healing, acceleration
of atherosclerosis, hypercholesterolemia, and an
increased risk of developing thyroid cancer have
been associated with head-and-neck irradiation.[22]
In our study we did not detect any patients with
obvious clinical presentation of hypothyroidism.
Only one patient with clinical primary hypothyroidism
presented with fatigue without other symptoms.

From statistical analyses, post-radiation time
significantly related to development of primary
hypothyroidism. And radiation induced hypothyroid-
ism is a late radiation complication, so, we can expect
the longer the post radiation time the more the
prevalence of radiation induced hypothyroidism.
According to the standard treatment guideline of
nasopharyngeal cancer, concurrent chemoradio-
therapy and adjuvant chemotherapy usually practiced
for locally advanced cases which can improve
survival rate[17], [26]. So,the longer the survival the
more the incidence of radiation induced hypothyroid-
ism will occur.



The limitation of our study was no baseline
investigation of thyroid function before radiotherapy.
So, we did not know whether the patients had
hypothyroidism before treatment or not. Our study
was retrospective in nature, we had to approximate
the time specific for the event of hypothyroidism due
to lacking of consistency and frequency of endocrine
evaluations. And some patients lost to be followed
up who could contribute to underestimation of the
prevalence of hormone deficiency. Our study,
however, need long-term follow up, since the
prevalence of hypothyroidism increases with time
after completed radiation therapy. Also baseline study
of thyroid function is a matter to be considered.

Monitoring complications of cancer treatment
is essential in the follow-up procedure for all cancer
survivors. Radiation-induced hypothyroidism,
although the mechanism is not fully understood, is
a well known side effect that can be easily treated
with hormone replacement therapy. Tests for
detection of thyroid hypofunction should therefore
be included in the evaluation of patients treated with
radiotherapy at head and neck region. There is no
common consensus for following thyroid function
test. But it seems to be benefited if we start to check
thyroid function as early as 6 months following
completed radiotherapy for early detection of
hypothyroidism.

Table 4.1 : Univariate analysis of patients with primary and central hypothyroidism

Variables Odds ratio 95% CI P value
Primary hypothyroid (n=5)
Gender 1.17 (0.19, 7.43) 0.87
Staging 0.32 (0.02, 0.09) 0.03*
Age at diagnosis 0.834 (0.74, 0.90) 0.91
Latency of post radiation time 0.012 (0,0.035) <0.0001*
Radiation machine 1.65 (0.26, 10.55) 0.59
Radiation dose at neck 0.93 (0.88,0.98) 0.99
Re-irradiation 3.24 (0.49,21.20) 0.20
Midline shielding at lower neck 2.43 (0.26,22.75) 0.42
Brachytherapy at neck node 0.94 (0.89,1.00) 0.57
CCRT 0.92 (0.86,0.99) 0.18
Adjuvant CMT 0.93 (0.88,0.99) 0.37
Central hypothyroidism (n=5)

Gender 0.91 (0.83,0.99) 0.08
Staging 0.44 (0.34, 0.55) 0.04
Age at diagnosis 0.84 (0.16, 4.49) 0.84
Latency of post radiation time 0.07 (0.02, 0.13) 0.99
Radiation machine 3.96 (0.62, 25.28) 0.12
Radiation dose nasopharynx 0.11 (0.04, 0.17) 0.03*
ICRT at nasopharynx 6.41 (0.54,76.34) 0.09
Re-irradiation 3.14 (0.48,20.60) 0.21
CCRT 5.17 (0.80,33.34) 0.06
Adjuvant CMT 13.50 (1.96,93.246) 0.001*

Abbreviations : RT=radiotherapy, CCRT=concurrent chemoradiotherapy, CMT=chemotherapy,
*Statistically significant, Pearson Qui-square test - p value is considered significant if <0.05.
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Table 4.2 : Multivariate analysis of patients with primary and central hypothyroidism

Variables Odds ratio 95% CI P value
Primary hypothyroid (n=5)

Gender 0.50 (0.03, 8.67) 0.64
Staging 1.79 (0.03, 93.88) 0.77
Age at diagnosis 0.95 (0.86, 1.05) 0.31

Latency of post radiation time 1.58 (1.12,2.23) 0.01*
Radiation machine 0.04 (0.001-1.55) 0.08
Radiation dose at neck 1.00 (0.99, 1.01) 0.49
Re-irradiation 4.55 (0.32, 65.63) 0.27
Midline shielding at lower neck 0.18 (0.01,2.76) 0.22
Brachytherapy at neck 0.00 (0,00) 1.00
CCRT 0.00 (0,0) 1.00
Adjuvant CMT 0.00 (0,00) 1.00
Positive neck node 0.22 (0.03,2.01) 0.18

Central hypothyroidism (n=5)

Gender 9.05 (0,00) 1.00
Staging 13.40 (0.73, 247.69) 0.08
Age at diagnosis 0.96 (0.85,1.09) 0.54
Latency of post radiation time 0.25 (0.04, 1.47) 0.13

Radiation machine 1.50 (0.13, 17.29) 0.75

Radiation dose nasopharynx 1.00 (0.99,1.02) 0.62
Brachytherapy at nasopharynx 3.05 (0.07,142.45) 0.57
Re-irradiation 7.88 (0.66, 94.2) 0.10
CCRT 0.00 (0,0) 1.00
Adjuvant CMT 25.13 (2.33,271.19) 0.01*

Abbreviations : RT=radiotherapy: other abbreviation as in table 5.1.

*Statistically significant.

CONCLUSION

From our preliminary data, patients with
nasopharyngeal cancer, both treated by radiotherapy
alone or combination with chemotherapy could
develop hypothyroidism. So, we recommend to
evaluate thyroid function in every patients with
nasopharyngeal cancer who were treated by radiation
for long term follow-up. Our recommendations are
as followed:

1) Thyroid function should be assessed at 6
month after treatment and subsequently every 6-12
month intervals for long term follow-up.

2) Patients who already develop clinical
hypothyroidism must be treated by thyroxine replace-
ment as early as possible to prevent associated
morbidity.
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3) Patients with subclinical hypothyroidism
should be commenced on thyroxine to bring their
thyroid stimulating hormone into normal range.
Because, these patients will eventually progress to
clinical hypothyorism.

The results of our study provide knowledge
about prevalence and patterns of hypothyroidism in
patients who received radiotherapy at head and neck
region. These enable us to give more defined
recommendations as listed above into our routine
clinical practice.
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A RETROSPECTIVE STUDY OF INDUCTION
CHEMOTHERAPY FOLLOWED BY CONCURRENT
CHEMORADIOTHERAPY IN LOCALLY ADVANCED
NASOPHARYNGEAL CARCINOMA

Wimrak Onchan, M.D., Somvilai Mayurasakorn, M.D.,
Ekkasit Tharavichitkul, M.D., Vicharn Lorvidhaya, M.D.,
Vimol Sukthomya, M.D., Nantaka Pukahapan, Bsc.,

Imjai  Chitapanarux, M.D.

Division of therapeutic radiology and oncology, Department of Radiology, Chiang Mai University

Purpose : To evaluate the outcomes of induction platinum-based chemotherapy followed by concurrent
chemoradiotherapy in patients with locally advanced nasopharyngeal carcinoma.

Methods and Materials : We retrospectively reviewed records of 71 patients (51 male, 20 female) with
diagnosis of locally advanced stage IIB-IVB nasopharyngeal carcinoma, who were treated with induction
platinum-based (cisplatin or carboplatin and 5-fluorouracil) chemotherapy followed by concurrent
chemoradiotherapy between January 2007 and December 2009.

Results : Of 71 patients, staged according to the 2002 International Union Against Cancer/ American Joint
Committee on Cancer classification system were IIB in 5 patients (7.0%), I1I in 27 patients (38.0%), IVA in
20 patients (28.2%), and IVB in 19 patients (26.8%), World Health Organization types II (n = 25) and III
(n = 46). At median follow-up time of 21.0 months (range 4.8-48.0 months), 21 of 71 patients (29.6%) had
failed treatment: 6 patients (8.5%) with locoregional recurrence and 15 patients (21.1%) with distant
metastases. Median time to progression was 16.6 months (range 6.7-41.7 months). For compliance, 40 patients
(56.3%) received completed plan of chemotherapy. Fifty-nine patients (83.1%), who was followed-up more
than 1 year were analyzed. One-year disease-free survival, locoregional control, and distant metastasis-free
survival rates were 91.5%, 100.0%, and 91.5%, respectively. Incidence rates of acute grade 3 hematologic
toxicities after induction chemotherapy was leukopenia 1.4%. During chemoradiotherapy, there were grade
3 anemia 1.4% and grade 3 leukopenia 18.3%. There was no severe non-hematologic toxicities.

Conclusions : Induction chemotherapy followed by concurrent chemoradiotherapy is safe and effective for
the treatment of locally advanced nasopharyngeal carcinoma.
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TREATMENT PLAN EVALUATION BY
RADIOBIOLOGICAL MODEL IN
RADIOTHERAPY TREATMENT PLANNING COMPUTER

Nipha Chumsuwan', Nisa Chawapun?,
Imjai Chitapanarux’

' Medical Physics Master Degree Program, Department of Radiology, Faculty of Medicine, Chiang Mai University
? Department of Radiology, Faculty of Medicine, Chiang Mai University

Abstract

Introduction : The purpose of radiotherapy treatment planning is to design the best irradiation technique
for the patient. After the treatment plans are performed by medical physicists, the oncologist evaluates the
plan. In physical evaluation, the criteria are determined in terms of doses and irradiated volumes by using the
evaluation tools such as dose distribution, dose volume histogram (DVH) and dose statistics. This is insufficient
to predict any biological endpoint of radiotherapy. Recently, the radiobiological models are introduced in
commercial treatment planning. The purpose of this study was the use of radiobiological model in treatment
planning to evaluate treatment plan.

Methods : The plans of 34 patients treated with 3D-CRT at Maharaj Nakorn Chiang Mai Hospital,
Faculty of Medicine, Chiang Mai University, were evaluated. Biological index such as tumor control
probability (TCP), normal tissue complication probability (NTCP), equivalent uniform dose (EUD) and
complication free tumor control probability (P+) were calculated for each treatment plan and the P+ values
were then compared. In each case, the best plan with highest P+ value was examined whether it was chosen
for patient treatment.

Results: The results revealed that of 16 patients (47%), the plan with the highest P+ value was selected.
Statistical analysis showed significantly difference between the treatment plan evaluation by using
radiobiological model and without using radiobiological model (p value < 0.05).

Discussion and conclusions : The radiobiological model can help choosing the best treatment plan,
therefore, the treatment outcome and a quality of life will be improved as a consequence.
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Determination of Set-up errors
in the radiation treatment of rectal cancer using
On-board kV imaging system.

KITTIPOL DACHAWORAKUL', SAWANEE SUNTIWONG',
WILAI MASA-NGA', BENJAMAS NGAMCHING',
SUPIN SALAPANYA'

! Radiation oncology unit, Chulabhorn hospital, Bangkok, Thailand

Abstract

Prone patient positioning of rectal cancer has the advantage of the reduction of small bowel dose
comparing with the supine one but the set-up is more difficult. The purpose of this study was to evaluate the
setup errors of rectal cancer patients treated with prone and supine positioning for PTV margin estimation.
The retrospective daily set-up error data of 22 patients (306 fractions of prone, 75 fractions of supine)
determined from the orthogonal kV image guidance were assessed. The root mean square of the SDs of all
patients for each direction and positioning was determined for random error. We estimated the systematic
error by calculating the SD of the means per patient. The mean set-up errors of prone/supine were
0.3840.17/0.314+0.06 cm (AP), 0.28+0.10/0.22+0.10 cm (SI) and 0.26+0.12/0.23+0.05 cm (RL). The random
errors for prone/supine were 0.30/0.22 cm (AP), 0.32/0.16 cm (SI) and 0.22/0.31 cm (RL) and the
systematic errors were 0.17/0.06 cm (AP), 0.10/0.09 cm (SI) and 0.12/0.05 cm (RL). Since the belly board
was not used for the prone position, the maximum error of each direction and both random and systematic
errors are higher. Prone set-up positioning without belly board needs more PTV margin than the supine
set-up.
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Intraoperative radiotherapy
at Ramathibodi Hospital

"
2.ATNINNTY  AIUYANAR

M fAsnEuaTNzITAInen
MAMNFEINYT ACUNNEANEASINNENUNATINTLR Nvnanendauiing

Abstract

Intraoperative radiotherapy (IORT) is a technique using a large single fraction of radiation to deliver the
surgical cancer patients. The patients are anesthetized and treated under the sterile condition. Therefore the
IORT team consists of the surgeon, radiation oncologist, radiation physicist, anesthesiologist, nursing staff,
pathologist, and radiation therapist. At Ramathibodi hospital, we used electron beams from the stationary or
conventional linear accelerator. The operating room was built next to the treatment room. The treatment room
and the pathway between the operating room and the treatment room need to be sterilized at night in order
not to interrupt the regular treatment. According to the dosimetry of IORT system, depth dose and isodose of
both applicator size and beam energy were measured and prepared at an easy way for using in the operating
room. The surgical patient was transported to the treatment room after energy, applicator size, bolus, lead
block, and prescription dose had been decided. Ramathibodi hospital used a hard-docking system for
collimation. For this system, the applicator placed at the patient in the operating room is directly attached to
the collimator of the linac machine. The anesthesiologist needs to monitor the patient’s vital signs closely
during radiation delivery. According to the radiation leakage at the outer wall of IORT applicator, we found
that the range were between 5-25% so the limited dose of normal tissues around the applicator should be
added with the leakage dose for each particular energy and applicator size. Although there is no IORT program
currently operating in Ramathibodi hospital, the experiences discussed in the presentation should be useful
for other institutes which are new for the IORT technique.
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Basic principle of complementary
and alternative medicine in radiotherapy and oncology
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Basic Principle of Complementary
and Alternative Medicine
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Experience in respiratory gated radiation therapy of lung cancer :

Comparison of end normal inspiration
and expiration

Sasikarn Chamchod, MD,  Chirasak Khamfongkhruea, MSc

Radiation Oncology Unit, Chulabhorn Hospital

Abstract

In the radiation treatment of lung cancer, the dose of the organ at risk may be increased in order to
adequately cover the tumor volume because of the tumor movement during respiration. Respiratory gated
radiation therapy is the update advanced in radiation oncology to reduce the treated volume of normal tissue.
A multi-slice, four-dimensional (4D) CT is needed for the gating technique. The rationale and main concept
of the tumor motion management of lung cancer for various gating and tracking methods were mentioned.
Since the patients are not machines, their characteristics of breathing are not the same in each day. Organ
motion during the treatment must be considered individually. Patients should be evaluated for regularity of
breathing, responsiveness to feedback guidance, and breath-hold capability. On the basis of this evaluation, a
treatment-delivery technique should be selected from free breathing, breath-hold, or other alternatives. The
4D CT study is recommended for the treatment-planning purposes in organ movement. With this new
technique, radiation oncologists will be able to administer more radiation and faster to the tumor than
conventional methods.
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Independent program for radiotherapy dose calculation

: Sonic Cal.

Isra Israngkul Na Ayuthaya,

King chulalongkorn hospital, Medical Physicist,

Objectives

The purpose of this project is to construct the independent calculation program: Sonic Cal. to assist in
the determination of absorbed dose for the dose calibration in photon and electron beams from linear
accelerator machine. The routine monitor unit calculations for 2 D, 3D and TBI treatment technique for
photon beams are the main programs to employ in the patient treatment.

Methods

The program was created on Visual Basic version 6.0 and installed into the personal computer. The
program has 4 modes, the first is for dose determination from the calibration of 6, 10 and 15 MV photon
beams from Varian Clinac 23 EX, Clinac 21 EX and Clinac IX. and the second is for dose determination of
4,6,9,12,16 and 20 MeV electron beams from the same machine above. The third mode is for MU calculation
in 2 and 3 D dose planning of 6 and 10 MV photon beams. The MU calculation could be verified with the
manual and Eclipse treatment planning. The last mode is the MU calculation for total body irradiation in 6
and 10 MV photon beams. The input parameters for the absorbed dose determination require only the reading
value from the dosemeter, the temperature pressure and TPR20,10, the other parameters already inserted in
the program. Also the MU calculation requires only field size depth and total dose. The procedure of inputting
of parameters is simple and quick, the physicist can learn and use it easily.

Results

For the calibration of photon and electron beams mode, the Sonic Cal. can calculate the absorbed dose
within 30 sec, while the manual calculation spend about 5-10 minutes. The manual calculation takes more
time because the physicist needs to look for the parameters in the protocol book and sometime the mistake
would be occurred. The MU for 2D, 3D and TBI calculation modes can calculate the monitor unit in patient
treatment faster and accurately, when comparing with the manual and Eclipse treatment planning, they
agree within 1%. The TBI calculation by the Sonic Cal spends only 30 sec while manual takes 1 hour. The
results also agreed well with the manual and the measurement.

Conclusions

This program can help physicists to reduce the calculation time and human error for the dose determination
of photon and electron beams calibration, 2D ,3D and TBI calculation. The program is easy to use, needed
few input parameters. The program can be used in routine clinical in Radiotherapy department of King
Chulalongkorn Memorial hospital and can apply to the others hospitals, and canbe developed for the more
advanced techniques in the near future. e | o8
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Example of Independent program for radiotherapy dose calculation: Sonic Cal.

= SONIC Cal

Mode Selection

= MU Caleulation
~ TBI Calenlation
© Photon Calibration

 Electron Calibration

Enter

Field Size (cm)
x Y[  SAD
Sqfeld [ FSfacter [ ~ 85D
Depth (cm) Dose (cGy) TME.
I [ I
Wedge degree Wedge Factor Bolus {cm)
| =il [l |
Monstor Unit MidShield (cm)

M |0

-

Electron Calibration Calculation

Enter

Mode
& |'C‘I'oas Csil.ﬁ:mﬁmﬂ

© Electron Calibration

Electron Cross Calibration Calculation

Chaniber Calibsation Factos

Chambe Type
-l " T (T et -l
Chamber Type Bt T
=] [ +300V Average
Feadung {nC) | l l | ! !
+300V Average #1000V
[ [ [ [ f [ [ [ [ [ [
+100V 300V
[ [ [ [ [ [ I [
30V
: 1 0 | e Temperature and Pressure. Epol Es
| el il
Temperahme and Fressme Kq Es
[ = e Calrulate
POD Epal
| I I Clamber Cabbahon Factor
—
Absorbed dose (cGy MU} ; i
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