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shousfedlelerusesninugiSiesilnsesduiin well differentiated wazdwalviinisneinsalsaiuengi
nsTaukunsinwasiasedeanudlalunediuinuastiademetugnssuvedsauedsiindiiio
IgnsidenmisinuieSuvainisiidinegsegamngauuazmsinmuithsy ilsamEunmendmssnw
pg AU LA AN
fdndy: uziSslnsessiaiin poorly differentiated, uziSslnsesdanudssgs, amzesensSnuEIY

lolodu, Nsanesed

Abstract
Poorly differentiated thyroid cancer is a unique entity within a wide-range of thyroid
cancer classification with a specific pathological characteristic and criteria for diagnosis. Genetic
alteration plays important roles in its development leading to either poorer response to iodine
ablation or higher probability of iodine refractory, and resulting in worsened prognosis. Under-
standing its pathogenesis is a key to treatment planning which consists mainly of surgery, iodine

ablation, and/or radiotherapy, and effective disease surveillance.
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A1519% 1 UszianveailesenuazuziSanenlnsesadiuunniy World Health Organization (WHO)

classification 2017

Classification

Primary epithelial tumor
a. Follicular cells origin

1. Benign

2. Malignant
2.1 Differentiated

2.2 Undifferentiated

b. C cells origin

c. Combined follicular and c cells
Primary nonepithelial tumors

a. Hematolymphoid tumor

b. Sarcomas

c. Other mesenchymal/stromal tumors

d. Germ cells tumor

Secondary tumors

Follicular adenoma

Hyalinizing trabecular tumor

Papillary thyroid carcinoma

Follicular thyroid carcinoma

Hurthle (oncocytic) cell tumor

Poorly differentiated thyroid carcinoma
Anaplastic thyroid carcinoma
Medullary thyroid carcinoma

Mixed medullary-follicular carcinoma

mﬂ‘ﬁ'qmlﬁm differentiated thyroid carcinoma
(DTC) Fadiguruiinann follicular cell Tneaiinves
DTC Aiwusnnigaaeswialdun papillary thyroid
carcinoma (PTC) nusnniieseay 85-95 Uauziis
soulnseen wag follicular thyroid carcinoma (FTC)
histotypes wulauszanadosay 10 sosaqlaunn

uzSwoulnsounvda Harthle (HCTC) waz poorly

differentiated thyroid carcinoma (PDTC) wulsl
Uszanadoray 2-5 veswziSualnsesdivindu®
@21 undifferentiated thyroid carcinoma #3®
anaplastic thyroid carcinoma (ATC) ﬁ'uﬁmwmgﬂ
Winsfovaz 2 Wity annsoaguinvazeadia

YpauziSaraulnsesdlasanignad 20
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Thyroid cancer AUYN mja:ma a1g (¥) Extrathyroidal LN Distant 5-year 5-year
subtypes extension metastasis metastasis  DFS (0
Papillary thyroid CA  85-90%  2:1-4:1 20-50 5-7% >90%  >90%
33% <50%

Follicular thyroid CA <10% 2:1-3:1 40-60 20% >90%  >90%
Hurthle cell CA 2-5% 2:1-3:1 50-60 NA 7-22% 20-30% NA 50-80%
Poorly differentiated 6-7% 0.4-1- 50-60 31-73% 30-80% 30-80% NA 50%
thyroid CA 2.1:1

Anaplastic thyroid CA  1-2% 1.5:1 60-80 100% 100% 87% 0% 1-17%
Medullary thyroid CA  3-4%  1:1-1.2:1  30-60 NA 50% 15% NA 80%

A1ga: CA=carcinoma; LN=lymph node; DFS=disease-free survival; OS=overall survival; NA=not

applicable

Adenunazinueinisitiaae Poorly differentiat-
ed thyroid carcinoma

PDTC widneglungu DTC usilunguuzisa
seulnsesdndnsnensallsasiniings moderate
to well differentiated thyroid carcinoma (WDTC)
uazfniingu ATC flonaflaznouausidenissnw
#e radicactive iodine 18 n1sFnenTinansdenns
wensallsALaTLLIMINNSSnY PDTC tudfianu
wansafuguamaLannaeinisIdady PDTC i
felifimudaau

Sakamoto wazauy Una 1983" a5uny
dnyaruad PDTC I1danwaisiaaakuy solid,
trabecular %39 scirrhous W%aﬁﬁmmwmﬂi%ﬁn
Wussile sieun Carcangiu uavanzlirdinaaa
Y94 PDTC fidnwag insular pattern of growth,
necrosis, formation of peritheliomatous area,
small round hyperchromatic nuclei, Wag mitotic
activity™ n153%938 PDTC MM9ne153ne1eiiaanu

WANANNNUD WL BN AINNSINIREN T AU

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020

Farau daduludana 2006 nguvosnersunnd
fiermymenguustmafitinugnuazadunis
Anlsruzieronlvsossfivannuans Usenauludae
Uszinedand GUu wazanigewwini Taewdunisli
ANUTLLaMItaRelaeldan vy nIawe1sine
TulsruziSaaulnsessiinudnuae solid, trabecu-
lar, waz/u38e insular pattern #liifidnwaie onco-
cytic features, anaplastic feature wag classic
follicular 39 papillary features lngna1sunng
ma'Wﬁ?ulaimwﬁa%’aaﬁammaﬁﬂ auladudennas

fanuan15INIR8IINAY (consensus definition)

16 & &

136091 Turin proposal criteria™® fsil
1. Architecture criteria
a. Solid/trabecular/insular growth
pattern
b. Absence of conventional nuclear
features of papillary carcinoma
2. Risk features (9819108 1 90)

a. Convoluted nuclei (nuclear feature)



b. Mitotic activity (= 3/10 high-power
microscopic fields (HPF)) (high grade
feature)

c. Necrosis (high grade feature)

ugi91 Turin proposal aziduinmusinig

a o A

Aadeidutennasiiufuvesfidorvgmiane’
Ineusldiiesdnuay growth pattern (Huinauai
nanlun1sidade Tunsinwireuilag Hiltzik way
Az wuIrdnwe growth pattern wuu solid,
trabecular #39 insular Liflauduiussudidedagy
NeENARDENIINTTaATIRANLSA (overall survival
way progression free survival) WAAN®YMY aggres-
siveness 1aNeN3INelalA high mitotic rate waz

=2

necrosis AAMUANTUSAUTNIINITIONTIN WAAID
biological aggressiveness vadlsalaRnINITINE
971 growth pattern Wuiiugu tneinasinsitady

fanagniauslagfiunedunndvasanidu

Memorial Sloan Kettering Cancer Center 136071

o

MSKCC criteria®”  Tgunausisail

@

nweae follicular
cell differentiation 910 routine microscopy %9
immunohistochemistry LU Tg positivity 323U

1. Presence of > 5 mitosis per 10 HPF
WaT/N30

2. Fresh tumor necrosis

v v
o

TanatnsIadunL MSKCC criteria
WUT1@1U150U 989 aggressiveness voalsala
ATOUARUNIINTTIENSITdELAE growth pattern
A3 Turin proposal™® agslsAn1a WHO classifica-
tion for tumors of endocrine organs lawewsu PDTC
Julszinvvedlsaugidaionlnsesdfidnsnennsal
lsmaglusening WDTC uag ATC Tnglud 2017 1a
Usunainsitadumuinat Turin proposal 1ng

ansnazlinannitadelanimnged 3

a = = ¢ aa o 2 ¢ a . . .
A15197 3 WisufsunaminsitadeuzSweulnsesnada poorly differentiated carcinoma

Sakamoto et al. "¢ Turin 20064

MsKkcct” WHO 2017"

Presence of solid, Presence of solid/

Presence of solid/

Presence of =5 mitosis per

trabecular and/or scirrhous  trabecular/ insular pattern 10 HPF trabecular/ insular pattern

pattern

Absence of conventional Tumor necrosis ANUANYAE  Absence of conventional

nuclear feature of papillary follicular cell differentia- nuclear feature of papillary

carcinoma tion carcinoma

At least 1 of the features At least 1 of the features

a. convoluted nuclei a. convoluted nuclei

(nuclear feature) (nuclear feature)

b. mitotic activity
(> 3/10 HPF) (high

grade features)

c. Necrosis (high grade

features)

b. mitotic activity
(2 3/10 HPF) (high

grade features)

c. Necrosis (high grade

features)
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NSNUSNBEUENNINYITINYINUIES aggressiveness
299l5AULLS IR aUINTREAUITIN1TNDUAUDIRBNS
o a A a X o
Snwnnlid lenansnsvatevedlsaligatu wuagdns
15500739 LABUIIAIINLSATIANGS LANISNUSN WY
o | < s 1 o &
gananlunzisweulnssunnidrundanveslsady
WDTC 2¢adInanadnsIn1ssendinanlsanse b
Tasunstuduainnis@nyilag Dettmer wagAe

Bichoo wazamue"2 &

Fanuinsnudnuasy poorly

differentiation (Turin criteria) T WDTC ieeaUsuney
favay 10 tlsinnswennsallselundsnsinissendin
Fn51n3iSuvedlsa kagdnsIN1saNeANTsANLLS
Flaiupnsingarnnnswu PDTC Wlssognafion faduds
ayUladnnnsil PDTC TuguilenziSsroulnsossvin
WDTC a'dwaﬁqmiw&nmmﬁmﬁiﬂﬁ%q%ﬁﬂﬂg_jmﬁ

- o a '
SInsSnwuasinnusal

nswasuuUasmanugnssulungulsauzisesion
nse8n poorly differentiated thyroid carcinoma
N135AnN®Y genetic alteration #39N1S

L‘UﬁwuﬂawwﬁuqnmmmmL%Wiaﬂmaaﬁ PDTC

duiflesannnisnu PDTC U coexisting WDTC
atuayunguin1sifia poorly differentiation 30
progressive dedifferentiation 98¢ WDTC
Pathway n154nin neoplastic differentia-
tion we4 follicular cells wuslaldu 3 wuamne™ leun
(1) n15sAia hyperfunctioning follicular thyroid
adenoma 2110 GNAS1 ey TSHR mutation, (2) N1
vim follicular thyroid adenoma 91A Ras mutation
%ﬂmﬁ]ﬁﬂﬂdﬂ’mﬁﬁ follicular thyroid carcinoma
310 subsequent genetic rearrangement L U
PPARG (peroxisome proliferation-activated recep-
tor-gamma) way (3) N15iin papillary thyroid
carcinoma 91nnaln RET rearrangement ey BRAF
mutation Iﬂaﬂﬂiﬁwuﬂﬂg‘j poorly differentiated
thyroid carcinoma waz/#39 undifferentiated
thyroid carcinoma ﬁ?‘uﬁmmmiﬁ genetic altera-
tion events 1y B—catenin nuclear accumulation
(encode W1 CTNNB1 mutation) uag TP53 muta-
tion Imammmaﬁ;d genetic alteration/defects Tu
wpiwinlnsosdldfmnaedl 4 uay awdl 1

AT 1 BHUNMLEAAITUABUNTISAR dedifferentiation vaduziSssaulnsasd (Fawlaq)?

RET/PTC
BRAF

/ -

Follicular cell

Folllcular

adenoma / \

TP53/CTNNBL
/BRAF

.

PDTC/ATC

Ras,
PPARG
Ras, LEH
PPARG mutation

Folllcular

carcmoma
- e

A18a: CA= carcinoma; PDTC=poorly differentiated thyroid carcinoma; ATC=anaplastic thyroid carcinoma; RET/PTC=rear-

rangement of rearranged during transfection gene; TP53=tumor protein p53 gene; CTNNB1=catenin beta-1gene; BRAF=B-rap-

idly accelerated fibrosarcoma gene; Ras=rat sarcoma gene; PPARG=peroxisome proliferator activated receptor gamma

gene
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a5t 4 mﬁwLLammiLUﬁ'auuﬂawwﬁ'uqmmﬁwﬂumL%Wiauvlmsaaﬁ”' 18, 21:27]
Genetic alteration WDTC PDTC/ATC
PTC FTC PDTC ATC
RET rearrangement 13-43% 0% 0-13% 0%
BRAF mutation 29-69% 0% 0-13% 10-35%
Ras mutation 0-21% 40-53% 18-27% 20-60%
CTNNB1 mutation 0% 0% 0-25% 66%
TP53 0-5% 0-9% 17-38% 67-88%
TERT mutation 5-17% 40% 70%
PIK3CA-AKT pathway
PIK3CA 8% 2% 18-25%
AKT - 19% -
PTEN 4% 4% 15%
E1F1AX 1-2% 11% 9%
MED12 0% 15% 3%
RBM10 0.5% 12% 3%

Angia: PTC=papillary thyroid carcinoma; FTC=follicular thyroid carcinoma; PDTC=poorly differentiated thyroid carcinoma;

ATC=anaplastic thyroid carcinoma; RET=rearranged during transfection gene; BRAF=B-rapidly accelerated fibrosarcoma

gene; Ras=rat sarcoma gene; CTNNB1=catenin beta-1 gene; TP53=tumor protein p53 gene; TERT=telomerase reverse

transcriptase gene; PIK3CA=phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha gene; AKT=protein

kinase B gene; PTEN=phosphatase and tensin homolog gene; E1F1AX=eukaryotic translation initiation factor 1A gene;

MED12=mediator of RNA polymerase Il subunit 12 homolog gene; RBM10=RNA-binding protein 10 gene
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Jadeiidematunisnensailsaluy PDTC waznis
ng1n1sailsa

nrsnensailsadilalfves PDTC 1Anain
locoregional aggressiveness Wag distant metasta-
sis rate fgsn31 WDTC ns@nwilag Wong uazaniy
wuirilasedfidwatuniswennsallsaluPDTC Teun
dnwale extensive vascular invasion Wag widely

[29

invasive features *” uaglungu PDTC 7% distant

metastasis AILALININIRY ADAARBINUNITANEN

By &

1o Ito uazauz * waz Walczyk wazvaug Y invu

11 conventional factors Lo pTd, Tumor size
>dcm, gross extrathyroidal extension (gross ETE),
microscopic (R1)/macroscopic (R2) margin-posi-
tive, Msnsrargludeninivdosusinasudiwes
a0 (lateral neck lymph node; pN1b), B:J:ﬂaaﬁﬁ
distant metastasis fausRaads (M1) wia TNM stage
-1V, imavisnazegiiuinnd 55 3 iuilade
V]']Qal]@]laﬂ']ﬁ/\lﬁmﬂﬁﬂﬁﬁﬂLLaZﬂvﬁlﬁqﬂ'ﬁﬁa(ﬂ%am N3
WEJ']ﬂiﬂﬁiﬂﬁlﬁﬂqiiqEN'WUIUﬂ'ﬁﬁﬂE’]ﬁINI']‘L!QJ']LL?WN
Tupsadi 5

a919fl 5 MInensallsnves poorly differentiated thyroid carcinoma

a

ginwus N A155nE S2EZIIaN IN159ATIN p-value
(PDTC) Anau
Sakamoto et al.*” 35 Lobectomy 15 years 5yr OS 65% < 0.01 PDTC vs
(Subtotal or total thy- 10yr OS 34% WDTC
roidectomy) 15yr OS 0%
Volante et al.®? 183 Surgery + | 2-30 ¥ 5yr OS 85% < 0.0001 PDTC vs
10yr OS 67% WDTC, ATC
Wreesmann et al.”” 12 NA 43 \fieu 5yr OS 70% < 0.0001 PDTC vs
WDTC, ATC
Luna-Ortiz et al.”” 13 Surgery + !l External  2-144 \fau 3yr OS 62% < 0.05
beam RT
Yu MG et al.”? 18 Surgery + | NR 5yr OS 83.3% < 0.001 PDTC vs
WDTC, ATC
Ibrahimpasic et al.”” 91 Surgery + T (70%), 50 Lhou Syr OS 62% NR
External beam RT (7%)
Walczyk et al.”! 100 Surgery + ' (82.6%),  55.5 \fiou Syr DSS 91% NR
External beam RT (ATA-IR)
(43.5%) Syr DSS 38% (ATA-
HR)

Anga: PDTC=poorly differentiated thyroid carcinoma; "*'I=radioiodine 1-131; RT=radiotherapy;
WDTC=well-differentiated thyroid carcinoma; ATC=anaplastic thyroid carcinoma; NA=not applicable;
NR=not reported; OS=overall survival; DSS=disease-specific survival; ATA-IR=intermediate risk; ATA-HR=
high risk
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LUININITINBILAZATIARAAIN poorly diffe-
rentiated thyroid carcinoma
AT
wuan1an1ssnwnanlulsaugiSen oy
nsevrviin PDTC Sandunsendadeulnsoss
(total thyroidectomy or complete thyroidectomy)
warsoutmdesusindne (central or lateral
neck dissection) wWuLAgafuAunITnwIUanly
WDTC Tngunuinues neck dissection {udniade
ﬁﬁﬁﬁtyLLazmﬂdﬂwaﬁamiwmﬂiﬂﬁiﬂLﬁaﬂmﬂ PDTC
flomansnszaeludiuinasentundeinafes
1gigatie 80%°*Ing metaanalysis”™” Tul 2018 wui
prophylactic central neck dissection lu differen-
tiated thyroid cancer ¥1l% locoregional recur-
rence anasag19illedIAty odds ratio [OR] 0.65;
95% confidence interval [Cl] 0.48-0.88) wag
margin status U84 thyroid resection A&l incom-
plete resection (R1 way R2 resection) fadulagy

o & v o

dAgNduRuUsAUN1IANTULNIZN (locoregional

v
a a = [38]

recurrence) NWHERUU
ANFINHILETUNRAINTHAR
TuunAudazvenaninissneLasumas
MsEeA 3 Useianlawn
1. Radioiodine ablation
2. External beam radiotherapy

3. Chemotherapy or targeted therapy

Radioiodine remnant ablation (RRA)
AnuansatunsTuiuwsSedlelenudu
fandeddueniradesan dedifferentiation vos
PDTC vlnnsase NIS andeeas agelsinnns
Anwiluefnus¥indrunisves PDTC Failany
anunsatunisuiuusiedlelofulagetia 80-85%"

nsAnYIlag Fouchardiere wagang ™ Tu
Q’ﬂaaﬁiﬁ%’umﬁﬁaéfaﬂu PDTC 91u3U 104 57 Wag
99 518 (95%) 1AsU RRA WU 52 518 (50%) lasu
msilade i radioiodine refractory disease lag
i median radioactive iodine treatment WU 2
adq E]Ehﬂiﬁmuﬂﬂwﬁ complete remission %&4
ns¥nedaes RRA tuldUsTomfludunisansas
nsfsuveslsneelitediney (hazard ratio (HR)
0.22; 95%Cl 0.10-0.49) LazuI8andnIINISAISU

Nz

we bildususegslidudrAgnisadfse
o Aa . = o
aRIIN15590%3% (overall survival) szs[,uﬂf\]imum
Tifins@nulasuseausyansualusunisiiudnsn
N1959ATINYBINTMINISSNWA3e RRA Tu PDTCP? 4

N1931338 iodine refractory status U84

@ 1 LY aa [ % '3

wziSwienlvsedlulagtuaunsnidadeliannnae
Aade 1T 4 9om1u American Thyroid Association
(ATA) guideline U 2015 ¢iail

1. ldwunisduwsSedlelemuluninane
whole body scan #aINITAAULIATILIN

& &l o T o a
2. uziSaraulnsesnaedulsSadlelany
= o 1o o a )

gouden1sduussedlelofulussezdnun

3. fimsTuwssedlelenulunziSweulnsess
Y9amas nuIn balinnsduws Sedluun ey
1@

- g o a

4. 1n15n528VBILSANINTUBLINUINTNS
JuwsSadlolanulan

v & a | a o T

fauuN1SUsTLIaUI1508)5ANTULS S9d

= = = G 1= v } 2

lalafiuinnuiiesnensalidsiaddddoyaainns
Usglu ATA risk group LL‘lJ'ﬂL“fJUﬂEjM low, interme-
diate, %38 high risk FIN1TWUANWEAE aggressive
histology fedunauidssidnlanu intermediate
risk group 1Jusg1einy wonandnisAnaiuan
surrogate markers 1A serum Tg, Thyroglobulin
antibody (TgAb) $3U719N1TNANTUINITATIALNLLAL

N1953@IM81 19U cross sectional imaging N30
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F18-FDG PET/CT scan aganunsalvdoyaszezlsn
WAY/Y58N15N5EANLVRLSALNBN1SUTENBUNSHREY
TanmsShwmnemadaloudugiunndsdy

n1sau5sdannnteuean (External beam radio-
therapy, EBRT)

UnuINeesfadsnuinse EBRT Husin
farsanlunsdlfidl WDTC waz/m3e PDTC flonna
mﬁﬁwﬁmawwﬁiﬁqa \flesa1n POTC nuldidosann
wdnguatuayunsldsedsnviiieannisinby
amzdily PDTC 39819899 nnsiarsanldsed
$nwnlu DTCTRseIABsgs (high risk DTC) Tnede
ﬂdﬁﬁ%ﬁ"ﬂﬂmuﬁaaqﬂiﬁﬁqﬁ

1. T3-T4 %39 gross ETEP® 404t a7 501
losannsAnuwanudn sross ETE dauasie disease
persistence 1#184931N RRA LazanIIN1INISTURNIE
fivadlsn (locoregional recurrence) %ﬁﬁwudw PDTC
19m31N1INU gross ETELAGSAS 31%-73%

2. R1/R2 resection® "

3. Persistent or recurrence disease®™
4. Lymph node metastasis with extensive

extracapsular extension™ *”

5. Low radioiodine avidity"®**¥

Jayan1sAnunlag Tsang kazane™ wud
Tuge high-risk DTC 52ufs PDTC #ifl residual
microscopic disease 7il#un133nusie EBRT nu
Pdnsnsiisuanedii 10 3 anaann 22% 19y
7% eeeiitieddny uarlundudieenguinnin 60
Yfifdnuazlsauuy extrathyroidal extension (ETE)
Wudwé’mwmimaiiﬂqmdmfjuﬁmqﬁamaﬂzjﬁ
ETE pgnsiitidAey donndesiunsAnyived Fussey

Az

MNNSANWILUU systematic review
T DTC 9113w 5,114 AY wud1 EBRT 978
ann1INI3ULRNIZ (locoregional recurrence) Wigiu

ﬁuﬁﬂaaﬁlﬂﬁ%’u EBRT 911 25% Ld® 8% LAY

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020

LAEnAUAU radioiodine remnant ablation n15lY
external beam radiotherapy laUszlovuluaunis
ﬂ']UﬂlJﬂ’]ﬁﬁ’]L%U%@ﬂIiﬂ LLﬁlﬁﬁNaLﬁMﬁﬁi’lﬂqﬁiaﬂ

41,5759 b AN ANWA

inlungu high-risk DTC Fidmau
fian15l4 EBRT Tu high-risk DTC anunsaagulass

A1519% 6

guaiivdauazensjaii
1ua§mL%’hﬂfjumL%Wiauimaaﬁﬁnﬁﬂﬁ
pavauaInes iU Ualallfun n1sShwmesad
UnUnlu advanced stage DTC uag refractory DTC
fduliitensuseiuUseaasonmswingduy eensls
fAnlullagUusystematic review lng Albero ua

1 yyqnnsigeiundauy combination

ALY
(adriamycin/cisplatin) Suwildunislauszlovilu
mimu@u‘[muaxé’mwmﬁam%mﬁqm’hmﬂﬁm
wiliaiesrdagey wasddsenunsldengy
liposomal doxorubicin 391U cisplatin Tu ad-
vanced stage PDTC (distant lung metastasis) et
NANINDUAUBINDEIDY complete remission”™
wiIn1seevauesnesaivilinvedlsa
mL%qm'aaﬂma&Jm‘iuﬂaﬁ;ﬁu%ﬁé’mwmwa‘uaumﬁ
[70]

a dy U U 2 1
AunTu urin1s¥nwinigeyfada (targeted

therapy) Iuﬂ&jm Tyrosine kinase inhibitors (TKI)
%39 multi-targeted kinase inhibitor (MKI) "
‘Li’]"i]gLﬂuLLU?WWQﬂ’]ﬁ%ﬂH’]ﬁLﬂﬁll’]gﬁllalx‘iﬂ'j’] L‘ﬁ@\‘i"ﬂ’]ﬂ
n3¥UIUNTT dedifferentiation wes WDTC AvilviAn
iodine refractory Yu Usznaulusaenalnves
genetic alteration Wagn1s upregulation Y84
growth factor receptor (14 vascular endothelial
growth factor receptor (VEGFR), platelet-derived
growth factor receptor (PDGFR), rearranged during
transfection receptor (RET)) n1sldengu TKis il
#QLﬂ’lﬂ’liMQﬁ]éﬁﬁﬂ’liﬂigﬁu VEGF receptor 39l

o

\inN15ugAgs tumoral angiogenesis g



direct anti-cancer activity Iﬂ&lé’ugﬁ signaling
molecules Tu rapidly accelerated fibrosarcoma
(RAF)/mitogen-activated protein kinase (MEK)/
extracellular signal-regulated kinases (ERK)
pathway #18 uaﬂmﬂﬁiuﬂﬁ]ﬁ;ﬁuawﬁLﬁ’ﬂ,uﬂaq'u
MKIs wuniinanseevausmeaadauaslausslo
Tugunsiia progression free survival Tnerhdes
ns@nwIngy PDTC Useanad 10% anunsaasula
mllﬁl’]i']\iﬁ 7

Post-hoc biomarker analysis 910 SELECT trial
WU11 BRAF %38 RAS mutation differentiated
thyroid carcinoma lausglevilumuensinissen
Ingeningu BRAF 138 RAS wild type (median
overall survival 44.3 vs 39.6 Lhaw) widlifidedAgy
N9ana Usdannldunisnevausssios TKI/MKI Tu
n&u dedifferentiated thyroid carcinoma

YONULDIINET chemotherapy, ag TKI/

MKl Aldnanlunaitiu danuinnistd T lududs

o o o a A = o o Y o Ao a
AT 6 amsINITNISURNIENN 10 U (10-year local recurrence) #AINNSINYINIYIIAINYIVUA

external beam radiotherapy lu DTC ﬂa-jaJLﬁlmqa

Treatment

Surgery + 'l (%)

Surgery+"'l +EBRT (%)

Tubiana et al®”

Simpson et al’®V
Philips et al’*”

Farahati et al (39 distant failure)™”
Tsang et al (PTC) (27% PDTC)™
Kim et al®”

Keum et al*”

Brierley et al (MTC)™

Chow et al (positive margin)™”

Chow et al (T4a)™

Ford et al (29% PDTC/Hiirthle cel)’*”
Meadows et al "

Schwartz et al*® (8% PDTC)

21 14
18 14
21 3
50 10
22 7
37.5(5yr) 4.8 (5 yr)
89 38
34.3 13.6
20.4 9.9
27.6 11.6
N/A 18
N/A 11
N/A 21

Aga: PDTC=poorly differentiated thyroid carcinoma; '*'I=radioiodine 1-131 ablation; EBRT=external

beam radiotherapy
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a1519% 7 n3fnw1iia Phase Il trials Tu advanced 3@ metastatic iodine-refractory differentiated thy-

roid cancers

Author (trial) MKI Phase  Cell Prior N PDTC Response PFS (mo)/  OS (HR)

type  systemic (%) rate (p value) (p value)
therapy

Schlumberger  Lenvatinib MMl DTC 20% 261 28 (10.7) 64.8% 18.3 0.73

et al. ™ vs Placebo 131 19 (14.5) 1.5% 3.6 (0.100)

(SELECT) / (<0.001)

Brose et al.™  Sorafenib 1l DTC 3% 207 24 (11.6) 12.2% 10.8 0.80

(DECISION) vs Placebo 210 16 (7.6) 0.5% 5.8 (0.140)

/ (<0.001)

Anga: MKI=multitargeted kinase inhibitor; DTC=differentiated thyroid carcinoma; PDTC=poorly differen-
tiated thyroid carcinoma; PFS=progression-free survival; OS=overall survival; HR=hazard ratio

vascular endothelial growth factor-A/vascular
endothelial growth factor receptor (VEGF-A/
VEGFR) §3@11150n327uN15919u4204 regulatory
T cell wazifiy program cell death protein 1
(PD-1) expression>" 1g8nee 34il ongoing Ana-
plastic and poorly differentiated Thyroid carcino-
ma phase Il clinical trial (ATLEP) Wiefinwn
Usgansninuazaiulasndereenisidenyadn
lenvatinib 3uAU PD-1 inhibitor (pembrolizumab)
lungu ATC wag PDTClawysuszidiu objective
response rate 914 immune-related Response
Evaluation Criteria in Solid Tumors (irRECIST), 574
89 overall survival, progression free survival,
clinical benefit rate, duration of response, AN

Fim wazdoyasu mutation status sy

ANSASIVAARIUNAINTTSNwILaENI5LENSETINS
ASuUYes PDTC
Wo99nHs1891u PDTC dutoeanaiinig

77 ¥ ] a

nan Tg Tuseaus’” Astun1snsiainaalse (treat-

Journal of Thai Association of Radiation Oncology
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ment monitoring) Tungu PDTC Fslaimasld T 1Ju
surrogate marker LiENDENUAYI NTATIVFANILNA
33N UsENaUlUMENIIMII anatomical imag-
ing (ultrasound of neck, #38 CT/MRI brain, neck,
and chest) uagn1sld functional imaging ﬁﬁﬁﬁﬁy
9N F18-FDG PET/CT waz/13e Ga68-DOTATATE
PET/CT \fiouszneunisnsiafiana lnsianizagng
Savn PDTC shilaldiuiu radioactive iodine waedu
uws¥edleleduldanas 1iosainn1snsn F18-FDG
PET/CT azwuandl flip-flop phenomenon naAe
IsaugiSslnsesnagiinnuanunsalunisiuiu elu-
cose analogue Tdgstuaumsiunisduns¥ed

8 Jouugilay European society of

Telefufianas
medical oncology (ESMO)" wuginliiin15m319
fnmIL serum Tg and TgAb N9 6-12 WoU N
n1snavaueINITinwegluseiu excellent w39
biochemical indeterminate/incomplete w#nINE3
wuil detectable Tg level sawfiosuuzilingim
cross-sectional %30 functional imaging o&13ls

< = a ! <) | oA =
Anunsalussiiungulsaldunguininnnudssgely



AINTU 813NITUINTIIRAAY cross-sectional
%39 functional imaging lawda1A1 Tg %Ma&ﬂu
detectable level Anu wagnsanuindadlseslsa
WaBN181aIN155n1Y1 (incomplete structural
response) WuziNlAINNI5F N ILAZATIIRAAIUAE

cross-sectional imaging N 3-6 \hou

GEL

nssnwuziSanenlnsesnvia poorly
differentiated thyroid carcinoma idnuweadznis
wensailsafiugnin well-differentiated thyroid
carcinoma W#ifin31 anaplastic thyroid carcinoma
wiinagdiviunalsaiiesdntios MTINMRUNNTINW
Fo1o1fan13n5193daden1ane1sine fiadu

155N ¥1UTENBUAIYATSNEINANLAENISHIAAT

LONAN91989

1. Arrangoiz R, Cordera F, Caba D, Mufioz M,
Moreno E, de Ledn EL. Comprehensive
Review of Thyroid Embryology, Anatomy,
Histology, and Physiology for Surgeons.
Int J Otorhinolaryngol Head Neck Sursg.
2018;7:160.

2. Hanks B, Salomone G. Thyroid. Sabiston
textbook of surgery. New York: WB
Saunders Company; 2003.

3. Koibuchi N. Molecular Mechanisms of
Thyroid Hormone Synthesis and Secre-
tion. Principles of Endocrinology and
Hormone Action. 2016:1-9.

4.  Schlumberger M-J, Filetti S, Alexander EK,
Hay ID. Nontoxic diffuse goiter, nodular
thyroid disorders, and thyroid malignan-
cies. Williams Textbook of Endocrinology:
Elsevier; 2016. p. 449-88.

dansidinlavun (RO resection) uagn13snwasy
Lﬁmﬁumimmﬂiﬂé’w radioiodine remnant
ablation wag/n305WAUNITIA external beam
radiotherapy Tnefinisfiarsananudssunistisu
vaalsavasUiguaarelagiuunndanaivninn
(multidisciplinary team) FUTINTIUAUNIATIY
dannulsalagldindesdieffmunsauiiodifany
nsdnduguaneii nsnszaeveslsn wavay
iodine refractory laguinnuin1zn1SAITUUDY
Tsafidinme iodine refractory msidenldeaivain
g1 wag/vien1sfnwinlggiiauiudidn
é’aLﬁuﬂ'15%’ﬂmé’wﬁzyﬁ7iﬂwgﬁwmw%mLﬁlummﬁﬂu
ourAnluudUszansawlunisauaulsaLazLiia

ARl esiely

5. Lloyd RV, Osamura RY, Kléppel G, Rosai
J, Bosman FT, Jaffe ES, et al. WHO
classification of tumours of endocrine
organs: International Agency for Research
on Cancer; 2017.

6. Fugazzola L, Elisei R, Fuhrer D, Jarzab B,
Leboulleux S, Newbold K, et al. 2019
European Thyroid Association Guidelines
for the Treatment and Follow-Up of
Advanced Radioiodine-Refractory Thyroid
Cancer. Eur Thyroid J. 2019;8:227-45.

7. Kondo T, Ezzat S, Asa SL. Pathogenetic
mechanisms in thyroid follicular-cell
neoplasia. Nat. Rev. Cancer. 2006;6:292.

8. Fagin JA, Wells Jr SA. Biologic and clinical
perspectives on thyroid cancer. N. Engl.
J. Med. 2016;375:1054-67.

9. Goffredo P, Roman SA, Sosa JA. Hurthle

cell carcinoma: a population-level

Journal of Thai Association of Radiation Oncology

Vol. 26 No.1 January - June 2020 |



10.

11.

12.

13.

14.

15.

16.

analysis of 3311 patients. Cancer.
2013;119:504-11.

Oluic B, Paunovic I, Loncar Z, Djukic V,
Diklic A, Jovanovic M, et al. Survival and
prognostic factors for survival, cancer
specific survival and disease free interval
in 239 patients with Hurthle cell carcino-
ma: a single center experience. BMC
Cancer. 2017;17:371.

Maximo V, Lima J, Prazeres H, Soares P,
Sobrinho-Simoes M. The biology and the
genetics of Hurthle cell tumors of the
thyroid. Endocr Relat Cancer. 2012;19:
R131-47.

Shaha AR, Ferlito A, Rinaldo A. Distant
metastases from thyroid and parathyroid
cancer. ORL. J Otorhinolarngol Relat Spee
2001;63:243-9.

Patel KN, Shaha AR. Poorly differentiated
and anaplastic thyroid cancer. Cancer
Control. 2006;13:119-28.

Sakamoto A, Kasai N, Sugano H. Poorly
differentiated carcinoma of the thyroid.
A clinicopathologic entity for a high= risk
group of papillary and follicular carcino-
mas. Cancer. 1983;52:1849-55

Carcangiu ML, Zampi G, Rosai J. Poorly
differentiated (‘“insular’’) thyroid carcino-
ma. Am J Surg Pathol. 1984;8:655-668.
Volante M, Collini P, Nikiforov YE,
Sakamoto A, Kakudo K, Katoh R, et al.
Poorly differentiated thyroid carcinoma:
the Turin proposal for the use of uniform
diagnostic criteria and an algorithmic
diagnostic approach. Am J Surg Pathol.
2007;31:1256-64.

Journal of Thai Association of Radiation Oncology

| Vol. 26 No.1 January - June 2020

17.

18.

19.

20.

21.

22.

23.

Hiltzik D, Carlson DL, Tuttle RM, Chuai S,
Ishill N, Shaha A, et al. Poorly differen-
tiated thyroid carcinomas defined on the
basis of mitosis and necrosis: a clinico-
pathologic study of 58 patients. Cancer
2006;106:1286-95.

Xu B, lbrahimpasic T, Wang L, Sabra MM,
Migliacci JC, Tuttle RM, et al. Clinicopa-
thologic Features of Fatal Non-Anaplastic
Follicular Cell-Derived Thyroid Carcino-
mas. Thyroid 2016;26:1588-97.

Dettmer M, Schmitt A, Steinert H,
Haldemann A, Meili A, Moch H, et al.
Poorly differentiated thyroid carcinomas:
how much poorly differentiated is
needed? Am J Surg Pathol. 2011;35:
1866-72.

Bichoo RA, Mishra A, Kumari N, Krishnani
N, Chand G, Agarwal G, et al. Poorly
differentiated thyroid carcinoma and
poorly differentiated area in differentiated
thyroid carcinoma: is there any diffe-
rence? Langenbecks Arch Surg. 2019;404:
45-53.

Tirro E, Martorana F, Romano C, Vitale SR,
Motta G, Di Gregorio S, et al. Molecular
Alterations in Thyroid Cancer: From Bench
to Clinical Practice. Genes. 2019;10:7009.
Soares P, Lima J, Preto A, Castro P, Vinagre
J, Celestino R, et al. Genetic alterations
in poorly differentiated and undifferen
tiated thyroid carcinomas. Curr Genomics.
2011;12:609-17.

Panebianco F, Nikitski AV, Nikiforova MN,
Nikiforov YE. Spectrum of TERT promoter



24,

25.

26.

27.

28.

29.

mutations and mechanisms of activation
in thyroid cancer. Cancer Med. 2019;8:
5831-9.
Valvo V, Nucera C. Coding Molecular
Determinants of Thyroid Cancer Develop-
ment and Progression. Clin Endocrinol
Metab. 2019;48:37-59.
Ricarte-Filho JC, Ryder M, Chitale DA,
Rivera M, Heguy A, Ladanyi M, et al.
Mutational profile of advanced primary
and metastatic radioactive iodine-refrac-
tory thyroid cancers reveals distinct
pathogenetic roles for BRAF, PIK3CA, and
AKT1. Cancer Res. 2009;69:4885-93.
Liu Z, Hou P, Ji M, Guan H, Studeman K,
Jensen K, et al. Highly prevalent genetic
alterations in receptor tyrosine kinases
and phosphatidylinositol 3-kinase/akt and
mitogen-activated protein kinase path-
ways in anaplastic and follicular thyroid
cancers. J Clin Endocrinol Metab. 2008;93:
3106-16.
lbrahimpasic T, Xu B, Landa I, Dogan S,
Middha S, Seshan V, et al. Genomic
alterations in fatal forms of non-anaplas-
tic thyroid cancer: identification of MED12
and RBM10 as novel thyroid cancer genes
associated with tumor virulence. Clin
Cancer Res. 2017;23:5970-80.
Khatami F, Tavangar SM. A Review of
Driver Genetic Alterations in Thyroid
Cancers. Iran J Pathol. 2018;13:125.
Wong KS, Lorch JH, Alexander EK,
Marqusee E, Cho NL, Nehs MA, et al.

Prognostic significance of extent of

30.

31.

32.

33.

34.

invasion in poorly differentiated thyroid
carcinoma. Thyroid. 2019;29:1255-61.

lto Y, Hirokawa M, Fukushima M, Inoue H,
Yabuta T, Uruno T, et al. Prevalence and
prognostic significance of poor differen-
tiation and tall cell variant in papillary
carcinoma in Japan. World J Surg. 2008;32:
1535-43,

Walczyk A, Kopczyflski J, Ggsior= Perczak
D, Palyga l, Kowalik A, Chrapek M, et al.
Poorly differentiated thyroid cancer in the
context of the revised 2015 American
Thyroid Association Guidelines and the
Updated American Joint Committee on
Cancer/Tumor= Node-Metastasis Staging
System. Clin Endocrinol (Oxf). 2019;91:
331-9.

Volante M, Landolfi S, Chiusa L, Palestini
N, Motta M, Codegone A, et al. Poorly
differentiated carcinomas of the thyroid
with trabecular, insular, and solid
patterns: a clinicopathologic study of 183
patients. Cancer. 2004;100:950-7.
Wreesmann VB, Ghossein RA, Patel SG,
Harris CP, Schnaser EA, Shaha AR, et al.
Genome-wide appraisal of thyroid cancer
progression. Am J Pathol. 2002;161:
1549-56.

Luna-Ortiz K, Hurtado-Lépez LM, Domin-
guez-Malagoén H, Ramirez-Marin R,
Zaldivar-Ramirez FR, Herrera-Gomez A,
et al. Clinical course of insular thyroid
carcinoma. Med Sci Monit. 2004;10:
CR108-CR11.

Journal of Thai Association of Radiation Oncology

Vol. 26 No.1 January - June 2020 |



35. Yu MG, Rivera J, Jimeno C. Poorly dif-

ferentiated thyroid carcinoma: 10-year

experience in a southeast asian popula-

tion.

Endocrinol Metab. 2017;32:288-95.

36. Ibrahimpasic T, Ghossein R, Carlson DL,
Nixon |, Palmer FL, Shaha AR, et al.

Outcomes in patients with poorly dif-

ferentiated thyroid carcinoma. J Clin
Endocrinol Metab. 2014;99:1245-52.

37. Chen L, Wu Y-H, Lee C-H, Chen H-A, Loh
E-W, Tam K-W. Prophylactic Central Neck
Dissection for Papillary Thyroid Carcino-

ma with Clinically Uninvolved Central

Neck Lymph Nodes: A Systematic Review
and Meta-analysis. World J Surg. 2018;42:
2846-57.

38. Servagi Vernat S, Khalifa J, Sun X-S,

Kammerer E, Blais E, Faivre J-C, et al.

10-Year Locoregional Control with Post-

operative External Beam Radiotherapy

in Patients with Locally Advanced High-

Risk Non-Anaplastic Thyroid Carcinoma

De Novo or at Relapse, a Propensity

Score Analysis. Cancers (Basel). 2019;
11:849.

39. Justin EP, Seabold JE, Robinson RA,
Walker WP, Gurli NJ, Hawes DR. Insular
Carcinoma: A Distinct Thyroid Carcinoma
with Associated lodine-131. J Nucl Med.
1991;32:1358-63.

40. De la Fouchardiere C, Decaussin-
Petrucci M, Berthiller J, Descotes F,
Lopez J, Lifante J-C, et al. Predictive

factors of outcome in poorly differen-

tiated thyroid carcinomas. Eur J Cancer.
2018;92:40-7.

oo

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020

41.

42.

43.

44,

45.

Brierley J, Tsang R, Panzarella T, Bana N.
Prognostic factors and the effect of
treatment with radioactive iodine and
external beam radiation on patients with
differentiated thyroid cancer seen at a
single institution over 40 years. Clin
Endocrinol (Oxf). 2005;63:418-27.

Lai H-W, Lee C-H, Chen J-Y, Tseng L-M,
Yang A-H. Insular thyroid carcinoma:
collective analysis of clinicohistologic
prognostic factors and treatment effect
with radioiodine or radiation therapy.
J Am Coll Surg. 2006;203:715-22.
Haugen BR, Alexander EK, Bible KC,
Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American Thyroid Association
management guidelines for adult
patients with thyroid nodules and dif-
ferentiated thyroid cancer: The Ameri-
can Thyroid Association guidelines task
force on thyroid nodules and differen-
tiated thyroid cancer. Thyroid. 2016;26:
1-133,

Radowsky JS, Howard RS, Burch HB,
Stojadinovic A. Impact of degree of
extrathyroidal extension of disease on
papillary thyroid cancer outcome.
Thyroid. 2014;24:241-4.

Rivera M, Ricarte-Filho J, Tuttle RM,
Ganly |, Shaha A, Knauf J, et al. Molec-
ular, morphologic, and outcome
analysis of thyroid carcinomas according
to degree of extrathyroid extension.
Thyroid. 2010;20:1085-93.



46.

47.

48.

49.

50.

51.

Nixon IJ, Ganly I, Patel S, Palmer FL,
Whitcher MM, Tuttle RM, et al. The
impact of microscopic extrathyroid
extension on outcome in patients with
clinical T1 and T2 well-differentiated
thyroid cancer. Surgery. 2011;150:1242-9.
Kowalski LP, Filho JG. Results of the
treatment of locally invasive thyroid
carcinoma. Head Neck. 2002;24:340-4.
Schwartz DL, Lobo MJ, Ang KK, Morrison
WH, Rosenthal DI, Ahamad A, et al. Post-
operative external beam radiotherapy
for differentiated thyroid cancer:
outcomes and morbidity with conformal
treatment. Int J Radiat Oncol Biol Phys.
2009;74:1083-91.

Keum KC, Suh YG, Koom WS, Cho JH,
Shim SJ, Lee CG, et al. The role of post-
operative external-beam radiotherapy in
the management of patients with papil-
lary thyroid cancer invading the trachea.
Int J Radiat Oncol Biol Phys. 2006;65:
474-80.

Chow S-M, Yau S, Kwan C-K, Poon PC,
Law SC. Local and regional control in
patients with papillary thyroid carcino-
ma: specific indications of external
radiotherapy and radioactive iodine
according to T and N categories in AJCC
6th edition. Endocr Relat Cancer. 2006;
13:1159-72.

Terezakis SA, Lee KS, Ghossein RA,
Rivera M, Tuttle RM, Wolden SL, et al.
Role of external beam radiotherapy in

patients with advanced or recurrent

nonanaplastic thyroid cancer: Memorial

Sloan-Kettering Cancer Center experience.

Int J Radiat Oncol Biol Phys.
795-801.

2009;73:

52. Kiess AP, Agrawal N, Brierley JD, Duvvuri

U, Ferris RL, Genden E, et al. External=

beam radiotherapy for differentiated

thyroid cancer locoregional control: A

statement of the American Head and
Neck Society. Head Neck. 2016;38:493-8.
53. Burnett N, Dhanireddy B, Ain K, Valentino
J, Gal T, Kudrimoti M. External Beam

Radiation Therapy in Radioactive lodine

Refractory Thyroid Carcinoma: Long-

Term Outcomes and Side Effects. Int J

Radiat Oncol Biol Phys. 2017;99:E325.

54. Farina E, Monari F, Castellucci P, Romani

F, Repaci A, Farina A, et al.

18F-FDG

Pet-Guided External Beam Radiotherapy

in lodine-Refractory Differentiated

Thyroid Cancer: A Pilot Study. J Thyroid

Res. 2017;2017.

55. Tsang RW, Brierley JD, Simpson WJ,

Panzarella T, Gospodarowicz MK,

Sutcliffe SB. The effects of surgery,

radioiodine, and external radiation

therapy on the clinical outcome of

patients with differentiated thyroid
carcinoma. Cancer. 1998;82:375-88.

56. Fussey JM, Crunkhorn R, Tedla M,
Weickert MO, Mehanna H. External beam

radiotherapy in differentiated thyroid

carcinoma: a systematic review. Head

Neck. 2016;38:E2297-E305.

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020

o]



57.

58.

59.

60.

61.

62.

63.

64.

Brierley JD, Tsang RW. External beam
radiation therapy for thyroid cancer.
Endocrinol Metab Clin North Am. 2008;
37:497-509.

Sanders Jr EM, LiVolsi VA, Brierley J, Shin
J, Randolph GW. An evidence-based
review of poorly differentiated thyroid
cancer. World J Surg. 2007;31:934-45.
Walczyk A, Kowalska A, Sysut J. The
clinical course of poorly differentiated
thyroid carcinoma (insular carcinoma)-
own observations. Endokrynol Pol. 2010;
61:467-73.

Tubiana M, Haddad E, Schlumberger M,
Hill C, Rougier P, Sarrazin D. External
radiotherapy in thyroid cancers. Cancer.
1985;55:2062-71.

Simpson W, Panzarella T, Carruthers J,
Gospodarowicz M, Sutcliffe S. Papillary
and follicular thyroid cancer: impact of
treatment in 1578 patients. Int J Radiat
Oncol Biol Phys. 1988;14:1063-75.
Phlips P, Hanzen C, Andry G, Van PH,
Frauling J. Postoperative irradiation for
thyroid cancer. Eur J Surg Oncol. 1993;19:
399-404.

Farahati J, Reiners C, Stuschke M, Muller
SP, Stuben G, Sauerwein W, et al. Dif-
ferentiated thyroid cancer: impact of
adjuvant external radiotherapy in patients
with perithyroidal tumor infiltration (stage
pT4). Cancer. 1996;77:172-80.

Kim T-H, Yang D-S, Jung K-Y, Kim C-Y, Choi
M-S. Value of external irradiation for

locally advanced papillary thyroid cancer.

Journal of Thai Association of Radiation Oncology

| Vol. 26 No.1 January - June 2020

65.

66.

67.

68.

69.

70.

71.

Int J Radiat Oncol Biol Phys. 2003;55:
1006-12.

Brierley J, Tsang R, Simpson W, Gospo-
darowicz M, Sutcliffe S, Panzarella T.
Medullary thyroid cancer: analyses of
survival and prognostic factors and the
role of radiation therapy in local control.
Thyroid. 1996;6:305-10.

Ford D, Giridharan S, McConkey C, Hartley
A, Brammer C, Watkinson J, et al. External
beam radiotherapy in the management
of differentiated thyroid cancer. Clin
Oncol. 2003;15:337-41.

Meadows KM, Amdur RJ, Morris CG,
Villaret DB, Mazzaferri EL, Mendenhall
WM. External beam radiotherapy for
differentiated thyroid cancer. Am J
Otolaryngol. 2006;27:24-8.

Billan S, Charas T. External beam radia-
tion in differentiated thyroid carcinoma.
Rambam Maimonides Med J. 2016;7:
€0008.

Romesser PB, Sherman EJ, Shaha AR, Lian
M, Wong RJ, Sabra M, et al. External beam
radiotherapy with or without concurrent
chemotherapy in advanced or recurrent
non- anaplastic non- medullary thyroid
cancer. J Surg Oncol. 2014;110:375-82.
Albero A, Lopéz JE, Torres A, de la Cruz
L, Martin T. Effectiveness of chemothe-
rapy in advanced differentiated thyroid
cancer: a systematic review. Endocr Relat
Cancer. 2016;23:R71-R84.

Yang H, Chen Z, Wu M, Lei T, Yu H, Ge M.

Remarkable response in 2 cases of



72.

73.

74.

75.

Advanced Poorly Differentiated Thyroid
Carcinoma with liposomal doxorubicin
plus cisplatin. Cancer Biol Ther. 2016;17:
693-7.

Aashig M, Silverman DA, Na’ara S,
Takahashi H, Amit M. Radioiodine-
Refractory Thyroid Cancer: Molecular
Basis of Redifferentiation Therapies,
Management, and Novel Thera-pies.
Cancers (Basel). 2019;11:1382.
Schlumberger M, Tahara M, Wirth LJ,
Robin-son B, Brose MS, Elisei R, et al.
Lenvatinib versus placebo in radioio-
dine-refractory thyroid cancer. N Engl J
Med. 2015;372:621-30.

Brose MS, Nutting CM, Jarzab B, Elisei R,
Siena S, Bastholt L, et al. Sorafenib in
radio-active iodine-refractory, locally
advanced or metastatic differentiated
thyroid
double-blind, phase 3 trial. The Lancet.
2014;384:319-28.

Faugeras L, Pirson A-S, Donckier J, Michel

cancer: a randomised,

L, Lemaire J, Vandervorst S, et al.
Refractory thyroid carcinoma: which
systemic treatment to use? Ther Adv
Med Oncol. 2018;10:1758834017752853.

76.

T7.

78.

79.

Lu L-C, Lee Y-H, Chang C-J, Shun C-T,
Fang C-Y, Shao Y-Y, et al. Increased
expression of programmed death-licand
1 in infiltrating immune cells in hepa-
tocellular carcinoma tissues after
Sorafenib treatment. Liver cancer. 2019;8:
110-20.

Kalshetty A, Basu S. Thyroglobulin
“nonse-cretor” metastatic poorly dif-
ferentiated thyroid carcinoma with
noniodine concen-trating disease and
aggressive clinical course: A clinical case
series. Indian J Nucl Med. 2018;33:218.
Wang W, Larson SM, Tuttle RM, Kalaigian
H, Kolbert K, Sonenberg M, et al. Resis-
tance of [18f]-fluorodeoxyglucose-
avid metastatic thyroid cancer lesions to
treatment with high-dose radioactive
iodine. Thyroid. 2001;11:1169-75.

Filetti S, Durante C, Hartl D, Leboulleux
S, Locati L, Newbold K, et al. Thyroid
cancer: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up.

Ann Oncol. 2019;30:1856-83.

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020



nnsUsziuNan1sandsslanUasulanzlaedsni1singa1statuasinalyng
TunwenasgaaunatnasuuulauludInsuN1sI8598
USIUATELLAZANAD

The evaluation of metal artifacts reduction using mixed variable
thresholding method on cone beam computed tomography images for
head and neck cancer radiotherapy

aigns Uauda?, Ainfina wuzasna’, §Aned uiwwén®

'auidndnsunnd nnedvdnalia AuranITENERS UININENTEUSALS

i HAndnsunng AuzunemansuaznIAaNsIsUgY InedeIngrmaninisunmdidihainasal siwinerdequinsal
Ay dmalia ALUTANIYANERS UNTINETTUUTADS

dinususzauau

ugns Uaufa

auidndnisunng madundmeda auranyeans unInendeusens o.des 2. ivalan 65000
Sa: Natapornb60@email.nu.ac.th

Nataporn Buakaew', Kittipol Dachaworakul’, Titipong Kaewlek®

‘Medical Physics Program, Faculty of Allied Health Sciences, Naresuan University, Muang, Phisanulok, Thailand, 65000
’Medical Physics Program, Faculty of Medicine and Public Health, HRH Princess Chulabhorn College of Medical Science,
Chulabhorn Royal Academy, Lak si, Bangkok, 10210

’Faculty of Allied Health Sciences, Naresuan University, Muang, Phisanulok, Thailand, 65000

Corresponding author
Nataporn Buakaew
Mediical Physics Program, Faculty of Allied Health Sciences, Naresuan University, Muang, Phisanulok, Thailand, 65000

E-mail: Natapornb60@email.nu.ac.th
Submitted: Dec 24,2019

Revised: Feb 24, 2020
Accepted: Mar 3, 2020

Journal of Thai Association of Radiation Oncology
Vol. 26 No.1 January - June 2020



UNANED
nannsuazmang: nnendisdreuiunesiuulauduuinufsveuazainelugiislinsgaiiunietls
influienlnefdunauvedlany asUsngdudantasulane vilinmaladaunimanas Tulagiud
TnsandsanUasuviiniivanyds nmsligamdieisnisiindisieefinalufdlulusunsuneuiames
& A ad = a % !
WusnisnislunisandeulanyUaouninan?
nguszasd: eusziliunanisandawlantasulanslagdsnisiindinsiacvesmalufsveininenaise
paumImsLUUlauduUInMATYE LazaneTiidsanUasoulany
Yaquazdsnis: dideyanmentisdmeniunesiuulautuvenuinaesuinudsveuazdnenilanglavs
U 1 uar 2 Ju SuianwvesithenidwdanUasulangdnnu 4 19 munsandawlanuaes
langaigInnsiindinSieivesinalyds eSeuiisuamuninveinmneulasidandsudandasulavy
InefuiamisearnsivasunUasvesdygrasunuluusnuiiiduvanvasulansanwusiJunaud
a o a M A G a 13 v
117 wavdn wazushanliddwdanvaoy samnslinszilusindvesninils
= % a a Ao a v o a
Nan1sANE: MurasandswlanUasulanslinuunmanninnnEuau lnenmvdandsuvantuasulany
vushanifndusavdviuazuavdiagnuiosasnisiasunlamesdygasumuasninndilita
wlanUasulane uazanuwaelusidnianuSeunnnd) seldnauieiudlunmvesiuinasssinan
waglunmaesiiens 4 91y
Faas: FBsindrTieeiinalvivanunsoandudantasulavsuunmiengsdnauiamesuuulauiy
UinaAsuziazaireniidwdanUasulanglaseeiivsz@nsnim

[

AdnAny: andeudantasulang, aafly, Siniluiiiey, lenasdreuiiunaiuuulauiy

Abstract

Background: Cone beam computed tomography (CBCT) images in head and neck region of patient
with metal component of dental fillings or implants has metal artifacts which degrading image
quality. Recently, there are several methods to reduce these metal artifacts. Programming
algorithms of Mixed Variable Thresholding (MixVT) method is one of those methods.

Objective: To evaluate results of metal artifacts reduction using MixVT method in CBCT images
with metal artifacts of head and neck region.

Materials and methods: MixVT method was applied to CBCT images of the head and neck
phantom, which had a single metal screw and two metal screws, and 4 patients with metal
artifacts. The results of metal artifact reduction were evaluated by comparing of the percent
noise change in the areas of hyperdense, hypodense and no artifacts, as well as the line profile

between initial and artifact-reduced images.
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Results: The artifact-reduced images had better image quality than the initial one. The percent

noise change both in the areas of hypodense and hyperdense artifacts were higher than in the

area of no artifacts, and more smoothness of the line profile than the initial images. The results

were the same in all CBCT images of the phantom and the patients.

Conclusion: MixVT method can effectively reduce metal artifacts on CBCT images of the head

and neck patients with metal artifacts.

Keywords: metal artifacts reduction, dental filling, implants, cone-beam computed tomography
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Abstract

Background: Bladder filling uncertainties during prostate irradiation has direct effect on bladder
dose.

Objective: To compare bladder volume between computed tomography (CT) simulation day
and during radiotherapy.

Materials and Methods: The bladder volume of 9 prostate cancer patients who underwent
irradiation with Varian TrueBEAM (Varian Medical System. Inc., Palo Alto, CA) at King Chulalongkorn
Memorial Hospital were evaluated. Patients were required to empty their bladder before starting
to record the bladder filling times. The time was recorded until treatment delivery. Patients had

to drink 500 ml of water while waiting for the treatment. The dimension of bladder volume in
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width, length, and height was measured and calculated to bladder volume by using ellipsoid

formula (widthxlengthxheightx0.52) on planning CT and daily Cone Beam Computed Tomography

(CBCT) images by experience radiation technologists. The comparison of bladder volume was

evaluated.

Results: The average time for bladder filling was 117.4 + 3.7 minutes. The result showed that

the bladder volume of CBCT on the treatment date was less than the bladder volume of plan-
ning CT significantly. The bladder volume was 455.3 + 205.7 and 419.1 + 197.5 cm3 for planning

CT and CBCT, respectively.

Conclusion: The bladder volume for prostate cancer in the delivery process of radiotherapy was

significantly less than on planning CT, which may be due to less amount of water or waiting time

was not enough.

Keywords: Prostate cancer, bladder filling, uncertainty

J Thai Assoc Radiat Oncol 2020; 26(1): R13-R24
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Fnquazasd: lenSouifiouUinausidsuiiefoarlduanmeansiduzSeiengnuannsemein IMRT
wazinAlln VMAT dmSunasu 6 MV uag 15 MV

Taquazdims: vhnsnausunsinwiUisuyiSsengnvuin demalln IMRT uaz VMAT waaeu
6 MV waz 15 MV $1u3u 6 518 fsundsunaddifounssladuiomn 79.2 insd sauanun 44 ade
MntufmammUinasdseie o ldunnuinasdieds (nsd) lutsines AMUIUINTYRN
aYezfiaula Gns) leun nszizdaans (bladder), a1ldmss (rectum) wasUSunasdsuiietonzuni
(normal tissue integral dose, NTID)

HaMIANEN: Aade 1D veswuNsSnusewmaila IMRT way VMAT dwsunsewnztlaans dldle
wuilaesauldunnaeiueg1aidvdfey daunatin VMAT 1R NTID @031 IMRT egaiiiudAgy
Weanuaunsinvunaia VMAT Sfiannisnisdivesdiseduinndd IMRT diowSeufisundaau
Fisnafunudn wdau 15 MV v NTID dhndn 6 MV eehefifedhdey sauds MU anasdmiumaiin
VMAT Wasau 15 MV agsiitiedAgy

doagu: walla VMAT Wasa1u 15 MV a1snsean NTID Wifugulgldegradidud Ay dvanszeznaily
mMsaeaElviugihedamamiluansaind MU flana

Ardnfty: ueiSewongnuun, wediansane$sduiuanudy, melinsaneiduiuanudunguseud
Vet HaTIUSINS AT Tl sy

Abstract
Background: The integral dose is the volume integral of the dose deposited in the treated vol-
ume. The energy and number of beams entry are directly effecting to the ID, especially the
advance technique in radiotherapy.
Objective: To compare the integral dose (ID) of organ at risk (OAR) between IMRT and VMAT
techniques by using 6MV and 15MV photon energy for prostate cancer.
Materials and Methods: Six prostate cancer patients were re-planned with IMRT and VMAT by
using 6 MV and 15 MV. The plans were by using 6MV and 15MV photon energy. The prescription
dose was 79.2 Gy in 44 fractions. The ID (mean dose X tissue volume) received by bladder,
rectum, and normal tissue (NTID) was evaluated.
Results: The ID of bladder and rectum was not significantly different for both IMRT and VMAT
techniques. However, VMAT showed higher NTID than IMRT with significant due to more incident
beams than IMRT. For different energy, 15 MV showed lesser NTID than 6 MV with significantly.
The monitor units (MU) to deliver for a single fraction was significantly reduced in VMAT technique.
Conclusion: The advantage of VMAT over IMRT was reducing the NTID. For 15 MV, the treatment
time also reduced, which represent by MUs calculation.
Keywords: Protate cancer, IMRT, VMAT, Integral dose
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integral dose, NTID) IagUsuinsvas NTID Tunis
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D [Gy] Ao Usunused
waslueYeaviug (nsdl

V [liter] Ao USumseieny
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VMAT @nsunaasnu 6MV wag 15MV Ingltadfkuu

NaANISANYILAZUNIRNGAL

7 (two-tail student t-test) lpgdlszauysial P

value Wiy 0.05 AszAuANULYBLU 95%

AN5199 2 LWUSEUTEUBHUNITSNEIemATa IMRT wag VMAT U89n&3au 6MV wag 15MV 983fauuzisisay

AanuINLaye T IzUnd

P-value

Structure IMRT 6MV IMRT 15MV VMAT 6MV VMAT 15MV IM-6 IM-15 IM-6 VM-6

S Vs S Vs
VM-6 VM-15 IM-15 VM-15

PTV D99% (Gy) 74.57 + 2.88 75.12 + 1.35 76.13 + 0.65 76.18 + 0.80 0.18 < 0.05% 0.45 0.75
PTV D95% (Gy) 79.37 + 0.34 79.18 + 0.17 79.18 + 0.49 79.25 + 0.46 0.38 0.72 0.32 0.67
PTV D1% (Gy) 85.13 + 0.89 85.18 + 1.07 8597 + 2.12 85.92 + 1.93 0.18 0.18 0.84 0.81
Bladder V70Gy (%) 1559 + 12.42 15.65 + 12.42 16.08 + 13.12 16.23 +12.93 0.17 0.06 0.49 0.26
Bladder V55Gy (%) 20.30 + 13.73 20.63 + 13.57 21.48 + 15.01 21.80 + 14.66 0.08 0.07 0.05 0.16
Bladder V40Gy (%) 26.68 + 14.83 27.08 + 14.61 28.13 + 16.35 2852 + 16.04 0.11 0.09 0.17 0.13
Rectum V65Gy (%) 24.60 + 13.03 2458 + 13.11 25.75 + 14.08 26.20 + 14.28 0.41 0.18 0.96 < 0.05*
Rectum V50Gy (%) 35.52 + 13.57 35.38 + 13.40 37.00 + 14.59 37.72 + 14.64 0.41 0.20 0.73 < 0.05*
Rectum V40Gy (%) 44.63 + 14.16 44.22 + 13.78 4598 + 15.26 46.43 + 14.88 0.32 0.20 0.54 0.41
Penile bulb 2222 £ 43.75 23.66 + 43.41 23.62 + 43.41 23.74 + 43.39 0.13 0.17 < 0.05* 0.12

mean dose (Gy)

* Significant relative difference tested by two-tail student t-test (P-value<0.05).

Abbreviations: PTV; planning target volume, IMRT; intensity modulated radiotherapy, VMAT; volumetric arc therapy,
IM-6; IMRT 6 MV, IM-15; IMRT 15 MV, VM-6; VMAT 6 MV, VM-15; VMAT 15 MV.
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P-value
Organ IMRT 6MV IMRT 15MV VMAT 6MV VMAT 15 MV IM-6 IM-15 IM-6 VM-6
V. vs. vs. vs.
(liter-gray) (liter -gray) (liter -gray) (liter -gray) VM-6 VM-15 IM-15  VM-15
PTV 13.28 + 6.26 13.25 + 6.24 13.48 + 5.94 13.48 + 6.48 0.11 0.07 0.32 0.82
Bladder 4.10 £ 0.78 4.13 +0.78 4.58 +0.78 4.57 +0.83 < 0.05* < 0.05* 0.23 0.82
Rectum 0.97 + 0.29 0.97 + 0.29 0.92 +0.24 0.98 + 0.23 0.72 0.81 0.72 0.61
Penile bulb 0.10 £ 0.12 0.10 £ 0.12 0.10 £ 0.12 0.11 £ 0.12 0.13 0.12 0.05 0.12
NTID 187.93 + 67.55 179.03 + 63.30 201.38 + 66.95 188.19 + 61.96 < 0.05* < 0.05* < 0.05* < 0.05*

Treatment time
(MU)

1300.33+ 60.69 1159.17+ 131.53 650.50+ 101.28  542.00+ 68.02 <0.05% <0.05* <0.05% <0.05*

Agfa: NTID Normal Tissue integral dose
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Faauazdinis: Anwainnmenvisdnenfiunoijuiinesiszuazaaeiiianslangsiuau 1 Ju uay
2 §u Tnevhnsnedeudsyaninmuesisnisandsulantaolaveliouiiisutu 3 38n1sie 38013
UszanuaiBadu (woale) Bmslvilva 1diedu Suimudis (73) uagiBmauuunay (lauin) iinsusadu
szozna WlUslWg Adeganm sUhvesanslaveeukazndsanduiantaoslans
wansAne: F3nslevildnainisandutandaeulanglunmiifianslavesuiu 1 Tu woe 2 Fu
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Abstract

Backgrounds: Radiation therapy for head and neck cancer treatment requires an accurate
treatment plan to obtain a consistent dose and avoid the surrounding organs. Dental prosthetics
or other artifacts, commonly found in computed tomography simulation images of the head and
neck, produce metal artifact. Metal artifact obstructs the images of the surrounding organs and
tissues. These images are unclear and cannot be effectively used in treatment planning,
however, the artifacts can be reduced by an algorithm.

Objective: To develop a method for reducing metal artifacts in computed tomography simulation
images of the head and neck with dental prosthetics before planning treatment with Intensity
Modulated Radiation Therapy (IMRT)

Materials and methods: The efficiency of these three methods of reducing metal artifacts,
(linear interpolation method (Li), total variation inpainting method (TV) and hybrid interpolation
method (Hybrid)) were compared on the head and neck phantom images of an inserted metal

screw and two metal screws. The time of the metal artifact reduction, line profiles, image data
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values and the shape of metal screws of both initial and reduced artifact images were evaluated.

Results: The average times of the hybrid interpolation method were 59.93 seconds and 148.71

seconds for a metal screw and two metal screws, respectively. The evaluated quality of the line

profile, image data value and shape of the metal screws were similar to the TV method. Moreover,

the hybrid method reduced metal artifact on the head and neck phantom images of two metal

screws better than Li method.

Conclusion: Hybrid interpolation used less time than TV methods. The evaluated quality of the

line profile, image data value and shape of the metal screws were similar to the TV method.

Keywords: Computed tomography, Dental implant, Metal artifacts, Simulation
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Arwruazaneuyudivinunanndwedu (slycerin)'?
Wuansdmanlndlensnueanesed (polyhydric
alcohol) Aifignslananafie C3H803 dmiuituan
uwnileide lHunaifeuaiveiun (calcium carbon-
ate; CaCO3) wanfuisdu (resin) ludnsndau 1:1
dmduidutaqunuilu uazldiwan (ron; Fe-26)
dwsuduaqunusiniluifisuiudiasauueeniy
3 6 un vudraesililldanslans vudraeaiild

' °

anslaneduiu 1 Tu wazsjusaesifldanslany
117w 2 Fu Kuandlddaamn 1

1.3 AnaeenesdAauianesudnaes
Aavzuazdneitlildanslony ldanslave 1 Tu

W3 6 2w wazldanglave 2 Fu 9w 3 am

(A)

AN 1 uTaesfsusiavaneuys:

I o

(n) Mudraesiilalldanslane, () viudraesildanslavediuiu 1 3y, (A) udraesildanslavednuiu 2 du

q
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2. /s
2.1 MaswauIsn1sanieulanyasulans
NuiteidenldisnsUszunanan ndaenis
ibvilaluunsuauysal (sinogram completion) e
andsuanuaeulans fumeulszneude
1. msPuundeyanimlane (metal segmen-
tation)
2. msUszanuendeya
3. mMyasennlng (image reconstruction)
Tnglunsnwasiinsdieudieuitnmslufuneui
2 (5¥111935n19 Li 38015 TV wawdsnas Hybrid)
wiaztuneuiiyeazdendieluil
2.1.1 msduundayannlane
AMLeNeLsEReLRIAesTTAIAINTIATY
voutloeriuivlanzansnituiion axgniiian
FuundeyaninlanzooniandoyanInaIuves
ewde TngldiBnsmansseduaryagiu (multi
thresholding) Ingmwuae1seAuyag1u (threshold
value) Y8370yanIManTisgAoNNIABTuUT1ABY
Aswruazdnoiildanslany ndsanduirinim
lonwisdinonfiumesfiinnnssuundeyaninudomn
Tudrwweailoiiovarduredansuniinisulas
Joyanmanam 2 35 Tulawnngasums (spatial
domain) sidulaluwnsulawm (sinogram domain)
diethtoyaluldludunausely
2.1.2 msduundayaninlanzuulely
wnsulaLuu
amlsluunsulamuivdasdoyanmdiu
YodlanzazinuImasunveslansaieisn1susu
Lﬂﬁaumﬁxﬁugagm (variable thresholding) Beaz
Avuadrdeyavesuinadadlaielilddoyanm

2 Yougneenaniu neinsaunanedudeuy
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1AIFIULATAlRAYB s Az AT ayan N old
ToYAYOULYAYBILANTUEY A INUAVDULUAYBY
Tayaninlaluunsuvedanslvifianvntu 1 uag
fvuateyaninleluunsuuinudug dawiniu o
niuhdeyalulilumsussanualutuseudaly

2.1.3 33n19UszanuA1doyavaslalu
wnIu

TunsinwedstasshnadioufiouBms
Uszanaddayavedleluunsy 3 3815 Ae 1. 38013
Li 2.38m5 TV uaw 3. 3813 Hybrid Favie 3 3813
videyaveulrnvedlgluunsulansuiivungn
dufumsuszanasdoyatuslmlludoyaninly
Tuunsuveuiieife drussandoavousayisnig
ol

2.1.3.1 /s Li

mndoyaleluunsuiiodefignindaues

v

Joualsluwnsulangeanliwdr19zdrunuseuna

y
Arteyaleluunsudruiivianely Tnslddeua
vouwnvaslalunnsulavgainde 2.2.2 dmsuivun
fulunisuszanaendadu nnmssmnmmeanll
dnwaradeyanmazidudunsinngaisuduaui
ﬁ;méuqmsumﬁuawumﬁﬁ’mum v‘imiwfﬁméuqmmgm
vodleluunsuieide

2.1.3.2 /M5 TV

Fnsthanniiouduiing Li Aelddeya
leluunsuieBotignandiuvestoyaleluunsulans
oonluudiUsssnaumtoyalsluunsuduiiviame
Tulnelideyaveuivmveslaluunsulavs Asfiunnsng
#io Fannstiagdnuadeyalmilnenisussanmen
Joyarnveusuuenvesveulgluunsuvetans
dunden fiastuaufagaguinatsosioyn wds
Mnturgriudluideny auldafiunzandan

WAAEMEANITINY



2.1.3.3 75M15 Hybrid
FmstanduniananiBie 2 uuu 41eu
findan Tagagyimsduumeandeyalsluunsy
\doidedeiBnis Li dou ndsaniuihdeyaitldn
insuszanalagldisnig TV
2.1.4 myairannln
n¥snldertoyanisuszaudoyats
3 Bsseuesnd dideyadanaiunasinmi
Tnenmsudasandayaninlaluwnsulawunduludu

AlauTeEwnds legldisnsilawes win TUs

Initial Image

!

\dntu (filtered back projection) arldnmitands
wlanUaoulang

2.1.5 mspuAayalans

wdnmsasenmlviasodundayld
awdilifdsuvanvaoulans ieawauysalves
foyanmishdeyaifuvestulavefiuenngudeya
amauvedavgludunou 2.1.1 ndusnauldlunmn
81 AUVYLAY N5EUIUNISUTELIANANTNT IR

LEAIAINING 2

Metal Segmentation

l Multi Thresholding (1) l

Metal

|

Forward Projection

}

Metal sinogram
Metal Sinogram

Segmentation (2)

Tissue

|

Forward Projection

|

Tissue sinogram

Linear Interpolation/Total

variation Inpainting/Hybrid

— —
interpolation (3)
Modified Sinogram
Image Reconstruction (FBP) (4)
Add back (5)
e —

Non Artifacts Image

Final image

AWH 2 LEARSTURBUNNSYINIILYRIanasTulunsandaUanUasulane
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2.2 m3Usziununndesiun

ANLONULTIADUN NI UAINIUNTUTENA
adaeIEnsa 3 3813 awvhimsUssduuam
BaUSina WewSeudiouiinisn 3 TneUseidiu
szoznanfilflumsandauandaoslave Taedeya
amantustidnnaadns Fardeyanin uagsuis
Gumaﬂg‘lawwﬁamuﬁ%miam%aLL‘LJamJaan f997Y
asBondiaselul

2.2.1 msUszifiuszeziianiildlunisands

wlanUasulanena 3 35

Hounsfield unit

Hounsfield unit

NI

/

UssiiuszoznansauiBudunssuiunsuseaa
waauﬁa??uqmmmmmﬁqLLUaﬂUaauIauﬂuLLﬁias
Assuiisussningdisnsuilunmi 3 33

2.2.2 MIUTLHUANNNUDINNIAENINTAN
Adoyanidulysing

Usziflunmanniadesensissneuiiomes
Wisuiieusenindlduazliléisnsandsulandao
Tavizata 3 33 a%1ansml wnu X WHusdufinisaniy

a [

waEUlUsINE wazwnu Y iusenilasein ¢

U

LEASLUNINA 3 waz 4

Profile X

[

- —
1357 911131517192123252729313335373941
Distance (mm)
=== Original — - =Li TV = . Hybrid
Profile Y
(SR
/ ‘\
— i et k"‘u..-_ ———
10 20 30 40 50
Distance (mm)
= = = Original =+ =Li TV = :: Hybtid

A7 3 wanansIAlUs Il (N) WuIteU kAR(Y) WIIAY YBINMBNTTEABNTIME T U RS HELAYa AR

nilanglavegdnuiu 1 Ju

nuELna: NI = Non artifact image, Original = Original image, Li = Linear interpolation,

TV = Total variation inpainting, Hybrid = Hybrid interpolation
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3500
3000
2500
2000
1500
1000

500

Hounsfield unit

-500

Hounsfield unit

Profile Oblique

J f
’ .
- J ------- | ==
e T e T |
= -
0 50 100 150 200
Distance (mm)
NI = = = Original =— - =Li TV = Hybrid
Profile X
-
!l
7 Y=~
==t A
Loy £ . =~
0 10 20 30 40 50 60
Distance (mm)
NI = = = Original =— - =Li TV == Hybrid

cl' L a 4 a s 1 o a [J
il 4 uanemsialusiiidlu (n) wwades uag (v) wnuswreININENLSEARNIIME T U R T YEIAYE"

Aodflanslavedua 2 u

nu8wme): NI = Non artifact image, Original = Original image, Li = Linear interpolation,

TV = Total variation inpainting, Hybrid = Hybrid interpolation

2.23 mydsziilunaunnvesn mlagfiansand
Joyann (Aanilasglin: hounsfield unit (HU) uag
Andudeauuamsg: standard deviation (SD))

nsUsziiuaunMlagRasana1 HU agvinis
Wisuiigunadt HU seninsld3gnisandsuan
Uasulaneita 3 33 uaznmitliliiBnsandeutan
Uauilave Tnsnsuszidiunmazidonamiiiidnou
anslaveiaus 0 (iflavzuay bifAuvanyaoulans
Using), 1 uaz 2 Fu MNTmiuasusiaule
(region of interest; ROI) 5 @ILWUSL B USLIUUUAN

nidwdanUaeutiosiaruunss (Rauandlunini 5)

LaIAuYNALRaEwazA1 SD Aglusuntsiaula
TngAafagurn HU aunsauialaainaunisi

1

S X1+Xo++X
X — 1 2 n 1)

n

dlo & fe AedvesAn HU vunmenaise
aoufiawmasluudnndiadla

X fo A1 HU vunmienalsgnauiameslu
U3naufiaula

n fAe Iudeyanvie
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Hyperdense streak

Small artifact

Hypodense streak

AN 5 LanIn15AMUA ROl USLal Hypodense streak, Hyperdense streak Wazushaiiddutantaosiuiung

(Light streak)

dusun1TinAl SD FeuanferdeygIasuniu
20909 (Image noise) L INNAUNUAAYIAUT
wwonlivunin anansasuaulaanaunsh 2

—%)2
\’ n-1

We SD Ae dudeauuiinggiu

x 9 A1 HU UUNLenL5EANRILmeT LU
Usnaunaula

X A8 ALRAYYIAT HU UUAINLBNTLSE
ABURADSlLUSHUNEU]
n fe Iuudeyariavue

2.2.4 MyUszidiuau U wlngfiasangy
$revesanglansudanuisnisandsuvantaonin
PNAYBIANFIUUUINY X UAZULIWN Y LUTBuTiY
sewinneulazndsandautanuaon Fauansleiss
Al 6
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NaN1ISANEN
nan1sUszfiuszazianiildlunisandeudanUasy
Tanzsis 3 53

Aadevesszezarlunsandalandasy
langveanmenasdnouiawmasudnaofsysuas
Smofifiangdiuau 1 du neld38ns Li aldiom
wderesfianfe 2.50 Junfivedlad auseisnns
Hybrid Taaade 59.93 3wiiidedlad wavisns
TV aeds 226.88 Juriiredlad auddu o
uamsteyalunisieil 1 dwmsunmaladdl 3 4 uas
5 WudumieifidaudanUasuanniigayilildina
Uszananasnninmaladou lnedsns Ui Tualad
71 3 Woawnnidladdu esaniidudanuasy
nsg1858U 9 nmandigaudlilddwUanvaey
uus dmunmitingisns Tv lualadi 4 Toan
wnnaladou Lﬁanmﬂﬁ?mmaﬂﬂaamqumw%nm
50U qlavizanniign waznmiliiuAsnng Hybrid Tu
dladit 5 Wnawnnnaladou esmnisudisumis
yositunswlunnyiliiznig Hybrid fiuszanana
91n35n15 Li auaigdsnis TV dnatlunisuseana
nasnnaladou



2 6 (n) uansnsinvuavesanglavglunuinnu X uag (v) uanmnisinvuaanglavgluiuiunu Y

M19197 1 kARIIA1vRININLENTLTEARNNIMETUTIaRsAT ELATaRD T ILINAN S ane 1 FU NAwIWTBNNS
andewdanyasuia 3 35

; Li TV Hybrid
dlagn

Qu) (Fud) (ud)

1 2.31 38.24 21.05

2 2.76 205.82 44.83

3 291 267.37 27.86

4 2.65 427.03 63.77

5 2.13 261.28 147.02

6 2.25 161.55 55.04

wmm?{s (Audl) 2.50+0.31 226.88+128.98 59.93+45.59

nugLn: Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation
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AnadgralTzezatunIsandlanlaoy
langvean1nenaL iAo nesiudnaofsysuas

amenangduiu 2 Ju lagldisns Li avldiim

A

touiianme 2.28 Ifinedlad amuae3n1s Hybrid

q

T9aade 148.71 Jundisealad wardsnis TV 14
VARAY 232.65 Fufinedlad MmUAISU Aakand

Joyalunisned 2

M13199 2 Uansa1veININeNLIIRRNTIMe TuIResAT RLaY AR I LIANSlavE 2 Fu NAwEHUIENS

andswlanlasuvia 3 35

o Li TV Hybrid
alasdn L L _oL
Aun) (Aun) (Aun)
1 2.28 236.75 156.22
2 2.14 224.48 167.60
3 2.41 236.72 122.31
1anady (Gunil) 2.28+0.14 232.65+7.08 148.71+23.56

nuELa: Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation

nan1sandwUanUasy

nansandaudanUasuiia 3 33015 TéuA 3315
Li 35A13 TV wagisn1s Hybrid t3suiiguniusening
AMAoulazUsandawlanUaouvesnimeneisd
oufine usaefsuzuavdrefiflang 1o 1
WAL 2 BU uARIIAIWA 7 way 8 ANERU WU
mwwé’qaméqLLUaﬂUaauIawmawjuﬁﬂaaaﬁﬁaﬂg
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Tavesnunu 1 3y Snanudulanvaeulansudinm
anglavigita 3 Bmsasdautanuasy dmunmmds
andauanUasulanzvenudassiitlanslave iy
2 Fu §g3Ensia 3 33013 dnnseandaudanyasy
suuseseu « anglaveldRluuinadudanyasuuay
a widmudwlanuaeslwifiinduusnaseu 9
AMraensasenwlng



Original Li

TV Hybrid

a ¢ a s 1 o o 1 & ' I aa a ..
2 7 wansnienasdneniiawesudnaasildanslave 1 4u (n) MwdeusnuiSn1sandauuanuasy (original),
(1) vasandwudanvaeulave (L), (A) nasandwwlandasulaney (TV), (1) nasangslanUasulang (hybrid)

v Hybnd

1A 8 uansnLeneLtneuime S udaeldanglave 2 Tu (n) MwneuruISnsandswdanyasu (original),
(1) vasandaudanvaeulave (L), (A)vasangdsdanUasulane (TV), (1) nasandsdanUasulang (hybrid)
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NAN1TU TN UAMAINVBININIAENINTULE U ARuIResuTIaesfsveuavdinetildanslany

Tslwid 13 1 U wudi e 3 38013 dendeyalndifesiu
HANFUTZIIUAMNA MBI N IAE A TULEY Tushunisveaduluslvdluuuiueu (X) uagidu
TWslldvesnmitlifidudanyaey anneuuasmds Tsllaluuuaas (v) Auansdoyalunini 9

andardanUasulaneyd 3 35015 YeIN I NLENDLSE

Profile X

3500

Hounsfield unit

1000 } !
® — L
e i — v Te— T —_ e —

0 10 20 30 40 50

Distance (mm)

Nl = = = Original =— + =Li TV = -- Hybrid

Profile Y

Hounsfield unit
=
)
(=]

J
500 _-M‘j -

0 10 20 30 40 50
Distance (mm)

NI — — — Original — - —Li TV —-- Hybtid

AW 9 LﬁuIU{LWa‘GUa\‘imWLaﬂ%LiéﬂamﬁaLmai“l/juﬁﬂaaaﬁswl,azéﬁﬂ@ﬁi&iﬂﬂg’«ﬁ’ﬁmu 1 3y U%L’amﬁmﬂﬁhuaﬂg
Tavenderinisnsandauantaoslunuauou (X) uasuuds (Y) pads
wUELAR: Ni=Non artifact image, Original = mWLaﬂGULiéﬂauﬁuma%daumuﬁ%‘msam?aLL‘UamJaa:u,
Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation
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Han1sUsTuRnINTaIn MlneRiasadulusing Tusiwsya X1 wag X2 weidlafiansawuiideenann

YpannAluiFauanuasy ANNBULAENSIaNEY Huanglaviena 2 3w wudn 3815 TV (duldsingd
wuanUasulangyis 3 35015 VoI 1NLONTLTY ) wazi5n13 Hybrid (EulUsinadudw) Taaalna
a & 1 o a ° pREu a ) A A A o
ARU MBI uTIRRsATUELazaReTldanslany WestunnilifidsudanUasulavzanniian Auans

FIUIU 2 Ju Wud e 3 /N5 Tedeyalndieiu Joyalunini 10
Profile X1 Profile X2
4000 4000
—4 =
= =
S 3000 S 2000 :
o I\ o
2 2000 \\ < 2000
w W
£ 1000 / £ 1000 . . %
=] - =] » .
] e b e 3 T D
ko g == - L \"‘h-n. o 0 :” \_.-.,.—-
0 20 40 60 0 20 40 60
Distance (mm) Distance (mm)
NI = = = Original — - — i NI = = = Original — - — i
V. = - =Hybrid TV = =Hybrid

Profile Oblique

3500
3000
|
E 2500 ' r|
=
5 2000 ! ‘
% 1500
£ 1000
3 e I~ - === ‘_,..-‘-v\
2 s00 /™Y e
0 —_— t:_—-ﬂ‘,‘
-500 0O 50 100 150 200
Distance (mm)
NI = = = Original — - —Li TV = .- =-Hybrid

awidl 10 EulUslndvasnmienasdreufiame uiiaesdsuzuaydineiildangdiuou 2 Tu Usnadflansuans
TangndwiniSmsandsutanyassluiiuiueuesansd 1 (X1) Luuey 18sansi 2 (X2) LazwuBesiiainiu
ang 2 31 (Oblique) Muddiy
WBLR: Ni=Non artifact image, Original = Mwienasdnesfiawme siouruiBnsandauantaey,
Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation
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Han1sUszuAN YR HIngNaIsAaYE
A7 (A1 HU wazan SD)
HANTUTIUANAINYDININIALTRITUAN
‘ﬁa;ﬂaﬂTWGUaqﬁuﬁi”lamﬁﬁaﬂﬂamﬁwmu 1 %y Wy
1 ¢ 5D Tuyn 9 ROl ndskuABnsandsutanyaey
WAy dwuen HU wudnis 3 33nnslaunnenadiu

athafitfddynieada Welflsusunmnouruds
msandaudantasy nutA HU wievesdinag Li
WU 138.23 (p-value 0.892) Aadevadiinig TV
Wiy 138.23 (p-value 0.893) warAnadevesisns
Hybrid Wi1fiu 139.52 (p-value 0.967) flalanstoya
Fam13197 3

] i ' ¢ a s o da ° g
13199 3 LansA1 HU wagAn SD EUENﬂ’]'WLEJﬂsl]L'ifJﬂlelW'lLm@jLQﬁﬂWNﬁﬂEIﬁ‘lﬁgﬁnu’Ju 1 YU

ROI NI Original Li TV Hybrid

HU SD HU SD HU SD HU SD HU SD

1 143.19 6.17 121.20 21.94 123.57 30.60 123.89 30.99 126.76 38.49

2 145.61 543 99.92 34.11 112.54 38.23 112.34 37.80 118.04 41.39

3 145.82 4.44 166.59 28.01 158.31 73.95 158.10 73.89 151.44 91.70

4 148.71 4.79 160.37 18.33 145.47 4a2.77 145.58 42.46 150.21 42.98

5 152.36 4.20 152.32 4.63 151.25 3.33 151.26 3.32 151.15 3.34
Aade HU 147.14 140.08 138.23 138.23 139.52

wueg: NI = Non artifact image, Original = aMwengLsdAauianasnauNIuisnIsandwlanyasy

Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation, ROl = Region of
interest, SD = Standard deviation, HU = Hounsfield Unit

Han15UsEIiugun eI mlnefiasaunAteys
aemjusaesifianslangsiuau 2 Fu wut Tu
e ROI 1 wae 2 Sudusumiaves Hypodense
streak i HU filndidssiuifofefiuty wagiien SD
anas nderuAinsandadanUaouiia 3 33015 us
Tushumids ROI 3 way 4 Saduuiion Hyperdense
streak WuddlAn HU Wi derwisnisandaudan
Uaew 1w ROI 3 nitldrnudsnsandsudanuasy
fiAeds HU WAy 178.40 ndsrdsnns Li fian
Wwie HU Wiy 208.00 ndwnudsns TV fdade
HU 111U 198.60 wagnadu1uisnis Hybrid dian

Rso
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WAy HU U 186.28 @wviia ROI 71 5 gy
furdsniidsuanUasutasdsnslvnanlainneaiung
4 an Fauansdoyaldninnsned 4

HaN15UsHIUAMAINYRINNIAE WA TUFUI
vasanzlavzvdsinuiSnsandaanyuasy

FEnsandaudantasulaneiis 3 33015 lalds
nansenusiogUssvesanslansillowSsuiiivuiv
Mmenastreuimesteuanduandasulany &
uamstoyalunisned 5



a i i ¢ a s A aa ° Iy
A19199 4 L@agA1 HU Lazan SD °UENﬂ'1WLE]ﬂ?]LﬁEJﬂE]ZJW']L@E]iLQaEJV]lIﬁﬂEIa‘VT%‘iﬂu’JU 2 VU

ROI NI Original Li TV Hybrid
HU SD HU SD HU SD HU SD HU SD

1 137.15 6.17 76.08 48.68 95.22 19.48 109.11 13.78 109.86 14.81

2 147.93 4.95 68.06 45.73 88.95 24.69 113.00 21.74 133.47 15.27

3 146.76 4.23 178.40 26.80 208.00 28.08 198.60 27.09 186.28 25.01

4 149.20 4.79 155.38 2297 189.79 39.96 169.58 40.83 159.50 52.03

5 152.20 4.20 146.18 4.36 147.43 3.35 147.41 3.36 147.49 3.39
Aady HU 146.65 124.82 145.88 147.54 147.32

Wnu1ga: NI = Non artifact image, Original = nMwanBsgARNRIADINEUNIUITNTandwUanUasu

Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation, ROl = Region of
interest, SD = Standard deviation, HU = Hounsfield Unit

M1319% 5 uanen1suszdiuguswanglangannisidleuiisuiesasseninenmvidaiuisnisandanlanuaey

1ae38n15 Li, TV wag Hybrid Msuuaueu (X) haghuing (Y)

Li TV Hybrid
Plane Original*  After** Diff (%) After* Diff (%) After** Diff (%)
(mm) (mm) (mm) (mm)
X 4.26 4.26 0 4.26 0 4.26 0
Y 3.86 3.86 0 3.86 0 3.86 0

RIUELUR: * syeylunmiieladlunsyeINmeNYL SRR MBI NaUNNUITNSandwUanUasy

* 5ygglunmiieladiunsvaIn I nenusgRaURImasNasHIUIT N1sandawlanUasy

Li = Linear interpolation, TV = Total variation inpainting, Hybrid = Hybrid interpolation, Diff = Difference

uniasal
Tunsinwaeiildvhnsandaulandaeulans
lunmieneisdaeuiinineiriudnaesdsvziazaine
o33 Hybrid Wumsiaundanesiiludunou
mMsUszanauendoranm TaoEald3snns Li wdann

Huihdeyanlauvinisussanuailegldisnis TV

nasInMAas U usuNatuIsnIg L dadu

FWnsnliandsslunisandawlanUssulany way

3515 TV FedudsnsandsilanyUasulaneildinan

WukAliANauyIalNInNnd
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38n15 Hybrid @1u1508A198131035015 TV agla
Uszanad 4 1w (38015 Hybrid Tdiaedeegi 59.93
gl 3B TV Wnawadiveyn 226.88 Jund) lu
PRy ° & '
AMATANFIAU 1 U wazanaauseann 1.5 winly
pRpe o & aa s
AMATANIIMIU 2 FU 2B TV vealadves
PRy ° & 1)
amidianglanedwiu 2 Ju Ihalunisussaiana
Wesndamndanslaveduiu 1 ¥u 13LAnen
Aundsvesanslavgegauagaiu ilvdsudan
Uaouguusaluldlufiamadeniv
INHANTUTLIUAUAINYBINNIAL T TN
EULUSINE wudn 3519919 3 35015 lawn 3815 Ui
35113 TV wagisnns Hybrid aunsaangsilaniae
lavglalnaifsariulunmiiianslaneduau 1 3u us
38715 TV wagdsnis Hybrid Tianlnaldgsiuning
A A PP o
LifFwdanUasuunniiantunndfianslangdnuau
2 Ju dwiuAdeyavesnnidlanglavie s 1 Ju
FBnsasdwlanUasun 3 35015 WinavesAn HU
luwnnsnsiuegsiideddgnsadfdiofisuiunin
ABUNIUITN15ANFIwUaNUanU ULA 8N U UITY
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Abstract
Backgrounds: Bolus is a device used in electron beam radiotherapy to increase the surface dose.
[t may be made from natural or synthetic materials that have a density close to human tissue.
Because of an expensive price, commercial bolus cannot be cut to a suitable size for each patient
in clinical practice.
Objectives: The aims of this study were to form the in-house bolus with natural rubber and to
determine the doses at surface of our bolus sheet.
Materials and Methods: The natural rubber and additional materials were mixed to mold the
in-house bolus. The computed tomography (CT) number and physical density of our bolus have
been obtained from the CT images and CT calibration curve, respectively. The surface doses were
measured using Gafchromic EBT3 film for the 9-MeV electron beam from a Varian Clinac 23EX
linear accelerator. The correction factors for scaling thickness of bolus were introduced.
Results: The natural rubber was successfully fabricated as a bolus sheets with the thickness of

0.32 and 0.52 cm. The physical densities of two bolus sheets were consistent to each other which
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equal to 0.87 g/cm3. The natural rubber bolus gave more measured surface dose than the

commercial bolus that made of synthetic oil gel. The high differences of percentage surface dose

were observed in the 0.5 cm thickness. For both the 0.3~ and 0.5~ cm thickness, the correction

factors were closed to 1. After the correction, we found excellent agreement between the

measured and calculated surface dose.

Conclusion: Natural rubber can be used as an alternative material to form the bolus sheet,

because of its suitable property and density. Based on the correction factor from scaling thickness

by its density, the surface doses equipped with the natural rubber bolus were equivalent to that

with the synthetic gel bolus.

Keywords: Bolus, Depth-scaling factor, Gafchromic EBT3, Natural rubber

J Thai Assoc Radiat Oncol 2020; 26(1): R55-R67
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Abstract
Background: Radiotherapy is one of the methods of breast cancer treatments. Fractionated
radiotherapy requires an accuracy and precise patient positioning.
Objective: The aim of this study was to assess radiotherapy set up displacements between two
different setup procedures including the breast size.
Materials and methods: The patient positioning of 10 breast cancer patients who underwent
whole breast radiotherapy was verified by eight fractions of cone beam computed tomosgraphy.
The translational and rotational displacements were evaluated. The first procedure (P1)
was patients setting up using room laser and skin marks, while the second procedure (P2) was
setting up using skin marks and then the patient positioning was adjusted with the aid of AlignRT.
Results: The comparison of both displacement procedures showed nonsignificantly better results
when AlignRT was used in both translation and rotation. When the patient setup error with the
breast size comparison was evaluated, it was found that using AlignRT was better for the small

breast size in vertical direction and large breast size in longitudinal direction. Moreover,
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systematic (3°) and random (G) errors showed the smaller displacements results when AlignRT

system was applied in almost all directions.

Conclusion: AlignRT could help the positioning of breast cancer patients; however, it should be

used with another imaging modality.

Key words: breast cancer, 3D surface imaging, systematic error, random error
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Abstract
Background: Locoregional recurrence is a predominant failure in locally advanced head and neck
cancers despite of multimodality treatment including surgery and adjuvant chemoradiation.
Analysis of locoregional failure pattern can contribute to improvement of future treatment.
Objective: To evaluate pattern of failure in head and neck cancers treated with postoperative
radiotherapy.
Materials and Methods: Head and neck cancer patients who underwent postoperative radio-
therapy in Thammasat hospital from October 2015 to January 2019 were retrospectively reviewed.
The site of locoregional recurrence were correlated with previous radiotherapy treatment plan.
Results: Total 49 patients of squamous cell carcinoma head and neck cancers underwent
postoperative radiotherapy. Primary were originated from the following subsites; oral cavity
25(51%), oropharynx 1 (2%), larynx 19 (39%), hypopharynx 3 (6%), unknown primary 1 (2%).
Pathological staging based on AJCC 7th edition were as followings: 2 were stage | (4%), 2 were
stage Il (4%), 9 were stage Ill (18%), 34 were stage IVA (69%), 2 were stage IVB (4%) and none were
stage IVC. Pathological risk factors were as followings : 9 positive margins(18%), 17 extracapsular
extensions(35%),38 pathological T3 or pTd(78%), 18 pathological N2 or pN3(37%), 21 close
margins(43%), nodal disease in level IV or V for primary oral cavity cancer in four
patients(16%), 19 lymphovascular invasions (39%) and 18 perineural invasions(37%). Median
follow up time was 16 months (range, 2-48 months). There has been disease failure in 12 cases
(25%) with eight locoregional failure (16.66%), six distant metastasis (12.5%) and two have
synchronous locoregional and distant failure (4.16%). Median time of locoregional failure was 5.5
months (range, 3-26 months). Of eight locoregional failure, six were in-field, one was out-field
and one had both in and out-field recurrence. The 2-year cumulative rate of overall survival,
progression-free survival, distant metastasis-free survival and locoregional control rate were 64%,
53%, 84% and 74%, respectively.
Conclusion: In-field locoregional failure is the predominant pattern in head and neck cancers
treated with adjuvant postoperative radiotherapy.

Keywords: intensity-modulated radiotherapy, patterns of failure, postoperative radiotherapy
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Introduction

Multimodality treatment is often applied in
locally advanced squamous cell head and neck
cancer. Non-nasopharyngeal primary subsites
such as oral cavity benefit from upfront surgery ™.

Despite surgical resection of gross disease,
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recurrence rate is still significant. Adjuvant treat-
ment is incorporated to enhance disease control.
Pathological risk factors that warrant postopera-
tive concurrent chemoradiation include positive
resection margin or extracapsular spread of

disease®?. While other adverse features as



following; pathological T staging three or four
(pT3 or pT4), N staging two or three nodal disease
(pN2 or pN3), nodal involvement in level IV or V
in primary oral cavity cancer, perineural invasion,
or vascular tumor embolism require postopera-
tive radiation alone.”™ Role of IMRT were
established in nasopharyngeal, oropharyngeal,
oral cavity, laryngeal, hypopharyngeal and

unknown head-and-neck primary in both defini-

5,6,7] [8,9,10

tive™*" and postoperative™'” settings. Based on
data from locally advanced disease, systemic
chemotherapy still proved to be the most
optimal choice of concurrent treatment
compared to targeted therapy drug . Postope-
rative treatment subsequently adopted the
regimen. However, locoregional recurrence at
tumor bed is still the predominant site™>™. This
study aimed to explore failure pattern of post-
operative radiotherapy in head and neck cancers

in our institute.

Materials and methods

A retrospective chart review with radiation
treatment planning analysis was done in head
and neck squamous cell carcinoma patients who
underwent postoperative radiotherapy in
Thammasat hospital from October 1, 2015 to
January 31, 2019.

Multidisciplinary tumor board determined
overall treatment plan for each patient. Our
general approach is surgery followed by adjuvant

treatment for oral cavity cancer. The same

approach is also considered in those with
locally advanced laryngeal, supraglottic and
hypopharyngeal cancer not amenable to
laryngeal preservation. Postoperative chemora-
diation was given in the patient with pathological
positive margin or extracapsular extension of
lymph node (ECE). Any of the following patho-
logical risk factors; primary tumor staging three
or four (pT3-pT4), nodal staging two or three
disease(pN2-pN3), nodal involvement in level IV
or V for primary oral cavity cancer, lymphovas-
cular invasion (LVI), perineural invasion (PNI) or
close margin warrants postoperative radiation.
Classification of stage were initially based on
American Joint Committee on Cancer seventh
edition (AJCC 7th) but AJCC eighth edition staging
was also reported upon availability.
Postoperative radiotherapy started after
complete wound healing, generally not
exceeding six-week interval. Patient underwent
simulation computerized axial tomography.
Head, neck and shoulders were immobilized in
a supine hyperextended position using a standard
perforated thermoplastic head and neck mask
supported on a cushion mounted on a carbon
fiber board (Overlay Board type-S). A serie of
axial images was obtained on a CT simulator
(Siemens SOMATOM Definition AS open 20/64)
with continuous 3-mm slice thickness. Contour
of target tumor and organ at risk was performed
by radiation oncologists. Additional deformable

image registration with axial MRI T2-weighted FS
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and axial contrast-enhanced T1-weighted FS was
performed in those with pathological micros-
copic or macroscopic residual disease. Target
delineation is as followed:

« High-risk Clinical Target Volume (HR-CTV):
Tumor bed adjacent to the positive margin or
extracapsular extension was defined by using
surgical clip, imaging and operative note corre-
lated with pre-surgery clinical information.
HR-CTV include entire operative bed and
adjacent levels of ipsilateral or contralateral
involved lymph nodes.

« Low-risk Clinical Target Volume (LR-CTV):
The entire operative bed and subclinical
ipsilateral and/or contralateral cervical lymph
node.

« The CTVs were then expanded with 0.5
centimeters circumferential margin to create
planning target volumes (PTVs). Trimming of the
PTVs within five millimeters from the skin surface
was performed to enable proper dose planning.

Intensity-modulated radiotherapy (IMRT) or
Volume modulated arc therapy (VMAT) planning
was calculated using Elekta’ s Monaco treatment
planning system which subsequently treated with
Versa HD Linear accelerator.

The prescription dose for Low-Risk Planning
Target Volume (LR-PTVs) was 54 Gy in 1.64 Gy per
fraction. Simultaneous integrated boost
technique was used with the prescribed dose of
59.4 Gy for HR-PTVs or up to 66 Gy in 1.8-2 Gy

per fraction in case of positive margin or valid

R80 Journal of Thai Association of Radiation Oncology
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extracapsular extension. For gross residual
disease evident upon CT simulation, the prescrip-
tion dose was increased up to 69.96 Gy in 2.12
Gy per fraction.

Chemotherapy

In patients with pathological risk factors of
positive margin and extracapsular extension,
postoperative concurrent chemoradiation (CCRT)
was the treatment of choice. Platinum-based
chemotherapy was prescribed weekly with
Cisplatin 40 mg/m2 being the first choice.
Carboplatin was an alternative choice for those

with creatinine clearance less than 60 mL/min.

Outcome measurement

After completed treatment, regular follow-up
was scheduled at one month and then every
three months during the first year, and once
every six months from two to five years. Radio-
logic examination using CT scan or further MRI if
clinically indicated was performed at three
months after treatment and every six months or
sooner if clinically suspected. Disease failure was
determined by combination of clinical examina-
tion and radiologic examination, in certain cases
and/or pathological evidence. Recurrent disease
found within three months after radiotherapy was

defined as persistent disease.

Pattern of failure classification

Locoregional failure was evaluated using



diagnostic computed tomography (CT) or
magnetic resonance imaging (MRI) images which
was co-registered with the radiation treatment
plan with rigid registration. Gross persistent or
recurrent tumor was contoured as fGTV. We
classified the patterns of locoregional failure with
the degree correlated within the planning CTVs
as follows: 1.In-field recurrence if >95% of fGTV
was in HR-or LR-CTV, 2.Marginal-field recurrence
if 20-95% of fGTV was in HR-or LR-CTV, 3.0ut-field
recurrence if less than 20% of fGTV was within

HR-or LR-CTV.

Evaluation of adverse events

Evaluation of acute and late side effects was
graded according to the National Cancer Institute
Common Terminology Criteria of Adverse Events
version 4.0. Adverse events recorded in
scheduled clinical evaluation during and after
radiation treatment were reviewed. Acute side
effects as followings: mucositis, dermatitis, weight
loss and febrile neutropenia occurred during
radiotherapy and within 90 days after comple-
tion. Adverse events beyond 90 days after radi-
ation were categorized as late side effects which
were reported as followings: xerostomia,

dysphagia and skin fibrosis.

Ethics
Protocol was reviewed and data access was
approved by the Human Research Ethics

Committee of Thammasat university.

Statistics

We performed time to event analysis using
Kaplan-Meier method. The overall survival (OS)
was from the start date of radiotherapy until
death from any cause. Locoregional control (LRC)
was from the start date of radiotherapy until
local and or regional recurrence. Progression-free
survival (PFS) was from the start date of radio-
therapy until death or any relevant events
including locoregional recurrence or distant
metastasis. Distant metastasis free survival (DMFS)
was from the start date of radiotherapy until
distant metastasis. Patients who died without
experiencing any of these events were censored
at the time of last follow-up. Cox regression
model was used to calculate univariate and
multivariate analysis for pathological risk factors

that affect outcomes.

Results
Patient characteristics

From October 2015-January 2019, 49 patients
of head and neck squamous cell carcinoma
underwent postoperative radiotherapy in
Thammasat hospital. The patient characteristics
are listed in Table 1. There were 36 males (73%)
and 13 females (27%) with the age ranged from
37 to 87 (median age 61 years) Head and neck
cancers were originated from the following
primary subsites; 25 oral cavity(51%), one
oropharynx(2%), 19 larynx(39%), three hypo-

pharynx(6%), one unknown primary(2%).
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Pathological staging based on AJCC 7th edition extracapsular extension 17(35%),pathological T3

were as followings: two stage | (4%), two stage |l or pT4d 38(78%), pathological N2 or pN3 18(37%),
(4%), nine stage IIl (18%), 34 stage IVA (69%) and close margin 21(43%), nodal disease in level IV
two stage IVB (4%). Pathological review based on or V in primary oral cavity cancer four(16%),
AJCC 8th was also performed. Data were avail- lymphovascular invasion 19 (39%) and perineural
able in 40 of patients (Table 2). Pathological invasion 18(37%).

risk factors were positive margin nine(18%),

Table 1. Patient Characteristics

Characteristic No. of patients % of total
Sex Male 36 73
Female 13 27
Age 50 and below 9 18
51-60 15 31
61-70 11 22
>70 14 29
Primary Site Oral cavity 25 51
Oropharynx 1 2
Larynx 19 39
Hypopharynx 3 6
Unknown primary 1 2
Pathological Positive margin 9 18
Risk Factors Extracapsular extension 17 35
pT3 or pTd 38 78
pN2 or pN3 18 37
Close margin 21 43
Lymphovascular invasion 19 39
Perineural invasion 18 37
Positive level IV or V node in primary 4 8

oral cavity cancer
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Table 2. Pathological staging

Pathological staging

Pathological staging

AJCC 7th AJCC 8th
(N=49) % (N=40) %
TO 1 2 TO 1 3
T1 5 10 T1 0 0
T2 7 14 T2 4 10
T3 12 24 T3 15 38
Tda 23 ar Tda 19 48
Tab 1 2 Tab 1 2
NO 23 ar NO 24 60
N1 8 16 N1 5 13
N2a 3 6 N2a 3 8
N2b 5 10 N2b 3 8
N2c 10 20 N2c 2 5
N3 0 0 N3a 0 0
N3b 11 28
Stage | 2 4 Stage | 0 0
| 2 il | 2 5
1l 9 18 1l 8 20
VA 34 69 VA 18 45
VB 2 a4 VB 12 30
IVC 0 0 IVC 0 0

Treatment

Postoperative radiation alone was given to 21
patients (43%), while 28 patients (57%) under-
went postoperative concurrent chemoradiation.
In postoperative CCRT, chemotherapy was given

one to seven cycles with the average of six

cycles. There were 22 patients received Cisplatin
and six patients received Carboplatin. Median
time from surgery to the start of radiotherapy
was 43 days (range, 33-90 days). Dose of radiation
was 50.4 to 69.96 Gray (median 66 Gray). Out of

49 patients, there were 48 radiation plans
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available for review. Radiation planning was IMRT
in 44 cases (92%) and VMAT in four cases (8%).
Course of radiation treatment ranged from 14 to

71 days (average 47 days).

Survival outcomes

Forty-eight out of total 49 patients were
available for post treatment follow-up with 36
patients (75%) being alive at last follow-up visits.
Median follow- up time was 16 months (range,2-48
months) There has been disease failure in 12
cases (25%) with eight locoregional failure
(16.66%), six distant metastases (12.5%) and two
synchronous locoregional and distant failure

(4.16%). Three locoregional recurrence (6%) were

P

H

Overall Survival

1

=

Distant metastasis free survival ™)

o L 1) 2 e ey

Tima jmonths)

-
'l
11

detected within the first three month of
follow-up thus they were defined as persistent
disease although no postoperative gross residual
lesions were detected in two of them prior to
radiation. The 2-year cumulative rate of OS, PFS,
DMFS and LRC rate is 64%, 53%, 84% and 74%
respectively (Figure 1).

Out of 25 patients in oral cavity primary
subgroup, there were seven disease failure (28%)
which five were locoregional failure (20%). Four
cases were in-field recurrence and one was
out-field recurrence. The 2-year rate of OS, PFS,
DMFS and LRC in oral cavity cancer is 57%,
49%,81% and 649% respectively.

]

Progression Free Survival

Locoregional contro|

=

Tirmsa (montha )

Figure 1. Treatment outcomes using the Kaplan-Meier method.
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Univariate analysis identified pathological risk
factors favorably affecting overall survival as
following: N2-N3 nodal disease (hazard ratio [HR]
0.26, 95% ClI 0.08-0.84, P=0.02), nodal involve-
ment in level IV or V for primary oral cavity

cancer (HR 0.21, 95% Cl 0.06-0.75, P=0.02).

Comparison between those who received
radiation dose up to 66-69.96 Gy to those who
received less than 66 Gy showed no statistical
difference in term of disease failure. (HR 0.71,
95% Cl 0.24-2.14, P=0.55). Univariate analysis is

shown in Table 3.

Table3. Univariate analyses of different patholosgical risk factors and treatment outcomes.

oS PFS DMFS LRC
HR 95%Cl HR 95%Cl HR 95%Cl P HR 95%Cl
value value value value

PSM 0.46 0.12- 0.25 0.42 0.11- 0.20 0.87 0.10- 0.90 0.48 0.10- 0.38
1.73 1.58 7.52 242

ECE 1.01 0.32- 0.99 1.08 0.32- 0.91 1.09 0.20- 0.92 1.63 0.33- 0.55
3.19 3.59 6.01 8.14

pT3-pTd 0.72 0.16- 0.68 0.99 0.27- 099 321 0.65- 0.15 0.45 0.06- 0.46
3.31 3.70 15.90 3.69

pN2-pN3 0.26 0.08- 0.02 0.62 0.2- 0.42 0.49 0.1- 0.39 0.75 0.18- 0.70
0.84 1.98 2.45 3.19

Level 0.21 0.06- 0.02 0.45 0.13- 0.19 0.52 0.09- 0.45 0.71 0.14- 0.68

V-V 0.75 1.50 2.84 3.57

LI 2.06 0.55- 0.28 3.56 0.78- 0.10 48.47 0.06- 0.26 2 0.40- 0.39
7.64 16.27 40728 9.95

PNI 0.94 0.3- 0.91 2.05 0.55- 0.28 5391 0.07- 0.24 1.08 0.26- 0.92
2.96 7.60 40855 4.54

(@Y 1.81 0.54- 0.34 1.52 0.45- 0.50 3.37 0.39- 0.27 1.27 0.30- 0.74
6.07 5.11 29 5.43

Abbreviations: OS=overall survival, PFS=progression free survival, DMFS=distant metastasis free survival,

LRC=locoregional control, HR=hazard ratio, Cl=confidence interval, PSM=positive surgical margin, ECE=extracapsular

extension, pT3-pTd=pathological T staging three or four, pN2-pN3=pathological N staging two or three nodal disease,

Level IV-V=nodal involvement in level IV or V in primary oral cavity cancer, LVI=lymphovascular invasion, PNI=perineural

invasion, CM=close margin.
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Disease failure

Median time of locoregional failure was 5.5
months (range, 3-26 months). Of eight locore-
gional failure, six were in-field, one was out-field
and one had both in and out-field recurrence.
Pattern of locoregional recurrence is shown in
Figure 2. Among patients with in-field recurrence,
three of recurrent tumor were within HR-CTV, two
were out of HR-CTV but within LR-PTV and one
had both synchronous lesions.

In one out of two out-field recurrence, patient
had synchronous in-field lesion in which
appeared within HR-CTV. There were six patients
who had distant metastasis at median follow-up
of six months (range, 4-18 months) in which two
of them had locoregional failure before devel-
oped distant metastasis. Details of locoregional

recurrence shown in Table 4 can be further

In-field

clarified as following: Case one had received
69.96 Gy radiation due to gross residual tumor.
The more appropriate option is re-resection
which was determined impossible at the time.
The patient subsequently developed in-field
failure at tumor bed. Case two and four had
in-field locoregional failure at both high dose area
given to tumor bed and low dose area given to
nodal area. Figure 3A demonstrates case three
which later developed locoregional failure out
of field at right intraparotid node which was
initially negative on diagnostic CT. Case five and
seven had local failure within low dose nodal
region before distant metastasis was later iden-
tified in case five. Case six had risk factors of left
nodal ECE, close margin, LVI and PNI. The patient
then completed radiation treatment of 54 Gy

with additional boost to left neck and tumor bed

Qut-field

Figure 2. Venn’s diagram illustrated pattern of locoregional failure.
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Table 4. Profile of locoregional recurrence.

Pathologi Radiation Weekly
Primary  cal stage AJCC  Pathological dose Pattern of Time Synchronus
Patient concurrent Recurrent site
site Tth risk factor recurrence  (months) recurrence
chemotherapy
Oral pT4aNO PSM, 69.96/59.4/54  Carboplatin x7
IVA In-field 2 Tumor bed -
cavity pT3-T4,PNI Gy in 33 Fx
Oral pTdaN1 PSM,ECE, 68/54 Gy Tumor bed,
2 IVA Carboplatin x3 In-field 4
cavity pT3-T4,PNI in 33 Fx Level Il
pTa4aNo Level ll
Oral 60/54 Gy in
3 IVA CM,pT3-T4 Out-field 3 periparotid -
cavity 30 Fx
nodal area
pT4aNO 60/54 Gy in Tumor bed,
Oral 30 F Level Il Distant
4 ) IVA pT3-Td X In-field 7 eve )
cavity nodal area metastsis
5 Oral pTdaN2c pT3-T4, 60/54 Gy in Level IV nodal Distant
cavity R PN2-N3 30 Fx It g area N
pT3 ECE,CM, 66/54 Gy in Level Il
N2b pT3-T4,pN2- 33 Fx periparotid, IV
6 Larynx IVA Out-field 4 In-fie
N3,LVI,PNI nodal area,
subdermal
7 pT3N2b pT3-T4,pN2-  60/54 Gy in Level Il nodal
Larynx VA~ N3 LVIPNI 30 Fx In-field 1 area -
pTdaN1 CM,pT3- 60/54 Gy in
8 Larynx IVA In-field 8 Tumor bed
T4,LVI 30 Fx

Abbreviations: PSM=positive surgical margin,

pT3-pTd4=pathological T staging three or four,

PNI=perineural invasion, ECE=extracapsular extension, CM=close margin, pN2-pN3=pathological N

staging two or three nodal disease, LVI=lymphovascular invasion.

to 66 Gy. Locoregional recurrence was later found
at left level IV which was within 66 Gy treatment
volume and at following out-field locations; floor
of mouth invading into subcutaneous layer and
left periparotid region which was negative in the
diagnostic CT imaging. The latter site was demon-
strated in Figure 3B. In case eight, there was
tumor recurrence at tumor bed within high dose

area which is demonstrated in Figure 4.

Postoperatively before adjuvant radiation,

Journal of Thai Association of Radiation Oncology

gross residual tumors were detected in eight
cases which total radiation dose of 69.96 Gy were
prescribed to gross tumor. There was no
increased risk of disease failure in the group with
postoperative gross residual tumor. (HR 2.12, 95%

C10.66-6.78, P=0.21)

Vol. 26 No.1 January - June 2020
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Figure 3. Out-field recurrence at periparotid nodal region.

These are follow-up CT images that detected locoregional failure.

A 64-year old male diagnosed of lower gum cancer underwent wide excision with partial glossectomy
with right modified radical neck dissection and left selective neck dissection level Il with right
pectoralis muscle flap. The pathological stage was pT4NOMO with close margin at primary tumor bed.
Adjuvant radiation treatment of 60/54 Gy in 30 fractions was then given. There was a locoregional at
right periparotid region which was not present in the diagnostic CT imaging.

Figure 3A. The arrow shows locoregional recurrence at right periparotid region.

A 79 year-old male diagnosed of supraglottic cancer underwent total laryngectomy with left extended
neck dissection and right selective neck dissection level [I-IV. The pathological stage was pT3N2bMO
with risk factors of left nodal ECE, close margin, LVI and PNI. The patient then completed radiation
treatment of 54 Gy with boost to left neck and tumor bed to 66 Gy. Locoregional recurrence was later
found at left level IV which was within 66 Gy treatment volume and at out-field locations; floor of
mouth invading into subcutaneous layer and left periparotid region which were negative in the
diagnostic CT imaging.

Figure 3B. The transparent arrow shows locoregional recurrence at left periparotid region.
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Figure 4. In-field recurrence.

A 60-year old male patient diagnosed of laryngeal squamous cell carcinoma cT4N1IMO underwent total
laryngectomy with modified radical neck dissection. The pathological result was pT4N1MO with close
margin and LVI at tumor bed. After adjuvant radiation 60/54 Gy in 30 Fx, patient developed local
recurrence at primary tumor bed within the area of 60 Gy dose.

A. CT simulation with radiation treatment planning dosimetry as following; red color fill indicates dose
coverage of PTV HR 60 Gy, green color fill indicates dose coverage of PTV LR 54 Gy.

B. Follow-up CT imaging detected tumor recurrence. Red line indicates gross recurrent lesion (fGTV) at

tumor bed.

C. Co-registration of CT simulation and follow-up CT indicates in-field tumor recurrence.

Adverse events

Adverse events are listed in Table 5. During
and after treatment, most patients had no or
minor grade 1 adverse reaction. Grade 3 toxicities
of acute reactions were 12%,2% and 12% for
mucositis, dermatitis and febrile neutropenia,
respectively. The percentage of grade 3 late
toxicities were 2% and 6% for dysphagia and skin
fibrosis, respectively. None of the patients
experienced grade 4 or worse side effects. There
was no skin toxicities associated with flap recon-

struction complications.

Discussion

Our institute started radiation treatment with
one linear accelerator in 2015. This is the first
retrospective report of radiation treatment in
head and neck cancers in Thammasat hospital,
limited number of patients as it may, our
result was comparable to previously published

studjes!!

' IMRT has been implemented
initially for head and neck cancers in Thailand
since early 2000s". Highly conformal radiation
techniques using Intensity Modulated Radiation

Therapy (IMRT) or Volumetric Modulated Arc

Journal of Thai Association of Radiation Oncology R89
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Table 5. Adverse events according to the National Cancer Institute Common Terminology Criteria of

Adverse Events CTCAE version 4.0.

Toxicities Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Acute

Mucositis 9 13 6 0 =
Dermatitis 34 11 1 0 0
FNP - - 6 0 0
Weight loss 10 7 0 - -
Late

Xerostomia 28 5 0 = -
Dysphagia 1 0 1 0 0
Fibrosis 32 a4 3 0 0

Abbreviations.FNP febrile neutropenia.

Therapy (VMAT) has now become the standard
radiation treatment with available consensus
contouring guideline™®. Clinical judgement
played prominent role in determining if IMRT or
VMAT is appropriate in each case as there is no
significant difference in PTV coverage and biolo-
gical parameters are comparable™”. Multiple
clinical evidences"®**” reported that IMRT
improved overall survival and locoregional
control while decrease radiation toxicities and it

was well tolerable even in elderly patients™".

2223 3re available to

Standard guidelines'
standardize treatment of head and neck cancers
among each institute. Radiotherapy in this study
was well tolerated without any surgical wound
or flap related complications. The shortest RT
treatment of 14 days resulted from toxicities of

grade three mucositis and grade one weight loss.

Journal of Thai Association of Radiation Oncology
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Patient then deliberately discontinued further
radiation, however there was no disease failure
detected upon recent clinical follow-up in this
case. The prolonged radiation course of 71 days
was due to grade three febrile neutropenia
toxicity which led to physician’s decision of
radiation interruption. The treatment was then
continued to completion and no disease failure
was found upon follow-up.

Most of the patients were locally advanced
stage IVA according to AJCC 7th. Further catego-
rization of available pathological data using AJCC
8th edition also confirmed the result. Oral cavity
was the most common subsite of head and neck
cancers in this study. The demographic data was
correlated with the overall national cancer
incidence in Thailand where oral cavity was also

the most common subsite of head and neck



primary cancers”” The fact that available

evidences®?

reported this subsite to have worst
prognosis in overall head and neck cancers might
explains the inferior overall survival rate in our
study. The reported 2-year OS 85% by Yao et al
reflected oropharyngeal primary being the
majority in that study””. The study included both
definitive and postoperative radiation with
prescribed dose sequentially up to 74 Gy in the
first group.

The other consideration is majority of cases
were older patients. Up to 29% of patients were
older than 70 years and older age was found to
be one of poor prognosis factor despite of
concurrent chemotherapy. The benefit of
chemotherapy decreases in advanced age
population as non-cancer death event becomes

the competing factor””

. Development of
better geriatric assessment to differentiate
between chronological and biological age in
order to make better clinical decision is still
needed.

Interval time between surgery and the start
of adjuvant radiation therapy is also an important
issue in adjuvant setting. National Comprehensive
Cancer Network?™ recommended the interval
time not to exceed six weeks as evidence
suggested that prolonged waiting period
correlated with poor local control. However,
further analysis failed to validate those recom-
mendation as the report” founded that not the
prolonged delay itself but together with
suboptimal radiation dose contributed to worse
locoregional control. Analysis from larger

national cancer database®™ confirmed that 42

days or less interval time was associated with
improved overall survival compared with 50 days
or more subgroup. However, there was no
significant difference between 42 days or less and
43 to 49 days subgroup in terms of mortality.
Median time interval between surgery and the
start of radiotherapy of 43 days in our study
seems adequate.

Univariate analysis identified that pathological
nodal disease N2-N3 and lower neck lymph node
involvement in primary oral cavity disease
favorably correlated with overall survival.

Locoregional recurrence contributed the most
to overall disease failure, similar to previous
data ®**?. Radiologic evaluation found that the
most common pattern of locoregional failure was
in-field recurrence in which detailed assessment
specifically identified that most of in-field
recurrence were within high dose region.

Standard treatment of locoregional advanced
head and neck cancers had been much improved
with novel radiotherapy technique, however
locoregional failure remains a challenge to
overcome. Since 2000, there has been ongoing
effort to correlate radiation target volume
contouring with clinical outcome to improve

disease control®**3>%

' Higher radiation dose
prescription using external beam radiotherapy
combined with brachytherapy boost had
promising locoregional control®”. In recurrent
setting when role of re-external beam radio-
therapy is limited, brachytherapy had also been
reported to be an effective approach in salvage

38,39

therapy™®*”. Radiation dose intensification by

brachytherapy approach has been a proposed

Journal of Thai Association of Radiation Oncology
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solution to improve locoregional failure and
recent updated recommendation with 3D-image
planning was available'”. Distinct physical and
biological characteristic of particle allows higher
dose to target while minimize dose to adjacent

normal tissues™™”

. In reirradiation setting, proton
radiation treatment aiming to cover gross tumor
volume with minimal margin has shown to
improve local control with comparable toxicities
as the data showed that most recurrence, even
after reirradiation, occurred within radiation field.
Larger prospective trials are needed as most
current data are extrapolated from retrospective
report with limited follow up time***?.

Another important factor is periparotid nodal
recurrence which has been controversial in head
and neck cancer treated by parotid-sparing IMRT.
Ipsilateral cervical lymph node involvement was
reported to be a risk factor of regional parotid
nodal failure so the decision of parotid-sparing
IMRT should be reconsidered case by case™*”.
Three out of eight locoregional failure in our
study had recurrent lesion at periparotid nodal
region after treated with bilateral parotid-sparing
IMRT. Figure 3 is follow-up CT images that
detected disease failure at periparotid region.
Intensive pretreatment staging using positron
emission tomography and high index of suspicion
can be a beneficial approach to determine if a
patient should be omitted parotid-sparing

radiation or not™.

Journal of Thai Association of Radiation Oncology
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Concurrent systemic chemotherapy plays an
important role in postoperative treatment in
patients with high risk features. The fact that this
study opted for weekly cisplatin instead of high
dose cisplatin every three week despite proven
superiority from multiple clinical studies in either

definitive and adjuvant setting“"***”

may also
contribute to inferior treatment outcomes.

In our study, one of two cases that developed
out-field locoregional metastasis had received
postoperative radiation alone despite the
presence of lymph node extracapsular extension.
The clinical decision was based on patient’s
advanced age and suboptimal performance
status. However, to further improve treatment
result in this population which is increasing in
aging society, a substitute option should be
considered. Established data confirmed that
combine radiotherapy with targeted drug such
as Cetuximab is well tolerated and it appears
better than radiation alone in terms of improved
overall survival and local control™”

Further studies regarding tumor biology
correlated with radiation dose or novel systemic
therapy might be a solution to improve

locoregional failure in this head and neck cancers.

Conclusion

In conclusion, the study found that in-field
locoregional failure is the predominant pattern
in postoperative radiotherapy in head and neck

cancers.
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