u:SoKaLlwsooUN
(Nasopharyngeal carcinoma)

Wey. aYadT) A9Nag

amNANEuasNATIINe dhefadanen sw.aasngal

gUAn1s ua:Uodeiden

Taanziianasingsagyn (Nasopharyngeal carcinoma, NPC) lulsannulsviaeluauia e lullszmeau deana

Y o XK a = o = v = o XK ' S
wazlFndu iQNﬂ\iﬂmﬁJﬂ’]ﬂL@LTEIE]X’]H@@HL@ENT,G] IﬂﬂN@qUﬁ]ﬂqﬁ"Zﬂ\m\‘i 6.5 AW Aalssrnsuanan Aatl TulwAdne

waz 2.6 AU satlszansuauay Aell luwandgs” dmiudsenalng anatRvesaniunziiat w.a. 2553 Hg1iR

nisalvaslsanzifandsingsaynvindy 3.7 au setlsvaansuauau lwwATie waz 1.2 AU Aelssansuana u

wAntge® dauiulsanenunaainaansnd lull w.a. 2555 wudnigihalsanzifandainsaaynundniunisinena

LRUNSIRE NN LA NZITRNeNTaRY 85 8 dudlulsanzBannLLas AN LR 5 Aeenziiianun®

Tsanzi5anasingsayn Wulsainulfinslume
gnaunnInwAnd Taefdnmdau 2-3 : 1 wazdnwy
16w 2 dasang 1o 15-25 T waz 50-60 1

anmpdAtyasuziiaasineayn T
1. m‘;‘ﬁm‘%’ﬂi’ﬁm EBV (Epstein-Barr Virus)
2. iladansaninuandas
(Environmental factor)

3. fladan1eiugnsss (Genetic factor)

nalnnisiialsAuziSonavlwsooyn

'&a’mﬂﬁwﬁl 1 N9LIUNNT carcinogenesis Usznau
ldfenanaesdtlsznay duléun genetic predisposing
genomes T Loss of heterozygosity (LOH), specific
HLA genotypes, dramatic changesin gene expression
profiles sludu Lﬁmﬁmmq‘z premalignant status D)
viral genome 284 EBV az&11190 configure fill host
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genome WAZINANIZLAUNIT carcinogenesis 151"114171'@@
1AEINNLNNg immune evasion, suppression of lytic genes
expression AL expression of viral oncoprotein ﬁﬁﬂﬁiy
Aa Latent membrane protein 1 (LMP1) u‘ﬂﬂ@’mi’i ZQQIQ
wandanfNdudaaTulFNA carcinogenesis AaelLty
4 naname 1 direct DNA mutagens Waz reactive
oxygen species (ROS) inducers M 1#iim DNA damage
i'm%ﬁﬁd@’mﬂm mediate EBV reactivation wag
establishment of EBV infection lagae®

Epstein-Barr Virus (EBV)

nnsfinite EBV dugmnuantesniaifinlsauzizs
vaeia 1 TsansiSasentmAng Hodgkin's 13
uzfsaTmARe Burkitt's warlsaNziFanacinggayn
ufnsufuATINsRaTe EBY anudiugasinann
funsifia NPC fsaziiiuldannnisiinssany EBV DNA



Carcinogenesis Environmental risk factors: g Lytic EBV EBV Titers
Salted-fish/Smoking/... {} Latent EBV
Primary Infection . : 2
in Childhood Fis ' T
Pre-malignancy ‘-L_ . A
Configuration: Epithelial q "
HLA, LOH... paehs "~ !
cell { %
Malignancy:
EBV is
‘trapped’
persistently s Cellular
and promotes stimulii.e. ILs
carcinogenesis ’L
Therapy: o >
Release ‘L
Cellular
Reoccurrence 7 stimulii.e. ILs

Y

S . . ! . )
NINN 1 Environment-mediated NPC carcinogenic mechanisms

1178 RNA agluaaduzifanimasuay precursor lesion
u@nmnﬁéﬂmdqu‘mcﬁwuﬂ?mm antibodies against
EBV Qq%uﬁqa Tnewudn 95% 1edlsAnzizandsinseayn
duiugiuntshinite EBV wsilumienduiiu é"ﬁlﬁﬂ’ﬁ
faide EBV Tdandudesiulsauziiaudalnseayn
bt %u@q'ﬁuﬁ@ﬁmm host WA virus

EBV § tumorigenic potential KAUN14 viral protein
ﬁzﬁﬂﬁty l&uA Latent membrane protein (LMP1, LMP2A,
LMP2B) waz EBV-determined nuclear antigen (EBNA1,
EBNA2) lagianiz LMP1 amiflu principle oncogene
41931 NPC development uazwuléigatia 80-90% 284
NPC(6) Ineiazninlsiiin cell immortalization, metastasis
LAY progression yananniusiaileaiunnsiin apoptosis
284 tumor cell LATAAN immunogenic response U8 host
Bt g1 LMP2 viudlsanemeing i downregulation of
NF-KB transcription factor kazan LMP1 expression
wsinalndlaidaian wWuieniiu EBNAT uay EBNA2 G
wudRdauiendesiunisiia NPC iuiu Tagianis

EBNA1 JunumAdAtyAa bind EBV genome i host
4 doqua .
chromosome @alunalnfinliiin immune evasion

FrananaliunIng 2

nalnnisiialsauziSonavlwsvoynfus:auluiana

val a =< a @ o
lafin1sesunafenalnnisiinlsanziFaudalngs
@Hﬂixﬁu‘ﬂmaqa (Molecular Mechanism of NPC

tumorigenesis) Wlnsaziden” faanalunini 3

A aziulddinnaia NPC tumorigenesis 111
1senaulifrepnuiinUn® (Aberration) 284N3LANT
Fin97] Auunlisiail

1) Upregulation of Cell Proliferation

(

(2) Apoptosis dysregulation

(3) Tumor suppressor Dysregulation
(4) Cell cycle dysregulation

(5) Compromised Cell adhesion

sialililaznaneienszuaunissing naaziden
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,mwﬁ 2 Mechanisms of Epstein-Barr virus (EBV) latent proteins in nasopharyngeal carcinoma (NPC) development

[ Latent membrane protzin 1 (LMP 1) ]

=S

| wnt | | EGFR |
Beta-catenin
[LLLEN ¢
HF-ED p16
rethyl-
transterass Ciyc w27
AP-1
maitant p53
w Cyclin 0 Cychin E
telamiarase

MFs

APOPTOSIS INHIBITION ]

[ TUMOR CELL INWVASION ]

[ CELL PROLIFERATION ]

™

!

/

[ MPC TUMORIGEMESIS ]

AN 3 Overview of the molecular mechanisms involved in nasopharyngeal carcinoma (NPC) development

(1) Upregulation of Cell Proliferation
(1.1) Upregulation of Wnt Pathway
Wnt pathway activation azsinl#lnnsazanansans
T D= B~ . Sa 4
AN TIHTRIN B-catenin Tutiaimaga (Intranuclear
Accumulation of B-catenin) @ B-catenin ﬁ%"l,ﬂmzﬁu
. . = ' a = ° ¥ a
transcription factors Nagluilaiadza vinlwinn
NIeUIUNT cell proliferation waz cell differentiation
X oA £ a9
AN WANANY B-catenin V]@F;l:lu cytoplasm N 1LN

AjURU E-cadherin i@ maintain cellular adhesion Ay

' :18V3IU Q’]S?T’]S?TU’]HUS\JHSHU’] las:80aneivus:nAlng
4 UA 20 auii 1 unsAL - ouigu 2557

ffasag #1115 cell adhesion 1@a'ld A48 metastatic

potential tANT

Wnt pathway“f':ﬁudﬁﬁﬂfmmﬁﬁﬁm@ﬂ’]qmnﬁw?”u
NPC development Waznu41 11 NPC tumor anulunjas
qwnt pathway protein dysregulation NaN9AR 93% 184
é’ﬂfmﬁmﬂﬁ'ﬁumm Wnt protein expression Wag 75%
{n17anagre9 Wnt inhibitory factor (WIF) %uﬂu

endogenous Wnt antagonist ©°



(1.2) Increased P-catenin

lun1zdni B-catenin axgn phosphorylate Aagl
protein complex mﬁmu‘fi\i (Axin-APC-GSK-3[3 complex)
L‘Wlmflu marker 19151 ubiquitin-mediation degradation
wsivINANIINIZEL Wt pathway azin il deactivation
984 protein complex wrantill Aeinler B-catenin la
Qﬂﬁﬂmmmzﬁﬂ?mmﬁu"%u 4 Intranuclear B-catenin
ﬁﬁumuqmﬁﬁﬁmiuﬂﬁiLﬁm cell proliferation and differ-
entiation tNUN1Y downstream proliferation signals e
C-myc uaz cyclin D1 TaafinsAnEnudn 92% 284
NPC tumor azfl1/fu1muaas Intranuclear B-catenin
ga®1? YanaNn B-catenin €199UrU Interleukin (IL)-8
promoter #11ANLUINL IL-8 level Ty Sl
angiogenic factor ﬁﬁﬁﬁmiu NPC #ng"

Tuudre9 development Tun1azdni cell aziinaln
ﬂ’]iﬁ]i’l“\mﬂ‘uLL@&WJ']_I@Nﬂ%‘LLﬂQﬁQM@’]H%ﬂW@uIﬂﬂﬂﬁ\?
luﬁu Aa Ras-associtation domain family (RASSF)
protein %\‘l%ﬁwﬁﬁﬁzﬁwﬁl microtubule stabilzation Lo
regulation of mitotic events Wsl Intranuclear B-catenin
Fuiaan azialAn downregulation 9849 RASSF i
1il1lgrauinLnFive mitotic spincles waz microtubule
oraganization AINNAe Transformation of cancerous
NPC cell ‘Luﬁ@mmz)

(1.3) NF-KB Overexpression

NF-kB Overexpression ﬁmwﬁﬁﬁfymﬂ REAUN
ludftle NPC aumnane Tae NF-kB fiwifidndny 2
28149 A N1TAUAN cell growth LaZN1T modulation of
inflammation mi‘ﬁlﬁ upregulation 183 NF-kB [zl
I/ activation 184 proliferation signals Yasa 1
Bcl-2, COX-2 uaz VEGF™™ sautts Telomerase Ansl
sn#a cell immortalization™ @l NPC 1 NF-kB A
gnnsesiulng LMP1 289 EBV

luwda89n13 modulation of inflammation Tme
NF-KB 11 aztinumna chemokines LAz cylokines AN
Imel LMP2A 289 EBV azin191l Downregulation of
NF-KB #lifFunns NF-kB anad ftiu Inflammatory

process gl immune response against NPC fianad

giael 13 tumor growth"® aeinglsfid contradictory role
5211919 LMP1 ey LMP2 i slalsdifluidaianin

(1.4) Overactivation of PI3 Kinases (PI3K)

PIBK ﬁmmﬁ’ﬁﬂﬂumi development of normal
human keratinocytes WEuIN PI3K overactivation ag
ﬂitl?ju Akt pathway ﬁﬁl\i 1flu downstream target 4NN e
1N/ cell proliferation and prevent apoptosis nalnnis
1A overactivation of PI3K Az 1Un1e LMP1 waz LMP2A
2189 EBV ifam}ll'\‘i epigenetic alteration 984 PTEN genome
Sauflu PI3K inhibitor #28 Tngemadn downregulation of
PTEN Ul 50% 189 NPC™” 1anannil Loss of PTEN
FPuduAUSTU metastatic disease #a81(18)

(1.5) Upregulation of MAP Kinases (MAPK)

MAPK ﬁuﬁwﬁla‘?’]ﬁfy‘luma? phosphorylate
transcriptional factors #1aNeI5in %I\‘i MAPK ?‘iﬁma‘ﬁﬂﬂﬂ
aginannlu NPC 1&uA c-Jun N-terminal kinase (JNK)

LAY extracellular signal-related kinase (ERK)

Tun9znd UNK S determine cell survival
ez cell death Taawniiu prolonged JNK activation
Azl apoptosis H11N9 Tumor necrosis factor
(TNF)-ou wsivniili transient JNK activation aziilunng
nszsuliifin cell proliferation wnu 411iulu NPC Wy
475N upregulation WAE activation 184 JNK H11N14
LMP1 waidiadn proapoptotic effect 484 prolonged JNK
activation vidlalanunsndum iy proliferation signals
fiununelu NPC 18 Auildgmsfauzdeluiign
atidlafia wanilidudeduingannmeinemluuzde
nane) 1in ETQ'%’WLﬂuﬁmifa@m@ﬁmﬁmmnmiﬁnwﬂu
NPC sinli

MAPK #dnAtydnafiauilsde ERK Sefiunum
4 %u cell growth and differentiation wazgn
upregulation HUN1 LMP1 2184 EBV walaifimaudn Aty
Tun1sifin NPC 310t esannmy upregulated ERK
e 50% winty eenslsfinny SnisAnenwudn ERK
level @nunsauanile prognosis 16 Taavinnd high ERK
level Azl poorer prognosis, shorter overall survival LLAg

faster disease progression’?
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(1.6) EGFR overexpression

Epidermal Growth Factor Receptor (EGFR)
overexpression Wulalulsanziavanaaiia i Nzds
Uan uzdusum dzdsangnuann uazuzsifedssenas
Spaau usin i NPC W 50% Aediannadndaylainnn
i 59 EGFR ﬁ%gﬂm:ﬁumumw LMP1 284 EBV i1
IiA endocytosis WAz nuclear accumulation of EGFR
%‘\1 intranuclear EGFR %ﬁﬂﬁ‘fiﬁﬁlﬂu transcription
factor #11¥#iAA cell proliferation 8n#

(2) Apoptosis Dysregulation

(2.1) Bcl-2 overexpression

Bcl-2 1flu oncoprotein ﬁfﬁ'ﬂﬁumu follicular
lymphoma %I\iﬁ t(14:18) translocation %1 1#AA Bel-2
overexpression 4115014 NPC WU91 overexpression
994 Bol-2 HilAnuduiusiunisinide EBV uslaild
FMNG LMP1 Fatiid %ﬂﬁj"ﬁam ualiina cell proliferation
FANAULLIL synergistic effect

(2.2) Survivin overexpression

Survivin flu inhibitor ﬁz‘hﬁﬂﬂmm:mumﬂﬁm
apoptosis wasiilu promoter U84 cell proliferation Tu
NPC LMP1 Az induce survivin expression @ﬁﬂ‘lﬁfu intra-
nuclear survivin A¥AUMU cyclin-dependent kinase 4
(cdk4) wazllumd inhibitory proteins fau AN
initiation of transcription of S phase protein tia cell
oroliferation AuHA TagEinnsAnsInLdn1sd s
survivin expression azan NPC viability LL@:L‘WIN
radiosensitivity 184 tumor fingl uﬂﬂ@’mﬂ survivin level
flagaeian prognosis tagae Tmﬂ@j‘ﬁlﬁ low survivin level
aziilanna metastasis taandn uwazil survival gnandn®

(2.3) High telomerase activity

LMP1 %ﬂ‘;‘xli?ju telomerase activity 14N NF-kB
pathway Lay C-myc {nel telomerase ﬁmﬂuﬁﬁﬁfy‘lu
UUR9INNT transformation A1N normal nasopharyngeal
epithelia Tihilu malignancy WkaY continuous cell
proliferation WAZNUIN 85% 289 NPC i telomerase

overactivity

| L8033 91sASANALSLASNYLE:L:5UINELUS:INATNg
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(3) Tumor suppressors Dysregulatiton

(3.1) High p53 level

p53 v tumor suppressor ﬁzﬁﬂﬁm%\iﬁuﬁ’]ﬁ
induce cell cycle arrest iuﬂ?ﬁﬁﬁ DNA damage gl
14 tumor daunnnazdl p53 level anad WazdnAAaIN
nng mutation ualmaRaiENa &3 NPC v tumor
cellazii p53level L*T\iu%u waziflu wild-type W wild-type
p53 Haigna90 induce apoptosis 1§AmInA iasann
1 NPC cell axdl loss of p14 G4l stabilize p53
Al p53 degradation 11 uazil mutated p63 %\1%
Wnlduele ps3 ﬁuﬁudquﬁﬂizﬁuwlﬁm apoptosis a4
191 p53 ieulils aenglsia unumees ps3 il
widadnlu NPC

(3.2) Decreased p16 Activity

p16 Wl cyclin-dependent kinase inhibitory protein
(CKI)Iuﬂﬂqzﬂﬂaﬁﬂﬁﬁﬁ?ﬁ/uéj\i cyclin D1 ?j‘\ﬁx suppress
cdk4 ﬁﬂqu@m G1/S checkpoint fathumnil p16 tia
g Azl cyclin D1 overactivation ANARE increased
G1/S phase transition LALNLNU8Y p16 ‘ﬁwuﬂizmm
60% 189 NPC asdildaruisnaglddaian weid
Uszlamilundraanisneansallsa Iaadnil low p16
level f1nT worse prognosis Lﬁm@’m decreased

radiosensitivity Lag higher rates of recurrence

(3.3) Decreased p27 Activity

027 fifhu CKI Anaflaviladedui S-phase kinase
(cdk2) L‘Wlﬂ inhibit cell cycle progression 13 NPC LMP1
Ay upregulation Akt kaz ERK pathway fearly
phosphorylate p27 w114 p27 Kneuldla 1in
chromosome instability LAz S-phase transcription
FIHHNN

(4) Cell cycle dysregulation

(4.1) High Cyclin D1

Cyclin D1 ﬁﬁﬁﬁfﬂmﬁ cell progression through G1
phase ﬂmﬂnﬁ%gﬂﬁu&qﬁw p16 LLﬂZQﬂﬂT:ﬁ:uLﬁ@
FURU cdka/cdké complex wialunsdifid LMP1-
induced intranuclear accumulation 9849 EGFR fiay
nazéfu Cyclin D1 transcription Iélanmss Gensfis



overexpression of Cyclin D1 Hazinli unrepaired
structural or genomic damage &111906HNYW G1/S
checkpoint 1418 ifuninifinlenialunisiiia tumor

formation

Tulsanziiadsezuaraine8u] wudn Cyclin D1
level NGUUAAMNENTUEALN9A local recurrence
wsili NPC wudannsfid Cyclin D1 level g4 aziiiang
RRLANBIFaN1IR183E wazdl local recurrence fitias
n91 dadednenadluney cell Tuszash G1/S phase

;. P | o
transition HiA N lasass@unn

(4.2) High Cyclin E

Cyclin E/cdk2 complex ﬁﬁﬁﬂ'ﬁl regulate cell entry
into S phase LAY initiate DNA synthesis %I\‘mi:‘i_l'mmi
ﬁ%gﬂffm&ﬂmﬂ p27slu NPC LMP1-induced intranuclear
accumulation 284 EGFR %mz[ﬁ’ju Cyclin E transcription
Themsa A9l Cyclin E expression L‘W'N%u ViRl rapid
progression W1% S phase LL@xLﬁNT’ﬂm@m‘;‘Lﬁm

chromosome instability fog

(4.3) Increased C-myc expression

C-myc ﬁwﬁﬁﬁmwﬂu G1/S phase proteins #anel
fia laeinisuen inhibitory p27 aanN1a1N cdk2/Cyclin
E complex A liAa cell proliferation and progression
wiily NPC wilgvatinnaifinuazanaas C-myc aedialal
Lﬂuﬁ'@qﬂ witm

(4.4) Downregulation of Checkpoint with forkhead-

associated and ring finger domain (CHFR)

CHFR flwiihfinauau mitotic checkpoint Tagaz
delay chromosome condensation Tunsdinfiannuiin
1nFaas spindle formation WANNSTR CHFR promoter
hypermethylation az#11W&{ CHFR anad Lin
chromosome aberrations Tadne waznwula 61% T NPC

(5) Compromised Cell Adhesion

(5.1) Decreased E-cadherin

!
[V

FanlAnA1N LA TN95 U3 E-cadherin HUninn

' o

&1AtFaNAL cytoplasmic B-catenin Tun13ifin cell

<

adhesion A4til downregulation 184 E-cadherin T NPC

CRIGT promoter methylation a1atluaunlinn
metastatic disease A9iN3&uirg 131 low E-cadherin
level HAuduNUsiLNN91AA metastasis 199 NPC 1138
T4l ustanndeyaluilaqiiugelainunnuduiusamnain
Furidn
(5.2)Upregulation of Matrix metalloproteinase
(MMP)

MMP anLflu type IV collagenase At Famii
Wweulzdlunng degrade basement membrane LAY
extracellular matrix 911 1%AA tumor invasion kaze
ﬂi:@l:u growth factors M l¥ine cell growth, angiogenesis
wazilasiuniaiia apoptosis 184 tumor cell 1idae Tu
NPC MMP gn upregulate Kot LMP1 Fafinnsfinmnwy
d18ilael NPC Azl MMP1 expression gandnunfii
124 win

aNnNsZLAUMIANe tani Al anamenenad
eI N Iflannzianas anndea 1y
seauluang iy genetherapyImam@ﬁmﬂ%tﬁmﬂ?u
qw%iu'ﬂ\‘i radiotherapy

JodsAudouondou (Environmental factor)

wiasdlufinsuiusegudadndeasauiluiade
L?Qlﬂﬂﬂiiﬂﬂﬂﬁﬂuﬂ’]ﬂﬁﬂtiﬂumg\mﬁ\ﬂﬂ/\li\i@uﬂﬂ wsiding
AnwudIERsIn1nin NPC 1essnaufianduaglu
UszmAfiansnisifin NPC Tioe axtiaendndnsnis
{in NPC 1a9t19aufiendeet lutlszmsan® waneind
fladamednudandendnanifaades lnafdeyaann
szindlne® waznisAnEwUY systematic review™
wudniladedfiuanuidaduniain NPC Tdun nis
Sutlszmnuemsdmantann Uank anmnsfirnu
NIXLA NNIDUBNEIMNT LAZEWNSMINABY 3989anNS
zguw??' LazmssLeanesed lunnanseiudng wudn
Masudssmuiings naldan amnsnanmnuidesly
nsifin NPC 14 fauaadlunnsadi 1
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Systematic Review'”

Factors OR p-value

Factors Risk estimate

Dietary factors

Salted fish (Uanifu) 1.17 0.28  Salted fish 1.38-296
Unsalty fermented fish (Lan51) 1.5 0.01
Salty fermented fish (Uandu) 1.24 0.06
Salted meat (Lﬁ‘ﬂlﬁm) 1.54 0.004  Preserved protein-containing food 1.78-10.8
Sausage (l&nsan) 1.05 0.93
Fermented pork (L111d) 1.57 0.06
Salted vegetables (ﬁ'ﬂ‘ﬁm) 1.42 0.72 Preserved vegetables and fruits 1.43-4.90
Fermented vegetables (Hinn1mAAa3) 1.99 <0.001

Fresh vegetables and fruits 0.31-0.87
Non-dietary factors
Alcohol consumption 1.3 0.045  Alcohol consumption 0.8-2.59
Betel quid chewing (Lé{m‘wmﬂ) 1.99 0.059  Herb products use 0.52-58.4
Tobacco smoking 2.66 <0.001 Tobacco smoking 0.84-4.83

Jodgmuiusnssy (Genetic factor)

‘luﬂ@@ﬁuﬁmiﬁnmmaﬁuqmmfmﬂmﬂL'ﬁ'm
Ay NPC a1n Review of epidemiological association
studies 2000-2011 ‘17‘]IE~II’1‘LASJ’1 79U9INAN 83 ﬂ'ﬁ‘ﬁﬂ‘tﬂ
LLAZ 3 genome-wide association studies (GWAS) Wi
gene el 3 GWAS T8ur gene luRnuulanes
major histocompatibility complex (MHC) 1
chromosome 6p21 ?ﬁ'\uﬂurﬁhumiwm human leukocyte
antigen (HLA) gene ﬁuLm u’aﬂ@’m‘ﬂﬁ\‘iﬁ gene luAn
wnisa fmmanuuslaisenadesiu 3 studies 1
gene located on chromosome 3926, 3p21, 9p21 WAL
13912 91 gene %Iw] wanMiaann HLA gene AL
zﬁﬂﬁmw A8 DNA repairgene RAD51L1, Cell cycle control
genes MDM2 and TP53 Lag Cell adhesion/migration
gene MMP2 #
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9IN1S 9INSUAAY NA:SSSUBIFvEVISA

fileedaulunjdeznnn 60-70% sinundaeieniag
Tnlaeilifenisduian sasasunliunainiamisagyn
\iu Anayn Wiynlva enimieen dszunn 40-70%
WAZaINIININY 1w Uony yae Hunluasanainy
sTHnn4 40-60% > Bntlszanns 20% a1aNfaeeInIg
nszuulsEan @y n1snaviurendulssainanes
Tnenuldesngnma Wulszamanedsi 5 uas 6 199z
o & Y = ¥ =3 v
Mg Uaedenmutihe pueliunindeu naanmn
elaign

NNARNNEINTA (Anatomy) Nsnszaaaaalsa

@ o Y o d’l

nziadstnssayniduls Al

n1sanawuevu:1SvUgund (Local spread)
- AUUNN (Anteriorly): tumor &@18190 extend
w1111 nasal cavity 18 8in1n14 posterior choana %i7@

analdia posterior wall of maxillary sinus Lag soft palate

6



- Aumas (Posteriorly): TAWA clivus WazLN9dqw
984 sphenoid bone &g occipital bone 1agl tumor cell
m@ﬁmiﬁﬁmﬂmz@ﬂmﬁﬁﬁ%

- pudng (Laterally): Usznaulisiag torus tubarius
'%\‘u,ﬂuglﬂmm Eustachian tube a& pharyngeal recess
1178 fossa of Rosenmuller ﬁﬂg}mﬂﬁﬂuﬁﬁx‘iﬁiﬂ torus
tubarius LL@%L%@@?Lﬂuﬂmf;{/\iﬁuluﬂ%‘ﬁm NPC Tnelsn
dnfinnsnszaaaannieanudelilg parapharyngeal
space WAZB1ADN medial pterygoid plate

% . %
- ANUUY (Superiorly): ANUUUABY nasopharynx
16uA cribriform plate La¥ sphenoid sinus PINNZLT
é{ % k3 %
ANATHIUNININATULY fa:mmimmﬂummmim iﬂﬂ
NAUNTY cavernous sinus WA base of skull foramens
1#un foramen rotumdum, foramen ovale, foramen
lacerum, jugular foramen W& hypoglossal canal it

(NN 4)

T{\N

I-'or{uu-u avale

2w 4 wansgillazesgrunsduandse (Base of skull foramens)

Foramen fne7] anil uanannagifudumaiivn i
tumor nezanednganadlduda daduiiegreadu
tszananesnInug ‘Emmfawquﬁuﬂsxmmumﬁﬁ 5
WAz r;;j“ﬁl 6 ﬁﬂwugﬂﬁﬁmﬂﬂ@ﬁ@m Lﬁmmﬂwmmu@g’

U sphenoid bone WA

- Aua19 (Inferiorly): UBLANNYBY nasopharynx

%au@mﬁ superior surface 984 soft palate

n'lsqnawlu.sfupiamf'lmé'au (Lymphatic spread)
nnsgnanpeslsanziienaslnssaynlulfsanin
winaswuldes Tnaginn 65-80% dndifauniaelnsaus
LWL LAZATUTNATNUTIA84919 TasaNtinaes
4 de 4 e .
neandninisnszansaedlsaliunfigaliun cervical
lymph nodes Level Il (Upper jugular nodes) Wag
retropharyngeal lymph nodes ANNANAL (mwﬁ 5)

msns:018lUgvadea:aus (Distant metastasis)
nisnszanaaadlsanzifadalngsaynlldiadans
dl Yo U =3 dl a a [
aur nulftesndlulspnziianluisunfsseuazan
pa wadouwlundnnuniandsannnisineiasaduuan
A o dld o 3| 9(: A
viranasanansnauNfiuinaedlsa Inewudnimanm

Auiusiunisnszansaealsallfesantinmans nang
A = o 1 901 A tﬂ' v

Aa wninnsnszanglddsraninmansing 1 419 way
Faunaludifiu 3 au. azilaniaiinns distant metastasis
10-20% wannHNIsAsvanslildarantinmanaiaans
dnsaasanpe virasautinmaesiiawaTunindt 6 1u. e
a o 1 901 A a A $%
Fnnsnszanslifasamtinmaatznauvilalulandy ay
lan1ain distant metastasis Winfy 30-40% Wwaz 40-
70% Anuans Tnsasaazsin wudninasnszansliunn
g lAun nszan fu uazien AuaEL

wyrSan W
90% vevlsanziFandelnseayneg lunqu
carcinoma IAIu19mI3 WHO Classification aaniilu 3

categories® lAun

WHO type I: Keratinizing Squamous Cell Carcinoma
WHO type II: Non-Keratinizing Squamous Cell
Carcinoma (NK-SCCA)

* WHO type lIA: NK-SCCA, differentiated

* WHO type IIB: NK-SCCA, undifferentiated
WHO type Ill: Basaloid Squamous Cell Carcinoma
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- .
—_— Spinal accessory [
Lower Jugulac LN

Middle Jugular LN
S

MNA 5 LAAIAILULNTRY retropharyngeal lymph nodes Waz cervical lymph node groups

WHO type I Lﬂumﬁmﬁwuiﬁﬁﬂﬂﬁqm gnwulugig
Wie LasduugTuNNIRAEe EBV 1ng Differentiated
Wwaz Undifferentiated NK-SCCA Wuldl 30-40% uag
40-50% ANRNAL Tunenaui WHO type | wulilen
20% wasnuldiesndnlugiamnzdunn (m‘wﬁl 6)

uaNaINY eranLNenBan e Tewulivesiin
i papillary adenocarcinoma, plasmacytoma, minor
salivary gland, melanoma, rhabdomyosarcoma WLag

chordoma {1

msnus:dRgUosna:n1snsa9s1vNY

guaalsanzifeaudalnssayndnuidageinisuand
B S . S
dfryre feunmelntuiess) iy litan 3eiuenis

ell Y o 1 o @ a o dll
wanennulivesduinlulsanzifedsseuazainedu
fatiunsiniszdfiuiRnadinnudAnylunisueniaa
\iu a1nnsdnuLuayn weanmlua yae a1avinli
a =3 3 o z v al
AntelsAnziFanaalnsaaynuInIu wazunglaad
a1t wiunmdau a1da naanalilige wans
dre1adinsinasaeaduilszainanesainsalsnian

d" o v o a1 o v
wananil defesdndsedfdousn uazrdeedn

o 9y 0y , o Y =
prauATgLhefog 111 n9gUYYT ANWAT anTw Tsa
dszAnsiadilen sandislamsine Minaineunluehe i
Tentlen Teanzanfnndsezuazainean] Taanzide
den Teanzidanaananms Wusu lesanlsanziia
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AR 6 Pathology of nasopharyngeal carcinoma®

A:  Keratinizing Squamous Cell Carcinoma (WHO type I)

B:  Non-Keratinizing Squamous Cell Carcinoma,
differentiated subtype (WHO type IIA)

C:  Non-Keratinizing Squamous Cell Carcinoma,
undifferentiated subtype (WHO type 1IB)

D:  Basaloid squamous cell carcinoma

u?mmﬁ@uﬁmmmLaummﬂmxmqLﬁumm‘lﬂdw
11 (upper aerodigestive tract) avsaifiasiunazay
expose ARANTNaNITAEINY Fathuanaifnuzieldly
rf‘hl,mu'\um'ﬁﬁwé”@uj fu videiRapuvdeiy g
ﬂi"m{]ﬂ’]i‘tﬁ‘ﬁﬁﬂﬂd'} Field cancerization” et azwy
MsRnuziSansen 2 (second primary) létiaelugilag
wzfaBuuAsEzuazaIne Uon vienasnauns



mmma*wmﬂu?‘mmuﬁ\ﬂwswsﬂﬂﬁu ANTAIIN
frlaeluvinede 19 head light waz 4 Inldesldiipnadng
wa 14 indirect mirror waz flexible fiberoptic nasopha-
ryngoscope @849ANRAUNFALTIRIMATINgIayN e
ATIANLNEITANTNLAD fa”rﬁmﬁuﬁﬂmmm Anwouy
mwm consistency Lmvmmmmmummwmﬁ
annifugng uenainilasmmanisinaiusesstuy
Uszamuazidulszamanesisiacy uTandsaNth
wiResTiLRmneazIFmwileluanidan anntu
m@mm@'mmmﬁqq Tl L‘WI@@ performance status &N1W
anla uazgininisnszartvesuzielldedauiuses
$enevisalyl

N1SNS99I1IAS:INBVUNURANNS

1. Routine laboratory: Complete blood count,
Renal function, Liver function (LFT)

2. Special laboratory: Thyroid function test

3. Tumor biomarker: EBV DNA level tagiann
systematic review WU4NH sensitivity waz
specificity for diagnosis '43\‘1?1\‘1 73% Wwa 89%
Rl T

,mwﬁ 7 NPC with skull base invasion (T3). Axial CT bone
window shows large NPC filling nasopharynx and nasal cavity

with bony destruction of sphenoid bone and bilateral
pterygoid plates.

N1SASIPNVIBNGISE

1. CT scan %78 MRI of nasopharynx

2. Chestx-ray (CXR) Watlszdiudng lung metastasis
vrald wazunwuAlNialnAann CXR Aag
fiansnunganisnsaiazideadfisiin Tdun CT
chest

3. Ultrasonography (US) of upper abdomen L‘ﬁ'ﬁ]
1lszifiudnd liver metastasis 34 Inganaiason
V‘hmwwiugﬂwﬁ@gﬂmtm locally advanced
disease wihti 1 stage IIHV visedtlaeidua
\@en LFT Balns

4. Bone scan iiietlsxifindingl bone metastasis visalal
Tneansuminludilaednwoizipeniu US upper
abdomen

5. PET/CT scan (optional) \ia1lazifiu metastasis Tag
anungnldnauni CXR, US upper abdomen LAY
Bone scan l#iag

murtgn1vsodstodeuenlsau:iSondowsooyn
Computed Tomography (CT)

CT scan of nasopharynx WuRfieuunsuans
e\ ddayafiazBannaauns wazausalé
yiall usipmazBaatuAlavinty MRI agndlsia CT
fuszlaminanluudaeaenisg base of skull erosion
Fanni 7 wenanntudalddamiy radiotherapy

treatment planning pingl

Magnetic Resonance Imaging (MRI)

MRI HU41HAMNAZIBEAZININ A1N1TOUNANN
Emﬂﬂaﬁv‘uLﬂ'mﬁl'ﬂﬂﬂmmmﬂﬂﬁ'ﬂﬂ’m%&]L’W(softtissue
contrast) Hn13AnEInLIlunNAdasalsANZ I aNAY
IWN@NMﬂ@TQH MRI '&uﬁﬁ’] sensitivity, specificity Lag
accuracy gau1n AU 100%, 93% uaz 95%
ANaau? Tag protocol 115U NPC azld slice
thickness 3-5 mm Tnedsznaumiauany sequence

(A 8) azuanewtawnL® Tawn
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- Unenhanced T1-weighted image (T1-WI) 11
axial LA sagittal plane Lﬁ@@mmamﬂﬂﬁmm
fat plane 817 WAZ base of skull involvement

- T2-WI fast spin-echo sequence Tuaxial plane
Lﬁ@@ﬁﬂ‘]ﬂmmm early parapharyngeal tumor
spread, paranasal sinus invasion, middle ear
effusion Az cervical lymph nodes

- Contrast-enhanced T1-WI lu axial Wag
coronal plane (with and without fat
suppression) Lﬁ‘@@ tumor extent, perineural

spread LAY intracranial extension

n’lwﬁ 8 NPC with base of skull invasion (T3). Axial T1-WI and
T2-WI shows NPC (arrow) with left parapharyngeal extension

and involvement of parapharyngeal fat spac, including invasion
of left side of the clivus (arrow head). Signal intensity of the
marrow fat is changed on the left side of the clivus compared
with the right side.

NPC @nsnsanszanelians mucosa #a3andn
submucosal spread Inadanele intermediate signal
intensity (SI) 114 T2-WI, low SI 11 T1-WI Wag enhance
Tun n contrast enhancement WAAENT1 normal mu-
cosa TagiFnaiiny NPC vasigaldurludiumis
posterolateral wall of pharyngeal wall %‘mﬂwﬁ%mm
9184 Rosenmuller fossa Taemuld 82% Rivanatant/ly
Tusuuids midiine vivaenalinuiagannnisnsasanie
fingl endoscopy

yanandoslunisitadeslsaiudusing MRI
fafdselondluudraanisineson Taaludaqiiy
walulagfinunisensfadladniswmunlaedn MRI 10

| o o A Ao : .
TILINNLLNUNITRIE TR 11709L781NI1 MR smulatorim&l

| uzléuﬁo'vuu Q_wsmsamﬂus‘ués‘nmua:u:L§\)§nmuﬂudszmﬂha
5 on 20 avun 1 unsiAU - JQuigu 2557

a o & lﬂl v o a
f9nguszasdiielfanunsofivunreuananens
anwlanau HAanunsusnlunisens i uinausae

Positron Emission Tomography/ Computed To-
mography (PET/CT)

uidnAnuazIBEATaININAN PET/CT aztiaandn
MRI usitfiesann PET/CT il functional imaging A4fl
UnuAnet1ann falugrunisssifingfinsuns
nazaravaslanldfsaduazdupiela niememafiamu
LasnsienAEnIndLLA g reslsaf A nd
n1721859R(31)

s:gzuovlsa (MNS10R 2)
sreizaedlsaNziTanasingaayn 41989900 7th edi-
tion of the American Joint Committee on Cancer's TNM
staging system(32) Tagilean@ N primary tumor (T
stage), draining lymph nodes (N stage) Lay metasta-

v

sis (M stage) (nMnilsznau® 9-15) Fadl

T stage

mwﬁ 9 NPC localized to nasopharynx (T1).

Axial contrast-enhanced T1-WI| shows small NPC (arrows)
involving posterior wall of nasopharynx. Tumor is confined
to nasopharynx.

‘mwﬁ 10 NPC with parapharyngeal extension (T2).
Axial contrast T1-WI shows NPC (arrows) with left
parapharyngeal extension and involvement of
parapharyngeal fat space. Note normal levator palatini
muscle (arrow 1), tensor palatini muscle (arrow 2),
pharyngobasilar fascia (arrow 3), and fat space (arrow 4)
on normal right side.



mwﬁ 11 NPC with skull base invasion and pterygoid
sclerosis (T3).

Axial CT bone window shows large NPC filling nasopharynx

and nasal cavity with bony destruction of sphenoid bone,

including right pterygoid base, which also shows sclerosis

(arrow).

mwﬁ 12 NPC with skull base foraminal invasion into
cavernous sinus(T4).

Axial and coronal T2-WI shows NPC (arrows) with skull

base invasion into left cavernous sinus.

niswensnilsa
Uodsniwasioniswansnilsa Taud

(1) szazaaslsa (TNM staging system) W
prognostic factor ﬁéﬁﬁm'ﬁ'qm Imel primary tumor (T) &
mmﬁuﬁuﬁ’ﬁum@muqmimL@Wﬂz'ﬁ' (local control)
waznadl Parapharyngeal extension il adverse local
tumor control LAY distant metastasis u@ﬂ@’mﬁﬁ\iﬁmi
Ansnudn Anudeslunisifia local failure Azt
1% Fi@ )N 1 cc U84 primary tumor volume g
dn1lymph node status (N) v ﬁmﬁuﬁﬁuﬁam@muauim

N stage

mwf?'i 13 NPC with retropharyngeal lymph node
metastasis (N1).

Axial T1-WI and T2-WI shows metastatic bilateral

retropharyngeal lymph nodes (arrow), which is frequently

first echelon for nodal spread.

n’mﬁ 14 NPC with cervical lymph node left level II1B
metastasis (N2).

Axial T2-WI shows metastatic node (arrow) posterior to left

upper internal jugular vein, which is common site for

metastatic node.

nsungnszaneedlsn wazdnInissendinaaiilos
(A13799 3)

(2) WeNBEANN (Histological type) Tagl WHO type
| (Keratinizing sgaumous cell carcinoma) dninng

wen3nilsAiueingn®

(3) Circulating EBV DNA @9fl#ia18n13AN=1a1N
UszinAaunuINdinasa treatment outcome anNIT
=8 1 v dl o = [
Anw1999 Chan et al. wudnHUaedeadisziu plasma
EBV DNA level figeag] wasannlgiunisinmlyl 6-8
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n"lwﬁ 15 NPC with large cervical lymph node
metastasis (N3a) and left supraclavicular lymph node
metastasis (N3b). Contrast-enhanced CT scan shows
matted 8x4 cm cervical lymph node left leve [IB-IV
metastasis (arrows) and a 1.2-cm left supraclavicular
lymph node metastasis (arrow head).

M99 2 TNM classification waslsanzifanaalngeayn (7" AJCC)

Category Description
T Primary tumor
T0 No evidence of primary tumor
N Tumor confines in nasopharynx, oropharynx, or nasal cavity
T2 Tumor extends to parapharyngeal space
T3 Tumor invades bony structures of base of skull or paranasal sinus
T4 Tumor with intracranial extension or involvement of cranial nerves, masticator space, orbit, hypopharynx
N Regional lymph nodes
NO No regional lymph node metastasis
N1 Unilateral cervical lymph node(s) metastasis, 6 cm or less in greatest dimension, and/or unilateral or bilateral
retropharyngeal lymph nodes, 6 cm or less in greatest dimension
N2 Bilateral cervical lymph node(s) metastasis, 6 cm or less in greatest dimension
N3a Metastasis of cervical lymph node(s), more than 6 cm in greatest dimension
N3b Metastasis of cervical lymph node(s) with extension to supraclavicular fossa
M Distant metastasis
MO No distant metastasis
M1 Distant metastasis
Stage grouping NO N1 N2 N3
T1 I Il 1l VB
T2 Il Il 1l VB
T3 I 1l 1 VB
T4 VA VA VA VB
M1 IvVC

54
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m1979% 3 Local control WA 5 year-overall survival WaNATN T Lae N stage

Local control

5-year Overall survival

T 67-97% 60-76%
T2 54-94% 48-68%
T3 34-78% 27-55%
T4 40-71% 0-29 %
NO 82-100 % 42-78 %
N1 86-92 % 27-70%
N2-3 78-89 % 32-52%

&k azdidmanianduiilugnaedlsngandnne 11.9

Wi q(35 36)

4) vauliad excision repair cross-complementing
1 (ERCC1) %dﬁumuqmﬁﬁﬁmiu nucleotide excision-
repair pathway ¥NNN2zUAUNNITaNLEN DNA douil
unwgadll azsinlif DNA 194 tumor cell gnvinanasag
cisplatin 1#An41 (platinum-induced DNA damage)®”
TA8AaNNA1IAN®ITBY Sun WL9 ERCC1-negative
tumors ﬁﬁm?qﬂqﬁ‘ﬂﬂ'ﬂmiﬁ‘ﬂ Ltﬂxﬁmﬁﬂ’lﬁ‘ifﬂm%mﬁmq
mﬂﬂmm ERCC1- posmve u@ﬂmﬂuu Chanetal Wy
91 high ERCC1 expression AANNENRUSAL poor
locoregional Tugilaeuzisenacinseayn® weieslaidida
aguuidndn ERCC1 iy prognostic kay predictive
factor Asulsniividelsl 41fludesdinmsAnesiely

N1SASIDANNSOY

Twlszmaan Gaiflu endemic area mmimm‘%‘a

naalngaayn ¥R Aamenenuiay mfmmmmmmmg
”Luﬂ@mmm Immmmﬂ?wmmLWﬂmafaqummLmem
L3N B9HANNTINEANIN AINNsAnEansmARLly
tszansanuau 1,136 f;"m‘ﬁlmfmwu immunoglobulin
(Ig) A sl viral capsid antigen IngiRsARARINALNGN
datnsasinanaidlung 4 1 wulsanziFanasingaayn
35 310 Fedonlin huszesd 1 vite 2 deAndhudnai
wulsailratinudngendnlszanaiallde 31.7 wih @
atiglsffgasniudesdnisAnsiAaaiunisnsis

Annsaslsanzifandsinssaynludszainangulgy

(population-based screening) L‘ﬁ"ﬂtﬁﬂmﬁﬁuﬂi‘ﬂmﬂ
ﬁ@ﬂﬁ'ﬁ?mmmimmLmzmwLﬁ‘mﬁ'mmﬁm%u L1
ﬂ"l’]ﬁJLa‘Iﬂ\W’mﬂ’]ﬁ‘Lﬁﬂ.ﬂW']ZLLVI?H%@H@’WH’]?@I’QQHZ&Q’@Q
waznstwite mu%ﬂuudmmm’m@junuﬁw (cost-

effectiveness)

n1ssSnun

Wasanunumadnssaynidusiumiaiainse
n9EiNAR AeiunsinEuanaslsanzize uasingsayn
=< 2 1 o a a 2 al o o ]
AalFuAnnsanesed Tnsaziansanlfaaitntndan
mﬂ&liuﬂﬁ‘mﬂﬁ‘ﬂMﬂ’]mnmﬂﬂm parapharyngeal
space 1198 regional lymph nodes f"ﬂwmmmmumvw
7 2 Fulilthun

o o o a A ] = -3 o

AuFuniranefediesadnanealulsanziFaas
Twagaynazazd 1 (TINOMO) T Wudn wannsinsiu
iy Ca ae 2
Minela nanafe Hdnanisacuanlsalanzi (5-year
local control rate, 5Y-LC) n91 90% RNémsnisilaanisn
A5 (5-year progression free survival, 5Y-PFS) 75-95%

Ao Ao A P .
LATNARIINIIIRATIAN 5 U (5-year overall survival,
5Y-08) g3iie 90% “" weiaeialafin Hffilaadoudes
winlunnsanulsalasauslussazien Weasannainis
wamedlslalnnn gulaedaulunjdnumuunneiiaiiannis
UINWAL At NN IAFUAR N13aneFaddaniunis
Weadiinge tnaddnsinissendann 5 1 (5Y-0S)
120101 53-80% WAz 28-61% 11 stage 11l LAz IV AW
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Svdsnunsounuepiuln

Hancharek Ansniadszlemirasnisldeniaiitnge
gaunun1eeneied utl p.a. 2002 Tnasausandeyaan 6
randomized controlled trials (RCTs) 'ﬁﬂuquéﬂfm 1,628
e wudn nrslenieTiintTasanunsanesed Taa s
neoadjuvant, concurrent e adjuvant chemotherapy
anuns0fingnannnslaenlsn (Disease Free Survival,
DFS) ua8ms1n1358033m (Overall Survival, OS) 7 41

o

Taflugdndanu 34% waz 21% ANNANL atneTliladnAny

54

45)

aa 4 o o o o = A
NWNANE LHALNELUNLNITRNETNALNENDENLAED

Meta-analysis 184 Langendijk T A.A. 2004
29U39N4BYAAN 10 RCTs HLaea1a1 2,450 $18 WU
nsldeniafinTnsaufunisenssed Wudnsnnssen
T3m (0S) ludndni 20% vite G (absolute survival

benefit) WiniL 4% WeWieufunisenssadasinanen

siann 1Tl A.A. 2006 meta-analysis 124 Baujet 14
590598 randomized trials RgnfiunnsanefadLazNNg
IfeiaRiiningon 8 nsAnm Anuaugilae 1,753 9e
wudnslenathindasufunisene AN msnns
200737 5] (absolute survival benefit) WAL 6% (AN
56% L1 62%) LazLfingnsinisanalsadi 5 1
(absolute event-free survival) 10% (a1n 42% i1 52%)
Tnelatsslaaigegaannnasliuuy concomitant/

concurrent chemotherapy”

INT 0099 (Al Sarraf et al.)“*“* 1il1 landmark study

4’ Y @ =2 s U al o o 1 o
Fauwanalshsunalszlamiaaanislfiaantntngauiy
A7218593 e luudand disease-free survival (DFS) kA
overall survival (0S) waziilugunLUraIn1ssnelsm

@ o =< o i Gal v
nzifandalnssaynunauieilaqiiu edslefin Adanqs

o o =S d’l Y v 1
srddlunisinmania@neniunld laun doyvn poor
compliance lunsldeiafitingn Tnagiaaiies 60%
wintlulafusnaltndamsuaufniuus (63% L5y
concurrent chemotherapy ATl 3 cycles Wag 55% 15y
adjuvant chemotherapy ATl 3 cycles) LL@:Iuéﬂ'mmﬁN
Alasunisanafedesnaden (Arm RT alone) Jnanns
o R oA o = p VA
SnueindfisanguinesiulunisAneaus] nanmae
1 5Y 0S Winfu 37% Wsiuiy 50-70% lun13@nsnnn

| L8033 91sASANALSLASNYLE:L:5UINELUS:INATNg
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Tuwnueide awnataitiasinaingilasdouninlunig
Anmn INT 0099 lulsanzifaudsinssaynaiia
keratinizing squamous cell carcinoma Fafluaianny
1 . 1 v v = al
1aelutin caucasian wanulataslunaweide wavh
AsneNnadlsALANGNaRY atinglsinIN san Wee(50)
waz Lee® lavinnsdneingldaafitningluuy
weaniuludisaeds UssnaBealds wazdesniau
16U w1 ldaeitnTasandunisenssadle
szTemilundans DFS way OS AndInNsanefadiies
agiaAemEtuiuALluA1sANE INT 0099 (RN3799 4)

Chan® 1annnsAneuasaenislianadinge
fourunsene A lulsanziianasinssayniduinsniu
wsild concurrent cisplatin 40 mg/m’ tme/lsinndilanni
seudenranaied weilall adjuvant chemotherapy ua
nsAnEnusnenaditindadasiin 5Y-DFS waz 5Y-0S
AN 52% U 60% war 59% LW 70% AINAIAL
(p-value=0.065) Tnadszlaaidaaulungu 13-4
disease uananifgilandaluniil compliance Aewined
A 95% lasuaafitinge waz 78% Léfuaiaiitnim
atisiiag 4 cycles Fati TunsinnlsnuzGavdalng
aynluilaqiiu muﬁﬂlmuzﬁqﬁmmmzﬁﬁﬂfaﬁluj
Tunnutaide 238nnsld weekly cisplatin $aufiuiunis
anefediduEnmadenuih® lusm.qriasnsaliinngld
mmﬁﬁ'}ﬁm%\muuuﬂ 3 dlad wazdanviazase s
“L'ﬁmmﬁﬁwﬂmﬁ“ﬂmﬁ@:m%\immmlﬁtﬂuﬂﬁﬁﬂQ’ﬂm
wanls uazldsndudesweulsanenung asisaannnae
Gasdnasafedldantsynnsuils

Lin et al®® Alavinnns@nmTauiian concurrent
chemoradiation fiUl radiation alone tiufiu taald
concurrent cisplatin 20 mg/m’/d §auuU 5FU 400 mg/
m2/d {uaan 4 Junn 4 dlaniszndnenisanaiea tny
138 adjuvant 3@ neoadjuvant chemotherapy WL L6
nanisAnslusiiueieaiy Aefia 5Y-PFS
(Progression-free survival) kas 5Y-OS a1 53% WAy
54% {11 72% WAL 72% ANNAAL

andeyaluilaqiiu 3989 review article 189
Afqir® wud1nsld induction/neoadjuvant LAz



adjuvant chemotherapy f9lifindngiudaiaudnls
selamifing survival benefit anflusiaslinnsdnunsie
Tulueunan eeglsfinia induction chemotherapy &
wualiiufinann Phase Il study 299 Hui®® luilseina
da9ns Iaevinludiog NPC 65 38 ulFauifinuszugng
n1314 induction chemotherapy 14 Cisplatin +
Docetaxel A8/ concurrent chemoradiation 66 Gy
fauny weekly cisplatin iy N1l concurrent
chemoradiation alone HaNM3ANEINLINNNT 1 Induction
chemotherapy # 3Y-0S fiandn (94% ey 64% 11
CCRT arm) siaxnasl#in1s@nen Phase Il randomized
study 1 FaLieuna199n1379% induction chemotherapy
padas CCRT ey upfront CCRT® Gatisasilu
TLUINNIIAARNHA

asann aniahing cisplatin SradnaAedludes
1849 nausea/vomiting, nephropathy, neuropathy Lag
ototoxicity ¥i11# compliance 1a9gilaelaimin sznau
FuunemedAinimineueedtn (GFR) luA vialefla
sl cisplatin 14 FsthAsinnstnenaitintaly
ngw platinum Renfuianld 19y oxaliplatin ie
carboplatin 16

Zhang ® Ansnwudnns1ei concurrent oxaliplatin
70 mg/m? weekly Tugjtlae NPC 115 salutlszinaau
mmmﬁ'u 2-year Relapse free survival, Metastasis-
free survival WAz Overall survival 16 Lﬁ‘mﬁﬂuﬁumﬂﬁ
RT alone lagfinadradeananndnluies nauseas
vomiting, leucopenia Wa% neuropathy Waagglsia ns
ﬁﬂ‘i:r’]ﬂ average follow-up time z%ul,ﬁm 2 T]wi']ﬁu (187}
ldlduFaniaudunisineuinsgiuluiaqiiu Ae
concurrent cisplatin-RT ﬁdﬁuﬁﬁ’uﬂuﬁmﬁﬂ’wﬁﬂﬂﬂ
isBnsiely

Chitapanarux® 1§vn1s@nenisldaaiiinga
paugiunTsanefdlugiae NPC 4auaw 206 918 Tu
Uszwdlng lnaunFauieuszninenisld concurrent
cisplatin 100 mg/m” 9n 3 da19i Ausae adjuvant
cisplatin / 5FU Aun13Li concurrent carboplatin 100
mg/m’ Flpviazais audas adjuvant carboplatin /

5FU w191 compliance ﬂmaéﬂwmﬁ%{u carboplatin
WL 73% wazgendnguill iy cisplatin e 59% L
ﬂzjm?i”lﬁﬁ*u cisplatin fluadnadesluiesans renal
toxicity, leucopenia WAz anemia NINNGN ’lumm:ﬁlnzju
ﬁiﬁfﬁl carboplatin & thrombocytopenia 81nn91 agingls
Anu %mmnzﬁmﬁ 3-year DFS sz OS laiupnsinariu
79 63.4% lunq cisplatin iU 60.9% lungu carboplatin
(p-value = 0.9613) waz 77.7% MUN{N cisplatin AL
79.2% lung carboplatin (p-value = 0.9884) AMNAAL

InAdAN1ISa8$0d
msdnringUos (Position and Immobilization)

Yy 1 1 . [~ v
dunseglurinuensu (supine) uupaidntias
. . A i o o [
(slightly neck extension) #aa19d19a162 wazlduinnin
2119 (long/ head-shoulder thermoplastic mask) vl
wluadilsagiun daunnd 16 Tugiheiiily T4 814
. Y X 4 oa.
anduAaLmauAaNINTWNe LEA LAz uLlszanmn
. X py o A o o '
agqeauliifieanffunuidseaduazainann

2w 16 n9dnvingiledae head-shoulder
thermoplastic mask

N1s91a00N1sa18$0d (Simulation): MRI simulation
with treatment planning CT
- MRI protocol: Axial T1-WI and T2-WI with
Fat-suppression, Coronal T1-WI, Sagittal T2-
WIFS Tutnenstlana@nanandaiag (contrast
agent) el
- CT scan of the nasopharynx with and without

contrast study; 2.5-5 mm slice thickness

ntudnnndlaain MRI simulation waz CT
simulation 11 fusion Y ALELMALA rigid image
registration A4NINA 17
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mwﬁ 17 CT-MRI image fusion for treatment planning

35n1sa19sva

Conventional Radiation Therapy (2D) wag Three-
Dimension Conformal Radiation Therapy (3D-CRT)

:"/ a dyd o o a A o

719 2 MANANNIALWATNANTIA (feld) widauiu
wAnA19FuAN17IE N lunNIs1a89n17918 NANIAR
conventional technique agldnIn orthogonal (2D) Lax
Amunaad field Iaeld bony landmark taelddayanls
q1n CT %78 MRI WigiuLAefi wa 3D-CRT azldn1nann
CT simulation (LL@z/iﬁfa MRI simulation) lunnsinuua
2aUANITA8593 Mg SadsnEn 1 ruaeLs
% [~3 %dé‘ o o a v
Aaunzifalintn LazaINIsnAI U LTI UTIR A

4 - N

LATRIARNALAAS]A

2
o

o L L 1
JuRaUNITAIaTNdlsznaumnle 5 plans VIMLLﬂ

1. Initial lateral opposing elds (Photon 0-40 Gy)

AAUUW (Superior border): Half pituitary fossa
(Veaenedn 1 1o, wite pituitary fossa Tunsd T3-4)

AaUAN (Inferior border): Thyroid notch (anaagiy
sausnalaefendnnislisesefdntsnafinansaes
founiSuiesentnmaedila)

PYALINUN (Anterior border): Posterior 1/3 of nasal
cavity and maxillary antrum 9138 2 g uEnAeaLuEn
PaenauNINANNWENTIETAaNNILAaT

WAUNARY (Posterior border): ATUNAIAR spinous
process 21894 C2, mastoids [Maﬂl,?ﬂlm beam fall-off #7114
s e ilaay lymphatic obstruction ainiunsiiiian

n’lwﬁ 18 Lateral opposing fields — initial fields

| U:|§D3ﬁvuu a_wsmsamﬂus‘ués‘ﬂmua:u:Léuﬁnmuvﬁ\msmﬂlma
60 o 20 qvwi 1 wnsaw - oguigu 2557



NziiaqnanusiNlmMAeY level V positive T4anaLile
gaundannls (leave the portals open) ]
Shielding: fNuaNa A1 Tasnaaumiin

2. Off-cord lateral opposing elds (Photon 40-50 Gy)
(nwh 20)

YALUY VAUANE UAUUUN (Superior/ Inferior/
Anterior border): [uAeRiL initial field (0-40 Gy)

WAUURY (Posterior border): WRLNAIU vertebral
bodies (VL:H'slﬁ photon beam Alal! spinal cord Lﬁ‘m Tmel
a4l guly half beam atlaaiy divergent beam)
ma@m@uLﬁumiﬁ’m@umqmﬁ@umﬁwﬁﬂwmmﬂﬂﬁ
lausau C1-C2

3. Posterior neck electron (40-50 Gy) (mwr"i 20)

P4AUUY (Superior border): 1ALANNUAN lateral
process 184 C1 (AALLUABY cervical lymph node
level 2)

YRLANLALARLINAS (Inferior/ Posterior border):
\iuLAERAL initial photon field

2aunU (Anterior border): ABAUIALNAIUD
photon off cord field [posterior border of vertebral
bodies] (A8 field AU 2. Waza1anFaniy 2.)

4. Boost tumor (50-70 Gy)

Lﬁﬂiﬁﬂ?mm?@ﬁ'ﬁ@umL?qﬂgmqﬁu@:ﬁi@uﬁﬁ
waeeilalFBunnisadie 70 Gy (i 21)

5.  Anterior low neck (0-50 Gy) (nWA 22)
dduFuaneFe@usine elective lymph node
15nnFaNtinuAesEil 3-5 aaldmnLiause multileaf

Boost volume: GTV + 2 cm
Photon boost # GTV-P
Electron boost 7 GTV-N

209 21 Boost field LFnaifianuziiamasingsagyn

AN 20 Lateral opposing field — off cord LAY posterior neck

electron field

collimator 1L 1anaaden sadutlszam ladunda
wazisnaeantaniaanuatnAeefAaasasNZAINAT
nTReNLINUNAeNaRTEMdNg lateral opposing field
WAL anterior lower neck field DAUANNNTARA 1. WeINENH
wansesialngliiinatsdeunsiiaisnsinulgug
uazLFnANseNdwaedn 2. idenseNadls hyoid
bone aliausnAgusiantmad level Il Tivianun
3. Wansaasmilasaialuanagesdng Waldldias
1 o | dJ o £ o a a = £
N lug FeavinliBunasadusnaumilalulansa
daenfulil 4. sz33Fa4 divergent beam L3t spinal
AJ v 1 1 v 1
cord F9agl@nanasalddnuans

mwﬁ 22 Anterior low neck field
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WALUU (Superior border): Thyroid notch (AafivLall
A79UD4 initial lateral opposing field)

24auUA19 (Inferior border): Clavicular head

WRALLN (Lateral border): AQN 2/3 finl medial 284
lateral clavicle

Shielding:lung, larynx

38n1s shield spinal cord

ﬂmmﬁﬁm%umnmm’@ field 9e1919 lateral
opposing field way anterior low neck field xwn
divergent beam ?{Lﬁm%uﬁﬂﬁ’l,ﬁmm overlap fiseusa
%Imgjuu spinal cord FaviAaTAENNS shield spinal cord
a1n overlapping field TneAalaiavisrelud

1. Half beam technique 1nelld isocenter mﬂd%\i
2 field agffiqpsiaves field wai (el thyroid notoh)
e s 198! divergent beam A8l e wssnT oy
A8 low dose LiFttusassa

2. Posterior spinal cord shield e/l shield i
1 om Avdssia vertebral body Assassie field Wielsls
il dose #uaN lateral beam aslili spinal cord
iiasann cord dauitlésy divergent beam a1n anterior

field wW&n FanINA 23

mwﬁ 23 Posterior spinal cord shield

3. Anterior shield Taa'ld shield %11 2 cm @1
midline 3 idaAAR4 11170 shield larynx, hypopharynx
2 3 Y Y 1@ A
waz esophagus fag nliglaaliiduAanaInaY
FLUGNNRBTIA FanIni 24

' :18V3IU Q’]S?T’]S?TU’]HUS\JHSHU’] las:80aneivus:nAlng
6 UA 20 auii 1 unsAL - ouigu 2557

n’lwﬁ 24 anterior midline shield

Intensity-Modulated Radiation Therapy (IMRT)

Tutlaqiiu nrsdnnlsanzifendalngsaynsaenig
ane5sduuudiuaudiy vive IMRT LAfuAatanasing
uwsvane (ilasanniinsAnenuduiananisineig
nadaAEIaNNIaneiidanas wazinann IR
Augtlae Tntanunsnandmsnisianiazinaneuds
(xerostomia) a1n 82.1% lumARA conventional LAAD
Wien 39.3% maenaila IMRT wazlidnsnnissen
TAmn 4 ﬂzg\‘iﬁx‘i 88% T local, locoregional Wag
distant metastasis free rate 1N 97%, 98% WAL 66%
ANa1aL?

NISAINUATAULTAURIN AUNELSS (Target

volume delineation)”"™

#* Gross Tumor Volume (GTV) PIGHAN tumor‘17‘1l
WILANNNIIATIATNNE N1IF4INARY WAZNIWANTLIE
CT,MRI mm”T\i PET/CT (GTV-Primary, GTV-P) lLazsiau
YMABTRLNANANNGY 1 T, 738T] internal necrosis
(GTV-Lymph node, GTV-N)

* Clinical Target Volume (CTV) uisngidie GTV
Az potential microscopic disease 78117 %qﬁuﬁﬂm?
wleauiuwsAieaziaafsiantes luwAazanniiy
([5]’1?’1\1171' 5)

CTV-Primary (CTV-P) lsznavisne
®  GTV-P + 5-10 mm (anidu GTV 1n&niu brain
stem @111908A margin LWaa 1 mm)
¢ Entire nasopharynx (NP) mamqmﬁﬂwmwn
¥4 2 4
1/2 — 2/3 of Clivus (entire clivus if involved)

Skull base: Foramen ovale and rotundum



Pterygoid fossae
Parapharyngeal space
Inferior sphenoid sinus (entire sphenoid sinus
in T3-4 disease)

¢ Posterior 1/4-1/3 of the nasal cavity and
maxillary sinuses: Pterygopalatine fossa

¢ Cavernous sinus in high-risk patients (T3-4,
bulky disease involving roof of NP)
CTV-Lymph node (CTV-N) %78 elective lymph
node Usznausiag
Retropharyngeal nodes
Bilateral cervical LN II-V
Level IB (Lﬁ‘@ﬁﬁi@uﬁﬁmﬁm level 2)
- Node-positive tumor
- (Consider) Node-negative tumor with

extensive involvement of hard palate,

nasal cavity or maxillary antrum

- IBmay be spared or limited to the ante-
rior border of submandibular gland in
low risk node positive i.e. isolated retro-
pharyngeal nodes or isolated level IV

nodes

#11FUN19 contouring cervical lymph node level
F19° 81287198937 DAHANCA, EORTC, GORTEC,
NCIC, RTOG consensus guidelines Fevnlng
Gregoire ¥ (mm‘ﬁ 6)

< Planning Target Volume (PTV) 1A CTV 393
il internal organ motion LAY set up error %l\‘immwm
fnsfuluusazaniii nesialiasld margin 5 mm a1
CTV &nt3udin GTV waz CTV Inafiu brain stem @11190
an margin Waa 1mm & lnenneinisldsedse PTV
En9Bamunnsad 7

AN9797 5 lFefie treatment volume 331974 Protocol RTOG 0225 it RTOG 0615

RTOG 0225

RTOG 06157

Definition Dose

Definition Dose

Clinical Target Volume (CTV)

CTV 70 GTV-P and GTV-N + 5-mm margin*®
CTV 63 -
CTV 59.4 CTV-P and

CTV-N CTV 70 + 5-mm margin*

GTV-P and GTV-N + 5-mm margin*®
Small volume nodal disease

CTV-P and CTV-N
CTV 70 with GTV + 10-mm margin

Planning Target Volume (PTV)

PTV 70 CTV 70 + 5-mm margin*
PTV 63 -
PTV 59.4 CTV 59.4 + 5-mm margin

Low neck/ Supraclavicular field

CTV 54 -
CTV 50.4 (AP or AP/PA or split-field IMRT)

2.12 Gy/Fx, 33 Fx ~ CTV 70 + 5-mm margin

1.8 Gy/Fx, 33 Fx

1.8 Gy/Fx, 28 Fx

2.12 Gy/Fx, 33 Fx
CTV 63 + 5-mm margin 1.91 Gy/Fx, 33 Fx

CTV 59.4 + 5-mm margin
With GTV + 15-mm margin

1.8 Gy/Fx, 33 Fx

Low neck/ Supraclavicular field

(CTV 54 for single 3D-CRT/ IMRT) 1.64 Gy/Fx, 33 Fx

(CTV 50 for split 3D-CRT/ IMRT) 2 Gy/Fx, 25 Fx

* Margin can be reduced to as low as 1 mm for tumors in close proximity to critical structures e.g. brain stem.
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m1919% 6 Consensus guidelines for the radiological boundaries of the neck node levels(75)

Anatomical boundaries

Level
Cranial Caudal Anterior Posterior Lateral Medial
la Geniohyoid m., Plane tangent to Symphysis menti, Body of hyoid Medial edge of NA®
plane tangent to body of hyoid platysma m. bone ant. belly of
basilar edge of bone digastric m.
mandible
Ib Mylohyoid m., Plane through Symphysis menti,  Posterior edge of Basilar edge/ Lateral edge of
cranial edge of central part of platysma m. submandibular innerside of ant. belly of
submandibular hyoid bone gland mandible, digastric m.
gland platysma m., skin
Ila Caudal edge of Caudal edge of Post. edge of Post. border of int. Medial edge of Medial edge of
lateral process of  the body of hyoid sub-mandibular jugular vein SCM int. carotid
C1 bone gland; ant. edge artery,
of int. carotid paraspinal
artery; post. edge (levator
of post. belly of scapulae) m.
digastric m.
IIb Caudal edge of Caudal edge of  Post. border of int.  Post. edge of the Medial edge of Medial edge of
lateral process of  the body of hyoid jugular vein SCM SCM int. carotid
C1 bone artery,
paraspinal
(levator
scapulae) m.
I Caudal edge of Caudal edge of Postero-lateral Post. edge of the Medial edge of Int. edge of
the body of hyoid cricoid cartilage edge of the SCM SCM carotid artery,
bone sternohyoid m.; paraspinal
ant. edge of SCM. (scalenius) m.
I\ Caudal edge of 2 cm cranial to Anteromedial Post. edge of the Medial edge of Medial edge of
cricoid cartilage sternoclavicular edge of SCM SCM SCM internal carotid
joint artery,
paraspinal
(scalenius) m.
\Y Cranial edge of CT slice Post. edge of the  Ant-lateral border ~ Platysma m., skin Paraspinal
body of hyoid encompassing SCM of the trapezius (levator
bone the transverse m. scapulae,
cervical vesselsb splenius capitis) m.
Wi Caudal edge of Sternal Skin; platysma m. Separation Medial edges of NA
body of thyroid manubrium between trachea  thyroid gland, skin
cartilagec and esophagusd and ant.-medial
edge of SCM
RPLN Base of skull Cranial edge of Fascia under the Prevertebral m. Medial edge of Midline

the body of hyoid
bone

pharyngeal
mucosa

(longus colli,
longus capitis)

the internal
carotid artery

64

Midline structure lying between the medial borders of the anterior bellies of the digastric muscles.

For NPC, the reader is referred to the original description of the UICC/AJCC 1997 edition of the Ho's triangle. In essence, the fatty planes below and around

the clavicle down to the trapezius muscle.

For paratracheal and recurrent nodes, the cranial border is the caudal edge of the cricoid cartilage.

For pretracheal nodes, trachea and anterior edge of cricoid cartilage

L8033 91sASANALSLASNYLE:L:5UINELUS:INATNg
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A9 7 leuiiey Dose distribution 321914 Protocol RTOG 0225 il RTOG 0615

RTOG 0225

RTOG 0615

Goal dose

95% of any PTV receives prescribed dose

Dose distribution (No deviation)

PTV 70

PTV 63

PTV 59.4

PTV 54

Unspecified tissue

<20% of PTV 70 receive 2110% of the
prescribed dose <1% of PTV 70 receive <93%
of the prescribed dose

<1% of PTV 59.4 receive <93% of the
prescribed dose

<1% or 1 cc receive 2110% of the prescribed
dose to PTV 70

99% of PTV 70 receives 265.1Gy
<20% of PTV 70 receive 277Gy
<5% of PTV 70 receive 280Gy
Mean dose <74 Gy

99% of PTV 63 receives 258.6Gy
<20% of PTV 63 receive 277Gy
<5% of PTV 63 receive 280Gy

99% of PTV 59.4receives 255.2Gy
<20% of PTV 59.4 receive 277Gy
<5% of PTV 59.4 receive 280Gy

99% of PTV 54 receives 250.2Gy
<20% of PTV 70 receive 265.3Gy
<5% of PTV 70 receive 268.3Gy
Mean dose <74 Gy

<5% receive 270Gy or
<1% or 1 cc receive 277Gy

M157199 8 Dose-volume constraint of normal critical structures

Organ at risk

Dose Volume Constraints

Maximum dose (Gy)

Dose (Gy) Maximum volume
Spinal cord 50 45 1cc
Brain stem 60 54 1cc
One parotid gland 26 50%
Optic nerve 54
Cochlear 46 50%
Eyes 24 50%
Lens 6
Mandible 70 53 50%
Oral cavity 60 40 50%
Vocal cord 58 45 50%

Note: Maximum dose (Dmax) ¥1gi radiation dose 71 1% 984 volume w?uumwmaé’mmfwﬂﬁ%’u Tvidaenilu Gy enidu spinal cord WA brain stem

QiU 1 co un
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% aduazilnA (Normal critical structures %3
Organ at risk, OARs) NM9e59@L5uANdN AN
arfddnanuanaiianieseusagian wnndRdinm
aufludasniuareuwnresadaazlng luniwanaang
83 CT ¥ slice alfinfidndauaniiunnuidse
aduazAe U Auanes ulszaman aud Ku
Uszamladumas seutihanennlsia s ansed 8
wanemsens L BN uiagegasieadenzand (dose-
volume constraint) %ﬂﬁﬁ‘lu‘mwmmmmmmd

UnAdndazidudinnuaiiAnisuazanuiuanieg
(Wi 25) uﬁamﬂﬁuﬁiqLﬁw@jmzmumiﬁﬂmmmm
WinraeFed waznisnszanadIunmid unndfadsnem
a1alnaiFauifaunisnszanadinnuieduuy 3 AR
pazhuudfuAa gy (mwﬁl 26) Tnuulaazls
Usrlemisiagilaeninndniu

NN 25 uansiAN9anfadreannsenaiadlsansifandalnga
Ayn faemAtia 9-field IMRT

Elective neck irradiation in NO disease

el Tunsdireus S nndsssuazdine
uneFadFn ez uuzinlfan e 5@ leatunis s Bud
Wnnsaminmaes (elective nodal irradiation) ilefi
ﬁ'l’mL?ﬁlﬂdm"aﬂ']ﬁ‘QH@’WNN’]ﬂﬂqlﬂ 10-15%"® 4y
TapuziSandsinssaynindinisnszanaaaslsalildasion
HmaesdwAaafuLardunssdiy Fanansly

AN3799 9

2?26 wand isodose line 18919218598 IsANz FanAsInssayn 50 Gy wag 70 Gy

A. wmatia 3D-CRT

i UZI§D:_)5FUL] msmsamﬂus‘ués‘ﬂmua:u:L§\J5an\)Us:mﬂha
6 on 20 avun 1 unsiAU - JQuigu 2557

B. wAilA IMRT



A1519M 9 nranszanglldesantinmaed level sine sadlsanziFamdsingsayn

Cervical LN Overall Clinical NO Clinical N+
level N=2920"" N=786" Ipsilateral Contralateral Ipsilateral Contralateral

RPLN 69.4% 86.4% 16%"°” 37%

IA/ 1B 0%/ 2.7% 0%/ 3.1% - - 9% 5%
Il 70.4% 75.1% - - 1% 56%
I 44.9% 28.8% - - 36% 32%
\ 11.2% 71% - - 22% 15%
Vv 26.7% 11.1% - - 32% 26%
SPC 3% 3.9% - - NA NA
Any 84.9% 85.1% 30% LN recurrence if no neck NA NA

irradiation®”

Abbreviation: RPLN = Retropharyngeal lymph node; SPC = Supraclavicular lymph node

Hesannisanesadiiunssneudnaesineisa
uzSaudeinsayn fodudsiifeyaannmsindamen
funsnsvanellfivsiesninindes fsendedesaainnig
n3aasnanieuaznivengsfiiuddny Tuilaqiu §
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Temporal lobe injury
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Jﬂwﬁ 27 Radiation-induced temporal lobe injury.
Coronal T2-WI shows bilateral radiation-induced injury to white
matter in temporal lobes (arrows).

Osteoradionecrosis

ngnszgnanaaInie@anulindsainnisansiea
tlszanoe 1 1 L%’ﬂ')'ﬂl,ﬂul,‘wﬁgm'ﬂ’m radiation-induced
vascular damage M HiNA osteoblastic destruction
A Tnesnwiiieadt base of skull, cervical spine
LAy mandible ﬂ’]WﬂI’]EWH\'iL@ﬂsﬁL?ﬂrqzwuﬁﬂHmz
osteolysis WAz mixed sclerosis TULTIMIBIAN TR LAY
819NL bone fragment %178 slough 1" Fan i 28

mw'?; 28 NPC with osteoradionecrosis.

A. Axial CT scan bone window shows osteoradionecrosis in
skull base with sclerosis and osteolysis.

B. Sagittal CT scan bone window shows osteoradionecrosis in
anterior arch of C1 (long arrow) and tip of dens
(short arrow).
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Radiation-induced Tumor
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Tumor recurrence VS Post-radiation fibrosis

J‘I’]W‘ﬁ 29 NPC with local recurrence

A. Image obtained before treatment shows NPC involving
nasopharyngeal mucosa, centered in right Rosenmuller
fossa (straight arrow) with deep posterior extension into
longus muscles (curved arrow).

B. Image obtained 3 months after treatment shows that
mucosal component of tumor has resolved (straight arrow)
leaving behind mild symmetric post treatment mucosal
thickening in nasopharynx. Deep component is small
residual mass (curved arrow), which is nonspecific and
could represent early scar tissue or residual cancer.
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