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unidn: Fsuayuinsifiassnaamenudfivl fannhaulalumamassugnidnubsuvaiife wasiamnlugyuouiing
Aanslinu Ingusvasa: LﬁamsamaﬂﬁﬂwaimqLﬂﬁvENawsaﬁmagufwsﬁasﬁ%TmsmwimﬂsﬁlLmuﬁfmw (TLC) nagay
ansnsEuauuaiisy Staphylococcus aureus ATCC25923 wasWmuuwdunlzlalnguifdiunauyneasada
ayulng 38msinwn: ssadassuwiunanayuing 4 via Ap nasuafinn LiplinseWen1n HaNzAAANY LAz
ADYG uiiadRday 95% Lamuaa wanhlUamaendnueinaaise TLC Tasliipaaiadoud Toluene : Ethyl acetate :
Methanol : Formic acid : Acetic acid (15:15:1: 4 :1) LLaxﬂmaBUﬂﬂgﬂﬂiﬁ’luLi}DLLUﬂﬁL%EJ@]"JEJ%% Inhibition zone,
MIC uaz MBC wanis@am: asasiatendnsalmeiafidny TLC wuiiansadaduaufi hR, wihdy 55 asedy hR, 199
Gallic acid Saiiumanaspuisuuifisy masneaaugnidnuiouuafisy S. aureus wudh fanunatewas Inhibition
zone WAY 7.74+0.20 fafuns laadian MIC waz MBC witdu 12.5 waz 25 fadnsusindadansmiuansy asanm
WanngasuruARfigaanmsUssiiiugaausEinewoi gasiafigausznaudelalamu 1.25 A5 gasivaa 10 sk
waznaAsainLdu 2 whwssen MBC Tdusuuzifnaiauiifviyousuld unagy: asariasull Gallic acid Wuansadey
uanMnfiddansdulauuaiisy S. aureus eanunsathasada WWa LR iU umeasunndsaly

ArdAgy: ansafnayuing, [leow, AufAsasunnginulng, lasunlnasiAuuuRiug, ansasiubaiuafidy

Abstract

Background: Herbal remedies with abscess-poultice properties are interesting to test for antibacterial
activity and development in an easy-to-use form. Objectives: This study aimed to determine the chemical
identity of the herbal remedy extract using Thin layer chromatography (TLC), tested for antibacterial
activity against Staphylococcus aureus ATCC25923 and developed a chitosan patch containing an herbal
extract. Methods: The remedy extract was prepared from 4 species, namely, Terminalia bellirica (Gaertn.)
Roxb., Strychnos lucida R. Br., Sapindus rarak DC and Gloriosa superba Linn. All crude drugs were extracted
with 95% ethanol by maceration method and then examined the TLC chemical identity with the mobile
phase system; Toluene : Ethyl acetate : Methanol : Formic acid : Acetic acid (15:15:1:4:1) and evaluated
for antibacterial activity with inhibition zone, MIC, and MBC methods. Results: TLC chemical identity
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testing revealed that the extract had a band with
an hR. at 55, matching the hR. of Gallic acid standard.
The S. aureus antibacterial activity testing showed
an inhibition zone of 7.74+£0.20 millimeters, MIC
and MBC of 12.5 and 25 milligrams per milliliter,
respectively. The study developed the best patch
formula based on the evaluation of its properties.
The best formula consists of 1.25 grams of chitosan,
10 grams of sorbitol, and the extract is mixed twice
the MBC value, resulting in a patch with acceptable
properties. Conclusions: Gallic acid is the principal
compound in the remedy extract, which has antibacterial
properties against S. aureus. The extract can be
utilized to develop patches for further medical use.

Keywords: Herbal extract, Chitosan, Traditional
Thai scriptures, Thin-layer chromatography,

Antibacterial activity
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3. mswmaanqwémsﬁﬁmﬁvﬂLwﬂﬁﬁy
Staphylococcus aureus ATCC25923 ya481581a
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NANAIANA AsIedauLazTUAinNaNaaay ¥inldny
msesupulaunauamsiisuiafinuiuiusiig
\ueanudiniudgefisnnsadisuvaiifonaaay

5. msnasaumIAANUiniugauDaIsaART
anansaghibld (Minimal Bactericidal Concentration;
MBC) Ta&35 Agar dilution method

frulasn1uisune CLSI M7-A9 (2006)2 lna@niann
mummsmaauﬁm’mfgiwumfa‘w%a&mmLﬁyamaau
mziummsmaauu‘%Lam‘*?‘imiwfaiwumsw%zyummu
91¥seananI@ae Cork borer fidhunsaidsauds uaz
NEUDIMITAHINANUNHLUSHETA (WA uuINAgWTN 0.45
Tuesou fikumssnidafeegunanusmsnassudifionms
TSA ehumseinde Usunes 20 fa88as Uuwizaue1ms
naaUTigamgll 3542 perizalfya (e 18-24 il
WorsuszuznafIrue AsI9HANISIINLATIAE LD
Hadenanuuausmsidsadonaaauiduanuidutii
ifigaiisunsosiniouueiisonaany

6. nMsiaspuHRLlzlalnsIugasAuLUY

fhnelalaziusuia 30 mesh wvnsneasalasld
Thustnuasnalalaenu 1,125,150, 1.75 waz 2 AsU azany
T4 1% nsaazdfn (Acetic acid) waz 1% AsALaARA
(Lactic acid) thluihulaglfaspenuansazaiy (Magnetic
stirrer) aulalnsuiildiduasazansla naaaua pH gy
pH-indicator strips tazUsuen pH g Triethanolamine
s {Uvinnnsnaassnaniuyasinea (Sorbitol) 1A
wansazanefildasli petri dish shddaufigagdl 50
peAnzadua Wunan 48 FaTue anadusialufuly
desiccator 1uan 24 thlusaulalaguuiuwasinm

'
o

FAUNTAYUDAUBINAUALR & nAN AUyl Ay

AauprilaNuLlz Iiangashagelugmsduuy

uaznaspuAaNTRen (U

7. AsWar e RuwlelaTlaz uA fdunanyns
qsafnauulng

ﬁwmiazmafﬂ‘[mmugjmﬁﬁﬁaﬁ NEUAUESEARAAISY

Adanuiniuu 2 whoasanuiuiuigauaeasanie

fanansagindaldusunns 1 Tasans wansazanufildacly
petri dish nagauA1 pH ¢ae pH-indicator strips 11t
§oufigaungdl 50 pemialdoa a1t luifuly
desiccator {unan 24 falusaulalaguuie naaey
ANWAULNINNLATN TAYFAMANIUZNYUDAUDILHLLUE
A& & Py aunilyn anuasEus D LH LY
wasAnwinisdafauasunuulzlnlagnlasldsiuau 5
wiss wizliduluuesininasiussgild udnihdanes
Wiulaslfia3as (Magnetic stirrer) Sunafiunule
\neagaungeaannninings

wan1sAnuI (Results)

MsafnssuAlatisnwasiundadinmaLiu (gﬂﬁ 2)
USuauupsansana Anduspyaz 7.74 (% yield) n15e1579
naNaNLATYRIESaIREIS AL AT RLLULAILS
(Thin layer chromatography) Tasld SganaLadoui
Fesenaudag Toluene : Ethyl acetate : Methanol :
Formic acid : Acetic acid 8057691 15:15:1:4:1
wdupafpmUauasnelduas UV fianupnnaa 254
Way 365 uﬂummsm%wLﬁsuﬁumsmmsgm (gﬂ‘?i 3)
Wudransafaduaud hR, YNy 55 Femsary hR, 199
Gallic acid

HAAISNARDUENEANSHEawuaTiSY S. aureus
ATCC25923 wWiyuiguAuy Ampicillin @235 Agar
well diffusion wunisasrelzladuisuuniise vag
asafefidiannuiuii 100 Sadasusafiadans (Usu1ng
20 fadnsusionay) lasdanundwsudurigudnais
voslelawhAu 7.74+0.20 faums (i 1 u,azgﬂ“?i 40
wumsaslzuladudouueiiduuas Ampicillin fanu
uii 5 Tadnsisaliadans (Usnas 100 insnsusiongy)
Tasfianunisaduigudnatsasiaularidy 42.29
fiadng uazlinumsasslsulalunguaiuuiieans
(mswﬁ 1 LLazgﬁJﬁ 4C, 4B e 4D auaay)

namsNAEDUMAIANITNTuAgafianunsasus
o (MIC) LLafzmi%@aaummmmLﬁmﬁuﬁwq@wﬁ'mmm
giufin (MBC) TngAs Agar dilution method wuidinng
wiuandouuafiisy S. aureus UuMITNATDL TSA
fifianudiuinuesdiegeansadia 6.25 Gagnsusafiadans
(B1157971 2) Lwifaiwumsw%agilmﬁaLmﬂﬁﬁﬁ S. aureus
VUDMISNAFDY TSA fiflanuduiiuupsdingreansada
125 fiadnsusafiadans (M15197 2 waznIwd 5A) waz
WUﬂﬂiLQ%EUyUE]\?L%E)LL‘]JﬂﬁL%EJ S. aureus UUDIMISYIAFDL
TSA fievnupads dunguatuau (P15797 2 wazAwd 5B)
maﬂﬁmaaumﬁhmmLﬁmﬁu(ﬁwqmﬁmmsam‘ﬂLf?@ (MBC)
WUNHNTIA5EULDULLATISY S. aureus VN UDMTNAFDL
TSA fifidapg1eansafaanuiuiy 12.5 Gadnsusa

J Chulabhorn Royal Acad. 2024; 6(3): 129-139

132



fiadAnsuniuusuia luasufiiuaseniodeagu
91181115 TSA (M1519%1 2 wazaIwdi 6A) wellaiwunns
\wSayuadpLUATiSY S. aureus VLB MTNATDY TSA
ffigangemsadnanudiuiu 25 fadnsudofiadans
(@1579% 2 uaz A 6B) Fetuasatad1suTial MIC
ez MBC WAy 12.5 waz 25 fadnsieniiadasnsauaay

HAMIWRNNLEUUUz AR U AT LTI AA
20 ges (15197 3) Tagshaalalasuazarslunsapzdain
LAazASALLAARN NaNAUBsDNaa (Sorbitol) Tudasiu
A9 ﬁwfﬂa‘uLLauﬁUHTuTa@@mmi’?u (Desiccator)
wuPMTWRI RNz A lATA g NG ATRULLLNAGAS
A linauasafaliunuulala Wauduulzdany
siane Biindunse gasiisfigadagass 5 Jeamsuy
Nnnlalazu 125 N5 fazatwaglu 1% nsnovdinuas
1% Asaaadin 1u1dsuna 5 Asu nandueestnea 10
nsu ldilpudnuyzfianumitnausuaziinnudangud
laiudaLAnly (gﬂ‘ﬁ 7) Wanauasafadisufiauuii
50 ﬁaéﬂé"miaﬁaéémﬁugjmﬁmmugmﬁ 5 Wunuule
Fienageuls Wondunlefianuadiaus wasianu
Sangua Lifindunsa (gﬂﬁ 8) NANITANWIANWELETIIG
mym‘wmﬁLL&JuLLﬂszﬂT@muajmﬁuLmuLLazLLr;JuLmzﬁﬂ
HIUNFNDIENTAAAFITY WuTaneds 00 uasiinidn
wizlalagugasduiuuiianriidy 0.092+0.020 Asy
Farippndnuinuwlzlalne s unauynsEsafn sy
faA1vinAy 0.122+0.020 AsH ANTNAFDUNAIANTTARA
vpeisanegs wuhsuwglalamuiifidmnauuasans
aia Zuarlunsdadiniasadtunundzlalagiugns
Fudnsy defidnwindy 16 w1 waz 2 $2lus mug1sy
(mswﬁ 5)

2AUs1ema (Discussion)
Tums@nwinisasraandnyelnivaiuaeasane
ApdslasininasAuuuRiuie (TLC) d3dalddaudas
pmalalpuiinnnuisuraunihs AldFnmnasiiasei
\Fan A WDaLA3DeENAISTATIN TNAIT LUD AN
vpeiAsen pdau 30 pia Tauidanliignaiadaui
ypsauniny @ Toluene : Ethyl acetate : Methanol :
Formic acid usiifiaennasazansfiusniavuasasada
l6lsidnieu fisuFafiu Acetic acid Winl#nsusnansafia
T&Faanuiu [§Tgnandauiifmansau & Toluene :
Ethyl acetate : Methanol : Formic acid : Acetic acid
a91dI1 15:15:1: 4 1 1 Usinguauuaziian hR aseiy
d1501m9374 Gallic acid uaﬂmﬂﬁ"tus‘mwmmgmm
ayulwsing asdnvinlasunnas il uuufau1ewes
nasuaiinn Tasliigaialadaud Aa Toluene : Ethyl
acetate : Anhydrous formic acid 8a51d811 10: 9 : 2

WiguAnuAua1sNIAsgIu Gallic acid Usinguauilay
fidn hR i 47-50 deiuluansadassuiiians Gallic
acid Wuperdsznay i’fﬁ@azﬂi?uﬂémﬂuaﬁﬂ (Phenolic
compound) ﬁﬁawﬁ'ﬁ’ugﬂmiw%@Lﬁuimauw@ﬁﬁg
S. aureus’® MANNITeAaURIdvinsEAEIgNEAS
Susaiin S. aureus ATCC 9144 @933 Disc diffusion
WUIIESEAANILAZA1 SRR LUV UDALDINATU DR LAAT
Aanuduiiu 4 fiadnsy dannunirepsusansiuss
(Inhibition zone) Ay 28 waz 30 TafLUaT AIUEIAY
wazasAnwdranuLiniudgafisunsasududald
#ni35 Broth dilution Wuhasafainuasansafnwmuna
upenagUBR LN AE1saTuS Wl pld A aanduiy 300
waz 250 lulasnsusiafiadnsy muaue delunuises
A5aAaE1sui A1 MIC way MBC wvinAu 12.5 tag 25
fadnsusafiadans euaey waaslAiAuIENITagus
o S. aureus &wufi

ASWRIINAS LR LUl Tag g ATANLULNAGAS
Asialuilaansainesusuam 20 gas Usznaudiplalagy
wazeasinea aza1ely 1% nsaazdfnuas 1% nsaLanin
ofnmdnvaisnpuanuasiSudils § ndu Aanuwmiiyg
anuaEu Y LA wudngmil,wiuw:ﬁﬁﬁq@
fn gasfimsuuannlalazin 1.25 asu fiavasaylu 1%
ATADEIRALLAY 1% ATaLaAdin 1uUTuIa 5 ATl NENAY
#950Mpa 10 AsH dnwauzupuwHNuULERT U1 Banguf
dnuduuziianuasiiaus bifindunse Fudangasi
W WLzl Tagufinauasadasisuaifaiu
Juiu 50 fiadnsusafiadans Faiu 2 winuasdiany
Lﬁmﬁuﬁwﬁqmﬁmmmﬂh o S. aureus I& (MBC) sanndns
funuisurnuntn” [dFnwnanissusaipuuaiisusigy
wHLLUEAESUEIM AT Fennuduiuusansade
AlRAdN 2 whupee MBC ANSNARBLYINANYATWLDY
wiinnzlalamgasiuuuniazsuuelalnfifidunan
ypeasafndsulnAsUsyuIfiuAedy () wazaiu
L‘i‘jmwummfa‘gm (S.D) ppwhMiTn LR LT 2 ga5 fen
aefudniioy wiflathlunageunisBafinuaeiuLyy
wudwiunlglalnsufinguansainsisy Sanedunis
Pafinipyas An 16 W¥ A19aNFATANLUDYDILKLLLY
lalneuiiliandsnsdafnogf 2 §2Tue azifiuldsn
Lﬁamaumiaﬁﬂiuq(ﬂsﬁmmummaiﬁmmﬁ@mjuum
wrnwzanas fanuuianndu
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unasy (Conclusion)
NASBEYhAsFRmIA SRR LU laTn il
AIUNFNYDIATAAAFYNINT YTenDUAIY HAFUDALAN
dlalinseenna nauzmBaNy wazmdnpis afndy
95% avNupa sigidnswyana (Maceration) shansana
AlalUnaenanvemaeiideislasin AN ALUURILI
Tagipudisuduansuinsgiu Gallic acid wudn den
hR ¥Auf 55 uazmaasuansnsdwdauuadisy
Staphylococcus aureus ATCC25923 ¢ng35 Agar well
diffusion taz Agar dilution method wuindianunadne
voudurgudnatsuaslnlaviiiy 7.74+0.20 fafiuns
wazdiA1 MIC wag MBC 1Ay 12.5 wag 25 dadnsy
fnfaddans muddu nsedpuuinulslalaugns
funuulaynswanlalaudusasinaafifinanudiuiu
FN9AY LﬁaﬁﬂmgmsﬁuLmuﬁﬁq@mﬂmiﬁsuﬁu@mamﬁﬁ
y9n8N [EuA & nAY AnuadLEup e D L
ﬂ'uaﬁ'ﬂLLafzmuLﬁmLuummgmumﬁmﬁﬂ LazA15ge
izpRLlzlalasu wudwgmﬁﬁﬁqmﬁﬂﬂi:ﬂau
dralalagnu 1.25 nsu #a50110a 10 AU NENE1SEAA

@ o

FAsundanuiuiude 2 winuaean MBC azld wauuiy
288U 180U Ta Wawkuwdeiianuadiaus wasd
Anudanyud ifnaunse Jaunugiansaie lUwmuwn

el ine1n Wt Tumensuwngaa (U
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sUa1Laza1519 (Figures and Tables)

) = o ; - T
ULAIRAY (S apindus rarak DC) NBIAN (Gloriosa superba Linn.)

sUN 1 Snwoszdnfilivasayulnsludsy

@

51N 2 Anwalzusansana

hRf hRf hRf
0w 100 | 100
75 | 75 4 75
50 J 50 J. 50
25 | a 25 -' 25
X 04 1

“‘h gl g

(A) LAITTINYIRA (B) UV 254 nm (C) UV 365 nm

519 3 Tasunnunsuuasansanasuisuduansunasgu Gallic acid

gﬂﬁ 4 UsAMSTUL (Inhibition zone) upsLiin S. aureus
(A) @198AR65Y, (B) 95% Lan1usa, (C) Ampicillin wag (D) DI water
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(A) (B)

5U% 5 anudutiumgaianunsadudaida (MIC)
(A) d158AR615U ez (B) 95% Lan1upa

gﬂﬁ 6 Anuiuiuegafisnansaiiiis (MBC) vuwuiususfinluany
(A) d15ainEsuAnULTuNTY 12.5 Tafnsu/Iadang
(B) ansafi@EsuAiANULTuTuL 25 Hadnsu/iadans

sUN 8 dnvauzupsuruLsAnaNasaAnaYUINS
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15199 1 nanisgudallipuuaiisy S. aureus ATCC25923 1avasaia 235 Agar well diffusion

ADENNAFDY dnaﬁyu"?nmﬁti’;agﬂﬁ'uﬁ'\a +SD (mm)
GRECRIIBEINANE 774+ 0.20 mm
Ampicillin (Positive control) 42.29 mm
95% an1uaa (Negative control) {3i1fim Clear zone
DI water (Negative control) {3i1f@ Clear zone

AuELe): AnNATwasuinusTuduaaaiuainiy £ Aeainiadsuy

015199 2 nsLaseyupainuuaiitsy S. aureus ATCC25923 Tupmisnaaay TSA Afidane19a1sain

ASWUANSLRSY UL EDAUNTINAFDY

]
o

ANANULTUTRUDIFTTAATUN (WS . g . o
. YUDI%I5 TSA URiNDIMS TSA fifidradnsnduiug

fiadnsu/fadans o o .
( / ) ARLADAMANANAFDUKIAT MIC

6.25 G NT
12.5 NG G

25 NG NG
AGNAILAN A G NT
ARNAILAN B G NT

wpwa: G nunpfs wumsiesaauianeasulusmsnagsy
NG nanpfs liwunsiasaysauianaasulusmsnasoy
NT wanpie vihmsneaey
ARUAIUAN A nupEe 9upIvnsiasula TSA fl 95% Lonupa
AANAIVAN B Hunptis NuMsIALLED TSA Usines 20 Tadhns

A1519% 3 gasiuulzialnguduluy

gasfl  Usnauwaslalasuiiaiuaglu 1% nsaasd USuauansazany USuau
fnwaz 1% asawanin (A5u) lalneuiilifessy (n5y) wasinea (ASH)
1 1.00 5.00 10.00
2 100 5.00 20.00
3 1.00 10.00 10.00
4 1.00 10.00 20.00
5 125 5.00 10.00
6 125 5.00 20.00
7 125 10.00 10.00
8 125 10.00 20.00
9 150 5.00 10.00
10 150 5.00 20.00
1 150 10.00 10.00
12 150 10.00 20.00
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gash  YSueuaslalasunansaglu 1% nsaasd USuaansazany SIEHTREY

AnLaz 1% Asaanén (A5Y) lalazufilisessy (nSu) wasdnaa (A5H)
13 175 5.00 10.00
14 175 5.00 20.00
15 175 10.00 10.00
16 175 10.00 20.00
17 2.00 5.00 10.00
18 2.00 5.00 20.00
19 2.00 10.00 10.00
20 2.00 10.00 20.00

A1519% 4 anwaEINM e WIBILHLLUATAgNgRTALILLY

gmsi 8 nau AMULHIY? AMuFILALD
Lasn1saneu yoeLfiausiuuly

1-4 1G] lifindunse 119, LWy fanuaaus
5-8 Ta lifindunse U194, Banguf fianuasians
9-12 e Lifindunse AU, BANE/U fanuasaus
13-16 1G] lifindunse i, 1e fanuasaus
17-20 G} lifndunse i, 1se fanuasaus

A15199 5 WivuifisuaaandRsspznalunisiafiasernitauinidlnlaougasduuuuiazgns
NHUETENR

gns ARl S.D. narlunsiatia
(& voesinmsln)
gRAseuLUY 0.092 Asy 0.02 2 2l
FATHAUFITANA 0.122 A3y 0.02 16 Wl
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UNAnLD

msnanzRusalUsANdIsULNRIwad epidermal growth factor receptor (EGFR) fununnsndsylumsiasayifivle
RLFIY LazAN50LTaALBL BRGNS AL YiA wuINAGeUsEIn ey asuzSaanin ikl wadi&n (non-small
cell lung cancer; NSCLC) Tagiawzlugihoidomfieids nsshwmdwsnyaihiisongnisuduiuudmiziazassa
EGFR wut fiuszandawmilandnnstdpnadiihiauwuuaidiu £1ngu epidermal growth factor receptor tyrosine
kinase inhibitors (EGFR-TKIs) §snanzidunissasmiadanusadinsugiae NSCLC ﬁmsaawumiﬂawﬁuéjvmﬁﬁ’u
EGFR 22119{5Anu Anulsiun1eswugnssy wazanuuana1vuassfinnsnaipwusiougadussdwaldifinnsaay
supssiagngu EGFR-TKIs fiumnsnedu Bavienuudsiumeiusnssunasadsienmelnfdedmaliiinannuuysi
sludunduwacans Lazindyeaumansunien dedamuudiusdanasiaszduen o wadiihning Lazamsnpusuneiia
n9adiin unanuiildnanienuddyusundsiugmansiunmssnmdipengy EGFR-TKIs tudisfinsianunis
nauWuSIasEu FGFR Beflupuiunasaunguiiansanmisafuanudusiusiaesmsidsiumeiusnssufumsnouauss
Ao AauFuTRMAdEWaranS Indpaaumans Jasufifinasanisnauaunisa wazmsiinonshifseasdaingn

@

AdARY: WaTWRUsAERS, B1ngu EGFR-TKI, Msmauauas, p11siRelsead

Abstract

The mutation of the epidermal growth factor receptor (EGFR) on the surface of cells plays a crucial role
in the growth, proliferation, and survival of various cancer cells. About half of non-small cell lung cancer
(NSCLC) cases, particularly among Asian patients, have this mutation. Studies have demonstrated that
treatment with targeted drugs that specifically inhibit EGFR is more effective than traditional chemotherapy.
Therefore, EGFR tyrosine kinase inhibitors (EGFR-TKIs) have become the first-line treatment for NSCLC patients
with EGFR mutations. However, genetic variability and different types of cancer cell mutations result in
varying responses to EGFR-TKIs. Furthermore, genetic variations in normal body cells affect both pharmacodynamics

and pharmacokinetics, influencing drug levels in the target cells and clinical response. This article discusses
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the importance of pharmacogenomics in treating
patients with EGFR mutations using EGFR-TKIs.
It covers the study of the relationship between
genetic variations and drug response, pharmacodynamic
and pharmacokinetic properties, factors affecting
drug response, and the occurrence of adverse drug
reactions.

Keywords: Pharmacogenomics, EGFR-TKI, Drug

response, Adverse Drug Reactions
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Tsfuuudafuwadifinaautifnssdunisviiaunes
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Foyaneuasgnisluigad liunte RAS-RAF-MEK-MAPK,
179 PI3K-PTEN-AKT, 119 JNK, waz STAT Fefinal#iin
msduaTzAasiugassungluiefsea 1Aan1sasey
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EGFR TfﬂLﬂumsé”ﬂmmmgﬂLﬁﬂuiscsmm%q WUAITAAY
WugAfinaliiAan15108 uuDalaseasedi diumis
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10-15 udithousiSelansnaniadeu uazgedivsagaz 50
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JUYNS 22 dAuelzupsmsnanyWusynady FGFR fiwuld
Upudige LA Asnatuiugusaes exon 19 (exon 19
deletion) waz exon 21 (L858R) wulAsasay 85-90
ypednBaIEMSNABRUSTNA MTUUSHUMaEnTTNT

finalApnuyasmsnsedumsvnanuualUsiuds wae
msaedeyanaiasgnslumad Fufviiasiunisagson
msiFule Lazmsitssindmauead TUsfiudsu EGFR
flAnNTNaIERUSTANNaI5ATNATATEANATILIY
Astiunaanaldaiudaiee (autophosphorylation)
TaafpedunIsTuAVaLANG Felinnsdedeyaaag
gneluadagissaiiias fasnszdumsiAvlauazais
wie RN sadfnnTuiinung Seafuayuliioad
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Tusfiussy EGFR Feldnaeiduiihmnefiddeyuas
MssamuzSann dhlUgmewamuneniaangnisuds
EGFR T upnandl m*?iaaﬂﬂwgﬂ’uﬁy’maufﬁﬁ tyrosine
kinase (EGFR-TKIs) uudu EGFR AUSZENSAINAITSAW
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PP v =
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AMEWUSUDIEN EGFR* 81ngu EGFR-TKIs F9n1stdu
MsshvIMILEBALsAENsUHLY NSCLC ﬁﬁmiﬂawﬁuﬁj
19983 EGFR A150529A15na18Wugaedunnwsung
snwFadudedndulunssunngty Woaseuns
mi%”ﬂm“?iﬁﬂs:?m%mwgqq@ WaonadoeiuTednses
YNWENSINEN MITUEAIEDANINAGANTINY AapnaudnLo
MsnaERUSARDADYN Ngu EGFR-TKIs ©
m‘sﬁmmmimLaaaummﬁﬂ‘fiaaﬂmécﬁm EGFR
I&nansidumadantnadlunsshw NSCLC fihufingaa
WUASAAWUSREN EGFR Hanuldauuazldsy
Uszlyyiannnmsshmdiseingy EGFR-TKIs nguusaly
nquil TéuA gefitinib waz erlotinib pangnadu EGFR
TanTugSULLUSaunduld Asuris ATP-binding
site UK tyrosine kinase domain m'g'u‘ﬁ 899 (A 1A
afatinib uaz dacomitinib ldgaWmunlAiyssansaiw
g9t Tawmsudsduuvulddaundufdiuniafoady
199 EGFR wasfeanunsaduavTusiudasudnly ErbB
family 11 EGFR, HER2 wag HER4 fiauddngnngu
EGFR-TKIs azfitlszAnSamnnssnwnatunsiiidugns
A15SABISUEY pgelsAAIY WUINAAAISA e YN TR
meluszeznat 1Tusn fespyaz 50-60 Munalnnmsnaty
Wiy TT90M vaedu £GFR shilugmswannsngudian
ﬁﬁngyqiaaaﬂawgﬁuﬁ’ﬁ EGFR ¢ wifinsnangwus
upsdu EGFR I&uA osimertinib Feiifiayelilugiap
WUANTARYWUS UUD TT9OM upnanauaudfinig
NFEIAUAFASYDIIT AR TIRILUDULWAATS
Susfuoulzd kinase #ilas19q MIFTUALFISD WS DY
ndulansadounduldls Jelanuuansd1ediuinay
waranssendteeudazyinlungu EGFR-TKIs saufis
wiaTumsIAnSunsASE AU Bl Iu AL 2
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AvdeyaaunsTumas (intracellular signaling pathway)
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917 9anansJudenisrinauueeulsl tyrosine
kinase uplUsfinFIsy EGFR wivaanidu 2 ngulne
IéuA naufiflaseashadu monoclonal antibody TéuA
21 cetuximab waz panitumumab FapanaNalAL NSy
AUlUsEiusasu EGFR muﬁagimﬂuaﬂmaa’ (extracellular
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LLazﬁﬂﬂémwﬁQﬁTﬂsqawaﬂu small molecule AFuAY
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ATP-binding site uazsudamsiiumgwaainalasioulysl
tyrosine kinase i’fﬁﬁﬁammj’u EGFR-TKIs Tun1sweimun
13u0sA (A 21 erlotinib waz gefitinib Tuianaupen

[Fgnasnuuuldaunsaduahaanisazasiusiosy EGFR
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NF1INTOFUAURISD EGFR Aifimsnanswusldiningsu
EGFR Un@ (wild-type) T@mawmwaéﬁﬁﬂﬁﬂmﬁﬁui
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ﬁﬁ@@im@ EGFR/HER2 family wuulaiffndy (irreversible)
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e cytochrome-P450 (CYP450) wazdiawhs substrate
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substrate 194 P-gp W&z BCRP 8naag ? dugn erlotinib
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Waz BCRP 2 §1$ugn dacomitinib galUasuiias
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wWasuwdaslauaulsd CYP3A4 TuuSunasoras 44.40
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AT (amplification) nsiRuUsuaa YSRGSy
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(secondary mutation) wuiu@ﬂwﬁfﬁ%mﬁﬂmﬁw
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Taseasneuaslusfulugiu tyrosine kinase domain
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WATAITABLANDFDYT W Jipurenyaialiu Widna
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y1ngd EGFR-TKIs fdszdnSatwdlunissnm
non-small cell lung cancer (NSCLC) Amnsrawndu
EGFR mutation aghelsfimu Usslupivaensidpnngy
EGFR-TKIs Salsifntanlungudihenguiifidu £GFR uuy
wild type Batiadeiladeiinluduafidenasanisnoy
FUDEDEN W 18 WA AN3ElEIAT TSATIM Lavan1IE
vasaull udgeiiledufivhfiAnanuuansi1eionsAoY
supssipenugUisanzspfsiladudunsuysdunis
Wugnssurieludafie wazluwaduzse Tnoasuysdu
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A1SuUsHUYDIEN
1. 81 EGFR

AsUsHuNIeNugnssuueeBu £GFR Ty somatic
fid1dy waznuAMUFIRUSAUASADUALDHREN IR LA
rs712829 (G-T substitution at -216 upstream from
the initiator codon), rs712830 (C-A substitution
at -191 upstream from the initiator codon) Lag
rs11568315 (CA simple sequence repeat in intron 1)

1.1 EGFR-216 (rs712829)

ASUUSENLDY EGFR-216 wuaguu SP1-binding site
Fadudqu transcription factor upedu EGFR G9aana
ADANILAAIDDAYDIDN WUIIASTILLE G gaunudilag
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wa T siuazsaralinsuansennun EGFR mRNA wint
fedonaz 40 2 wazdefinsAnmiinudt Sada T Juwus
fusnsinsasiivpsisafiiuts nEonsnavauneilf
(P=0.01) MsIAnELRRIHIE LazaAsTipady (P=0.004,
multivariate model) pg1efidudrdayn19aaia waziile
AAs1eA Sada T saufuliu £GFR intron 1 fifinnsghiu
199 CA §uﬁ (<16 CA) wudnfimsiRuT uueesEezIan
MsprapmseinUuadlsa (progression free survival;
PFS) (LRT P=0.0006; adjusted hazard ratio (AHR),
0.60 (95% confidence interval, 0.36-0.98)) wax
dnszeznann1ssandn (overall survival; OS) (LRT P=0.02;
AHR, 0.60 (0.36-1.00)) winifigusunisudsiuynadu
WUUBY 23

1.2 EGFR-191 (rs712830)

msfnw iy NSCLC sz IB-IV i Caucasian
175 579 L Jun15@n®w haplotype upe EGFR-216G/-191C
Taa#1ndl haplotype G-C azawuntiy EGFR*1 wun
EGFR¥1 §uwusfunisnovaunsfiauee 0S (HR=0.54;
95%Cl1=0.32, 0.91; non-EGFR*1 vs EGFR*1) wag PFS
(HR=0.65; 95%C|=0.42, 0.99; non-EGFR*1 vs EGFR*1)
pgefiduddenieada 2 duaisfineinislaiig
Uszaediin feuisefinumnuduiusuas haplotype
EGFR-216G/-191C funsiAnRufianiefidindingied
Jaddeyneadif (P=0.029) %

1.3 EGFRintron 1 CA repeats (rs11568315)

WUASE1ANYDLUE CA DY intron 1 upeBu EGFR
Fenumsdriuldsians 9 89 21 1 Taparsdrduduay
y9zduRLSAUNSTISistdD MRNA wavsedulusaiutisn 2
fluAdulugay advanced NSCLC fiwuiiasshiupas
CA §uq (< 16 CA) sanal#finsmauaunefifons OS uaz
PFS 7 wazauddplugiy szuz [11B-1V 31awdy 52 Au
fifinngdrAuues CA awe1 (> 16 CA) wudwﬂﬂwﬂgjmﬁ
QranANULEEIADASIAR RN Rt ld 20

1.4 EGFR 497G>A (rs11543848)

Asusiutifudnwes nonsynonymous tagiinns
wnuflus G dasiua A fishussis codon 497 U exon 13
linseaziludyuain arginine Wlu lysine sana
1¥A19Y19089 EGFR anas 28 Tagnnsanwvnieaadin
Wusada A fanuduiusiuszyzoa 0S Agntuen
ms@Enw g NSCLC svee -V maeiBaanuam 225 g
(Log-rank test, p=0.0072 and p=0.0038, respectively)
LLGifsiwummﬁmﬁué’lu@"ﬂmﬁiﬁm gefitinib 2 agnals
ApufinmsFnunfinuanuduiusupssada A fumsifnfiy
wiRnsierislugian NSCLC szw 1IIB-IV 3m3 Caucasian
filfenngu EGFR-TKIs %

2. Metabolizing enzymes

10§y EGFR-TKIs azgntagsuulassinumainnlas]
CYP450 {lundn 78531416 Gegnilutasiaanlnddines
fimsuysiumeiugnssulasfinudaifudnues single
nucleotide polymorphisms (SNPs) tiaa1ALua@lLeien
Wasnwlaely LAz NYATIUUANNWUETAIAUTATTY
(genotype) lavlfn1sdangu haplotype (Ju star
genotype (* genotype) sun1svitnupsaulziazgn
suunduanvede predicted phenotype lagnisvinaeu
ypueulfiUnRaziBundn extensive metabolizers (EM)
Feazuaudiulng madnstinuoseulsifieiy
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2zgAL5uAI Intermediate metabolizers (IM) %

2.1 1oulzsi CYP1A1/CYP1A2

wulzsl CYPIAL uanliwdnfivihmih s uudas
21na1 EGFR-TKIS™® anansAnmwudngu CYPIAIF2A
waz CYPIAT2C duwusiumsvhauvasioulyifianas @
TnemsaEns iugiay advanced NSCLC pitoBasnuam
115 A wudwjﬂmﬁ'ﬁ@u CYPIAT*2A-TT aziin1saay
AUDNEDA1SSAMTAR (TT vs CT/CC, p=0.011) uaz OS
(0.73 for TT vs CT/CC, HR=0.48; ClI95%=0.31) fimnd
CT/CC Tun15tdyn EGFR-TKI agnefiiud1Aeyneaf
TngmzdininseRsauiy EGFR intron 1 CA repeats
TauWud CYPIAITT waw Ansgniuuee CA dua Tu EGFR
intron 1 (< 16 CA) asfimsmpuauasiinnii (p = 0.002)
dawfigusu CYPIAIT/C e C/C allele wazniszndu
up9 CA fignaunnndn 16 & dau CYPIAT2C Hulsiny
ANUFNNUSAUNNSRDUANDNsIDNNSSNBRIYYT EGFR-TKI 22
FIUANUFUNUSDINITUUTHUYDIEN CYPIAI fUDIANT
T eUszaediusslafinnsdnm

dwisuoules] CYPIA2 shufins@nmndwuth CYPIAZIF
fifnaRumsyhauueenlzy saradpmsudnen erlotinib
lsziugnsnag @ fians@nwlugiay NSCLC aulng
ﬁLLamTﬁLﬁuﬁﬂmsLLﬁJsr;Tumﬁﬂu‘gﬂﬁmmsvmﬁu CYPIAZ
ApAITAUANDIA DY RN JUslATUAIT AR
#2181 osimertinib 80 mg Wgspg1aLfign Tuazasa
WU fnsiusesIn1sAa bullous dermatitis Tuihe
ffigu CYPIAZ rs762551 (C/C) aginaiistudrAsyn1eadif
(p = 0.006) LLazwudwﬂﬂayﬁﬁﬁu CYPI1A2 rs2069514
(A/A) 23 time to treatment failure (TTF) i« 3 LApu
?fﬂa@aﬂaﬂ’mﬁﬁsﬁﬂﬁmmmﬁﬁLﬁmﬁwﬁu wild type
waz heterozygous mutant (p < 0.001) 3 weitpulzsd
CYP1A2 flaganilsni tiidusmanuiuluaufiguyns o
AT 93y Tg Y3 iinaTUnINANSYIIaOI D aeL sl
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2.3 aulysl CYP2C9
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osimertinib Wiag NSCLC aulny wuingie@fis
CYP2C9 51057910 (C/C) dunusAusnsIn1stineinig
lsiisUszasd acneiform rash agedfiladdaynieaan

v v o

1PA9IAT rs1057910 (A/C) feFunusAunaniIssSnulag
wu TTF wag PFS anasagedvuddnymeadaiiefisy
AU wild type (C/C) (14 @auAy 23 1ApY ey 24 LHDu
AU 42 LEDU MINEa16Y) 34

2.4 19ulsi CYP2D6

woulzsl CYP2D6 gautasiaanandu CYPZD6 B4
fivadsuiitelnajTayezaguu chromosome @i 22
92Uy pseudo genes CYP2D8 wasdu CYP2D7 oy
WU18u CYP2D6 fianundsiuiinarnnatsuy ey
star genotype f&nweue star genotype ARLABLEY *5
Fwumsmamaeluasdy CYP2D6 fafusenal#lafians
Yoo leiiey wasfwunMsiuuUsLUDLRLS LI
g (duplication) d1nsumsulanaanuezlsing nis
A5¥ieu (Predicted phenotype) uaataulzsi CYP2D6
Afuuamenmsidanalagfnaunasinaziuy Ingaziiy
A5INAZLNNDDY 2 BaRaNTINAUKIALAWNAD O azua
tJu PM mafid1agsendne 0 — 1.25 azuaidu IM vinn
98521319 1.25-2.25 azudaiu EM viiaunndi 2.25

azutardn UM 2940 finaipauisefivssfivanudunus
199A15LARDIANS Ll eUszaeRa1nyn gefitinib LWy Ay
nioRwdaduluAuAl CYP2D6 predicted phenotype
duupufidamsyianianas fouiseluaudgudinui
Aufifinnsviauupwaulesd CYP2D6 wul EM was IM
Q:ﬂizﬁumﬁaaﬂawgzulﬁaqu WA WAL TUAUS
Aumsiinenmsifiasaed “ uatdnnuiduluemudis
Awurraufifidu CYP2D6 *10/¥10 9zfiautuese
msiiaRuIatunstion gefitinib 2 dendrafusnnis
FAnw gty NSCLC s1aeftiuduiu 60 Mefinunisiia
Awsaduageguuselufiiufifinisviiauune CYP2D6
Wuwoy PM anandnngudilily PM agnsfisfudrdams
86 CYP2D6 PM vs. non-PM: 80.0% vs. 27.3%, P =
0.0364) “3 fi3nu3sufinansdeszduen gefitinib Tu
Lﬁamﬁqﬂuﬂuﬁﬁ CYP2D6 predicted phenotype 111
WU EM flaufiausuluauiiidunuy PM % wueuisy
Tugiay NSCLC m1aoify 2 nidsufidszifiunaasdy
CYP2D6 *5 Waz *10 Aunisiiaiwany gefitinib sl
Usrnganlinuanus1seg1efisdydidenisaaflunig
A1 i AnRanile nionsiAnRius oy 4546
ﬁqiuﬂaagﬁugqfaiﬁﬂm%5’8‘*71"1J5uﬁu§ﬂmimauaumﬁﬁ
n9pAfinuassnguilfumsudsiunasiu CYP2D6

2.519uln3l CYP3A4/CYP3A5

wilsl CYP3A4 tHuBndafivimiAwasuulasen
Adx EGFR-TKIs Sensuusiupnsiin CYP3A4 Huuans
fansvieusevenlgdiuand1edu AsFnwandy
WUSANEATIDY CYP3A4 AUNTADUAUDIFDAITIABY
Aapengu EGFR-TKIs Sulvina lifnau Juizensfnu
AULNFYaUAEASUDIYN erlotinib TuauLAIREADANS
WUSANDEN CYP3A4 Laf [HNUAMULANGI9UDIAN
Usinaenvianuaiignaaduiiinssuaiden (Area under
the time-concentration curve; AUC) wazAnuLiutu
129gegaludnn (Cmax) anmsuwdsiuuasiy CYP3A4
WA AZIUY 47 dIUANTAABINIAT YR UTANGATID I
gefitinib, osimertinib waz mobocertinib Wfu CYP344
ﬁf’uﬁﬂﬁaﬁ’ﬁ@azj g 1 A1sAAIUDNIYI osimertinib
Tuf1)9s NSCLC aulny wuingiufifidu CyP344
rs28371759 (A/G) duwusAun1sLia QTc prolongation
ageiidadAsynIeafia 3

dmsutonlpsl CYP3AS siufiifine CYP3AS*3 ity
fifimsAnwmedundsiugenansiuen gefitinib ans
AnwTugiag NSCLC szuz I11B-1V p1ataduduam 31 51y
linuanuduRuSTuASMaLaLRSspEniTeAsIAnBIANS
TRUSEaA wasnSADURLDITIRNINARTN *° win1sEnW
Tudtlag NSCLC 319551ud1m9m 60 518 Suwunsiia
RwdpFvagreguussluiinffinisyinanuuns CYP3AS
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o

WUy PM mmd’mgjmﬁfaﬂﬂ PM agiafidasaaynieadis (CYP3A5 PM vs. non-PM: 48.4% vs. 13.8%, P = 0.0069) “?

3. Drug transporters

1usfinsiras P-gp waz BCRP aglunguuas ATP-binding cassette (ABC) transporters Lazgalashasnaindu
ABCBI waz ABCG2 gua@u “8 P-gp ez BCRP wuLNATIRIRE @zl sy B e uauD (blood brain barrier)
Wiadlasfunsunsiuuasansudantaaurufia o lUlunssuadon wazssUUUsEamAINARI MUEFU “© AU
199 ABCBI Waz ABCG2 WUMTANUFUNUSAVAITUEAIDDAUDY P-gp tlaz BCRP auaiduninnsiilanuuns ABCBI
ez ABCG2 vnl¥insuaneennuas P-gp tag BCRP WuannTu 1avhIfsenasefilsyansnavnsenfianunsaduiy P-gp
waz BCRP I& fidnanas wu gefitinib, erlotinib, afatinib waz osimertinib Wissannszduslunszuaidananas © ums
ASUAUFIAMSLEAIDDADDY P-gp waz BCRP anasazyhldfaussdnanaaseniiuiy wazviianudufivuaeyiiy
Tudzuiy o

3.1 Tuséu P-gp/ABCB1

Endo-Tsukude wazaguzlsin Lauaﬂszlﬁumﬂﬁmﬁuﬁmaﬁuiuﬂuzﬁﬂuﬁﬁﬁu ABCBI1236C > T usi [lwuaauuensng
pehefisfusdaymeadia 2 § 1 msdawluging stage II1-V NSCLC yatefuduiu 50 swfisawndanen erlotinib wy
ANUFURUSIDY haplotype ABCBI rsl045642-TT: rs2032582-TT; rs1128503-TT Aiduwusiuszduy1 EGFR-TKI T
Lﬁa@ﬁl,ﬁmgﬁﬁu FadurusAunsiuanuduelunsiiafizeinyn wedidinsUsadindunsaaaunsiianeaifinduy
asusdnln haplotype § &

3.2 TUsfu BCRP/ABCG2

ANsANMILDY Fukudo LLammzwudmuajﬂuﬁﬁ@u ABCG2 421C > A fiszdfuen erlotinib Tufaafiifududuriugiu
MsiRNTuYeIDIASTIDEY = FapadpefuAsAnwuesen osimertinib Mgty NSCLC aulnefiwuin A/A Fuiusiu
Saasinemsiandsiie (myalgia) pehsdisiyddeymeain * aghelsinunsinwuas Akasaka LazAelEfiFnY
Tuaudiundulinuanuidslumsifavisadefidiniulugiefifidu ABCG2 421C > A 5 usifimsAnunlugiiay NSCLC
sz IV 3 $1uu 83 ufisnwidasen gefitinib wdawuindu ABCG2 G-A, rs2231137 $ada A Aiflandunus
fumsiAnenmslaifeUseasdiuinm 5 daumsanwniuaumesimuhnonsypafuSuRusuiu ABCG2 rs2622604 (T/T) 3

fimsAnwAuansliifindeanud dauasiu ABCBI uaz ABCG2 Aumsunsnszasuaeuziieluauns densinm
Tugilay NSCLC #ldn osimertinib Wafnszssiufiuunsdlulni ABCBI 3435 CC waz/v3a ABCG2 34 GA/AA wui
fimsiAnnsLnsnsEuupsNzisalUTeauasiagnatn CNS disease-free survival (CNS-DFS) Feipgndiifiaifisudiu
Sluni ABCBI 3435 CT/TT waz ABCG2 34 GG aghsiipadeyvneadia (hazard ratio 0.28; 95% Cl 0.11-0.73; p = 0.009)
UDAMARSINUINTATNTRARBUULIUUTIBIBN osimertinib 1iad11uAaIm Common Terminology Criteria for
Adverse Events (CTCAE) fifasfigenintuiihedifidlulng ABCG2 421CA/AA Winudungudiliiinmsusiumeiugnssy
ypedusl (27.0% versus 16.5%: p = 0.010) Tfﬂmﬂﬁ@ﬂwﬁ?mmﬁmma@iamia@ﬂm@m nuAYT wazsiishuealy
Tsewenunaiinennonislifedsead 5

U551 P-gp waz BCRP fifiansvineu WaZAISLERIDBAMRNT LT N usTrIEanduaue D19vin IR A1SnE
EGFR-TKIs szuuiszamaiunaisanas msanulunasanaassuas n1sanwdosdunieadfinuasyn gefitinib,
erlotinib, Llaz osimertinib 91557 LLamTﬁLﬁu’jwQﬂfmﬁﬁmﬂﬁuﬁuﬂm P-gp waz BCRP asifivfuneugnuutinssuudsyan
FIuna19ana FeazdenanafiinfifinsunsasznsupnsalUsauasinsnauaundfiugas Tumenduduns
anaw9 P-gp Laz BCRP lumenguiudihesiuanuiuivsasyulssamaiunans
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A5 1 UITHUTAIANUFUNUSIDIAFBRUSAFASAUNANISAABIAINYTTENS AN UazANUUADAADYDY

g1ngu EGFR-TKIs

fu wagaslsiu Uszanefl YUIA prfidn® NANISAABIATH WNansAABIAIN  §39B
fnwn QGED UsednSan ANUYanAsY
A99819
EGFR -216 ansgalsnn 92 Au Gefitinib  $afa T duwusiuses  AsiAnRuud Liu G et
rsr12829 msaafivaslsafiiiuty HAa#ile iagpnnns al, 2008
N3DATADUAUDTIA YID9LHe
Sada T saudu astndu
199 CA guﬁ] (<16 CA) nu
Ffiansinduune PFS a
seeean OS
1 blayk 175 a1 Gefitinib *1 FURUSAVAITADUFUDY Gregorc
(-216G/-191C) iR OS waz PFS Vetal,
2008
gl 109 A1 Erlotinib GC duwusAuns  Parmar
Gefitinib VAARBURRIHT Setal,
Cetuximab el 2013
Panitumumab
497G>A $IEH T 109 au  Erlotinib Daaa A FUWUS Parmar
(rs11543848) Gefitinib AumsiAefiuud Setal,
Cetuximab Aansiafish 2013
Panitumumab
intron 1 [ 52 Au Gefitinib AsEnfuues CA  Huang
CA repeats fug1d (> 16 C-Let
(rs11568315) QA) a@EQWjJL?mj al, 2009
ADATIAA LN
AR
Fu 84 Al Gefitinib AsgnupDs CA dus Ma F et
(< 16 CA) dswalsffinng al, 2009
AUAUDSTiRYDY OS wax
PFS
CY- *2A Fu 115 A Gefitinib Qﬂ’mﬁﬁ CYPIAT*2A-TT Nie Q et
P1Al Erlotinib 9:1N19MDUAUDIADAT al, 2011
$Awfid waz OS Afnd
CT/CC
uazifiodiaszrsaufung
F1fuue CA §u61
(< 16 CA) 223in15¢12U
aupsfidniniafisudy
CYPIAIT/C %39 C/C
allele wag intron 1 CA
repeats > 16 CA
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B3 wazasusiu Yseinedl  wwe wndidam NANSANBIAIY NANISAAMIAIN {39y
fAnwn QbET Yszansaiw AUlanAAe
AD819
CY- rs762551 Ing 63 A Osimertinib Wusms1IA5AA bul- Majam
P1A2 lous dermatitis Tugf T et
Phunagu C/C .nAms  al, 2023
121 osimertinib
rs2069514 [y 63 au  Osimertinib TTF anaslugiedd
g CYP1A2 rs2069514
(A/A)
CcY-  *4 e 63 Au  Osimertinib WusRsIANS5LAR Majam T
P2A6 p1msvipudsludie et al, 2023
7ldwn osimertinib
rs28399433 ng 63 Au  Osimertinib & PFS anaslugtgngu
C/C \fiaifiufiungu A/A
waz A/C
cy- "3 ng 63 Au  Osimertinib A/C dususiu TTF uay  fiwagu C/C Majam T
P2C9 (rs1057910) PFS flanaufisuiy C/C  duNUSAUBATT et al, 2023
AsLARBIAS LA
AeUseasA acnei-
form-like rash
CcY- fﬁﬂu 60 AU Gefitinib WUANSLAAREEDAYU  Sugiyama E
P2D6 areguuselufiy etal, 2015
7ATAN5YINIUYDY
CYP2D6 \fuuuy
PM 1nandnngud
il PM
*10 iy 289 Au  Gefitinib Hiengu *10/10 §  Suzumura
Erlotinib ANULENARaNT T et al,
WAefnannnsidyn 2012
gefitinib
CY-  rs28371759 Ing 63 Ax  Osimertinib Hiengu A/G Majam
P3A4 AUWUSAUANTLAR Tet
QTc prolongation al, 2023
CcY- fﬁﬂu 60 Al Gefitinib WUANSLAAREEDAY  Sugiyama E
P3A5 arheguuselufiy etal, 2015
AfY PM 3nAndnngs
Aty PM
ABCBI 1236C>T fﬁﬂ“u 50 Au Erlotinib msiAniufiannu Endo-
Tsukude C
et al, 2018
iﬁﬂ‘u 50 Au Erlotinib haplotype ABCB1 Hamada A
rs1045642-TT; et al, 2012
rs2032582-TT;
rs1128503-TT
FUNuUSAUTTAUL
erlotinib Tuidaafi
VANGDH waznSIiy
ANULFgeluSAa
WAL
3435C>T WLEDSILANA 572 AU Osimertinib  ABCB1 3435CC wag/ Veerman
#3530 ABCG2 34GA/ GDM et al,
AA§ CNS-DFS 1D 2023
Adaisuiudiulngd
ABCB1 3435CT/TT uag
ABCG2 34GG
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B3 wazasusiiu dsemean  vwe anfidnm NANISANBIAIY NANSAAMIAIN {39y

Anwn qBEY szAndan ANUlanAsY
#2989
ABCG2 421C>A 1ju 88 Au  Erlotinib fszeue erlotinib  Fukudo M
TudeafiiAiudy | etal, 2013
FUNUSAVANTLALTH
UBNDIASYIDILFY
Ing 63 A Osimertinib Fulnd A/A §u5ius Majam T
AVUDMNIINITLAADIAS etal, 2023
Uanndiuila
WLEDSILANA 572 au Osimertinib f9n51ASLARRELLUL  Veerman

suwsegeandlufiiy GDM et al,
#ifiFluind ABCG2 2023
421CA/AA Winy

AunguiildiAnnis
wUsAUNIeRUEATIY

rs2231137 iy 83 Au  Gefitinib 9a8a A duWusiy  Tamura M
msieonsluie  etal, 2012
UszasA iUl

rs2622604 Ing 63 A Osimertinib Sulnd T/T §uius Majam T
et al, 2023

AUDIANTYIDLEY

AUy uazasy

#ngu EGFR-TKIs iiusnsnwimadanusndmsugilis NSCLC insrawuasnansiusunsdnsy EGFR deannans
Taududensrinuaaauled tyrosine kinase vaelUsAuG5y EGFR 8u EGFR fiunumaddalumswannissam
uziSvUaaufiaizastdn (Non-Small Cell Lung Cancer, NSCLC) i@yLawwxasmﬁqmimswmmiﬂmaﬁub‘f%%ami
ILEANDDANIALAY (overexpression) 199 EGFR Fafu driver mutation Tu;jﬂwmﬁqﬂamﬁmﬁﬁmm' Bunsifiagy
AN981929% EGFR mutation Lﬂuﬁumauﬁwﬁ@ﬁﬁmiummwLLmumié”ﬂmLLazmﬂﬁmLawwzyﬂﬂaiﬁmmza:u 5 9IARAYe
mMsRAwIWUIIsuUsEuYeBu EGFR uvasialusiu EGFR Fuuiminsyasensnmlunguiidu Sanuduius
Foauludundonamans dengaelfifiudeunuimaisidullasunyingel (prognostic factor) NIEUATADUFUD
Adnneadin velszansnnlunisdaszuziainissondn (overall survival; 0S) szaza1A1sEzann1sAHLIUIDYSA
(progression free survival; PFS) LLazﬁmmiﬁa@iammjm EGFR-TKIs 59189 anudunusaani1siine1nsldielsyaed
AL 1 MTARRLRmT pnelsfmugalifnstiioyanamsfnwmanilumeUfiay msdmuaunasiFud
UDIA1SSAET ASUSUIIALIR DRAAIUAITTABITVNIRINUSEENEAIN wazaulanasy Lﬁaﬂﬁaﬁﬂﬂiﬂszgﬂﬁﬁiu
nUfiasediasde wu mafuiudsiisasaiusianudugon uaziiismsigunahiddiasiatunaillgas

daumsudsiuuesduly germline AddnAsduuasia CYP450 Feenlunguiiudaziaansagnildounlas
rnenlnildnasdrinianuuansislunsyneuseueulsddelinanenasnanseangnauasenfitaey saulugenis
wanamsvhauspaewlesinndusiafinnuiawaialdainmsuitngy predicted phenotype filsimanzas ﬁqﬁuﬂ@@ﬁu
Fefeldfuuamensliuuaefianunsadsumu predicted phenotype I8 Tudunsulsiuuasdufindasialusau
sdepnunuiieesdu ABCBI uwaz ABCG2 Auiasialusiiu P-gp waz BCRP deifinns@nwndi wameiamnuduwus sy
A5ARDNNNS UTNUSEaed wellfinean P-gp waz BCRP feanunsanuldluiwaduside vin P-gp waz BCRP #1911 %50
fismuiuiuazdenaliiinnsios waghlimssnmbivssaunadise duiutayamsinuumoniisesebildatioayu
UNUIMU N Sy ngmansiumsimunung n3aUsudiunaenupewngy EGFR-TKIs

unaMuidssmnudssmaunduiusemansiuaasiennuduiusuasmsuysiusasdurisludanes germline
WAz somatic ApA159NNEIBIIAGH EGFR-TKIs Tunagu viadumsmauanasii waznsiinainslifalszasd
LLazﬁmimmwﬁasﬂamsﬁﬁymﬂwmﬂLﬁyam(?mm5ﬂﬂwsﬁﬂwwﬂagﬁuiumufwy i’fﬁ"ﬁuﬁja@ﬁuu%mm%%amiﬁﬂmmq
ndyugaansunsennguilseiivisslagannzluaulng denniayarimunazfinldinsabildfimsmmuauuimajos
Tunanslifayanundsiugmansuassngy EGFR-TKIs Haluiuamenissnsianizlsansniuimiewss Clinical
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Pharmacogenetics Implementation Consortium
(CPIC®) *® pyrelsAn1un1sulsiuupedufl wiasia
CYP450 I&uA CYPIAL CYPIAZ CYP246, CYP2CY,
CYP2D6, CYP3A4 waz CYP3A5 A4l A1SYineunas
wulzslanasdanaraseiusn luiaafigau wazmsusi
18981 ABCG2 fintasialusfiuiings BCRP fidanasis
sedusnliudoniigau woivinue uaesiFukafitaau
TunsiAnenslifedseasd deldsausiuBluunanui
wituynenduiumansuysfumanivn g ansria e s
TUsEuRnTuAdanalinmsshnfifanasniu dedfunn
azsifayamani WuUsulsunsy§iaaisyiinsinm
WAL LA T DLIA BTN TR UAINA1 YO N 9T Y
Wipann1sinennisuiaUszaed waslinan1ssnwniia
wsiviiimstinsifuioyalunguendinati wasvhmsdnw
L‘i’lumjﬂuﬁ?amﬁﬁﬁmsuﬂsﬁuvmﬁuﬁiﬂmﬁmﬁu 3D
Frwawizlud o @i dasuUsiuuesduuans1eiy
Wamuuamemsusulivweenlundasdomfniuns
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Abstract

Advanced cancer is a devastating disease that can
cause various complications in different body systems.
Patients with advanced cancer require sustained
care to slow down the aggressive disease and
relieve their symptoms. While high-tech medical
interventions can provide support, they are often not
sufficient to improve outcomes, as the death rate
remains high. However, telemedicine has emerged
as a promising solution to provide comprehensive
and continuous care to these patients. By leveraging
internet networks via digital technology, telemedicine
enables patients to consult with specialists and
multidisciplinary teams directly, covering all aspects
of their care at the real-time fashion. Moreover,
telemedicine can reduce unplanned hospital visits
and readmission rates, alleviate overcrowding in
hospitals, and save time and money while improving
patient and caregiver satisfaction. Nonetheless,
amidst the widespread adoption of telemedicine
in clinical practice, all healthcare personnel must
be aware of and adhere strictly to societal values,
ethics, and professional etiquette.

Keywords: Telemedicine, Advanced cancer
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Abstract

Nursing practice is a medical profession that maintains a close relationship with patients, often more
so than other healthcare professions. In Thailand, which is emerging as a medical hub in Asia, nurses must
possess skills, knowledge, and an understanding of English at an international level to optimize patient care
for a diverse, global patient population.

However, due to Thailand’s historical independence from Western colonization, the emphasis on foreign
language acquisition has been limited. Although English language courses with native speakers are available,
their high cost restricts access and learning achievement, particularly for nurses in remote rural areas who
often lack the opportunity and confidence to practice and improve their English communication skills.

Recognizing the ongoing challenges in English proficiency, this article explores advancements in teaching
methodologies through digital technology innovations, such as computer-assisted instruction, online
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educational resources, and research databases.
These tools not only reduce time and travel expenses
while supporting social distancing measures but
also empower nurses to engage in self-directed
learning, consistently review lessons, retain knowledge,
and build confidence. Ultimately, this approach
enhances their ability to use English effectively in
a professional healthcare setting, thereby improving

the overall quality of patient care.

Keywords: Registered nurses, English potential,
Digital technology
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Abstract

Background and Purpose: Diagnosing brain metastasis is important in managing lung cancer.
We compared ®F-FDG PET/CT combined with dedicated brain PET/MRI and ®F-FDG PET/CT alone in
diagnosing brain metastasis from lung cancer and investigated the quantitative parameters affecting
the positivity of PET scans. Methods: This study included 89 patients (age: 43—88 years; 58% men) with
pathologically confirmed lung cancer who underwent whole-body ®F-FDG PET/CT and dedicated brain
PET/MRI with gadolinium contrast enhancement. Imaging data acquired between October 2020 and February
2021 were retrospectively collected, and MRI findings were used as the reference standard for diagnosing
brain metastasis. The detection of brain metastasis was compared between ®F-FDG PET/CT alone and
IBE-FDG PET/CT combined with dedicated brain PET/MRI. Quantitative parameters were analyzed to determine
factors affecting the positivity of the PET scan results. Correlations between these quantitative parameters
were also examined. Results: Per-patient and per-lesion detection of brain metastasis on PET/CT alone
versus that combined with dedicated brain PET/MRI with gadolinium contrast enhancement showed ratios
of 0.64 and 0.17, respectively. Quantitative parameters with the highest areas under the curve from receiver
operating characteristics analysis were the maximum tumor-to-background ratio and the size of the metastasis.
The optimum maximum tumor-to-background ratio cut-off, with the highest area under the curve, for PET
positivity was 1.83. The minimum and mean lesion sizes for detection on PET were 0.3 cm and 1.45 cm,
respectively. Conclusions: PET/MRI can augment the detection of brain metastasis from lung cancer
compared with PET/CT alone. High FDG background activity in the brain parenchyma may hinder the
positivity of PET results. Therefore, MRl is important for detecting brain metastasis.

Keywords: Brain metastasis, ®F-FDG, lung cancer, PET/CT, PET/MRI

Introduction

Lung cancer is a substantial cause of morbidity and mortality. In 2020, the World Health Organization
ranked lung cancer as the second most common malignancy type causing mortality worldwide!. One of
important sites of lung cancer metastasis is the brain. A study reported that 10.4% of patients with lung
cancer had brain metastasis at the time of their diagnosis? Despite asymptomatic cases and the advancement

of targeted therapies, such as tyrosine kinase inhibitors, radiotherapy treatment is still suggested in some
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patients. There has been a decreasing role for
whole-brain radiotherapy because of its potential
long-term neurocognitive effects®. Stereotactic
radiosurgery is an option for those with oligometastasis
in the brain®4% Therefore, the efficacy of imaging
is crucial for optimal surgical planning. Additionally,
thorough screening for metastasis from lung cancer
can reduce the number of unnecessary invasive
procedures without a cure, such as thoracotomy,
and their associated costs?¢,

Computed tomography (CT) of the chest and other
parts of the body is the imaging technique of choice
for diagnosing metastases. ®F-fluorodeoxyglucose
(FDG) positron emission tomography (PET) combined
with CT provides better information on lesion
metabolism and anatomy than a PET scan or CT
alone, especially in the detection of extrathoracic
metastasis®'. PET imaging also provides details
about tumor physiology, which is a unique aspect
of its nature as functional imaging. Nevertheless,
the efficacy of ®F-FDG PET/CT for detecting brain
metastasis, which is hindered by high FDG background
activity, may be lower than that of brain MR|?1:161819,
MRI is the current gold standard, but it might not
be widely available and has limitations in the
cases of patients with implanted devices and in
claustrophobic patients. Gadolinium contrast
agent used in MRI might also be contraindicated
in some patients with poor renal function owing to
nephrogenic systemic fibrosis.

In this study, we compared ¥F-FDG PET/CT
combined with dedicated brain PET/MRI and
BF-FDG PET/CT alone in the diagnosis of brain
metastasis. Additionally, we evaluated the quantitative
PET parameters that affect positivity in the visual

imaging analysis.

Methods

This retrospective study was approved by the
Human Research Ethics Committee of Chulabhorn
Research Institute (IRB no. 127/2564). We included
data from patients with pathologically confirmed
lung cancer who underwent ¥F-FDG PET/CT with
dedicated brain PET/MRI at our center between
October 2020 and February 2021. The exclusion
criteria were as follows: (1) neurological symptoms

suggestive of brain metastasis, (2) a history of any
type of cranial surgery, (3) a history of other primary
malignancies, and (4) a lack of pathological results
for primary lung cancer.

BE-FDG PET/CT and dedicated brain PET/MRI
were performed on the same day. All patients fasted
for at least 8 hours before scanning and had a serum
glucose concentration no higher than 180 mg/dL.
All "®F-FDG PET/CT whole-body procedures were
performed using a 64-slice Siemens Biograph scanner
(Siemens Healthineers GmbH, Erlangen, Germany)
60 minutes after the 8F-FDG was injected intravenously.
The dose of radiopharmaceuticals was calculated
according to the following equation: 2.59 MBgxbody
weight (kg). A three-dimensional emission scan was
performed from the vertex to the proximal thighs
with continuous bed motion over 10 minutes.
Noncontrast CT imaging was also performed from
the vertex to the proximal thighs for the correction of
attenuation and structural images. The reconstruction
parameters for attenuation correction images were
ultra-high-definition PET (point spread function and
time of flight) with two iterations and five subsets,
an image size of 440x440, all pass filters, and a
zoom factor of 1. The PET data were reconstructed
into whole-body static images.

BE-FDG PET/MRI of the brain was performed
after whole-body acquisition on a simultaneous
PET-MRI 3 Tesla scanner (Siemens Healthcare GmbH,
Erlangen, Germany) approximately 70 minutes
after an intravenous injection of 2.59 MBq/kg of
BE-FDG. Single-bed PET dynamic list-mode acquisition
was carried out simultaneously with MRI acquisition.
The DIXON high-resolution brain sequence was
used, with a voxel size of 1.3x1.3x2.0 mm, an echo
time of 1.28/2.51 ms, and a repetition time of 414 ms.
A five-compartment segmentation (air, water, lung,
adipose tissue, and bone) was used. Various MRI
sequences were applied, including sagittal T1
three-dimensional, axial diffusion-weighted imaging
with bO and b1000, axial T2-weighted fluid-attenuated
inversion recovery with fat suppression, axial
susceptibility-weighted imaging, and coronal
T2-weighted images. An axial Tl-weighted volumetric
interpolated breath-hold examination was performed

before gadolinium enhancement. Contrast-enhanced
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MRI was performed with 10-15 mL (0.2 mL/kg) of
gadolinium at an injection rate of 2 mL/s. Clinicians
did not use gadolinium contrast in patients with
a history of gadolinium hypersensitivity or impaired
renal function (glomerular filtration rate <45 mL/
minute). This procedure was followed by an axial
T-1 weighted volumetric interpolated breath-hold
examination and sagittal T1 three-dimensional imaging
with fat suppression. PET data were reconstructed
using the following parameters: point spread function
of high-definition PET with 6 iterations and 21 subsets,
matrix size=512x512, zoom=2, and an all-pass filter.
The data were interpreted using the MM oncology
workflow of the Syngovia workstation (Siemens
Healthineers).

PET imaging was interpreted by at least two
nuclear medicine physicians. CT and MRI imaging
were interpreted by diagnostic radiologists. The
experience of the interpreters ranged from 3 to
more than 10 years. Pathological confirmation of
the brain lesions was not performed for ethical
reasons.

The detection rates of PET/CT compared with
PET/MRI were calculated in per-patient and per-lesion
analyses. PET and MRI parameters, such as lesion
size, specific uptake value (SUV), metabolic tumor
volume (MTV), total lesion glycolysis (TLG), and
apparent diffusion coefficient (ADC), were calculated
automatically from the same volume of interest
(VOI) using Syngovia software. The VOI was selected
according to the anatomical images from the MRI.

The maximum tumor-to-background ratio
(TBRmax) was calculated as the maximum SUV of
the tumor VOI divided by the mean background
activity in the normal contralateral hemisphere.
The mean TBR (TBRmean) was calculated as the
mean SUV of the tumor VOI divided by the mean
background activity in the normal contralateral
hemisphere. The standardized uptake value ratio
(SUVR) was calculated as the maximum SUV of the
tumor VOI divided by the mean background activity
in the normal contralateral cerebellum. Quantitative
PET and MRI parameters calculated from the same
VOI were compared between patients who were
positive and negative for brain metastasis on PET

imaging.

A logistic regression analysis was performed to
determine the associations between the parameters
and the positivity of the PET imaging. Receiver
operating characteristics (ROC) analysis was also
carried out. The degree of correlation between
these quantitative parameters was assessed using
Spearman’s rank correlation. P values <0.05 indicated
statistical significance.

Results

Eighty-nine patients were included in the study.
The patients’ ages ranged from 43 to 88 years, with
a median age of 66 years. Fifty-two (58%) patients
were men.

The indication for scanning was initial staging
in 76 (85%) patients. Some patients underwent
scans for restaging and workup because of disease
recurrence. In the group of patients sent for initial
staging, 47% had no extrathoracic metastasis.
However, 53% of the patients had extrathoracic
metastasis. Lymph nodes were the most common
site, followed by bones and the brain. Isolated
brain metastasis accounted for 6.6% of patients
sent for initial staging. Brain MRI was used as the
reference standard for the diagnosis of brain
metastasis. The detection rate was calculated
only for PET/CT because there were no false-negative
results for brain MRI.

In the per-patient analysis, there were 14 patients
with brain metastases, all of whom showed positive
lesions on the brain MRI. However, PET/CT enabled
the detection of brain metastases in only nine (64%)
of these patients. The other five (36%) patients
showed negative results. An example of a positive
case is shown in Figure 1.
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Figure 1 Images of a 63-year-old woman with lung cancer who was sent for restaging after lobectomy and
chemotherapy in 2019. (A) Axial Tl-weighted image with gadolinium enhancement shows multiple enhancing
nodules scattered over the bilateral cerebral hemispheres. (B) and (C) Attenuation-corrected axial ®F-FDG
PET and fused axial ®F-FDG PET images of the same plane show no abnormal hypermetabolic uptake beyond
that of the normal brain parenchyma.

In the per-lesion analysis, 81 brain metastatic lesions were detected on brain MRI, of which only 14 (17.3%)
were detected on PET. The remaining 67 lesions were undetected. The quantitative PET parameters calculated
from PET/MRI images in patients who showed positive and negative results for brain metastasis on PET
imaging are shown in Table 1.

Table 1 Comparison of quantitative parameters of metastatic lesions detected on PET and those not
detected on PET.

Parameter Lesions that were positive on PET | Lesions that were negative on PET
(n=14) (n=67)
Lesion size (cm) Mean 145 0.45
Max/Min 3.6/03 14/0.16
Median 13 0.4
IQR 0.93-1.42 0.3-0.5
SUVmax Mean 15.04 1111
Max/Min 30.12/8.43 17.08/6.66
Median 14.35 10.88
IQR 10.92-16.79 8.97-12.84
SUVmean Mean 9.49 81
Max/Min 20.21/4.5 12.37/4.66
Median 9.32 8.21
IQR 6.6-10.74 6.81-8.78
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SUVpeak Mean 8.14 7.84
Max/Min 16.2/3.31 11.51/5.2
Median 816 7.84
IQR 6.97-8.69 6.59-8.78
TLG Mean 20.66 2.25
Max/Min 171.55/1.39 14.9/0.18
Median 8.16 136
IQR 4.28-13.33 0.98-2.53
MTV Mean 21 0.28
Max/Min 12.18/0.08 2.23/0.02
Median 0.87 0.1r
IQR 0.5-1.63 0.12-0.29
TBRmax Mean 267 15
Max/Min 5/1.63 3.4/1.08
Median 2.35 14
IQR 198-3.0 13-16
TBRmean Mean 267 15
Max/Min 5/1.63 3.4/1.08
Median 2.35 14
IQR 198-3.0 1.3-16
TBRmean Mean 166 11
Max/Min 3.36/1.06 2.8/0.84
Median 14 11
IQR 1.23-19 0.96-115
SUVR Mean 273 1.62
Max/Min 5.45/1.09 2.3/0.98
Median 237 164
IQR 197-3.38 1.37-1.87
Mean ADC Mean 998.35 839.48
Max/Min 1285.04/698 1088/589.5
Median 909.5 817.8
IQR 831.73-1224.5 759.5-9311

The detection rate of the per-lesion analysis was 0.17. IQR, interquartile range; SUV, standardized uptake
value; TLG, total lesion glycolysis; MTV, metabolic tumor volume; TBR, tumor-to-background ratio; SUVR,
standardized uptake value ratio; ADC, apparent diffusion coefficient.

The logistic regression and ROC analyses of quantitative parameters from the 81 detected brain metastatic
lesions that could affect the positivity of the PET component of PET/MRI are shown in Table 2. A multivariate
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logistic regression analysis could not be performed because of the inadequate number of positive lesions
(only 14 lesions). Therefore, only crude odds ratio values from the univariate analysis were reported.
Multicollinearity between the parameters was also found, which resulted in a wide range of 95% confidence
intervals.

In the ROC analysis, TBRmax and lesion size were the parameters with the highest area under the curve
(AUC) for differentiating negative and positive lesions on PET imaging. The optimum TBRmax cutoff with
the highest AUC for PET positivity was 1.83.

Table 2 Univariate logistic regression analysis and area under the ROC curve for each quantitative PET

parameter.
Parameter Univariate analysis Area under the ROC
Crude OR (95% Cl) P value curve (95% Cl)
TBRmax 69.3 (6.8-708.4) <0.001 0.96 (0.92-1.00)
Lesion size 100.7 (11.9-848.2) <0.001 0.92 (0.83-1.00)
TLG 14 (1.2-17) <0.001 0.89 (0.80-0.98)
TBRmean 299 (29-309.8) 0.004 0.87 (0.76—-0.97)
MTV 10.7 (2.5-45.9) 0.001 0.83 (0.69-0.98)
SUVR 18.1 (29-110.2) 0.002 0.81 (0.63-0.99)
SUVmax 1.34 (1.09-1.65) 0.006 0.73 (0.56-0.89)
Mean ADC 1.01 (1.00-1.07) 0.002 0.72 (0.55-0.88)
SUVmean 1.25 (0.98-1.59) 0.068 -
SUVpeak 1.09 (0.81-1.47) 0.579 -

TBRmax and the size of the lesion had the highest crude ORs and AUCs. P<0.05 indicates statistical
significance.

Only significant parameters from the logistic regression analysis underwent Spearman’s correlation
analysis. Lesion size showed a strong significant correlation with TLG and MTV and a weak-to-moderate
correlation with SUVmax, SUVR, TBRmax, and the mean ADC value. There was a strong correlation between
TBRmax and TBRmean (Table 3).

Spearman’s Size SuUv TLG MTV TBR TBR SUVR Mean
rho max max mean ADC
(P value) value
Lesion size 10
SUVmax 0.28 1.0
(0.01)
TLG 0.75 0.51 10
(<0.001) (<0.001)
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MTV 0.75 0.23 093 1.0
(<0.001) (0.04) (<0.001)
TBRmax 0.4 0.33 0.44 0.4 1.0
(<0.001) (0.003) (<0.001) (<0.001)
TBRmean 01 017 0.18 0.15 0.83 1.0
(0.4) (0.13) (0.13) (0.2) (<0.001)
SUVR 0.35 0.85 0.56 0.32 0.44 0.26 10
(0.001) (<0.001) (<0.001) (0.003) (<0.001) (0.02)
Mean ADC 0.36 0.34 0.33 0.26 01 -0.07 0.32 1.0
value
(0.001) (0.002) (0.003) (0.2) (0.34) (0.5) (0.004)

P <0.05 indicates statistical significance.

Discussion

Additional detection of brain metastasis by dedicated brain PET/MRI

In the patient-based analysis, the detection of brain metastasis by PET/CT alone had a ratio of 0.64

per patient compared with MRI as the reference standard, which is higher than that reported in previous

studies®?. A comparison of the sensitivity of PET/CT for detecting brain metastasis in our study and in

previous studies is shown in Table 4.

Table 4 Sensitivity for the diagnosis of brain metastasis on PET/CT compared with dedicated brain MRI or

PET/MRI in previous studies.

Study Origin Study type No. of No. of Contrast MRI | PET/CT Brain MRI
patients | patients -enhanced sensitivity [ sensitivity
positive CT (%) (%)a
for brain
metastasis
Kruger et al. | Germany | Prospective 104 22 Yes 15T | 27.3% -
(6/22)
Lee et al. Korea Prospective 447 50 No 3T |24% 88
(12/50)
Ho et al. Taiwan Retrospective | 805 79 No 3T |27% -
(21/79)
This study | Thailand | Retrospective | 89 14 No 3T |[64% (9/14) | -

aBrain MRI sensitivity was not available for some studies because MRI was used as the reference standard.
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In the per-lesion analysis, the detection rate of PET/CT was relatively low (0.17). The reason for this
finding may be that some patients had both positive and negative PET brain metastasis. Small lesions may
not have been detected, although these patients were still considered positive cases in the per-patient
analysis. This fact, along with other potential differences, such as fewer patients with brain metastases and
different scanners, might have resulted in more positive cases in our per-patient analysis than in other
previous studies. The improved brain metastasis detection rate achieved with dedicated brain PET/MRI

appears to be necessary to supplement standard PET/CT for detecting brain metastasis.

Quantitative parameters associated with positivity of PET and correlations between parameters.

Following univariate logistic regression and ROC analysis, quantitative PET parameters which affected
the positivity of lesions on the PET imaging with an AUC of >0.8 were TBRmax, size, TLG, TBRmean, MTV,
and SUVR. The high AUCs reflected their potential to differentiate between negative and positive lesions
on PET imaging When a lesion was large and the uptake of FDG was high compared with relatively high
background activity in the brain, the lesion was more visible. However, the TBRmean might not be an ideal
parameter for differentiating between the positivity and negativity of lesions. The reason for this could be
because some lesions had low central FDG uptake and TBRmean values, even though the lesions were
clearly visible (Figure 2).

Figure 2 Images of a 62-year-old man with lung cancer who was sent for initial staging: (A) Axial T1-weighted
image with gadolinium enhancement shows a 3-cm ring-enhancing lesion in the left frontoparietal region.
(B) and (C) Attenuation-corrected axial ®F-FDG PET image and fused axial 18F-FDG PET image of the same
plane with increased ®F-FDG uptake at the periphery of the lesion and low central 18F-FDG uptake, resulting
in a low TBRmean value.

The most important findings related to the quantitative parameters involved TBRmax and lesion size.
The lesion size was related to the positivity of the PET images, which is similar to the results of a study
conducted by Deuschl et al. in 2017 In 2019, Ho et al.” reported that the minimum and mean sizes of
positive PET lesions were 0.6 cm and 1.8+1.2 cm, respectively. These sizes are slightly different from our
results of 0.3 cm and 1.45 cm, respectively. Regarding TBRmax, Ho et al. reported that the mean and minimum
TBRmax values of lesions positive on PET were 2.6+0.8 and 1.6, respectively. In our study, no lesions with a
TBRmax <1.6 were positive on PET. Additionally, we found that the TBRmax cut-off point at which all PET
scans should be positive was 1.83, which had optimum sensitivity and specificity, as shown by the ROC
analysis.

However, 4 of the 17 lesions with a TBRmax >1.83 were negative on PET. This finding may be explained
by the small size of some lesions, causing difficulty in selecting the region of interest. Additionally, the lesion

sites were near the cortex of the brain, where the TBRmax values may have been exaggerated.
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The correlation analysis between the quantitative
parameters showed a strong correlation between
lesion size and TLG and MTYV, which is consistent
with the fact that lesion size can directly affect
TLG and MTV values in the formulas. However,
there was a poor correlation between the ADC
values and the FDG PET parameters. This finding
suggests that the cellularity of brain metastasis
from lung cancer has no association with tumor
glucose metabolism.

In summary, PET/MRI provided improved detection
of brain metastasis compared to PET/CT alone, and
the MRI was the main component of this result.
Besides controllable factors, such as blood glucose,
the detection of brain metastasis in PET imaging
is hindered by high physiological background activity.
Currently, this problem has no definite solution.
An adequate tumor-to-background ratio and size
were required to visually detect the lesions. If a
lesion is detected, positive FDG uptake of the
lesion could reflect useful information on tumor
biology. PET/CT showed false-negative results for
brain metastasis of up to 33% in the per-patient
analysis and up to 83% in the per-lesion analysis.
Therefore, dedicated brain MRI or PET/MRI should
still be considered in high-risk patients, depending
on local availability. The limitations of this study
include the small sample size and the lack of a
long-term follow-up. A longer follow-up may vyield
information on the effects of these investigations

on patient outcomes, such as the survival benefit.

Conclusion

PET/CT alone showed relatively high false-negative
results for brain metastasis compared with PET/MRI.
Therefore, dedicated brain MRI or PET/MRI in addition
to the standard PET/CT protocol should be considered
in high-risk patients with negative PET/CT findings.
The most important parameters in differentiating
between negative and positive lesions on PET imaging
are TBRmax and lesion size.
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