SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

H:F%IHH’E!E%%LCBH% LY NNFZTDREBEMRRES
M’Fﬁﬁ%ﬁkﬂ?‘%&?&%ﬂﬂﬁh EEE=SVVYT

&, R

https://hdl. handle. net/2324/4475054

HARIE#R : Kyushu University, 2020, &+ (BRIREZ) , FREEL
N—=2 3

HEFIBAMR



TR B I BIT A L U R TF =T OB R 5N
BIWE BB T fEET =41 7D
A HMEZRE T D HF9E

2021 4
IR ZER B ST

/En %%ﬁ%{ﬁ( E’run}—b%q:@/l“fﬁh%ﬁj\%’

& %R






B <ttt e 1
B L B EI e 9

#1E LC-MS % AW iiH L LN F = T BEE O ST EORESE

L B e, 10

2 ik
2-1 BUTERRTE .ot 13
2-2 LC-MS DGR oot 13
2-3  AEVERR. MEFVEERREBS L ONQC B OFARL 13
2-4 BT IV DRTLEEITVE oo 14
2-5 AN T =23 VEHIEEE s 14

3 AEA
3ol BREHR oo 16
3-2 HEEEIS LU B E oo 17
3-3 BEPUWEB LU v U e, 19
3-4 [BIZER ..ottt 23
3-5 T RU 0T A E e e 24
3.6 ZZTEME oo, 25

BmBm L B T e e 26



3m6-2 B R T oot 27

3m6-3 R R TF e 28
364 A= NV T T D ZETEME oo 29
A B R e 30
5 s 31

2 E FHBEECRITL VU AF=T7 OIRFIR: b WNZEWEMZEE L i

B BE oD B
L B S e 33
2 ik
2l B B e 35
2-2 LU NRF =T DIEIET T N Tl e 35
23 B R DU oo, 35
2-4 VRSN C A E B DR Moo 36
2-5 VU ENNE L OUMH L o N TF = T HEEE DT oo, 36
26 BT R T oo 37
3 fER
Bl B T o oo 38

3-2 BRI KIETIIMA Lo N T =T R DR e 40



3-3 ML U NF o TR BT R D BB e 43

3-4 ML U NRF =TI B EREDORIR e, 45
3-5 BRI TR T R oo 47
B BB R 48
5 N e, 52
B e 53
R B IR e 56



ALT

APCI

AST

AUC

BMV

CR

CTCAE

DMSO

ESI

FDA

FGFR

HBV

HCC

HCV

HPLC

IS

alanine transaminase

atmospheric pressure chemical ionization

aspartate aminotransferase

area under the curve

bioanalytical method validation

complete response

common terminology criteria for adverse events

dimethyl sulfoxide

electrospray ionization

food and drug administration

fibroblast growth factor receptor

hepatitis B virus

hepatocellular carcinoma

hepatitis C virus

high performance liquid chromatography

nternal standard



LC-MS
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Uv ultraviolet and visible spectrophotometer

VEGFR vascular endothelial growth factor receptor
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ARFRIZIUNT 1981 4ELURE 30 4ELL LT 7- 0 . MM K DT N BER
D 1L L 7> TS, EAFEE» LR STV DO AN DB EHGE
BFTIE., 2019 FF O HIFRIE TR 138 A D 5 BIEMEREMIL273% Th -T2,
2018 4F D ESL AUETE | o F — O TITEA BB A K 5 FETIAALIC
BT, fiore, K. B, B ISV CEEDE SMLa Ho TR D |
ERECERITN2 T 6 TAZBLTWD, £, 2017 FEO N BIEME £
(2 KD REBNERLIZ IV TIPEIEL, R, B, M. FURE. BNz 2 C
6N ZHD TR, FMBEEERIIN AT ANTH D, IHEIE. EITEBETFLS
JH A 22 25 DFREEF > 5384 L, JHFEEE DX TIZ L ¥ quality of life 2K T &5,

T8 D oy B, FFNES B I A3 2 IR MENT I & fliEsR OF 6 OB TH 5
RO 2 EIC KIS D, RO S B 0% LA E 2 Tl fd s
(hepatocellular carcinoma, HCC)2S (5 &, £ 0 106D 1F & A ENIREMIAE CTH 5,
HCC ([Zxt 9 216 FIE EICHANVRIEIRR, Bkt (T O A IbErs) . &t (IF
BRI FEARIRIESE) | (LIRS L OMFBAESE O i BIRBEDOEIT IR U C
BRI D, HCC ORFTAHR GMREIER, BEXI. 2E48) 217> THIRRE DR
BRRIIMORE LB L TEETH Y | 5EMTH 70-80%ICHFET L, B¥EL

DIRT Z LT K o TR ITZ R IF NIRRT AMERE % O B K 0 159K

As)
AT}

AR
fik e 25 INEEZ 72 D

HEAT L 72 YIBRRNRE 72 HCC S X 2163 I, 0 TR S HERE S T D,
VT 7 x=70%, MENEEHEKF AR (vascular endothelial growth factor
receptor, VEGFR) 1-3. IfiL/N# HH S B85 [ 152 254K (platelet-derived growth factor

receptor, PDGFR) B. ##E ARG 152 1K (fibroblast growth factor receptor,



FGFR) 1, B X (' Raf-1 & B-Raf DtV »-A LA =2 % —P[120ZFET 1
UR T —PIEEEET D 2 LIS X o THUIESE R 2 R 5 5 TR R
Thbd, £/, V77 z2=71F 2 DOBEMHERRICEY 7T BRI THIAE
72 4 AEER (overall survival, OS)D L E NN SN T-AE R, RIBE DU R BE
HCC 12X 2HEMERIE L e o 72[12], Y T 7 = =77 2009 FIZHKGR L TLL
B, RIGROUIBRAEE/R HCCIZK T 2 A=F =7 7 U =7 BLO) =7
7 =7 HE OB D HKRBRTIE, R R A R TRERAE LT
VR UN3-5]

£, VT 7 2 =TI K HMERITIBET 28 LI BIBRNEE e HCC 124
H2WIERE LTI 78R ERRE LIEBKRBRTT Y =7 =xXm U AR
FNNF =7 S-1 T DR T O, WTivd 0OS DiEZ 7
2o 72[6-9], V2T 7 ==7%, VEGFRI-3, PDGFR B. FGFR % D% F{KF
nY R F—BERAET S 2 L TGO M ST 2 E L. BB O
MR > 7 F s Z HE U CIEGMUNRRICEE L KTT 2 L2k, filE
B R o R TRERIRIEE TH H[10,11], VAT 7 ==T X, VI 7= =T|T
£ D VBIER IR BT 2R LTCUIBRAREE . HCCIZX T 2 2GR & LT I &
R ERRE LT BRRBRICIB VT 0S OUGEELZ RO, 2017 HICAFIT BTl
JGB AN & 725 72[12], Table 1 {2 2L E TIZEME S L7 UIFRAREZ: HCC (%35
EAREAWAVIVE SL7 S 7Ok R N AN



Table 1 Summary of phase III trial of oral anticancer agents for unresectable HCC

. . ryma ositive or
treatment line  study design* year P vop reference

endpoint negative

First line placebo vs. sorafenib 2008 OS positive 1
placebo vs. sorafenib 2009 OS positive 2
Sorafenib vs. sunitinib 2013 OS negative 3
Sorafenib vs. brivanib 2013 OS negative 4
Sorafenib vs. linifanib 2015 OS negative 5
Sorafenib vs. lenvatinib 2018 OS positive 13

Second line placebo vs. brivanib 2013  OS negative 6
placebo vs. everolimus 2014 OS negative 7
placebo vs. S-1 2017 OS negative 8
placebo vs. regorafenib 2017 OS positive 12
placebo vs. tivatinib 2018 OS negative 9

*Standard treatment vs. protocol treatment

OS, Overall survival

L > /NF =7|%, VEGFR 1-3, FGFR 1-4, il [K]f-Z% K, PDGFR o,
rearranged during transfection 7% AJFIE R T DO RAKT 1 2 F— B 28I

IZPHET D0 FRERIEEER TH D, 2018 FFIZ L o A" F =7 1 LEBFE MRS T



BIER AN BB HCC FBF TR T 25 1 IRIEHR E LT, V7 7 = =7kt L EZRHA
HTdh 2D 0SS DIFLEEFN LI2[13], ZORBRAERL Y, FEBZEIA K74
> TILUIBRAREZR HOC FBE TR 2 1 RIER S LTY 7 7 ==72Z T, v
YRF =TI K DIREBRLS MR I N TV D,

L U ANTF =7 3BIRRBRICB N T, miE, TR, FRIEGREE., SRRNIR, &
AR, T EORERNRO I TEB Y ERICEE L THaREE a2 5 LEN
b5, £1-. BWEROFBUC LY . Lo ANF =7 OREF - I3KIEICE - - B
I, TN BI%NB LV 52.1% TH-o72[13], S HIZ, EHEEFEIAHRERO B A
NZBT 2V TN OFER T, BWEHORBICL S Lo A"F =7 OREIT
61.7%. IRZEEIT 59.8% & AL & Ik L TEBE TH o 72[14, L72i3»> T,
LU NRF =T ORBEAZHEYNCHETT 5 2 L ix, BERELAERORBLAZ AL, &
DIERNRERRNT HT-DICEHETH D,

{5l 2 > BFITH U 7B G-3E ATV BIEREIRIE AT ) FiEL LT
RIEIRM) T =4 1V 7 (therapeutic drug monitoring, TDM) 232F Hiv b, s
KDL AT FY MR ORI & IO RRIEF 1T | —E AT
BWTIE, HEBOFEIZ I VBRI 2SO, BIEHORBE L ERTE 52 &
DS STV D[15,16], 77 FAEERIIRFREICIB W TS | MR L IR R E -
FEEFERLEOBEICONWTA v F =T R 7 ¢ F =7 S 2 78R K THRET S
MTZ[17-19], £ 72, FIRIMERFICBWCL U ARF =T OMEER 7 7R 88
ng/mL %8 % 5 & FHERERE 36 X OV MR E DFEELFEN A3 25 Z & A
HENTWVWAH[20], HCC BEIZBWT LU ARAF =T OMP T 7EEN 624
ngmL ZH x5 &, LNF=TOWEEIIRIEIZORDN D L9 RAEFR
DIEBUHENEINT 5 Z L0, Lo AR_"F =7 Oli#t FififE (area under the curve,
AUC) 728 2430 ngXhmL =M 2 %5 L HERAEEFLNEELT S Z LA HRE



21,221 STV AR, MH L N F = 7R E L IR FICBE 3 2 M5 130,
05 TRERNERIECTH HA ~F =T B LA =F =713 TDM OF AENGE
B S TR0 AT I TREESEANERE BB 1 23MRBRINEL S 1T %, TDM
(2 IS TSR IR, EE R BIVEM ORBLA [ L 720 HIRIES R 2 R 5
DIV NF =T OMEZMEST DR ORRICAR E 2D 9 %,

L2 L7236, BRICI W TEY M iR EORIETHOI TV D50 AHERD
FEE MO T 7, ZOBH & LT IEE A EOHIS ASEO Yy i i e
IR E ARG BEL | OXIGA TH Y EY P RELZWET ST
VABRRLTWDZERER BND, FWEHEIZEES EERTIN AR
ZREBLT H7-0iE. 2 < O ik TEA LT WM D @ FE) i g EE o
HEEBLOEKRIZBT D2 ET V AOBENVLETH D,

S i R FE O I E I NS IE PR EEL I BEATE RN VW B L D,
o PO EE A V- bR BRI, SRSk LR RIS S T D PR
ERR L CHEMEERTDOIHIETHY . 77 v 7 AGIERERELEL — %
GIEREEFE LRI Lz 3 RAZBHEER L L TESN TV D, £
= TBEREN R E CEEORRE RHICELT 5 Z LN TE D0, MBS &L
ThDT=D, sBEIHTIE X VIRERS O | ARNIETET 2 NIRMEWE S HY) O
RN AEE 24 O WD B D, TIRF v b & A2 0 FRREE T, ffET
HTGENOEMICHETE D HIETHDLN, Lo NTF =T O XD ks i
CHET DEEIE. RIS EEIRAE 7 2~ N2 F 7 ¢ — (high performance
liquid chromatography, HPLC)Z i [ L 72 /3 B3 #rit=e, Wik u~ v 79 7 1 —
BBy TS (liquid chromatography mass spectrometer, LC-MS), &7 n~ ~ 7
T 74— 4T NERESHEER (liquid chromatograph-tandem mass spectrometer,

LC-MS/MS)5¢ D ¥ i % i ] U 72 o3 BE AR I D B it 2 M A B o T2 5 TE D



Wb ng, e oflEIcsVC HPLC 1%, 254 AT# (ultraviolet and
visible spectrophotometer, UV) 43 ¢ i EERH 2/l AHOE THWH S, HPLCUV
Z e i R E ORIEIL, LC EESNTZWEICK L TR Z &I
Oy 2 BIERCEHCIRES L, Je)s EOREWRIL S iz aRitd 5 2 & T3
Wi P REARIET S 2 ENTE S, L Laed b, HPLCUV IC X 5 f
I pgml A= —Th 0 | EHOEYBEL STV D BE TIEIONRIRICE
1% 43 2R CHlE T & 97, TDM ~D i SN #7255 23 8% 5, LC-MS 1,
SEESNT-WE AT L7 bR T L—A F ki (electrospray
jonization, ESI) X° KXFALF:A 4 - {ki (atmospheric pressure chemical ionization,
APC) IZ X DA F M MSIZ XV i FREICE S EEEM 2 ET 5
Z & THEW MR A S ICRET D Z LN TE D, LC-MSMS 1E LC-MS &
[FIARIC LC I L » Tt B mE 2B LD B, ESIS APCLIZ LV A A Ak
EN.1I2HOMSICE S TT Y =Y — A A DOHhEFEH L, FHEENTA 4
NIH A L EE ALFEREE O BHER L ER LT e X s N A2
DHDOMS TREDT X N AL DOHhEFBRIEDH, 2O, HEOHEKY
MR, ERNIERRICE E D Mk % 2B % — I SRR D ER IR I
THZEDRARETHD, ZNE TITHEINTWDILF L o AN F =7 RERE
1£1X . LC-MS/MS[23-26]<° HPLC-UV [27]% i\ 7= FiETH 573, LC-MS % 1
LTl L o NF =7 RE 2 E L7z & 13720, Table 2 (257 BlE T 28 D FF

iz oWT &R,



Table 2 Summary of features of the separation analysis device
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HPLC-UV, high performance liquid chromatography- ultraviolet and visible

spectrophotometer; LC-MS, liquid chromatography mass spectrometer; LC-MS/MS,

liquid chromatograph-tandem mass spectrometer

S i, P E DR EE 2 A TEENIFHG 9~ 2 7201213, STV S HE

f RIS W IERENE, FEMER K OMEBMES RO b5, T4, AREEIC T

% SR EE Sy HTICBE L C. food and drug administration (FDA), PR [ 34 T3 X

OEAETBEERERRR LY TERMBAZE BT 5 A RRUR P SR R E ik



DNV T = a4 RTA4 2] PP INTZ[28-30, NV T —ariifA KT
A T A SRR SRR B Ay TS B B OB ER 2 i L C Y ME AN B e
X, ONTEOBENEZRGET 572000 THY . LC-MS Z Wiz L
NF = TREOHEEZEET DRI TA R A ANHERT 20N H 5,

U EDEZENG, 1 ETIE, LC-MS 2RVl Ly NF =T RE D541
EOWEEATo T2, 8 2 BTIE, IBFEDARHEE CoMMomp L R"F=7
REEIZHE B L, M 8812 BT DI e © QN EIVEAFEL & 3+
M EE L DRREIC OV THRE AT 72,



A 3L B %

Association of lenvatinib plasma concentration with clinical efficacy and adverse events

in patients with hepatocellular carcinoma.
Kojiro Hata, Kimitaka Suetsugu, Nobuaki Egashira, Yoko Makihara, Shinji Itoh,
Tomoharu Yoshizumi, Masatake Tanaka, Motoyuki Kohjima, Hiroyuki Watanabe,

Satohiro Masuda, and Ichiro Ieiri.

Cancer Chemother Pharmacol. 2020;86(6):803-813.



#1E LC-MS % AWEILF LU AF=TEEDSITEORBE

1. %

i

L > NF=7%, VEGFR1-3, FGFR 1-4, #HIfLK 7&K, PDGFR 0% D%
BETF ook f—BaBRRICHET L2 LT, FREE SSHCCI X3 514
RN & A9 H[31-35], W EL)HE (objective response rate, ORR) & MEHE A=
17 31[#] (progression free survival, PFS) DA & 72U O K, 2% < DAER] T,
EAR, BREE LOFRIEGEHEORIEROIZDIC L U NF =T 2l E -
IREZRER SND[34), 7. B KOERWEROBEIEE L, L
F =T OHYREFEELHEAL TR MHIREOEIRMZEB N K E W2 &AM
HEINTWNDH[3637], AFRBICBNWTA T =7 A=F=T7EORKRATFr v o F
F-— B RRLEZIITDMD A F )~ & i o i BE O E 23 PR B fos S 41 TH 0 [17,38],
TDMIZ S W ST REIE. HIEORITEM 2 [alkE L7223 DIGREIR 2 @ S 7
DIC VAN F =T OMEZHET HEICORERICAM L7220 5 5,

S i AR O EITIA < AV BTV DR HRREEO TR »~ M,
{5 - IR DD RN RAYIZHE TE D HIETH 208, EERNITAET 5 NKRMEDE
R ORI DOAAEIT LY, FEEROIEMIRE LV SfEE 72 IR EEZ =32 &
Do D TOEENPMETHDL[39), £/o. Lo XF =T DL D 72832872 12
ET DAL, TRF v M3 722 < —AICHPLCIZUV Z S A R T o Bl o ir
EX°. LC-MS, LC-MS/MSFE DI E 2 i U 72 0B s A\ CE & st 2/l 6
DRI IFERAC LN D, SEESHHEITRTLEREREAMEMECTH 0 | a2 E
B THERM A ET 528, Wi iR E oRIEMEIZR U TREW >0
KE DA ZIT IR,

INETICHEEINTWAMP LYy NF =7 EEERH EE L. LC-MSMS

10



[232426] <°HPLC-UV [27]% I\ 7 /71 Toh %, LC-MS/MSIZ L 5 HEIFLCIC &
S THMRGMEE B LT-0H, =L 7 b AT L—A F i AESKREL
FAFAMGEIZEI VA A LS, IDHOMSIZE > TH Y I —H—A 4D
Fdim L, ERENTA A NI R LHEZR UALFREG OISR L, £
L7z a2y MMAII2DOHDOMSTRED T B X7 N F 0 DI 35 S
D, 2O, BEOEWRLMIK, ERNMRKICE ENDEkx 2B EZ KT
T B o B IR IS 95, LC-MSIZLC-MS/MS & thili 32 & /bt Si/e
AR 2 R EECIRPWE IS 203 ST R E DS BER OWE Th 2 Brald, %
RA A =41 J(selective ion monitoring, SIM)E — N TIEE % LI CTHlE
TEHZERARTHD, LLanDh, ZHE TIZLCMSE A L Tt Lo
F = T REZBE Lo mE 1T 20,

F 72, BEHCIINEEREYE (internal standard, IS) & L Cx=—W¥ 1 &tk
IZ XD B ENT L NN F =T OLERNAR T % ER-227326 (IUPACH-{3-
chloro-4- (propylcarbamoyl)amino]phenoxy}-7-methoxyquinoline-6-carboxamide)
monomethanesulfonate Z i LTV | MR I 4TV 72V R B HIE R O F
BLIXHEE LU [23,2426], — X B9IZ, ISO RIFITEEHFIZE AL TV R WA T
~ MU I ARG OE—7 LT D Z ENTE, HIRTIWLE T
L. LSRR ERRY THDH ZENBETH D, T F =T TR ERMAE
EEMT DI AN TREOTENFHE T X FMMES, LoRF=T~0
AF BT L yva o Ny ADORENDIRN[2T],

SEA) i PR EE DR E B A IV CEENZEHG$ 2 72 DI2iE, T v 230
FE AT R W IEREME . FBLER X OGN RO b b, A EREEHIZB T 53
TR HTIZBE L CFDA XL W | [Guidance for Iindustry,Bioanalytical Method Validation

(RNYF—=varli4A RTA4 )] BB INR28, NV TF—rars A R7

11



A T A AERE T SRR B A 3 AT B B O RR 2 i L C Y MRS E B R
., IHHEDBEMEZARGEST 720D LD TH Y | LC-MSZ W - L
F =T REOUELEEEET DB T A RT A VST 2 0ERH 5,

AKETE, ISE LT F =72 LLC-MSZ Wil L o " F =7

TR D SHIIEZFDADO NN F— 5 o HA RIA ANZHERL L THREF AT 7,

12



2-1 JE R

MmAHRERMERDO L AT =71, =—H A RS (Tokyo, Japan)» & 53K
DRt EZ F 7=, ISTHDH=/rF =7 (%, LC Laboratories Co. (Woburn, MA,
USA)NBIEA LT, ¥ AFILALERF T K (dimethyl sulfoxide, DMSO), ¥ (FF
). AKX —v (Frfk) BLOEHET =7 (Fpfk) (3FOEMEE T3
2 £t (Osaka, Japan) 7> b L7z, ##fi/KIZ, Elga LaboWater PURELAB flex

system (High Wycombe, UK) THH L7246 D& HW\Z,

22 LC-MS D4y #r &t

L U NTF =T O43HTIE,. Waters Acquity multiperformance liquid chromatography
(UPLC) system (Waters Corp., Milford, MA, USA) Z HW\TiT> 7z, BEIFEIZIE,
AR (10mM Fifig 7 o E=T A& 0.1%FHE) & B (100%A % 7 —/) % v
72o M T 2121, Acquity UPLC BEH C18 column, 2.1 x 50 mm, 1.7 pm (Waters
Corp., Milford, MA, USA) & Acquity UPLC BEH C18 column, VanGurad Pre-Column
2.1 x 5mm, 1.7 um (Waters Corp., Milford, MA, USA) % VT, 7 7 AR L 50°C,
A= h Y77 —NOREIF 10°C, HEHIE 0.4mL/ 0 ICiE Lz, HEOITE

%, Acquity QDa mass detector (Waters Corp., Milford, MA, USA) % FH\ 7z,

2-3  KEVEVRIR. WMEMMEVERFUENS X OV QC BB o Fh L
L U ANF =7 OFEYERRIL, DMSO (ZfE LT S5mg/mL [ZFH L L7-, 5mg/mL
DIEHEFHZ 2 & 512 DMSO THR L T 500 pg/mL D AEAERK 2 i L=, =L

7 F = 7 OEERIKIL 100% A % ) — WML T, 500ng/mL (SRR L7, L

13



VORTF =T O EAMEERGEHT, 77 7 MARICKIREE 5, 25, 100, 250,
500 35 £ OV 1000 ng/mL & 72 5 K O (THEHEYS IR A R 3 L 72, Quality control (QC) 7t
EHE, EWEE TRV L T =7 OREMEREZ N2, JRIREDN 5, 15,
375, 750, 1000 ng/mL & 7225 X 5T U7z, 1R L 7oA YETR IR . AR A B
HEEHBS LY QC FUEHE-20°CTERE LTz, I L o NF =7 YR EE ORI E H#iPHIE

NZ 7 REAFEE L, 5-1000ng/mL & L7z,

2-4 BT IVOFTLEL L

M AEFCEE 90 uL (2, MR EHE R 1opL 23N L 72, & 512, 500ng/mL —
a F=TEER 270 uL (77 > 7 BREHZIE 100% A & 7 —)V% 270 uL), 0.5M Fit
Pz il SR KPR 30ul 2 00 2 C, 1040 IfFR L, BRE B LTz, FRE B LB

k% 15871xg T 5 r i OBt L72%. E1E% LC-MS TH#r L7z,

2-5 AU T =g RHilE E

NAZFTT TV RZEITF HNY 7 —3 3 > (Bioanalytical method validation,
BMV) [T EHEGHOEGRFFICHNOGND, LCMSIZEAMER L RF=TD
RENEEOZL LTI T2 Z L2 HE L, EONRNY F— g 25
i Lz, NYUTF—va 0 FIEIE, FDA ® % 9 % [ Guidance for
lindustry,Bioanalytical Method Validation (/XU 7 — 3> HA K71 2)] IZH|-
TR L7228, NV TF—a VEHBIZ, BMEROERME, RERSLIOEE (B
NFFELMEZR & ONT B8 . @R K OF v U —F— 13— FEIERB LT
v b v 7 ZNROMEREAT o T2, Fio, Bl HIIE F TOMIKOLR EM % il
R D7, WRERME, FRIE, BREIRIE, 4 — MU 77 —RoZEMIZD

WCEEf L7, KE L. BEMREL (coefficient of variation, CV%) & LT, HEX

14



BRER I (2009 D AH%REZE (relative error, RE%) & L TR L, NUT—v a3
DHFRIEMET, FDA DY T —2 g o HA RTA4 2] CV T 15.0%LL T (5

ng/mL [% 20.0%LL F) . RE [Z+15.0%LL T (Sng/mL 1£+20.0%LL ) & L7z,

15



R IR B E AR 2 JE L v — 7 mfdElk 2 VT, e/ RIBIC K
V) — IR [E ELAR D & BB & R U 7o, MR O AR L, I A Y FH 5}
D F MR 2R BRITY TI o THIEME 25 U 7o, M B R 6 5-1000
ng/mL (2B W T 1 H 1183 HMERZIER LTz, MERITEAMTT UX B X
O /X2 {22V T RE I Sng/mL T+20%LAPY, 15, 375, 750, 1000 ng/mL T+15%
LINTdH o7z, CVILSng/mL T 20%LLA, 15, 375, 750, 1000ng/mL T 15%LA
WERLZ, WTFROHEBIZBWTH FDADNY T—a > HA K7 A 0¥
EFRMELZTZ LTV, LU ANTF =7 O ERRIL, 5-1000 ng/mL O #iFHIZ W T
BA4F 72 AR ME (R2=0.9995) %/~ L7z, EAMIIRE B b/hES 0o 70 /X &8

F L 7= (Table 3),

Table 3 Comparison of CV and RE in calibration curve of lenvatinib at various weighting

n=3
. Correlation
Analyte Weighting .
confficient CV (%) Mean of RE (%)
(Mean+SD)
1 0.9952+0.006125  1.92 - 1867.2 -93.2 -4.23
Lenvatinib /X 0.9964+0.004362  1.44 - 7.21 -2.1-3.45
1/X2 0.9975+0.002182  0.20 - 6.71 -2.1-3.38

SD, Standard deviation; CV, Coefficient of variation; RE, Relative error
CV (%) =SD / Mean x 100

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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3-2 MEEBIOEE

HAZEEhE 5. 15, 375, 750ng/mL @ 4 - D EE OB A4 5 Bk L, 3 [
M0 R LM Lz, QC #ktD FRIRE O FHfED CV B L O'RE 25K H L TH
NEBEN A7 L7z, ANEBIORER % Table 4 (2777, RE IZ Sng/mL T+20% L4
M. 15, 375, 750 ng/mL T+15%LLN TdH - 72, CV i Sng/mL T 20%LLN | 15,
375, 750 ng/mL T 15% LN Z R LTz, WTINOHEBIZBWTEH FDA DY 57—

Va A RTAOHESREERNZ L, HNEIMENHER S,

Table 4 Intra-assay precision and accuracy for lenvatinib in plasma sample

n=>5
Nominal
Measured
Analyte Concentration Cv Mean of RE
Concentration
(ng/mL) (%) (%)
(Mean£SD, ng/mL)
5 4.387+0.277 6.3 -12.3
15 13.36+0.423 3.2 -10.9
Lenvatinib
375 369.7+6.015 1.6 -1.4
750 732.4+7.681 1.0 2.4

SD, Standard deviation; CV, Coefficient of variation; RE, Relative error
CV (%) =SD / Mean x 100
RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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H R Z#h% 5. 15, 375, 750ng/mL @ 4 S OJEEORE ZRIE B DR S 3 |
[Tt Lz, QCRUEID FEHREOFEEORE S L OHEEZF I L CHHH
Bk & BT L 7=, HREIZE O R % Table 5 12789, RE 3 Sng/mL T+20%LAR
15, 375, 750 ng/mL T+15%LAN T - 7=, CV IL Sng/mL T 20%LLN . 15, 375,
750 ng/mL T 15%LLNZ R LTz, WTENOHBIZBWTE FDA DAY F— 3

YA FTA OHESREEZmTZ L, HREEBRESHR S,

Table 5 Inter-assay precision and accuracy for lenvatinib in plasma sample

Concentration (ng/mL)

Assay Batch No. Sample No.

15 375 750
1 4.889 13.14 368.4 719.2
2 4.305 12.76 364.6 741.2
1 3 4263 13.23 362.1 736.1
4 4.059 13.77 377.3 736.5
5 4418 13.90 375.9 728.9
1 4.108 12.74 378.9 802.6
2 4372 12.29 382.0 773.3
2 3 4.347 16.94 383.1 771.0
4 5.515 12.36 398.0 783.7
5 5.346 14.47 393.4 778.2
1 4.030 13.11 370.3 727.3
2 4.443 12.17 369.5 721.5
3 3 3.879 13.95 371.8 753.9
4 4519 13.56 369.6 743.2
5 3.870 13.04 361.0 733.2
Mean (n = 15) 4.424 13.43 375.1 750.0
ol SD 0.470 1.14 10.36 24.76
CV (%) 10.6 8.5 2.8 3.3
RE (%) -11.5 -10.5 0.0 0.0

SD, Standard deviation; CV, Coefficient of variation; RE, Relative error
CV (%) =SD / Mean x 100

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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33 BREBIOF ¥ U —F—/—

BPWE L 1, BT OO DFET T, LUANF =T BLOIS 2 K4 LT
BT 28D L ThHD, Bied 6 N\OT T 7R EENY TF—va VAR
B Sng/mL) I2BITD, LoARAF =T HBEBLNIS O — 7 miE%
L CRET L7z, METORER. Lo nNTF =7 ORFFRFIZ 3.9 77, IS O RFFRER
34250 CThole, 77 V7RO~ b7 A RIZIZLNTF =T BLOIS

DELRFFRFFRAIICAE E— 27 3380 onenZ L 2l L7z (Fig. 1) .
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Fig. 1 Evaluation of selectivity for lenvatinib and erlotinib in plasma sample

Representative chromatogram of lenvatinib (a) and erlotinib (b) from the quality control
sample at 5 ng/mL in the plasma sample. Representative chromatogram of lenvatinib
(c,e.gik,m) and erlotinib (d,f)h,L,n) from the blank plasma samples in 6 patients. The
horizontal line shows the retention time in the chromatogram. The vertical line shows the
mtensity in the chromatogram. Blue arrows show the retention time of lenvatinib

(c,e.gikm) and erlotinib (d,fh,,1,n).
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A= "7 T —CRE A BRI TEA LT & I, TSR IR Lo 0T
xt R E N E RIS RIETAREME R B 2 Db, £ 2T, RERD 1000
ng/mL ZOoHr L7cRI, 77 0 7BIZFEATHZE T, v U —F—1"—[C
L= OFEZHGEE LTz, MAORR, 77 v 7idBto s n< ~ 77 A EIZ
T AN TF=TBIOBSITHEYT =7 TRO LT, AROoPETIEF v Y
— A= NR=RRO LN L MR LT (Fig 2),
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Fig. 2 Evaluation of carry-over for lenvatinib and erlotinib in plasma sample

Representative chromatogram of lenvatinib (a) and erlotinib (b) from the quality control
sample at 1000 ng/mL in the plasma sample. Representative chromatogram of lenvatinib
(c) and erlotinib (d) from the blank sample in the plasma sample. The horizontal line
shows the retention time in the chromatogram. The vertical line shows the intensity in the

chromatogram. Blue arrows show the retention time of lenvatinib (c) and erlotinib (d).
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3-4  [ENRER

IR & E, RO RTLERIEFRIC I 1T D T ISR E O RIGH R TH 5, [FIIX
L, 770 7ML NN F =T RN U RICHTEE L7 E DLV AR
2T T MERRIB LIS L RN F =T HIRIM LT E DL AR R
P Lz, 150 375, 750 ng/mL D 2T 3l vk Loy L, [\l
AN U7z, Rt FKIREEIZIIT D IEIEIT, 85.7-96.7%, CV I 1.6-6.1%
Td 0 FHELMEZ MR LT (Table 6),

Table 6 Recovery assay for lenvatinib in plasma sample

n=3
Nominal
Measured Recovery CV Mean of RE
Analyte Concentration
Concentration (%) (%) (%)
(ng/mL)
(Mean+SD, ng/mL)
15 13.43+0.820 94.6 6.1 -10.5
Lenvatinib 375 367.8+5.835 85.7 1.6 -1.9
750 671.0+12.024 96.7 1.8 -10.5

SD, Standard deviation; CV, Coefficient of variation; RE, Relative error

CV (%) =SD / Mean x 100

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100

Recovery (%) = Response after pre-treatment with analyte added to plasma sample /
response to addition of analyte after pre-treatment of blank plasma samples x
100
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35 U v7 AR

MAEF KON LD L ARF =T DL AR A~DEEZ OV I L
2o ~ MU w7 280803, ~ U w7 A7 77 Z— (MF) OEHICE VB L
oo 7707 ML 6 N\ORRLIEEIZHW, 77 7 MEEiTy ) —
AT L U RF =T % 15, 375, 750ng/mL DRI/ D X OB Lz (BLF,
mAEE N F—a CHRE, =% ) — A 8Ei A MF HREDH , LoXF=70
MF 33U 7 —3 g CHRE O ©— 27 mfgke & MFHREEO ©— 7 Efg e 4 g
LCHB L, AROME, SREICHITD MF X, 90.8-97.7% & #EEE{RIFM
FFRD BT, CVIX 1I5%LLNTH Y FDA DNV T — a > HA KT A OF
ERMEZGIZ L, MEICLD~ MY v 7 ZRICENR RN L ZffEsd L

(Table 7),

Table 7 Matrix factor assay for lenvatinib in plasma sample

Nominal n==6
Analyte Concentration MF Cv
(ng/mL) (Mean, %) (%)
15 90.8 6.3
Lenvatinib 375 94.5 3.3
750 97.7 1.6

SD, Standard deviation; CV, Coefficient of variation; MF, Matrix factor
CV (%) =SD / Mean x 100

MEF = Peak area of sample for validation *!/mean peak area of sample for MF *2
*1 Validation samples were added to plasma with the standard solution.

*2 MF samples were added to ethanol with the standard solution.
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3-6 LEME

RELZBRILL T Do T 5 £ TOMBICB N T L UNTF =T OREICHE
RIFEITRNT L BT DI DR ENEZ TN LT, REMEOREAM I RS Rl
R EIRAAENE (SR, W) . REIRFZENE, A% OA—
v 7T —HNDOLEMIZHOWTEHE L7z, FREICE T 2 BGRED RE 13£15%2L
NEG -T2 i Lz,
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3-6-1  URG il A

BRI L 72 RUBH 3 O BlES . 200CO MBI IR T S 412D, HERFIC @R L, 7%
AEHIHRIE I 2 CHEE S D720, BRSO L U T =7 DR EN
R LTz, 77 7 MiEIC L v R_RTF =T % 15, 750ngmL DIREIZ/2 D X 51T
LU 728 7 — 3 AR A -20°CTTHEUE L, SRS TRl Lo, BURmh AR
OEAEIL 3 [BfTo 72, HHERRZ D K LT- ") 7 —v 3 B & SR 14
DAY F— g R ORIEME & ik § 5 2 & TRIEME G FER) 7l L7z,
KIRFTOFER, Lo NF =7 OFRAFHIT 98.1-101.5%, RE [Z£15%LANTH Y |
FDA ONU T =g A T4 OYEIRELGG T U, SERAEERAE 3 [T

ZELTWDZ L ZfER LTz (Table 8),

Table 8 Summary of freez-thaw stability for lenvatinib in plasma sample

n=3

Nominal Concentration  Stability Mean of RE
Analyte

(ng/mL) (Mean, %) (%)

3 cycles

15 101.5 -10.5
Lenvatinib

750 98.1 -1.9

RE, Relative error
RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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3-6-2  FHIRAF

FUBHZ LC-MS TOMIERTIC AR L, ATLEREE 21T O & TR £ 7213
[ZENIN D, B E L CRIRE T IIMIEREICKE LG a0 L v nNF =7
DEEMEEMER LTz, N T — 3 HEEE (15, 750ng/mL) % ZEiR F 72 13m0 e
JEN (4°C) T 6 FFffl 3 LN 12 RFfEIRAT L 7o, IR E 72 1T 381 T 6 RFft]
B L O 2R L7e N Y 7 —2 g O HEE L BRE S 0NN Y F—2 g R
BtOREM A ik 92 2 & CREM GRER) A5l Lo, AMFTofER, Lo
NF =T OFRAFHRIL, EIRT 97.4-107.3%, MK E T 97.6-107.4%., RE (X+15%LA
WNTHY, FDA DY T —a A RTA o OfERELZ L, |iRET

(TWEN T, 12REHZETh 5 2 & &R Lz (Table 9),

Table 9 Summary of stability for lenvatinib at room temperature or refrigerator in plasma

sample
n=3
Nominal Stability (Mean, %)
Analyte Concentration Room temparetuer 4°C
(ng/mL) 6hour 12hour 6hour 12hour
(RE, %) (RE, %) (RE, %) (RE, %)
98.0 97.4 97.6 97.8
15
(-13.96) (-14.47) (-14.32)  (-14.13)
Lenvatinib
105.5 107.3 107.4 105.1
750
(3.51) (5.26) (5.40) (3.10)

RE, Relative error

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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3-6-3 RHIRAF

R L 72 RBH 3R Dy BERR . -20°CO MR IZRAF S D, LC-MS THIET 5
F CTORMIRAFL LT200COMBEIIRAT LT E DL o N TF =T DR EMN %
B Uiz, NUT— a UHBE (15, 750 ng/mL) % @ EEN T 10 B RT L
2o WHUEN T 108 L7 NY F—v g VHRE L RBEZONY T -
a v HREOREM A i35 2 & TRENE GRFE) 23N Lz, ARFtofs
B, LU ARF =T OEIFHRIT 98.3-113.4%, RE 1T£15%LLN TH Y, FDA D/
TF—var A RTA v OHERRER T L, -20°COMENFEN T 10 %2 E T

oD Z & &hEad Lz (Table 10),

Table 10 Summary of stability for lenvatinib at freezer in plasma sample

n=3

Nominal
Analyte Concentration Stability Mean of RE

(ng/mL) (Mean, %) (%)

10weeks

15 113.4% _0.44
Lenvatinib

750 98.3% 3.55

RE, Relative error

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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3-6-4 A — h YT T—NOLEN

AREHI AT BEZ 1T - 72 LC-MS O A4 — b2 7T — N CHEGAICHIE S
b, ATLERGORBIHRICBIT 2 LEME LT, ATLEEERIC 1°CO A — |k
VT T—NIRGF LTS ED Vo NN TF =T OREMR R LTI, N T —
a2 o HFEEF (15, 750 ng/mL) % RiALEREMEZ AT > 7212, 1°COF— h YT T —
WNT 24 BERIRAF LTz, A— Mo 7T —HNT 24 BRfRE Loy T —ra v
HFEN & TLERE DN ) 7 — v a U HRELORIEE 2 k4 5 2 & TREME

(GRAEH) ZFHli L7z, ARFTORR. Lo NF =7 OEAFHRIT 99.7-104.3%.,
RE 1Z£15% LN TH Y . FDA DNV F— g A BT A OYE L HEZ i 7o
L. BIAEREER O L RF =T 1F, 10°CHOA— b2 7T —NT U2 E

To D Z & s LTz (Table 11),

Table 11 Summary of stability for lenvatinib at autosampler in plasma sample

n=3
Nominal
Stability Mean of RE
Analyte Concentration
(Mean, %) (%)
(ng/mL)
24hour
15 99.7% -12.44
Lenvatinib
750 104.3% 2.32

RE, Relative error

RE (%) = (Mean of measured value - theoretical value) / theoretical value x 100
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4, E%

ARHFZETlX, LC-MS & W T L o NF =T RED k% FDA O
[ Guidance for Tindustry,Bioanalytical Method Validation] |Z &L L CHigt & 4T - 7=,
N NY F— a3 0F, FDA ONNY F—va U A T A o OFEREE -9
RThoT,

LC-MSMS Z H W7o i b o _F =7 REOERE FRIZ, 0.08 ng/mL[26] T &
LM, L ARF=TOMPEEL, 24mg & 1 B 1 ERAT 2856, e i
FEC 518209 ng/mL TH Y., 8mg % 1 HEIRAT 24, M ~ 7 7RET
29.74428.01 ng/mL & #H45 X 41T 5 [40], A HTED E E#FH L, 5.0-1000 ng/mL
ThHO, BRIZBTD Lo AN"F=Tomb N7 7REZRET 2 0I2+5y
BYEREAL TS EEZEZ DD, ZORERMICZIIT 5 QCHENAE H o CcV
1% 1.0-10.6% . RE 13+12.3% T & v  BE#R([23-26]D LC-MS/MS @ CV 1% 1.7-6.7% .,
RE (% 0.2-10.5% & RIS ORENFIRETH D Z L PR I fLiz,

LC-MS & W2 Hric s nTid, ZEFRNAZ ISITHWD Z & BN TH
DR, AWFFE TR, manF =T E AV, aF=70%, FEANHE DR
WICHWOLND EREERTZRERT ey o3 —CBlEETHY, LT
=7 LRI G SN D Z &3 < iR TH D A ¥ /7 —VITHfEL, L
NF =7 LFEL LC-MS DO CTRIFHAEN FEETH o7z, S HIZ, —M72
ODS 7 7 L HWIZ LCMSIZ L > T, mhunF =T % Lo A_"F =T bl
HIENTE, ZRHDOZE XY, maArF=T1F, Aoz nTISE L
THUZ2ME ThoTctEZBND,

MAEE 72T MEP L o ANF =TT 2 E TICHRE STV D LC-MS/MS % ]
U 72 I EYE T 200-250 pL S EEThh > 722324, Ao Mk Tk, MmAE 100 uL

DHOBETHP L AF=2TREZMNETHIENARETHL Z b, A~
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DREHEZIRTIELFEEZALTND Z LR REBINT,

RO HHEIZBIT BEIERD CV X 6.1% LN TH Y . LC-MSMS % H 7= ¢V
1.9%LAN[25] & RIRREE DO FFBIME D RS S 7o, ATLIRIMEIL. S 2B A % /) —
JVERIR & R HEER KERIRIC £ D5 R A DA T, Bl Lo NF =T RE
HEST 2 LN TE, £DD 2. LVBIEICH D2 0 IZ 70 THY | BE
WO N 12-21 43[23-26]& el LT, R FREIIE R AIREIC /o 72 &
Exoid, £lo, BEMHRBRICLY, N TF—va VHEE A 2 FF#ERT
BB Lot BTABREREZ (T CTHIE L CTH LU ANTF =T OEFRNENZ &
DHER SN, EHMREOZEMIZOWTH, N F—va HRE%-200CT
10 BRI 7z » THFERG L2 ZICETLEEEMEA T THIEL TH Lo T =
TEZEICHETE LT B L,

ROHHEE, DEOMBE L PLIEE T IS Z2EHT AKX ) — /LVIRIK & hilg i
SRAKIEIRIC L D BREE QA T, I PREZRES 5 2 &2 T JEREH
EREMTDZENTE, ZRHDOZ END, RAETHEE L LCMS Z iz
i b N F =T REREEITER CICHAIEETH D L B2 6T,

5. /MR
LC-MS Z W Tl b o N F=TYRE D43 #riE% [ Guidance for lindustry,

Bioanalytical method validation] (Z#E#L L CHGT 21T 72, M L RF =T RE
1% 5-1000 ng/mL O & BH Tl ERIHE TH - 7o, AOHriEIL, D EO M4 100ul %
AL TISZET A ¥/ — VIR & e Sr7K AR IC X 2 BREE B O A CaIE
DX TR BT VIR B 72 0 O HTRERNIZ 7 53 T V) /o Hrike ] 4 4
Xz, MPFFROL U NRF=T 13, KRR T I12E0FHE, -20C T 108, #EViKLO

RS AR EIC B W TCEWEEM R Lz, WINOIHEBIZBWTE FDA O
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NYF =g HA RITA L ZME L TWAZ EE2HER L, ULEX Y RKO5HT
EIXmp Lo N"F =7 b 7RENEICEA TEOMEZAE L TWDH I EMRR
i,

32



2 E JFHREREICRIT LU AT T ORRIRLR O CICEWERRE
& Ry iR BE O B E

1.

il

HCC (3¥8 2 Lz /g% A3 2 Z MM Th 5, MRS Do S
% VEGF X° FGF % O HiFHIK 11X, HCC 2B A IMEREOIRIZEE- LT\ b
[41], YV 7 7 = =71%, 2009 F I RIGHR DO UIFRAFEZR HCC 1234 D & D4+
Ry E L LR &N, VEGFR 1-3, PDGFR B, FGFR 1, ¥ X U'Raf-1 & B-
Raf O U V- AL F =0 FF—B[120%HFNRF oL o —BiEa HES
52 LI THENRZRET D, V7 7 = =7 OEGRLK, KigEO IR
AR HCCIZRT HA=F =7, 7IUNR=T BLWY =77 =7EDHEYIZ
B9 % BRARARBR Tl +oeinl i R A RN E D20 72[3-5), Dz
B, VT 72 =T IXREFICDIED HCCIZX T 25 13 UAHR E L CHE— D41
EREIFRE Th o7, IBIT, 2017 2T, VT 7 = =T I1RERITHRBETE
R LUTCUIERANEEZ HCCEE I 2 2RI E LT LI 7 7 = =7 DKR I
72112,

L > 3F =7 %, VEGFR1-3, FGFR 1-4, iK1 71K, rearranged during
transfection 73 A/ JfU g {5 7. PDGFR a [33,35]% O Z BIKkT 0 v v % —8 23R
AIICBRE T 5 2 & T, HCC IZx T DIRRAIREHET 5, Lo " F =7 I3EHEE
25 AR BRBR CUIBRANRE 72 HCC JBF TR 2 1IRIBHE L LT, Y T 7 = =72k
L EFEFHEEE Th 2D 0SS DIELEAF L7-[13], Lo F =7 |27 55
BUBEEO@WAFERRIL, ®ME, TH., BRRAR, KT THH, ZnLbDAE
FHRIZLY | LUARTF =T OREXIIRIEIZE > T2 BT, FNE4 38 7% &
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W 521% ThHoT=, LIER->T, Lo ARF=TofBZEUNCHET5 2 &%
HERAEFREZEREL, ZOBRIRERKRIT DIDICHETH D,
O FAERER I BT OREIC L O TEREME TR SRS 72D, HEN
F L OMEARR D pharmacokinetics (PK) 1FX1RE Y A IV ZICBEIND Z L3
HNTVD[42, ZDD, A FEERTEREIED PK LI R I3 ESE
B L ORIEIZ OV TRk A 235K CRd S vz, BllaEEFICRBW T, A=F =
TR ET | TRV F 2T EORA~ VT X — P HERIL, MR &
TR N R [43-451F 7o 13 EFEA[46-48] & O PBHHMERHE SN TS, LT
=7 O, FIRIEEERE IS W TIEETR T 7R 88ng/mL 2 5 & T
BERE IR 3 L QNI IMIRIBE DR BLER DS B35 Z & 3 S v Tu 5201,
HCC BHEIZBNWT, LI NANTF =TI L AEFEFRIT. EYRE L BEET L 2
EMHESNTWD, HCC BEZXG L Lo L o A"F =7 O NHHHER OB
it Tld, Mg Lo NF =T T TRER XL ONAUC A EFEFZOFBL L
L. LA F=TORMBEEITREHFIEIC SRR 5 2 & 3mnShiz[21,22),
LWL G| M L A F =7 RE LR RIS T 2 WA 13720, L
ST, LA TF =TI RDWEDRERRIT DL L BITZRTEmT D720
2, Lo F =T omPRE EIRFEDIRBSLOAFERFR L OBRELZMRHT S
ZENEETHD,
AHFZETIE, HCC BFICBIT ML o N"F =7 7 7RE L ORR B LOF
HHG L OEEIZ OV TR LT,
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2. Hik
2-1 MREBEHE

2018 4= 12 A 7 5 2020 4 3 A £ TICIMKRFRBE T L oNTF =T 25 S
7= HCC D HARNBE XI5 & Lic, AIRICSMLT-EE T, Fmick o1
VI F—bh Rarkry bR AEERG L, 2095, 1R E LA
HANIIEE 2 ik L7 BF TR LTz, 7236 ARAFFRITIUN R RS R R X
iR N7 b BB TR UM E B ORGRE R THEM LT GKEEE S

765-01)

222 LUNRF=TOIRET e ban

Child-Pugh A (24338 & 7= HCC & TlE, KED 60 kg UL E DAL 12 mg/
H . K ED 60kg Aiifi DAL 8mg/ H O - TIE#BIMG &7z, Child-Pugh B {2
DI E N HCC BAETIE, 8mg/H /-3 4mgH O ECIHRRB SN, L
VARF =N, REBEITE IR ENEDO R WEERHE SN D TR SN,
L U AT =T ORI R (X, BE ORHIRIBIIG U T ROl ¢ %
i S vtz BB IZ Grade3 TR BITED 720 Grade2 D EFRNBHL L

TGAIIE, LT =T A E UIRE L 72[49],

2-3 BENEHRONE

ETCOT—HIIBEFTINT VAT ALV L, 1RRBIMARTO BB R &
L CL ol MBI R, Lo NTF =7 DR &, Child-Pugh %7 #8 . modified
albumin-bilirubin (mALBI) grade. EfRIRASE (T-bil, AST. ALT), L' NF =7
DIRFBRAELART O R FILEOF I, BB OFE, HKB Lo A"F =70
IR F AR E TCoMBicONWTT — ¥ 2t LT,
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2-4 JEIRZNIR LA FEELR O

{69 D ORR L. modified response evaluation criteria in solid tumors (mRECIST)
[ZHE > THE L7z, ORR (X, CT F£721X MRI 12 X 25HlICHES X, 220
(complete response, CR) F 72 153 28%)) (partial response, PR) & E# L7172, 1A
R OFHMREEIL, KERMICER BV, MIENEESEEIL, Lo R"F =T D
BB AE HF) 8-12 MRS FEM S Lz, MRV 7 iE, Lo RNF=TRE
FARTBICEE L7- 8 H HLABRICERER L72[20], AAFZE T, BEHR[S0)% FERICTEH#%h
ROFHMMF Lo ANF=T 5T ZIREOFRAE (Cuoughmedian) 2 V720 Ciropgh
median (X1 LT =T OIREBRMAE 8 A H (EFIREHEERIER) 26 HEHE
PN RAHE £ TCOIBNCHBEDNLERYT TV ZRIML TR L, £72, 1
L ARF=TONE T TIRE (Coough1s) (3 b2 3F =7 OIGEB MG 8 H
H CEFIREHTREER) »D 28 HE X TOMMICHEBRENS 1 T ILER
L CHRIH L7z, FAXHERIEE (relative dose intensity, RDI) (%, #J[a1A7 20 ¥
EE TOHRIZBITD2ERO LV o AF =7 0Bk G-E&4 FHIFIC T 548
DL Y NRF=TORBEHGETELZ LICkVEH L, AEFFLRIE. common
terminology criteria for adverseevents (CTCAE) ver.5.0 (Z J& -3 & HJESE (Grade) %
Al U7z, AEFRORELIT, BEHR T ORAEFEROEED grade 2 W
7o ARBFFEOFEFMEH X, HCC BHEIZHIT D Croughmedian & ORR & D FE %
FAOENCTHZETHY, BIRAFHIEE & LT Curough medim & A FHHG & DB
2 G L7, 72, Chougn1st 2> ORR & THIT H 72 OIMEHTE 2008 9 0%
FIWT 9~ 27212, Cuougnist & ORR & OBIHIZ DUV T & FHM L 72,

2-5 Y7 ENNE L UL L RN TF = TR E OHE
MRV 7 NiE, Lo R_RTF =T N EFIREIZE L7 8 H H BARRICEEL L 72[20],
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MY > 7 ix, Vo F =T OIRERF LS D E TR 24 HEEEICERIL
T=o N7 7MY TR, L NTF =T RAR 2404 BERIZICERER U 72, i
VRERER L7z ifig Yo 7L & 1,378 x g T 10 4y R =R iR T B L. LC-MS T4
Hrd % £ T-200C TRAF LTz, Zods, M Lo ANF=7REITH | CHE L
LC-MS Z i i L THIE L7z,

2-6  fatREHT

T 7 3V — BT A TR E F 7213 Fisher's exact test, #5248 1L Manmn-
Whitney U 1 E & Vo, YA E/KHEIL p<0.05 & L7z, 3EEM O HRIZD
VW CIE, Dunn O FEMEIC K 5 Kruskal-Wallis £ 7 % F i L72, Dum OREIC
X % adjustedp fEIX. ExFLLERED p EIZ 3 23 U C, adjustedp<0.05 DILE %
MEAR E Lo, ZIEEEERE (receiver-operating characteristic, ROC) Hi#
[T ORRIZHT DM Lo NF =7 F T ZREDOTRIREZ R 72T,
HEBRBIOSZERER VAT 4 v 7 BlRoHriE. ORR ICHE L 5 2 % KF % [F]
ET B I FE i LT, HARMNT Cp<02 DRFIZHONWT, LB VAT
o v 7 BlR AT & S L Te, A BMNTIZE VT p<0.05 DA Z AR &
L7, T—XDO#iHE. IMP 14.0.0 (SAS Institute Inc., Cary, NC, USA) ¥ L O
GraphPad PRISM, version 8 (GraphPad Software, SanDiego, CA, USA) % F\ N CTHEHT

L7,
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3. "R

3-1 BEER

HEHEFIZ L AN TF =TI L DIRE A2 T2 HCC BFEIL, 264 Th o7,
DL, BRI WEFEFEZOT® 28 HUNICIRERF IEINT 34725
ONTIBFD RHERNCERPE LT 2 A &R LT, AEFRROTZDICIEHRE A P IE
L7234 OBEFIE, Chougnis 25 90ng/mL & % TV o, 34 OBFIL, TR
=R EREREE . LIS O HIC 28 BUINICISE A I ST, Thb S
413, ORR D3eHAl T & 7273 o 7o 1o DM G2 B ERA LT, BT 21 44 % i
Hrxtge & Uic, 1REBRAGIREOBE L 5% Table 12 12T, Fln (FRAE) 1L 78
. RHE (FFfE) (X 63.8kg Td - 7z, Child-PughA % 18 44, Child-Pugh B I%
34 Toho7-, mALBlgrade 1 i% 8 4. grade2a |3 8 4472 HTNT grade 2b 1L 544
Tholz, Ly NF =T OIRFEHBLURNIC 2T RE (VT 7 2=7) 2% TR

Fix, 24 TH-o7-, RDI (HFRfE) 1X66.7% TH -7,
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Table 12 Baseline characteristics of patients

n=21

A ge (years, range) 78 (64-87)
Sex

Male 18

Female 3
Body weight (kg, range) 63.8 (41.0-96.3)
Initial dose of lenvatinib

12mg 12

8mg 8

4mg 1
Initial dose reduction

Yes 5

No 16
Child-Pugh class

A 18

B 3
mALBI grade

1 8

2a 8

2b 5
T.bil (mg/dL, range) 0.7 (0.3-1.8)
AST (IU/L, range) 28.0 (15-60)
ALT (IU/L, range) 20.0 (9-61)
Systemic therapy

naive 19

experienced 2
metastasis 3
Etiology

HBV 8

HCV 6

NBNC 7
RDI (%, range) 66.7 (36.1-100)

Continuous variables are presented as the median. 7 bil, total bilirubin, AST, aspartate
aminotransferase; ALT, alanine transaminase; mALBI, modified albumin-bilirubin; HBYV,
hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBV non-HCV; RDI, relative dose

intensity until the initial assessment of efficacy
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32 FNRICKIET I L o R F = TR 0

CR (L 24 . PR I[Z 84, stable disecase (SD) |% 8 4. progressive disease (PD)
X 34 Th o7z, ORR 1T 47.6% ThH -7z, HIENRESRHEE TIZ 21 4005
101 TN ERIR LT, FEBED BRI LRy o 7 v (F i (fE6))
X 4Q2-1)T® 272 Cuoughmedian (THRAL (ELPH)) X, 42.74 ng/mL (12.3-164.7
ng/mL) T & > 72, CR/PR FED Cirough median & 59.1 ng/mL (12.3-164.7 ng/mL), SD #¥
? Cirough median (% 40.4 ng/mL (14.8-121.9 ng/mL)35 & O PD #E D Corough median 1% 27.5
ng/mL (12.8-56.4 ng/mL) T & - 7= (Fig. 3a), CR/PR #f D Cirough median 1 SD HE
(adjusted p = 0.0453)33 & OF PD #% (adjusted p < 0.001)® Cirough median & ¥V b A EAZ
BTz, IHIZ, SD FED Curough median 1% PD FED Cough medin &~ W H BN E D>
7= (adjusted p =0.0465), ROC fi##7 1L, ORR DEERKIZKT 5 Ciroughmedim @ T HIHE
%z~ L7z (Fig. 3b), ROC T f&EIL. 0.8000 (confidence interval (CI), 0.58-1.00; p =
0.0201) T Y . Ciough median P H v M A ZIEA, 42.68 ng/mL DA B b BAF72
JEIE (80.0%) & FFFLE (81.8%) % 1k L 72, ORRIZ, Iow-Cirough median HE & ¥ high-

Crrough median B CH BAZE D3> 72 (80.0% vs. 18.2%; p = 0.0089) (Fig. 3c).
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Fig. 3 Association between the median trough concentration of plasma lenvatinib and objective
response rate.

a) The median trough concentration of plasma lenvatinib in patients with progressive disease (PD)
(number of samples 13, n = 3), in patients with stable disease (SD) (number of samples 45, n =
8), and in patients with complete response (CR) or partial response (PR) (number of samples 43,
n = 10) (using the modified Response Evaluation Criteria in Solid Tumors). The horizontal line
in the center of each box shows the median of each group. The top and bottom bars of the boxes
show the 75% percentile and 25% percentile. The open plots show an outlier in each group. The
adjusted p values subjected by Dunn’s test multiplied the p values of each paired comparison
groups by 3. * adjusted p < 0.05, *** adjusted p <0.001

b) The median trough concentration of plasma lenvatinib threshold for an objective response rate
(ORR). Receiver operating characteristic (ROC) curves for prediction of the ORR. A UCroc, area
under the receiver operating characteristic curve; CI, confidence interval.

¢) Comparison of the ORR between patients with a median trough concentration of plasma
lenvatinib > 42.68 ng/mL (high-Cirough median, n = 10) and < 42.68 ng/mL (low -Crough median, 1 = 11).
**p <0.01
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Cuongh1st (HFPIME (#PH)) X, 60.56 ng/mL (25.8-164.7 ng/mL) C & - 7=, CRPR
BED Cuougn 15t 1% 79.5 ng/mL (46.6-164.7 ng/mL), SD H£ED Cirougn 15t 1L 39.4 ng/mL
(25.8-90.0 ng/mL)33 L U8 PD BED Crrougn 1t 13 27.5 ng/mL (26.4-56.4 ng/mL) T & - 7=
(Fig. 4a), CR/PR F£D Ciougn1st/L PD #EL W HEIZHE 225 72 (adjuseted p =0.0451),
ROC T AT 0.8273 (95% CI, 0.64-1.00; p = 0.0112) T Y . Coougn1s P H v b A

ZEDY . 57.85ng/mL DT i b BAFREEE (90.0%) & K BLEE (72.7%) %~ LT

(Fig. 4b),
(a) (b)
§ 200
= * 100
S
c o)
8 150- __ 80
8 5 g
= > 60—
22 - T
5, 100 s
oL T g 40 " AUCgoc = 0.8273
s @ " 95% Cl0.64-1.00
o
= 50 | £ » 20 p values = 0.0112
= s Best sensitivity and specificity
2 57.85 ng/mL
g 0 I T I 0 T T T T 1
PD SD PR, CR 0 20 40 60 80 100

100% - Specificity (%)

Fig. 4 Association between the first trough concentration of plasma lenvatinib and objective
response rate. a) Plasma lenvatinib trough concentration from steady-state achievement to the
28th day in patients with progressive disease (PD) (n = 3), patients with stable disease (SD) (n =
8), and in patients with complete response (CR) or partial response (PR) (n = 10) (using the
modified Response Evaluation Criteria in Solid Tumors). One plasma sample was used per patient.
The horizontal line in the center of each box shows the median of each group. The top and bottom
bars of the boxes indicate the 75% percentile and 25% percentile, respectively. The adjusted p
values subjected by Dunn‘s test multiplied the p values of each paired comparison group by 3. *
adjusted p <0.05

b) Plasma lenvatinib trough concentration from steady-state achievement to the 28th day
threshold for objective response rate (ORR). Receiver operating characteristic (ROC) curves for
prediction of the ORR. 4UCkRroc, area under the receiver operating characteristic curve; CI,

confidence interval
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33 IfH L NF = TRE L BEE R ORR

high-Ciough mediantt & 10W-Crough medianfit: O £ F 5 5t D LK % Table 131278 97 Cuoueh
mediantE + 10W-Clrough median B 12 FE X T high-Clrough median B C A 5 (2 1 2> o 72 (64.4
ng/mL vs. 31.8 ng/mL; p < 0.001), high-Cyrongh mediantt & 10W-Crrough medianfiEVZ 33V T
LY RF =T ORIEBA IR (p = 0.0075) & Ta I B AA R (p = 0.0351)0 1H H

THEREPRD LIV, low-Crough medianb FIZ 1T D L 2 /XF =7 DOIGHEPR bR
P OFHIL, 80 Lo mky (244) . Child-Pugh B (144) . BEAE (24) T
& o7z, RDI (FAE) 1. high-Cuoughmedianfit & 10W-Cirough medianfiF VZ F VW TH E 72
EILFRD LIRS T2 (79.4% vs. 62.7%; p = 0.5183), L > A\F =7 O EIX
high-Cirough median Bt & 10W-Cirough median BE (Z I W TH B R ZEZITBO b T
(76.1% vs.63.6%; p=0.3108), 7=, L2 "F =T DRIEIZOWNWTH, high-Cooun
median iE & 10W-Crrough median FE VZ 33 W THE 2 ZITF O B V72 D> 72 (100.0% vs.

63.6%; p = 0.0902),
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Table 13 Comparison between patients with a median trough concentration of plasma

lenvatinib > 42.68 ng/mL (high-Cirough median) and < 42.68 ng/mL (low-Cirough median)

Low-Ctrough median High-Ctrough medim p values
n=11 n =10
Age (years, range) 77 (64-87) 79 (67-85) 0.6659
Sex 1.0000
Male 9 9
Female 2 1
Body weight (kg, range) 65.5 (44.3-96.3) 63.4 (41.0-74.4)  0.9725
Initial dose of lenvatinib 0.0075
12mg 3 9
<8mg’ 8 1
Initial dose reduction 0.0351
Yes 5 0
No 6 10
Child-Pugh dass 0.2143
A 8 10
B 3 0
mALBI grade 0.8088
1 4 4
2a 5 3
2b 2 3
T.bil (mg/dL, range) 0.7 (0.4-1.3) 0.7 (0.3-1.8) 0.6887
AST (IU/L, range) 28.0 (15-60) 29.0 (20-37) 0.9310
AIT (IU/L, range) 19.0 (10-61) 21.0 9-41) 0.9589
Systemic therapy
naive 11 8 0.2143
experienced
metastasis 2 0 0.4762
Etiology 0.1998
HBV
HCV
NBNC
RDI (%, range) 62.7 (36.1-100.0) 79.4 (47.6-100.0) 0.5183
Dose reduction (%) 7 (63.6) 9 {76.1) 0.3108
Duration until dose reduction (days, range)  69.0 (22.0-168.0) 41.0 (15.0-140.0)  0.3655
Interruption (%) 7 (63.6) 10 {100.0) 0.0902
Duration until interruption (days, range) 42.0 (37.0-127.0) 47.0 (18.0-112.0) 0.5513

* In one patient in the low -Cirough median group, treatment with lenvatinib was started at a dose of 4
mg. Continuous variables are presented as the median. 7.bil, total bilirubin; AST, aspartate
aminotransferase; A LT, alanine transaminase; mA LBI, modified albumin-bilirubin; HBV, hepatitis
B virus; HCV, hepatitis C virus; NBNC, non-HBV non-HCV, RDI, relative dose intensity until

the initial assessment of efficacy
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3-4 ML INF=TRE L AERZORBR

high-Ciough median Bt & 10W-Crrough median FED BIBFNZ L U NF =72 X b A HEHFR
P38 HALTZ (Table 14),  high-Curough median B & 10W-Cirough median FEIC ISV TUE & A
EORERFLOBBMHEICEITRO LN > 7223, any grade O EBERAIE
(100.0% vs. 45.5%; p = 0.0124)F5 L N grade 3 @ HE & 725 LT (70.0% vs. 18.2%; p
=0.0300) D 5 BLHE 1, Tow-Crough median £ & ¥ & high-Cirough median HF TH I 1 2

> 7,

45



Table 14 Comparison of adverse events in patients with median trough concentration of

plasma lenvatinib > 42.68 ng/mL (high-Cirough median) and <42.68 ng/mL (low-Cirough median)

Low-Ctrough median High-Citrough median p values
n=11(%) n=10 (%)
Hypertension Any grade 11 (100.0) 10 (100.0) 1.0000
> Grade3 2 (18.2) 7 (70.0) 0.0300
Proteinuria Any grade 9 (81.8) 6 (60.0) 0.3615
> Grade3 2 (18.2) 2 (20.0) 1.0000
Thrombocytopenia Any grade 10 (90.9) 9 (90.0) 1.0000
> Grade3 1 9.1) 0 (0.0 1.0000
Anorexia Any grade 5 (45.5) 10 (100.0) 0.0124
> Grade3 0 (0.0 0 (0.0 1.0000
Fatigue Any grade 8 (72.7) 10 (100.0) 02143
> Grade3 0 (0.0 1 (10.0) 0.4762
Hypothyroidism Any grade 10 (90.9) 9 (90.0) 1.0000
> Grade3 0 (0.0 0 (0.0 1.0000
Diarrhea Any grade 4 (36.4) 6 (60.0) 0.6699
> Grade3 0 (0.0 2 (20.0) 0.2143
Mucosal inflammation Any grade 3 (27.3) 2 (20.0) 1.0000
> Grade3 1 9.1) 0 (0.0 1.0000
Hand foot syndrome Any grade 8 (72.7) 9 (90.0) 0.5865
> Grade3 0 (0.0 1 (10.0) 0.4762
Increased AST Any grade 5 (45.5) 5 (50.0) 1.0000
> Grade3 0 (0.0 2 (20.0) 0.2143
Increased ALT Any grade 4 (36.4) 4 (40.0) 1.0000
> Grade3 0 (0.0 2 (20.0) 0.2143
Increased T.bil Any grade 4 (36.4) 2 (20.0) 0.6351
> Grade3 0 (0.0 0 (0.0 1.0000

AST, aspartate aminotransferase; ALT, alanine transaminase; 7.bil, total bilirubin
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3-5 R\ KETIRT

ORRIZHEZ KT TR FIZONWTOHREERL L NEZERER VAT 1 v 7 [BlJF
ST DA F A Table 1512779, AR OFER . Chough median = 42.68ng/mL (p =
0.0089) & RDI >70.0% (p =0.1984)23p <02 T >7=, ZNHRHRFITHONWTELER
FEAT % 4T 2 7245, Crrough median> 42.68ng/mL 7S ORREE G DA L 72 [K - & L T Hil

tH S 4172 (odds ratio, 15.00; 95% CI 1.63-138.16; p = 0.0168),

Table 15 Univariate and multivariate analyses of potential factors associated with

objective response rate

Univariate Analysis Multivariate Analysis
No. of Case
ORs (95%CI) pvalues ORs (95%CI) pvalues
Sex 2.00 1.0000
Male 18 (0.20-31.81)
Female 3
Body weight 1.50 1.0000
> 60kg 16 (0.24-10.04)
<60kg 5
Initial dose reduction 0.19 03108
Yes 5 (0.01-1.90)
No 16
mALBI grade 0.52 0.6351
gradel, 2a 16 (0.08-3.23)
grade2b 5
Chrough median 18.00 0.0089 15.00 0.0168
> 42 68ng/mL 10 (2.04-159.09) (1.63-138.16)
<42.68ng/mL 11
RDI 4.00 0.1984 2.40 0.4443
>70.0% 9 (0.64-2501) (0.25-2261)
< 70.0% 12

For the univariate analysis between Child Pugh (A vs. B) and the objective response rate (ORR),
the odds ratio could not be calculated statistically because there were 0 patients of Child Pugh B
in the ORR group (p = 0.2286). ORs, odds ratios; CI, confidence interval, mA4LBI, modified
albumin-bilirubin; Cirough median, median trough concentration of plasma lenvatinib until the initial

assessment of efficacy; RDI, relative dose intensity until the initial assessment of efficacy
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4. BE

ARAFFEIE, HCC BEICHBIT D MF LU NF =T b T 7RE LIBEHRB IO
FEFELLOBEIZOVTHRF L EENOMETH D, 21 4O HCC BE%
Curoughmedian P F v NAZ7H T % 42.68ng/mL % 5E1Z | high-Cough median BE (> 42.68
ng/mL) & 1ow-Ciough median BE (< 42.68 ng/mL)D 2 BEIZ 53 1T CTHEMT L 7=, ARBFIED
i B TIE. ORR 23 10W-Cirough median FE &= ¥ B high-Cirough median £ CH B E N D &
% 1 L 72, high-Cirough median #E C any grade O B HARIRFS X O grade3 O EFE 72 5 1.
JEORAEBENFERICE DT, 1FEAEOEEEGIT 2 B TEEREIL
RO Lo Tz, Flz, 2REMICB W T L U ANF =T OJEZ b NIREE DA
FEICHBREAETRO N7,

HCC BFHZX R E LI L o NN TF =7 OERREIAFERER OB T — X ([2HD
<L VUNRTF =T OREICEFRZRL AL ARF =T O b7 7 REITH
30-40 ng/mL ToH > 72[49), LIAL7en 6, ML nN"F =7 K7 7RE LIRE
SR & ORIEIZ OV TREF L2137 005720 £, Croughmedin & TRFENR &
O B Z it L7 kSR (Fig. 3). CR/PR B D Coough median 15 SD.PD BEL 0 & & < |
high-Crough median HE C 1 10 4 H' 8 412 CR £721EL PR MG HAL72 2 &6, HCC
BHEIZBVCTLUANAF AL D+ B8 T 72 D101E Cuoughmedia & 42.68
ng/mL LA BICHERET 2 Z &R SN D, £, LT =T OIREHE RO
M N7 7IRETIHREDIRZ THITE 52>, ORR & Chough 1s & PBEHEDNTH
L 72 (Fig. 4) Cuougnist 15 CR/PR BET PD BEL W HEIZHE <. ROC fEHT Dk
IV ORRZERT 272D D Chougn 1 P A v N A 7L, 57.85ng/mL LA ETH
> 77 o Croughmedian 9 7 > b A 7l (42.68 ng/mL)(% | Crough1st P H » b A 7l (57.85

ng/mL) c]: D 1&75)’3 f:o ?_O)[ﬁlEF‘ ]\ 5 7/)%&F®%6i\ Ctrough Ist 6i]/“//\‘a;:7ﬁ){&

48



BEINDAIOMPBEBETHT-ZENFELTWDLIEDEEZBND, LN
F =70, IREMETIC 21 4% 16 4 (76.1%) THE /- (Table 13), 7=,
L UNRF =T O ~ 7 7 REOEENZESNE, 15.3-32.8%[51]& A 4T
LI, L ANF =T OIRHEBEE 28 HLUWNOMH 7 7REA 1 R0 AW
72 Curough 1st CIL ORR Z TFIT 5 Z L ITFRRICBWTHEETH D L E 2 biILD,
L7l o> T, {WEMETRICV o AR"TF =T NBESINZEOmS 7 7RELZ S
72 Cuough median & 42.68 ng/mL LA FITHERFT 25 Z & 2%, ORR & DOBIHE A FEl3 2
DI L TWD Z EBRm s,

ORR Z ZE T D72 D Ciough median P H > M A 7fH (42.68 ng/mL) (ZHADUNT
21 44 D Ha A % high-Cough median BE & 10W-Crough median FEIZ 57 1T T 5t 4 Lol L
72 (Table 13) , 2 BERICBIT B Lo NF =T OIEEBHEOAE ST, low-
Ctrough median FF & FEHE LT high-Curough median HE T D L 2 2N F =7 DIRIREBH AR R =
DENENHEEIME -T2 Z EITER LI EEZBND, BLEXY, ORR ZEERK
T5H70OMH ~ T TREEHERTH201I1E, REEZEE L CRIE SN
EHETLUAT =T ORKERBET 2 ZENEETHD Z LPRR I NI,

AR FE Tl BAKAIR O T HE 1 2I0wW-Crough medianhE & ¥ 6 high-Cirough medianti:
THEIZE -T2 (Table 14), [E B MAFHFER O RHEE S B REMEHT D5 R Tl
LU NRF =T DAUCHEW E B REZ BT AR Em W E RS NT
B0 [49], RMFFEOREFR & —F L Tz, MR T, grade3Uh EOEE L& MED
R FE 1T, 10W-Crrough mediantE & ¥ B high-Crrough medianfit CH BAZRW Z & & 152
L7z, HRBEERFIZBWTL U ARF =T OAUCH @V & grade 3L Lo &
JE O F BISEE DS L2 & OMENH H[52], L LS b, grade 38 o i
JEARBLIBEDOIZLALER, BEELZ AW TMEZEYIC= > b —L

%) & 73) 2 T % 7:—0 ZIKEI: T i Ctrough median kj:IOVV'Ctrough medlanﬁi J: D IE) hlgh'ctrough median
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BECTHBITE > 72 (64.4 ng/mL vs. 31.8 ng/mL; p < 0.001) 2%, high-Curough mediank
& 10W-Crrough medianfE DT L U ANF =7 O F 72 ITRE OB IS T 2 0o 72
(Table 13), % DHHRBRIZEBWNT, L A_"F=7ifd b T 7N 62.4ng/mL%
B2 DE&, LURNF=TORE IR SRR D KO A EFR OB
FENEEMT 5 2 EDRENTVA[21], Tamaib i, L2 /NF =7 OAUCH2430
ng<h/mL% 8 2 5 &L BELHEEFRPRELLIZ L@t LT 5[22], AWF5ETIE
high-Cirough medianftt & 10W-Cirough medianttt P [ T L o /X F =7 DIRFEIT 2 2 B D 74
X, $36.4%TH 0 FHEFERNRZTRD DNRNo T2, ZOETERIZBNT
IFEETH S, high-Cuough mediantt 2 Crrough medianl 164.4 ng/mL T & ¥ | T OEfEIL
FHAHRRICBW TEERAFFRORBIUCL Y Lo AF =T OE £ 213k
HICE ST N7 7IRE (24ngmL) & RIFEE THHo7Z[21), LA -T, b
YRF =T OMEB ST TRERENGEICIE, BEELEEFLORGAEEIC
BT L2 LREHETHLIEEZ 2 OND, BHMEREICST EERAEEF
G OFBUEE & P IRE & OBhEMEIT, A=F =T E70133Y /R =T[43,46,48]
ICBWTHESL SN T WD, LERS T, Lo RF =TI R EERAEERDNE
B2 B8 L, AR7RIRRAERT H7-0121%, HCCBE LRI 2 EERAES
SORBUCEE T 20~ T 7REOHD v NATEEROMCT S Z L NEE
ThD,

ZEBEI VAT 4 v 7 EUFIHTIE. Cuough median > 42.68 ng/mL 23S NE U 72 K1
THDH I EAERLT (Table 15), L 2 3NF =7 DIGERBAAFF D mALBI grade 1 %
721X 2a[53]. L o ANF =T OIRIERLAT% 8 I [H D RDI 723 67%LA F[54]7% HCC &
FIZBIT D PHREFE L THE SN TWD, mALBI grade (% HCC 5 O AT i
AE O FEARIC IV AL TV B[55], Fuchigami B O 512 LviE, 1RRBIAAEFD

mALBI grade (ZB6%72< . LI AR_F =T OIEEMEE S M LIN O ORR (271X
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B B IR T2[56], AWFITIZIEB N T HIRERAARED mALBlgrade 1 & 7213 2a
I, ORR EZRKDOMSL LK Tldleino7olo®d, AREIZZ L OFREFRIZEY
XFFE D, RDLIT, SASEYRIECRBIT 2 EYBRBEORKEE L LTHHATS
D2 ERHESNTWD[57], HCCIZXT 2 L AT 7 = =7 OFHEN &1L, KE
IZBAfR72< 160 mg/H DR DB ETH D12, LI T 7 = =72 X HIREHGHE
1 % H OFpT RDI 3@V EE XL, RDI AMERWEF LD H 0S 5L PFS ¥V
BILEWIZ ENREINTWD[S8], L LR S, L ANF =7 OEUER EI1T PK
FRATIZFE S ERERNTFRE S iz, LA > T, RDIIC X 5 B IRYIRTE &0
KBIIREETHH LEX BND, ZHUL, EBo bR L THWDL L HI1C, Lo
F =7 Tl RDI 2N EFROIERFRE &2 IEMEIZ S L TWRWABEMED B 5 72O T
B %, Eso bld, KEIZGCTL U ANF=T%HFKE L7 HCC BE TiX, RDIA
TR R 2 EREICRE L TV R WATREMEDR B 5 Z & 2 L TV 5 [59), i T,
LRI OMFZETIE, THRIRFE LTI Lo RF =T T 7RENRG TV e
Mmololod, AR TIXZOREZ THRINFL LTHEMA L, ZEER I XT 4
v 7 AR SHE, P L ANF =T T TREDNMNL LI TPRRFTHH Z &
ZW G Lz, LI -> T, ORR ZERT 272 9DIT1E. Chough median 22 42.68
ng/mL UL FICHERF T2 2 ENHEETHDH Z LRI NI,

ARIFFENNINL D ORR RS 5, 5112, AUCIEEBEICHIT 232
B THLID A TIL M L o RF =T RED AUCEFHII CEX 2o T2,
LNLRNRS, AXTF =T A=F =T R R=TEO S FEEREREIC O
TiX, mMAEH F 7 7REICESSEEREEE =XV V7R HERIATHD
[43,6061]1Z L7256 AWFETIE b7 ZIREZIEE L LTHWE, & 2120 A4
FEIT D E D HCC BHEZXIG L LTk D% T HRINIIE TH D, 5 3 12,
Cirough median P 7 > b A 7fE & PFS £721% 0S & OBFH AT CE e o iz,
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LLEX Y, HCC IZHT 2 Lo AR"F =T DM RE & iRRRE OBFREH S
PN LT DA RO TTH Y, LA F =712 K DI s &<
RIEN ML 725 Z L3\, HCC 123815 D ORR DFEMIZIE Cuough medin &
42.68 ng/mL UL EICHERF T A Z ENEETHD EE X LN,

5. /NFE

HCC BHEIZBIT D Lo A"F =70l T 7iRE LIGRR R b A FF
LREBL & OBIEIZ OV TIRF 21T o 7o, Z DFER . CR/PR HED Cirough median 13 SD,
PDHEL D b A EIZED 2Tz, ORR ZEERT 5 728 D Croughmedim P A ¥ N A 7
(42.68 ng/mL) T X3\ THEE % high-Chrough median FE & 10W-Crrough median HEIZ 571 72
it F . high-Coough median 1 V& 10W-Crrough median £ 4Z EE L C ORR 23 EAS M7 o 72,
BIVEH OFBUZ. high-Cirough median FF (2 33V T any grade D BECAIR & grade3 D&
1. D FEBUAEFE 1T Iow-Crrough medin BE &= U 72723 1E & A EDRIERIZIBWT
BB IS TR O bR hr oz, LLEX Y HCC IZEIT5H ORR DEERKIZIE
Cirough median 2 42.68 ng/mL LA BICHERF 5 Z ENHETHLH Z LRSI NT,
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WIE
AAFZ2 T, HCC BEFIZBIT A L A_"F =T OIEEN R 72 & N EIVE L
2%t 3 2 Y i PR E O BIEIZ OWTTRETZITV., LU O R E 5T,

WI1E LC-MS Z AW L U A_F =T EEDSITEDOHELE

L N F =7 %, VEGFR1-3, FGFR 1-4, ##fifa R 152K, PDGFR o5 D5
KETFr o7 —EBLBIRMICHET 5 2 & T, BRI CHCCIC X 518
FNRERIET D, TOREVIBREDEOKH, %< OIEFICEIME, EAR, &
PR L O P RIEFEESEORIERAOTZDIZ L U NTF =7 BB F 7 3R 2 4
%2 END, TRETICHE SN TVLIMT L o ANF =T EEHIEELED S <
X, LN F =T ORERNAKZISE L THWZLC-MS/MSIZ X 550 4TETH Y |
HWEEDOHBRPRNETH 72, £ 2T, ATk TnWbs = reF=7
1S & L LC-MS#% F\» CFDA @ [ Guidance for lindustry, Bioanalytical method
validation] ([ZYEHL L THRFT 21T o 70, £ DR R, Ao HTED E & HiPH 5.0-1000
ng/mLIZ B W T HANZE e b N HEIZEENX, NV TF—Ta A R4 ITH
E I TWAHCVIEI5.0%LL T (5 ng/mLiE20.0%LL F) . REIZ£15.0%LL T (5
ng/mLIT+20.0%LL F) Zili7= LTz, ZDOZ e, BERICBITA L " F=
TOMF FT 7REZRET DI EA LTS EEx bR, £
7=, —E720DSH 7 L EHAWELC-MSIC Lk » T, mvaF =742 L R"F =7
MWHNEET D ENTERZZ MDD, mlaF=71F, KoHFIcBnTISE LT
HWE)RME Ch oz B2 bz, BT, AOITEICEIT 2EIEL, NY T
—va v A RTAATHEEN TV DHCVAIS.0%LL FEAT-LTEY, mil
UL, ST A H ) — VIR & iR en KA IC K D BRE A O AT, RIKIZ
BRI T B 2 LD | RE R BEERE N REIC o2 & B X
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b, BEMRBOFREL Y NUF—v a VHRENIESIRTE & L TEET
R26FH % T, RHIGRAFE L L T-20°CO M EJE CT10# [H] £ TOHIFIZI VT L2
F =T OBRAFENEN D EPER ST, 2D &0 D, BK TR L Tl 5y
HER AT DL MR 2 RIS RFET 2 2 LR TE DD, LUARNF =Tk
FEIX—EHOMmfEE L L TLC-MSTHIERFETH H 2 LAVRIB S Lz,

IS D I END . AONEIRINT L L NTF =T N T R ICE T X
HPEREZ A L TWVWD Z ERRS T,

%28 FREBEBRECBITS L UAF=TOERNRR L NCEIEARE
& 3R iR B oD B E

BIBRAHEZ2 HCCIZH T 55 1 YUK TH 5 L v N F =7 1L PKIZHESW TR
HIDIG U HEREN SN0y, 18R & ONCEIEAFSEL & 30 i i
& DEEIZOWTOHME T2V, £ 2T, JUNRKRFHERICBNT L AR F =T %
fRALTnD HCCEBREFED O L, EEICLDFRENMELNIZBFE LRI, L
NF =T O b7 7H]REL LC-MS 2 HWTHIE L, 1BREIRIEED ORR &
AIPE I FEBL & DBV TRRET L 72,

Z D FEF, CR/PR FED Cuoughmedian 15 SD. PD BEL U H HEIZE22 > 72, ROC fif
Hr &V ORR Z KT 5720 D Cuough median P07 > b A 7 {H (42.68 ng/mL) |23
W TR % high-Crough median HF & 10W-Cirough median A (73 1F 727 AL high-Cirough median
#E 1T Jow-Crrough median #F(ZHE LT ORR A EICE D2 Te, ZDT &b, LU
F =TI L D137 %155 720121, Crough media & 42.68 ng/mL LI FIZHERE
T 5L OEEMENRI NI, FTo. 2HBICRIT D Lo ANTF =T DRG]
BICABERENED LN & LT 10W-Crrough medion B & HE#E LT high-Crroug:

metian BT O L SF =7 DUHBAFI RO RIS DS RIAE D > 72 2 L4352
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bILd, TOZENDH, ORR ZEMT LD OMY T Z7IREZ MR+ 5720
L, VIoNRNTF =T ORREEERNECRGT DI ENEETH D Z LR
ST,

S 51T, high-Cirough median £ T any grade O AR & grade 3 D& I E DI B
JE 73 B TE R 2BV TIZ E A EDORWERRBBUCH R 21T
LIV hoTo, F72. high-Cuoughmedian FE & 10W-Corough median HED ] T L 2 N F =7
DIk e F T TR D B ISR FRI 2 221372 03 5 7253, Curough median 13 10W-Crough
median BE &< U B high-Crrough median #f CHBAZR NS T2 2 B, LI ANF =T DI
Fh 7 ZRENEWEAICIE, BERAWEFAORBE A EREICELET 2 Z LN E
L ThHDHEEZDNIZ, ORR IZHET DK FITONWTEZEER VAT 4 v 7 [H]
i AT AT S TR Curough median > 42.68 ng/mL 23N L7ZK - ThH 5 Z & 2R
L7,

LLEX D HCCIZEIT 5D ORR D ERKIZIE Crrough median 2 42.68 ng/mL LA _EIZHE
BT 252 RIS (Fig 5).

A Association between Cyqugh median B Cut-off value of lenvatinib C Association between cut-off
) and clinical efficacy ) trough concentration for ORR ) concentration and ORR

200~ p <0.001

p <0.05 100 p <0.01

100 S,
5 <0.05 o 5
o P ~ )
® 150 80 2 s04 80.0%
5 g g
_ = °
€3 2z 60 2 60+
0 5 100 = g
£ b
gs @ 40 AUCrog = 0.8000 » 3 404
= & 95% CI 0.58-1.00 @
E 50 204 p values = 0.0201 E 20 18.2%
3 Best sensitivity and specificity g
; 42.68 ng/mL a
0 T T T T 1 o 0 T T
0 0 20 40 60 80 100 Low High
PR, cR 100% - Specificity (%) (<4268ng/mL) (2 42.68ng/mL)

Clinical efficacy
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Day8 |
(steady-state) [

Measurement of plasma lenvatinib trough concentrations \
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Dav1 of efficacy
(Day1) (8 to 12 weeks)

Fig. 5 Association between the median trough concentration of plasma lenvatinib and objective

response rate (ORR)
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