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PURESE ST A & & ol ZRIRBOIRIFICAAI R AL TH 5, FEEAE Th D%
Eru7 ) G (1gG) HCROBSZ AT HHUARERMIE, B0 FEES & 13582 53
BREREME 2, AR FEIES TR TS A 52T, AP R P It S AUARPN A
OEKTD L, —HT, IgG =y R¥A b= AKXV HIRICED AEn, VY Y —214
[CELNTHRSID % TTRA, BRE, AR, Ba 72070 L OR3E
FEHMOENBREEEN 25| Z T2 EAHLMNERSTWND | FUREIRGICE N T
(3. SRR 2 PR DREA, BT OFEHL R L DRy FIER S & R
2 ER D FEYANEIREIZ 31T D AR A 2 5| S 2 2 L 3RE STV 5 3, flolR
T B PUREIRS OENENREIZ 3\ CRIZE S LA ERZENC 75 G- L QO D ATREMED & 2 23,
IIBIFFEEHRTER STV, AT, flix ON A E T D8 OHURE
FEEIZHBWT, EOMHREE LIRS T 5 Z 3G S Tng 38, LIEXD
K51 LT R DR E A AT D PUREILSL ORNEIREIC IS 1T 2 BT BUERRE - [EIARNZEE)E
TEAGNCT D2 1%, MHREFEICES a2 DB ATBROEFICET 5 LB 2 5,

PUARZESE LIS MR G 72 & OFTBIEFEDOBRFIZ LV | BABE ORI
BEELDODOH D, —H T, DAIREIC LV BIREIHEALFIET 2 B8, BB I
BLRDBODNINRREZT DREDPFET D, ZOXIREROS &, FE, Fiio/2eh
fEIEE & LC Onco-Nephrology 73845 L. 23A & Blgm OMH I KT THELA LTS
Z L OBEBEMERTRI S TND O, BIREEA T 2 0 ABE CIIAEHER 225 A ARG TS
L OSHRHRIEZE ST 5 2 E BB G AR D . 20X 5 e A %5 & U3 initi
LD T2 D DEFIRGRER O EfiH3 KD H AL D,

NNV A7 (BV) I EPUMAE N AIREFEE 7 (VEGF) $UATH D | BHEONAMIC
%9 BIIG THARE I, T OWRBEFE DM FICHE LD 10 Zeiattbis A0 24
OFRPE~D BV OB LY | Bz e AUl LT BE OAFHIMISHGH e &
OREIRINCEW D B H 4R Lz W5, BRI VBB ISR 2517 e 77 A
FRESE Y T R 1 BT 7 ) X=7 & BV EOPFARIEIR. B2 AT « XX T 4 v
NFuaZ7 7 A NERL, BFEROFGEREELZ O LI Y ZOXOITBVIL fxD
AT ADIRIRICB W CTHEEARKEZ B2 L TWD—FT, BIfEE L TEARZIIE
ZTZLEPHESNTWDS B, BV EIZEET 51 7 v —REGEE 2 FEE L TER] b R
HINTWD 16, BIfE, ERIRIZBWT, mERRARE &3 288 CIERREELD



[EEEZ HAYE LT BV MARIESNDEAENL, L LR G, BV OIRIEISEY) iR
FEDAR T D IRFRIREE OIS 25 | E i 23 rTREMED B 2, Ltﬁof\%%ﬁﬁmoﬁ
D EARFEHIED BV REEHAEDOR EDT=OIIL, BAREEY A7 I2MZ Ty
HIREZENZ OV T H T 2 BN H 5,

BV OIENETREIZ ST D EREZAENC T 53 5K+ & LT, K&, M), g7 v7 2
PREE . TRIRBRAARE L O M VEGF JREE 722 ES S S Qg 3171 iy, EEREAR
Z BT 5 FRMARREREDBF IR W TIRERL Y ) A~ 7B IO Y Fo~T7 D
VT T UANERT D2 ENREINTND 2B, 202 LITERARBRBFEIZBNT
PUREIRS ORNENREIZ 31T 2 BRI BN A U 2 AletE 2 83 5, BV IZRIWERE L
TEARZIESEZITICO2D DL T, RSO BEREMIEIC I\ TR ARFEELO
ISFRES VTRV, IEOMKRERIL, BEREIE BV OIRNETRE ORISR Z 2l rl6E
T A U L ORISR B D, ZORM & L TRO =SR2 b,
Fi—IZ, BV OIRMENEMRAT 23 5EHME S 7l EOBRKRERO—5H Tl BltAE R CEAR

ZRBL CODBEITHERN LRSI 2 I, BRRBRTIL. BEDER
JRZ 2T HEFIZBIT D BV OREE TP ERT e ha/ L TRESNTW DA ® 5
HE ZOZ LT, MEOEARE T LEE BT DMIKORREEN DT D Z & &
RET 5, I, BV OIEWEIEMIAT 21T - 72w EOME T, FaNZHiE Szt
7 MR W TORBERIROFEDNFE G Sz 3172, Liein-> T, BEREETHEED
ERR IR AR & B I AT RE 703 BR T 1 2 T D EIRERBR O FEMIC L 0 | BERFEEL &
BV OIRNENREZ ) DO BGR A7l §~ 2 M ED B 5,

U bEDEFEOL &, FEHIRARE T D0 ABEITEIT 5 BV ORNEIEAE 200 5
DNZT R, 2 DOFHERRIITE A T Uiz, 5 1 B Ok, EERIEBUEE I LO%IE
F RS LT DIEPIERRIEORER AR Lz, BVILH - IRAEEOHIEIZL Y . BV
PRt B DRI - T, ZOMHIREME T 5 7TaEMEA R L7z, 8 1 =T, BV #ikl
BALGERE x5 & T DRl & ak— MFEOEGIZ L 0, EARBHAE BT S5 BV M
TS 2 T 5 72 O ORMEMIERYENRE (PopPK) 7 /VORESEICAED LTz, AT ClI
BV O7 V7T AT o ERIAEREE LT, ET7 VT I RE, KE, JRTPEA/
7 VT F =P (UPCR) 23RIE S 47z,

LR, ARHFFEIC Lo TRB IR R 2 dmid 3 5,



FIE BHRZETOIVABEICRBIT HIHEEELRANV AT BLR=
RV< 7 DR FPEEIRICH 5 MPREET « EFERFERTE

HARFEBIIEIS ORNEIREIZ I 1T DA - [MAENEENICFHFET2ERD 1 >TH
B2 EDRBENTND, 7 0 —BREERED B CIHEy 1RGO IRNENEE B A4
C205, ZHUIFEMOT VT I L IEEGISROBIC LD bDOTH S %, IE, EAR
FEHUIHUAEIR L ORNEIEEIC BB 5 2 LB LN E 720 905 5, TRFREHIMEDR
FEMEBLR AR BRI LIED B (FRIRBAAGHR UPCR : 159 £ 104 g/g) x5 L Lz
# TERBRICB VT, ZNOL0BFIZBT LT XV AT 07 V7 7 A%, MY v~
FHREICBTDMEE R L, BT D2 EIVREN 2 FWHREAR (REFIMGREOER
FURFHREIE R : 11340 gH) 2T 2BMEREORE CIX, xHEF LRl VX
U= 7 DENBIREIZBHE 72703580 Bz B, IERINERIRE B3 218G ER 7 1
—PIERE DO BEIEFNCIBN T, U Y F o~ 7 oM EEdi s i m < (1 B R .
Z O—RIZF OBE R ~ORH TH -7 7, T VEGF ik BV, Hi7'v s 7 Afla
TR 1 FUR=R/L~7 (NIVO) 13& bITk&2 22 AT L TG a2 A L 108 20
IBIEBGE DM FIZFHF 5 L T2 —5 T, BWER S LTEBRESIERZT B2, Ib6I,
DHFREBSCHITAIRD -0\, PUREROBIAR S CEARZ R T 5 BE bIFEET S, L-
RoT, BV BLU NIVO #E5EFH TIE, EARBBUENZ DI HIREEAME T 32 7l6E
PERH B,

FIETIL, BAREZZ2T5HE12B1F 5 BVBXONIVO DI « fRHEEE 2 HIE L,
W P PREE & PRE AR & ORIRICOW TR ZIT 72, OFEFRIC W T, ERIE
FERFZE & LCHET 5,

-1 5

-1 EEDMEE L R 770

2020 4F 11 A2 5 2021 42 9 A F TOMIZHERRF = M ERPEIZ IV T, BV & 3
T 1 [IE/2IE NIVO % 2 I 1 BRGFOREE 32 filZ, Zi6FEYBHaRTO
UPCR fEIZ D30 BT, AGRBRIZBER LT, MIF « JRERRIE BV £ 7213 NIVO 2 5-ECRi
ICBRI LTz, 2D ORIRITRIEZ v~ ~ 77 ZEESHTEFCHHTT 5 £ T-80°C TR
£ LTze RIFEAOSINZDONT, TRTORENPOLERIELLZA T+ —L R 3
YRy NS, RATREASV Y R ESICHIY . TS RER B IR - R
M OVE AR HEIRBE R DR R B S OEGRO b L 1T -7 GRiRE 5 : R1386),



-2 7= REE E B IR DIRIKI D7
BET—ZITEFINTNOIE LT, FREOEARDIFRIZONT, Bl
ENEHIl 21T > 72,

F1-3  FLARERE i Dl 55 - OSRHRIE DJNE

BV B X" NIVO DIt 1 £ (Cseun) (X, LCMS-8060 DU B i Y B & 45 H7 &1

(SHIMADZU, Kyoto,Japan) % FHUNCEEHR & [FIERIZHIE L7202, g 1gG OFURRE &
FHIE DT F RE15 572512, nSMOL™ Antibody BAKit (Shimadzu, Kyoto, Japan) %
WT, MEDO7 "\ ka3 /U > THUIEREBIORILEL Z S0 L7z, BV B8 LT NIVO DR
HYREE (Cuie) (ZDWT . MLHEEMIRERIE 1~ 2 /e > TRIE L7223, —&6
EHEAEMA Tz, PRAPREERIEICINTIE, EFRADIR THIR L7 BV BL U NIVO %
e 7 E LT Lz, 50 ub DR RS o 7 VETITBEDRY 7 v
JRAZVAfR LT= 6.5 mg/mLIgG (Sigma-Aldrich Co. LLC, St. Louis, MO, US) 10uL & & 312 IgG
collection resin (ZFIN L7=, ASHIERIZISIT B 1A BV, L4 NIVO, JRH BV 38 L OYRH
NIVO JEEEDE & FIRIZ, ZALE4 1.95, 9.61, 0.00763 35 L X 0.0625 pg/mL TH 7=,

-4 Fathepr

KEEHAAENT X GraphPad Prism v9.0  (GraphPad Software, Inc., La. Jolla, CA, USA) % Ji\ N C 3
L7o, T — 2 1 FRIEHERE(R 22T L. Wilcoxon rank sum FR7E % FN Tt L7z,
BT A ANT —=Z I A ZFREEFHNTON Uiz, FVTREEIT, p <005 % LLCHE
FHCHERE E 2 LT,



2 BEER

FBF IR IAREURE SO UPCR MBI L W 2 BELZ3 T Hiiz, UPCR 1 gg LA EOBEREA
Proteinuria #£ & L, UPCR 1 g/g Aiti % Control £ & L7z, B R % Table -1 1ZF L 7z,
RBADEED I L, 23BIH3BV HHGHEETHY . D5 H 9473 Proteinuria #£ T > 72,
70 D 9BIIE NIVO i 5BETHY, £D 55 347 Proteinuria #£ T o7z, BV 54
FHOMIERIAIL, Control BECTIIHIEIHEE G725 84 HLL EFGEMIZ, Proteinuria i Tl 154 H
LI BRI ICEREL L 7=, NIVO #5828\ T, Control B CIXMIEMMARIIHIE TH
NIVO A% 224 BIZEREL L7273, Proteinuria #1235 1F 2 &I NIVO B4R 308 H.,
182 H, 70 HRERCERIL L= (£ 24, CaseNo. 10, 11, 12), M7 /L7 I PR
NIVO #:5-535 Tl Control #£ & Fiik LU Proteinuria #EIZ B W THEIZED > 7223, BV &5
BECIImRERICA BEE T o T, MIET VT R U REMERWEE GEUEHE : 3.6 gdL)
IZBWT, BFEORU, HEZR JOVREITEED bien>7o, BV &G5HEBFHIZB
T NIVO #5528 T Proteinuria £ & Control #£C, MR, A6, {AHE, eGFRIZ
AEATRD beholz, BV BHEFIAE UZEARIE BV 7213 BV 250850
KA Lo THIEE Z STV e, NIVO 5 EF 124 U EARIL, BEOmEHE
FAEIR (TFoF=7, TLVA~vT) OEGOEMEREREE K L, NIVO LSO E
KL > THIEEZ SN TV e, BRRMRFROHEIL, BARE 2T 2 9 il BV #%
HRBHED B 3FINBRITHTHY , 2BIDREBLE Tho T, Mo 4 Bl Bk
BT N7, IBFEIHIENARARE CTH - 7-, EARE 295 NIVO # 5
BWTIL, #0220, LT, WBETHE 1 Th -7,



Table I-1. Background of patients treated with therapeutic antibodies

Parameters Time after
S Am BW  Cmer oo Dow  ALB oty Ufine UPCR  Cor C[(pg/Sﬂmm' 0y CCo  ftime ey Clinial
BV
Colorectal .
m Male: 5 604 587  cancer:6 405 696 +77 : 2 0.16 136.1 113 0066 32
Female9 137 499  Gyneoologic 1034 146 1014 4483 418 +0.160 £176
<l g/g) 2+:3
cancer; 8
Proteinuri Colorectal 1+:1
(l;nc‘l’fa Male: 3 606 602  cancer4 377 678 24:4 321 876 75 0868 673
1 g/e) Female:6  +107 +147 Gynecologic +0.53 +24.6 3+:2 4303 +46.1 7 +1.448 +582
& cancer: 5 4+:2
p-value 0907 0875 0729 0940 0205 1000 0.139 0.003* 0.003* 0.147
Case No.
Rectal Cape
1 M 7 608 cow  +RLBY 460 45 1139 2+ 107 586 77 0023 1078 BV SD
2 M 78 548 iicfr IRHBV 420 38 808 2+ 126 66.1 86 0099 259 BV+DM SD
3 F 57 540 Cca:ilr S4BV 400 3.1 324 4+ 779 23 30 2996 1672 BV —
4 M 60 975 ?;fctglr S-I4BV 600 29 382 3+ 9.17 237 38 4333 1478 BV PR
5 F 4 575 E“f;’f;rcmal BV 800 39 726 1+ 214 136.8 98 0571 325 BV —
6 F 70 486 Ocanv alcla‘erl BV 700 38 783 2+ 154 1320 92 0517 154 BV PR
7 F 57 629 ‘2:32;“ BV 950 43 77.1 3+ 251 1563 103 0451 187 BV PR
8 F 53 481 Pi“altg;eal BV 730 35 555 2+ 230 836 55 0997 452 BV —
9 F s4 s Pedtoneal BV 820 4l 616 4+ L8 1363 97 0014 448 BV —

cancer




Table I-1. (Continued)

Parameters ‘Seruny DOSE Time after i
S A BW  Camer oo Dow  ALB by Urine UPCR i C[("g/mL)/ CumlCor  frtdoe o Clinical
NIVO
Renal cell
carcinoma: 2
Control Esophageal
(UPCR Male: 4 682 619 cancer: 2 398 555 —:5 0.04 249.6 164 0.052 528
Female: 2 +86 155 Stomach 034 4234 +H—=1 2009  £1522 136 +0.128 +313
<lgg) cancer: 1
Malignant
melanoma: 1
Renal cell
Proteinuria carcinoma: 1
(UPCR Male: 2 753 574 Esophageal 3.10 715 2+:2 357 69.5 53.7 0615 187
Female: 1 +76 135 cancer: 1 +0.56 +73 3+:1 97 +13.7 239 +0.816 +119
199 Stomach
cancer: 1
p-value 1.000 0364 0439 0.790 0.038* 0366 0011*  0.020* 0.028* 0.048%* 0.093
Case No.
10 F 84 439 Rengl cel NIVO 240 25 644 2+ 1.70 702 128 1.557 308 Axitinib PD
carcinoma
Esophageal CGN
11 M 7 575 Sggncer NIVO 240 32 790 44 69 829 199 0.159 182 +Postrenal PR
AKI
Stomach .
12 M 70 70.8 NIVO 240 36 712 2+ 203 554 164 0.129 70 Ramucirumab SD

cancer




(See the table on previous pages.)

Patients treated with BV or NIVO were divided into two groups: UPCR <1 g/g (Control group) or >1 g/g
(Proteinuria group). Data for each group are shown as the number or mean + standard deviation. Individual
clinical data are described for the proteinuria group. Comparisons between groups were performed using the
Wilcoxon rank-sum test or chi-squared test. *: p<0.05 Abbreviations: AKI, acute kidney injury; ALB, serum
albumin concentration, BV, bevacizumab; BW, body weight; Cape, capecitabine; CGN, chronic
glomerulonephritis; Cseum, sSerum concentration of therapeutic antibody; Cserun/Dose, serum concentrations of
therapeutic antibody adjusted by their doses per patient’s body weight; Cuiine/Ccre,, Urinary concentration of
therapeutic antibody adjusted by urinary creatinine concentration; DM, diabetes; Dose, dose of therapeutic
antibody; eGFR, estimated glomerular filtration rate; IRI, irinotecan; NIVO, nivolumab; PD, Progressive
Disease; PR, partial response; q2w, once 2 weeks; q3w, once 3 weeks; SD, stable disease; UPCR, urine

protein-creatinine concentration ratio; —, not evaluable owing to postoperative adjuvant chemotherapy

I3 BRRZET2BE CIHTHERLOMFREMET 5
KEDHZ Y OFEHETRLUIZ, EFREICKT S BV 3L NIVO O k7 7 i HjRE
(Cseum/Dose) 1. Control FEIZ HE~T Proteinuria £ CAE 21K~ 7= (Figl-1), Proteinuria
FEZH1T 5 BV 38 LU NIVO Cseun/Dose D FEHEIL, Control i & bri U TEZ41 335 %
BLO 721 %IE T Lz, BVIEGEED 5> BLEARDN 3+E 72T 4+ Th o TIERNL 41T
o7 (Table 1), ZDHH 2 Hil0D Csen/Dose 1HMLOD 2 4l L 0 FEINARLS . 2D 2 Bilod
UPCRIZERIZm T,

UPCR
(a) BV (b) NIVO 0 <03glg
254 125- A 0.3 glgs, <1.0 glg
* ® 1.0g/gs, <350/g
% S 20 . 3 =100- o A 359igs
O O %
-~ £ 151 ° — £ 751
EQ o A =
S E Q o E<€
o o T . [—— -
* E 10 8 ac HE 8 E 50 Ooo
© 51 * O 25
N — A
0 0

Coﬁtrol Protelinuria Coﬁtrol Protelinuria



(See the figure on previous page.)

FigI-1. A comparison of serum concentrations of therapeutic antibodies between UPCR <1 g/g (Control) and
1 g/g< (Proteinuria). CseumDose in a BV-treated and b NIVO-treated patients in Control group or in
Proteinuria group. A comparison between groups was performed using the Wilcoxon rank-sum test. *: p<0.05,
**: p<0.01 Abbreviations: BV, bevacizumab; Cseum/Dose, Serum concentrations of therapeutic antibodies
adjusted by their doses per patients’ body weights; NIVO, nivolumab; UPCR, urinary protein-creatinine ratio

-4 BRARZ 2T %8E TIIHTBERLORTRESERT S

BV 3 XU NIVO QR FREEE, BV #5812 6 541, NIVO #5584 6 i 5 4
TEE FRAM TH-o7= (Figl2), ZHDHEED UPCR X 1 glg Riii Tdh-7=, UPCR
18 1 gg L ED BV B 5EE T, BV IRTIRELIER FR%Z LMY . UPCR 23 1 g/g Kiifi
DIEE LU, Csam BEOIRFZ LT F =2 RETHR LT Cuie (CuiindCsenun/Cere) 1
HEIN9 AAEHAAFRD BTz (Figl2(a), F72. BV Csaunw/Dose 233 BIZIK) - 72 2 Bl D &
FClE CliindCseni/Cere 23EE TdH > 72, UPCR 28 1 g/g LA ED NIVO #5-HBF 2BV TH
NIVO JRHREIIER FIR% AV . UPCRMN 1gg R DHBE & i L, Cuind/Csaun/Care 1
I DA TR Dz (Figl2 (b)),

(a) (b) UPCR
O <0.3g/g
o 10007 BV o 1004 NIVO A 0.3glg=, <1.0g/g
6 '(3 ® 1.0g/g=, <3.59/g
O 4 O A 3.5¢g/g=s
Q100 s Q_ .
1= [=)]
O$ < * Lo 08 <
~ § 1- .A -~ ig L] A
o ®0 " A o~ i o
5 01 A £ 1
O 1 @) 1
Not detectT ©o0000 Not detectT ©0o0o00

Fig I-2. Cuiine/Csem/Ccre in @ BV-treated and b NIVO-treated patients. Abbreviations: BV, bevacizumab;
CUrtine/Csern/Ccre, Urinary concentrations of therapeutic antibodies adjusted by their serum concentration and
the urinary creatinine concentrations; NIVO, nivolumab; UPCR, urinary protein-creatinine ratio
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PUREIESR OBNEIREIZ T D EERHAETNL, EHOERICE>TolERIEhd ¥
HEZREAR (K 100 gH) Zad IREMEREERS L OBR S EIE R ER AR VAE D B Tl
THYLYTEBIONY YT OMAPREMET L7z 25, AEFERITZE CIL, &
HR (107911 gH) Z23T2HEFICBIT D BV B L ONIVO DI HE 2R8NS Tl
Bl ZRHOBRFTIE, BV BXL O NIVO fHEEOHAE K FABEI N,
NIVO #5838 1 QA BRE | MY > 7/ UTERIRIERE (B 5-BRRA & 16 7 o 4 f%
PLERGE U7 ICBRI S LT, iBED PopPK £ 7 /L 3 ZHS< L 2 14D NIVO
BHBEOEFRREICRIT 2 NIVO M REOHEEMEIL, BABRIUR RO MR X 0
1 35% WS ThoTz, DT DD, Proteinuria BEIZ 1T D EFIKRERFD BV B LY
NIVO D H R, Control FEIZISIT 2 MLHREE X U SARWATREMED BN T & DVRIZ S
N7z, AT, Proteinuria FEIZ 33V T BV 3 LU NIVO DR HPE-EITHE RS A HAICH
Sl INHLORENDL, EEZEAR (W 100gH) 22T 28FT Tl g
PEETRWEAR (107911 gH) 2527 5BF BN T HHUREZES O MR
KT 52 LRy, Mz T, BVEGEFEOEAROERITBY &BhE LT,
INHOMRE, FEORWERE LTEULEAREZET HEFITBNTH, PiRESK
SO AFREME T T2 AR S 5 Z L 2R L TV D, AL, RARERT S
BFZBWTBVIBLUINIVO D MHREME 95 Z L 2R Lz, BAIOWETH D,

REATEMRAE T 3+ £/ 4+ Tho72 BVIERGEE 4610 5 5, 261Ti% BV I
JEREINAL T L7, o 26Tl & A ST Led o7z, BV IMLAFREOK FITE
PR 7R READHE CIXTHITE 22N LR Sz, BV MAREENMET LZZh
5D 2FIDHEAETIL, UPCR & Curin/Csenm 23 F TR L7z, WEDHIFET, SARERIAERE
DEFICBITHTZY A~TBLIN Y~ T OEYEhRe XF A—% & UPCR & DO
(CHERMBER D Z EBHE STV D 25, KBFETIEY v T ER DI,
1R SR A T 2 S EIRE T 7 L ORI & 20 L7e o 7o, L L7RAS DAY
DOFERIT, UPCRAS, BARE RT2HREITIHT 5 BV ML N ORLE 42 TR AT
EREIEECH D Z L 2L T\,

Z DIEBIEEFEMFIT TlL. Proteinuria (2 331F 5 NIVO Cseun/Dose DI T F( L BV Csaun/Dose
DIKFERIY HITDMNIKREDoTz, ZHUTBEHL T, 2 DOFERBRBZZ N5, HFH—I2,
EARDFERDOENPHURERSL D2 VT 7 v AOEICITEEE 5 2 - REMER S 5.,
BV (ko THEEZZ T Bk E 7T =7 250 T vy —EBHEANC LS

10



BIEZ S T & Ik, BTN 2 5 B, BV ARy MIVERE A 5] i 2 9
ZEDPHEINTWDEN S, BV ERGEFICBIT 5EAROERMEIIAHTH D, AT,
JFORMERERIAIR B DB TIE, 1gG 7 VT TV A/ N T AT 2V 7 VT T A
AR | B < RN RV RS E OFLE & ORICAHE R IEOBUR RO bz *, &
EEIRREHRROBEG 2 AT DA T, 1gG OB I VT 7 0 ANEKT 5 AREMENH 5,
AHFZETIE, BV &G5BFIE UEARITZE BV VR TH 7228, NIVO #5825
CELEEARET XV F =T, TV T, BHEREREBENER TH- 72,
NIVO #5835 OB OBEIL, BV EEFICHBIT 2O L0 L EE Th 2 ATREMEN
Hb, FH A, BVDIgGH 77 Z7 A (IgGl) &£ NIVOD IgGH 77 A (1gG4) DiE
W, BARZETDHEFICBITDINOIEYOE Y VT 7 0 AL JAF LT AlherE
N D, JFFRMER T o—BIEGERE2 3IE L7/ NUBE BT 2R E0REIZB T, %
INEAEI R 7 v — R REERE O BF TIE, SRR EIMCRERIATELAE D A & Hefik L T
1gG41gGl 7 V7 T VAR EIZEN I EAXRINTND T2 b O AIL, EHRZE
BLRE TR 2 i PR T RO 7= T, EARDFINOE NIERT 5
AR SO EE S OEWETIIPAREIRGD 1gG V77 7 ADE N E WS TR 1- 200
RIEHTRE T 5 2 & 2R 5, AIETIHEREDR D7 ZNHDRF- & 3K
W HIRE ORRIZHOWTERHIT 2 Z Lo 70, A1k, KD KO RERY T
YA XD E LR DRV EETH D,

Y F o~ 71ER 7 a—BIEEHOIRFEICHW G, EOAM: L e E iR T 5
Te O DEFARERC X VAR SNz B, BRERBIEZ BTV Y I~ T MFiRED
KT, 2o OBEDOIRIFIZIT D HAMEDIHFRIE LW ATEEER H 5, Ll
72H35, BV & NIVO TR FROIBIIIEEH S, 2 b D3OG MMEE g L
7 ERRFRER TIEL, BV & NIVO TIRE SN BEOL NEERE RS eh o7z P92, 1
Z T, BVEBXUNIVO DI HREE ETERANIR & ORIAZ MBI HI T % 58,
ABFIETIE, SEGHED D72 LY A N CRZR D720, Sl iR AR T 23R
RN RNTTRBA T 5 Z L IIREChH -7, BERREZETLHEFICHITS BV B
L ONIVO Ot i e 5B A2 RET H7-DI121E, S HRHMERMNETH D,

ZOWFEIZITIRE S 2 DORANBFHET D, B2, YT X/ hSnoTz,
St K0 Z L DIEFNZ L DBEEENLETH D, 12, Wi HRE OZEEE
B9 5HEAREHLUS DR A DG T E TRV, HURE SRS, O SRYEhEEIZ 31T 5 18
IREEENZIE, 1RRBHAERTOIERHUR DR BLE, HIEEVHURDHFE, FoR OfFEERE

11
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Table II-1. Patient characteristics before bevacizumab therapy

Characteristic Value
Sex, male/female 38/32
Cancer type

Hepatocellular carcinoma 44

Gynecological cancer 19

Colorectal cancer 7
Age, median (range), years 69 (38-82)
Height, median (range), m 1.61 (147-1.81)
Body surface area, median (range), m? 1.64 (1.30-2.19)
Body weight, median (range), kg 61 (39-107)
Serum protein concentration, median (range), g/dL 7.0(5.7-8.4)
Serum albumin concentration, median (range), g/dL 40(2.84.8)
Urinary protein to creatinine ratio, median (range), g/gCr 0.05 (0.01-2.71)
Aspartate aminotransaminase, median (range), U/L 28 (14-110)
Alanine aminotransaminase, median (range), U/L 21(7-90)
Serum creatinine concentration, median (range), mg/dL 0.74 (0.391.54)
Estimated glomerular filtration rate, median (range), mL/min/1.73 m? 71.8 (35.7-115.9)
Serum concentration of vascular endothelial growth factor A, median (range), pg/mL 134 (17-915)
Diabetes, yes/no 26/44
Prior treatment with tyrosine kinase inhibitor, yes/no 23/47
11-3 BV DENENRE

P53 B LIPNICERER L7281 5 BV IR 2Kk L O G MMR H 7= v 5
& CHIS7MH (Cseun/ (Dose / Dosing interval)) % Fig 1T~ 3, ABFFEOXREE TIL,
FISCELTHE 5-15mgkg D BV 23 2-3 B 1 RS- 34172, Csaun/Dose DEIRNZZ BN
MEREEE N BiEZL S (Figl-1(a)), UPCR 23V VERFE Tl Csaun/Dose 2ME T3 HH[f]
[Zd 7= (Figll-1 (b)),
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FigII-1. (a) Time-course of serum bevacizumab (BV) concentration from the samples collected within 3 days
before the scheduled administration divided by its dose per body weight and dosing interval (Cseum/ Dose)
The dashed line denotes the time-course of Cseum / Dose in each patient. (b) The relationship between the
Csenum / Dose and urinary protein to creatinine ratio (UPCR). (a, b) Filled and open circles represent the Cserum
/ Dose from the samples collected at the at steady-state and at non-steady-state, respectively. Steady-state was
defined as when BV was administered for the specified interval without interruption during the past 100 days
(five times the terminal half-life 7). The others were defined as non-steady-state.

14 PopPKET N EETNDFF

BV MHRET —% % 2 oo /38— R A MET/VTRiR L7e, ERZENCEI L T,
CL I[ZDHEEGEEET IVISHIAE NIz, ERNEENCEE L TiE, IRAZEET V&b
BREAEET NV EME L, K0S U7 AFHRIEDRNEHREEET V2 BIR LT, A
BETIVOMNLEET, 33T 2 DO & Pearson FHEMRE Z REAfh L 72

(Fig 12),, LA BT OFER % Table 112 35 L UX Table I1-3 1279, Forward stepwise inclusion
$ & 1Y Backward stepwise elimination Df&E4:, BV CL DA ERIEE L L TiET /L7 I ik
B RER LTV UPCR 23 &417=, CL, Ve, Ko 3L Ka D& PopPK 7 /WIEIK
DY Tholz,
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CL (L/h) = 0.00741x(SALB/3.9y3x(BW/60)°6% x (UPCR/0.09)%%8 (1)
Ve(@L) = 2.66x(1+SEXx0.221)x (BW/74)*4! x (SALB/3.7) 93 )
Ki2(/h) = 0.00929 3)
Kz (h) = 0.00896 @)

72k, ERITIRWT, SALB 1HfiE T VT R PREE, BW IIAE, SEX IR Z R,
AN T, R(2). Q). @FHO T A—2TAT, BEOWFE T TR S M-I
E ST,

FAXHEAEGAEAE D, BV O PopPK /3T A — X OEHEHEEEZ Table -2 12789, 2405
DI EEMAANTZLGE . FHAIATeHITN DO AOBI 230-169 £ 720 | T VOB AFEN
m kL7, XTI LT, Fig I3 I\ZMiET7 V7 2 B, (KE, 3L OVUPCR OB E L
T/ 77 ORT, ZRHDOROLHEITBNTIE, YOI REE iy MEN DR EE T
bt MOILE R IREEH O P IEIZ[EE L7z,

BV CL O#AUEITIMIET V7 I REORME & i1 L (Figll3 (@), REBSLIO
UPCR OHENE & iz L7z (Figll3 (b—<), ET /VaHliD7=HIZIT- 7= 1000 [BlD 7 —
FA Ty 7T BIIERIT 100%ThH o7, 7—FARNT v AL D37 A—2HEEHE
ERHEET N D/RT A —ZHEEEO P IMEIZFALIL T Y (Table 1-2) . HAEET /LD/X
TA—ENEMIHEE SN2 L 2R LTV D, &EET /LD goodness-of-fit 71> k%
Figll4 |Z7~¢", OBS & PRED %£7/21Z IPRED O 711 v M y=x OEMIEHI 5 L, KE 7R
R 01T b -7 (Figll4 (ab)), S HIZ, CWRES & PRED, Fff#], UPCR O~7'=
> ME 016 LTSI LT (Figll4 (c<), BV HILFEEE & WI[E1# 55 O FFE
pcVPC 7’1y NME, BTN T —F OFMER & ZEEEZFLR L TWDH T EZ2R LT
(FigII4 (f))
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-0.11 -0.23 0.14 0.18 0.13 0.23 0.1 0.37 0.02 -0.07
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Corr: Corr: Corr: Corr: Corr: Corr: Corr: Corr:
-0.15 -0.36 -0.13 -0.4 -0.51 -0.29 0.13 -0.12

. UPCR
E; Corr: Corr: Corr: Corr: Corr: Corr: Corr:
2 0.09 -0.08 0.01 -0.05 0.35 -0.25 0.12

AST

_ ‘ Corr: Corr: Corr: Corr: Corr: Corr:
il gt i » ) 0.82 043 0.43 0.18 -0.07 0.05

Corr: Corr: Corr: Corr:
0.33 0.06 0.05 -0.02

Corr: Corr: Corr: Corr:
0.41 0.09 0.05 -0.08

Corr: Corr: Corr:
-0.04 0.04

Corr:
-0.04
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0.00
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Fig II-2. The covariate distribution and Pearson correlation between every two continuous covariates

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BSA, body
surface area; BW, body weight; Corr, correlation coefficient; GFR, estimated glomerular filtration rate; HEIG,
height; SALB, serum albumin concentration; SCRE, serum creatinine concentration; STP, serum total protein
concentration; TBIL, total bilirubin; UPCR, urinary protein to creatinine ratio; VEGEF, baseline serum
concentration of vascular endothelial growth factor A
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Table II-2. Population pharmacokinetic parameters of bevacizumab in Japanese cancer patients

Final model Bootstrap Results (N=1000)

Parameters Estimate RSE, % Median 95% CI
CL=0,%(SALB/3.9)2x(BW/60)®x(UPCR/0.09)*

01 (L/h) 0.00741 2.86 0.00742 0.00699 to 0.00787

0 -1.13 102 -1.13 -1.38t0-0.85

0; 0.683 215 0.675 0.377t0 1.000

04 0.0358 355 0.0365 0.0126 t0 0.0618
V& 0sx(1+SEXx06)<(BW/74)"<(SALB/3.7)®

6s (L) 2.66 (Fixed) 2.66 (Fixed)

06 0221 (Fixed) 0.221 (Fixed)

& 0411 (Fixed) 0411 (Fixed)

Os —0.333 (Fixed) —0.333 (Fixed)
Ki=0o

6 (/h) 0.00929 (Fixed) 0.00929 (Fixed)
Koi=010

010 (/h) 0.00896 (Fixed) 0.00896 (Fixed)
Inter-individual variability, CV%

Variance RSE, % Shrinkage  Median 95% CI
IV for CL 225 942 4.56 222 17910263
Residual variability, CV%
Proportional error 15.1 9.74 8.51 150 120t0 179

SEX s 1 for amale patient or 0 for a female patient. Abbreviations: BW, body weight; CI, confidence interval;
CL, total body clearance; CV, coefficient of variation; IIV, inter-individual variability; K 12, transfer rate constant
from central to peripheral compartment; Ko, transfer rate constant from peripheral to central compartment;
RSE, relative standard error; SALB, serum albumin concentration; UPCR, urinary protein to creatinine ratio;
V., central volume of distribution
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Table I1-3. Effect of tested CL covariates on the difference in OBJs

Forward inclusion Backward elimination

Tested CL covariates AOBJ1 AOBJ2 AOBJ3 AOBJ4 AOBJ5 AOBJ6 AOBJ7
Age -1.7

Sex -38.5 -22.8 -69 -74 Included 74 Excluded
BW -26.8 334 Included 132 273
HEIG 92 -8.7

BSA 272 -324

STP -239 2.1

SALB -1145  Included 102.9 1153
UPCR -332 269 -209 Included 214 209
AST -130 4.7 -0.6
ALT 4.6 29

TBIL 2.8

ALP -220

SCRE -3.0

GFR -0.1

VEGF -0.7

Cancer type -300 99 -1.7
Diabetes -19.0 -8.8 -53 44 -12

TKI -144 73 5.5 2.5

Abbreviations: SALB, serum albumin concentration; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BSA, body surface area; BW, body weight; CL, total body
clearance; GFR, estimated glomerular filtration rate; HEIG, height; OBJ, objective function value; SCRE,
serum creatinine concentration; STP, serum total protein concentration; TBIL, total bilirubin; TKI, prior use of

tyrosine kinase mhibitor; UPCR, urinary protein to creatinine ratio, VEGF, baseline serum concentration of

vascular endothelial growth factor A
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Fig I1-3. Population mean clearance of BV computed over the minimum to maximum values of each covariate.
Abbreviations: BV, bevacizumab; BW, body weight; SALB, serum albumin concentration; UPCR, urinary
protein to creatinine ratio
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Fig ITI-4. Goodness-of-fit plots (a—¢) and visual predictive check (f) for the final model of BV

OBS vs. PRED (a) and IPRED (b). CWRES vs. PRED (c), TIME (d), and UPCR (e). Each solid line in (a),
(b), (c), (d), and (e) represents the simple linear regression line. Each dotted line in (a) and (b) represents a line
of unity. Prediction-corrected visual predictive check (f) of BV observed data compared with 1000-replication
datasets obtained from the final population pharmacokinetic model. The x-axis represents time after the first
administration of BV. The circles denote the observed data; the red lines denote the Sth, 50th, and 95th
percentiles of the observed data. The shaded areas denote the confidence intervals of the 5th, 50th, and 95th
percentiles of the simulated data. Abbreviations: BV, bevacizumab; CWRES, conditional weighted residuals ;
IPRED, individual predictions; OBS, observed concentrations; PRED, population predictions; TIME, time
after first administration; UPCR, urinary protein to creatinine ratio
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Fig II-5 1%, #cf& PopPK E7 /WS & | #ix 732 grade DIE AR %Z 245 BREIZ BV % 10
[ G- L3800 T Z7imdEEDY I 2 L—a URERARL TS, 20V 2 b—
var T 7T s AMIBITDIMET VT I R, REEMICEBIT 5% grade D
EARE ST 2 BEFENO P IEICEE L7-, UPCR<03 ggCr (grade 0) . 03-1.0 g/gCr

(grade 1), 1.0-35g/eCr (grade2). FLTU3.5-10.0g/gCr (grade3) DEFZFIZIITSH BV D b
TIWEDT I o b— a3 UHRIMEIE, FAEI 1580 ug/mL, 1391 pg/mL, 1254 pg/mL 3
FTN 1082 pg/mL TH Y | grade 0 DAL LEZ L grade 1, 2 B L 3 TIHENEIL 120 %,
20.6 %33 LTUV31.5 %I F L7z,

o

CTCAE Grade Grade 0 Grade 1 Grade 2 Grade 3

500+

4004

100+

Trough BV concentration
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Fig II-5. Simulation of trough BV concentrations in the 1000-replication datasets in a typical patient classified
by CTCAE grade of proteinuria

In grades 0, 1, 2, and 3 profiles, urinary protein to creatinine ratio and serum albumin concentration were set to
<0.3 g/gCrand 3.9 g/dL, 0.3—1.0 g/gCrand 3.8 g/dL, 1.0-3.5 g/gCrand 3.7 g/dL, and 3.5-10.0 g/gCr and 3.9
g/dL, respectively. The horizontal line denotes the simulated median trough concentrations of BV in each
profile. Abbreviations: BV, bevacizumab; CTCAE, Common Terminology Criteria for Adverse Events
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5 [A UIEF PEFIETREIKTE LTV D Z SRR LTS et d 5, & g0
N VE R EIZ T R YA F =2 ALV MIRINICED IAEN, ED%R Y Y Y —AIZ K
STHREND 2, FcRn ZBFIFEH Lt MBI Z W =BEhc ko, 7Ao7 30
& 1gG Iy FY—ANT FRn IZFEET 5 Z B0 725 TV D 39, FeRn (2GS
L7 2 b OB AITMiaRE~Y A 7 Vi, Milash~ i S d 90, xPfic,
FcRn ~DFESBFPEIMEVVE L, U YV —A~DEENEE R B9, 20 Yo 7 VahsR
METT 5%, Mz T, ~7ABLOE MIEBWT, FeRnRT V7 I EBIWNIgG OfEE
PERERHC T LTV D 2 E 2R DD N < OMFET D, FeRn K~ T A (T /v
T ORI - 25+ 1 BERE, IeG OMEE 1 19+ 1 BFE) TIE, RO~ R (T
S DM 35 +3 B TgG ORI - 95+ 22 BERE) L EEE L. 1gG & TILT I D
ARG LTz, 77 2 B X WNgG D FeRn 24 L= U 1 7 WIC B 2 BhReT
TIVEFENL LTOmEORETIX, & NI ET 2707 I L 1gGld, EnZEi 1 A

27



B2 18.0%3 KO 15.7%3 NN ~DEY iIABZ 32T, 95 10.6%3 LU 4.8%2 FFEE 1L
g SN EEH SN & 2B OMEIE, MFOT VT Il 1gG BTy KA

h—=3 22 X 0 HEPNICER D IAE T2, FeRn EFEETHZ L2k, VY YV —AIT X
DN ORESNTND Z L 2T 5, TAT7 I & 1gG IEFIL FeRn 24T Lo YL
N URIE A I L TCWNAT=DIC, MIET VT I VU EEAL, FURESK LD CL a4
5 1gG DEAVIREE 2 Sk L T2 ATREMED 8 D,

M7 VT 2 AR Z T, AHFSETIE UPCR 728 BV @ CL OILEE L L CRES N
2o ZAUBIE BV [RPPEIOFRIE S 720 5 5, ABHEBIRRCIRIE MR 7 v —BREBERE O
FHTIE, TAT IR g6 2B EHENRPICHE L, ZOMAREMETL 25 84
Thbb, M7 VT I ARED, EARKEBEICET 5 BV ORPYRIHIER T S
BV CL DfEREAE 230 T X D AlRetE A R~Ed 5, L LAan b, 7 n—B et
FOKRMBAEBZITIBNT, 747 I Offet G GRS ER-35 Z EAHE ST
% S, TT I U PRPPREEOHINIAE S IET VT I AREOKRTIE 77 I UE
FORED ER- DT DI N AR SN D ATREER D, LIed > T, BARIEBIRHCE
F2TNT I DENEIREDZIL, BV OENEIREOZL & R TIEZR W ATREMED & 2,
AMZEDIIEBMRATTIE, MIGT VT I UIREICE VI L% S, UPCR 28 CL DK
AR L LTt ST, Lei-> T yET /L7 X R & UPCR O & i 7MA A
7ZPopPKET /UL, MIET VT I AREDHEAAIGANTETT L S L, EERIEEUR
FIZBIT 2 BVCL & L W IEREICTHIT 2 Z LR s b,

FEROPURIREE & F 70, HFUREIKS ORNEIREIC R A KT /RN & 5, KB A
BEEXR L LT-iED PopPK T ClE, —A 7 A O IfiLH VEGF 7 BV ORNE)
RRICEE T DR & UCIRE Sz’ 5, AWETIE BV CL OF B2 IEE L1372 b7
Molz, ZOHME LT, MF VEGF JBEN BV CL IZKIFT 8L, miE7 L7 I i
JE, {KE, UPCR OFEL L ORI EREZBND, DT, HlfiskOhf
T BIFHNTZ A= R0 T — Z & AN AT CIE, 288 S LTl VEGF JRE % [F)
ETE R oT-lRetEN & %, 1L VEGF JREES BV OFEWENRE T A — 2 LB 5
HEMAFFET 272DIlE, LV < OBRERE FAOTRGEEFE I & 72 2 ATRetEn &
ol

BV O ZiVE TD PopPK i Cldk, #EE7 /L E LT 2 a2 /X— A MET AN
DAL ST, TR - SEENREER ® 123 T, BV OFNENEIL, KWV CL &R
NI MEIN AR —E T DA L > TRISSHT Bz, BV O 4TI T— L0

28



1T % el U 7= B O RS ERBR k. 2 oo Mg E M~ 1 7 7 1 Vi,
I FFPREE D ZAREDIR T2 L TRHEMHT Bz ©, 2B ofER2 G BV ORNENRE

ZRLRT HITIE2 /= R AV NETDREII TH D LB X B, AR TIE, 1TF
FTARTOMAEN BV HEGEANERR SN, MEETAVELT2a /= A NET

NEFR LT, Ve, KeBEOKul, SAEFREOT —Z G0 oTolos, JeAThi%E

T CHEIHSNIAEICEE LTz, N7 A—FEFEEL 2 22 /3— R A2 METUIHESN

THRNT A FEHE L7- 2 &£ A3 BV CL OB BORIEEFIC I T T ARG 5720, 15

A—ZZFEE LR 33— F A NETVEEEET L E L THWE PopPKET /L

R LT, ZOTICBW T, MiE7 V7 I ViR, (RERB L OVUPCR 7Y, BV CL DA
B L UCHES#LZ (Datanot shown) , fEET /LN 1| /38— R AV MET IV

DHED, 2 A= AU NETADOYEAES, R CHEENEE SN, ZOZE0b,
TS 3OO EITEEETH 5 WREMD R S D,

Goodness-of-fit 7’2 >, ;| pcVPC, BILOIT— A N7 v BRI K DETATHEIZL Y,
RAEET VINEIRETH Y, NT A—FHEENZY Th D Z L MER STz, THRRE &
BUAPRE O vy MEFE—# EIZH Y . BEFTFRNEIZS 25 CWRES 7 1y NI
I LTV, EBIZ, 7= hA R T ICKDHEEME pcVPC 7' b OFERIZ,
BT T VD IEMeaMERE 2 B4 1T TN D, BVCL ORMENIEEIL, Hf&HI72 PopPK /35
A—FZFESNT 000741 Lh LR SN, T OfEIE, JeA TSR 3172 Gl ST fil & —
BLTWe, L7eido T, MIE7 V7 X REE, UPCR, B8 X UMKE ZHHAAA AT PopPK
ETMUE, BAREZTHEEITBT S BV OFRWENRE (T A — X 2 5B THIATEET
HDHIENTEIND,

BHERIZBY OEREWERHO—>2TH S 5, BV BFRIFOMKRABR CIX, @EREARD
B HEETIE BV Z2REE 2 IHFIET 22071 h b THESILTWE, JIES AR
FraxtR e L8 MAERBRCH 5 GOG-0218 iR Tlx, EHR GSgHLLLE) o34, #
W, ESEEIZS U T, BV OREE 23R IERSEf Sz 2 BARANDOKGH ABE &%t
G & L7z BV OF VIHFERBR T 5 J019380 FhBR Tl FRERIEN 50 5E 0D HAs ik 07
FHIBWT, EBARD 20 g HU T OEAICBY G ARETH D L EShiz 5, —5 T,
TR CIIAIMELEAC, BEOEAREY 2T 5EBFITBNTH BV &5 4154
BENDDH, AFETIE, BAREET2BFITHBNT BV MHREME T2 2 & & R
L7z, ZOfERIE. BV OIRIKIC L 2EAROUEC LY, BIEANC BV M EREN 5
THZEERET D, Mx T, BVORWERIZL S BV ORIEIL, 77 U X~7 - BV fif

29



FFEDAE & BRI RE IR B E 52 7202 EVRIES N TND O, b OSSR
3. BARBHEEIZRIT S BV OREED, EEROEEOEGEEZS T &5
IKF0D BV OIRNBIREOUGEIZ b T 57 5 rlREMHZ R LT\ 5, EEROFEELN BV OF%)
P& LRI RITT B ZA L NNCT 5720100, S LRDIMENRLETH D,

ULk, FFIE, BAREET 5 ARADABFICIIT S BV HRE A T3 2% PopPK
ETIVOREEIZAE) L2, PopPK fEATIZ L V. UPCR, MiE7 V7 I RE, BLOYKE
23 BV CL & BAET DK Th D Z ENRHALNE roTz, AL, BV OEYEIREIZISIT
DRI 2 L 0 X< BfiEd 5720 O -2 A AR L, BV O G- HEME O
CEBNT D b L WIE S D,

30



A

VLB, ZE2b2 Y FHRITEAREBUEA 2B 5 BV ORNEMEAEhOMFIA 2 HiY
L LTt O, BUF OfR A 1,

BIE BARZETDIPABEICRITDTMBERG ANV AT BI V=R~ T DR
MBI 5 M PREEKT « EBISRTERTSE

HARFEIVES B LORIEA BT 28 - JRPEOREIC LY FEyyhrh
PO KRIZ - T, BV BELONNIVO DI R EAME T35 rlREMEZ 7~ L7z,

w1 E BAREETSHERABABEIZBIT BNV X< T ORMERSERYBREMRT -
i & 28— MFFE

BV FHBRAGEEE 255 & ARl E 28— MIFEOFIEIC L v | EAREIBEEICE
T % BV MHRE A THIT 5 72 D ORERMSEBIREE T /L OMEEITARE) LT, AT Tl
BV O7 V7 7 AIxTH2HERIEREL LT, MIET7T VT I RE, (KE, UPCR 23
A€ STz,

P bXv, FBELE 2T VA v ORGRREBRZ i 25 2 & TE D - S flE
BB INT T =5 O SHYEREMRIC L Y . BAREZET 2B TIL BV ORH
PR ORI E- T, ZOMHRENMETT5Z L 2L L, 6T, RHEEMHEY
BHREMRATIC LV . BARIEELE BV 7 VT 7 L AOEH) & OBRZ ERMICEHME L, EH
R 3 2 BF 20T D BV MR Z T AT BT 7 L OREGUT ) LTz, K
e FIE, BARFEBUEEICRT 5 BV MAREZEE L WO F Azt L, Zhbo
BEICBT A G OHEW TS —Bh & 725 Z & T, BV ZHWEIRED @ kIZ =ik
TOEMRERTHD LEZX D,

31



T2

D VIR, ARFTRIZER U CHROAEZREE 72 D8, #HEREZ 50 £ Lo rERT
5 SRR R ERAS T A ER R DL VIR pEE AR LT, Fn, M
ITPRSCHEREIZ D7 ) EREFEE AV . PRI AR HMBE 2 8E £ LB
SRR KRR VR AR O D L P E T, 2 < OFRAEEE LEEE A X E
U 7 SRS S IRl e 8T vl A 2B, PR 5L MEZR, ¥ Mt G,
Hh R BhEL. A SR B BB ACBUE FREBh AL RH B RREBEL Bl E K
TEBNEL, BEERZSEARS S S A B RS JER BRI Z L E T, 2R
HEE LR X £ U AR E R ol Bz B (B sk LIRSz E
BRI H%) . A ] sEah (Bl Rk LIRS ER RIS Hd%) . R SRR
B (Bl #h P R BB EAE Fran B (TS OB 2R LET, Fo. A0F
JEDEMINZ 7= BRI DI 1% 150 F Uiz s RFRE R RPN R Bk
B, Yaks e RRERRAT, AR KRR RrEh# G RIZENER) . SRR AT
TR W 381 Zd%, R ME SR (B SAR A R BRI 7 E L B
TRBTENRNE, AR . A fith B2, SRS I R be ek am AR 51 Bl
B, VEVE = R, R R IR AR N R U BdR. EHE T R
afm, et BEERUYERT IS H S50 . R O ONCHLA R RIBEARR., FERE A1 3K
FEG, A2 SEFn FEHIENZ 13 U & 3 2 R PR R EmleeAs SEAIA - H41Bh T+
DFEEANT LS DG EHILA B L BT ET,

AWFFEDOBATIZ ST LFRWFFEE & LTl ) 2 & F L BERR R AR S
BRI AR JE - B IR G U P 3, IR 7L IR, RO SRE G, Al
—F K, LK, EE K, B S KAIL U &0 s E S R
FIEAFZEEE 72 D ONC BE BN FI A A ARSI S OFE IR IC H 2 DGR 2 H L |
FET

AT IST UAMEARBFIEE PRI IE 7 2 7 & JPMISP2110 DX FE% 521 72 6 DT,
FARR PR FBEBE SRR O BRI ZRE A CHIFLE L BT £

KB, HHEBNCHE R CE D LS RBEZAEZIHY . EO X5 72RPUTBNTH
JIMESIEEWE Lo, FEEOREEMEFH ThH D X, B 7221 26 B0 6 ORGH
EHLEFET,

32



AWFEONEIE. LUTF OFm ST HFE LT,

Masuda T, Funakoshi T, Horimatsu T, Yamamoto S, Matsubara T, Masui S, Nakagawa S, Ikemi Y, Yanagita
M, Muto M, Terada T, Yonezawa A.

Low serum concentrations of bevacizumab and nivolumab owing to excessive urinary loss in patients with
proteinuria: a case series

Cancer Chemotherapy and Pharmacology 94, 615-622 (2024)

33



51 F3CER

10.

11.

12.

Undevia, S.D., Gomez-Abuin, G. & Ratain, M.J. Pharmacokinetic variability of anticancer agents.
Nat. Rev. Cancer 5, 447-458 (2005).

Junghans, R.P. Finally! The Brambell receptor (FCRB). Mediator of transmission of immunity and
protection from catabolism for IgG. Immunol. Res. 16,29-57 (1997).

Chirmule, N., Jawa, V. & Meibohm, B. Immunogenicity to therapeutic proteins: impact on PK/PD
and efficacy. AAPSJ 14,296-302 (2012).

Takeuchi, T, et al. Baseline tumour necrosis factor alpha levels predict the necessity for dose
escalation of infliximab therapy in patients with theumatoid arthritis. Ann. Rheum. Dis. 70,1208-1215
(2011).

Caulet, M,, et al. Bevacizumab Pharmacokinetics Influence Overall and Progression-Free Survival in
Metastatic Colorectal Cancer Patients. Clin. Pharmacokinet. 55, 1381-1394 (2016).

Hurkmans, D.P, et al. A prospective cohort study on the pharmacokinetics of nivolumab in metastatic
non-small cell lung cancer, melanoma, and renal cell cancer patients. J Immunother Cancer 7, 192
(2019).

Tabemero, J., et al. Exposure-Response Analyses of Ramucirumab from Two Randomized, Phase I11
Trials of Second-line Treatment for Advanced Gastric or Gastroesophageal Junction Cancer. Mol.
Cancer Ther: 16,2215-2222 (2017).

Papachristos, A., Kemos, P.,, Kalofonos, H. & Sivolapenko, G. Correlation Between Bevacizumab
Exposure and Survival in Patients with Metastatic Colorectal Cancer. Oncologist 25, 853-858 (2020).
Kitai, Y., Matsubara, T. & Yanagita, M. Onco-nephrology: current concepts and future perspectives.
Jpn. J. Clin. Oncol. 45, 617-628 (2015).

Garcia, J,, et al. Bevacizumab (Avastin(R)) in cancer treatment: A review of 15 years of clinical
experience and future outlook. Cancer Treat. Rev: 86, 102017 (2020).

Hurwitz, H,, et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal
cancer. N. Engl. J. Med. 350,2335-2342 (2004).

Sandler, A., et al. Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung cancer. N.
Engl J. Med. 355, 2542-2550 (2006).

34



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Oza, AM, et al. Standard chemotherapy with or without bevacizumab for women with newly
diagnosed ovarian cancer (ICON7): overall survival results of a phase 3 randomised trial. Lancet
Oncol. 16,928-936 (2015).

Casak, S.J., ef al. FDA Approval Summary: Atezolizumab Plus Bevacizumab for the Treatment of
Patients with Advanced Unresectable or Metastatic Hepatocellular Carcinoma. Clin. Cancer Res. 27,
1836-1841 (2021).

Laskin, J., et al. Safety and efficacy of first-line bevacizumab plus chemotherapy in elderly patients
with advanced or recurrent nonsquamous non-small cell lung cancer: safety of avastin in lung trial
(MO19390). J. Thorac. Oncol. 7,203-211 (2012).

George, B.A., Zhou, X.J. & Toto, R. Nephrotic syndrome after bevacizumab: case report and literature
review. Am. J. Kidney Dis. 49, €23-29 (2007).

Lu, JE, et al Clinical pharmacokinetics of bevacizumab in patients with solid tumors. Cancer
Chemother: Pharmacol. 62, 779-786 (2008).

Li, J, et al. Characterization of the long-term pharmacokinetics of bevacizumab following last dose
in patients with resected stage II and III carcinoma of the colon. Cancer Chemother: Pharmacol. T1,
575-580 (2013).

Panoilia, E,, et al. A pharmacokinetic binding model for bevacizumab and VEGF165 in colorectal
cancer patients. Cancer Chemother. Pharmacol. 75, 791-803 (2015).

Li, C.S.W,, Sweeney, K. & Cronenberger, C. Population pharmacokinetic modeling of PF-06439535
(abevacizumab biosimilar) and reference bevacizumab (Avastin((R))) in patients with advanced non-
squamous non-small cell lung cancer. Cancer Chemother: Pharmacol. 85, 487-499 (2020).
Petitcollin, A, ef al. Population pharmacokinetics and exposure-response relationship of trastuzumab
and bevacizumab in early-stage breast cancer. Eur: J. Clin. Pharmacol. 77, 1861-1873 (2021).

Joy, M.S,, et al. Phase 1 trial of adalimumab in Focal Segmental Glomerulosclerosis (FSGS): 11
Report of the FONT (Novel Therapies for Resistant FSGS) study group. Am. J. Kidney Dis. 55, 50-
60 (2010).

Fogueri, U., Cheungapasitporn, W., Bourne, D., Fervenza, F.C. & Joy, M.S. Rituximab Exhibits
Altered Pharmacokinetics in Patients With Membranous Nephropathy. Ann. Pharmacother. 53,357-
363 (2019).

Tewari, K.S,, ef al Final Overall Survival of a Randomized Trial of Bevacizumab for Primary
Treatment of Ovarian Cancer. J. Clin. Oncol. 37,2317-2328 (2019).

35



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Doi, T, et al. Phase I/l study of capecitabine plus oxaliplatin (XELOX) plus bevacizumab as first-
line therapy in Japanese patients with metastatic colorectal cancer. Jpn. J. Clin. Oncol. 40, 913-920
(2010).

Yamasaki, K., Chuang, V.T., Maruyama, T. & Otagiri, M. Albumin-drug interaction and its clinical
implication. Biochim. Biophys. Acta 1830, 5435-5443 (2013).

Counsilman, C.E,, ef al. Pharmacokinetics of rituximab in a pediatric patient with therapy-resistant
nephrotic syndrome. Pediatr: Nephrol. 30, 1367-1370 (2015).

Vaddepally, RK., Kharel, P, Pandey, R., Garje, R. & Chandra, A.B. Review of Indications of FDA-
Approved Immune Checkpoint Inhibitors per NCCN Guidelines with the Level of Evidence.
Cancers (Basel) 12(2020).

Piscitani, L., Sirolli, V., Di Liberato, L., Morroni, M. & Bonomini, M. Nephrotoxicity Associated with
Novel Anticancer Agents (Aflibercept, Dasatinib, Nivolumab): Case Series and Nephrological
Considerations. Int. J. Mol. Sci. 21(2020).

Iwamoto, N., et al. Selective detection of complementarity-determining regions of monoclonal
antibody by limiting protease access to the substrate: nano-surface and molecular-orientation limited
proteolysis. Analyst 139, 576-580 (2014).

Iwamoto, N., Shimada, T., Terakado, H. & Hamada, A. Validated LC-MS/MS analysis of immune
checkpoint inhibitor Nivolumab in human plasma using a Fab peptide-selective quantitation method:
nano-surface and molecular-orientation limited (nNSMOL) proteolysis. J. Chromatogr: B Analyt.
Technol. Biomed. Life Sci. 1023-1024, 9-16 (2016).

Iwamoto, N, et al. Fully validated LCMS bioanalysis of Bevacizumab in human plasma using nano-
surface and molecular-orientation limited (nSMOL) proteolysis. Drug Metab. Pharmacokinet. 31,
46-50(2016).

Gill, K.L., Machavaram, K.K., Rose, R.H. & Chetty, M. Potential Sources of Inter-Subject Variability
in Monoclonal Antibody Pharmacokinetics. Clin. Pharmacokinet. 55, 789-805 (2016).

Bajaj, G, et al. Model-Based Population Pharmacokinetic Analysis of Nivolumab in Patients With
Solid Tumors. CPT Pharmacometrics Syst Pharmacol 6, 58-66 (2017).

Izzedine, H., et al. Expression pattemns of RelA and c-mip are associated with different glomerular
diseases following anti-VEGEF therapy. Kidney Int. 85,457-470 (2014).

Bazzi, C., Petrini, C., Rizza, V., Arrigo, G. & D'Amico, G. A modem approach to selectivity of
proteinuria and tubulointerstitial damage in nephrotic syndrome. Kidney Int. 58, 1732-1741 (2000).

36



37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Taylor, G.M., Neuhaus, TJ., Shah, V,, Dillon, S. & Barratt, TM. Charge and size selectivity of
proteinuria in children with idiopathic nephrotic syndrome. Pediatr: Nephrol. 11,404-410 (1997).
Gauckler, P, ef al. Rituximab in Membranous Nephropathy. Kidney Int Rep 6, 881-893 (2021).
Saltz, L.B,, et al. Bevacizumab in combination with oxaliplatin-based chemotherapy as first-line
therapy in metastatic colorectal cancer: a randomized phase IlI study. J. Clin. Oncol. 26,2013-2019
(2008).

Motzer, RJ.,, et al. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. J.
Med. 373, 1803-1813 (2015).

Coleman, R.L., e al Bevacizumab and paclitaxel-carboplatin chemotherapy and secondary
cytoreduction in recurrent, platinum-sensitive ovarian cancer (NRG Oncology/Gynecologic
Oncology Group study GOG-0213): a multicentre, open-label, randomised, phase 3 trial. Lancet
Oncol. 18, 779-791 (2017).

Janjigian, Y.Y, et al. CheckMate-032 Study: Efficacy and Safety of Nivolumab and Nivolumab Plus
Ipilimumab in Patients With Metastatic Esophagogastric Cancer. J. Clin. Oncol. 36, 2836-2844
(2018).

Tutuncu, Z., et al. Fcgamma receptor type IIIA polymorphisms influence treatment outcomes in
patients with inflammatory arthritis treated with tumor necrosis factor alpha-blocking agents. Arthritis
Rheum. 52, 2693-2696 (2005).

Julia, M, et al. The role of Fcgamma receptor polymorphisms in the response to anti-tumor necrosis
factor therapy in psoriasis A pharmacogenetic study. JAMA Dermatol 149, 1033-1039 (2013).

Beal, S.L. Ways to fit a PK model with some data below the quantification limit. J. Pharmacokinet.
Pharmacodyn. 28, 481-504 (2001).

Masuda, T, et al. Low serum concentrations of bevacizumab and nivolumab owing to excessive
urinary loss in patients with proteinuria: a case series. Cancer Chemother: Pharmacol. (2024).
Roberts, B.V,, Susano, 1., Gipson, D.S., Trachtman, H. & Joy, M.S. Contribution of renal and non-
renal clearance on increased total clearance of adalimumab in glomerular disease. J. Clin. Pharmacol.
53,919-924 (2013).

Ng, CM., Lum, B.L., Gimenez, V., Kelsey, S. & Allison, D. Rationale for fixed dosing of pertuzumab
in cancer patients based on population pharmacokinetic analysis. Pharm. Res. 23, 1275-1284 (2006).
Fasanmade, A.A., et al. Population pharmacokinetic analysis of infliximab in patients with ulcerative
colitis. Eur: J. Clin. Pharmacol. 65, 1211-1228 (2009).

37



50.

SL

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Zhu, Y, et al. Population pharmacokinetic modeling of ustekinumab, a human monoclonal antibody
targeting 1L.-12/23p40, in patients with moderate to severe plaque psoriasis. J. Clin. Pharmacol. 49,
162-175 (2009).

Cohen-Kaplan, V., Livneh, L, Avni, N., Cohen-Rosenzweig, C. & Ciechanover, A. The ubiquitin-
proteasome system and autophagy: Coordinated and independent activities. Int. J. Biochem. Cell Biol.
79, 403418 (2016).

Zheng, H., Li, G., Min, J., Xu, X. & Huang, W. Lysosome and related protein degradation
technologies. Drug Discov Today 28, 103767 (2023).

Ward, E.S., Zhou, J., Ghetie, V. & Ober, R.J. Evidence to support the cellular mechanism involved in
serum IgG homeostasis in humans. Int. Immunol. 15, 187-195 (2003).

Ober, R.J.,Martinez, C., Lai, X., Zhou, J. & Ward, E.S. Exocytosis of IgG as mediated by the receptor,
FcRn: an analysis atthe single-molecule level. Proc. Natl. Acad. Sci. U. S. A. 101, 11076-11081 (2004).
Ober, R.J., Martinez, C., Vaccaro, C., Zhou, J. & Ward, E.S. Visualizing the site and dynamics of IgG
salvage by the MHC class I-related receptor, FcRn. J. Immunol. 172, 2021-2029 (2004).

Ward, E.S, ef al. From sorting endosomes to exocytosis: association of Rab4 and Rabl1 GTPases
with the Fc receptor, FcRn, during recycling. Mol. Biol. Cell 16,2028-2038 (2005).

Prabhat, P, et al. Elucidation of intracellular recycling pathways leading to exocytosis of the Fc
receptor, FcRn, by using multifocal plane microscopy. Proc. Natl. Acad. Sci. U. S. A. 104, 5889-5894
(2007).

Gan, Z., Ram, S., Ober, RJ. & Ward, E.S. Using multifocal plane microscopy to reveal novel
trafficking processes in the recycling pathway. J. Cell Sci. 126, 1176-1188 (2013).

Schmidt, E.G.W, ef al. Direct demonstration of a neonatal Fc receptor (FcRn)-driven endosomal
sorting pathway for cellular recycling of albumin. J. Biol. Chem. 292, 13312-13322 (2017).

Grevys, A., ef al. A human endothelial cell-based recycling assay for screening of FcRn targeted
molecules. Nat Commun 9, 621 (2018).

Chaudhury, C,, ef al. The major histocompatibility complex-related Fc receptor for IgG (FcRn) binds
albumin and prolongs its lifespan. J. Exp. Med. 197,315-322 (2003).

Kim, J., Hayton, W.L., Robinson, J.M. & Anderson, C.L. Kinetics of FcRn-mediated recycling of
IgG and albumin in human: pathophysiology and therapeutic implications using a simplified
mechanism-based model. Clin. Immunol. 122, 146-155 (2007).

38



63.

64.
65.

66.

67.

68.

69.

70.

Levey, A.S., Grams, M.E. & Inker, L.A. Uses of GFR and Albuminuria Level in Acute and Chronic
Kidney Disease. N. Engl. J. Med. 386,2120-2128 (2022).

Kaysen, G.A. Plasma composition in the nephrotic syndrome. Am. J. Nephrol. 13, 347-359 (1993).
de Sain-van der Velden, M.G,, ef al. Proportionate increase of fibrinogen and albumin synthesis in
nephrotic patients: measurements with stable isotopes. Kidney Int. 53, 181-188 (1998).

Demant, T, et al. A simultaneous study of the metabolism of apolipoprotein B and albumin in
nephrotic patients. Kidney Int. 54, 2064-2080 (1998).

Prinsen, B.H,, ef al Increased albumin and fibrinogen synthesis rate in patients with chronic renal
failure. Kidney Int. 64, 1495-1504 (2003).

Gordon, M.S, et al. Phase I safety and pharmacokinetic study of recombinant human anti-vascular
endothelial growth factor in patients with advanced cancer. J. Clin. Oncol. 19, 843-850 (2001).

Eto, T., Karasuyama, Y., Gonzalez, V. & Del Campo Garcia, A. A randomized, single-dose,
pharmacokinetic equivalence study comparing MB02 (proposed biosimilar) and reference
bevacizumab in healthy Japanese male volunteers. Cancer Chemother: Pharmacol. 88, 713-722
(2021).

Kudo, M, et al. Impact of Bevacizumab Being Skipped due to Adverse Events of Special Interest for
Bevacizumab in Patients With Unresectable Hepatocellular Carcinoma Treated With Atezolizumab
Plus Bevacizumab: An Exploratory Analysis of the Phase III IMbrave150 study. Liver Cancer (2023).

39



	I-1 　方法
	I-2 　患者背景
	I-3 　蛋白尿を呈する患者では抗体医薬品の血中濃度が低下する
	I-4 　蛋白尿を呈する患者では抗体医薬品の尿中濃度が増大する
	I-5 　考察
	第 II 章 　蛋白尿を呈する日本人がん患者におけるベバシズマブの母集団薬物動態解析：前向きコホート研究
	II-1 　方法
	Ⅱ-1-1 　対象患者およびデータ収集

	II-2 　患者背景
	II-3 　BVの体内動態
	II-4 　PopPKモデルとモデルの評価
	II-5 　モンテカルロシミュレーション
	II-6 　考察


