[tk A]
RETEES 220k0101178j0003 1R EH B HH5E5 A 31 B

AAREAIRBISENE BRI - ISR
TR

NE:

I EARE#®
MBS - (AARGE) 1R A EESR S O - 2R Hmc B9 20898
(3% FE) Research on quality and safety evaluation of therapeutic

radiopharmaceuticals
WFFEBRE R IM A 2F 7 A 1 A~ 543 H 31 H

WFZERRgs s K4 0 (AARE) Bay Wt
(Z%  FEB) Hachisuka Akiko

MBI RE IR - 10 - 20 -
(AT [ELEESE M BEBIART « AL « EETF

(I FE) National Institute of Health Sciences * Division of Biochemistry ¢ Senior Researcher

IT BrouBass OME

FEGHPEEE SRS OBAF I, A0 TG T LA OB R OB > TIEFRL L TR Y, 51T, ¥
2T TR BB~ ERB LT 5, BRCRATRED IR 2 HTEEE L ~OMF IR < . FoEICE W
Th, BErEBRLME I YL, WbWwbET /) 27 4 7 22X 0 | ERHEERIC S0 DT8R b A TV
Do MEGHEEIIE, LAY OFEBEN T/ < GA B ERFE) O i ST D BEBRFES TH Y . £ D
HIRFEDN S, — MR DEHES L 1T R D WE - ZEMOFMFENLE L SNDL D, —ROERLTA KNI 1
TITEARA E SND Z ENE, TO—FT, WAEDKEEEIRICOWNTOCET T2 = 3 5,
DEFRFHB GBI T 20 A RT A4 2 Fpk 24 £ 6 H ] OATHY . SIS T 2 CFTRH S Than,
DM IR CIEE G & L C OIS A R %, BRI W OIERMEN R < . #0E < oL BRI O
y BMEHEDS VB AL 2 OITKE L, IBRIZR W TR, IR E BT 7o 0ICHifa@mtEn <, 2L b RO
PO o BB B MR EIN S, RS L TOMEIGENNAET S, L L, BIETIRIAER AR
O « REMFHMIOE 2 T RARENTWARWEZD, BRI CITRE#NE T TV 5,

AT CIE, BRI EE IR R R M T H 2 B R E M & FERARRBR OB E ORBHICE S E H
T, iE - BEMRHEO T OWTHEGR L, 2D OR B E 2 T, BN O GHEE IS HHIIC B35 3
ZLBEBIHKPEE LTOHA FIA VREFRT 222 BT, LTO4HBITOWTHE Lz,

OIEFRIE BT E RS ORI T 24 A BT A BAER
FEOBHIL ROSCE, W, EESCER EOGRZIE L, AABFEEELES L DA BT A VRRIERL

1



R LT, AERRDBEARTGEHL, ISR A TEE S S & U, Pl R AR A dh s X OV IR 5 AR H
RIS D FEHEUERIC E?J?énfc%ﬁ B iEsER - BERBR L Lic, HURPEESESIX, TOREN G BN
ICIESZ2BER VR SN A GAICIE, HEERIO OB 2 AT 22N TELLENTNDH I L (EFEMHD
HKERHIGE IR L %?A%$@_OwTiM%W$3H3IE)% B SCE (4FlC ICH M3, ICH S9)., &%

FB o 3R OFHIE R E Lz, BERBRICB L Tk, BaHRERIEL U Y RERMEICOT T 25 2 7
2D ANDZ L L L, FHEFIEICEEFEERETEH T 5720 D5Me 82 RET L,

F o, BORPEEIES B OERIEME L LT, MR PR FEHEYS JOWHE S e fe CUE L 7 Erst o scE %
WFZeET o HP \Z#8# L 7=,

QB PR E S 5 O S 22 TEMEREA

Y F o ~7 (HEGFR HiUK) Z2E7 /& LT, XA DHURESR S O MEZEMHEICKIETHEL I 5N
L. BRI RITTEL T2 2 2B E L, MRS R AHE ,f'?JJuL “CH@-%T L7zfiilR (Wt &
10 Gy, 50 Gy, 100 Gy) % kU 7+ > CiE{k L, LC/IMS/MS % W=7 F K~ v B 7 &4 5728 25, Met,
Trp & O Pro FI72 EDT X 7 BEEREN RFTHIC, 220, IR RIS b S D 2 e B3R STz, £z,
SDS-PAGE (2 X V) | FREHZ PO EEERS N5 2 &, DSCIZL Y, CH2 RAA U OREEDFFIIK T2 2
&L FeyRIA- 77 4 =7 4 7ua~ b7 77 401250, FeyRIMA & OBFENMEFLTWAHZ &, BELOV, SPR
ZHWT, FeRn & OFFMMENAEICIR T2 2 LR S N7z, EGFR & OfE~OREAE N RESHTWD L
D Y50 KN W94 Dfgfb b sl S AL7z 2, M SERE FVEME ISk 3 2 M O BT bz o 7o, BLEo
F o, BIC L VHURDRENENT 5 2 & T, FEpEhies —HA(kT 5 AT r”£75>Tﬂf'=éﬂ SR URTINENTSE S
s D g - A - ZEMEOFHIRL TR ZAT O IH T2V | IMERREUASEIE D 72 2 HUA R T D BRI, #
FEDRFURDFFECIRNEN BRI B 2 2 B A BRI 2 WEMEDRE ST,

QIR 3R 5 D S B RE T

FBREN & T S ENRERTIIC D721 2 2 L A RIS, o BB TH DT 7 F =0 A(E225Ac)% DOTA
Effit Y o< TR L, o SRR TURDRIEIZ 5 2 25085 il LTz, 225Ac ik DOTA-£ Y ¥ v~
T RN 225Ac A DOTA-EY X o~ T OXRTF Ry B 7 &2 7ol ZA H#HE LEAHOE T 33D~
TF RICHEKT 2 45 HOT X BEEENBIL SN D 2 E D3RSI, TOW 20 DATE, iR OATET T
WD ZEPHERSNTL, BEEHBOW D107 2 / BEFEEICIN %, EGFR & OfEAICBE T 2 A A (VL K 2
A1) OWI4 bERbIh D Z LR STz, DOTA ZHIHNL & BLEAL ORI AR~ & Z A, EFEHT
X DOTA FERRERAL & FALEALILF— R A A N THERR S 7oy, RIZEECIE RS R AL U THREN D
P BEEREAL & T WERL T T BB SN D DT TR WD Eavre EnT-, F7-. XY o ~7 L ik
LT, 255Ac-DOTA- Y F o~ T DLIREN LY REWZ L AMER SN, DLED X HiC, RERPUA, 2k
RPUR, IR HAPUARR CRIEIZZENAE T D Z ERHA L E 720  (RNEIRE e EICZEMNE U5 ATREMEDS RIS STz,

@VRTRH B R S el O S BN REFEAT (X5 + - 1)

PR E ORRE, JTHRDENIZ L DRI E T 2720, 2l TaRERI O A D T~ U7 R ITHRN
BRI G U B2 RrER & TaREAI O RNENRE ) S HEE L 7T < SR A ffdT L, RIS K 28V 2 ik L7z,
BB L LT, 9 F~DORENPRENE TRIND o SEREZEINL, 2 18R OMAE D et
(W2 FFNEET 54 Al A-E) THY | TOIENSTIX, /=X 7Y U F T AR—4— K@ 7 v
2 X UERAR 1, BNIIRRRRIEGUR, Y~ PR TFURBR R ETH D,

ZORER. 2 FOHEH A, BITEIL TiX, WAl & iER N OHEE LRI REICAEEITH > T2b D
D, W h R (relative biological effectiveness, RBE) 5 O IEDFIFHNTH -7, VY D 3 AID 5 H 2 Al

2



DOHEH) C, D ITBIL TiX, WiEEHl & IBHEEEA D DHEE L7 9IE < MREICK & 2 T_BEDN & Dl 23 - 72729
RBE =5 2" Z47 & 5 7, RIS E L BE L CTHB T 20BN H 5 ZENWA LN E RoTz, FiEDFAE (I
BI L Cld, 22Wrdial & IR O RN ENRE O TRBENS K &\ 2| I8 ORE FIREESEA O L 2L L v &
Bz, UbkzFE s s, 5 ORI ORI ED LIS, BAEZDOD DHFes. HiRILH-7-Hb DD,
RBE=5 3% Y THDL E WO fEmma 52 Z N TE 7z, 72720, 1ANCB LTk, #ElE G- EOWRE T IEDOREFH
MR bl 2ANCEE L T EREOMEOTRBEN IR E < | R COMGED LB E S T,

TR PR3 00 [ PN BOE AR O BEFRITEE L CUE, 225Ac IUPESERI O GMP 85E 0O 72 8 DR i B 217 > 72,

TGRSR DR O FE O — 2%, RO A2 W DIRRA~ERT 5 Z LI L0 fThbhTnb, £z,
TR R L O HIT A THHIE S Z R IRIRICB W T2 DR R & < 22 B ME b 1R i = 3 5 T
XIS 2% R W O P R SR 2 O TSR 2383975 Z & DRI ThIL TV D, L L, i & 159
O BT O EFITD 2, AR Bk IRREROM A G b I L 28 ERICL Y, RBE=5 3324 Th
LHEWIERE LB, AT EOMEL REWZ LD, ERERBR CTOmMEDO AR E 2 /- L ToORKR
BR~O R b STz, 2 LI L ORIRMEIC OWT O, FERER K ORERIR TORRNERE I, £ DM
FRER L0~ b iz s, etk Eic&T 50 LB 61D,

G SR [ ORFEITHER TH D | Z OERRIC XL 0 0 T LA U 5a 1, IRNEBREOW TIZA LD
PE RV BET L AEERS D, A, FikEET v E L THOWERFHC XL D RERGUA, 2HHHUA,
B RTURR CRIPEICZER AL D ZERA B L7220 | (RNENREZR EIC 22034 U 5 rIREMEA IR STz, BRRE

ZOBEDNIZE PHRINDIEEH o BIKBERICIE, RERMAENFAESE T, BEZHNCE L7 B
FNARDBFAE L7 WS Db 3 D, FFERRFEBRIZ I T, B0 Ie R 0N B 7R DR E 1Z DUV COEHIE 23 T RE

&R EBREWE OB, R KIS TORBR M7 £ RN e RO EA IS NS,
SRIORFRICE Y, BipZ2WEOT —2 OFRIZHT- > Tid, BIHREE L EET 2 LBV RE SN2, #5R
WEOMRRMEIZBE LTk, WE B RS OB ICHk T2 2RICEV AT D, At - ZeEickiE T
BOFHEZORESIZHONT, BRIBHFADEEND,

TR OB E ORI U TR bR 2 BIE, 16 G EEIE S OIEERIRBR T A R 1 VRE

ICEATDIEEET-oTBY ., 4%k, BHIY I ICBERAKR ENEEZREL TV TETH D, BIEIXPIREIC
HUE S TWZRWIERE A EE SRS O ME - 2R OFHMI O AR 7275 2 )7 KL OVFIED R S, F7ER5
OHEEN N AGRFADO M LICHEBRTE 5 L HIRF S LD,



Radiopharmaceuticals, which use radiation as their medicinal effect, require different quality and safety
evaluation methods from those for ordinary pharmaceuticals. However, the concept of evaluation methods
for therapeutic radiopharmaceuticals has not been presented in Japan. The guideline for diagnostic
radiopharmaceuticals describes four substances in non-clinical studies, but it is unclear whether
substitutability can be established for therapeutic radiopharmaceuticals, which have different physical
properties. Since both efficacy and safety of radiopharmaceuticals depend on their distribution in the body,
we focused on pharmacokinetic experiments to evaluate the validity of substitutability of these test
substances, including their stability under radiation. It also aims to develop a draft guideline based on
these findings.

Quality stability:

The purpose of this study is to discuss the effects of structural changes in radioactive antibody drugs on
non-clinical studies. Using cetuximab (anti-EGFR antibody) as a model, we investigated the effects of X-ray
irradiation on the quality stability of antibody drugs. As a result, it was confirmed that amino acid residues
such as Met, Trp and Pro residues were oxidized locally and in a dose-dependent manner. X-irradiated
antibodies were found to have reduced affinity for FcyRIIIA and FcRn. Comparison of oxidation sites using
225Ac-labeled and unlabeled DOTA-cetuximab identified 45 oxidation sites in both heavy and light chains
from labeled and unlabeled samples, 20 of which were found only in labeled samples. These included sites
that affect binding to its target molecule, the epidermal growth factor receptor (EGFR). As described above,
it was clarified that antibodies are partially oxidized by both X-ray irradiation and a-ray irradiation. This
suggests that there may be differences in pharmacokinetics among non-irradiated antibodies, diagnostic
antibodies, and therapeutic antibodies.

Pharmacokinetics:

In order to contribute to the evaluation of substitutability based on differences in the nuclide and
element of the test substance, we estimated the exposure doses from the pharmacokinetics of five pairs of
diagnostic/therapeutic drugs in mice, and compared the differences depending on the nuclide. Alpha-
emitting nuclides were selected as therapeutic nuclides. It was concluded that RBE =5 was generally
reasonable, although there were organs and tissues with significant differences. However, one drug needed
the method for determining the initial dose, and two other drugs required clinical validation because of the
relatively large discrepancy between the doses in the bone marrow.

Draft guidelines:

National and international documents on radiopharmaceuticals were collected and draft guideline for
non-clinical studies of therapeutic radiopharmaceuticals in Japan were prepared with reference to these
documents. In preparing the draft, the current documents (especially ICH M3 and ICH S9) and the 3Rs
principle in animal experiments were assumed. With regard to toxicity test, we discussed the incorporation
of the concept of separate evaluation of radiation-induced and ligand-induced toxicity, and the conditions

for utilizing existing information on similar compounds in the evaluation method.



