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The crucial negligence of the regulatory authority and the company

— Normal evaluation of the results of animal experimentation
could have prevented the TGN1412 tragedy —

Rokuro Hama
Non-Profit-Organization of Pharmacovigilance

Abstract

On 13™ March 2006 the TGN1412 trial resulted in an unprecedented tragedy, when all of the six healthy
volunteers, to whom the new drug was administered for the first time in humans as an investigational product,
suffered multi-organ failure with severe shock and were treated with ventilator. It raised serious doubts about
the validity of current measures for new drug approval. This paper examines the validity of the regulatory
agency'’s conclusion that “an unexpected biological effect is the most likely cause of the severe reactions” and
“adverse incidents which occurred were not as a result of any errors made in the manufacture of TGN1412, its
formulation, dilution or administration to trial participants”. It also examines lessons learned from the incident.

Anti-CD28 monoclonal antibody (S-mAb) activates lymphocytes on its own. Following the development
of anti-rat CD28 S-mAb, TG1412 was developed as humanized S-mAb. Non-observed adverse effects level
(NOAEL) of JJ312 for rat was 0.2mg/body (or estimated as 0.5mg/kg) . NOAEL for the Cynomolgus monkey
whose amino acid sequence of extracellular domain of CD28 was 100%, the same as that of human CD28 was
decided as 50 mg/kg by the manufacturer. However, it may be 1mg/kg if swelling of lymph nodes or death is
TG1412-related. If one considers the lesser dose should be NOAEL, 1/500 of 0.5mg/kg should have been
determined as the first human safe dose.

Therefore, 0.1mg/kg, which was the first human dose of TG1412 approved and actually used, was 100
times higher than the safe dose according to current medical common sense for safety.

Before human-specific biological products are used for humans, the following procedures should be taken.
First, species-specific biological products for two animal species should be developed (in this case specie-
specific SSmAb). Second, the toxicology studies should be conducted with the same animal species as those
used for investigating general pharmacology and efficacy. Third, another series of toxicology studies using
humanized monoclonal antibodies should be conducted with one primate that has the most similar amino acid
sequences of whole antigen (in this case: CD28) of not only the extra-cellular but also the intra-cellular domain
of the lymphocyte to that of human lymphocytes. Fourth, 1/500 (in mg/kg basis) or 1/250 (in mg/body
surface basis) of the lower level of NOAEL among both species should be the first human dose. And finally,
The investigational product should not be applied (infused) faster than the rate at which it was used in the
animal toxicity studies. Stricter regulation should be established to ensure that the above procedures would be
appropriately followed since they currently seem to be neglected.

Key words
TGN1412, superagonist anti-CD28 monoclonal antibody (anti-CD28 super mAb), Non-observed adverse effects
level (NOAEL) , pre-clinical animal experimentation, protection of human subjects
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[FL &I

HEE T3 H 13 H, IR O LM, 75
HOWREEEZ LB D A THRD THELN 2 EHE»RE
L7zZ eI HHE SN2, & b TIEELY]
DTEINZPEEH S 7z ERRER (55 1M
W) T, TV RSNz 2 NIRRT A
o 7=, RERYIE TGN1412 Al & h 72 18 &
640K ETOMERT V5 14 76 AEEH, 1
% b AG ORARLVFIRIAEE R 2, 1 IRFf#% 12
XL IR A D 72 ICUIZ ARE, BIZ A T4
WEADT b N7z, UEBHICIE6 AP 4 N6
NITETH B3 NI ATIHRKEE ET SN,
AT LR S T2 h, EEZRL
ZAE BB LVbhdY, ER IR Ik R
EAR SN, MHlY)E (The Medicines and
Healthcare Products Regulatory Agency : [R5
e AR - MHRA) (350 52 i oD KGR % BX
DWHEL?Y, 4 H5HIZIEMHRA IZ & % FERE 2
ANFEXNY, 5H25 HIZIZRAEME N Iz,
F 7, REEKE OFERNIC & O MR S B MRS
S T HGABROFHEICBI L Clhds (%) #8Em
L, 9HI4HETIZEREZRD T 59,

EHI3, BBCiEE Rz W) A» S DERE
SHI6HIZH/T, P4 v 4 — 3 v b THEL IR
¥, 3H28 HRITD TIPFE (2006 4-3 H5) 12/
BResEedizinX? #5<Lglc, ¥
F oy OFEHIRY & LTEH/IL , HXY T
BiL T3,

ARTIE, AN AR TI NS ORLHK & HE
T30, ZOHRICAK Eh7=MHRAIZ & % PR
Y, ARG, HMESEOBE (%) 9 &fF
LA, B h o HEE L 2 RAERD 100
G, DR EB L 22 &AL 2. Z20DIF
2, W DD RT, RARMR A TTHE 2 @92
BRICHEDWCE T BB EhTns 2 ehn
HIBHL 20T, ZDOrHMZ b X720,

1. TGN1412 &£ (&

ZORRERICHEH & 2B TGN1412 OB IS
DWTIE, D HAFERL T3 Llbhdh,
R DE AR CE IS Tl & 220,

TGN1412 i3 humanized agonistic anti-CD-28
monoclonal antibody (& + BUEE):HiCD-28 € /
s aFHitk), & %1 1 humanized agonistic
IgG4 antibody directed against the human CD28
antigen expressed on T lymphocyte (T Y ¥ 73Ek
i CD28 P x4 2 @) v + M IgG4 Hifk)
TdH %40 GFERDE 7 & 0 FILPIRIE M TTHI
a5 b T & oy, TGN14121%, ZHEMT
Tl % i X5 % Z &5 5 superagonistic
anti-CD28 monoclonal antibody (superagonistic
anti-CD28 mAb), superagonistic anti-CD28
antibody, CD28-SuperMAB, CD28
superagonists, & % i agonistic anti-CD28 an-
tibody s & & BTN Tnwab e  CD28E/ 7 1
FYiATH B4 610 B v oG
M=, MUY v~ FOREHRY L LT, §
4 Y TeGenero Immuno Therapeuticstt 23 BHF L |
HEAR5E 13 Boehringer-Ingelheim 4l 2340244 % &
DERIBEHEN T2,

AYEE, 20054F-3 H , WINEEEE S (EMEA)
moA—T 7 KTy (FHE) OFEEZ
W, BE T L TE LT - mER AR L
TR0 2o BB RKICHEE T
W10 WP T H 5 7.

2. fER#F

2.1 superagonistic anti-CD28 mAb D1EHA
&R 6z
THIE A witEAL < h B i2idd % | signal-1 (T
cell antigen receptor : THIllaPiEZ AATCR) &
signal-2 (co-stimulation : #ilH¥E) A METH
% . Signal-113 TCR &, diltinfiig (APC) @
MleRmIC R S PRI O X7 44 F &
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MHC (Major Histocompatibility complex : MHC)
EOMAMEHATEL S, RYNCHER EIBIETE
I & T A A R DA CD28 Th %10,

TCRANDPIFEM R XT % 4 FOFEA (H B0
in vitro TIZ TCR® anti-TCR & / 7 1 F L §ifk
DFEA) 12X 0 signal-1 B ER E 52, CD28D
TR A 2 o AUt THINEIE anergy (2 O i
VIFARHS>TERIBLAENWY) IZIGE 2, 7
K= 2%4 U % (Fig. 1-A) 9, %72, signal-
15372 < fERDPICD28E 2 & 1 FLHi ik % Hijh
THIWT & THIRIE 5 U 72 (Fig. 1-B) A3, anti-
TCRE / 7 v F LUK & BEH§ 5 & THINE A B
L, Ava—ufFr2 (12 #ETE LIS
% (Fig. 1-C).

& ZAH, TGN1412 ¢ & superagonistic anti-
CD28 mAb iF, HEkD anti-CD28 € / 7 1 F L i
W3R, ZThyMcTMEZEELL (8
), IL2#pEEdhZ LnTEhREENhS
(Fig. 1-D) 0, $ekD Pt CD28 € / ~ 1 FILHifk
LB 501%, CD28%r 7D C”D loop iz
TGN1412 2%5A L (Fig. 2), CD28 D% M A 2
i A K D BIRBEARETER TS 2L HhTES
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P EEINTND 0,

2.2 BififaMigMEY >/ YA mA (B-CLL) 2
LT

A =7 —OFHW I LI, BRI

SPEATIE (B-CLL) &, YU R#MINE (APC) &

LTEBEEL T, TV Vv SBko Witk

Ko TTHR =¥ ZAHEHE S 02t TGN1412

Fig. 2 “Conventional” and “superagonistic”
anti-CD28 mAb bind to the different

part of CD28 anti-CD28 mAb.\?
KD anti-CD28 mAb & superagonistic anti-
CD28 mAb & CD28 DRZL 2 HWICH AT S0

B7 molecules
(MYPPPY motif)

", ~«—— Conventional
anti-CD28 mAb

~€«—— Superagonistic
anti-CD28 mAb
(C”D loop)

Fig. 1 Two classes of CD28 specific monoclonal Antibodies (mAbs) ¥
25D CD28 fedE 7 7 u—F uhifk (mAbs) DIEHDEWN 1O

anti-TCR }-

Conventional
anti-CD28

CD28

TCR
Anergy Apoptosis No cellular response
anti-TCR + anti-CD28 Superagonistic
}__ % anti-CD28
CD28 CD28
TCR
Proliferation IL-2 production Proliferation IL-2 production
HATE IL-2 A HTE IL-2 A
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7Y CD28 superagonists & U C/EM$ % & CLL®D
Bfiffe 2 APC & U CTHERET 5 & 5 1274 D N AN
BHURRRRETHROERN E LTRAS X510k
5. X 5I2TGN1412 (% CLLHES M 7K  —
VZELILRTL TS, ZOBE, Mlatkobt
HEE 955 G PR VG I A i D, & ST MR 7 R
P—=Y Z2EBET L LB,

2.3 EBHREEUITFICHLT

1SUEBIET ) v~ F IR EH RIS T B 5 L
HCRERBOOE D TH B2, T OB
) FIZx$ 3 TGN1412 DAEFH Z DWW T A —
H—=FLLTFTO XS IZHHL T 5B,

PRI ) Y ~ F OBIYIE 7L TIE TGN1412
12k % THIBBOWE ML, TCREAER (TN
Sz BIREAH) 16 LR 2 thoWmE &1
s, MOWETIIRIEWEY A b A4 v ETE
LGBl , Eomny A4 b4y - 2 b—24
B X Z 2, TGN141212 X 3 THil 0 & ML
TIEZOMEMED, F& UTIL10 & & D BIE
Py A b HA URFEE NS, 2O TGN1412 1%
regulatory T cell (4 7L v 4 — THINE © i
regulatory T cell = THIfg L iFIEh 5) %
bR AN R X (- R

3. BREREHBROGELEA

MIRE DGR EER X, PAREXEL &\ 95 K [E O
ik Eisi B2+t (CRO) 12k ->T, v KV
12 & % Northwick Park Hospital THfiE X 7z v,
75 v — ARG &7z Raste Khan & A (235
L) OFE %A #E L 72 Times Online OFEH ) 12
I, B » A I N=DB | 2550121
FELTHWS7, EEOFHMETLTS5HL 5
WLT2E, RUNCHENEZ T2 ADEAZLE
L7z, 13 RGBSR 5 2 ATT A, BiiF D
TWAEIARKUT, LEDICHHAST>TVE
L7z, MZEA LS L >72DTTN, Moy
5& 3AHDOAZEFRIU &5 Ak G | il
Ml mE: U U7z, Zalkd g sl o RBIC &

DELE BALWHEANRE TWNDE LI BRECIC
RAFUL2Z, XIZ4ABEFEUL &5 LRk i<
T FE L. MEREPEIRPET LB Ty a v
MREIZH S TZATTD, ZORNCTRIETE &,
FALHRLEW, [ EE5TWE L7, Bl H
BL7-EOW RN KBICEELELZ. &
Va vy ZIRBICRD BRSPS BD E L FAD
EIZWEREBREEh MR E Vs TnE L, B
ALPo7TY. 77533 —RIZY 5 2DEFH LR
KWEloTwEd, F5Tuavy 7 L—by b
TT L. FAZBENELL TR AT 2D TT
240 FHIEmoORME T E s st nET. ]
#:EEHD— A Ryan Wilson (215%) &, %D
D KREDTE L AD =0, KA TIR6ETIZL
W] EBFHL 220D KIES DR # {5 A 7215l
ERATHE, HOHEIIWMBRO3HIZED, B
JENTHLD R A0, FEIFE THRVWEEEIC
B0, DMEE S EKE 29Ik 5T, FITED
BIRREFE 5 7= Ly 161D
INSDEMERAT D&, HEHEN205TH
B, W, B, 250NEUREFES BAE
AUy EORE, BEL, IZIT 120 AN
6 ANERDY g v 7KL LD R L 7217,
7z, A7 04 FAITHRIEZIME A, MAEsSHRIC
& D TGN1412 # TE B D F < M A 5Fr%ET
EHEEDHRBENEEINIZLITH B,
IhoDZE L, KEOREMNEY A b H 4 VD
Bz & 0 MRS B EEZ T 22 LB R LT
BO, 2R NARNEO B 5 W B EAIZAE T -
ZEHrAA=—VEIHE D,

4. £EDOEVS, LU MRHA OFHEifER

41 %

PAREXEL & TeGenero i3, FRRiER L 7 0 b 2
LEBDIZHEEENTHED, ShlIOHEEIZEL T
WARTRETH 57=L LTWBY, £/, v 7 2,
Ty b, TR A S TREEDER S,
YO HEIZEY TORKIAERD 5005 D 1T
HolztEINTNBH1~6 17~19
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4.2 MHRA

W, MO Y F b2 vk ERMMOR
A, HHLZHEOME L, #EWZ DL DDK
baze & ORTBEME & &8 C, S Inlo HREO i X fi# IH
ERIGL 72208, PREIREY TLREMEY T8,
72, HMIRZFEOEE ()9 TE, &< T
TEROVEYENERIIEZHIRNTH 572, i
L7,

5. SENEITHARDOAICHEAL T
WwWi=_ &

5.1 EHEHMHF (JJ316) TIENOAEL I

0.5mg/kg (AFREERE 0.08mg/kg)

1) BRI TR, BEEX

TGN1412 OHiICHE SN A]TI316 &,
superagonistic anti-rat CD28 antibody T & % *e40
DFD 7y MCHTIREYIATH S, JI316 D
0.5mg/body/HA 5 v b D7 ¥ 23V %%
BT 2 EMEXNTNRED, LA LIZIDEERT
WEIEE (f#EE) 7 v MIZiZJIs316 B h < h T
0,

7 v b Al superagonistic anti-CD28 mAb i
0.03mg/body (0.15mg/kg, AR T
0.025mg/kg) THIEZRMILO WEMEALIZHE
B o722,

—JJ1316 & HI\ZTZ v b D CD4TTHINE (321
ALS—THINE) & CD8TTHNE (Fic%5—1T
M) o [BH] F 3 ¥ v OHLD AR % 722552
Tk, CDATTHIETIEa Y F a— LD 12015,
CD8TTHIES R 305 IcWmMUL 7., ZDZ &,
A= TR+ 7 — THINE4A in vitro THi <
WX G52 L A2BIRL TS,

EHIfERES v b AW T lmg D
11316 % 1 MIERENFE G- L 72720 TR G ) > o8
fidEMICERLZ, SHHICEBRLZAREER
TlIFOTh BEFREL EoERIZR A 5 (Fig. 3).
FERTI DI CD28 & / & 1 FLHifk (JJ319) TiZ
5mg/body & T, % 72]JJ316 Tid0.2mg/body T}
D MR B3 A<M U A o> 7228, JI316 D
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0.8mg/body Ti 2 5728, 5mg/body TIIHI 3%
IS L 7z (Fig. 4-A). 2O &5 ICHIFICHE — )
IGBIGR GRS Nz, FEFICHHE N v b D
FRESCHWI N TOAVRRAT v P THBT L
B SN T B DT, RIZ400g &5 &, il
WmM»E->-<Bdohkh»r->7~]]316 DHE
0.2mg/body % 0.5mg/kg TH 5.

2) HRRBEMS 2 A% HED

J1316X°JJ319 D 1mg/body % £ 5- L 7= % D Milg
BORENZE A S L, JJ319 TidA L AR
B oNEho727, JJ31613 1 HH TH 1.8 1%,
SHHZ®RATISM, 1HEMKRICE k2.2, 2
% T L3HREE L, EAICHIEIZIER > T
Wi 72 (Fig. 4-B) #?. 1mg/body 5% 3 H
HIZU Y Bko# T2y b e L& 25, 5
12 CD4+ THIlE & BN BEINFEE SR E 20 5 72
(ZhZhR6fFe4fs (Fig. 4-C) ).,

N6 DM S, FFE superagonistic anti-
CD28 mAb (Z in vitro T CD4+THiflg, CD8*T
Mlaz8gmy , (@Y V21541203, 100
72U TR Y VoS A FH ISR X R
1AM CD4A* THiIFa S Bz My 5 2
&, L2 mEMRE, b3h 0.5mg/kg FEE T
Hotz (7Y Ny MR EEC 28T
iR ERMT 2 2 EAMERZEINTEH, 20
BAOHEIPERET LI L 2Lk
EIEEES W),

Thbb, BEEEiRk L E® E AL B E
{HEFEBIY C 13 superagonistic anti-CD28 mAb 12 &
DIFEI NS THIAOMHE 4 7 A4 v OFEHE
tRAEDSBZ L, BELHMICIHT S
superagonistic anti-CD28 mAb ® B2 &3
0.5mg/kg TH 5 L DHANES Tz,

5.2 HILICXT BZEHHR

PN 5 FEEROPNE 2%, Tk 4-e, 4-f125h
NENTW5, BHREBRO 7L LR — b Tidkawn
OT, WP OGN A L3 diksh ok
W, LS TR 250 &0, ek
KT & 5 A4, BIREOBENE 35 5 % DT, Xiik4-e,
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Fig. 3 Splenomegaly and lymphadenopathy of LEW rats which received single i.p. dose of 1 mg
anti-CD28 mAb JJ319 (left) or JJ316 (right)

1 mg ® anti-CD28 mAb JJ319 (&) £7-1& JJ316 (43) DHlERENIE 5 221372 LEW 5 v +®D
Y 38 (R) Z Mg CF)

Y
>
I
&

e k22 OGE A | FAEREICH U 2 W TR
5720, REIOAKLS K& L HE
" B T S B R,
A From Tacke M et al

Eur. J Imunol 1997 ; 27 : 239-47[22]

JJ319 JJ316

Fig. 4 Lymphocyte subsets responding to anti-CD28 treatment in vivo.
JJ316, JJ319 £ 7:13% D PBS Z MG L7 LEW 5 v MZEBF 2 YR Y 7k v FORIE

A BAERICEE B 5 #RIcO#E C Uy Ty MRS

. 500 400 800

S U PBS —=— JJ316 O] PBS

S 4004 O JJ319 350+ —0— JJ319 O JJ319

S W JJ316 300 6007 m yuste

= 300+ 250

3 400

g 2004 200 -

E 2504

[ 200

3 100

= HHI H 100'%@@7

3

o T T T 0 T T T T T T T T T T T T T T 0_
0.2mg 0.8mg 5mg 0123456789101112131415 B CD8 CD4 8T NK
EFREAR aBT

4D E B &1, YL & O 7 B RAER O R kg %4 1¥HIZEBI L, 2.5mg/kg & 5mg/kg DHL
IZDWTIERS CORTE TR L v dd d-e, 41 FfE5- & U7=. 39EH I TGN1412 % 5mg/kg TH
1235 <), 50, 2.5mg/kg HERE G- S hTna, Zhh[E

1) YIVTIEREE Img/kg (b MMERETER HRCEE X =0 h, o 20EE R, 3HEM 51 ¢

2 0.3mg/kg) THH ELhg XN/ ANHTH 5. ) Vo EEKOA L

Hi[A$% 5 1A B 13 TGN1412 23 5mg/kg O EDBEROM, L—F v ORENkE S h 7z,
B C—PEIZ, TGN1415 ® IgGlvariant T» % TGN1112 % 5mg/kg % 5 & 7z 108X 155 H H
TGN1112 ', 2.5mg/kg & 5mg/kg DHET IZJER S IR 23520 &, T2 Ze ik D fL AR
Rhesus monkey (7 #7¥)L) &K 1¥HIZES X h EFME Sz, o 25EIE, EERR T, PR
7z. TGN1112 3 N2, 1mg/kg A 2 BEIZ A% DICIZR E N7z,
Hah, SEFRRORBS L TREN AW L &1 AR G T 72 5 8 TGN1112%° TGN1412
L7729 27T, 0D 1.5mg/kg » 5\ %, 4mg/ ICBM L 2 BBIIED O s dhTnb
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| JEREE N7z YOS A M M P I I

MR 5 Nz RBEE O TIETGN1112 & 134
BIfRE I N7z, RIS § BHITEE O Hifs 34 im %
ZETHUIC ORI & U o RArEE TS
PEiZE 1%, TGN1112 & MBARO TR & 135 A B,

16 H (5mg/kg ® TGN1112) & 3w ix 23 H
(2.5mg/kg ® TGN1112) % ¥’ — 2 1ZCD4 & CD8
FEBLUT MRk 2 5 R I — @M L 7= (7=
72 LTGN141205mg/kglZ DWW TIZAH) , ELISA
YCHIE U 7231 -TGN1412 itk A HiE% 5% 3 38
BT, EBEDLRLTERDONL. £7/2,CD3
FEBTHIBaO B i F & & & 40 H Btk £ TRk
L, CD20 3¢5 (B M) (%40 Huiter 549
252N L , 78 H & 5\ 2106 H (2.5mg/kg) T
FESICHMUZh DS FfiL 72 E A 6N 5.

ZHZET N IATIRAE U 22 25 DREK
723155 HH £ CHIEE S, BROFEIZE 5720
ThH 9. 20X kEAEEEEEKRE TS
ZEiE, ES5ATEEETIER W, £S5 L THRE
RELZDTH A%, Filadiiza<, 7272
WELE R E Lz, LD D E5DATH
% (M ORI ) .

2) REHRS FHHRIE 5me/kg & 1 BB TR

WEEsE, bmg/kg TUZNEIEKXSH V)

AP T, P, AlBE 2vdh
% Cynomolgus monkey (# =2 4 %)) AN
b7z, PhiaRld 5mg/kg, 10mg/kg, 25mg/
kg, 50mg/kg DM AT A, £ 2% 1WA
EFRHWTE N7z, 513 5mg/kg DK »
5 1HER 201 COmiMEfE U, LR 12 B 2 3%
LTWo 7z,

5mg/kg #HEGBBL T2 5, 1I3HEH~19HH
(10mg/kg 5% 6 H HLIEE) 122 T, s,
ZAFWEBD Y VOSEHISER LT E 72, Wik
5mg/kg!l & 558 10mg/kg!l & 5280 3R
B, XT3 2, 25mg/kg (H % id5mg/
ke) #2516 H H 2 ¥ — 2 12 D BN A A &
WoNTWBZDT, 1I3HHTY VSFinlEkL T
X724 55mg/kg M TH > TEHENLDHD S 5
EEBEZBRETHAHS. ) VI SHIOMEKITMHE %
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@% Z& 5 TR & adverse effect TH 5. %

, 14 HHEIZIE, CD8IE2 ~3EREDBEMIT &
%nin, CD4IZXI4ERIML T 5. ZO%REIED
L5~ 25 1K P LT 5. TGN14124itko i
B7hr Lo RSN ES Th o7,

L Lans, ZOHAS, 50mg/kg THEFT
RraRvwohkhro72e LT, 50mg/kg »
NOAEL & & h 7z ([ riid ).

3) REHRERHBRSme/ kg C3ABICTFTRITIRT

RAZFE G AGAERE, THERE (AEED A) 134 %
A A5 598, TGN1412 D 5mg/kg i1d 4 2 A 245
35H, 50mg/kgld A A, A A& 584 W=, 458
%, XPHERE L 50mg/kg i 54 2 2 Z2FHG D %
JBRL, 50 & WIERE (x 241 H, + 243 H)
IZHE U 72 5mg/kg I3 Tl bhmnw e B2 5
o, BRAS THRRICE RS, 2T RIERERIC £
b,

& Z AN, bmg/kg DA AHIiL, Kbk T %
I L7223 HHICERE Nz Li#E i Tn
5. Bl Eh7z&b, BHoRuiE» 5
Campylobacter jejuni 238 & 17z, flhod xtHETH
DF ZHILTEAREE THIA H D, Campylobacter
jejuni % Salmonella spp 2S# i X 4, EEHO 2

271) — =V 7T E#IZ Campylobacter jejuni 235l
X, KB T BRI 5 N7=D T, 5mg/
kg D TGN1412 # 5 S 7=+ 2L DI
TGN1412 L B3 22 LG TH % & iz,

Pl EDfER  50mg/kg £ CHREN LN -T2 L #H
Abh, mKEEER (NOAEL) 73 50mg/kg &
i e 7z (BRI %R) .

4) Toxicokinetics (F¥> 3% X571 v ¥ X)

& REEEER

TGN1412 ® H 5 5mg/kg 7 5 50mg/kg (2
M43 &, TGN1412 O 4 S EFE 349 20 f5 & 7:: >
7o, PRGNS, EIRER KR E 572, P
Y8 H &\ Pk, 5mg/kg DRAIDIEG H
LEtHENZ3DTH 5. FHEIRINT 5 & FIK
HREmys&HEi16n7.

FH AMRRBRIEILHE X v (RIS ) .

L2 L, 7 v MAlsuperagonistic anti-CD28
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mAbT» 5]JJ316% T v MIMEMH L Tk
MO EZ I LD TH 57256, THIEFER
FRICHET AUE & & S ICE TR L
RGO fEfR Pk ixfEtE 5, &+ Msuperagonistic
anti-CD28 mAb T& % TGN1412 % ¥ L CHFEM:
REBEETIONBHAEVET S 56T,
TGN1412 O H AT T 25 — A Ealit & k28
KWTHAI.

— %R, 2T 50mg/kg A NOAEL 72
LN, FIEAERE LEVDOE AR TH 5.

53 PABBTHEHHIFEEIC

Angus Dalgleish X (v 20y Fy, £V}
Vg — VRERBEETZ) OLT O &S 5EKES 25
TFENTNBE W,

“The previous studies which caused similar se-
vere side effects were in patients already suffer-
ing from cancer, but [the researchers] should
have known they would get a meltdown because
this drug was hitting exactly the same immune
response pathways,” [ LR DFRER T & [k D Z &
Db o>l=NEhd, ABtHOBABRETHELZE
D7z, LrL (WF#EE) £ -7 <Al U Rtk
@< EDTHE 25  [IFLAIE] & ) RX
BRFENELINDIBZZ L 2> THELIRET
o7z, ]

Z O BRIE, 200545 D American Society of
Clinical Oncology (ASCO) T#tieh7=z4 DT,
TGN1412 L [FAMRDO#EIE THERTI2MWETH D,
7 AN HELBRANER (NCI) @ Steven
Rosenberg D F — A DR TH - 7208, FFEIC
EHELRERPEC LI TWE ),

6. HTEREREBR OMER

6.1 TEIFEHE (JJ316) KT 2BVEME
BET—BEM M
Superagonistic anti-rat-CD28 mAb (5 v +2
superagonistic anti-CD28 mAb : k) <
»5JJ316 Tix, 3HHEIZKIG (V) ¥/ SERESE )

P AREUGE & 20 | 1~ 2BB%IZ & 58223 miE
LWLl 2bed, ZORIR%E,
A=A —FEETBEORIESRD 5Nl
L, MHRA & Z D EiE %78 7.

IS DFEE» 5ILEH, YXEE IS 5
superagonistic anti-CD28 mAb (3 % A fE#HE 5
0.5mg/kg TH 5 LRI RNEThHS. LT AN,
ZOWIZDNWTA—H—EMHRAS , ] & filtth
W, [BRE T 1D KIE] & D2 & 3h
i, AFLORBI LD THA S .

KEEBRBBRLTWBEH, b MRIEH < £
TE I TLAANTENETTHD, b p AL
M EE S 5 1O FER TIEEIRFRYIA 2 Z 0F)
Yk CH O - B R ATV, 2 OREO R AT
HESEIZE FOYINIHBEEZROIRETHS.

6.2 HILBEEEEHILICAWANDTE b MY
Btk (TGN1412) Z=HIVICAW

1) A=Y 14 YILIZHLV, 50mg/kg H* NOAEL

T H 7 HOL & O TR X 7z HR R S- R
BT, TG1412 @ IgGlvariant T& % TGN1112
A 2.5mg/kg & 5mg/kg DR TZENZ N 1AHIC
5 &N, TGN1412 » 5mg/kg O A& T 1961,
AFM3UHICI S X7z, TGN1112Ci216 H (5mg/
kg) »HWiE23 H (2.5mg/kg) #¥—2iZL 7=
CD4 %5 K ' CD8 FE B TN 2 %5 D — 1 B i A3
H D, CD3RBITHIEOREMNIZ 40 Hiil# % Th
D, Biifao 2 %5 Lo R 40 Hiitk 2 5 106
HE#8ZTERHmLAZEEZ SN 5. TGN1112%
5mg/kg 45 X N7z 7 H1 F HILiE 155 HIZ B &
L, FERNZAS DI NE N 25 T db - 7.

ZDDNREINEFAATHIN, h=24 ¥
LDOCD28 G TDra—=vrhxEh, TOM
asb B x4 D07 I WA e b OREE &
100% —3 L T\ 7= Z W oz nwd ., £Z
T, =24 %I TTGN1412 @ toxicokinetics 73
FHEREE F A2 6N C, KIEH 5B A 5mg/kg,
10mg/kg, 25mg/kg, 50mg/kg D i &g 5 T
Ehi X 7z,

Zh T8, SHHIZMHITIHT % & CHEpE
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DB 6 N2 A AKIITIE 2 CTGN141212 13
BIfRT50mg/kg £ THE N L 572 EL LN,
50mg/kg 23 i KB R (NOAEL) & HI7E S hiz.
L»L, =24 %)%k b superagonistic
anti-CD28 mAb O #MEABRICH W= Z & Ak,
WA OFER 5, 50mg/kg & NOAEL & L 723k
BASROMPFIIZERABERH D, BHETH -
728FBEZ 5 UTICZOMBRIZDOONTEREET 5.
2) A7 A YIVHRES K X 1 > D100%—H i
WmAED 100% —Hz B L &V
H=AFNLEE | OCD28DMIENF £ 4 v
T IJBOERIZOWTIEBRE AT AN,
Anti-CD28 # v /37 O AAUB IS MEst B x 4 > 72
JCARLMIENE X 4 27 3 Mk A S ML 72
EDTHAS. £ Th5u5, Mlgstr x4 v
D7 I WA ORFERS & 100% 3K L 7z
P65 EWST, & b &Y ILD superagonistic anti-
CD28 mAb & AN 54T —3 L T\ 5 & DIRGEIC
BARLRN. ZANEL TS, ZOUIEEMICL 3.
DT EF, FMEFERT A — 7 — 2 [50mg/kg
FCHRETHH-72] Lz E, 59 M
superagonistic anti-CD28 mAb D #PED 5 & & D
TedE & RAuE X 5IEERI R B B .
HIETIA X7 E<, 5 v Al superagonistic
anti-CD28 mAb i3 0.03mg/body (0.15mg/kg, &
FKIMFEIREL T 0.025mg/kg) THRERMALO M
BIZER»H D, HIOEETIE1Img/body
(2.5mg/kg, A RER5ET0.4mg/kg) TR AH
BAGHEE L, 0.8mg/body (2mg/kg) BL b T
il (U 2 8ER) 2R KBRS L 28M T 5%
EWE L A0 o7z, ZOFRBRTOY) VSR E B
¥ AEVRAEIZ0.2mg/body (0.5mg/kg) T
B o 72 REIAIRFE 5L, 0.08mg/kgTh 5.
A=H=DBHZI A4 HFLT [RKEER
NOAEL/| & U 7z 50mg/kg (&R iR TIEIE
16mg/kg TH 555, 7 v MIEF 5 NOAEL &
(SREIREET 100 £%, A RHR S T 200 50D
SEARYIF R
ZOENEARIUL, RO XD Bitm TR T d
%. 7 v b superagonistic anti-CD28 mAb 23§ &
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THNEEMAEAL TS50, Mifast kx4 v
DT 3B A E b ORI & 100%—3 L T
W3 H =274 FNiZx LT, b b superagonistic
anti-CD28 mAb 2 J v M IZHW 72200 f% (50mg/
kg) TLEEMTH 7. TDZ & » 5TCGN1412
W, YL (B= 24 FL) 1ISiE [FEMIZES E
DERL T ELOTIRAEWSY], [Zhud, fif
WREXA DT I BIEIZTRLD 5 %720 T
.

ZOUEEMN A HERT 5 2 L3, ZOHHIZON
TRIIFEMETH > TE, EHOREWEIZOV
T, EoLHIIFBATCELZLDELENTE R
{ZETh5b.

3) ¥ ILEISuperagonistic anti-CD28 mAb %

R UBMEREERINETH /-

L7 oT, BREGH=Z VA F LD
superagonistic anti-CD28 mAb 2P X h, THh
Yo TR AR L5 51E, ZOHRT
HBENB DO TR H D S 5. Zhid,
Ll ed, SHOEGFOBINDO DL FNET
bh5.

DRI T HTTFILERY, SEHRBRORX

EEEBEF A=V A YILTHE

DA TE KL< H B ZR, DROKRE
F, EBRBEL T VE A R, #EICO0
T, mELBEDLREECEE W2 HiETH
5. TGN1412i22W T, FX L L, ZOHED
HHE ., SHROMRET 1 7r FLE v, B
PERRER W 5123 7 # X FLBHW S
R, TGN1412 ® IgGlvariant T& % TGN1112 %
7= 18843155 HHIZZEL- L, CD4, CD8 & 16
—23HHZY — 728, anti-TGN1412 Hifk st
25mg/kg BT B L. X512 BlzoREn
13100 0282 T3 i L 7=,

Z D72 E D PIFELH S LD, filgst |2
AV 73 BHEAE P E100%— L TW5 A
=7 4 YU & RGPS AR TR 72, e
SR AL VT I B KD L&
W Z e, T THURDENZH S S RERA %
ISR cx 5720, #EE "o ans
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5. LA L, AR MPAE ZRE S 729,
AN X T L 5 (ZOEHIZDONT
IHNE L 72).

5) EMHBOBROBR LOMES [ 18ET
REEEE, bmg/kg TY U /NEIEX & EME
RAEET

O MBS TIE 4 Ol TR 5

WO G5EETIZT VY gy MEFESE IR
2, ZOBROAGHEGABR TIEI AT, 1R
TRARE S e,

@V V3R

Z95 L T8, bmg/kg TV VI SHilEKED &
7=, TGN1412 izt A superagonistic anti-
CD28mAb TH 1) . =% 4 ¥ILIZ & 5 TIiZHEY
THBH7200, BYILE LTOY VISl kT
HolBEMES HBEN, THIETTGN1412 D
“pharmacodynamic effect” & X “toxic effect”
ERRBIhE» -7,

NS EYEMG 2%, iz &

155 H H O Ja i M1 1 I A i 2%, B £ oD
Frg M, 3 H H OAKREME THIZ K350 A L,
WEN G B ST RO EBIRE S h,

A= 4 FUIZ 5mg/kg D TGN1412 A fdiH L
T3HHIZAKMEMHAZEC TIHTC LRI A
BfrE L2zZ L METH 5. 105 HDTGN1412
MEHINTHTE  FECHNT a0 TH S
M5, bmg/kg 2 H51F B KRk FHIIC & 56614
TGN1412 \FMHEBIRTH 528 Lhmng, L
L, BRICHERES > TLED ZEEWEETH
25 JEFITEZ RO ERA L HATGN14120 5
AR KOS ZIT LN T EIZEVDTH A9 7.

77 4 F =T OERER TR 5 Nz FEK & &
Bt EO I R4 [ARHIZIHD < B RIEiEo
bhzhorz] & UzamPl & ke, e CTRER
BUREMEDRSH D, 25 LI RR%ERGITHRHT 5
ZLifaRTh 5.

L7225 T, EIZE 2 g, 2.5mg/kg & Z4
BEFWALENWTHAS. Img/kg BRENE S
MEPEBN, FHTHE, Th7ZTTE, L
OB TEIRARMERIIME IR TOENEND

o s

INEDOHBUEF AN D 525 TGN14120D &
I RERHTOMGE T, MRHA & TGN1412 & #E[3 #%
EL7=DTH A5 ». ikBRRHIGETNIZ Z 16 DRtk
R % B4R & 3Tl L 7= 25 5, MHRAR 9%
TN, PGS [BfRA D] 52 &13H
SOHM I 2 ERDBZEICkhD. £7-/kLT
WEDEL BEED I 22 LIRMT A2 ik
D, Thiln CHEETH A5,

7. E1MEABROONI—JLOMESX

7.1 BRHERFEORKAEZEE (NOAEL) O

500D 1 EIANETH- 7=

1) JJ316 MZ v b ICH T B®RK 0.5mg/kg »
5, 1 ug/kg CRBINELE-7

TR BT (J]316) % 5 v MIZHW A OM
ot s dar > - HEARKEFEEET5 &,
0.5mg/kg TdH -7z, ZD5005D11k1 ng/kg T
b5 (REmETE P HRICRE T3 L 0.08mg/
kg TH 525, 500550 1 &5 RAERKIT, K
MRIRE G BRIV T TH S, Lk
T, 0.08mg/kg M 50043 D 1 Tld 7% <, 0.5mg/kg
D50053D 1, $abb, 1 pg/kg THIETNZ
Tdh -7,

2 WA HFIICHTIEBHERGFOD
NOAEL &£ 0.5mg/kgDH>Bb/hEWVWF%
NOAEL £gRETH- /-

t I superagonistic anti-CD28 mAb T® 5
TGN1412!12x4 % HONOAELIZ & b ISt TR &
WHZEREAURETHE15, 200D %
NENITHT B RERPEREER L, ZhEhoE
TONOAEL%K® , 7D 5 B/ X% NOAEL
LITRETH o 72,

L7245 TC, TGNI412DHAIE, h =2 4 HF)L
IZXg B FERRERIR 2L, DA =2 4 F L
I2x%3 5 NOAEL & 7 v M R2EPifAdD NOAEL
0.5mg/kg D5 /N 5% NOAEL & §XRET
H o7z,
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7.2 B BMIHYVIVERE, 1ML T TRiEES
EINETHHo -

PIOLOFERRTIX, 7 h 7 P& - iaE s
FERTHR— T ZICKBEETH > 72d, h=04
PO % O 72 AR 2 5-F28% T T 0 J20% & RN T8k
& 1RE[E 2 72 R T - 72,

—75, & MR L AHGERBRD 71 b a3 IZ L 2
Z1E, REH 80kg D ADBA, 8mg AW H R
5Z,ilhoTWwWh, Jua barickhid,
TGN1412 X 1mL 72 ) 2mg IZFE XN TH D
ImLZ 15 CTHET A2 Z NS5 Tz, L
725 THKRESkg D AIZE 5T0.1mg/kg D
TGN1412 1% 8mg TH 1, 2mg/mLIZFRHE X 7z
TGN1412 /AW AmLIZAHYS L, Zhh 4 [Tl
423 Z &2k 5Tz,

L7 oT, KBJIILEEEZER L1 ng/kg
(80kg D N7 5 0.08mg) % 1HE[] A1 T i viadiE
FTHZEIZHRBE, a7 ballBDIC
b Tz e LTl TR A SO S
BIENMPEINTNZIEIZED.

LEMoT, 7a b L@k, EEXAFFHLL
RLEEDTH-12FL 5.

8. FIMAROERE ELOMER

7°a b 2L+ Tk TGN1412D IR SHT, 47
Al 82 6 10 KFDRNCAT S, LOHELR S - 7-.
Zhud, SAE 2R THEIET S (DFh—A
M7= 1553 3) EDE®RTIR AL, ZBDR
MRvE4 % 2 ORFEAFOBIZIT S L W) BKTH -
2. LD T, 3L 45T CHMEL T
W5, 7Ta b INERIIEES Ko T,

EOMEFLOIZE | EFIZEDORED 2 —
N CEMIRI:SH 23 7 E M7= D 2 E0 ik 13 25\ 0 T IERfE
BIRMEAHTHS. L2, 75 REMH&
N7 NDFkEE % i U 72 Times Online O3 1
BENS, FERIZE 2 B TERES T bz &
IHB. ZDO=DIC, IS HTRE TEE DTS
T U, TS ATEE CRUNCES 22372 A
LA U7z, RS RIETR, 20 0 FREE TRER A
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Enhr=Zklicns,

J'u b ais kg, ERIRESHE, A
T& bperfuserk HHWTHEE 725 &ilk>
Tz, LR -5T, 6200475 AE—=F
ERHELTBIE, 2hi v 2 — F i3
HETEEWNITTH S,

LU b aNEBDICHEBLEZELTY,
2R THANDRREERMG L 7248 613, 2TH
ETTH5DEFRIED207 N E 20, Slnld FHHE
WELTWARZEIlhb20, Zhid7ae ban
B LBV, B Cfufis HEA < 2
LIl AS,

— NDOFHEIE T %, 17O EENTXRD
ANDFREZITL W22 T5& 4 ANETL,5A
HzZFERET201CT 1T ABOEKRSHBIL Tz
ThHAr2. 1N R ELET IR THEHDT,
WEILSANTHEAZZEIZK S,

—ANIC TR THEEL Tk 6, §55
A BEEBZIAZT THATHZET TH D, £
72X D— NOHER S, RIHIEED 72012 — 12
HAT S L ELDRIDIZFHNITTHD, ZhT
207 KD ULENT (728 21330 551%12) %iE
KB UIBED T $54856, ZORNTR
WEHEEHRIEL72Th A5, BFHBEEITEED
FoaThD, ERIFFERICEBEE N LD EE
Motz Z i F T HEN R,

HIzi2ig, a baricE2rn-Emo 445
FEhEE/z2E L DT, 105 THT Lk
L ZEid, e b alERTIEENWELTE
fale 2 & Th > 72, — AN TREREI2 G THEAE L
Kozl L ERKEFEBEBOLFEETHA 5.

9, SEIOEE(IEEEFEE, FRIFIEET
o7

Sl MIEU-EEL DA ARIE, (BT
Ml (7 v oy —THIE) | K& [~L3=T
Wil Z5R< WwM L, IL2 2 KEICpEEL, O
WTIEF 7 — THIREO WAL & o s Ml s
P (RIEME) A M A VICkB A A
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Z b =P EC A EERE D T AW L H
ZbhdkI.

PAREXEL X TeGenero i, i1 ThH 32 v
ISEIDOMEME D & > 7278, SRR L -8 20
5007 D1IDRTH -7z L, &l hd 5 h7zF
h%é%h#abfuéﬁ TR LS

, FEEEEBUA (J]316) @ NOAEL ® 500 73 ® 1
li, 14g/kgTH5DT, 0.1mg/kg %7 D 10015
TdHh -7,

HOL TR TR 200 CriiiisiE§ % & OEE %

B’EHFEPE VICEEAShE»r o7z, 208

HIZ5000 D12 WA Z &2 b0, B
L ifiz 12k > IR RN BT F 7 4 7F Y —
YA M HA VAP —2DfERMEETEL L ITN
X755 B VWEDOREERTH - 7. HONOAEL
D5005D1ELTL pg/kg ZHWBEHATE,
D LR HILTERA L 72 TR & S R
, ANCEHRHTRETH 57z,

ZFOBEWTIE, FTa barEAKRICEERS D,
Z DO & 55T % &2 > 7- MHRA O F 4 12
WY THhH oA A,

10. AT NETH - =¥ EHE

Z5 L=WHE @%Iﬁﬁ%#%lemmm
RERTLZZEE, ZhETOBRNLF#RE D
f@bh&,%ﬁtﬁb%ht%@Ebhu%w
ENTHE LTE fuRO TREME A TFRITE 72,

LY, 2070 b I ARBITOREY X T 4
THRINTWB I L AL TV LT 5%
5, HEDOKAY AT LAZDEDD R LA NBE
Td 5. BIESEPR T34 EEN
DN, BIEEA, S b N TOREEHENT 5T
NED 72T, HILTRATEZ L3S REHS,
i CTRafR T b % .

WSk R 2 4 v O 7 3 7 BRESRD 100%[6— &
WO Zeho, REREHET Z7-008E L
TR T dH 5 9L % wACHIIT OB W T
378 5780,

REBIWE LTHWZE LTE, 2.5mg/kg »

SIEMOBIER S D aNE, ThoaZ T e
TGN1412 L IR E L TREREREL T
EEBRDTHB.

Ih ok, BUEDIRILT & Haki 12 & T 4R
DREFEAFEEN T4 51F, EBEICHWS
N7ZEHD100 DI THRBEINTWZIETTh 5.
Zo3hE, ZThEEDRERIZASTIZ, DT
PAORERBHE L, 2N TlEkR & 2 > 72 T RE A
bhb.

b M REEAE DA A v M IS B
HBE5NTEHAIZH 72> TE, LFOFIAE I & &
ThidaokknweE1 5.

1. 2f8EM Eody (TFREEIE, SIS s R E

) zhz st %, MR EME Y
B (ZOWA IR anti-CD28 S-MAB) #
fERT 5.

2. BARE9 2 SEPIEE A WGl L 7= B4 & 6] C 8
T & FHN T, 2 OFRE 209 A4 i VE L O T
PERRER & F i3 5 .

3. Mgt 72 ¢ L Mifa K 2 4 Y ORE (2
DOBFAIZCD28) D7 I/ RASIA L b &
PP L TV ETRMEZH VT A anti-
CD28 S-MAB #% JH\ % #ih 2B % K4 5 .

4. 3FOHMRER TH S5 N72NOAELD 5 5 | i
LA 2B DY, Z OPREIREIT 500570 1D
T, &2 VIFREmARET25055 D 1T
HE bAOYIRHEESRETH S, £77,

5. BB CH W g A A T Il
L TIZE 5 i,

BUEZ D LEEN WA S | B 72 12 % 3%

FHRETH 5.

. BRREBRERIENDEXRLES

HARTIE, DI 58 ORISR 3 2 L0 HE
P X nwE £, 8 THREBR 2 G00RRA E
REIRITZE D FHt & DRI A B AN TN B 25,
PRI RN R E NPOEAEH LY 7 v 2+
VA— (OFvr) T, AEXRRETET
NCOWNZEE NITERL - B L, Bl 4 R

— 182 —

—4—




—p—

T 5 PN ORES & K& 5 B R A % 200547 H
IZERI 2D REREAR B SR 5 R OERIR
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