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Gemtuzumab ozogamicin (GO) is an antibody-targeted chemotherapeutic agent consisting of calicheamicin, a potent
cytotoxic antibiotic linked to a recombinant humanized anti CD33 monoclonal antibody directed against the CD33 anti-
gen present on leukemic myeloblasts in most patients with acute myeloid leukemia (AML). GO is indicated for the
treatment of patients with CD33 positive AML in first relapse who are 60 years of age or older and who are not con-
sidered candidates for cytotoxic chemotherapy. GO has shown moderate activity as a single agent in patients with
CD33-positive refractory or relapsed acute myeloid leukaemia, with more promising results in acute promyelocytic leu-
kaemia. The side effect profile may be an improvement on conventional chemotherapy, except for a higher frequency of
veno-occlusive disease or sinusoidal obstructive syndrome, especially after a subsequent haematopoietic stem cell trans-
plantation. Because of the different mechanisms of action and non-overlapping toxicities, the integration of this immu-
noconjugate with standard chemotherapy is a rational approach.
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HAZA2AF FA 270 SA(toxin)H Alel] dubg 2
2 AMEE A 5HE A P94 A (immuno-
conjugate)’t W =40} vRZIA R A et TFA R
FEE NEE ] Al Fol At o] HAIES] AF HE W
frid o] Fosh, dAHTA =5 Ao L7t =3 F
23F A o] =3 g} dl&2Q] 2FE-Z murine monoclonal
antibody (mAbs, CD20-specific IgGlx)el]l BAHIE$ 9 4(Y)
Z "o} Becell lymphomaX]&ol Al4-3}=  ibritumomab
tiuxetan®} CD20-specific IgG2arol] *'1Z 53} tositumomab
et o] o]ele = natalizumabX ¥ humanized IgG4
antibodiesE- ©]-8-3}e] humanized anti-CD333}4]5- 9h5o] ©]
calicheamicin®} A%l gemtuzumab ozogamicin (GO,
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M M uwEH (acute myeloid leukaemia, AML)
AMLE F2 x5 == A3gto g 3ix} d3o]
oF 704 A Fol| A zeke] Fotgho] A= F ] 7

A gt SA7F 53k, 20049 w|5AEE FEd] 2
AML2] 8} o]&fe] 604 o] el A] Ay Blol om =2 3} AL3]
o] =9} Al % 3R} M ] AMLE| HlE: FFF oS
Z7)8 Aoz _;‘[L_xqg]\;]_l-Z) AMLY] ¥y X8 78ef
cytarabine (Arc-C)Z} anthracycline”] 3tA|H 8- 2% 22 60
Al o]t FH-2 FAENA = 70~80% H3E fFr=sHAIT #
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7} o] Folxl F HFH|Bel| oA 5597t leukaemia-free
survival (LFS)2- ©H2] 25~35%¢l| sisicty 604 o)A 3t
252 73¢ FEAE HFEEo] 50%°]3), 7|7t LFS
0~15% Aol Bslet? 13 AMLEAL| A9 o]2fat v
2 ABEFS FHL BAE vl&] AHH oz o F7) o
v el Wiy A 2fAeh wEw o] A dAlql F4 A
ol o8t &by FpA Wdye] JeAE wom, X &
o] F 23 7159 3 BS A QAT B TR A, Ve
TEAE B A FAel W3k AlA A3 3 Sol o
ez EAHT ek webd EFE3E Ara-C9
anthracyclinZl 8] 3+78% 2] <H4 s 2 x5 35
22 3= A5 AE W4l 123 AMLEAl| e e
53 287t FZ2 o|FoigehY HT A M &
A of Al Beldelnt T2 28 A YA i
TAlo]l HFE I Ut F, AT oA Eol| 2HE Fol A
Az Fp) v] A Foll = J3FS vIAA] kol A E
£ oAl A2 N B 3slal e opH kS 11
‘J‘_

GellAl Fustel ApE okE F weel AMLA R 37}
e opEolet”

Target biology (EX5¢/ CD33&#)

GO7} #4222 Ahe ¥-9]% CD33s1e2 67kDa®] Al
13 Azt gebide HoI2 8- fA4249] sialic acid -
binding immunoglobulin-related lectins (siglecs; siglec-3)<]
superfamilye]c}.'? CD332- 27] o3l =¥ RA| % &
T TFATFAL v A5 FSAHE, macrophage,
dendritic cells Sol|A W}, w3l AFpAEL FFAE
2 YA W T AT o] 92 LAY o] A=
Aol E3tel o Aadtar A5t APAAHH TN E A
o] WA EA] b=t} CD33-2 w3t T EoA] W =,
74 N ezdBA T THFA] gD of
85~90%2] AdQl @ Ao} AMLEAIEF oF 15-25%9] FA
d3bAd g (Acute lymphoblastic leukaemia, ALL)l| A
CD33 }Ad o] "= ed, ofuf CD33%HA o2t W3 F-obM 2
ol CD3384le] Heol= 20-25%°]d EAsh= As 2vlgt
ot 53] AMLeM22] 7§ w2 2] CD33¢] &3
FF AT Ao 0w 2] B & A0 A
ol 7 10,380712] CD33EA}F SA= %o, Bz oo
I AIE 3 i 9,17570] CD33EA} 2l =it

Immuno-conjugate2AM2| Gemtuzumab ozogamicin

1) GO2| += (Figure 1)

GO2] 7% immuno-conjugate®}#| 2 CD33%US el
2 3= CD33 Y &8 AT (hP67.6) Al E S-S H3
3= calicheamicin?t A= ] it &, GOE M= <Azt3}
HAZZE (IgG4)o] dEFA A<l calicheamicin-yl,
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N-acetyl-yl-calicheamicin dimethylhydrazide (DMH)oll AcBut
27 (4-(4’-acetylphenoxy)butanoic acid)® A= o= &
A% F2E 7R ok P AcBuE AE A1 H-$1) 24l
of] A3l 913 Nac-gamma calicheamicin DMH$} hydrazide
9} hydrazone 2 A gHeL 41 o] AgHA = A £3she 5
ot oA E FE2E FX357F AlE W endosome/lysosome
o] A Z A el =] e calicheamicine] 7 & 3kt
248 frad 1o

2) CD33tYEE 34| (hP67.6)

o] <ko] A F-E(hP67.6)> F <] 3 CD 33 antibody<!
mP67.6& complementarity determining region (CDR)-
graftingel] 2]8 humanizedste] BAE Ao =2 FhA|FshH o
2 4% humanized IgG4o]c}.

Affinityel] #gt $X 5 AABH= £3-2 AlgHA o]} 37}
A vl= FDAC] A&" 3|4} 2ksel 2)skH hP67.6°] 7
-, humanized® ol mP67.60l B]s|A o} affinity7} 7+
aslol ot WPt M SAHE M EREE o
A% affinity7} 204 2 93FE w|AA] e HoE B
2= kY mP67.6514 9} hP67.633A1 S v A Eo]A
Hol| A= xpo] 5 Hoelx] gk, A3} FpFd At At
o Y 22 Afo| & vepittar B =it ofA 2 A3k
¥ GO (Nac-gamma calicheamicin DMH AcBut® # )A}el] <]
hP67.631A A4 w3t 2|3t WH3hE Holx] oko} M E9
Eo]A woll A mP67.634, hP67.63141, GOAYel 2] hP67.63F
Aol affinityell = 2 2ke]7h gle A2 o=l o

3) Immunoglobulin G4

IgG4°] ¢ ohfst 71550l BRI 9lom ofEN
ol Me] F83 SHE AHEY [pG4 A= FEF T}
o]y} immune effector functions®] recruitment’} £ 8
3ol 4 Al A3 == A Z therapeutic conjugatessS %
g Fog £l 7% So A2 4 g1, immune
effector functions®] recruitment7} W}2]8}A] ¢k H(eg.,
cell depletiongl©] receptorZ blockingdt: 7)ol Al-4-2
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Fig. 2. Fab arm exchange of IgG4 18

4 9Joh"™® Natalizumabs X2 ®F2 3x}of| 4] endogenous
human IgG4%} Fab arm exchange(Figure 27} &=+ A3}t
=2] GO 7% 1gG4 core-hinge mutatione] o] gle]
endogenous human IgG4¢} 1gG2] Fab-arm exchangeZ o}
in vitro2} mouse modelollA] Fab arm exchangeZZ}&-o] #<]
AZEA &3, o3t Wsrt GO ofF&st 9 oFHEHql
Zol| S T 7o R deiA 9o
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R E AT FHAE ATREE FE3Rt 1MelA 16
Al Abel€] Are} AMLEZHAL 2978 HAFo2 3t oFFst AT
ol Az Akt eFsdhe slelnleE Yeigleh? Go
o] vzl A WA 45F Fol Foll 45 Azbeld ot
WA o Fof Foll= o 6747 AEZE ZAo|x]7] wj e
oFE-0] A FHWA|E 98] GOo| FZHA S 25 7HH e
2 Foighs ue] FF AYEAH. AMLE 7H Al
arofe] opgHs} dTelx GO FHUPFFE(Cmax) =T
217 Fol F Frlehe AoE Yeldsd o] otul: 7t
A% tumour burdenol] &3+ Ao 2 FA3} 9o GOL
735 s} ubS Aleloll= A o] A2 Aoz oy
A gleh. #e ofE3dt Ao 2 compartment modelS
2 CL¥} VI 747} 0.106 L/h, 7.05 Lolgl o, & s}gtu]
E19] interindividual error:= ZH7F 87 ¥ 63%3A . 3HAke] o
oF3t Q1 F-5A A ¢l H olEl: k53t Tetu]E ol dekE
A2 g e Belnh A WA Fol F AgsA] o>
calicheamicin®] 24 ¥F7)= g2k 1004 7ke|ob Y 7] of
o] He AMLY| 7% oF 25 $91°9 X peripheral
blood smearsell A o}A|E£2] §-2]3F A} vebd 712 29
A Fo o] Fth F G2 Fo 30 o|del 80~100%
o] T CD33%% oFEo] Agslelen 1 Fa- FESH
S AE A 1F o]dlel P HAsl7} ey 8
ZT FE9 T 9o R AHYE AL doy I3
FE B 39 A FolgleY
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of 3w 43 A k3] Foi(single bolus)= o] A& <k =
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o2 Zohsla A 2X2 FHdlof sl FolF-9lo] it
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71ek GO Foi o} #AR Fo ARt 2y ofFF Fof A
24 NIATFRE 30,0007/ mEkeR Fol7] 93
hydroxyurea} leukapheresis 5-2] **|S Z&jsljof 3w L
WA HEE S Sl R welv SAMIA S Al
allopurinols—& 7o slloF ghe}. =3t FYAA o] k- <t
< 93 GOFe 1Azt A diphenhydramine 50mg,
acetaminophen 650-1000 mgS- 74 7-2 Foidlw] g A] 44]7F
uid 71 Fegit. GOE FYUse st 7Y F At
T FHAFE 2 s of s

GO el BIZstez of ZA|FA o[} Fof Al A7+
Q1 AARgAd ot 3 FH S Apdsl| o sh=d] AAl T3
F¢olE GOE 3|8 bags AF3t=S gt} 3|1 7hedt
ol g froln 5% Exrdo|i) e} ofE) E3-2 ¥
alal, Fdgt FYAS BT B I e Y Aol Bl
A 2] FA T = 3 E S gk
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GOE %Al Fojr] GOO Al F-o] FAdwadyy oA
X ®we] CD33FAI  Helyez Ayt F
calicheamicins®] A% W&Z So]7}=1 calicheamicins> 7
37 DNAel| 28k k&2 DNA o]F vile] §4 +
Hell 2He-3l S oA HE APES doi B 5]
GOE 71E A9 7S 22 FA3lEs WY WS
F3l Al Rl FoF HlEe sl SeolHel ME FAS
7Hek GOZF M E W29 F=: A2 A F5l 2
)= o]#3 T Al EEHL] CD33 74l 23
det M EZ Y2 Eoi7t ¥ calicheamicins> A E W= v
Hol, MEZEAHA F G2/M7] BA S F8k3L Chk1/Chk2
phosphorylation}/== 4] W8-S T3 AE AALE
=gkt

oFE JHY EHXI=
1) AML 3kx}ol| 42 Phase 1 €17
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Table 1. Pro%;ostic characteristics at entry of 142 patients with CD33 positive AML in first relapse treated with gemtuzumab

ozogamicin®
Study 201 Study 202 Study 203 Study 201/202/203
Accrual 65 40 37 142
Prior remission duration (mo)
Mean 6£SD 1614 19422 8.716 14.9+16
Minimum 6 6 3
Mean age SD 53.5t16 56.6x13 68.516.3 58+15
Minimum age 18 18 60
Prior HSCT 0 5 0

a Study 202 allowed previous HSCT, and study 203 excluded patients under 60 years of age.

AsA G X el -3 40789 AML 3HALE Ak
2 YAAE o] AT GOl 87FA £3K0.25, 0.5, 1,
2, 4, 5, 6, 9ymg/m*)°] AEHYL Smgm’ ¢] CD33 A
ARl E3hE = o2 Wy ot HA AHE TS
Imgm’S2 o] S M AZE PAstHel A glo]
W T o} E2] 75% o]Fe] CD33%t Ayt Ak
°F 8% grade 3/4°] FHHAA W, 238 APy 55
effislom, 22%2] kAt A grade 3/49] THEAA] S
Bolon} B3] agekel 5, 6 2 9mgmolA 7kl Al
oM gk 33%ell M ZFEAA] ] S vERGIEE W
G obH E= 20%2] Al A AAHNA. 39 (7.5%)°] 3
A A 2] AAFEE o] Foled 272 S| (CR)
£, 182 2R oA FAAe 58-S B o) o5
A estaze dAagkA| 9 A sl (CRpYE 24 3F3 HHCRpeE
Tt 8ot GOZE A= 2 3A5 F CRY Wl A
A IREE o & B3| Qs AR EE dAF 22lA
%] ©

52| k2 79| a3t v E A} 4G HY T
Yol H]2|EH 0]7]= s} GOol| 23t ehd Fsje] Ao
= Frol| 5%ol3ke] oA E A, A 25T 471 150070

1.0
0.0
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2 0.7]

-

= 0.8

wn

=0.57

=

= 0.4]
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o

a 0.2
0.17
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Table 2. Response rates vs. age in Phase 2 studies of 142
patients with CD33 positive AML in first relapse treated
with gemtuzumab ozogamicin >

Type of remission 201/202/203 <60yr  >=60yr
M n=142)  (1=62)  (n=80)
CR
No. (%) of patients 23 (16)) 11/62 (18) 12/80(15)
95% CIs” (11,23)  (9,30) (8,25)
CRp
No. (%) of patients 19(13)  10/62(16)  9/80 (11)
95% Cls (8,20) (8,28) (5,20)
OR (CR 1 CRp)
No. (%) of patients 42(30)  21/62(34) 21/80(26)

95% Cls

a CI, confidence interval.

(22, 38) (22,47) 17,37)

/mcl, @A 100,0007) /mele] A}, S| 22231 9 g/dlo] A, =
Y vlo|EH, B Nol| A oM E7} HEE A dolof dl=
7-g-olt).

2) AEA,

324 AML  3kzpell A 9] Phase 1T GO

monotherapy <17

T
0 10

T T
20 30

Duration of Survival (momths)

RESPONSE CR

——-p

Fig. 3. Kaplan-Meier survival by remission status of 142 patients treated with gemtuzumab ozogamicin. CR (n= 23) and CRp

(n=19) survivals appear similar, but numbers are too small for definitive conclusions.
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=3 el A AAIE 370 (study 201, 202, 203, Table
e 9713 92 27Fe] ATolA A Atte AMLIEAE |
ez GotEade]l AF AT vsdt ZIH(Table
2, Figure 3y ¥.313=1 CRE 13} E-8-ou} A5l AML3H
ARl A 13%e] 3 CRp= 13%Ach. H 3] 61418l &
1429 9) AAEE AR 13] 9mgm™] §4E 197} 15
ol] FeFatsict. o] 5 9742l FAbEeo] A A M EA
A 7} o] FolH=d ©]F F 39%7} poor-risk group©]
23 5%7} favorable-risk groupe]$ith. GOX|E A A CRe
B#7)ZHCR1YE 1I7HLG~17709)01 93 94%ell A 3kAp7}
CRIF| &3l F A5F ¥t 35 5 20%lA A3t
o] APHAY F2 3oz <ls 1594 Fi=HE GO
oA =S FoF A F3Hh GOell o3t 9 sl
16%2] 3AtellA] 22|30 oF 13%2] Fkx}ol| A CRp7} o] 5]
Ao, Fafe] HR7]17H 0L o]t vhHE B4
I 71 A RI2N PR 2 A, 38 o 2L
S 5, 714 oefAA g W] dES o B2 Uk
S Bodvh AET I=E ok BACA A e
(performance status)’} £, CR12] 7|7te] A4=, &3
= obMEST) 2 E4E, D3R | oF ® IAYSE,
o 71 AES G5 F Uk FHHE 54 A Fo
Al 34%2] RFECIAIA T Al FUAE 12%0] 3AE
AA =S FY F g A Foll A"l 4%2] 3
AREol A R E . F5 A A9 BE 3xbEelA] W
A o™ (grade 3/4 ZFT3A, 93%; grade 3/4 FAT7}
2, 99%), 28%2] FALEo| A grade 3/42] el AU
W2]F4le] grade 3/49] A5 7F B9 Akl 247 23
2 17%2] RSN 27 87} 2094 BAsE F o
o] ApE o] & FA-8-3 A= o] gl

(i) A4+ %) (Accelerated marketing approval)

o] ¢4k 24ke] A= 20004 3% 142 Oncology Drugs
Advisory Committee®] F7]3]]eA] WREREGD o]
committee:= ©] AFo|A] ®al CRpE= CRell| £ 4= )&
u2 o] £ A combined ORS FH3F &3} ¢l Smo]
Ao ZAE AL ZES AT =3, committeet
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o] ofE-2 604 o]AFe] 7|E 3stayle] o A Edigle]
3l relapsed AMLZFA}o| Al ©] combined OR©o] HAMH <l
FEe A® 2 5 v AHE ERIYL, o] m=
FDAY: °] 2|AS 484 22 ¥l 20006 59 179 GOE
Accelerated marketing approvald}gith. o]= Alefrt 214
oF 74, FEANE F 6.5 vl o] Fo]zl AT
A9l £alo)gieh

Iy
T
<

(111) 7]q 22,23)

o] 2719] A} o|Fol = v ATt AIF 1FF2] A
Ao} #F ARrE skl o] Fo] FrpH el Ao A B
o 2779 2] 3AEo] GO2l EFLH(1YF 15U 9 mg/m?
Lo et A F4)ow A 5E ke vk
ol 61MA T 6047F Y= SRS A CRE 12%, CRp=
12%33°}. 32 BA52] 7-9(<60 years) Q35| thA T
=2 702 (CR=13%, CRp=14%)FePc}t. GOTH58 2
2 A8 e x5 AL 110l A
A= AE 71709 -2 CRAF 2 CRp 3AEA Zh2t
6.4 2 45 Mot dF A-FolME At 7F A0
Heh 7= glont 27t 2 el F5el Aol Wavke
T AEES ey v] JASAH SR grade 3/49)
] F(29%) HEAA] ASS YeERT Gost
oo W5 7B Al =7 G-CSFe| 449l
AHE-ZF GOA & 87 o] ol skate}l AEEtAY B-&3h=
AMLEA=| Al A== 3o}k thG-CSFe} 37 2714l CD33-
positive cycling blastsg 771 73-F- 67| 3kA}el| A vk
o] Z7}=ETHCR, 499; partial response, 274). CRp2] {4+
el AT 9442l outcomese] #3HE FAE CREA}
o} dj-g-sted 2779 AE v E A 24 IR A
79 FF AFHEAE LR GOl ¥HE-at 3572 3
AR o ol ABE WA AL, CR (n=17)2 o|F 3
2] A9 A ol AE7IZRE 3~871€, CRp (n=18)3] 3t
A5 2470 o] 915 (P=0.007). CR3} CRp3AF 717 (35%)
2 7 Fof] SCTE Wk} GOX 8ol EF uh-ssigeta 7}
Aot o] 3o X gl AAgle], dF At A o] F
SCTZ <l CRe]E CRpolE &AM 2 2pol7} ol A
27 Hojxv} CRp&AZ} CRYl SAfH e} AEFo] #7]|=

Table 3. Response rates with monoclonal antibodies CD33 combination therapy”

Trials n Regimen Setting ORR (%) CR (%)
Phase I1 32 Gemtuzumab + FAC Relapsed/refractory AML 34 34
Phase 11 59 Gemtuzumab + FAC Untreated AML/MDS 47 47
Phase I 19 Gemtuzumab + ATRA Untreated APML 84 84
Phase I1 8 Gemtuzumab + ATRA + ATO Relapsed APML 100 100

AML acute myelogenous leukemia; APML acute promyelocytic leukemia; ATO arsenic trioxide; ATRA all-trans retinoic acid; CLL 5 chronic
lymphocytic leukemia; CR complete response; FAC fludarabine, cytarabine, cyclosporine ; ORR : overall response rate ; PR partial response
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s} GOl g gk BAERTRE o AgiH

3) o8] AF=

A& W Ao gl AMLIAE WAz Gosgl e 3
Al o] BE-Fod AT ALE A -84 AMLEER}e]|
Al GOst e} ebAole] W48y 5o A7t A=A
(Table 3). =3 AMLEAIA GO<} o} Al S #H-8-3}
E FE1FY Phase I ATFEE o] Fo|x1 9lch
Southwest Oncology Group (SWOG)< X8 #k2 A o] ¢l
AMLZFASO A GOH 83} ®] W45 7249 2 o]
APt AF2 GOE WE3= o A-F cytarabine¥}t
daunorubicin o4 A] GOE 13 Fo3txx o1 F &=
cytarabines FoI3 ¥ GO} F7} Fo|E <t} Eastern
Cooperative Oncology Group (ECOGY AMLEA} Z 16-60
Al daunorubicin £ 7+3e} GO T8-S A7ISCT A
o Al=3}Heh GO =3t 3R Fo] 1Yl FAHE
GOE Fofi7v; =& 7] o2 APL3AlA sl = %]
Bo% AH2E 9 EORTC-LGE 64-754)12] %8 whe =
o] 9l AML3ERRS] F-2R9] 34 Aol M #5743 3hsta
HE GOFAEH Bl FA o2 o] 8 FaL8
W2 2ol AH-8lleh. EORTC-LGS} GIMEMA 152 =3t
GOst=*]8.9] phase IV trial (AML-19)3} standard
supportive care®} intensive FEEF QW) 2-5-Fo] ¢t
£ 754 o] AMLEANAl Al =5 9w

4) GOT 8 o] Ak

(i) GO2] v eFA

GOHA F8 o) whg-2 F4 g4, HEF, 7H5A 19
o) Go F#AE 54 F 23k, 2, AHL grade
3/49] ol 1 o] ndst, Ak, A, TE, 3%
T S22 U= A F AlE 30%e] DA F A
Fof Foll= 10%8 =2 Fol 531t o] 5 94 24 A7l
A grade 3/49] 3 W] FHIEFo] 23%9] A}l A, ZHEA
AdeE 17%2] Bt A A = le), e Fald 32 o
2 dale] gl 7k 55 Tuksk 7k uidie} A AF{

T 2, Bau 28 A FFA Cl vlE] 5%e] 4

=
o tagl AFE )

(i) 7H4 = =] A A3 2 B}(Veno-occlusive disease, VOD)

VOD: wHainl =} WA A7) 7} of| So] kst A A
X Abgo] 2 o)A HkS-eltl. VODe| WEst 7| o]
TFHEEA Akt dF Go#HHA VODE  sinusoidal
obstruction syndrome o]} Wl of gl T8 A &S
AR YA E Soll 93t sinusoidal endothelial cells?]
£ sinusoidal®] "3 75, FPA A E IAE ZE
A WA ARF3E fr=shs A Z(stellate cells)ZHA
o] FAA-NA At )k Tumour load7} 2 3HA}S|
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Al GO 9mg/m® A& F VOD HAEFL 5-12%q #3513
ot webr o] VODe| A 3 tumor loade} 7He
tumor load, =& F¥8h= 7HA CD3304| Fo] GO W=
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