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Biologic Therapy in Leukemia
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1% biological therapy ﬁiL‘ﬁHﬂﬁ%ﬂMﬁ&jﬂ%ﬁWm&
dmﬁaﬁmw:ﬁ@iaLsﬁaéml,%ﬂ@aaamwésiamiﬂ%w
Tosfis amums lumssisdnioutisang
wadazSafindonam e lHiuadhadesdamad
ﬂﬂ@ﬁ@&lﬁ?j@ 3N targeted therapy

§haesrasmasninlay biologic therapy

1. el cytokines #aeige) 1@ interleukin-
2 (IL-2), interleukin-4 (IL-4), interleukin-12 (IL-14)

2. Cell transfer therapy Lﬁﬁ'um{l,% donor cy-
totoxic T cell infusion L‘ﬁlasl,ﬁﬁ allogeneic graft-
versus-leukemia effects

3. Monoclonal antibody therapy

4. Cancer vaccines

5. Gene therapy

6. Antiangiogenic therapy
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Immunotherapeutic strategies for cancer
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Ao lanaesefiants usifissmnmadimss
1 escape mechanisms Yl#ilsaaasaidiulaaglu
sumerihelé
Mechanisms of tumor escape
1. Lsﬁaéml,%qﬁ@mﬂmﬁ@maﬂu‘qmmﬁiﬂmﬁ
fafnan
® nisgyid antigen (ldlaehe
® im3a¥9 escape mutants KaTeMe
shapfiquiuduandediiiadasse
TG
2. imagyiumauaasaantas MHC class I
molecule 1N9TRALURNTAR
3. Léﬁaéml,%ammsmﬁa immunosuppressive
cytokines md“ﬁﬁﬁ\lgf W% tumor growth fector—B
(TGF-[3), interkeukin-10 (IL-10)
4 yrlRemewAases tumor-infiltrat-
ing lymphocytes \151/
miél“gﬁ immunotherapies hmﬁmzﬂiiﬂml,%d
wtisoan eidn
1. Passive immunotherapy I@&Jmﬂ% mono-
clonal antibodies 8 tumor-specific antigens 0
14 targeted therapy #iavits uwikoaniiu
1.1 Unconjugated monoclonal antibodies
foaglavanii AnouTadaeSuasilsife antit-
mor biologic response Vb ﬁﬂﬁlfﬁaﬁwl,%uﬁ@
apoptosis, U5U1/39 cytotoxic effects NNENLaR
ihiatnesfia. v ldiie complement-mediated
cytotoxicity %38 antibody-directed cellular
toxicity §aeNad antibody oiath W anti-CD5
(T 101, Leu-1) Ml¥lugithe T-cell leukemia uas
lymphoma I@EJ anti-CD5 antibodies ﬁazﬁuﬁu
65-kd glycoprotein (T65) ?&qaguuamq T cell 7
Unfuay T cell Az ohalsfional anti-CDS
antibody ﬁtaimmmmzéju complement ¥5avh 9

\N® antibody dependent cell mediated cytotox-
icity VLG?T 5@‘&% mﬁ?sl,:ﬁ unmodified anti-CDb5 1‘%
DE‘]J”JEJ T-cell leukemia ¥30 lymphoma ﬁd\lsil,ﬁ%mi
aauauasramIsnm lufihuadhedaian lag
wanmaeeaiuldRmsfnmmMslE anti-CD33 (un-
labeled humanized Hu M 195 antibody) 1‘%@’9&1
acute myeloid leukemia I@HWUﬁﬂﬁ@]auﬁuad
%Iamnmdmmwaw:iﬂw FAUAMIANAIDY
circulating blasts winsgauasiheee
1.2 Conjugated monoclonal antibodies ms‘ﬁ'
Glsﬂum‘a‘ conjugated b
@ Immunotoxins
@ Chemotherapeutic agents
@ Radionuclides
msméwﬂaﬂﬂﬁwmsLsﬁaéu:zl,%ﬁq monoclonal
antibodies siulUSuag dathagu nald R
beled T101 %38 anti-CD5 antibody F93ufy A
chain 283 toxin racin sl,mgﬂ’asl T-cell leukemia /
lymphoma m‘ﬂ:ﬁ recombinant toxin targeted ﬁ
CD40 U B cell malignancies LLazmﬁ?éL% h
labeled monoclonal antibody M 195 38 recom-
binant toxin targeted ﬁ granulocyte-macrophage
colony stimulating factor receptor U acute
myeloid leukemia %aﬂmﬂ‘ﬁﬁdﬁmﬂ% monoclonal
antibody $aufUEAH1TA 14 conditioning
regimen flaun allogeneic stem cell transplanta-
tion Wil mamenalugihe acute myeloid
leukemia Wisdudae
2. Adoptive immunotherapy I@amisl% pre-
activated immune cells
3. Active immunotherapy I@Sﬂﬁﬂ‘sz(ﬁ%
svuunfiguiveasfielfifin immunologic
memory FAITAANEZISY YaNNSY tumor vac-
cines # Hifumssnwnilgmsilosiumionty
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M1519% 1 TauenessEemsl¥ chemotherapy Way tumor vaccines

Chemotherapy Tumor vaccines
Response mechanism Direct Indirect
Intermediate steps Rapid Slow
Clinical response Rapid Slow
Response duration Short Long
Side effects Substantial Few

44 v  m &
vaccines au) Al lumstlastiumsfiamashee Tu
in loe vaccine assenaueng tumor associated

, 4 . o va
antigens FRWMNIUTUFNN (engineering) sl
el immunogen NAARLALENANTIALNILGH
355 antibodies &g cytotoxic T cells g
FairaRNEIS Il

Tumor vaccine MAUGTLNAN autologous e
allogeneic tumor cells en) bystander cells Fld
technique 9849 Ex-vivo gene therapy 781U
cytokine gene transfer \7% interleukins, inter-
feron, colony-stimulating factors Wefiazlnsedis
W specific T cell SimMafndmsnauwazsvae
ARSI MIFnmMI L tumor cell vaccine 114

[ U [~ (<1 A tal %
MITNWHLIENAERREA27 5xdulael Mathe
RS AU I@EJGL% irradiated pooled allogeneic

:ﬂl Uy [~ [~ A
whole tumor cells Z9HaNNNHLIBNTILAGTDA

A Ao
2717 WM @ﬂ’msﬁﬂ@m immunotherapy Na691N3
soeminlaenianlse 5 11 33% usifiasangie
Tumsinm lesumssnmdeenesiintauay s
£ [ 2 :ﬂl AY o L XK ‘il
TnTiaeae Feagnaniaanuzadsiig asenniag
squiseAvBmwanmssnelaensld vaccine 16
Fovau dsnninldfimsdnmmsld tumor vac-
cine EL%N:‘L']’JH acute myeloid leukemia 8 18 Toe
Freeman Lazanss ueliasandaugiheviosuas
99 control group FFFLNEINNGEERRTNTR
Y T o a v

DENLALN 'wﬂmmnmsﬁ;ﬁﬂazﬁwﬁmwslumﬁm:n

¢18) tumor vaccine WAL 6ias Powleskay
Aok d@nsFiae acute myeloid leukemia 100
b4 v A v L vy
18 v luihefilé complete remission wazAte
Plsimavaunssiamasnmenaeedinge Tnaus
[~ 1 1 a 1 L2 t:i
\WuNquense) uaedl control group WU Wiheh
IF5umssnmneng vaccine S8amMIT0nT e
sl denafiieathadtenaths
Sty tagiiufinmsnmuny prospective
randomized trial WAXMIAANUITNTIN tumor
vaccine WLYAYEN N MInaLaadeoNS
Snwleel immunotherapy Tuaeffuitadeshg o) i
G . I3 @
® a3l immunogen VDITAANLLII
® AMUANIDIUMITNNUYDS cell-mediated
immunity 289%the
® Low tumor burden a7l lesumasnm
8 tumor vaccine
Angiogenesis inhibitors
e maaAEan s (angiogenesis) AUMLY
snénylumasidinlsraadsase Tamdsnusss
Wlaannmsiasyreawadueiss (tumor cell) fiaa
PRI INIE) TIWI oxygen A96RIEIMIETN
A X A 9w § @ A
Vaandan MaTsNeT [aadnsEmnanTnuin
SnmazuninaranelUsdaushe sashamele
NAMSANNNUNTAANUSININTONAS proangio-
genesis mediators %HA¢N9*) 14 vascular endot-

helial growth factor (VEGF), fibroblast growth
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factor (FGF), angio-poeitin Dudu ansmaniiay
mzﬁu endothelial cellsazfs macrophage PNl
u’%nmawﬁaémfsa I@EJ macrophage g acti-
vated endothelial cells WAHALHAAS proteolytic
enzymes W metalloproteases ¢ serrine
protease FaEaIaY extracellular matrix
o 6 o ) o A nl\’L
‘V|'ﬂ,‘1/1 endothelial cell F1NTDLLNGILALLARDUN LU
o ¢ G a Yy @ oy A X Ve
HLTRRNELI Lﬂ@ﬂ??ﬁi’]@Lﬂ%Lﬁ%Lﬂa@ﬂH\l@ Nagm
A [ | A uz‘ A ,5
Laa@?Jaamml,wmmdmﬂmaa@Laa(y'ﬂmwmmﬂu
AaA
Mznaae
® enmuitaBuy
® JamnuAALNAY0INTUANLYINTES
naaaLaen
® 91¢N17 innervation
® Junnanfon ilemasaiiosiuras
endothelial lining
® 216 collateral blood supply
® NOMIVNNULBITEULIARETINE B
whyisneaIMssnNeae antiangiogenesis 7
o v A . [ 3 6 @ R M
mmy@a endothelial cells mmvﬁaammaﬂﬂ@
gnvhmelaemssusiasngamsiesydiulaviaiing
aemnAadle flasnmeansamasne daqiiudl
anti-angiogenesis agents NN 40 Gﬁﬂ@]ﬁﬁqagi
1 XK | Y 1 1 A
FEUNNINMFENTN LLUGaaﬂ»L@]LﬂHﬂQNsLWiUU"‘] ]
1. Inhibitors of angiogenesis activation
2. Inhibitors of matrix degradation
3. Inhibitors of endothelial adhesion
4. Inhibitors of endothelial proliferation
Vascular endothelial growth factor (VEGF)
ushinansfighényluatnums angiogenesis 1ias
anuili potent mitogen FYSUMTANIIUYD
endothelial cell LAY potent stimulator AN
WABUA89 endothelial cell La macrophage
PUUMMSELERIM YRS VEGE a8738me an-

giogenesis LLazmiLﬁ)%tmlmadzL%ﬂéf WBNAN anti-
VEGF antibody IGETREY antiangiogenesis T
5%61 ﬁmmxﬁa@ﬂu phase II k8% phase III trails

‘i‘ . . . WM & o 2

l10991N antiangiogenic therapy 1ailgoinlsn
TRANLS I Lwiﬁﬂﬁm;@mm%ty@ﬂm 019
fimaananeasld Feiwmgamali antiangio-
genic agent ma%ﬁﬂﬁlﬁﬁaém%mﬁumLﬁa%z:y
a M ¥ (% :\dg/ﬁ o C3 % p 7l %
dulenslle masnwnlaeAsiisdudiudaglds v
masnmlaeARBrSandmnnss LAy
Watlastiumsnaudud detumshranmseas
gene therapy Whaie transfected élﬁ cell
MATDEN antiangiogenic factor Vl,éil,mw?d&n’ﬁd
[~ . dl A
WnFsnihaasna

YR A A

Pradro Wasamy WAnUSmamanniEan
Tulanszgnaasrihe acute myeloid leukemia fiat
MITIHUALIZEIZE) YaMTINIAUDY complete
remission WUNAMINKUYS microvessel den-
sity Iwlanszgmuasiiilae acute myeloid leukemia
athefetan 1Wa/Saufisufiungs control lag
W microvessel density ﬁ%a@aﬂmzmmmi
SrnaulndlAesiungs control Wald complete
remission LA WATIUEANNEFRIY04 angiogen-
esis 1‘% acute myeloid leukemia L antiangio-
geneic therapy Wiaztfluuinmanislumssnm

ﬁﬂ?&l leukemia VLG?T antiangiogeneic agents ‘ﬁlag
SLH phase 1, 2 clinical trials GLW;J”]‘U"JEJ leukemia
mmz‘iﬁa trinitrophenyl-470 %\‘1 Sip synthetic
analogue 989 fumagillin (TAP Pharmaceuticals,
Denfield, IL) ﬁaw%ﬁué’d endothelial cell growth
& manminmensiSainlufecaqld dasefia
nastalyl
Role of cytokines in cancer

Cytokines fiulsfusfomitelussngfduiu
PRITNMEY %ﬂﬁmﬁ?ﬁlﬂu biological response
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modifiers cytokines rRiadnyisieiNS 1
liAe apoptosis, v iradnziSsl differentia-
tion 391 l1AR angio-stasis §9E19909
oytokines AfmsdnmnlsenzSasiadanam

1.2 : [§msfnmaehanemdoms i 12
GL%&:J:ﬂ’JEJ acute myeloid leukemia ﬁalzi@]auaum@ia
mysnmneeieiithtin wemshmsugneely
nEgn m%aQ’ﬂaaﬁi@ﬂé“mﬂu%mé“@mﬁﬂm WU
M3@nM999 Meloni wazan |@nafivhaulauas
WWuFRINg L2 3nInvh AeMInaLauaIg
2I1MIAANN A8 induce remission h;ﬁﬂaa refrac-
tory acute myeloid leukemia \léf Aausinmsaay
aumdmslw:y%l,ﬁﬁ?uvlaiEmmu USTAN DAY IO
sunsivnlhanlalumsfiasfinmamald 12 T
;:Jﬂw acute myeloid leukemia ‘ﬁﬁ minimal re-
sidual disease ¢ialtdny

woPANEE S sANIMS 1Y T2 %89 stem cell
transplantation WAEAMANMT Ao

1. $89M3I¥1 bone marrow transplantation a
ﬂmﬁlmf«hmmm circulating IL-2-responsive
Iytic CD 56+ cells WauBauiflenfumsfeed
1NasTINeM

2. IL-2 LﬁlN graft-versus-leukemia effect
784 allogeneic bone marrow transplantation

3. IL-2 “7%1‘151{‘1/15\‘1 autologous bone marrow
transplantatlon mammimmma clonogenic tu-
mor cells smmuaﬂwmumwa@mim purging
tumor cells in vivo

nmsdnmneediadmlng 4l w2
consolidative immunotherapy &4 bone marrow
transplantation %L‘%ﬁﬂﬁ 1L-2 Mﬁﬂﬁaﬁﬂﬁﬁ hemato-
logic recovery ﬁmiﬁﬂwﬂu@’ﬂw acute myeloid
leukemia RN stem cell transplantation Lﬁaaw
farmaialsed uasrnlinnmesondialag
Uemnlsaemuian woTmmemsdne ldhatin
wolauasfnems

M55 aaIne e RmEasLS NS lafia

doumsdinen 12 Tudihe acute lymphoblas-
tic leukemia ﬁ?’m%dﬁﬂ%mﬁd“ﬁ? stem cell trans-
plantation falsimumanausuasyaMInaaing
Talan

IL-4: [@5nsfinm 1L-4 (wild type) 1n v1tro
108l Manabe uaeani wirh T-4 Swadusonsiis
U UAZENINTOYN ARG apoptosis 1 leukemic
cells ﬁmmgaﬂu bone marrow stroma VLG’T I@EJ
Y IEmIanadaskin leukemic cells 50% - >
99% (Median, 84%) Wi Reuifiuni leukemic
cells s il ety T4 vonannil
é’qﬁﬂﬁmaaﬂu severe combined immune defi-
ciency mice 17% engrafted o8l leukemia I@EJ
Mitchell WAEABAE WU T4 ENANIDIRNSTNIMNS
i@@%’immmm}'mﬁlﬁ Pediatric Oncology Group
ee St. Jude Children’s Research Hospital 398
M IL-4 (wild type) dhanldlu phase I clinical
study ém%fu@’ﬂw acute lymphoblastic leukemia
Flsenduudnie binauauasdomssnmndneen
witniie usinu bR |#E) L4  dose limiting
toxicities ﬁﬁ?ﬁty Ao capillary leak syndrome
(hypotension, dyspnea, pulmonary edema) e
frathadssomahamessiunasla deReimhay
s TL-4 & toxicity Fiaendothelial cell
ua fibroblast hlghefiamawanit uasms
Fnmdaddoas

Lﬁadmﬂ -4 § receptor 2 40Aa class I
receptor (IL-4RO/IL-2RY) 8e/U1HN3289 lymphoid
cell kay class II receptor (IL-4RA/IL-13RA) G‘tém
dmimj%agwﬂmq non-lymphoid cells log
L%W?S@Ehdéﬂu endothelial cells a¢ fibroblasts
Shanafelt uazanky [edmMsAnm ey lanagms
¢ molecular engineering mﬂ%ﬂm@ﬂ%ﬁﬁ‘ﬂm
IL-4 I@mmimﬁ'yu amino acid m@éﬁﬂu D-helix
209 1.4 %@Lﬂmmﬁ%ﬁﬂﬁé’mﬁuﬁﬁu I1.-4 receptor
Li‘/ﬂ\llaiﬁ IL-4 § affinity @ﬁu@ia receptor Ut lym-
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phoid cells LLGi\lz\iﬁNaGia receptor U endothelial
cels uae fioroblasts Bon 1L-4 Afimasulaseets
‘ﬁd? IL-4 mutein

ANMIANH lymphoblastic cell lines #ae
%m WaY leukemic cells NNty Tnsdmlnnjay
L‘ﬂ%@lﬂ’m high risk @8 leukemic cells ﬁfl t(9; 22),
MLL gene rearrangement 3ol leukemic
cells 7l gaefilanduidiugr wodh 1L-4
mutein ﬁﬁiﬁ leukemic cells & apoptosis NN
wild type IL-4 nenailtiiseny Toefnamaliian
apoptosis ﬁLﬂ% dose dependent ¢ IL-4 mutein
Tl toxic §1a endothelial cells Way fibroblasts
uOPANGL T4 mutein falsifimasiomaaioydiula
LAZLLNGYY hematopoietic stem cell ﬁﬂﬂ@h
F¢ULUDS bone marrow stroma cell culture sys-
tem mﬂmi‘ﬂ(ﬂﬁalﬂ@Hi%%ﬁﬂmi“ﬂ@d minimal re-
sidual disease Tovl¥ leukemic cells WENTU
CD34+ cells WEaTIEMIMe fu Wud IL-4
mutein §31INAAUIHDUYDY leukemic cells VLG’{LH
YuPienie CD34+ cells SmaaSafiadm uay
differentiation 1% mature cells [9ensd G'Tdﬁfu
IL-4 mutein 3944 therapeutic agent eﬁﬂmiﬁlm
@@@mﬂu pre-clinical Wa¢ clinical study G]'avl,‘]_]
I@mmnsaa’nﬁﬂu@’ﬂw acute lymphoblastic
leukemia 7 inovauasFaN NGNS
w%aﬁﬂwﬁﬁ minimal residual disease 3NNNT
SnweneuedtauULINaITI
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