12 OCT 2006 WO 03/086459 PCT/US03/ 11444 5 METHODS OF TREATMENT USI NG CTLA- 4
ANTI BODI ES The application clains priority under 35 U S.C. 1 329 ) o uU. S
provi si onal patent application Serial No. 60/372,284 filed ) [}Jﬁ 305 12,
2002, and t vi sional patent application Seri al /381, 274 filed
May 17, Zooyd@r]\(}gpﬁfesﬁti re contents of these provisional ap’ﬁ‘FTgﬁ‘W 64'1% are
hereby incorporated by reference in their entirety. 10 FIELD OF THE '

| NVENTI ON The present invention relates generally to nol ecul ar i munol ogy
and ‘'the treatnent of human diseases. In particular, it relates to novel
treatment net hods using anti bodi es against human CTLA-4. 15 BACKGROUND OF
THE | NVENTI ON The vertebrate i mmune systemrequires nmultiple signals to
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Shi muzu, E%Qfggﬁt& |%@%ﬁ£?%ﬁt6@ﬁ%rﬁ8§%%%]%? Ki ndt and Long, 1:92-97;
and 1Ben. «er, | mmunol ogy Today 1988; 9: 109-113). 25 Increased | evels of these
nol ecul es may hel p expl ain wmiﬁe nore effective at
stinmulating antigen-specific than are resting APC s
(Kaiuchi et at., Fhe R/ﬂgﬁﬂﬁﬂiﬁ%nﬁbﬁ@éiat@@éen&ﬂﬁy loldholelii @ iBRfudlo %gt‘mdﬂle | munol .
1985; 135: 2937- 2945; Kenzi e . Tmrunol .  1988; 141: 2907-2911; and
Hawr y| oieaizeatvel humen diseasss. Inmatiisslar, itngts iomoveblzimay gefhodggsing eatibpdiesmune
resp_ons%gélﬁs %MX?ARPr ocess that involves cell-cell interactions
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(Spring et at | mmunol . 1987; 5: 223-252), particularly between T
and laccessory cells such as APC s, and production of sol uble inmune

medi ators (cytol dnes or |ymphol does) OﬁlﬁE_%jE%lchgN

The vertebrate immune system requires multiple signals to achieve optimal

immune activation (see, e.g., Janeway, Cold Spring Harbor Symyp. Quant. Biol. 1989;54:1-14;
Panl William E., ed. Raven Press, N.Y., Fundamenta! Immunology, 4th edition {(1998),

20  particularly chapters 12 and 13, pages 411 to 478). Interactions between T lymphocytes (T cells)
and antigen presenting cells (APC) are essential to the immune response, Levels of many
cohesive molecules found on T cells and APC’s increase during an immune response (Springer
et al., A. Rev. Tmmumol. 1987;5:223-252; Shaw and Shimuzu, Current Opinion in Immunology,
1988 Eds. Kindt and Long, 1:92-97; and Hemler, Immunology Today 1988;9:109-113).

25  Increased levels of these molecules may help explain why activated APC’s are more effective at
stimulating antigen-specific T cell proliferation than ate resting APC’s (Kaiuchi et al., J.
Immunol. 1983;131:109-114; Kreiger ef al., T. Immunol, 1985;135:2937-2945; McKenzie, J.
Tmmunol. 1988;141:2907-2911; and Hawrylowicz and Unanue, J. Immunol..1988;141:4083-
4088).

30 T cell immune response is a complex process that involves cell-cell interactions
(Springer ef al., A. Rev. Immunol. 1987;5:223-252), particularly between T and accessory cells

such as APC’s, and production of soluble immune mediators (cytokines or lymphokines)
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pat hway eﬁij{a@rhﬁél@il s{dtana (tsbﬁ&artz mﬁm aNe@lzebémdthl@nﬁe IRunbE T8RLI090:Q MR Thé June
et at, Bi ol . 1987:7:4472-4481). 25 Nbnocl onal anti bodi es ( MAbs)

react i venoipquiar apEes ofibis gesend signal inias gemmiclyl ynderstopdalibensgh ihiscloay & @CFOE‘?
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stimul atory etfrects resul t o to | ne uc |on

( Thonps anergtrase recdpicas mvhla*bdi in mtamdllulﬁ:adhesl%@pﬂﬁgemﬁmawo Sﬁlézfﬁ icartlst en et
at, Science,1989; 244: 339- 43) as a consequence of increased nmMRNA

st abi | i f&?ﬁ%@éﬁ?ﬁl&?{%ﬂ% 1989, supra). Anti-CD28 mAbs can al so have 30
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reactio n(ingft%a arEd Seed, Pr<|)c Natl. ﬁcad Sci. 1987;84:8573-8577), is an accessory molecule found on
most mature human T cells (Damle et al., J. Immunol. 1983;131:2296-2300). Current evidence
suggests that this molecule functions in an alternative T cell activation pathway distinct from that
initiated by the T-cell receptor complex (June et af,, Mol. Cell. Biol. 1987;7:4472-4481}.

25 Monoclonal antibodies (MAbs) reactive with CD28 aniigen can augment T cell responses
initiated by various polyclonal stimuli (reviewed by June ef al., supra). These stimulatory effects
may result from MAb-induced cytokine production (Thompson e? al., Proc. Natl. Acad. Sci
1989;86:1333-1337; and Lindsten ef al., Science 1989;244:339-343) as a consequence of
increased mRNA stabilization (Lindsten ef al., 1989, supra). Anti-CD28 mAbs can also have

30 inhibitory effects, i.e., they can block autologous mixed lymphocyte reactions (Damle ef al.,
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Med. 1 18754 . . I orted that CTLA-4 has an
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play a pathogenic role in these patients tsui, J. hnmunol . ;

I h I h (Ma J. h (Ijl 1999

162: 432@“@9 liferqiian (fohamberst AL 4sugr@) i Thbagibeen ‘I?H%%edﬂbgrp]ik‘g‘& Yigskidee vari ous

st udi es,diagy BRNS 1 Fikb & ol WHERRGRN IR BS1 Y AR LBUMaN CTLA- 4

have bes gs?ﬁ% é%@as ggﬂlﬁ nosu{ﬁlgsrrrufza’t I on rrtgd_ul ators | pga nurr{)e_r of

di s2&ise(Ruandyili baepnduldPS 4§51 0301036 exacerhatos camtitumgpr immunity (Leach, Science
1996;271:1734-1736), and enhances an induced autoimmune disease (Luhder, J Bxp. Med.
1998;187:427-432). Tt has also been reported that CTLA-4 has an alternative or additional
impact on the initial character of the T cell immune response (Chambers, Curr. Opin. Inmunol.
1997;9:396-404; Bluestone, J. Inmunol. 1997;158:1989-1993; Thompson, fmmumnity

25  1997:7:445-450). This is consistent with the observation that some autoimmune patients have

autoantibodies to CTLA-4, It is possible that CTLA-4 blocking autoantibodies play a pathogenic
role in these patients (Matsui, J. Immunol. 1999;162:4328-4335).
Non-human CTLA-4 antibodies have been nsed in the various studies discussed
above. Furthermore, human antibodies against human CTLA-4 have been described as
30  imnmmostimulation modulators in a number of disease conditions, such as treating or preventing
viral and bacterial infection and for treating cancer (e.g., PCT Publication WO 01/14424 and



viral and bacterial infection and for treating cancer (e.g., PCT Publication
WD 01/14424 and -3 1 2 0 C 1 2006 WD 03/086459 PCTI US03/ 11444 PCT

Publ i cati on WO 00/37504). U.S. Patent No. 5, 855,887 discloses ﬁﬁfﬁ@g of
increasing the response of a mammalian T cell to antigenic st n by
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ant i bOdjf-]e?S' Anti-CTLA- 4 anti bodies 15 denonstrate an ability to increase
the mag T of protective immunity in a subject already immunized to
protective antigens froma pa&thogé&n, etg., *tancer antigens or antigens from
an infectious agent, Such prior inmunization nay have occurred as a result

of natural exposUké citaigongr discpssion ol apy wsrense &t thiy seeRunQratrevhsi It B8 1 r om
resol ve i : 1 : i i 3 patients
can be %ggtrﬁ @1&@2@2@%&@&%@3&%&6 gggafgle%?&éeﬂt%?gﬁg?ﬁ{m%%ﬁﬁﬁ to 20 a

pr ol@ct pdegissiont thafeny suchitefergnat fedpdor arlageinstany inviestion descrpwti hemin. may have been
vacci nat ed agai nst the pathogen, in which case imunity can be presuned or
tested. In one enbodi nent, the CTLA4 anti bodies of the invention can be used
in the treatnment of mali gOEMMARY OFATHEE ot has previously received
a cancer vaccine gor denopnstrates sone |evel of natural protective _ inmunity
to the tumor. Thehaprespudnegtionprogdesmethadspipsomotuie i pateriiating agpeqngary

combi nab; ey RnAREr@boriRhen CLRCTEAS BhikodtC AnfTAICMRL Iy, | radiati on
t herapy, cytokines, chenokines and other biologic signaling nolecules, tunor
spetd f i demonairae awahilienio aloogpseithe arngniide of proddctiveinemmti ih asglyesielréalyg. , to
augnent . gr af.t Ver sus t unmor eﬁ_f ect S%lﬂ ot her therapeutic antibodies,
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Wi th t hgifapessdgentl SuebridrShieinsatidBy hdve ©adurZiing a Baak of halrabagognse
therapy. 30 The anti bodi es can be adm ni stered as a singl.e dose or as
mul ti pi eSdiseacer vrils ofprpiselard 84neran ngw resolved or suppressed infection with an

infectious agent. Such patients can be tested for evidence of such exposure, i.e., for immunity to

20  aprotective antigen fo the pathogen. Alternatively, the patient may have been vaccinated against
the pathogen, in which case immunity can be presumed or tested.

In one embodiment, the CTLA4 antibodies of the invention can be used in the
treatment of malignancies, where the patient has previously received a cancer vaccine or
demonstrates some level of natural protective immunity to the tumor. The antibodies can be

25  used as a single agent or in combination with one or more other agents, such as chemotherapy,
radiation therapy, cytokines, chemokines and other biologic signaling molecules, fumor specific
vacecinss, autologous and allogeneic stem cell rescue (e.g., to augment graft versus tumor
effects), other therapeutic antibodies, molecular targeted therapies, anti-angiogenic therapy,
infections agenis with therapeutic intent (such as tumor localizing bacteria) and gene therapy.

30  The antibodies can be administered as a single dose or as multiple doses. The antibodies can be



-4- | 12 OCT 1006 WO 03/086459 PCTI US03/ 11444 used in adjuvant or~ — — — — ~
neoadj uvant therapy, either alone or in conjunction with the aforenentioned
therapies. Treatnment with an anti-CTLA4 anti body can be useg tfﬂ‘Ja@@ﬁ' vate a
pre-existing menory response inpatients treated with a can gr a ne.

Thus, vacciweosiessegeed patients can be 5 selected for furpbgpshsaayment wth

an anti-CTLA4 anti body to thereby further induce or enhance an | mmune
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can be, thtapieexanpl e, a nelanoma antigen or a prostate cancer antigen. In
anot her enbodi ne the antigen | viral 10 _antigen and the patient has
been previously EF?QPBH%&W%“@M4%@E%‘@HBFHEE ’iora&}“’%?ﬁ'ljﬁ_' 3%  pe, for
exanpl emedody@Bpbhdelif pAtidntaeated RIS RAHIE Nihus, MaciRakb A patiSnt@ cdiigAn. | n
a preferred  enbodinent, the anti-CILA4 antibody is a human ‘anti-CTLA4

ant i bodsplected perdhdhar digatmenhith an enti-ETLAA agifeady delihetsby dingher induer orerhinse 10A1,
but the”['gg- wg he present invention can be used.with any human CTLA-4
anti body. " Tn g?ﬁg(ffmstghbodi ments, the anti-CTLA4 antibody is a 15 reconbi nant
anti body such as [aonhembrdient thlumtiyeh rsecahiear gntiget/Alnd gregfatied hasipden- CTLA4

anti body. .The ant i(foﬁiges of the inventjon also can be used in the control of
pat hogelPHousy, Feied WHe AL gal-FARGH AR ChHS 2SR EBRR P NG, XBTR erfot | i m ¢ ed
t0, backghihdna INSEPECE fbbidte caddRt itigbR! BSinothe\@ihodth S8 antR@h &3 dil:4 _
organi sms, and prions. The antibodies can be used as a 20'S|£12il e agent or in
conb? natnitigen suidithe patisnbhas beereproyipesly Hepsast with & viet vaecinm tFhsiviel adigenessici nes,
anti bodj e i . e phi bi i rul b ki, g.goents.
The ant? 6Bl {ERud GRRRNE iy fudho i, APt i RER LOFMIRRATCT
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include patients with retroviral” infections, including 11W patients wth

cong®ni teagmbingyh antihody such asei diroais o humizirede(equ GRRvgtafiedpaticed44mune
defi ci eﬁ%(ﬁibg i ncluding diabetic and elderly patients, and patients with
wounds, ‘traura or severe burns.

The antibodies of the invention also can be used in the control of pathogenic

mnfections by infectious organisms, including, but not limited to, bacteria, mycobacteria,
spirochetes, fungi, viruses, parasitic organisms, and prions, The antibodies can be used as a
20  single agent or in combination with one or more other agents, such as antibiotics, vaccines,
antibodies, cytokines, recepior inhibitors, and virulence blocking agents. The antibodies can be
administered as a single dose or as multiple doses.
The methods of treatment of the invention, which are designed to stimulate a
secondary or memory immune response, may be particularly relevant in the treatment of immune
25  suppressed patients who could be at a high risk for complications of disease. Examples of such "
immune suppressed patients include patients with retroviral infections, including HIV, patients
with congenital, inherited, autoimmune or pharmacentically-induced immune deficiencies,
inchuding diabetic and elderly patienis, and patients with wounds, trauma or severs burns.
The method of the invention for stimulating an immume response by
30  administering an anti-CTLA4 antibody also can be used in cases of acute exposure to the antigen



The nethod of the invention for stinulating an inmmune response by 30

adm ni stering an anti-CTLA4 anti body al so can be used in cases of acute
exposure to the antigen -5 1 2 QCl 2095 WO 03/ 086459 PCT/ U$QAT1484 (such
as exposure terrorismagent, such as anthrax or s wher ein

t he exposedwdp))ogﬁllsgehﬁ? has been previously vacci nated agai nrs?é#ﬂﬁn’abéﬁt) or
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at | east one, two, three, four or five nonths. In " another enbodi ment, the
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time with the anti-CTLA4 anti body |s sufferl ng froma mali gnancy such as
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t he ant e Invention pertains to
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ant iznCTlsf%h that the plasma concentration of anti-CTL.A4 aniibody in the patient is at least 10 pg/ml for

at least one, two, three, four or five months. In a preferred embodiment, the patient being treated
for extended periods of time with the anii-CTLA4 antibody is suffering from a malignancy, such
as melanoma or prostate cancer. In another preferred embodiment, the patient has been, or is
being, treated with a vaccine in addition to ireatment with the anti-CTLA4 antibody.

25 Another aspect of the invention pertains to methods of using anti-CTLA4
antibodies that are linked to a cytotoxic agent. Examplesl of cytotoxic agents include cytotoxic
drugs (e.g., doxirubicin, calicheamycin and the like) and radioactive isotopes. Such anti-CTLA-
4 antibodies linked to a cytotoxic agent can be used to deplete CTLA4Y cells. Examples of

CTLAA4T cells that can be deleted include CTLA4T malignancies and antigen-specific activated

30 T cells expressing CTLA4 in T cell mediated autoimmune diseases. Accordingly, in another

embodiment, the invention provides a method for treating a patient for a CTLA4™ T cell

6-



4 antibodies linked to a cytotoxic agent can be used to deplete CTLA4+
cells. Exanples of CTLA4 cells that can be deleted include CTLA4+

mal i gnanci es and antigen-specific activated 30 T cells express}pgr @itA4 in T
cel | nedi at ¢gh @Wsise!i mune di seases. Accordingly, in anot hgﬁﬁﬁgg di ment, the
i nvention provides a rrethod for treating a patient for a 1948 | -6 12
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the invention provides a nethod for treatin for a T cell nediated

aut o mnﬂmnﬁna@aﬁ@wde&@m?thOwagxeabmmt@bfor ﬁa“ o@H mefistodapuoimuan digenss,- CTLA4
ti body, t ted f
fhe T caphbita adbifelhho b FuRbiER ad OO bitbay BAA hENR A7 00 11

anti 5CTIsth4hamhapmd1yt1mﬁ-e¢teréfoptte§1ém1mmmmamnm13melduma nmonocl onal anti body
10D1 as disclosed in 01/ 144 .. flLgures, GenBank

Accessi on refereg]d‘@spr\égga‘i}] @55“ t%@:@%l'%gs% B&f’t Brespt TySRESH s

appl i catuRRSmehd@shal@kiRoly 20181 hesiase@HPWesel/adzacor por at ed by 10 ref erence

for all purposes to the sane extent as if each was so indivi duaII denot ed.
BRI EF DESCRI PTI Q\A@puhiﬂahmﬁmaqﬁngmﬁ@%e@mfwm ant i body

respons -CTLA-4

anti bod%%%i’%knfasl %lgé’%ﬁr eﬁ% 1&\1/1:0 y&’l:eﬁlﬁgllgo ed p?égpgr%’%ilg %Fat romtreated
ani nél s refersncedfasall popdees fd thevsayd ot ps/if edehgeas@o ihdshdmﬂlytdhmtq:ﬂ:ar macoki netic
profile of the anti-CTLA-4 antibody 10D1 during chronic dosing of prinates.
Ant i body was adm ni stered on days 0, 28, 56, 84 and 140 and pl asna

concentrations of | CODl pIEF BESCRIPHIONY GI-TBR DRASYINRGY +| - SEM of si X
treated 20 animals is Shown. Figure 3 _Shows the pharmnmacokinetic profile of

anti-CTLA-4 anti bEu}lrem@howmeba@m m%@m@dmsnwmsgn@@w@%@mdtwﬂaaa ngl e
d f | +1-
sev for "Rcrd yeiile i B AR ARG RAY 01, by {eSa SN i pofiOf IEAR, 1

ant iigen sé@ﬂééfrbrﬂ\nehisdamnm@’mésmmﬂmbbjnﬂmnﬁomtryents at var| ous tinme points
after infusion of an anti-CITLA4 anti body at day 0. -7

Figure 2 shows the pharmacokinetic profile of the anti-CTLA-4 antibody 10D1
during chronic dosing of primates. Antibody was administered on days 0, 28, 56, 84 and 140
and plasma concentrations of 10D1 were analyzed by ELISA. The mean +/- SEM of six treated

20  animals is shown.

Figure 3 shows the pharmacokinetic profile of anti-CTLA-4 antibody 10D1 in
prostate cancer patients treated with a single dose of 10D1 at day 0. Plasma concentration
(ug/ml) is shown. The mean +/- SEM for 14 treated patients is shown.

25
Figure 4 shows prostate specific antigen (PSA) levels in ng/ml in two human

patients at various time points after infusion of an anti-CTLA4 antibody at day 0.
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I nvention provides novel CTLA-4 anti body-based nethods for pronoting or
potentiating a secondary or nmenory inmune response, and for nofgD&f686ti ve
cancer treawBa({}y 5 addition, preferred plasma concentrations_ of
anti - CTLA- 4 anti body are 5 di sclosed. The methods of the pre¥Bsi4dention
provi de nmeans for treating cancer |nf ectlon and ot her di seases or
conditions that are responsi J&&lsg HALRILIION, nse. The present invention
I s based, in part of a human
sequence anti - CTLr)FA\]:le?lp‘}eaér%tgfl %Qﬁ%hgﬁnﬁﬁugﬁ%{eﬁg?ap% %ﬂmﬂﬁggsregtr&gﬁsddgggcrl bed
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Fur ¢ her o8 e Sih Rkt bR R tb ety st BN bl s TR A kB ere L
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in a study in V. AR ti body
10D1 ( Medar em‘)ei %%bar%%ﬁoﬂg%ﬁh%%s%at&?ﬁ &?gﬂﬁgﬁa\%\% pri gﬁhtﬁ gié]%l@rrdgnt for
early sﬁ@‘gl@ hanowsequvace inieCTobd axmhvd}'nnmn@ua@er@pmmms, |aed¢Ssn1p@ce| ved

a-inter tie cevdav e dm xed

W th osogof ToR G pita 8 HRe et ATk anifo RS el eiietner apy (3
20 pati @ﬂﬁj&):s wHl prePios eqmmm mhiobhﬁttgen(ﬂmﬂehn@m; the pai’@etehmmetaﬂaana cancer
patients had, received tiple chenmotherapies. In addition, all patients
parti ci pHewslsvals pﬁggbC}F%a{:g}t}lp@dg pEg et Sé@le AR IRIISTHEPRS By ar i an
cancer Rgde,£nts were immunized with autol ogous cells engineered to secrete
G\t CSF. One of these patients also received a MIC-1 vaccine. Three nel anoma
patients were i muni zed w th aut ol ogous dendr| tic cells engineered to
express gpl \{lagc na ed wi th gpl 00
pepti de and ' ‘ tretfte bty vacci nat ed
wi t 15GV CSF secr eNinegaﬁmmth ﬁ@#ah&dmmamnia@ﬁaﬂmcédﬁﬂaﬁammesgamcﬁpﬂtddam ng
treatnent with 10Dgh§gH| st opat hol ogy_resected . tissye from iM three patients

showed §é@“§¥_€?}‘§’}”61& é%f’ef‘i‘ffirérm?éllig) Tes-dapogiopst auibgstyd ﬁ"&x)granul ocyte
| nfi It aheSeddisl o m \fetslrBochiaf ghb‘f@éannéﬂﬂ?orl%ﬁfw Riake ﬂequ&lmgf ﬁélhﬂ mass 30

conpletely resected ree nonths after treatnent th 10D1. four
pat i ent smprestheeps hres patichisaccstyedirtinicrfetonmys patiint setivedn vadeing of Eihocyt i c

infiltr % %?105186 Ma&nw%ﬂ\.{ dSOZf) hs%rge%pfﬁrpsatlents) radiation (2 patients), chemotherapy (3
20  patients), and proteasome inhibitor (1 patient). The two ovarian cancer patients had received
muliiple chemotherapies. In addition, all patients participated in Phase I vaccine studies. Three

()

melanoma and both ovarian cancer patients were immunized with autologous cells engineered to
secrete GM-CSF. One of these patients also received a MUC-1 vaccine. Three melanoma
patients were immunized with autologous dendritic cells engineered to express gp100 and

25 MART-1. One melanoma patient was vaccinated with gp100 peptide and high-dose IL-2.

Three melanoma patients previously vaccinated with GM-CSF secreting tumor .
cells had extensive tumor necrosis following treatment with 10D1. Histopathology resected
tissue from all three patients showed severely damaged tumor blood vessels with lymphocyte
and granulocyte infilirates in proximity to the tumor. One patient had a mediastinal mass

30 completely resected three months after treatment with 10D1. The four patients previously

yaccinated with melanosomal antigens had lymphocytic infilirates in proximity to the tumors,
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patients had favorable changes in CA- 125 (a tunor narker for (2 b
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with twlugpe BengapipeiesThaovsran mmwmﬂéent& ddmptderspapsationygrbiopsuiiuebets had
DI 07 SUSGY 1nd oy Sl LB AR xS o3l 1o£ BY 1l AU 0o IBRAD DT aPY.
El even “patients had prior’ 1 munot rapy. I nical respon e was measured by
conput edfoﬁmwmglmbltn@atn@naphy (CT) and magnetic resonance (MR) imagi ng. One
patient, who had prior surgery and chenotherapy, had conpl ete resol ution of
| ung, brain and subcutaneous tunors after 5 treatnment cycles. Two ot her

pati ents wer e, PPgstinglof PESSRHeth NatdMd FRBbIPOISTIRALE Anfib4ed” non- responders
because sone Tesions shrunk while others Increased I n size. ossi bl e,
because tissue blF@B@‘FE@@W%Wﬁ%Staﬁ@W@E?f?éﬁmatfwatve@H@l @ﬁﬁaér@@lﬁﬂ)ﬁ@yg@)l esi ons
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oo o Bl RO AR RaaRe el kelvisk vk g el e St Bt on i
the 1 ssi@soabkydT)he nfikAdtRasRnARE (MR imadide Oy PHlicRORRS had pridrupessi bl e
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due to @ﬂch@m@thmw, had completegesobming ef g sEy a@%sqbﬁ@tm@stﬁmwrﬁa@eééssed

above, i S of
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i mmune siespontiat bamyscasredeaions shmbledhilaothtye umﬁmdms;izy: Itrmpasﬁsﬁ@bmau&x posed
cancer atients. Thus 4 a t| bodi es,can be.used ,as a boost

o oh i sTgueTagR e S eltoiedo B e AlbreB R SRS ke Bt TonRRRE ] of e
suppr:essw&yho@aﬁb t@%ﬁh&erfOQEpﬁleﬁt('F@ﬁénth f&%&&@ﬁ]ﬁ hadedotlioR@f Bé%ramﬁh limted to
i1l ness (including imunodeficienc d| seases |1ke HV) % %UH i ncreased

t unor  bulegiers, bug ah edarsement i yuediasti @ﬁ@%héﬂﬁwﬂaﬁn‘@s d&aipe| | as
other  CalSESta ANl fodks Z%&gﬁﬁ%% %12%3%135 3f SYSry! Tolaca &g . %6%98?&

i Mmunity I'n T munoconprom s
lymph nodes can enlarge as a result of inflammation in the tissues within the drainage basin of

the lymph nodes. It is possible that Patient 3 was a complete responder with lymph nodes that
20  enlarged due to inflammation, not due to cancer.

Based on the results discussed above, the present invention provides a number of
advantageous uses of anti-CTLA-4 antibodies. These antibodies provide for secondary or
memory immune stimulation, as demonsirated in the previously immunized or exposed cancer
patients, Thus, anti-CTLA-~4 antibodies can be used as a booster, which is especially useful in

25  immmnocompromised patients. Imnmne system suppression can occur from a number of causes,
including but not limited to illness (including immunodeficiency diseases like HIV), aging,
increased tumor burden, cancer therapy (e.g., chemotherapy and radiation), as well as other
causes. Anti~-CTLA-4 antibody therapy is thus indicated to boost immunity in
immunocompromised subjects.

30
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response agai nst Ianoma ceI I s than S€ of t.he VaCCI ne aI one Moreover, T
cell proliferati&nXs ith aatibe e CTLA- 4

ant i body and VaCCCSlﬂomé gﬁs%bﬁsé g%ﬁf&hﬂ@%ﬁ%ﬁﬁ&%ﬁﬁﬂﬁ&ﬁh@hbﬁ%@ CD84 and
Ch4} cells. Plasma’ |l evel's of t e ant1- CTLA-4 antibody remai ned above

det ect abn@arloméﬂlascm@mdtm -EhtA-viantibalydp 1 pardaps0, 28h%0, i and ltiﬂ ddspeof the
concentr r 10 This

st udy sh‘%éve %edgﬁﬁg onsliglﬁog oﬁmh %jc ﬁ%ﬁ“@g ﬁ#(%%%@ %?Lélgt\én%t es is

saf e Sandmtibaly r@bmta@b:hnet pélason delly thbs useaof thxevateine ‘alamﬂ ao[ofewasr, Tl x nonth
period. D. . Testing,of advanced nel anoma t| e W LA- 4 anti body
Sevent eé%’iolﬁa&aP%fh% dify demony gt ?Féf‘%% gﬁrd’hf’ Ogi’éﬂgg ASiigl e dose of
15 anti r@ﬁ@t@dﬁ@ﬂk&pﬂﬁ&ﬁla%lf@&uél YT mﬂUmV%QW$I%ma%%ﬁ Jrakd #R|L s had

prior inmmunotherapy, "siXx prior radiation therapy and five had prior
chenpt hé&¥Hgy-4 apti emwedl i’b%’ﬁ deteqtiblcipvals for tarantisothp deypaiied dThtaresst abl e f or

up to f pﬁ’- i ncl udi ng

resol uti Jnsnféf%o%‘%?m‘%&-norlﬂ %ﬁe@%@e%@ an églegsixeaﬁﬁﬁﬁﬁgn 50% reduction in a
I :JI’]QIOTB.SS in a prfﬁislsﬁm}slsh%wauﬁagmamib dg@hg?ﬂhnt}—ZW%M ﬁl’tﬁlbﬂiﬁﬁﬁ‘]#ﬁhﬁﬁﬂ@dst Eat

pl asnma i n above detectable | evels for our nmonths in a
human pa‘f‘i/ 3 ET %113]&5@?%@]?1%0%@@?% PV@P@R‘@O’&E@P%%y Furt her nor e,

t he reduction of the lung mass seen in the previously vacci nated patient
demonstrated that CTLA-4 antibody can activate a pre- eX| Stl ng menory
response to the t ik estimmotmd vaeced inpalaoi =u'. ientsopith ank dangibpdpat i ent s

wth anti- CTLA 4 S0LbRahe bR eRR AR LRk En EARRSS 0 AL ancer

wer e adm ni stered Sin dose nonocl onal a antT body
10D1j5at ainGJTIgdL-Mg.nn‘ﬁttdy&\D@lcuﬂ 8 hng!kgiham:nhﬁv allise phiientsitad pribs mﬁﬂn&ﬂﬁr@m i body

were present. for p to four Reductions in rostat Gi antigen
(PSA) arﬁai%ﬁraw AT R S GG Ang
Pruri ti SyiktyaBmaidfd WRERaBIS ¥R 1B idPfo8r mbEE ETWE p&idAS }ﬁé‘é%ﬁﬁl fe%ﬂﬁ@é;‘ effects.

including resolution of three soft tissue masses and a greater than 50% reduction in a lung mass

in a previously vaccinated patient.

20 This study showed that plasma levels can remain above détectable levels for up to
four months in a human patient following a single dose of anti-CTLA-4 antibody. Furthermores,
the reduction of the lung mass seen in the previously vaccinated patient demonsirated that

CTLA-4 antibody can activate a pre-existing memory response to the tumor.

25 E. Testing of advanced prostate cancer patients with anti-CTIL.A-4 antibody

Fourteen paﬁents with advanced prostate cancer were administered a single dose
of human monoclonal anti-CTLA-4 antibody 10D1 at 3.0 mg/kg intravenously. Plasma levels of
the anti-CTLA~4 antibody were present for up to four months. Reductions in prostate specific
antigen (PSA) and symptomatic relief were noted. With the exception of rash and pruritis, which

30  were reversible, there were no adverse immune effects.

-10-



-10 1 1 OCT 2006 WD 031086459 PCTI US03111444 These and ot her advantages of
the invention are explained in greater detail below and in t,rz Eiszﬂigl es.
Except when noted, the terns "patient” or "subject" are used 0 ngeabl y

and 5 refggolpgegigynal s such as human patients and non-hu%qﬁgﬁjﬁgi4es, as
wel | as experinental aninmals such as rabbits, rats, and m’Ce, Andtot her

animals. Animals jneclude all _vertebrates, e.g., s and n-.manmal s,
such as sheep, dé%?,se ?g‘v%l?er5@1‘!’38%‘??39&%?1‘%‘?“%1"&&?,exgﬁg‘l‘aétbg’ie?t@%&%f@qv%r m
"treati ag'm kgt he adm nistration of the conpounds or agents of the
present invention to prevent or delay the onset of the synptons,
conplications, or biochemcal 10 indicia of a disease, alleviating the
synpt ons or arrest. i.nhisbi.t i £ r.d 1 j ,
condition, or di g%ircg[%rva{eg .“3?‘1}]%15?%?1%&5%‘% e%l\ségej}cﬁpi%{e}%efl %tﬁ'tcH%%%§%£

pr ophy| mddrito mirhmalprseviens homad phifants el onseimarf phithaedissemslbas expetimeptabvent

the manif.estati.on of .clinical or suybclinical A Q heyr eof ) or

t her apefit'fh 5 SPgtS él?lf?nra&?’a% PSR Qﬁ.‘(f ermgﬁp%ﬁgfsé‘@'é‘;‘e "(ﬁL‘éerte#'&fﬁs’f"e%t ation
of the ghsBARAnd hon-hh@arhas, FhchAd CBRHEEh o8RG chidkBA) BmpRBRAS, ahiAdptiles. NO | onger
| ocalized to the primary tunor site, or a cancer that is Stage Il or IV

according to the Thedemedreejing acluininaaladnisiionahtecorngady or sgmigeidieal , the
n pifEiint X in - heal th
phr ase. -l -t 08l Bl SF 80y 18 oh0EoARS ERGRLAL ABYBLAS.CNARAERLRy hea

st at us occur as“a resu {rea u ect treatnent
deci®i oimdlici26Y akliszadee altevidtingieceyipwinsas arrewidg beinhibilidgafarthérelendopmdnt nfani ng i n

the art nd refers to any. of the nononug) ear, .nonphagocytic | eukqcytes,
founa | frodHEas1 SBBLONy Aot Eh te-5 GHEMBIES (FCete dTARER 1 b ORI b hocy es.
The phrﬁ§§ré{r&%paa¥} %Ig'o‘ﬂ&b’i oPfhe Hisb MBS WOt Eiarmz‘iﬂfes%@dién stpsRb(§) " refers to

T |lynphocytes or | I's characterized by the expression of particular cell
sur f ac estbgliniesl syrpptems trgeaiherdhagpenfic sygprestion pr aliewigton of syowiomsrier theukocyt e

Ant i gen . edition, Acadenm c Press, London, United Kingdom.
The ter%ﬁﬁg‘%&g&g&yﬁhﬁ@g Sg'r ence to T cells refers to the fact that the
fregitiency or per cErttage”xfaged canebd” nsahsahcat dles ismotlongea igelizedde tche cour se
or duration of the adm nistration an.agent.. T erns "cytofoxi.g T

P oo PO B St Y LI Sthbe ORI ActRpig th fhie Aieh Can ot Uptinified o .

and " CDdpeandes@SIC(®: 9-, Mirata (1999) Am J. Pathol. 155:453-460) are used

In general, the phrase “well tolerated” refers to the absence of adverse changes in
health status that occur as a result of the treatment and would affect treatment decisions.

20 The term “lymphocyte” as used herein has the normal meaning in the art, and
refers to any of fhe mononuclear, nonpha.gocytic leukocytes, found in the blood, lymph, and
lymphoid tissues, i.e., B and T lymphocytes.

The phrase “subpopulations of T lymphocytes™ or “T cell subset(s)” vefers to T
lymphocytes or T cells characterized by the expression of particular cell surface markers (see

25  Barclay, A. N. e al. (eds.), 1997, The Leukocyte Antigen Facts Book, 2nd. edition, Academic
Press, London, United Kingdom). The term “stable” in reference to T cells refers to the fact that
the frequency or percentage of a T cell subset does not change over the course or duration of the
administration of an agent.

The terms “cytotoxic T lymphocyte-associated antigen-4,” “CTLA-4,” “CTLA4,”

30 “CTLA-4 antigen” and “CD152” (see, e.g., Murata (1999) Am. J. Pathol. 155:453-460) are used

interchangeably, and include variants, isoforms, species homologs of human CTLA-4, and

-11-



I nt erchangeabl y, and include variants, isofornms, species honol ogs of human
CTLA-4, and -11 1 12 OCT 2006 WD 03/086459 PCT1US03111444 pp@Cdgsighavi ng
at | east one comon epitope with CTLA-4 (see, e.g., Balzano (1992) Int. J.
Cancer Supp 2). CTLA-4's conplete sequence is fou | nk
Accessi on {voogm%é 936 The term "epitope" neans a protei n%#@oﬁﬁzﬁt

capabl e of speC| fic binding to an 5 ant]| bodﬁA EE)I t opes lejﬂszual ng consi st of
cheni cal®Pglogc w%leﬁ%@egrpmmnn@%wm Vi) @ELifek (s8¢ e a Balzapr B4k st or
sugar Sicife&nHpBe ARtlaasuet X ARKGmERRCK b ¥ 65l HRIGIEATR ARLEHENE
characteri Stl , as well as speci charge characteristics nf or mat'i onal
and nondd&fes mat i onal epi topes are distinguished in that the binding to the

10 An i ntact ~ant KB6AYR" ek Sbtos abrheR pRERRSHEE P REF h®uR i
l'i ghts ( LahtibelyaBpiiopes bevaligeomes bfchebicallly avtie stefadeqpoipindsadimdiealey sichasn i s

conprised of a heavy chaipn . variabl e region_(abbreviated_herein as HCVR or
VH) and #ipRapids oF gagas sids qaains andusypliyhaverspeciiip My 9"3/‘%51‘?%’}1?5‘1 H SHLHRL region is

conpri sl afielificEs:s %H% Beciffeldhargbblar AdisES - cdrtsalib@ tnd ﬁ&}@bﬁoﬁatﬁagpr i sed

of a light chain variable region (abbrew ated herein as LCVR or VL) and a 15
| i ght CWaltWesMﬂmgumb@ﬁmmat Hodindingto theHaimerdutent dirt latterds lont ingheconpri sed of
one domgj n he. VI | d VL regions can be further subdivided into

regi ons L) b’f‘fﬁ?ﬁ&i%ﬁ%% Er;t termed conplenmentarity determ ning regions

(CDRp, interspersad J.Waéth‘aﬁtﬂgtlga’hamﬁﬂ”rﬁés @t Qs othe@BNEH Chgifs and @bmat {) anmewor k
regions (FR), Each VII {_ sed of , three CDRs, and four FRs,
eérbﬁ’h dP(S"’E

arranged IP%W%T?PW%FC? QPQWFW%OWHF%O fradiep e or der -
PR CORbrifiEori @E@atefﬁ%emgpﬁ%\?f%ﬂﬂ_ R &Ral-Pbldn Ecﬁﬂtaﬁﬂ%ﬁﬁﬁ the heavy

and | ight chains contain a binding domaih that interacts wth an anti gen.
The co ndleaﬁm chnamg:oumnt@egmme campriifed dif §reandoainsd CHil cCHR end BH3d Fagh lightt he

innunogl i n_to. hos es_or ., fact.or i nc | s of t he
mne” S0Bit hridisiP Sl il SHET Bl SPG Robirda SR K IR SBarf o (e
cl asigi calgheezpl @ﬁiﬁﬁﬁt 18)164.eThe lighbehdiresdis@mire 86 ¥ dofplibeiast oad dbaein; OLNdi ng
portlons of _an jntact, antibody _ that retain capacity to 25 bind CTLA-4.

Exanpl esthsrVE ??thFr@ﬂal%‘% Gaae @Fshelambawlqeﬂ ayprigions ot eppaieBitY: famghent
consi st i BehoRindnBifitydoterithingle &bk, A9ER A vithird ans!;éﬁtbaré& é&gé@%
bi val ent flpagrrentn}/ r|5| n wg %) %g%rrents r|gn]ked a 8ISU fide bridge
at the Hemapd fraggivork regioins {FRy. Edch VH and VL is composed of three CDRS and four FRs,
arranged from amino-terminus to carboxyl-terminus in the following order: FR1, CDRI, FR2,
20  CDR2,FR3, CDR3, FR4. The variable regions of the heavy and light chains contain a binding

domain that interacts with an antigen. The constant regions of the anfibodies may mediate the

binding of the immunoglobulin to host tissues or factors, including various cells of the immume
system (e.g., effector cells) and the first component (Clg) of the classical complement system.
The term antibody includes antigen-binding portions of an intact antibody that retain capacity to

25  bind CTLA-4, Examples of binding include (i) a Fab fragment, a monovalent fragment
gonsisting of the VL, VH, CL and CH1 domains; (ii} a F(ab’)2 fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CHI1 domains; (iv) a Fv fragment consisting of the VL and
VH domains of a single arm of an antibody, (v) a dAb fragment (Waxd ez al., (1989) Nature

30  341:544-546), which consists of a VH domain; and (vi) an isolated complementarity determining
region (CDR). Furthermore, although the two domains of the Fv fragment, VL and VH, are
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fragment consisting of the VH and CH domains; (iv) a Fv fragnment consisting
of the VL and VII domains of a single armof an antibody, (v) a dAb
fragment (Ward et at, (1989) Nature 30 341:544-546), which copgpst el a VH
domai n;  andyiVishs@ke | SOl ated conpl enentarity determ ning ) .
Furt her nore, ,als%]ﬁoébgh the two domains of the FY fragnent, W%l , are
-12 12 OCT 7006 WO 03/086459 PCT/ UsS03/ 11444 coded for by, separate genes,
they cafiodsd fpichvieprralggens. hex erthedaied. newa sepembppnimeiheds by p eyntdistisker t hat
enabl es yhig Mad; CndBfesTRAE tPR: el B s Igfé"éﬂi‘&t@lnrbhﬁiﬂ% Qnich tﬂmfanm%u\é ioff1d VH
regions pair to formnonoval ent nol"ecul es (known as single chain Fv (scPv);
See, e. gair tgiorm mmowdlent 1d@@)es (ISovmrs singleThAR FvAREFY); dad diuBivheran. (3988) 1988)

Proc. | A . L U 85: 587 . ch .S sidn chai ibadies are
i ncl udﬁ‘ﬁ@“e%gié*?i%@ ac'lg%{‘%ﬁg’nteg?&@gﬁ}%ﬁﬁiyﬂb Arad, #@lﬁ@?&%‘?ﬁ@é’%é@eﬁwﬁd by
recogbi gimgle cheiahniitpdis a6 incladsdmilieferaice hBoteal“aaitedy s Feagaientsthabé

anti bodies, _.The term "human sequence anti body" includes anti hodj es having

var i abl 8TRAG] EY FRECERREREgPBHImeY P engy AR cheRical Vg INAFFERTBRASH | ne
| munog obull NS epkSiAR Shunliseq AR BEAHAAARIAIRAM TRy AL vififhid Nt | on

may include amno acid residues not encoded by uman g
i Munogcewstant regivag (i present) deriyed fromthaman germiling frogucegiotyinsaqgoeasolhsi t e

ant boa L SRRAER rtdhictas bl iffonlitn RV R Bk achelif s Caco BTy
desqpi bédmed ghElinOubnhesilottin MofenddX(d. [ ddtaldnsanoduéd BPfagdai4r sitdowever, the

term "human, sequence ant| bodé;], as, used herein, is not intended to include
ant i bodFRSHGTIHRRRRSIEIR & GLBhRRIA SRHAOR Iy Ve tHED gtiberichadle stneelvdr
mamal i a0y donSRRGASzentiihinds, 13, 1P eﬂbéaqag : Bgi&ﬁ%amg.wwmm d
framewor k sequences (1.e., humaiize anti1bodies). The ternms "nonocl onal
ant i bodyWO®0/37hsh dddwoeval, thatemb thiynamepescd inghody” edsased berein, pmepiateatedn of

ti bod | f.s] | | i tion. A .i bod
oo 17 BRLF 508 iR PoRC G (R R BRbh imfin PR PRI R °%Y
par t1s c ulspdcics Pintippea mdfseAEBRhdiNghited dMiehiB i fridieoii seueadk (Na | hugahizepdy

refers to_antibodies displaying a single binding specificity which have
vari abl éiidisghnst ant regions (if present) derived fromhuman gerniine

i mmunogl obulin s Ces: H‘Q&igz"" h#ﬁﬁ&i;m’ﬂﬂ ! | bodi es
are produced byegﬂf%gﬁsa%ﬁgc%ﬂ?c In I%dgéo%otc ﬁgle obt al 5&5{&?@ orr%?dgrtd
t r ansgenmipeepasition ahamibady meleculesoipinglamoleansyonipesitiou sé mdnavlong ati'yeyone

i si . h in t ight 25 chain t
OO O TERRE 3 REPRRP P b DB e 2n0°ne
20 Accordingly, the term “human monoclonal antibody” refers to antibodies displaying a single

))

binding specificity which have variable and constant regions (if present) derived from human
germline immunoglobulin sequences. In one embodiment, the human monoclonal antibodies are
produced by a hybridoma which includes a B cell obtained from a transgenic non-human animal,
e.g., a transgenic mouse, having a genoms comprising a human heavy chain transgene and a tight
25 chain transgene fused to an immortalized cell.
The term “polyclonal antibody” refers to a preparation of more than 1 (two or
more) different antibodies to human CTLA-4, Such a preparation includes antibodies binding fo
a range of different epitopes.
CTLA-4 antibodies can bind to an epitope on human CTLA-4 so as to inhibit
30 CTLA-4 from interacting with a human B7 counterreceptor. Becanse interaction of human

CTLA-4 with hurman B7 transduces a signal leading to inactivation of T-cells bearing the human
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The term "pol ycl onal antibody” refers to a preparation of nore than | (two
or nore) different antibodies to human CTLA-4. Such a preparqtzL[WJZ Iudes
anti bodies binding to a range of different epitopes. CILA-4 an odi'es can
bind to an e%{)%g,&ﬁg human CTLA-4 so as to inhibit 30 CTLA-4 fro
interacting w uman B7 counterreceptor. Because intera(?FT%O%*l“‘f‘furran
CTLA-4 wi th human B7 transduces a signal |eading to inactivation of T-cells
bearing tRELAdgreriar3antazonET Hlsintepotion siietinely imares, maenivior pralomes tip

or ot ongs’ 1R TARRbekhE A WBATHRLARCHER HEh kIR pr BRI S

t her eby pmohwrgespgosy PrefgmahdntifdThA-4 dnffhodies aredearisd, foPeedraple,dd UsStHate@TLA- 4

o ann s oNog S 105 A Eesa AR Bt ihusaton o FA 0848 o 00 37504
and i ns U. WO BuBY30aaiddin UNS. Pub@exiba 08O 26i/i3955ihe s arpashnatofes asibolikedi es

suitable for use in the present invention can be are%%ed according to
met hods t Hieblader use in the prrsou InvnEonecan be peanaed pecrdinglogaetherisdhat are well

ref erenceg, Gl gohd1er &d!dr%:doieﬁér%eﬁ‘?ﬁgﬁg&gﬁhgﬁ‘é Q%te.?ﬁe}:.teré'ﬁghlie%ﬁ@ B @:h{ella fi es

used in the 1nvention are uman an i'es 1sol at ed
froma h uarﬂnCTLAeﬁr armfbe@aeaused hmhﬂmweﬁmmmm Clenneantantiiewh«a® - ; @dﬁnhh@;ﬂeﬁsmatad . For

exanpl e, er nat i opal tent Publi cat 5} Hb 4424 descri bes
ot hds. b R e oLt SO s SHOR R0 s SKEBtiEe ed from a
transgeni théiﬁétﬁﬁaltﬁ&%t basicReR AR I ® d1/1:M AN buiBB mBMbiPR RV LIGE A@fan These

anti bodies, therefore, alt houcgh i solated froma non-hunman ~ ani mal, have

ami no aci equengaendsTArdentibodies asoieletediroanitransseapmevsgdheiibas b@é@@ﬂé@) t hat
corres PO”thﬁ‘P %ﬁb%@)é@é%h‘ ”ﬁ}@seazﬂlttl'b Qs}’ the?éﬁ?x@r ﬁ%@&%ﬂteg Bl £ qh | body,

whi ch is used 'S re re as € anti body
101) 1. Tham;mlal;m mqmlemd:eeqaaiueb@ﬂgludtmgwﬂsﬂafnnﬁwanatduéd:maﬁemnd&eﬁhﬁnd is

ol of st o REPINA Biseo A B MO A ooy R R oy VRS R

- stinubg (Ex&lpie@ng%g%&efeﬁxa RIS th&ﬁlﬁi‘ﬁ@h}}f 1§51, m%uﬁiaﬁ‘ééqtﬁ:ﬁéé ﬁ)hb&l}%ﬂc' ng

|

l

|
|
|

|

bi ochem cal changes in the inmune cells that result in ifmmune cel

mgrati onbeqmptrmwglycﬁesqréae@é@d E(fulbé‘ma‘éﬁcmﬁﬁ%é@yﬂbgf(%m’ b‘i‘l?duct i on of

ant i bodi es, ot her gﬂ“ ke
The ternms "T Iyrrphggli?te responséeq"'rﬁr%’i’wﬁlsg’erek ”rﬁ? E;;&‘[QI VI use Ils'here
i nt erchan@eﬂltdnyalbr)umeﬁzdrsnmoh(é@ aiypm ngtokined, chenm]mnm,rz&dmﬂimeelﬂ:b@pmﬂdmng on T
| ynphocytes (i

b1ochcmlca1 changes in the immune cells that result in immune cell migration, killing of target
20 cells, phagocytosis, production of antibodies, other soluble effectors of the immune response,
and the like.
The terms “T lymphocyte response” and “T lymphocyte activity” are used here
interchangeably to refer to the component of immune response dependent on T Iymphocytes (i.e.,
the proliferation and/or differentiation of T lymphocytes into helper, cytotoxic killer, or
25  suppressor T lymphocytes, the provision of signals by helper T iymphocytes to B lymphocytes
that canse or prevent antibody production, the killing of specific target cells by cytotoxic T
lymphocytes, and the release of soluble factors such as cytokines that modulate the fimction of
other imnumne cells).
The term “Immune response” refers to the concerted action of lymphocytes,
30 antigen presenting cells, phagocytic cells, granulocytes, and soluble macromolecules produced

by the above cells or the liver (including antibodies, cytokines, and complement) that results in
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the proliferation and/or differentiation of T |ynphocytes into helper,
cytotoxic killer, or 25 suppressor T |ynphocytes, the provision of signals
by hel per T |ynphocytes to B | ynphocytes that cause or prevent antibody
production, the killing of specific target cells by cytotoxit_ﬁ 1700

| ynphocytes, and the rel ease of soluble factors such as cyto ? gs qgat
modul at e t FEOPHI¥E4Pon of other immune cells). The teen "pomwse/mesponse”
refers to the concerted action of |ynphocytes, 30 antigen presenting cells,
phagoc ydelectivaddnmge oy, desiduoion &Ser ﬁ@m@htﬁbhﬁtﬁ@@ﬁ@ﬂ@d@cdflimg@d%g@s, by the
above cells or the_liyer, (including antibodies, cytoknes, and conpl enent)
that rSUP PLUSSHes mfpoieq ¥t 9B © o2 0§89y Afgutpimmunily 8| ect i ve

damage ﬁa@ml@w{nmﬁinaao@fmr@ahamaﬂwgtdr%%&iomthe human body of i nvading
pat hogens, Tcells or tissues infected w th pathogens, cancerous cells, or,

in cases of aut oilpmipahengs ofran ipmune Fespinsanay bé Hetaoted inoritro by varidus mefteds cel | s

or tds 0, | I 0 mayh ected. in vitro by

var i ous AR AE Teete o LB L R B s SR TUPAPYedki 11 1 1 the

ar g : deh@lﬂﬂsl | e%n lﬁeiigclﬂ)ﬁ,teﬁtvﬁﬂj lﬁtl:h';ﬁactivyl?fﬂd mwh Fﬁggt@ansf &tﬁhth@guia@m@smglat”

radi oact i v eled target .calls and the |ysis of these target  cells

det ect e‘-‘&hﬁgﬂ%/% ye%%&é@s%gfrﬁ%ﬂﬁm’i (5) hejper dAymplagoytes can b, %@t can be

I ncubat ' | : | i : sis and
eor ot | e e B IR e Bl e S ik Bl D 2
1995, |sendatidmyetinds (Wigihage0d;, ef 68) 1926 lngamity 2656313180, (B antigeh presentinpe

I n at L t.h . I rotei n antigen and .the presentatjon af th tigen on
vt bl PR a el AR PRe 0B S E8A § B e e e

met hodsdefdoetl GiyRBhatT Bnphocl 88 tivatiineesayNat Biophhsiosl mddds,(H8@ingd? 20 ¥R9, (4)

mast cells n be |n_culgated Wi th reagents that cross-link their Fe-epsilon
recept rgc-éﬂ%@- AFad gri 88° $280eh@) Wéﬁ§glﬂsé‘d‘n@9 meRbaferbwithisaeas balcressitinkgani au,
et at,,jhdPR3 , i3 L &%‘%Hé ik response
in eithﬂelr a ?r%%igffceé’?%‘é‘ﬁﬁﬁ?n (e. gt}?léle%betrjﬂslée orb% umﬁ&%nﬁaesgl%@an al sb be

det ect e abyl N TIBE<: #2-4H0s that are well known to those of ordinary skill
in the art. For ex e 1), the .production of .anti bodi,.es in response to
vaccl nation can Sﬁﬁ%@d?ﬁoéu%%?é%’t@ﬁmﬁ?r??%ﬁ%ﬁﬁ'r% ¢S %105%@}3%@135 used in

cl i ni caholsafaaratineian @stient Eardalso B dekdetedAy vhdustitthdi S ieGiellfnobviaiiRssel | s to
sites of inflanmmation can be detected by 20 scratching the surface of skin

and pl Afiortinaty gl in the aglo Fpnexsawle O dhgarodustion el anfigedies iﬁge@enﬁeéo over scratch
site (Rab&hfioRlafbe readiffbecluddtatdard hithibun burrdofl) ubfinRiRih 8R40, Of

peri phera
e.g., an ELISA; (2) the migration of immmune cells to sites of inflammation can be detected by

20  scratching the surface of skin and placing a sterile container to capture the migrating cells over
scratch site (Peters et al., 1988, Blood 72: 1310-5); (3} the proliferation of peripheral blood
mononuclear cells in response to mitogens or mixed lymphocyte reaction can be measured nsing
*H-thymidine; (4) the phagocitic capacity of granulocytes, macrophages, and other phagocytss in
PBMCs can be measured by placing PMBCs in wells together with labeled particles (Peters et

25  al., 1988); and (5) the differentiation of immune system cells can be measured by labeling
PBMCs with antibodies to CD molecules such as CD4 and CD8 and measuring the fraction of
the PBMCs expressing these marlcers.

For convernience, immmune responses are often described in the present invention
as being either “primary” or “secondary” immune responses. A primary immune response, which

30  is also described as a “protective” immune response, refers to an immune response produced in

~ an individual as a result of some initial exposure {e.g. the initial “immunization”) to a particular

15~



e —

nmononucl ear cells in response to mtogens or mxed | ynphocyte reaction can
be nmeasured using 313-thym dine; (4) the phagocitic capacity of

granul ocyt es, nacrophages, and ot her phagocytes in PBMCs can bé 0kt dWhr ed by
pl aci ng PVBGS, 4 | s together with | abeled particles (Peters et 25

al ., 1988); %63@%@% he differentiation of imune system celt¥U¥A143E
measured by |abeling PBMCs with antibodies to CD nol ecul es such as CD4 and
CD8 and a#figgsUich g irnelunipation oy astut, fhex RN Segeudisifsgme nelvesl pepoReede  For
conveni ‘ol 10 ' ' : invention
s Dol naanpal O ML BB RS B oL A AR B el P e e
r espons entigeh) @ifrond Bntigen atesentetbisiceanbearaelrsofaothp hotardh theat dividoair{for ersppase,

refers to an | e sponse produced .in an individual as a.resul.t of sone
bt 0 e PEtE ATSRRRED B RS P o p TV e Sainetne e O 15°15
OCT 200 ndi @A) 33:0 86408 S oht Stk bttidnaPdr cl8iple JHE bacRihel HAPHY Z@kEHAS MRY
occur, for exanple, as the result of sonme natural exposure to_ the antigen
(for exé&ppnsh2 partiowler patedgen (fonewsple Azt 8 yives, phedierien o arrasialiopittmayor

pr esent ' ;e ' . ancer cells of sone
tunor i %e%lE%lclsﬁ%ltc\bnﬁggggpﬂésfﬁc%%xogéﬁp%r%@hggﬁﬁ%g%?%ﬁ ?Je?br) . Alternatively, the
i nuni zati on may Agtimarasnmuncasspohscofiapizcomaatileged dreatenuatel] wiedtimb amd t h a

vacci ne _contai ning the antigen. For_ _examl.e,.the ceci.n be acci ne
agai nst YA dieApPe ot inesh BFPomeSP SUSTRISH et gk e deteRled, Aeeg Bt h A um or
a papasiptent Mvehfiod B relds o & BREHdaMAGHIMRe ARPINLE, SiHHEh RAROABscHBEEhAHEd geNns
froma cancer call. A primry immune response may become weakened or

at t enuaEthenwst immyns regpansenFhetesn seHosdasy damus regnonfeaeiars IPesdmmuse

attenua hat. -1 L .can . . Accaor di ; r

Mvent , SabgisdBligid i BRI S5 SRR ARAH LM ral Bead RSO
descri bdtiui)arsecondarg of frEmwMe/resfOABIRaY Bes¢lRited g, heahires im sRBHITiRIRuicnUNe
response refers Eo an mrrugl(e c¥espons elicited in an individual after a

r | ey SSSRORFA A BERRETES HARkeRrd TR OT P SYREIRS PrORUS IS ERORS y or

I MyRe (103 RANSE e BYDBeRtd G duf do Idhgth belRteBRAAAG Aa tRX bt hdRinliARMAS tof €Sponse
that has become weakened or attenuated, or to recreate a previous immne

r espons &ligiba sasendanainmuncrespodsesa pliw defededio a8 abenstar oriperthp agegbeadosdid An

agent t R be. adni ni g Lo elicit a secondary i mune response is
after rgflgoﬁgtdﬂ%&rgﬁﬁgﬂu%{é%%{egr %ince the agent can be said to "boost" the
primary inmmune regpeanseunpds aadneymuyef liatdlingt stopnday ietuhe rdspaise eam  a

secondary |. ne response can ,be.eljcited by re-jinfroducing to the
i ndi vi df?ﬁleilg%ﬁé’ﬁfﬂ'?ﬂ%??d’tl% toghe il ﬁbﬂﬂaﬁ%éﬂffﬁﬁﬁ?&ﬁi}s Primary immune

20  response (for example, by re-administrating a vaccine). However, a secondary immune response

pJ

to an antigen can also be elicited by administrating other agents that may not contain the actual
antigen. For example, the present invention provides methods for potentiating a secondary
immune response by administrating an anti- CTLA-4 antibody to an individual. In such methods
the actual antigen need not necessarily be administered with the anti- CTLA-4 antibody and the

25  composition containing the anti-CTLA-4 antibody need not necessarily contain the antigen. The
secondary or memory immune response can be either a humoral (antibody) response or a cellular
response. A secondary or merﬁory humoral response occurs upon stimulation of memory B cells
that were generated at the first presentation of the antigen. Delayed type hypersensitivity (DTH)
reactions are a type of cellular secondary or memory immune response that are mediated by

30 CD4 cells. A first exposure to an antigen primes the immune system and additional exposure(s)

results inaDTH,
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20 response (for exanple, by re-admnistrating a vaccine). However, a
secondary i nmune response to an antigen can also be elicited EMUCT 2006

adm ni strating other agents that may not contain the actual antigen. For
exanpl e, theudsrg&Rs i nvention provides nethods for potentjating a secondary
| mmune response by adm nistrating an anti- CTLA-4 anti body"?’@%?ﬁ“?"ﬁﬂi vi dual .
In such methods the actual antigen need not necessarily be adm nistered
with the anti- CTAusedaeeiswphease “sailaudaceresepios] inchdecmaleenled and t he

ant i - CThén oAl BRIAREEEBRY FARSRERA & b B8

secondary I?)1r6 menory Prmu gggesg%%se caérll e&gq%%ﬂé@mgﬂ%o%ergrfgﬁ&%asﬁ%ody)

r espons écross the pledrhammeambrane spoesdle Ankxseple nfal‘sellonrfareceptdrl nbtha breseg pons e

occurs aon. st.i pul.at i..on o Js .t e generated at the first
present ﬁfﬂe%?‘uond? H%étﬁce HF?GQEH%@IQ}E%ﬁ?bE@%QE@&%g%| tivity (DTH) reactions
are 8 type of celThd @fin SemOpudaicyT odll LHIRION” HeTery Ethe SSRORESN 6BkelRr € nedi at ed
by 30 C44 cells. A first _expaosure to an antigen prines the inmune system
and addfidepmdentok Bsdgnigac soegiSpitY.s in a DTH. -16 12 0Cl 2006 WO 03/ 086459
PCTI US03/ 11444 Ags SASeET Bicllernd AEroBRE B9P refbRld adtiibhAGLcdSARRI QT * T nC! udes
nol ecul es and conplexes of nolecul es capabl'e of recerving a signal and the
translm' ssf?hfndnfthls :ﬁﬁbcta'fgﬂmhgmﬂan imomo ; SES?d]?%ph agmaed?rthqs mlt?fb and .acﬁivtlfitri]onA_rll_ .
exanpl e a.cell surface receptor” o presen invention is e T ce

" ecept oP GRS TesRoF o B CIEPlay iepuge sellsgoiis A sl ol ORI £ i T cel
act ifgat iypipholdedrBiss elgd, 1ihiphcelied . .}B@Mdhéﬁéinauding@@ﬂﬁmwemfctth ),

ant i geni)gﬁpspeci fici tg;y]%sﬁhussdegwh%rei n, the term"effector cell" (ref?rs to an
i mrune &Bler cels; nefraldiller gol, pagrophpgen anonppes, e9sinaaie newtraphils,mune r esponse,
as oppo S’@m ot ' ' S ARG SRS e.
Exenpl a?y | %ﬁ%&g@??@kt %r\éﬁtl}d as?@g%tl\éé%éf Qﬁa}ibﬁasgﬁ%l?.d}zgf?ct%c 1yn ngﬁbgg origin,
e.g., | Vophogytsesd (argoui sprotld mnumedurktiond. | A ¢ffecton delh gracipthalentilsody- cel | s

st nopipreStent Edt-Reafs POy AP sasolir GRRR e Rios e 80 Cou
cel s, &pfexRApROMchSoytds! heGbiHa {és@hél&mgrﬁmar, @&&0?% bhd BmphBctQ@GAREPEHrand

carry out specific imune functions. An effector cell c¢an induce antibody-
dependeHeoR etel inyadvtidan epectfia latling iof target ¢sABEE) preesniing antigeositorafpgricbmpenralsl e of
I nduci n DCC. 15 For exanpl nacyt es crophages, . neutrophil s,

CcOSi nopﬁﬁ%‘g IR 7 HS%@PH%&E%%%BH%@?Eg&gg%&@gﬁzéﬁt%%ﬁ\c/#?on specific
Ki | | i ngpedgot@to@eltagpet dnsigat) darpete st it infigroaatigans to ot her conponents of the

i mmune syste or_bindin o.cells that esent antigens. An effector cell
can al Soy m “Target cel? s%:all mean any um esitable cell%n asubjle.%t (e.g., 2 human or

20  animal) that can be targeted by a composition (e.g., a human sequence antibody or a human

3o

monoctonal antibody of the invention, a bispecific or a multispecific molecule of the invention).
The target cell can be a cell expressing or overexpressing human CTLA-4. Cells expressing
human CTL.A-4 can include fumor cells, e.g. lymphomas.
Also included in the invention are modified antibodies. The term “modified

25  antibody” includes antibodies, such as monoclonal antibodies, chimeric antibodies, and
humanized antibodies which have been modified by, e.g., deleting, adding, or substituting
portions of the antibody. For example, an antibody can be modified by deleting the constant
region and replacing it with a constant region meant to increase half-life, e.g., serum half-life,
stability or affinity of the antibody.

30 The antibody conjugates of the invention can be used to modify a given biological

response or creats a biological response (e.g., to recruit effector cells). The drug moiety is not to
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phagocytose a target antigen, target cell, or mcroorganism "Target cell"”
shal |l nean any undesirable cell in a subject (e.g., a human or Zé) %i mal )
that can be targeted by a conposition (e.g., a human sequence Thtbh @/ or a
human nono Akt i body of the invention, a bispecific or a multispecific
nol ecul e ofwt e %n\g}%ntion). The target cell can be a cel IP@@”&%“%Q or
over expressi ng human, CTLA-4. Cell s expressing human CTLA-4 can include

tumor c&picenstigedyas Jipiipth inelassica) dwmicet herpanticpeens. Ty examnle the druggenisty ed

ant i bodipes, el pggﬁ ; : [ il .80t i i : as
monocl or_lhgalgl }?n??%&oﬁ{lgg, F%@?%OS%E%@%%A? gigéﬂ %ﬁlﬁﬁcﬁlﬂ%&gﬁgéﬁ %tp | b%]aiég% whi ch
have bederlyrdsdfdricsdmple, are eagymatiedllot dctiye toxdidion getiver fragmirst themtoifnggch porbriipns  of
t he antibody._ For exanmpl an_antj body. can be nodif, ed, by del et.i t he

const anciott PRt Bupitfne” RphBR ok o AR bl 6 itaragpbs O OF case
hal f 51 i figterf@o@alphse ot MbolMdicdl i feponsst@bdifibkysieh ad,f Foti byamiile,! M@n@kinbgdy. 30
The antibody conjugates of the invention can to mpdify a given

b d
bi ol ogi AHPTISHESh 6i3el b interleBitie-2o B aD o Htekukinets JRes).(Gamlocyts magophise

ef f ect or, | : R ey : Q348 59
PCTI USO??E%%EE- méﬁcgr%tﬁgﬂ?glﬁi ,}mﬁr%@i%cgfécﬁ%%% [ %%? C éﬁ‘g@f\eﬁﬁer apfg%t%i C
agent s. ofer gexwdnfictyrs.t he drug noiety nmay be a protein’or pol ypeptide
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(eds.), P?me‘i%@%f%%bﬁ&ﬁ%@ﬁ Conjugates”, Tmmunol. Rev., 62:119-58 (1982).

20 CANCER TREATMENT
Blockade of CTLA-4 by antibodies can enhance the memory or secondary

{mmune response to cancerous cells in the patient. Antibodies to CTLA~4 can be combined with

an immunogenic agent, such as cancerous cells, purified tumor antigens (including recombinant
proteins, peptides, and carbohydrate molecules), cells, and cells transfected with genes encoding
25  immune stimnlating cytokines and cell surface antigens such as B7 (see, e.g., Hurwitz, A, et al.
(1998) Proc. Natl. Acad. Sci U.S.A. 1998; 95:10067-10071), or used alone, to stimulate
immunity.
CTLA-4 blockade is effective when following a vaceination protocol. Many
experimental strategies for vaccination against tumors have been devised (see Rosenberg, S.,
30 2000, Development of Cancer Vaccines, ASCO Educational Book Spring: 60-62; Lo gothetis, C.,
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express GW CSF. GVt CSF has been shown to be a potent atlvator 0 antlgen
pr esent awh-émmuppgenisumorsagich aathedi 6 (ianooff haye bedn, reﬁdemd Susmtlble tAcad. Sci

U S. A tiCTLA- 4 kade t dified
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ex pesi nmﬂieaEmmtummmdelsaclsasdnz,a@dmamo@aaﬁcqmmqaaméﬂéﬁﬂmﬁ z et at, 1998,

supra), primary p state gancer Hurvmtz et a Cancer Research 2000
60: 2444-8) and nelfAnsHaY ol &nemErpigasion andlarge s@fpgeqveapreie%pa@% iny8ige) . 1n

these i NehaRARAS led ﬁoﬂﬁc'&éﬁﬂﬂeﬂ%@ IsG ch%ﬁ“’t&noﬁéﬁ%ﬁﬁ@%nﬁ&&mf’%ﬁo{éﬁﬁé Om&muﬁ?fve
been rendered susceptible to destructlongsg he 1 nfrune ystem The t Unor

cel | vad@P%d0:adi Thl sTn ienymoecs,i Gdset bunsx pipesilic antigens are differentiation antigens
gxpressed in the tumors and in the cell from which the tumor arose, for example melanocyte

20  antigens gpl00, MAGE antigens, Trp-2. More importantly, many of these antigens can be
shown to be the jargeis of tumor specific T cells found in the host. CTLA-4 blockade may be
used as a boosting agent in conjunction with vaccines based on recombinant versions of proteins
and/or peptides found to be expressed in a tumor in order to potentiate a secondary or memory
immune response to these proteins. These proteins are normally viewed by the immune system

25  as self antigens and are therefore tolerant to them. The tumor antigen may also include the
protein telomerase, which is required for the synthesis of telomeres of chromosomes and which
is expressed in more than 85% of human cancers and in only a limited number of somatic tissues
(Kim ef al., Science 1994; 266:2011-2013). These somatic tissues may be protected from
immune attack by various means. Tumor antigen may also be “nec-antigens” expressed in

30  cancer cells because of somatic mutations that alter protein sequence or create fusion proteins

between two unrelated sequences (i.e. ber-abl in the Philadelphia chromosome), or idiotype from
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ant i gen-is pegkdinCpreSaP A6RSa nidandme 2811 Hge Prgdiaedninciidnv@itRRd ihaadedgilt h
various protein and peptide antigens as well as tunor cell extracts (Nestle
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cell lines plus DETOX™ immunological adjuvant. Vaccine treatment can be boosted with anti-
20  CTLA4, with or without additional chemotherapeutic treatment.

CTLA-4 blockade may also be used to boost immunity induced through standard
cancer freatments. In these instances, it may be possible to reduce the dose of chemotherapeutic
reagent administered (Mokyr et al., Cancer Research, 1998; 58:5301-5304). The scientific
rationale behind the combined use of CTLA-4 blockade and chemotherapy is that cell death, that

25  is a consequence of the cytotoxic action of most chemotherapentic componnds, shovld result in
increased levels of tumor antigen in the antigen presentation pathway. Thus, CTLA-4 can boost
an immune response primed to chemotherapy release of tumor cells. Morsover, the immuno-
stimulatory activity of CTLA-4 is useful to overcome the immunosuppressive effects of
chemotherapy. Examples of chemotherapeutic agents with which anti-CTLA-4 treatment can be

30 combined include, but are not limited to, aldesleukin, altretamine, amifostine, asparaginase,
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presentation pathways. All of these cause tumor release and possible iramune system priming
20  that CTLA-4 blockage can boost.

Infecticus Diseases

Other methods of the invention are used to treat patients that have been exposed
to particular toxins or pathogens. Similar fo its application to tumors as discussed above,

25  antibody mediated CTLA-4 blockade can be used alone, or as an adjuvant, in combination with
vaccines, to stimulate the secondary or memory itnmune response to pathogens, toxins, and self-
antigens. CTLA-4 blockade has been shown to be effective in the acute phase of infections of
Nippostrongylus brasiliensis (McCoy, K. et al. (1997) 186(2); 183-187) and Leishmania
donovani (Murphy, M. et al. (1998) I. Immunol. 161:4153-4160). Examples of pathogens for

30  which this therapeutic approach may be particularly useful include pathogens for which there is
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t oxi ns, &dil-4.ant i gens. CTLA-4 bl ockade has been shown to be effective

ol at. (1997) 18000 R0y pbaghy IR RRMATHOND: Seamh E RSB 07 ©

(1908) the inveniinncheludsHepatitaiis Bs6) C), Expesptins (of., FAVHHi§dNS, HAV-GBSWRICh t hi s

t her apeut rQach, nma e particularly useful include, pathogens. for which
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than conpletely effective. These_include, but are not limted to M,
Hepat i t Tubelfgnvirus, pagyayyras, vepdimia &ius HIN pas, daoges v, papsiemavios, olsssahi a,

St aphy! AEACERYBLE FitSes Y TESAHIQAPARS R EIoHRIRAS G, CTLA ¢ Bl ockade [

particularf osting imunity agai nst established 5 infections by
ageii s such as HiSdntchatmples sEprthagktie bedermpgenmnimtions irdatablohyrsehals of he

ant | - nuE MR AR SRR G PRI AP SO T L LB GG Bl hs pance
that i spi@modatBaNeniRyodded ahd ¥ehoBbd) &lebsiclld) pRIkeR, defibitn, psculeiBnfyxanpl'es of

pat hogeni ¢ viruses causing infections treatable by nethods, of
legionella, diphtheria, salmonella, bacilli, cholera, tetanus, botulism, anthrax, plague,

leptospirosis, and Lyme disease bacteria.

20 Some examples of pathogenic fungi causing infections treatable by methods of
the invention include Candida (albicans, krusei, glabrata, tropicalis, ete.), Crypfococcus
neoformans, Aspergillus (fumigatus, niger, etc.), Genus Mucorales (Mucor, Absidia, Rhizophus),
Sporothrix schenkii, Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coccidioides
immitis and Histoplasma capsulatum.

25 Some examples of pathogenic parasites causing infections treatable by methods of
the invention include Entamoeba histolytica, Balantidium coli, Naegleria fowleri, Acanthamoeba
sp., Giardia lambia, Cryptosporidium sp., Preumocystis cavinii, Plasmodium vivax, Babesia
microti, Trypanosoma brucei, Trypanosoma cruzi, Leishmania donovani, Toxoplasma gondi,
Nippostrongylus brasiliensis.

30
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10 the invention include hepatitis (A B, or C, herpes virus (e.g., VZV, _

HSV-1, HAV-6, HSV-Il, and CW, Epstein Barr virus), adenovirus, i an uenza
virus, flaviviruses, echovirus, rhinovirus, coxsackie virus, cornovirus,
respiratory syncytial virus, nmunps virus, rotavirus, neasles V|ru ubel I a
virus, parvovirus, vaccinia virus, HILV virus, dengue virus, GSEH Vi rus,
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for M5 (Perrin etThetefore,/it Tdpokamle hiRside vbRg: abﬁ&?fﬂﬁi@oosﬁhgaﬁ%ﬁméwder et

al, 1998, supra). Indeed, induction of anti-tunpor responses using tunor
cel | anwithegiaug el proisinis ordey infleyise Nagoineiay PeircPlsty ﬁﬁmqnélg sm@g iR ve

antjcse F
ot el uspER el 6% (cHRLQIRTHAHLGR: BRRREHE e byBRble Bl RAE
vaCCI_ naineolves BeEppréMtitavagduautdtionlof AP peptide in amyloid deposﬁs in the brain; antibody
responses against amyloid are able to clear these amyloid deposits (Schenk et al., Nature 1999;
400:173-177).

Other self-proteins may also be used as targets such as IgE for the treatment of

20  allergy and asthma, and TNF for rheumatoid arthritis, Finally, antibody responses to various
hormones may be induced by the use of auti-CTLA-4 antibody. Neutralizing antibody responses

to reproductive hormones may be used for contraception. Neutralizing antibody response to
hormones and other soluble factors that are required for the growth of particular tumors may also

be considered as possible vaccination targets.

25 Analogous methods as described above for the use of anti-CTLA-4 antibody can
be used for induction of therapeutic autoimmune respouses to treat patients having an
inappropriate accumulation of other self-antigens, such as amyloid deposits, including Af in

Alzheimer’s disease, cytokines such as TNFg, and IgE.
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human melanoma tumor cell line transfected to express GM-CSFE) or 2) both SK-mel-3 and the
anti-CTLA-4 anfibody 10D1 described in WO 01/14424. Awhole cell vaccine wonld allow for

investigation of autoimmune reactions to a variety of normal tissues in this animal model, despite

!

o ot s e

20  the fact that the cellular vaccine was of human origin,

To prepare the vaccine, SK-mel cells were grown to confluency and harvested.
The cells were treated with mitomycin C, washed several times and resuspended to 1 x 107 /ml 111
saline, The antibody was administered intravenously at a dosage of 10 mg/kg in a volume of 1.3
ml/kg. The SK-mel-3 cells were administered subcutaneously in a fixed amount (5 x 10°
cells/animal at 0.5 ml/amimal). Bach vaccine preparation was tested for endotoxin (< 2 EU/ml)
and GM-CSF production after 48 hours (2-8 ng/ml per 10° cells). The appropriate antibody

and/or vaccine were administered on days 0, 28, 56, 84 and 140. Antibody responses to the

25

melanoma cell vaccine were assessed on days 13, 41, 69 and 97 using flow cytometry. The

health status of the monkeys was assessed twice weekly and body weights were recorded

30 weekly. Hemaiology, pharmacokinetic analysis and functional assays were performed prior to
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10 Exanple 1:-Anti-CTLA-4 Treatnment Enhances Secondary Antibody and T Cell
Responses to a Mel anonma Cell Vaccine in Cynonol gus Monkeys The ability of a
human anti - CTLA-4 anti body of the invention to enhance anti bﬁg}ymn@ T cell
responses t ggysiRianoma cell vaccine was exanmi ned in cynonpl n g s 15
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on an t u efe

study initiati per1 odi cal roughout™ the study. A conp
macr osc opiies ding prints dengghe coupsetdd teaipdy oxbividapl 6O nThwat0Ipeplpsmrared at day 167.

The specificity of antjbody.res es i-n the animals treated with the

ol anome PR R A SO TR LR o e e SRR S A om 6
CYyNQpO! gus d4e f¢EsSplhsnid @atadratibh bf 10Da Gig BRbonid dvsieg biehaws id Fguwred) 10D1 was
obt ai ned on day 41 of treatnent and _pool ed. Theﬂ&l asma was diluted 1:1000

and t estdrerthy measkait't UM 9f thesiy tpated wnimpals s meteaE mi ha iU ltHEHORETAOfm cel |
|1 nes byplags&%vgmb?ﬁﬁtahﬁ.-cﬁg@_grﬁﬁﬁﬂa&pﬁﬁﬁ&ﬂ%&ﬂa&&@@m&s for VUGl
denonstrates that the antibody responses in the nonkeys show greater
speci f i ebtrye dfahe Tadhday period, suggesting that CTLA4 blockade was maintained throughout the
treatment perfod. The mean plasma concentration for mAb 10D in the treated monkeys peaked

20  between 175 and 315 pg/ml on the day post-infusion, and remained above 20 pg/ml during the

six month study. Clinical chemistry, cage-side observations, and compleie histology analysis did
not reveal any significant alterations related to the antibody or vaccine administration. Chronic
dosing did not result in treatment-related pathology except for slight irritation at the vaccine
injection site of two monkeys, despite the potential ability of CTLA-4 blockade to establish

25  autoreactive anti-melanocyie responses. The monkeys did not develop any detectable antibody

~ response to 10D1 mAb and high levels of active circulating antibody were maiutained for the

duration of the study. Moreover, this chronic dosing with the anti-CTLA-4 antibody was
associated with efficacy of treatment and was not associated with detrimental side effects (e.g.,
non-specific T cell activation). Thus, this experiment demonstrates that primates can be

30 effectively treated for extended periods of time with an anti~-CTLA-4 antibody such that plasma
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Wi t hout TSR~ eJRItH) cIasSe CUUIAN gUNICY ] THAS S A0 APV MG peci fic T
cel I pr oMt h9Mz2f rom del ayed type 5 hypersensitivity (DTH) experinents
i n humans: %ﬁrnmﬁjpatients wWith resected Stage Il (2 patients) or |V (17

patients) nmel anondDXECeh4-6d was ¢ Rhase I npendlebdsmpllicterkclinivdl Haltgbkaj)atof CTLA-4
SR e RO N e RO
20  unresectable, malignant melanoma. Median age was 59 years (range 29-79). Nine patients had
received prior immunotherapy, six had prior radiation and five had prior chemotherapy. All
patients received a single dose of 3 mg/kg of 10D1 intravenously over 90 minutes and were then
followed for toxicity, pharmacokinetics, circulating T cell activation and clinical outcome. All
infusions were completed with only mﬂd adverse events. Seven patienis had mild, reversible
25  tashes or pruritis. Plasma levels of antibody persisted from one to four months. There was no
significant increase in activated peripheral T cells and no evidence of clinical autoimmunity
beyond the mild rash. Two patients experienced a partial response including resolution of three
soft tissue masses and over 50% reduction of a lung mass. Furthermore, the patient experiencing
the over 50% reduction in lung mass was a patient who previously had been treated with a
.30  melanoma vaccine, suggesting that the anti-CTLA-4 antibody treatment was capable of
activating a pre-existing memory response to the tumor. The resulis of this study indicate that
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Similar to the results observed in prostate cancer patients (see Example 6 below),
ihe results in the melanoma study demonsirate that 10D1 ireatment led to an approximately 50%
10 increase in the CD4/HLA-DR+ subpapulation over time, The other lymphocyte subpopulations

27-



Table 1: Flow cytonetric anal ysis of |ynphocyte subpopul ations in nel anoma
cancer subjects treated with 3.0 ng/ Kg MAb 1 OD1. Sub-pop Baseline 24 Hours
Day 7 Day 14 Day 21 Day 28 CD3 72.93.6 68.94.1 75.13.6 73.24.3 74.73.9
74.24.2 CD4 48.83.0 44.316 49.33.6 50.53.8 49.24.3 50, 84. 51 X% 2 32. 5
25.33.0 26.@2.03/0&ks091. 8 2632.9 23.72.7 CD19 12.22.5 12. 73,%@%? 34 11.32.9
942.2 9.42.1 CD4+ 65.83.4 64.94.0 60.83.4 61.73.0 58.33 ¥* coos

T3 12, o sty toblag oheclply S tetetbed St il asindand TP aode ) Ty

17. 7+ 2tr@atrmantwmsre3£h 132 CRAIHLADFGH subbophldfien GOdrti?Scahdbedis@PasHrelbel® 43. 4

1793817 719.23.8 A4 1 1.35.54.9, 35.15.0
35. 74, 3% %%ﬁi gyng %mfﬁ@g}%&’é e%géefl\?é%emﬁa‘ﬁ% g??%é“@&‘?%ﬁ%é?u ent s
(see ExeiplatedGotiBbipWility th iRré8sMb COAMLAITR MRILABAITEchidd Yin di0engjauat e t hat
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feature g0 evallﬁ? nti-CTLA4 antibodies (i.e., a panel of anti-CTLA4
ant i bodf lﬁ%‘?s eeflf‘éﬂg@f ed for their ability to increase the CD4/HLA- DR+
subpopul ati on and an anti-CTLA4 5 anti body that is capable of increasing

this subpopul atlon over tinme can be sel ect ed). I\/breover rmnl tor| ng of
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one

Nine previously immunized advanced cancer patients were administered anti-
CTLA-4 antibody 10D 1. Patients 1-6 were enrolled through Phase I irial MDXCTLA4-02 with
eligibility criteria of surgically unresectable stage IIf or IV melanoma, disease progression, a life
15  expectancy of at least 12 weeks, adequate end organ function, stable analgesic therapy, and a
Kamnofsky performance status of at least 60%. Patients were excluded if they had a second
mealignancy (other than treated non-melanoma skin cancer or superficial bladder cancer),
autoimmune disease, active infection, kanamycin hypersensitivity; or if they used
corticosteroids. Patients 7-9 were eurolled through a Phase I trial for patients with metastatic
20  melanoma, metastatic ovarian carcinoma, metastatic non-small cell lung carcinoma or acute
myelogenous leukemia
Four patients were previously treated for early stage melanoma (three patients
received a-interferon, one patient received a vaccine of GM2 ganglioside admixed with QS-21,
one patient received radiation). Prior non-immunologic treatments for metastatic melanoma
25  included surgery (four patients), radiation (two patients), chemotherapy (three patients), and
proteasome inhibitor (one patient). The two ovarien cancer patients received nultiple
chemotherapies for relapsing disease throughout the three to four years preceding the study.
All patients participated in Phase I vaceine studies for metastatic disease prior to
eniry into this study. Three melanoma and both ovarian cancer patients were immunized with
30  irradiated, autologous tumor cells engineered to secrete GM-CSF by adenoviral mediated gene

transfer. One of these patients (Patient 8) also received a MUC-1 vaccine. Three melanoma
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effectiveness of the anti body. 10 Exanple 4:- Human Study of Anti-CTLA--4
Ant i body Bl ockade in Previously Vaccinated Ml anonma and Ovarian Cancer
Patients Nine previously i munized advanced cancer patients V\/eqezl qm 0

adm ni st er eqdy@midszass T LA-4 antibody 101)1. Patients 1-6 were enrolled Pﬁnr ough
Phase | trial NDXCILA4-02 with eligibility criteria of suPgFUaiajdes
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Three nel anoma . -28 2 006,. 03/086459 PCT] LJSQ3 44 tients were
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MART5I  Rincxghergvi ral nedi ated gene transfer. One nel anoma patient was

vaccinated with a_ nodified gpl00 peptide _and hi gh-dose interleukiu-2.
Initially, |0D whbe temsimelarosiagytipns praviepdy eacpinated withdupdigisd avipfogpu® g i n
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in the stody. One month following 10D1 administration, Patient 1 exhibited clinical changes in

—1

20 his neurologic status and a subcutaneous lesion became acutely inflamed. Patient 1 died six days
later. At autopsy, marked hemorrhagic tumor necrosis was noted of the brain, epidural and
visceral metastases. Histopathologic examination showed extensive tumor destruction (at least
90%) with hemorrhage. Tumor blood vessels were severely damaged resulting in extensive
ischemic necrosis. A rim of viable tumor cells remained in each lesion accompanied by a

25  granulocyte and lymphocyte reaction.

Patient 2 had recurrent Grade II constitutional symptoms that began one month
after 10D1 infusion. Biopsy of a mediastinal lesion showed extensive tumor necrosis with
lymphocyte and granulocyte infilirates. Immunohistochemistry showed the presence of CD4A"
and CD8" T cells and immunoglobulin-producing CD20” B lymphocytes. The mediastinal lesion

30  was completely resected two months later. Pathologic analysis of the lesion showed dense

fibrosis, extensive necrosis, and an ongoing lymphocyte and granulocyte response, A
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20 response was not maintained but a second infusion of 10D1 stabilized CA-1235 levels for two

months. Patient 9 had a leveling off of CA-125 values one month following antibody infusion
with a concoﬁﬁtmt reduction in aseites. Patient 9 had a rapidly rising CA-125 prior to infusion.

Low titers of autoantibodies (anti-nuclear antibodies, anti-thyroglobulin
antibodies, theumatoid factor) that persisted for 1-2 months were noted in four patients. There

25  was no clinical evidence of autoimrmume disease.

All melanoma patients developed an asymptomatic Grade I reticular and
erythematous rash on the trunk and exiremities between three days and three weeks after
antibody infusion. Seven patients had a skin biopsy. Five of the seven patients biopsied had
prominent peri-vascular T cells infiltrates in the superficial dermis that extended into the

30 epidermis. CD4"and CD§’ T cells were found apposed to dying melanocytes. Vitiligo was not
clinically evident. Mild, focal hypo-pigmentation of the retina was noted in one patient, but
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peri-vascular T cel
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ung,

patients. The generatlon of Iom/t|&§%§J§£ aut oant i bodi es shows t hat the
t her apy—aa ol v oot e _systen c tolerance byt _no
cl i ni|datien ésﬁ’cﬁfsawut oi mmurd&rieli sedd¥s.nhs nioResgenskd| Bradpl e [Frageudy oOf
Admi nji strat | B¥K of Sitest | - CTLA- 4 Wrern g;trewh)aﬂt | (moGdhes) U Mﬂon wi itIN/IWPept i de
Vaccijnes tojPatikents with Mellanoma Fdwytle€n patients Tokicity ogrhaddie Stlage
N nel [anhonma FVELANL T - CTCASZ4  ant [[B00y LUOE [k aGOTTf UICTT O [WE LI =
vacciﬁ%tion L t HLA- A*020 -restrlcted gpl 00 pept | des. 1§ ﬁgF?ﬁﬂ?m
char acferi-s t+-7€d aite—2—bel-aw— %_L_'L').wocr 2
031086459 P%SJ %'}pf%; oulaf E(Efg Pat|il | seas ¢ VBIlE; Mope@ﬁu%sp
G ade—G&ade Tvv_jli'nnr:\ \Lf treat fJ‘IQ\__l NN RYA (‘_CJF‘Q?_
Toxi dity Tox?%ﬁ fT‘P%ZI M Lung §'s 2 PR (10+) |BMeroeolitis, dermatitis
40/ F {Supr ac avicUV@ﬁaﬂymgs 1)NR Vitilligo Dernﬁﬁﬁ%g‘ ynph node 3 39/M L
S 6 NR__Med|asti cUlBHERYSt arleous (nmilxed) T I--- iF kin, 1'S 1 NR
Pul ngrfary  SkEEul Sldeous i nfi lithiSat es 3167/ M Li\R, C, | Rulfiodadyfy ANA+
Ret r gperi t oheum Subsaiahanmeous infilirates
5 67/M | Liver, CIRS |4 NR ANA+*
Retroperitoneum,
subcutaneous
6 59/M | Lung, LS 4 NR Vitiligo
Subcutaneous
7 48/M | Lung, Brain, CLS 2 NR
Adrenal,
Subcutaneous
8 48/M 1 Lung, Liver, ClLS 2 NR
Adrenal,
Mesentery,
Subcutaneous |
9 53/M | Mediastioum, |[LR,S {2 NR
Mesentery, Skin
10 62/M | Lung, Hilum C,LS 2 NR
(mixed)
11 54/M | Lung, Brain, CS 5 CR (7+) Hypophysitis
Subcutaneous
12 43/M | Subdiaphragm, | LS 3 NR ANA+ Hepatitis
Muscle,
Subcutaneous
13 49/F | Lung, CLS 4 PR (6+) Dermatitis
Subcutaneous
14 63/M | Lung, Pelvic S 4 NR
Iymph node
! C = chemotherapy, I = immunotherapy, R = radiotherapy, $ = surgery,

% A treatment cycle consists of one infusion of CTLA-4 antibody and one vaccmatlon with gp 100:209-
217(210M) and gp100:280-288(288V) peptides.
® NR = no response, PR = partial response, CR = complete response,
* ANA = anti-nuclear antibody.
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CTLA-4 anti bodé@and one vacci nation wt 0OM and
gpl00: 2BenpsEeddeey dirspei ddkpatignthired prinrsegporfectheiPRimapelstion| Sik gsihamse, CR -

ggg{él e%%gﬁcﬁlfﬂpwlwﬁgﬁ Cl SFior i %]?cgg‘%ﬁ tl’f‘l"%'é %&2%&2‘%&3; f2 oronac-rll_ce
statiis PatGloR, S8x0, [thncEIBl) Soh&ﬁse/IISE ﬁl’a‘mlsntﬁﬂt S el SiglBSseRAtdveRug thad no
evi denc&, %Lntg ) t7 and 8), whole cell melanoma vaccines (Patients 1, 2 and 6), NY-ESO-1 peptide
vaceine (Patisnts 4 and 5), and GM~CSF (Patient 9). The patients had no prior gp100
immunization and had no systemic therapy in the three weeks prior to treatment.
A treatment cycle was administered every three weelks, which consisted of anti-

10 CTLA-4 antibody 10D1 at 3 mg/kg administered intravenously over 90 minutes followed by 1
mg of gp100:209-217(210M) peptide IMDQVPFSV) emulsified in incomplefe Freund’s
adjuvant (IFA) injected subcutaneously in one exiremity and 1 mg of gp100:280-288(288V)
peptide (YLEPGPVTV) emulsified in TFA injected subcutaneously in a second extremity
(synthetic peptides provided by the National Cancer Iustitute Cancer Therapy Evaluation

15 Program). Patients underwent apheresis prior to treatment and three weeks following every two
treatment cycles. Peripheral blood mononuciear cells (PBMC) were isolated by Ficoll-Hypaque
separation and cryopreserved in heat-inactivated human AB serum with 10% dimethyl
sulphoxide and stored at -180°C until further use. Patients received from 1 to 6 treatment cycles
(Table 2).

20 Clinical response was evaluated using computed axial tomography (CT) of the
chest, abdomen and pelvis; and magnetic resonance imaging (MRI) of the brain. These imaging.
studies were performed within 4 weeks of starting treatment and then after every two ireatment
cycles. Additional radiological studies were used as needed to evaluate disease sites. The sum
of the longest diameters of the tumors in each patient (World Health Organization RECIST

25  criteria) was calculated before and afer treatment. A partial response was defined as a decrease
of at least 30%, but less than 100%, in the sum of the longest diameters of all evaluable
metastases lasting at least one month, and no new or enlarging tumors. A complets response was
defined as a decrease of 100% in the sum of the longest diameters of all evaluable metastases
lasting at least one month, and no new tumots. A non-response was defined as response that was

30 ot apartial or a complete respouse.
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WO 03/ 086550 pREile@abed T2 44l overtighin fiderfusorey GYNM) atleme fothe aupeniabant wes

respons xenseasml?e ﬁfnrgc%dxféf&'a] S?&nassays (Pierce-Endogen, Rockford, Hlinois). All eleven

20  patients exhibited successful immunization against the native gp100:209-217 peptide after one to
four treatment cycles. Six patients were successfully immunized against the native gp100:280-
288 peptide.

Flow cytomeiry analyses were performed after Fe-receptor blocking and staining

with antibodies (BD Biosciences, San Diego, California) or tetramers (Beckman Coulter

25 Immunomics, San Diego, California). Surface marker expression on PBMC of nine patients
before and after two cycles of treatment was compared. HLA-DR (an activation marker)
expression was significantly increased on post-therapy CD3"CD4" cells (P=0.0004; paired t-test)
and CD3*CD4" (presumably CD8") cells (=0.04). CD3*CD4" cells also showed significantly
increased expression of CD45R O (a memory cell marker) post-therapy (P=0.04). The percent of

30  cell populations expressing CD69, CD235 and CTLA~4 did not change.
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20  developed anti-nuclear Ab.

This study demonstrated objective evidence of metastatic melanoma tumor
regression in patients receiving anti-CTLA-4 antibody 10D1 in conjunction with two peptide

vaceines.

25 Eg@nmé 6: A Phase I hwman clinical trial of MAb 10D1 in prostate capcer
MDXCTILA4-01) '
MDXCTLA4-01 was an open-label study of anti-cytotoxic T-lymphocyte-
associated antigen-4 (anti-CTLA-4) monoclonal antibody 10D1 (MAb 10D1) in patients with
progressive, metastatic, hormone-refractory prostate cancer. Treatment was a single dose of

30 MAb 10D1 that was administered intravenously, as an infusion, at a dosage of 3.0 mg/kg.
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Subjects underwent physical examination, ECG, chest radiography, diagnostic

imaging, and blood sampling for hematological, biochemical, and immme function assessments.
Monthly telephone interviews were used until six months after treatment to collect and record

20  information on a subset of adverse events, including autoimmune adverse events after disease
progression. PSA. {decline, duration of decline, progression, time to progression) and disease
response {complete, partial, stable, progressive) were monitored. Plasma concentrations of MAb
10D1 were being assessed immediately prior to, during, and np to two months after, infusion.

Fourteen patients with HRPC were enrolled. Median age was 69 years (range 56-

25 79). Seven patients had received prior chemotherapy. All patients received a single dose of 3
mg/kg 10D1 intravenously over 90 minutes and were then followed for toxicity,
pharmacokinetics, circulating T cell activation and clinical outcome. All infusions were
completed as planned with only mild infusion related adverse events (AE). Mild and reversible
rashes or pruritis responded to oral steroid therapy. No other AE of grade 3 or greater was

30 related to 10D1. ‘The pharmacokinetic profile is shown in Figure 3, which presents plasma
concentration in pg/ml. The mean +/~ SEM is shown for the 14 patients (n=14). The results

~-36~



Patients with histol ogic diagnosis of primary adenocarci noma of the
prostate, and progressive netastatic carcinoma of the prostah;n&btﬁ]g
androgen deprivation and at | east one system c non-hornonal r ufilg on,
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T cell activation and clinical outcome. Al infusions were conpleted as
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reversible rashes or pruritis responded to oral steroid therapy. No other
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The results demonstrate that 10D1 {reatment led to an approximately 50%
increase in the CD4/HLA-DR+ subpopulation over time. The other lymphocyte subpopulations

remained essentially constant over time.
In order to evaluate whether administration of MAb 10D1 can induce undesirable
nou-specific T cell activation, peripheral blood lymphocytes from the prostate cancer subjects
were analyzed by flow cytometry for each of the following markers: CD4, CD8, CD25, CD44,
CD69 and HLLA-DR. No significant change in the frequency of any of these markers was

observed during the course of the treatment for each of the prostate cancer subjects treated thus

10
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far., An example of this analysis is shown in Table 4 which shows the frequency of CD4, CD25,



HLA- DR CD8+ 20. 43, 44 21, 53,64 19. 83,87 20. 64,28 21. 83,82 20.74.66 HLA-DR
CD4+ 68.04.98 72.44.37 76.14.19 76.03.58 76.83.93 76.94.10 451W CD8+
41.96.00 44.85.83 48.76.04 48.45.20 50.75.64 50.75.43 45R0 Theq GHsliE s

denonstr at L, ODl treatnent led to an approxi mately 00 .increase in

t he CD4/ HLg‘\i(%ﬁiotgﬁsﬁ%popul ation over tinme. The other | yrrpho%%sogﬁg“ﬂ‘gpul ations
remai ne .l a t] . eyval uat @ whet her

i ni SCPReP SRS <f€ B ChnS sl et BoEChrblo B 70|

act i vat subsgqupeino pel 20D bhdmiistrytiquiin eyd efsthé subjectsh Chpsoddtadensaanaethasubj ect s
were an z by flow cyt.onetry for_ each.of, the foll ow ng markers: CD4, CD8,
CD25, 160 S Bolffe t@ﬁﬁ?'s%ﬁrﬁgi%WﬁfaﬁWn‘change in the frequency of any
of these markers e 40PRA KRSndhid AiABysts D TGRN b6ieaBbn hiafkeld iR Bhd¥Rd cah@ each
of the prostate cancer subjects treated thus 10 far. An exanple of this

anal §si Subjestsdreated with SramesdaMati WPlshows the frequency of CD4, CD25, -38 12
DC 2006 WD 031086459 PCT/ US03/ 11444 CD69 positive cells and CDS, CD2S,
C069 positive cells at tines prior to, during, and subsequent to MAb 10Dl

admi ni sTableidonFlow éytomeitic ahdysudf] Teedlactividtion enatdatraingestals tandtresubjeels  MAb | CDI
does not resul treitsd Hith33pagKid MAT 10BL] activation. Table 4. Flow cytonetric

anal ysiSppk aqirvatron nar Kers 1] ancer | eat ed
with 3 op%ﬁg 5 10DL.  Tablepdins P! OW b QIBELdGS 02 i :
acti vatd ' Fh et e—treatea =ttt el MAD
1001. Ratient3INumher |Time PoPBECACD. 4+25+69) 0 kD (8+425469) 0 B8 Screen 1.7
0.8 3|-30M N3(Pre-I|nfudPMa) EBrednfpsign)s (40 MN265 0.7 3 130 & 1 9 0/ 9

3 40 MIN 2.5 0.7

3 130 MIN 1.9 0.9

3 145 MIN 1.7 0.5

3 160 MIN 1.7 1

3 190 MIN 1.5 1.5

3 250 MIN 2.1 {.2

3 370 MIN 1.3 0.9

3 24 HR 1.6 1.6

3 48 HR 2.7 3

3 72 HR 0.9 0.5

3 Day 7 0.9 0.1

3 Day 14 0.4 0.5

3 Day 21 2.3 _ 1.9

4 Screen 1.4 0.8

4 -30 MIN (Pre-Infusion) 0.5 0.3

4 40 MIN 0.3 0.1

4 130 MIN 0.3 0.1

4 145 MIN 0.4 0.2

4 160 MIN 0.2 0.2

4 190 MIN 0.8 0.3

4 250 MIN 0.1 0

4 370 MIN 0.3 0.1

4 24 HR 0.2 0.3

4 48 HR 0.4 0.6

4 72HR 0.8 0.3

4 Day 7 1 0.7

4 Day 14 | 1.1 0.3
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0.5 99 1" 12 oot a0l o BOVBHSIES AT e e o opetia i he

| YVXCT L Afasihs Gtd tBleeible %ith ahlyhéne reletomns Prebegbd ioadnatha R lifk 6f }8 biodRkas
tol erabl e W|th only mnor reacgtions. Prolonged plasma half-life of the

ant i bod?%‘@‘- @@%ﬁbf{ﬁytrﬂn@lﬁ@géh@ phaga s mapRicTetely 3in d mmisngles
appr oxi BRAGIY 0Bttt dFRBERSs obdeRRA without significant non-specific T cell activation,

5  Symptomatic relief and reductions in prostate specific antigen (PSA) levels have been observed
in prostate cancer patients treated with the anti-CTLA-4 antibody. Representative results for
reductions in PSA levels are shown in Figure 4, which shows PSA levels (in ng/ml) in two
patients (one represented by the closed circles, the other by the open circles) at various time
poinis after infusion of 3 mg/kg anti-CTLA-4 antibody at day Q. The resulis demonstrate that

10 PSA levels decreased after infusion of the antibody and remained suppressed for approximately
3-4 months after treatment, correlating with the presence of the anti-CTLA~4 antibody in the
plasma. Some other minor immune effecis were also observed including immune-mediated rash
and pruritis, transient seroconversion to positive autoantibodies, melanin pigment changes in
melanoma patients and inflammatory reactions at tumor sites. Except for the rash and pruritis,

15 all potentially adverse immune effects were subclinical. In summary, the ongoing results from
human clinical trials with anti-CTLA-4 antibody treatment demonstrate that the antibody is well-

tolerated and stinmulates immune effecis in recipients.

References Cited

20 Numerous references, including patents, patent applications and various
publications, are cited and discussed in the description of this invention. The citation and/or
discussion of such references is provided merely to clarify the description of the present
invention and is not an admission that any such reference is "prior art" o the invention described
herein. All references cited and discussed in this specification are incorporated herein by

25  reference in their entirety and to the same extent as if each reference was individually

incorporated by reference.
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evi dence of imune effects was observed w thout significant non-specific T
cell activation. 5 Synptomatic relief and reductions in prostate specific
antigen (PSA) | evels have been observed in prostate cancer pat| 'getm'sm%r eat ed
with the anti-CTLA-4 anti body. Representative results for reducCtions in PSA
| evel s are shown in Figure 4, which shows PSA levels (in ng/m) in two
patients (one represented by the closed circles, the other by the open
circles) at various time points after infusion of 3 ng/lcg anti-CTLA-4

anti body at day 0. The results degpRpig ate that 10 PSA | evel s decreased
after infusion of the antibody and renmai ned suppressed for approxi mately
3-4 nonths after treatnent, correlating with the presence of the anti-CTLA-4
antibody in the plasm. Sone other minor immne effects were al so observed
i ncludi ng i mune-nedi ated rash and pruritis, transient seroconversion to
posi tive aut dant i{56afwsiecti anopH opingathilefapedy ipte nel anoma patients and

i ln}‘ | anmmat or yln}’aﬁ;&'ﬁ:adtdrd)jfinﬁﬂicﬂnttﬂﬁbrl?}eﬁtﬁﬁngﬁifdﬁ&@timft;ﬂilie &dﬁensfaﬁah and pruriti ﬁ , 15
a potentia verse ir e.e cts..were subclinica | n summary, the
ongoi ng resula?t}ée lpgﬂmﬁﬁ%%ﬁy%oihﬁl@gﬁn?V‘%F%OSW?WWW%E%4 ant i body

treat nent derembbedatpamprdy ahmbtseespansd th thel ytigen, whith effettok enawedd and sti nul at es

| mune ef f ecm-tﬁiﬁﬁdtﬂbaﬁf}é s%ffc!é’ﬁrftc?&ﬁéh%%m%%&rfﬂn%ﬂe L Qe ' f erences,

i ncludi ng patents, patent applications and various ‘publications, are cited
and di scussed@igen e piE8eri ption of this invention. The citation and/or

di scussi on of such references is provided nmerely to clarify the description
of the present iUveefldinn, vhedints andden BA cademastienmdttedtitiany such reference is
"prior art" to the inv i 0 ribed, erein. Al references cited and

di scussed ine’t(pﬁlsuéetgF)hg(?ﬁ%%‘ggﬁltgﬁgrg?nemﬁ%%ng?g%crc‘a‘f"ed herein by 25 reference in
their entirety and to_the sane extent as if each reference was individually
i ncor por at ed3by r'Sf &f<ae & wheny theragsgyantgsp i 2 mejapgnasntigenyse of an ef fecti ve
anount of an anti-CTLA-4 antibody in the manufacture of a nedi canent for
pot enti ati ng4a nEfemythedafulien 2, ebpeinthe cancer &nnelanorha agd theipriieat hunan pati ent who
has had an i Riti.al &‘tﬁcﬂ? ) I weyel oped a primary

i nmune respoﬂésel_]le%omt e 13%‘%‘?5%%?1% ?2%1&1%%8@?&?“\%% Z%)%ﬁlﬁof anti-CTLA-4
antibody is ®Hiflf-cient to enhance a nenory i nmune response to the antigen
in the patient. 2. Use of claim1l, wherein the antigen is a cancer antigen
and the initisal Useofclaim2, wherein the cancer is melanoma and the anti-cancer

vaccine comprises gpl00.
6. Use of claim 2, wherein the cancer antigen is a prostate cancer anfigen.

7. Use according to claim 1, wherein the patient is tested for immunity to the
antigen prior to administering the medicament, and the medicament is only

administered to a patient who demonstrates immunity to the antigen.
8. Use of claim 7, wherein the antigen is a cancer antigen.

9. Use of claim 7, wherein the antigen is a viral antigen.

10.  Use of claim 7, wherein the antigen is a bacterial antigen.

11.  Use of claim 1, wherein the antigen is a viral antigen and the patient has

been pre-treated with a viral vaccine.
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exposure to the antigen results froman anti-cancer vaccine. 3. Use of claim
2, wherein the cancer antigen is a nelanoma antigen. 4. Use nethod of claim
2, wherein the cancer is nelanona and the patient has been treated with an
anti - mel anoma vacci ne conprising an NY-ESO-1 peptide. S. Use of Il 806
wherein the cancer is nelanoma and the anti-cancer vaccine conprises gpl 00.
6. Use of claim2, wherein the cancer antigen is a prostate cancer antigen.
7. Use according to claim 1, wherein the patient is tested for inmunity to
the antigen prior to adm nistering the nedicament, and the nmedi canent is
only admi ni stjer edsd of dailab,ivRlkin\WhaiHammest h dpadisk.peni ty to the antigen. 8.
Use of claim7, wherein the antigen is a cancer antigen. 9. Use of claim?7,
wherein the anti ggn..i [ : el . A cl aj wherein the
antigen is a gg’ct g{grglcg d%'ﬂ;{i%lgelrrle.mq%%ngS?%A%%h%q%aflﬁng%mﬁhe%?%&t he antigen is a
viral antigen4anébothe patient has been pre-treated with a viral vaccine.
-41 12 OCT 20% 12. Use of claim9, wherein the viral antigen is a hepatitis
antigen. 13. Uge afiseef @diini lwheyiheini-OTDa-4anfitod G b Rundinizet dahody i S a human
anti-CTLA- 4 ,body, 14. Use of claim1, wherein the anti-CTLA-4 antibody
is a humani zed ant1 - Y'A-4 anti body. 15. Use of claim1l, wherein the
anti-CTLA-4 antibody is a human sequence anti-CTLA-4 antibody. 16. Use of
claim 1, wheréfn tYseobssmds whsreingtrantiCdtAdanidindioi 2 hendegteanent to t he
patient is thaki-pghesaantpencentrati on of the anti-CTLA-4 antibody is

mai nt ai ned above detectable |levels for at |east four nonths. 17. Use of
claim 16, wherein i | 1.0 jent multiple
times. 18. Uselg'of I?:%gglfﬁé ertg%%egﬂque_ﬁ%%%ﬂggF&gﬁgeﬁ%#%ﬁH and interval of
adni ni strat i onhegptionhathatpipsaasapentritign efibeant-RELA astibadydbncent rat i on of
anti-CTLA-4  maiatained above detectable levels for at least four months,

17.  Use of claim 16, wherein the medicament is adminisfered to the patient

multiple times.

18.  Use of claim 16, wherein the effect of the amount and interval of
administration of the medicament is that the plasma concentration of anti~-CTLA-4

antibody in the patient is at least 2 pg/ml for at least four months.

19.  Use of claim 16, wherein the effect of the amount and interval of
administration of the medicament is that the plasima concentration of anti-CTLA-4

antibody in the patient is at least 5 pg/ml for af least four months,

20.  Use of claim 16, wherein the effect of the amount and interval of
administration of the medicament is that the plasma concentration of anti-CTLA-4

antibody in the patient is at least 10 pg/ml for at least four months.

21.  Use ofclaim 16, wherein the anti-CTLA-4 antibody is a human anti-
CTLA-4 antibody.

22, Use of claim 16, wherein the anti-CTLA-4 antibody is a humanized anti-
CTLA-4 antibody.
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antibody in the patient is at least 2 g/m for at |east four nonths. 19. Use
of claim 16, wherein the effect of the anmobunt and interval of

adm ni stration of the medicanment is that the plasna concentrat,li fﬁ ﬁz@
anti-CTLA-4 antibody in the patient is at |least 5 pglnrl for & F b four
nont hs. 20. Use of claim 16, wherein the effect of the anmount and interval
of adm nistration of the nedicanent is that the plasm concentration of
anti-CTLA-4 antibody in the patient is at least 10 pg/m for at |east four

mont hs. 21. Use Oﬁse@kﬁhﬂﬂﬁﬁvhe%ﬁhﬂnﬂ-dmﬁ 4ahftodyGT b Amdbndstuéddody is a human
anti- CTLA-4 ap%kp Use of claim 16, wherein the anti-CTLA-4. anti body
is a humani z€d" 4 antibody. -42 12 OCT 2006 23, Use of claim 16,
wherein the anti -CTLA—4 antibody is a human sequence anti-CTLA-4 anti body.
24. Use of artef f Betof eeligstive ppougtol anantiiLAcRRkody iadhe body in the

manuf act ure qamafaaﬁabmm&amén@forﬂéaﬁ@tdﬁa@enﬁfop@@*mt'r fqr a CTLAA'T cel |
mal i gnancy, re| nt i nked to a cytotoxic agent.

25. Use of clré ‘ﬁ?aﬁ‘i?' “’5:% @f’?‘f‘t’%ﬁ‘%@zﬁ% O(Slk’fsg‘“%"ﬂé‘fﬁcyf°§°x§aée§’f otoxi ¢ drug. 26.

Use of claim 24, wherein the cytotoxic agent is a radioactive isotope. 27.
Use of an ef f&ct i Ve oApteitna, eregyihemtofoxicTient ina eyirtdxisslg. i n t he manuf acture of
a nedicanent for treating a patient for a T cell nediated autoi nmune

di sease, whermi n Ufeef diiii 24 GHeAindhatotoRio dyeni i5a lallindeaet ifcfopa. Cyt ot oxi ¢ agent .
28. Use of claim 27, wherein the cytotoxic agent is a cytotoxic drug. 29.

Use of clai m27, WhekSl deldiBahobhQiraiss- Cﬁﬂﬁﬂitanhb%d%nrﬂ%d' oactive isotope. 30,
Use of claim?2, wherein the cancer is nel anoma and the anti-cancer vaccine

conpri ses carfBip a‘&'l’fFP@é?FdWPIfP’"@EngalBé’éenbﬁ"”cT%lrﬁei‘ate%ere| n the antigen is

a cancer antigepnmiedkdae, PRbdieht afaTLADERAbRY BYihRYH deylotrrt ed Wi th surgery
to resect a tumpr. 32. Use of claim1l, wherein the antigen is a cancer

antigen and t%&"patient has been previously treated with chenotherapy.

28.  Use of claim 27, wherein the cytotoxic agent is a cytotoxic drug.
29.  Use of claim 27, wherein the cytotoxic agent is a radicactive isotope.

30.  Use of claim 2, wherein the cancer is melanomna and the anti-cancer

vaccine comprises cancer antigen MART-1.

31. Use of claim 1, wherein the antigen is a cancer antigen and the patient has

been previously treated with surgery to resect a tumor.

32.  Use of claim 1, wherein the antigen is a cancer antigen and the patient has

been previously treated with chemotherapy.

33.  Useofclaim 1, wherein the antigen is a cancer antigen and the patient has

been previously treated with radiation.
34,  Use of ¢claim 31, wherein the cancer antigen is a melanoma antigen.
35.  Use of claim 32, wherein the cancer antigen is a melanoma antigen.

36.  Use of claim 33, wherein the cancer antigen is a melanoma antigen.
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33, Use of claim1, wherein the antigen is a cancer antigen and the patient
has been previously treated with radiation, 34. Use of claim3l, wherein
the cancer antigen is a nelanona antigen. 35. Use of clai mwﬁ @ﬂe n the
cancer antigen is a nmelanoma antigen. 36. Use of claim 33, le [ﬁé‘u
cancer antigen is a nelanoma antigen. -43 12 OCT 2006 37. Use of an
effective anount of an anti-CTLA-4 antibody in the manufacture of a

medi canment for potentiating a nmenory imrune response to an antigen in a

human pat i enf; V‘hﬁsehﬁ%Qf’%@hv@&n&ﬁl{&f'aﬁ‘!mu@‘[ﬁﬁs%ﬁbc}d% ﬁla antigen and has

devel oped a pripmary I mmune response to the antigen, which effective anount
of anti -CTLW“&&WPWI%%G’FP‘?“é’?@?’i‘ﬁafr’ém@ﬁh%[ﬁ@éreap%i?ﬁ%i‘fy i mrune response

to the ant'@ﬁﬁbnhﬂhﬁuﬂﬁlﬁhﬁ&ﬂt@ﬂ&ha%%ﬂﬂ&x@&u@%&ngaﬂﬁgehﬁndéham| anoma antigen
and the |n|t ng osure to the antjgen re@h&ltﬁ_ . om an nti-cancer

vacci ne. U&%”e f PTAPTRTEEE 1RPESE ligsp & ‘f"’f“’e@ﬂ?ﬁ?& anti body in the
manuf acture anﬁ-(&"LHElchnttbbﬂ‘Eiatsuffiﬂfntto@hleﬂdelaa’[emng'lmrnﬁlfempgnsetmmne response to an
antigen in aangéie %En@%he%%e%% R 2 dn{?ilah mq&yaﬁe to an antigen and

has devel ope I mmune resp onse whi ch effective
amount of aﬁWSHI@ﬂ_W aptigantrésplisdipmiag m@tﬁﬂflqetweme to enhance a menory i mmune
response to the antigen in the patient, wherein the antigen is a prostate
cancer anti gmn aogk df eeffebitvi bu@int mmﬁiwmntﬂhﬂy anhkd gen results from an
anti-cancer vacPi ne. .-44. - .

mamiacturd of a medicament for potentiating a memory immune response o an

antigen in a human patient who has had an initial exposure to an antigen and has

developed a primary immune response to the antigen, which effective amount of

anti-CTLA-4 antibody is sufficient to enhance a memory immune response to the

antigen in the patient, wherein the antigen is a prostate cancer antigen and the

initial exposure to the antigen resulis from an anti-cancer vaccine.



