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on 23 March 2007. 10 FIELD OF | NVENTI ON The present invention

rel ates generally to the use of I1L-18, also known as interferon-y-inducing
factor (1GLF), in conbination with a nonocl onal antibody that is expressed
on the surface of a cancerMEAHOD®OF TREAFDNQGLANCERI t h a
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BACKGROUND OF THE INVENTION
Interleukin-18 (IL-18) is a potent cytokine that plays a role in both innate and
acquired immune responses. In pre-clinical studies, IL-18 induces synthesis of IFN-
20 yby T cells and natural killer (NK) cells, augments the cytolytic activity of NK cells
and cytotoxic T lymphocytes (CTL), promotes differentiation of activated CD4 T
cells into helper effector cells and induces immunological memory. Based upon a
broad spectrum of immuno-stimulatory properties, IL-18 has been studied in a
variety of pre-clinical tumor models. The anti-tumor activity of IL-18, used as a
25  monotherapy, was observed in tumors that were immunogenic. The most potent
anti-tumor effects were observed in an advanced tumor (>100 ¢m®) model of
MOPC-315 plasmacytoma (highly immunogenic tumor). As tumors are usually
non-immunogenic, the focus of pre-clinical studies was on combination therapies of
IL-18 with monoclonal antibodies or chemotherapeutic agents. These studies
30  showed the benefit of combining two different agents, each with different
mechanism of tumor killing, resulting in synergistic anti-tumor activity.
Active human IL-18 contains 157 amino acid residues. It has potent
biological activities, including induction of interferon-y-production by T cells and

splenocytes, enhancement of the killing activity of NK cells and promotion of the
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Active human |L-18 contains 157 amno acid residues. It has potent

bi ol ogi cal activities, including induction of interferon-y-production by T
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pronotion of the 1 differentiation of naive CD4+T cells into Thl cells. In
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t o regress when sudicdgn avaicty dfgrechioivelduiner médels. The anti-tumor activity of IL-
18, used as a monotherapy, was observed in tumors that were immunogenic. The
most potent anti-tumor effects were observed in the advanced tumor (>100 ¢cm®)
20  model of MOPC-315 plasmacytoma (highly immunogenic tumor). In this model,
daily administration of murine IL-18 (5mg/Kg) for approximately 30 days resulted
in a reproducible tumor regressions and cure. Rechallenge with parental tumor
resulted in tumor rejection, suggesting induction of immunological memory.
Additional evidence for involvement of cellular immunity in this model comes from
25  experiments conducted in severe combined immunodeficient mice (SCIDs) bearing
advanced MOPC-315 tumors that failed to regress when using a similar schedule of
IL-18. Further support for IL-18 mediated cellular immunity also comes from
immunohistochemistry performed on established MOPC-315 tumors in control and
IL-18 treated mice. This demonstrated increased cellular infiltrates consisting of
30 CDS8' T lymphocytes, NK cells, activated macrophages, and dendritic cells in the IL-

18 treated animals relative to controls. /r vitro, PBMCs or spleen cells from animals



| L-18. Further support for |1L-18 nediated cellular inmmunity also comes from
i mmunohi st ochem stry performed on established MOPC-315 tunors in control
and | L- 18woneeas73ai ce. This denonstrated i ncreased cel lparars2éosfnstcts at es
consi sting of 30CDS+ T | ynphocytes, NK cells, activated nmacrophages, and
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rate was 48% and the corrgl ete response (C rate was 6% McLaughlin, et
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i ndol ent NHL; /Rifdosd, FRI3 1 PRERPHe Béérall&é]%bn@é/%@xlvés A8S HNBE I} & Of 64 10 73%
and CRrate of 15 t0 26% Hainsworth, et al., Blood 95:3052-3056 (2000);
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Bl ood 1080 14dr/evEdi3e{pB05ite oMt ©UB o stddlR ratBbfolddo 26%: 3DE64wWBON, ks 2004) ;
15H ddemann, et ) .. 3725- 3732, (,2008)... F i t.al."l. Gn.
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patients with indol ent | homa. Research.i ngoi ng. eterm ne ways of
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monotherapy with Rituximab is still considered an option in patients with indolent
lymphoma.
Research is ongoing to determine ways of enhancing the anti-tumor activity
20  and improve the efficacy of Rituximab. Several mechanisms may contribute to the
efficacy of Rituximab in vivo. Binding of Rituximab to CD20 on the surface of
lymphoma cells can trigger intracellular signaling pathways leading to apoptosis or
programmed cell death. Shan, et al., Blood 91:1644-1652 (1998); Pedersen, et al.,
Blood 99:1314-1319 (2002). Morecover, Rituximab can activate complement
25  species, causing complement-dependent cytolysis. Cragg, et al., Blood 101:1045-
1052 (2003); Manches, et al., Blood 101:949-954 (2003). However, accumulating
evidence suggests that ADCC plays a dominant role in ¢limination of tumor cells
after administration of Rituximab. Manches, et al., supra;, Golay, et al.,
Haematologica 88:1002-1012 (2003); Clynes, et al., Nat. Med. 6:443-446 (2000).
30 ADCC is triggered when the constant (Fc) region of an antibody binds to Fc
receptors on the surface of effector cells, such as NK cells or cells of

monocyte/macrophage lineage.



Bl ood 99:1314-1319 (2002). Moreover, Rituximb can activate conpl enent
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response rat gs2,af-1220t GM74O8k @Qﬁtl@rﬁmltﬁl}@lﬁhﬁﬁlﬂoﬁﬁﬁl ek ie Bkl 196 458@ wer e
observed in these 25studies. In tion, biomarkers such as absol ute NK

counts atd efebyiZda2)AE):; é\éflra&‘glﬂlyl é’cﬁl ¥ dratQEohil e SUPREDIRE LFEIED.  Most of

these studi epob$\chHL®er al, Blood 99:67-74 (2002); Eisenbeis, et al., Clin. Cancer Res.
10:6101-6110 (2004); Gluck, et al., Clin. Cancer Res. 10:2253-2264 (2004),
Friedberg, er al., Br. J. Haematol. 117:828-834 (2002). Overall objective response
rates of 22 to 79% and complete response rates of 5-45% were observed in these

25  studies. In addition, biomarkers such as absolute NK counts and ex vivo ADCC

activity correlated with response rates. Most of these studies included
predominantly patients with relapsed and refractory disease and with aggressive
lymphoma subtypes (DLBCL and mantle cell lymphoma). Relatively high objective
response rates in these unfavorable patient populations indicate that combinations of

30  cytokines and Rituximab are worthy of further investigation in B cell lymphoma.



predom nantly patients with relapsed and refractory di sease and with
aggressi ve | ynphoma subtypes (DLBCL and mantle cell |ynphomm).

Rel atively high objective response rates in these unfavorabl e patient
popul ations indi ¢cate that conbi nati ons of 30cytoki nes and Rituxi nab
are worthy of further investigation in B cell |ynphoma. SUMVARY OF
THE | NVENTI ON I n one aspect, the present invention relates to a
met hod of treagbmwgm in need thereof, conprising
the step of: separately adm nisteri ng, ei t her simul t aneous! y, or
sequentially, to tHéOﬁmsipecﬁ,tthwrwntp@wtwmld@@mm@hodglf tieatingaaivenian
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bl adder cancerantibedycis BRRCEPT Eﬁoéﬁddlqoﬁwry@)ﬂ?éﬁ Ié%h‘?ﬂe‘ﬂ"“?f@ﬁ&@@@aﬁ cageps thef ¢
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i nvention per UMD, Chroatedompecysic Levleeatia E@Iaaw{e@ple.mmo%@m@mtomqﬁ
need thereof, RoEfidssoVigah Bcai BRasdtanc&eRAg ddnetry sabadianbladdef tadger,

ei ther sinmul ta t ¥} GARosi tion
conpri si ng: 1%%%{%%&%?{?’%@%%%1?}5Ihgl(’f't&n?aSE%ﬁ-f ’\§hh?1s conbi nati on
with a carri erneuépf%rsmay °15>b@hf@1% pilipFdain i Relon gamer, rectal cancer,
chenot her apeut préstag edticer, helahoBa, Feiahedl cﬁﬁ:mobﬁ aﬂd&mmaﬁdmm t he group
of : doxil, topotecan, DNA-altering drugs (F:,%ﬁ asbopl atin),

ant i met abol i t es (ehba secondpspech i W@Yemﬁl@w@mﬁ m Feating| danegt ipiasi on
(€.9., Vincri aliéi®n B&iheRbE, caigHsRGIIRY Fept egk&;&a@g aammxc@%gpémblb) I'n
this nethod, the cancer to be treated i S choSen fromthe group of:
Hodgki n' s |yrr;§ﬁ%l}+aﬂwss ¥ 8T §eavatialise tnghe patisnt areppestion compidging: (1) human
Non- Hodgki n' s 1t y1I8RbRBEhtidd (SERFID ﬁ@ﬂgﬁ{aoﬂbnﬁgommﬂm&%a% bl adder
cancer, thyr0|cg cancer, hepatoma, gastric cancer, WI t'unor

neur obl ast ong, E‘B‘ft%‘?ﬁaﬂ?é%ﬁem d6f @%@F@@&W@éﬁrﬂt g Wﬁ@é may e elfosen

mel anoma, and froaiak geeh bf: GRKE, t5HdRan, DNA-altenhgm%g.@Ge@erca:@é% the
i nvention provides a_conposition co%m n human | L-1 po’l ypeptl de
t

(SEQ ID NO  1)Amtimetgpolitan g cheetibinphdrpas it Biguanhenll divisiemfciggemetibine) i s
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conposi tion 10 conprising a human |L-18 polypeptidc {SEQ ID’NG 1) and
a nonocl onal &%l &?rcﬁlﬁﬁlﬁﬂst an antigen that is expr essed on the
surface of a cancer cell in the manufacture of a nedicanment for the
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conprising a human | L-18 polypeptide (SEQ ID NO 1) in the manufacture of a
medi canent for use in conbination with a nonoclonal antibody agai nst an
antigen WO 2068418733 expressed on the surface of a cancelPCtaliskoBos761hHe
treatnment of cancer in a patient, wherein the nonoclonal antibody has

ant i body- dependent cell-nediated cytotoxicity (A DCC) effector function,
and wherein the antibody is not an anti CD20 anti body. |In another aspect,

t he invention prduiadebertaggect sie iofendomproeickonadmmnitiob octyprdoagahiunsin an

antigen that_is, expresse the surface of a cancer cell in the

manufact ure. BSOS EaHSRY PHVC 3 A shpie S SRR ek e Mylefhe

c](c)nbi nation it ib cprégsben ﬂleLﬂr_ﬁlc@th a/mpéricél?:fdrS[Eﬁnth %mén%t] of @ncdrhe treat nent
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5agent ihOtheormmishﬂga@umelbm@ohypeﬁtida(@@IDNIO:I)hedtam&mbctpmﬁlanrfbodﬁncer. The
adm i stra | R bEPaPREd Yoo e E e oa o B herERRRRUETy or
sequent i al | yof a medicament foRth@nebtient et in 4 fichtnwhdtin ot po¢iodals t he use of
a human IL-18 pol ypeptide (SEQ ID NO 1) in the manuf ure of a nedi canment
for use in 1@3%%%&?&@%@%‘1@189613ﬁ%ﬁﬁéﬁﬁﬁ%@ﬁﬁ?%g@ﬁ%&8 ecéloircorrposi tion to
treat cancerfunction, and whoréln #RQhHEIdyASRAGH antl-0©20 BMERAL OMhPKIRVigdes the use of
a chenot herapeutic agent in_the manufacture of a nedicament for use in a

conposi t idn PVWsPILT HY thavatibedibnmabs Bhadmipktaiosapaitely 1o Be palispbept i de ( SEQ

ID NG ) in henbiedhiRRAtoRly S3RARALaILS!I N yet another aspect, the invention
provi des a nethod “of treating cancer i'n a patient in need thereof, said

met hod conpri si ngntehethenaspreb thegavantips previdagthe vsa dfe compPBIN a conposi ti on

conpri si ng: &Lﬁ%ﬁinl Loihfhal %{5—@8”%@3%&1& Fgﬂa?]fl?g?dgqﬁ B M ERR of o

chenot her apeut1'¢c agent or ona agai nst an antigen that is
expressed onmtdtieansant feawee infcombmanaewitic e monoamet gitivodshegaamst dnbrmtdgenhas

gz;l ?8?%’%% Eogﬁtglgggpﬁgstsécf; & the TRALALEA. YL X &t (AR o£LhEgL0) function,
patient, wherein the monoclonal antibody has antibody-dependent cell-mediated
cytotoxicity (ADCC) effector function, and wherein the antibody is not an anti-
CD20 antibody.
In another aspect, the invention provides the use of a monoclonal antibody

25  against an antigen that is expressed on the surface of a cancer cell in the manufacture
of a medicament for use in composition comprising the combination with a human
IL-18 polypeptide (SEQ ID NO:1) for the treatment of cancer in a patient, wherein
the monoclonal antibody has antibody-dependent cell-mediated cytotoxicity
(ADCC) effector function, and wherein the antibody is not an anti-CD20 antibody.

30 In another aspect, the invention provides a composition comprising: (i) a

human IL-18 polypeptide (SEQ ID NO:1), and (ii) a chemotherapeutic agent for use

in the treatment of cancer. The composition comprising the hIL-18 polypeptide

6



the anti body is not an anti-CD20 anti body, whereby the treatnment results in
| ongt erm survival andi or prevention of cancer reoccurrence and i nduction of
i mmunol ogvoabosmasmsy in the patient. 25 BRI EF DESCRI PTI GNTOR200805 6l GURES
Figure 1 shows the am no acid sequence of native human IL-18 (SEQ ID NO 1).
Figure 2 shows the am no acid sequence of nurine IL-18 (SEQ ID NG 2).
Figure 3 shows the anti-tunor activity of mL-1 8 (SEQID NO 2) in 30

conbi nat i on @HRChICRNDUXAN thierrhamdtberegeuie egeint mhy bpfoo adminmistratiom nodel .

Figure 4 shows t{}gytsttati ﬁtitcal. sjla:],glni.fi1 ance, when thteudata fromFigure 3 are
graphed and SR&FYDEE Rl QRLSABR T Y ARRUS SR TRy, this figure

ccﬁrrpar es turrFr vol upesotidt aﬁ&yt,ﬂtﬁimlﬁﬁoﬂlﬁmﬁammh@mfa compositionFi gur e (5 shows
t he tunor vol une, on day 25 st-inplantation of the rine 5 I .L-18 (SEQ TD
NO: 2) / RTTUXARIRP B e S ¥ RORPHHG A E%NP:IWEHGH%H apeutic Fi gures
6A and 6Bs showst iRl @i udehr&BR mbM BREend fod WMehr M@ An®r @ficdk Nendmiiize |L-18
(SEQ I D NO 2)/ RI TLI XAN conbi nation in a human B-cell | y&hom& nodel .

10Fi gures 7 BHEPBUISHSRQ IRIP: Iy and;the chmnakararzrtiprgsat papheadft at i on of the
murine | L- 18, {3EQhRnkefArAdil B hb b logﬁéeﬂallﬁas‘hhﬁ&né&ls@ RYRBaBTIGE! |

| ynphoma nodel, versus either agent a . Firgure 9 shows the EL-4
T-cel |l survival podnanqtectsnsat thefinvehtionigoyigeEh¢ Berba 2ympmllebrbi nati on wit h
doxor ubi ci n, K ubj Gl nd L .- ne. Fi gure
10 shows thepaéﬁée\?/’ﬁgeo@%gﬁﬁgﬂl)F\Rl/l-gh%fl%%a&g% Ot? ﬁ%leglécflé%g?rr@r?g rated in Figure
9, whi chl&howsntiteeion elithtai chexs bthprapetivegmt o seombositiango geateancand ant i -t unor
activity in the EL- 11§ show Facs

. I4 T- eIaI Ity hong.m)deli. Ft ures 11A Qd ;
anal ysi & of PB Ls (EPHURS rep R ARG S0RruHBC)T He o e G R TsyTon day 15
after i npl anighi ianhdhadufietdeuir mbdicinivht fol 8sciatbmpdditun coaipsisiag fet h m L- 18
(S5 10,0 2) aone, ong JoKeL DS ALSe b 1S L 4 T oLl Lygprom
post -t r eat megnc&f
15 In yet another aspect, the invention provides a method of treating cancer
in a patient in need thereof, said method comprising the step of administering to the
patient a composition comprising: human IL-18 (SEQ ID NO:1) in combination
with a chemotherapeutic agent or a monoclonal antibody against an antigen that is
expressed on the surface of a cancer cell, wherein the antibody has antibody-
20  dependent-cell-mediated cytoxicity (ADCC) effector function, and further wherein
the antibody is not an anti-CD20 antibody, whereby the treatment results in long-
term survival and/or prevention of cancer reoccurrence and induction of

immunological memory in the patient.

25  BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the amino acid sequence of native human IL-18 (SEQ ID
NO:1).
Figure 2 shows the amino acid sequence of murine IL-18 (SEQ ID NO:2).
Figure 3 shows the anti-tumor activity of mIL-18 (SEQ ID NO:2) in

30  combination with RITUXAN® in a human B-cell lymphoma murine model.



doxorubicin/mL-18 (SEQ I D NGO 2) conbination versus both IL-18 alone and 25
doxorubicin alone in the EL-4 T-cell |ynphoma nodel . Fi gure 13 shows
t he ef f ecwoaboscastssnati on therapy with mL-18 (SEQ | D NeCZ)USaswd/ 057615
HERCEPTI N(r) on the grow h of MOPC315 nurinc plasnocytonma in SOD mice in

t he MOPC315. D3j 005 study. (Data expressed as nean +/-SD.) Figure 14 shows
the effect of conmbination therapy wwth m L-1 8 (S EQID 30 NO 2) and
HERCEPTI N(r) on tffigurgn(slubv{?s tbé sth@ﬁ@éi]sfgniﬁmhaeowmhal&rmmm@um% mce in

t he MOPC315. D3 se@d n, +7- Figure 15
shows stati s%ra F‘?%&gﬂﬁ%n% ﬂratpﬁﬁ‘ifireﬁ u%@e fhlﬁfgﬂff’s‘%onﬁpﬁrﬁf antation
with the conmma,awlemegdne(ﬂa@m@ pobt-ifplan®8of.SEQ | D NO: 2) and HERCEPT' N(r) on
the grow h of MOPC315 r| n Iasm)c SCl D (Data expressed as
mean +/-SD.) 5Fi gr?.}g‘é‘ef tﬁ%"t“??é"? %P%gﬁﬁo%ﬁn é’%}atﬁ)ﬂ? YIS ant at i on
with the £onpi-na¢greyns Ker HMTUfXA'Nqu;IﬁMI(agEIin DhuNEnB-can %mbmpﬂ Nr3) on

the grow h of C315. D3j 05 muri ne plasnocytoma in SCID mce. (Data
expressed asMA#di an +/-SD.) Figure 17 shows the effect of conbination

therapy with miL- ﬁ%r@%@aﬁd%ﬁ-gw%@n@dla%QQd%%ﬁ% hQ&uﬁlQ%f&EO\M h of
MOPC315 muri ne pl asnocytoma i n SCI %elnt e 5.D3j 03 study. (Data

expressed asmmmw&@mm NO:2YRETgHAN 1@mbngtien mWéluefaflé?c@ellof conbi nati on

t herapy wt ngm %{o&l?m%%:t(\) TD NG 2) and HERCEPTIN(r) on the growh of MOPC315
murine plas cf onma I1n SCID mce in the MOPC315. D3j 03 study. (Data
expressetd as nediBgured? 8id § shbSHingor eldrBe sihdays2 7t fost-iMpRGE1iEN pf ths nocyt oma

vol ume on day 24 po 2SCl ce. fromt onbi nati on

her apy ot  miufine §oRks TR} B AR SR R hg i e st cans. Do 03
study. (Dat alyﬁiphﬁlﬁsﬁﬁdelﬁ&r&’tﬁ@ﬂhei‘/agéﬁ@albndzl gure 20 shows the I\/030315

pl asnocyt oma vol une on 0s tat| on in SCl rom t he
conbi nation t her dpgurep s ﬁ?‘xﬁ_tﬁ E("S"E@fl‘g) TR PPStAFampgt PfEﬁéEg%ﬁC Din the
MOPC315. D3 0R0st) uslyomKikdios v@ﬁﬁ%@&ﬁ&dma%rm(ﬂ)bﬂlrﬂokémb@ﬁ alone and ILHisgure 21

shows t he effect of conbi nation therapy of mM L-18 (SEQ ID NO 2) and
5-f | uor olit ac?anS FU in a syngencic nurine Col 026 col on cancer nodel on

day 24 after inocyb@tiifBhovsRt &rE¥R RSB MinASIN B duta Rldhohstrated in

Figure 9, which shows the relationship between dose of drug given and anti-tumor

activity in the EL-4 T-cell lymphoma model.
Figures 11A and 11B show Facs analysis of PBLs (Figure 11A) and
20  splenocytes (Figure 11B) on day 13 after implantation of the doxorubicin/IL-18
combination versus both mIL-18 (SEQ ID NO:2) alone and doxorubicin alone in the
EL-4 T-cell lymphoma model.
Figure 12 demonstrates an NK cytotoxicity assay 21 hours post-treatment of
doxorubicin/mIL-18 (SEQ ID NO:2) combination versus both IL-18 alone and
25  doxorubicin alone in the EL-4 T-cell lymphoma model.
Figure 13 shows the effect of combination therapy with mIL-18 (SEQ ID
NO:2) and HERCEPTIN® on the growth of MOPC315 murine plasmocytoma in
SCID mice in the MOPC315.D3j005 study. (Data expressed as mean +/-SD.)
Figure 14 shows the effect of combination therapy with mIL-18 (SEQ ID
30 NO:2) and HERCEPTIN® on the growth of MOPC315 murine plasmocytoma in
SCID mice in the MOPC315.D3j005 study. (Data expressed as median +/-SD.)



25Fi gure 22 shows the effect of conbination therapy of mL-18 (SEQ I D NO 2)
and 5-FU in a syngeneic nurine Col 026 col on cancer nodel on day 24 after

i nocul at w0 20ekatig73expr essed as nedi an +1-SD). Fi gece/ud200s8l06m35 t he
effect of conbination therapy of mL-18 (SEQ ID NO 2) and 5-FU in a
syngenei ¢ nuri ne Col 026 col on cancer nodel on day 24 after 30i nocul ati on,
and renoving the control group for better view of statistical significance
bet ween | L-18 al (ﬂiguramsls}ndm smniﬂﬂhiahdaifﬁemnca/\ihtuhrn&-vﬁume(dhatag2e>pp$tessed as nean

(E0 1 b no 2 s B SRR Ror Pk BRTEBE BTl ancer model

(Dat a expr esHEHCESTN¥Ubrathe glowdiDof MOPC3 15 murifd QledneoconBieBeID Atccef f ect  of
conbi nati on {herapy of mL-18 éISEQ ID5 NO2) and 5-FU in a syngeneic
muri ne Col 02 sediie 8cahbddP) (Dat a expressed as mean +/ - SD.)

Figure 265 shows tigurgfié kdwshe ﬁlﬁf&p’v&ﬁﬁlb Qﬂ diyn®f gRYin¢ladftlen WEth({REQ | D NO: 2)

and 5-FU in a syngenei c nurine Col col on cancer nodel on day 24 after

i nocul at i on. SquEkER 10@%6F9é’§§é6ﬂ1a§8I@W%N@%ﬁﬂdﬁﬁmﬁf’éﬁmgﬁﬂw govFi gure 27

shows the eféﬁﬁbP@ﬁﬁBEﬁ"@b?ﬁﬁh{?@ 15@#6 2Qh S ik D&@E@e&&eiﬁ@l@& and
pazopani b (GAF86034), dn In |b| or o VEGFR and P R and kit tyrosine

ki nases, on madi@rﬁ/gﬁé\hth on day 32 post-inplantation in an advanced
syngcnci ¢ nodel of; ﬁ@‘f?@hor“?s’lﬁ‘é ?f?e%{ 8%8%%%& THE: xs/witb H{IE-CI%EEEQ [Bel ongs to

type Il tyrosine Kinase re nsI's an e cel lul ar
| i gand bi(hdl NO: ﬁ@n&HERﬂEﬂmH\I@am thatgresak bf MIGRC3K$ maisiec plesreoaytohtaanc- Ki t

recept or essed, i f normal ,and ne tic tissues).
i gure 28 SrouD Tis T didrd RUBY iy dRhshaRye BT ORI N SEq 1 D No 2
and pazopani b ( GWig60 34 shows thaiehesct @ro@mbhlaadsn thayppRitpadL-lIsPEQMDat i on in an
advanced syngenei ¢ e ren ma,. but excl udes the control
20gr oup. Thi @%‘3&%%@?&53& Phie §f°ét‘ftF§f %\@153%? gHTine RIATREYIMA e

conbi nati on sglmi&tuh%mpmﬁsmjjm 38dy0r(DRAZAPREH adedign +/-SD.)  Figure 29

shows the body wei. g galn of IL-2- treated i munodeficient m ce that

recei ved 5adoptl veFlglﬂl‘ﬁr]n pligpwsghe MORCS 1§ plgpmemytoma Yohwre Qudayi A8t or from nai ve
controls. implantation in SCID mice from the combination therapy of mIL-18 (SEQ ID NO:2)

and HERCEPTIN® in the MOPC3 15.D3j03 study. (Data expressed as mean +/-SD.)
Figure 20 shows the MOPC315 plasmocytoma volume on day 24 post-
implantation in SCID mice from the combination therapy of mIL-18 (SEQ ID NO:2)

20  and HERCEPTIN® in the MOPC3 15.D3j03 study. (Data expressed as median +/-
SD.)

Figure 21 shows the effect of combination therapy of mIL-18 (SEQ ID
NO:2) and 5-fluorouracil (5-FU) in a syngeneic murine Colo26 colon cancer model
on day 24 after inoculation. (Data expressed as mean +/-SD.)

25 Figure 22 shows the effect of combination therapy of mIL-18 (SEQ ID
NO:2) and 5-FU in a syngeneic murine Colo26 colon cancer model on day 24 after
inoculation (data expressed as median +/-SD).

Figure 23 shows the effect of combination therapy of mIL-18 (SEQ ID
NO:2) and 5-FU in a syngeneic murine Colo26 colon cancer model on day 24 after

30  inoculation, and removing the control group for better view of statistical significance

between IL-18 alone and the combination with 5-FU. (Data expressed as mean +/-

SD.)



25Fi gure 30 shows the percent survival of Pfp/Rag2 recipient mce with IL-2
therapy after EL-4 tunor inocul ation. DETAILED DESCRI PTI ON OF THE | NVENTI ON
Si nce tumvo0e@yEs1sdual |y non-i mmunogeni ¢ the focus of preTaliseoMoaic1st udi es
30 is focused on conbi nation therapies of 1L-18 with chenot herapeutic
agents or with nonocl onal antibodies. Conmbining two different agents in a
conposition, each wth different nmechanismof tunmor killing, results in
synergi stic anti -RiguroR4 alatwswthd gffecFafiombicatipn thsrap§ oflthH 188 (Si¢pimat i on

t her api es arg_pJ.es . bel ow. Exanpl ocuses on t of 1L-18 in
combi nati on &Oﬁ] aﬁ%:“}'ngeﬁelﬁnﬁgﬁﬁﬁoéggéﬁm FWHB%‘&E (#ﬁl aimof this
study is to éxpvesddigatcdiawhesSher the 5 conbination of TL-18 and RTTUXAN( R)
in the human B cel|l |ynmphoma nodel offers a benefif over the nonotherapy
with 1L-18, or RITFHKA ﬁl%h@?fgﬁ?w%ﬂ%t &Py Hvi%@@ﬁ feric

nonocl onad  aNbiHdy 5iHAL aGORShSit $nuhhe EolB6 bHlBn adicbdBfeUCRI (dtang site that
recogni zes the human CD20 antigen and a hunman | gGlL constant region. The

nmechani sm of S@Eespesis feak TcdRYr i butes to the efficacy of Rituximab in vivo

10i ncl udes i nductg;gh. 9§ sl?o‘%&é%@éﬂfe%tM&bﬂaﬂ&iﬁﬂ&a@?ofﬁﬁ@b@é@gﬁi I's that are
CD20- positive, conplenent-dependent cytotoxicity (CDC) an

ant i body- dep¥Rdannd el in aspaicatie dueipe S0RP ¢olpy cqnagxam)del e daymdl adter ng

evi dence sug .1 h am le in the elimnation of
tunmor cells %??l}e@logldﬁé%?s r%ﬁ%@%ﬁ%ﬁla%%&?%%&%A r'}i s triggered when the
const ant I Fc) r ediigure 87 starwsali ¢ffcotyf dombostidibtherapg of etept (FEQ Bh t he surface

f effect I h I, killer I - lls, . |1 f
ooyt o) keI SRR EE P AL f bhhul DURGER Wirder RO B e bk ©
ef fect or cel tysosineQiabddadi @Mmod frobilesieddyV i posEigphintutivs ireapRietRed t 0 show

synergy that would resul{ in superiogr antj-tuppr actiyity. Rituxjmb
(Rl TUXANAL ) %Yélg%{le&ﬂ{fl‘h%r?f[cm%ﬁ SRR bR i<EBa9-I<etﬁa$ept°6ﬁ§IP€&S§o boe 111

tyrosine kinase receptor, which consists of an extracellular ligand binding domain
15  and an intracellular kinase domain. The c-Kit receptor is expressed in a wide variety
of normal and neoplastic tissues).

Figure 28 shows the effect of combination therapy of mIL-18 (SEQ ID
NO:2) and pazopanib (GW786034) on tumor growth on day 32 post-implantation in
an advanced syngeneic model of mouse renal carcinoma, but excludes the control

20  group. This graph compares the statistical significance of the combination to
monotherapy with IL-18 or pazopanib alone.

Figure 29 shows the body weight gain of IL-2- treated immunodeficient mice
that received adoptive transfer of cells from EL-4 tumor survivors or from naive
controls.

25 Figure 30 shows the percent survival of Pfp/Rag? recipient mice with IL-2

therapy after EL-4 tumor inoculation.

DETAILED DESCRIPTION OF THE INVENTION
Since tumors are usually non-immunogenic the focus of pre-clinical studies
30  is focused on combination therapies of IL-18 with chemotherapeutic agents or with

monoclonal antibodies. Combining two different agents in a composition, each

10



20a murine antigen binding site that recognizes the human CD20 anti gen,
fused to the human 1gGl constant region. CD20 antigen is expressed on

mal i gnantwarrdosniastsal i gnant B | ynphocytes. As a singl e ag@emtys208/0F71gxANCt '
has significant activity in NHL. RITUXAN(r) is conmercially avail able.
Doxorubi cin (adrianycin) is a chenotherapeutic agent that is commercially
25available, and is used for treatnent of breast cancer, |ynphonas,

sar conmm, | ungitkdiffeemt mbétadidmrof canareilling, hyyubs oh, syher piatioamai-tugasiativity.cancer ,

W I ns' tunor,_, neurohl a ,_acute | hocytic | aem a (ALL), and ovarian
cancers. T Fout il o Rea R fon HERBRTAE PERGHRENS W Ch doxor ubi ci n
in an EL-4 T-cel |Edaipphofeustaethe udhef 1ai 18 if torhbingiostwithyR MAsK AN® innvest i gat e

the conbination of 30 JL-18 with doxorubicin in the syngeneic EL-4 T-cell
| ymphoma t undRURBdE el Qﬁav%%&dzaﬁ‘o%& Aestihes (g stigats efaf—‘rﬁﬁ%ati on t her apy

over nonod heg@minatoh B IT-16 &d ITUIONPT intthd Binfndd BBy mpRérEa S¥AISNGIsC nmodel
reveals the full benefits of 1L-18 immunostinulatory activity on the host's

i mune cel | sa bagiefeever e mapethewgy aith dLH v RIEHKADN 4l @iice Rty anisns of

action, they,an4enRlRlRhoGRfMN1RIBES thaf @AULE bPYmufnd HELEAGIRGNANT T - T UnDr
activity. It Ts suggested that the chenotherapeutic agent provides the

direct cyt ot gitkitrseoatiredheninzni (R lanteeroudladumen gFl ¢onstantupmien.5ant i gens,
while TL-18 ?H&H@Jﬂtﬁs&%? a?ﬁ;%'tﬁ’a?%%%ﬁﬁﬁees §HlSe5QL §F[£i|u§dm£bez§z”v"vtg' ng 1n
superior antigen presentation and Synergistic anti-tunor activity. The
conbi nat idn wtlubd¢s-id@ucwibt bf apoptosk opral bimhing fodginpteomarcells thetngroSDED-on, f or

exanple IL-18 with Rituximab | TI N&. owed ergi st.i ti-tunor
R R e L g e e L
i s 10an approvediated bytokicity (DOC). oAgtunanitingetidcidiatgeo shas ADCEf a nuri nc
antigen bi ndilg%g site that regognizes toge human 20 ant i gen nd human | gGl
constant regPB¥ @ RTDEA FHa BsClymiaptng o tprRnrell Al a4gRISFIOR R activity in

i ndol ent Nonridedgikh NABCLYIERRERd whbethaRERL&M: ) @%m&h@ﬁmtbbaﬁ bia@t ri but es
to the efficacy of Rituximab in viva includes iInduction of apoptosis upon

bi ndi ng 1> | iprisHesraioee e prikiee af dicmoe. ey iausal IglimpNErens- tependent
cytot oxi ci t ycdirke @ nibl RO AFRERHRMGe. Since IL-18 augments and

activates the ADCC effector cells, combination of these two reagents is expected to
show synergy that would result in superior anti-tumor activity.
Rituximab (RITUXAN") is a chimeric monoclonal antibody that consists of
20  a murine antigen binding site that recognizes the human CD20 antigen, fused to the
human IgG1 constant region. CD20 antigen is expressed on malignant and non-
malignant B lymphocytes. As a single agent, RITUXAN® has significant activity in
NHL. RITUXAN®is commercially available.
Doxorubicin (adriamycin) is a chemotherapeutic agent that is commercially
25  available, and is used for treatment of breast cancer, lymphomas, sarcoma, lung
cancer, bladder cancer, thyroid, hepatoma, gastric cancer, Wilms’ tumor,
neuroblastoma, acute lymphocytic leukaemia (ALL), and ovarian cancers.
Example 2 shows the combination of IL-18 with doxorubicin in an EL-4 T-
cell lymphoma model. The aim of this study was to investigate the combination of
30  IL-18 with doxorubicin in the syngeneic EL-4 T-cell lymphoma tumor model, and
to demonstrate the benefit of combination therapy over monotherapy with I1L-18, or

doxorubicin alone. This syngeneic model reveals the full benefits of 1L-18

11



cell-medi ated cytotoxicity (A DCC). The pre-clinical data shown in Exanple
1 denonstrates that conbination of IL-18 and Rituxinmab results in

syner gi stWo 2a08/i181380r activity. Since R tuxi mab is onlyPbiraseeng/oswihuman
tunmor cells that express CD20, the assessnent of anti-tunor activity was
limted to SCI D nouse xenograft 20nodels. It is believed that It is
believed that the anti-tunor activity and synergy of IL-18 and Rituximab it
due t o NK ceinirsurtokt@hulatoey @titityw e thd host’ sﬁﬁhﬁnﬁmlkseSinneﬁlemomgerﬁx) | L-18 and
to murine have .ng. capa tlvaeT-ceIIs, t he
b of  pot entiar TR MERPHIT P AN G Py SR ST BLnot be- i est ed
in this nodefesuldbplienGentd fatumor adtivitk- L& Sﬁggé@tedhlﬁmﬂiehﬁérﬁxﬁtﬁﬁhlb@nagent sina
conposition will Ii E%gé{!e have benef | CI al therapeytic effect in treating

various for mEc8FpPey difest cyaxarpine rapmenipion 2od godpatienefitht W& onbi nat i on
of 1'L-18 s t hhdenOtHidd Bi-18 NasnchdABY SdtihicS (hdREbetd LR, ré&ﬁ&ing It Mupbiford

syngenei ¢ advanced EL4 T-cell |ynphoma tunor nodel. This data suggests that
| L- 18" s mech#nigshpisfentéipn anl syneqzistie sntsupor paivitgo ant i gen present ati on,

eXpanSI on of ant 'Tﬁe%%%lng&?oﬁﬂdlSNlﬁtlf;rﬁbﬁo%lothlaatntlpclycﬁé/s 1ﬁ1al6§1¥1 55@( 0?1 fo'P
anti-tunor activity. Based upon these results, the conb Iéltlon of IL-1

With other céramptenibr Bpwith RitwaganRITWNAN D SheWyd syasgistic mtl-tunl’mr regressi on,
tunor cure %c‘?mdr,]%[ Catdba%eﬂtaée 91%?&' g:?éls S'EBr Xe Yenagraft), RId} '3;18%15 fi cal

trials, TL-1 era was s and
bi ol ogi c#0 | yaraatproxed alsmnnamun@dbriayarml‘boahsammexonmhaQMunﬁaemgén indag | y, 1L-18

nonot hcrapy d onl n i nmungs.sensitive.tuno del s.., Non-i nmunogeni c
Srodel's. ahow A fieSEttsr P s G B AT S 8 G B i 1 ot her
anti- cancer Rﬁ@&ﬁl’éﬂiasasmgle a@ﬁﬁlﬁi@igﬂﬁ]’dhnt%ﬂixh@ﬁn indolk8t N(SEQO&@HN@ 2) has

denonstr at ed clinical .anti-tunor activi t hr ou r| e
mechani sms, *Yﬁtpﬁ%f‘ nGgHRESIINEN G a‘iﬁllonétﬂﬁcont Jfo ¢ fﬁﬁ? alkilvell as the

Fas/ FasL pat hway iad16des YidakiidhestiapbRemai pae Bind t6 Mﬁph@ﬁlalcéiﬁythat@é CSF, 1P-10,
MCP-1, and infiltration of effector cells in tunmors and induction of

i munol odi caf DREReNIve. THep pasnsfdepeadest cytotoxmity §GPR) ansl anhbreyrdeasndsht cyt ol ytic

T cells, expamshodiaed cﬁ&tBkﬂﬁ%; NS, cehd 1§fe cﬁﬁ‘igal(a@da sﬁoxxnhﬁtExBln@}é key role in
ant i body dependent cellular cytoxicity C(1 been denonstrated in our
pre-clini cal dempuhelrajes that combination of IL-18 an R1tux1rnab results in synergistic anti-

tumor activity. Since Rituximab is only binding to human tumor cells that express
CD20, the assessment of anti-tumor activity was limited to SCID mouse xenograft

20  models. Itis believed that It is believed that the anti-tumor activity and synergy of
IL-18 and Rituximab it due to NK cells that are activated in SCID mouse in response
to IL-18 and to murine CDC. Since SCIDS have no capability to activate T-cells,
the arm of potential CTL augmentation and memory generation can not be tested in
this model.

25 The combination of IL-18 with chemotherapeutic agents in a composition
will likely have beneficial therapeutic effect in treating various forms of cancer. For
example, Example 2 shows that the combination of IL-18 with doxorubicin has
synergistic anti-tumor activity in a syngeneic advanced EL4 T-cell lymphoma tumor
model. This data suggests that IL-18’s mechanism of action includes superior

30  antigen presentation, expansion of anti-tumor CTLs and NK cells that play a key
role in anti-tumor activity. Based upon these results, the combination of IL-18 with

other chemotherapeutic agents will likely result in tumor regression, tumor cure and
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15The bel ow exanpl es i nvestigated whether the conmbination of IL-18 with
other clinically relevant cancer treatnents would result in enhanced

anti -t unowO20as/MB13¢ t hat was superior to human | L-18 nomoThise@syssidne.
This application exenplifies five exanples of |1L-18 conbination therapies:
(1) the conbination of IL-18 and RITUXANY in the human B cell |ynphoma
xenograft nodel; (2) the 20conbi nation of |L-18 and doxorubicin in the
syngenei ¢ T- didtioh pfijphoumlogickenemp3) the conbi nation of 1L-18 and

HERCEPTI N(r) in r .l cyto nodel 4) th atl on of
18 and 5. FU | g BB SR pPRa et R by et e SR hat fon ot
| L-18 and pmnﬁﬂb@caIMCi1MSbhdaMre@lﬁy MbfnRer HREESR, P&lftﬂlmibal{y tILtIgr osi ne

ki nases, |nc mjﬁgl?fg}ﬁ renal carcinoma. Al] of_ these conbinations 25
of f er ed bene‘FlP’El%t BN BY ISRy CR g uQr maslelspNAO RO ubi ci n,

HERCEPTI N I' ) modclFihowed aRaz@RaabiiidlodR8vhen IL-18 weQ @bhBiatd @h BihtianonoC| onal
antibodies offers a potential for enhancement of ADCC mechani sm of tunor

cel | killingcantpi@gpie-clini cal data disclosed in this application support
this mechani sm afﬂé%o&i?fﬁ‘éﬁqn&ﬂl%ﬂ%g?lﬁtglﬁﬁw@%o tdE’HQﬁsu%Hgi’e' L{phicaP of

RI TUXAN in conmbination with mL gli‘ﬂ . Sever mechani snms nay
contribute t@ntltﬁueloeﬂftwéaﬁyom aRjaTieIXA echanlsmsmelledlng agivathan ¢ftG¥y. evi dence

suggests tha QD%‘? Rﬁnll_;- r cells
after adm I’II&S ration oﬁ %% as&%%l,gpétﬂw&%nglgg{%kdlg heﬁn:k gpconstant
(Fc) region sofchanINgyt GhoGFF HiPrlds MGP- Fcandeﬁ‘ﬁtmmnsfeﬁﬁectdneelﬁsunfuamm of effector
cells, such as,.n K) cells, 0 ocyt crophage
Cneage. 1n e e onSloskthn &Y. dnf bRl He s cHEC SRS o

RI TUXAN(r) weiscyaddytagRitetld, dxparsion@f habkicd (NKDadthk) andictlixgh&tlaydegpdloms. Cartron,
et al, Blood 9 4-7 0 Dal | a _of Cancer Res 64: 4664-4669
(2004) ; Koend 8@%3@@%%%5* gécyt&%@’ %%5@(@99%“ [dCRgRYrated IHPUT PISCl i n Oncol
21: 3940- 394dlinicaPR8dels. Thus, Fe receptor-bearl ng effector cells were

critical for the efficacy of RI TUXAN'' . CD16 (FcyRII]1A) is an_inportant Fc
receptorlin hurran"éheWﬁwc?i‘amﬁleé%}ﬁ%@%@é“@?thNKh%@Pm@n"é}‘?aOﬁﬂcﬂ%bfﬁhges Id. The

10 data in E&tﬁmhﬁlc;llfﬂé%gﬁﬂttcaﬁclgﬁtr&%ﬁ&{tm%lé résﬁl@-ﬁn é}{lﬁa&%h Lmtﬂﬁﬂio@t ed ADCC is

i mportant for the effectiveness of UXAN(r) therapy in patients with
| ynphoma.  activitpOhet wasowperiondp lsqmaaﬁtléggﬂ mhenotherapy aloinag Thikeprichtianacy of

RITUXANI T T i ehlﬁghﬁgslﬁ%i e§£1ﬁ?}le§:¥itlgkf8nc%ﬁ1b1r§aH§1b%1@deP é%ﬁt}l? E&%m&%ﬂ ?ause the

expanS| on an activatio C recept (0] ector cel
i ncl udi ng NKile8 drsl RITE XN T & tod hmmwylwpm ophagé niddale g@ethe The
i es nat W th

pre-clinical r

Ry Tuxanatd ) sPrRiiaTioh PR LTRIE BN Al Pedrks ety BRI B s
nodel , the fthlelcoﬂﬁbmaidntofo]t 18 IandLHEROjHPmIN%h abﬂrﬁﬁ@léﬁﬁlocﬁmmﬁﬁloﬁélﬁanIdDdel
required hu xenog raft i muno- conpr om sed at has only
NK functi ong@%}ﬁ’lclo QfﬁF lré ggEFé{“é”irﬂurE’)? gUorgY g@é expansi on
of 20 these &Jﬂ%dﬂ&@fﬁem &d p‘a@éﬂaﬁlbsmmnmEGFR POATR, bhd d-&itand

RI TUXAN(r) conmbo. RITUXAN(r) was active as nonot heraPy at the highest dose
t est ed. Fbv\e‘gyg?smeéqn}?ﬁqsa]ln a murine model of renal carcinoma. All of these combinations

25  offered benefits over the monotherapy with, IL-18, RITUXAN®, doxorubicin,
HERCEPTIN®, 5-FU, or pazopanib alone.

Combination with monoclonal antibodies offers a potential for enhancement
of ADCC mechanism of tumor cell killing. The pre-clinical data disclosed in this
application support this mechanism, and showed enhancement of anti-tumor activity

30  of RITUXAN® in combination with mIL-18 (SEQ ID NO:2). Several mechanisms
may contribute to the efficacy of RITUXAN®; however, accumulating evidence

suggests that ADCC plays a dominant role in elimination of tumor cells after
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| evel s of activity could be seen when | ower doses of RITUXANIG ) were used
in conmbination with mML-18 (SEQ ID NO 2), indicating both that the nodel
was sensiwowveostiastne nmechani sm of RI TUXAN(r), and that Phe/useasosses coul d
be enhanced 25by IL-18. It is believed that conbinations of IL-18 with

ot her nonocl onal anti bodi es agai nst antigens, such as CD22, CD19, HER2,
HER3, EGFR (Erbitux), 1G-1R |1G-1R, AXL-1l, FGFR, integrin receptors, CEA
CD44 and VECﬁiﬁ;mxma:homtolﬁRﬂTIaKAN%mg)@@ertnggea@iem’t@ thmdnstaﬁl(ﬁw rédien sfane
synergistic eff at simlar

is
ool oLt omstgrpbdnndy & B hieabibroi bt T e R shah BB St anti gens
arc foulnd olnkﬂlaea\?)@rcfslme cells dﬂﬂlﬁﬂhbcﬁehia&log}ﬁk'gb hequﬁeﬁﬁae@u@nehﬁ@@pbprl Ito whi CE
a NDNOoCI ona ant | I S generat U WO I t he sane a Y, SucC
a receptor M@%Fﬂﬁlym horgay. [the ﬁﬁﬁ%m@%@wcmﬁﬁ%@éw@nﬁ%ﬂ lﬁaﬂngr cell's,
and any o4 hezlicu@@ttdg%tr%btoﬁsor@a@ﬂr@h BLall BLRRTPY S75a7d8 Pﬁfoﬁ] %aﬂ?@&o' & ADCC
effector activity. he data in Exanples 1 and gest t hat the

conbi nat i on &f Cerer R@%ﬁi‘cé‘l“‘éréé(?ﬁ@o%)tlﬁoqn&qgl ﬁé@ﬂds‘)ﬁowo@t e benef i t,

since these qogbinat 7efhs Ay 91‘@1@94%%45@260@?%& FREEQAR-BBR nQlrRGh! On: one
is a direct efféct on the tunor cel L-18 i s capable of augnentina

a patient's ¢atimweee aisichldor thhelficaayvod RAFBUK AN srﬁ)lédﬁilﬁtRlHéDrpla@nmmrta@ach ot her,
d ,
and potentia é%écéap‘?ér%fn 1?%15' @hmf?ﬁ%xé@?&eh% %@glﬁ%&;ﬁna neé%{g%s” 'I%/Tl"f‘e“ Pvity

due to IL-18 pabi ener erall
Exanpl esld admlaﬁlEi@mphs]t sm@p@“c thhaypdtlhnslscthmmmeaﬂirmedimd ADC;(Biswmlndntaatntl -t unor

agents, 10either ocl on enpt h utics, results in
Sonoroy ana 0 HisTRRRGART BT RO RR uRRspRin RRETRMARGRRRISS i Tt he

chenot heLapeuti c (algep"rbﬁlsdig&&aﬂd@yﬂirﬂ?prshmg\ﬂd csfiqaey memmAN(? urfﬁr act |hvi tyh
over either |L- or doxorupicjn one. Nota 2 shows that the
combi nati on %fi?mwe&%vw’e% yekar pl itk Eﬂ“oFaH%?ttEelé‘cH’ f@l dfop & RSN at od

i mune cel | Soﬁﬁl@%oeﬁfo@—b@é&ﬁ%%ﬁ@&oﬂ Sb11E,8SRRNSENK @ clid-ankGclly §at ment .

Surprlsm ly, to the contrary, Exanple 2 dermnstrates that the conbination
augnent s1¥ hemgeaayizgpasaerhagmincnee: c“&lmpge cligv@d! warssttamersmedebstpdigy vidh vt i ¢

functi on. ExAP & BnibhafoR0AR RITURANTG BkafifIO) QfRbed Al bFerdhs rent |y
unaerway to
monotherapies. In this model, the full benefit of IL-18 could not be tested, since the

model required human xenograft in the SCID immuno-compromised mouse that has
only NK functional cells. However, the data in Example 1 support that expansion of

20  these ADCC NK effector cells showed benefit in the IL-18 and RITUXAN® combo.
RITUXAN® was active as monotherapy at the highest dose tested. However, similar
levels of activity could be seen when lower doses of RITUXAN® were used in
combination with mIL-18 (SEQ ID NO:2), indicating both that the model was
sensitive to the mechanism of RITUXAN®, and that the response could be enhanced

25 by IL-18. Itis believed that combinations of 1L-18 with other monoclonal
antibodies against antigens, such as CD22, CD19, HER2, HER3, EGFR (Erbitux),
IGF-1R, IGF-1R, AXL-1, FGFR, integrin receptors, CEA, CD44 and VEGFR, and
other anti-angiogenic agents would show the same synergistic effects. In fact, it is
futher envisiaged that similar combinations of IL-18 with other monoclonal

30 antibodies against antigens are found on the surface of tumor cells that expresses a
receptor to which a monoclonal antibody is generated, would work the same way.

Ideally, such a receptor would bind NK cells, monocytes, macrophages, B-cells, T-
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eval uate the safety and biological activity of IL-18 in conbination with
Rituximab 20 in patients with CD20+ B cell non-Hodgkin's | ynphoma (NHL).
Thi s st udyouses118733t andard treatnent regi nen of Rituxi nROTIUS2@8mbIemAt | on
with rising doses of IL-18 to identify a dose that is safe and tol erable
and gives a maxi mum bi ol ogi cal effect, as denonstrated by sel ected

bi omarkers (e.g., activated NK cells). The dose selected fromthis study
wi || be usedcdlls, aadfauny other deHaget dohtagt Fuckgcepwad araltarigpiftabein 268F¢ efavy of t he
| L-18/ Ri tuxi mab. conbi nation in patients with relapsed follicular |ynphona.
G ven the go%%1 g%\fety and tolerability profile of 1L-18 when adm ni stered

as nonot her apy tOl“Hé&iataeﬂESaMplbshl Elf&imig@éslt thatiBt asrabAationtof bifti-B@icerant i ci pat ed
t hat the naxi rrumt(?lhl ose gMTB t he conbi nati on w II be reached in
thifhy Liniggl, fgpe

the current QM aryS PHic [tssinge diegnerin R tigRs PRYIE R MID, i f

30dose- | i4ri t&llﬂ@lf@h%b&ﬂ&ﬁlhﬁ§0ﬁdbﬁ0ﬂ deftié § bRkt bifedPad iR NERorWell) Wwhap1Hoglgki n' s
| ynmphona. Exanpl e 4 provides an anal ysis and data for the conbination

t her apy of hﬁﬁawbl@wffegwmlﬁg PPEiREEPTNNg 9cllp nThes tvyy Begbanigns eawd ne
pl asrmcyt Ormcc(rﬁﬂl@rﬂe?lft @&tll%%em @?é’éntﬁ% lreQSu n%lfh Eyhg %%tlﬁé"gl%%l))r arf?i tqgltaf“ | ed

anal ysis of the data reveal'ed that the conbi natfonal apy wth I1L-18 and
HERCEPTI NI " ativiases HhES mgblh@rtagwerw mmEPREERTMNSORI (QV@raHBas ed upon

these data, E)E %esbleelnd%vcﬁg} hﬂ ﬁlytqﬁy?onﬁ) réa‘?gémo{” iL ngfﬂ[;' aﬁ %‘f%a e%itisl’ e

t her apeutic co nation ‘her an nti gens

expressetd oneltlmnmonm:éinlalsantlbodles orEkanph@afrucuatasaltsas syreegyedfiisgmeipr of 1L- 18
conbi nati on ther apy wth 5- fluorouracil (5-FU), as conpared to nonot hcrapy
with 5-FU, of° "¥Y-18 alone. 5- FUis a pyrim di ne anal og, currently used in
clinics as one ofCdrhigndtionsdfILE rtewehdaohdnestipaittiicsgchQdotoeadinent of

col or ect al ncreati c. cancer.. This C t hera eut| c, however, has
mul tiple ser%ﬂ}égé‘i‘ﬁiﬂoreﬁ‘qletﬁ?@r“&my%V%Séé‘irgr'l ’tQ}dP rPlB%BraloinFs dose using a

conbi nati on NB@BI@!Fﬂxa\Mﬂé‘Z SHoRBtha2 BREbMbIngtiSHESH LA Wth JoRbsibRiMIY n¥@s
performed in a we est abli shed syngenei ¢ subcut aneous nodel of murine

col on catti néiHOY Bsire 28 d inpupnaegts & aﬁﬁr@éxp%qdﬁbmaﬁape@ﬁeé%m V& freatyentt he t unor

volune data § ﬁgﬁ@iﬁé@'t@ﬂé cBﬁtYaﬁr?'L%meMde&ﬂb%st%émhaﬁ@ﬁe'&%inaﬁ&?rapy with 10
jig of IL- 1518 and’ 75 lag of"5-FU Is the only treatment group with the

si gni fi cant afgsots thapctivatet T grbMKirellasnéoapipmsdhaioeytdeticionetiool group. This
means that the c r d the
monot her apy grouE))jijsga!n[ﬁ&?ehj @Q%Qs%lacﬂ}{lcgl Otgéogﬁl{aﬁgl_cl@%%gﬁ%ﬁ@ gcause
nonot her apy chathateche sifyvaal biblep@pewtivity o fIE-d8tin betlieation mm Ritugomtbr ol . Ot her

chermt bl SRR oD, SO LI b IR AR oo e,
gencti t abi ne) stardjraufgseatﬂm rq@rrﬁanefﬂleeirﬂabdn vorsbitdtiof evith. risingl dosdsiof 1.18) and
anti - angi oge to 1gent19yenaose ghat % safe 5 toﬁ’ergble 21nd gives a maximum biological effect,
as demonstrated by selected biomarkers (e.g., activated NK cells). The dose
sclected from this study will be used in a future Phase 11 study evaluating the
25  efficacy of the IL-18/Rituximab combination in patients with relapsed follicular
lymphoma. Given the good safety and tolerability profile of IL-18 when
administered as monotherapy to patients with metastatic melanoma, it is not
anticipated that the maximum tolerated dose (MTD) of the combination will be
reached in the current study; however, this study is designed to define the MTD, if
30  dosc-limiting toxicities are identified in patients with non-Hodgkin’s lymphoma.
Example 4 provides an analysis and data for the combination therapy of

human IL-18 with HERCEPTIN® on the growth of murine plasmocytoma
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Exanpl e 6 provides a study of the efficacy of conbination therapy with IL-
18 and pazopanib (GW86034), an inhibitor of \TOPA and PDCFR and c-Kkit
25t yr osi n€Oknesaes3 in a nouse renal cell carci nona nod@CT/UBh@smsiilt
receptor belongs to type Il tyrosine kinasc receptor, which consists of an
cxtracel lul ar |igand binding domain and an intracellul ar kinase domain. The
c-Kit receptor is expressed in a wde variety of nornmal and neopl astic

ti ssues. Theetmnsfactted Bl0BEB thatls wohriRryRR (HHR 20K Aalztap@dﬁnlalmstohthkldat% results

comar ed o Sxen (ARG AR i P e

addr esses t hmoﬁ(ah@apyfwﬂtH_HEECEBTm@ dlovebu BRkedafpo e Yatd, iak bM&UJ:(ﬁthﬁteS uI t in

| ong- term survival preventjon of tunor relapse hi s | e tests the
ef ficacy in BUR4™ 153 eﬁB&EfFCUV FAPCH CC@MpEo W&%P@a Sedithinat i on of

muri ne TlLs 1831{@519th@amxggesﬁa@n@gﬁ&rcgm cin. The EL-4 reci p| ent mce that
recei ved survivor hatic cells survived significantly | onger than

control nice thatEP?aékP Veluprpraticcce] sl voabinspriieranavéhdonor s.  The
data | TPl Y Bydfiheit BOAIRRK YRS herbEATPUEY] YORIT £R0fiac 2

protective effect on t he’ tunor recipi hése data offer an
i ndi rect denbdss # pitrinoding fnategrewyenily sedd ig climct dseongpf the funtdine sur vi vor s

(Figure 29 a mgiﬁ}%%hr t%?%(ﬁ tre'é,'ﬂn%n c%[%réc@{?%&ﬁani&}ﬁé‘%hé'ﬁ‘?srg t could make

conbi nation 0 erap eu i c agen a superi or
cancer t t@at cheniothempautic, h@vmfbhhaapylnpllemdumm |sxd|a-e&éct$mnd>a yoskibdel ks t hat

10coul d recogni z unor. as " and vent d be highly
bomor i ai o CBREF R ASERpER o @his e BP Sl G S Rkeri s BRGRRE IS oy
potential costdynads perfoinelriapyell estabhshbdlls’mgenﬂcsilﬁcmbw&ﬁﬁdeﬁ@ﬁn@’ﬁe di scl osed
in EP 0692536A2, EP 071%9? ﬁ%% E 7178A and WO 97/ 441 The am no acid
sequence of AT SAECTRRIRSO[Q gﬂ% I‘Fl“i dpgildepnalyyys PhF HimgEQ 1 D NOL |

Human TL- 18 pahyipesh ide&niies teﬂézﬁédftﬁétQﬁb Smbinkbiohd] ehéedp GvioloyRetiides. They
play a pri rraw role in the induction of cell-nedi ateél) i mmunity, including

i nduct i ob® of 1§ #tdeoruerdR-KU pribeiendy fremmpyt erowpeyifhsthy pignigigins gdesy o,
enhancenment ot BRwki, b bé}%&ftb\{ﬂeté()nﬁ’if)l M© eﬂhhssneaaglqlapﬂhe e&mlﬁ&oﬂf the

differentiation of naive s into Thl cells. Polypeptides of the
present i nvetitiaon(Bar /b Lgwmpesicd theanehopherdpl iseaps wahmS 20U rleewabiviant cel |

cul tures by Wl hs ﬁlgﬁme%w&g&othér%%' dﬂcﬂh&%hm{&%@&tﬁ Uéffeé‘ttb% 1@t nanol

precipitation, acrd éxtraction Ion or catilon ange c r omat ogr aphy,
phosphocel | utasel. dbthMBmgmatphe;u,tlc lagahtsoip lvoip binationt veithald - libﬂuahhus dost,ogr aphy,

chr omat o3 apRyo AN GHBEE PO oGl GNP RaPoaT Kety. vel | known
t echni ques f@armcﬁtﬁlﬁiﬁé)ddmgs ﬂh5t mm:hecteﬂlsh\rmyn Q. enipdrieyed aﬁd)am@ggngeme active
conf oi mati on when the Eﬂ%tseptl de is denatured during intracellular

synthesis, | ¥5PELF&nPH purification. Methods to purify and produce
active human | L- 1i&aahe Spbvidey d ftudybf\MR 3éde98f&mabination therapy with IL-

18 and pazopanib (GW786034), an inhibitor of VEGFR and PDCFR and c-kit

25  tyrosine kinases, in a mouse renal cell carcinoma model. The c-Kit receptor belongs
to type III tyrosine kinase receptor, which consists of an extracellular ligand binding
domain and an intracellular kinase domain. The c-Kit receptor is expressed in a
wide variety of normal and neoplastic tissues. These data show that combination of
pazopanib with IL-18 results in anti-tumor activity (synergy) that is statistically

30  significant when compared to cach monotherapy alone.

Example 7 is a study that addresses the role of IL-18 as an inducer of

memory that would result in long- term survival and prevention of tumor relapse.
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The present invention also provides pharmaceutical conpositions conprising
human | L-18 pol y-peptides (SEQ I D NO 1) and conbi nations thereof Such 30
conposi t iwaEoIpTBse a therapeutically effective anountcofusacosospotind, and
may further conprise a pharmaceutically acceptable carrier, diluent, or

exci pient. Such pharmaceutical carriers can be sterile |liquids, such as

wat er and oils, including those of petroleum animl, vegetable or

synt heti c orTlgs axanqﬂmtfestaﬁlep@ﬁimm inGi KL -4 swoydraanich mhereminewade tehted bgesanme oi |,

R T N R

gl ycerol sol widc@is r&&ﬂe@é@ﬁv@ay@pmﬂuwem sasvivddGipndicamdy loggds thahor exanpl e,

for 5injectable solutions. ita naceutlcal XCli nts | ncl ude
starch, gl uct¥dolmigefipdcey W%Eatlcgsr%{r?fﬂ nogeal paive Qf@rsp Fte‘%éﬁta il
silica geq, ﬁﬁﬂ&@&k@h@ﬁﬁ@kﬁrﬁ9h$ﬁﬁﬁﬂﬁnﬁ&ﬂﬁ§%%@ﬁ&ﬁﬁeeﬁ&h@nﬂ&qumn]Chl0r|de
dried sk|n1nllk gl ycerol, propylene, glycol, water, ethanol and the I|ike.

The conposi t UgIT DI s T hesg date aHcmangpdircshdaananstmtiop of BEBAR ECY et t i ng or

enul si fying R@eRLswnRF sRivBNiFgiin9 aﬁ@ﬁ&hﬁesoTh?ﬁlﬁlsjaniﬁhﬁ&%'t hh@Rs can take
the formof solutions, suspen5|ons enul’sion, tablets, pills, capsules,

powder s, susthai qvati mekesambintdemafiaay Flementhessndutichegent i enAbyish Hoﬂr%@m tion can
be formul at ed, %%or%@c%?&%a%&ﬁﬁéf bbbt gf ﬁﬁcgl@ Qi Dders rands ggy riers, such
as triglyceri nula ta

I“lon can ndard’ carriers, such as
pharnaceUIlcahk@ma@a&e@hmn&mﬁﬁﬂagm%ma@knsmnebmmwnmkﬂmﬂggéﬁbunﬁﬁhbarate

sodi um sacchar, ' nlcar ona e ampl es of'

SOt ol o on RS vl o HBS o TR AR BT S R i Bp BRI
PHARMACEUTI| CAL SCHkNGHS- t&/poﬁzpewde&/afetdlsnlos&ul@mmmpmm BRO71E9BIAZONtai N a
t her apeuti cal ] ffective t of the conpound, often i.n purified form

t oget her wtﬁ“ﬁ@mwbﬁ@‘é(%@%f ThS prpingacid seqenge ﬁﬁwh&ggflﬂelﬁormfor
proper adni n{‘ﬁm )08t r&thtlﬂgmqbﬁ@tl ﬁ[l%nfmn@;pbgﬁﬁbmessmm&f&w- - the node
of 20adm ni strati on. I'n ‘one enbodi nent of the invention, the

conposi t idn indudieg palypepedesi Ahecrlay @m@ywlﬁmﬁh@mduﬂ@np}f@elémﬁ@@das a

phar maceut i Calrtflcn?ty, Bgfuafng?q&gt?‘& ﬁlnter?ergl ot r uc 1on"€)S 'Iaceﬂls dS %p ezraitoclt ens to human
bei ngs. Typica 1rtrons nous aam nt s Ion~are

sol utions |anMmmnheuﬁSMﬂﬂmmgaaqmg@ﬂNKth&ahdpMWmmmnaﬁmudﬁ&hMamumhe
conposition al cl ol ubil'izing agent and a | ocal anesthetic,
such as Iignggéf éﬁgyJP ﬂg tng Qﬁ'the site of the injection. Generally,
the ingredients w&yp%p@wsbeme@tasmﬁn@ﬁmr@h@byecWerm HQGutingether in unit
dosage form for | yophi lized powder, or water-free

exa )
concent r &t e, TePPMBINHK Pﬁk@ql%laqs by “seélénewn BsHheds. irstuding popmopium SUlEKSfUl e or

sachette, | ngh&al hReipkhRnMadnhidf a6t d M8t APAIRMoc clweﬁlra@, tapgy,conposi tion
is to be admnistered by infusion, it can be di spensed ﬁ an i nf usi on

bottle cont apheisplyceliudeseichropatagraphe by ilioahotig athsactin @rromﬁtogfaplﬁme Where the
conposi tion éﬁnﬁ‘;‘?’&’ﬂr@hﬁh&%@ﬂr Hydrb:g}lﬁﬁh{ec&ﬂﬁﬂﬁ'fb ?%&mﬁ;ﬁqro?ﬁa%éndﬁywat er for

injection or sali1ne can be provi so that t ngredi ents ey  be mni xed
prior to admindlggh perfoomancAdigeid dhmeglatographe Pellkpept tedhmqmy fgyacfoklew; i n t he
manuf act bg e gr]cote?ns may be employed to regenerate active conformation when the polypeptide
is denatured during intracellular synthesis, isolation and/or purification. Methods to
purify and produce active human IL-18 are set forth in WO 01/098455.
The present invention also provides pharmaceutical compositions comprising
human IL-18 polypeptides (SEQ ID NO:1) and combinations thereof. Such
30 compositions comprise a therapeutically effective amount of a compound, and may

further comprise a pharmaceutically acceptable carrier, diluent, or excipient. Such

pharmaceutical carriers can be sterile liquids, such as water and oils, including those
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medi canment. Pharmaceuti cal conpositions of the invention nmay be formul ated
as 5solutions or as |yophilized powders for parenteral adm nistration.
Powder s i 2bes/mewsonsti tuted by addition of a suitabl e @#Crosatwsos7ee: her
pharmaceutically acceptable carrier prior to use. The liquid fornulation
may be a buffered, isotonic, aqueous solution. Exanples of suitable
diluents are normal isotonic saline solution, standard 5% dextrose in water
or buffered sfggtrokuar ardmaibpnigaablaoe battietis otigin wah aSuehutail]l @fybecamoilat i on i s

especially suitable for parent | adm nistration, .but al sg. be used for
oral adm ni SPISEN 8k ST S n ST STLOHBES PLACATIT avoR s FER e HisBl  § zer for
i nsuf f I ati onconbdositiy isnmisticabtavéudddSaineispluiissnd s¢eBuddxtrose

oyt ™ o St Skl ot s B Gl 1 o7

gl ycol, mann 4 4 )

pharmaceus i Cﬁﬁecfh@l@ﬁ.@ﬁ&iéﬁs@ @%itabl@ﬁﬁaﬁ*ﬁ_ﬁd‘é@ﬁ&'l &’xciﬁié}_ﬁs @&h&@ﬁﬂ%h,%c@&){ be

encapsul ated, tableted or prepared in an emul sion or syrup for oral

adnmi ni st r at | BROSPRTEcEIAncERILyicadloupchk ol igrlsaskium pgurig uicFiler s may be

added t0 enNARAR:df LALLdiGR chiBEASANBPSihindlk, oQEerbCploBfichd LAk, Pr epar ati on
of the conposition. Solid carriers include st.ag h, [ Be ose, calciumsulfate
di hydrat e, tepten cthbid angrihig hilse i Thmcempesitismeif desikst ecan iaso geritein nidre, pectin,
acaci a, 20ag tin. Ligul ri i .. peanut oil,

o rve o, oamullor iRl el Bl A bR bAGIAEAY e Do Lot ot e

rel ease bt ecanglositisncdanazkegheyfoan yi sooivos tsespeati@nspamgdiyc egbydts, gillst ear at e,
alone or with a i

wax. The amount of solid carri ri but, will be
botneen. aboutirogeh oy shiR e rsRie i du R ahPihe h s Srinoalibh | ool
pr epar at i onscaarte fomddatéddslagupmgitéipewiomydtidnadbiadcrt aclhvairpue suchfas 25phar macy
involving m|lling, mXxing, anul at.i and conpressing, when suyitable, for
tabl et for nst,ﬂgbﬁgrﬁﬁleﬁ-| %?Ofm% {IAY C%{Haagﬁ*q §f4mdgrdiea leﬁaﬁ%ﬂgép%mnﬁceeaﬁiu| e
fornms. WWhen gralids@hfdnfidd)[1h@bscl Sarts @hgndsnen REARBI BUiuAkaWihktindge i n the form
of a syrtiJg, elixir, emulsion, or an aqueoQus,_ Or non-aqueous suspensi on.

Such a | iqui erllplosenireanesin pahomts. denfrmanlesof quitHbIERIPCBY I p. 0. ) or

filled into &e90dctibQhReMERRE PrervAOKHIBR dokindBs P YRCaHHeSudRY be
prepared as pharnaceuti cal conpositions containing an effective anmount the

pol ypept i de epmpmnitiget Willeconyagy atdifrapruticallyzctigpaicramennt dfdlzd doynpauee piterbl e
carrier. In {Ilrb%n?lgm%! goké%ﬁ'é?f \xmh 4 gﬁﬁaﬂl@ Xﬁ@&dt BPearf so as to provide the form
for proper administration to the patient. The formulation should suit the mode of
20  administration.

In one embodiment of the invention, the composition is formulated in
accordance with routine procedures as a pharmaceutical composition adapted for
intravenous administration to human beings. Typically, compositions for
intravenous administration are solutions in sterile isotonic aqueous buffer. Where

25  suitable, the composition may also include a solubilizing agent and a local
anesthetic, such as lignocaine, to ease pain at the site of the injection. Generally, the
ingredients are supplied cither separately or mixed together in unit dosage form, for
example, as a dry lyophilized powder, or water-free concentrate, in a hermetically
sealed container, such as an ampoule or sachette, indicating the quantity of active

30 agent. Where the composition is to be administered by infusion, it can be dispensed
with an infusion bottle containing sterile pharmaceutical grade water or saline.

Where the composition is administered by injection, an ampoule of sterile water for
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aqueous suspension or solution containing the polypeptide, buffered at
physiological pH, in a formready for injection may be enpl oyed. The
conposi t iwodsonspar ent eral adm ni stration will comonl PCEAISPENSHET6aS
solution of the polypeptide of the invention or a cocktail thereof

di ssolved in a pharmaceutically acceptable carrier, 5such as an aqueous
carrier. A variety of aqueous carriers may be enployed, e.g., 0.4%saline,
0. 3% gl yci neinjeatich ditvelind dee be Ploeiied sothat the ngraicatssharicleixedptiggeneral |y free
of particulate .matter. These solutions may be sterilized by conventional,
wel | known s'i’(g’?ful F4%" on techni ques (e.g., filtration). The conpositions
may contain phar nacetingtaltheyporaepidcatdyebealsdd Iniths Masifasirastes as required to
appr oxi mat e 10 g/SI ol ogi cal ditions suc H adj stl ng, and buffering

agents, etc. %%c%hﬂm%%%?mmﬁ%@%wg%m @nafay ﬁé"ff‘W\lf"é%‘ﬁSon in such

phar maceuw i CﬁJlutfo‘ﬁﬁ Hﬂusaizdpqanlz@@ﬁow&mo%g&{t&al ddnﬁmstrzftl'bﬁ MpH©&ss fb@be about
0.5% wusually at or at | east about to as nmuch as 15 or 20% wei ght and

will be sel erantivtadpyradeiiopakewitable filygngonashe pharmagquéied i acpepsableet .
accor di ng to.4hg e fol sl e 1@%0%11@9&&9 n;ﬁﬁer ﬁ&dff%%dsﬁbt%ﬁ&eﬁlue&émus ‘a

phar maceuti c& conposition of the invention for intranuscular injection
coul d be pregpdutod. taamplas efi snitdblpdilushis pid nerpalfisasenegisaiae salyticangaisketdveen about

1ngto ab OUE‘V ]dgpgt]‘g&g n \%iiltgr or b"ﬁ‘llﬁg}é& (faq%nﬂ gr 51‘8111%9 8}1'1tac§t9t§| ’u‘P(S)I{ gl.{CR Exn about 5 g

to about 25 I nven t|

phar maceld i cﬁ;lrmclyanquors |e$pe01allyo$ulttahle forrpasenterad adhmistriatidrr, butenquﬂsq befussd on could
be made up tp contai.n Oab s,.sol.ution, and
Sbout s e Br BB ERER S bt B st fie SRR B UAT B O

pol ypcpti de wbuffibon. Myt bodesirdt walkld Rdipiogts, sﬁ@fas@b@zpﬁﬂylpygomfne,nt erally
adm ni strabl e _conpositio s are wel | knovvn or be ap garen to those

skilled in t#&tmy pydiony ceplilogre dcaciapRalysthy lshsedyeg m&mmqlrfo ingychigridap) e,
REM NGTON' S RHARMNCE:E: %cﬁ@h%uﬂl@tcbmﬁﬁhmmnw(?k Publ i shi ng Conpany,

25Easton, Pennsylvania. The p ptides of the invention, when prepared in
a phar mad2uti cal sl atth%wlymgd%@awf‘e@émSUEaﬁdutﬁblﬁteéle&%rewé?%l anThe

appropri at e éxﬁﬁ&ﬁ&@%y‘nﬁﬁ& b{raﬁicﬁﬁﬁfsﬂréftﬁmd@ﬁﬁnﬁééﬁu@eﬁlyda%&éf)'iam%ﬁd peadi |y by
those of skill in the art. Such ose ma sui'tabl'e, be repeated at

appropri at e hiquiecdrrigre mazbs a@@ﬂé@@@@H@@féﬁ@éﬂl@@ﬁﬁ&@@W@@@t tpiaeditatt an duri ng
the r esloonse%@f rét?o -of hifk A 6{1{18{‘ So (]:]18 cé(ﬂrlte{sqn@ré&as}’a%lhh”%to?@tcél%ﬁ! ly be

enpl oyed to entify I mal dosage ranges reci se dose to be
enpl oyed in MhﬁatebeIImlmt@,tter@ralm hagriadsmon sd@peefmt Sutelole ad:lh,eallcqwc‘en @facia,
adm ni Stﬁ@tl gusne of the dis e or, di.sord and shoul d

be deci ddh cRebeBRg o eRE chHgTeeegr e B R M IR cn "pat ent ' s
ci r cunst ancewateEf Tte&hnmenﬂga ses 1ﬂtfhlyle b)eumﬁerdaaledlsamwbrfat GinhdRgBctgEponse
curves deri Vr%gngsgegltgtel orregl%lertyli 8lstearat%nalgr?el orn\xllllt eal wax. Slthe a};nountn% solid
carrier varies but, will be between about 20 mg to about 1 g per dosage unit. The
pharmaceutical preparations are made following the conventional techniques of
25  pharmacy involving milling, mixing, granulating, and compressing, when suitable,
for tablet forms; or milling, mixing and filling for hard gelatin capsule forms. When
a liquid carrier is used, the preparation will be in the form of a syrup, elixir,
emulsion, or an aqueous, or non-aqueous suspension. Such a liquid formulation
may be administered directly by mouth (p.o.) or filled into a soft gelatin capsule.
30 Human IL-18 polypeptides may be prepared as pharmaceutical compositions
containing an effective amount the polypeptide as an active ingredient in a

pharmaceutically acceptable carrier. In the compositions of the invention, an
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5For pol ypeptides, the dosage adm nistered to a patient is typically 0.1
ng/ kg to 100 ng/ kg of the patient's body wei ght. The dosage adm ni stered to
a pati entworyoshasiset ween 0.1 ng,/ kg and 20 nyg/ kg of thePpattiseons/os7ehddy

wei ght, or alternatively, 1 ng/kg to 10 ng/kg of the patient's body weight.
General |y, human pol ypepti des have a |onger half-life within the human body
t han pol ypepti des from 10ot her species, due to the imune response to the
forei gn pol ypppbdusdesensidrus:, solutive ondkosiag €& pofypbptidarbubteledme phisistbbsziand | ess
frequent admpnistration,is often possible. Further, the dosage an

fr equency of Pt LAbt Bn sk SRR Eh A Bes o e APt Rt FERTRAG e  educed
byI enhancidngad;mhﬁkgio?nﬂutcbﬁﬁuﬁlynﬁﬁl@tisead ioﬁﬂioﬁ@fglejpol-yﬁiéﬂidb bethbr ai n) 01;] t he

pol ypept i des, modi fications such as, for exanple, lipidation. 15The
Cnvent |on al SSSPBOT #EREKiRiRete oAl Selt fhiare RBAEICHICRI SEHHENS SFHS: one or mor e
contai ners filch@faniduBoRRErRE. AQLEPHS dfiSousREHREI LA Bipldyke Lhar maceuti cal
conpositions of the invention. tLonaﬂIy associ ated wi th such container(s)
can be a not{-¢® saking A% Wy sing ped e like dThyye splyione pistsitcand ggesielly regul ati ng
the manufact geeyr 1sRuAke Haef PlesPRAITRGE AL bE AkSIiRY LPiOhRMigAl, wroduct s,

whi ch notice reflects approval 20 by the agency of fmnufacture, use or sale
for human adkiownstargiziteon. tedhniqaerdeige filteaonldi The wompésitidne miagwerfeinon, a kit can
be provided ywi t i . tai ired to fulfil
the dosage r LT e Rk Pkt Py DR e SN R b ERMAST o 11

anot her &hbophysiefigjcat tvadtionpawhds 0 adjostipgsnd bdifermgngbes, del iThered in a 25

vesicle, in particul ar | i.posone ee Langer cjence 249:.1527-1533

(7900) " Tr oaforegonts fe porRRRA e F P R sya R o R e BOGHRR Sease AnD
CANCER,  LopezanBarynsidelyni. lfebniriced thin 4d60.5%, bdusiby atNewt et Khoup P @3- 365
Snother enbodtremts & RLedumssihabGhiIEBmsbert peeedrond cadid b n'a
control | ed rekeasies, $S aedbrdihdtodREpLTRAGHNBRIB of adniRIRiJMB¥IcBed Used (see
Langer, supra; Sefton, CRC Crit., Ref Blunted, Eng. 14:201 (1987); Buchwal d,

et al., Surgery gBusgmhamygoyticakeomperitiopet the invengongpgptramuscwfay, * 321: 574

(1989)). In gnalifelo &IMROGLTRAte BRAY TRAL GeMR LGN RakRAnPEeegd (see
MEDI CAL APPLI CATI ONS OF ROLLED RFLEASE, Langer and W se (eds.), CRC

Pres., Boca #eubhng t4aaboyitll99a)z, ¢ GONTROL) EDIRRUEG 38 G ¢ARDARIPIBYNE PRUG
PRODUCT DESI P d /.l ay, New York
%P%mg,%g\?%%g og{ﬁg 1 n%%l. 'S%&h%l/rl)(, Iﬁﬁlpar}ﬂace\ﬁ'{l}:aqy

(1984); Ranger cronol . ev. acronol. Chem 23:61
(1983); see angwsitiew gf theirakntjonSor ivtreen@@3nfli®ion (QH85y madxwp togentein al ., Arm
Neur al . : 351 89) : .Ho d, et al..  J. rLosur 71105 989)). In yet
ot her hnodiba mh LR iesh vlionsdb DY AR honl Sy PR b oxi i1y
of the therageut$ mgttaniget 25 mgef a pblppepdidabfthe invustiohe guetual mgthodd fyr a fracti on

of the system c dose (see, e.g., odson, .in MEDI CAL APPLI CATIONS 10 OF
CONTROL L LD FESsEE PoeehRraly agipflisusbid Qumpieyina afs T geapT o BHTEE | contr ol 1 od

rel ease syst gifarcaf 0 thliss SHBSEM thdurt A Ak IOVl YN MoRARfail (RFbERER e,

249: 1527- 1533 (1990Xé. Human | L-18 Eplygfptides (SEQ ID NO 1) may be
adni ni st er edRBYNGRON A PHROBGERTIEAL ACIENGTa Il Sthsde Mack Rublishipe fempabeat ed as
needed, s 9. Epadsh, PERGUENtd Y as one

The polypeptides of the invention, when prepared in a pharmaceutical
preparation, may be present in unit dose forms. The appropriate therapeutically
effective dose can be determined readily by those of skill in the art. Such a dose
may, if suitable, be repeated at appropriate time intervals selected as appropriate by

30  aphysician during the response period. In addition, in vitro assays may optionally
be employed to help identify optimal dosage ranges. The precise dose to be

employed in the formulation will also depend upon the route of administration, and
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15to three tines daily for between 1 day to about three weeks to once per
week or once biweekly. Alternatively, the peptide may be altered to reduce
char ge dewei2088/1a8m3t hus al | ow oral bioavailability. ThePdodsS2@sa5wus ati on
of treatnent relates to the relative duration of the nol ecul es of the
present invention in the human circul ation, and can be adjusted by one of
skill in the art, depending upon the condition being 20treated and the
gener al heal thh safoutiess piathé éivdase or disordeFhuad ishouddibd dxaidpd eccodtids: tretichods  of
treat nent, Q b|t| and iStr human pati ent

h t
o ot oot vodimte? B PRCaBiRRIM A Purte it Bkt de T Do

i nvention cobpéxtuapdlged ﬂﬁﬁﬂiokd_re@&n@@c’cmm%hﬁkﬁl ftoDER Vidd BiQnfihal thdllebne
enbodi ment of the invention, the conpound is substantially 25purified
(e.g., subst@HVEFPY free from substances that limt its effect or produce

undesi reds si de- Efffc@%[%r})eptlﬁ@sf méld@Bdg@@%ﬁﬁE@er&ﬁbrh%ﬁerﬁﬁs RFEAIRI Bt ﬁ%ﬁldgon can be
enpl oyed when the conpound conprises a pol ypeptide as describ bove;

addi ti onal afophV8 @?ﬁ/%&‘g tlﬂ%l?%ﬁlﬁllltétbpé‘hyel@hﬁ %d@@@e admigitared t8pPatisnén can be
sel ected fr Oﬁ‘aﬁlﬂpﬁ’&wééh@?m‘gﬁ(g%ﬁﬁ Q@ngh%ro?'tﬂ% nﬁﬁé&@’bocﬁp\y rr% toys delivery

systuuts arc khown and can be used adm ni ster ound of the
i nvention, ed@ﬂwﬂéﬂﬁab@akaﬁ!Uhﬂ@ﬁgbfﬁ@$@mﬁﬁ§bmhbmnﬁérG@@ﬂdb@hwn@rocapsules,

reconbinant . e X i r medi at ed
omot oot [BlchiGARAR, fioRk SERYRER| MY i InGR TROY Ay phFERIG o (T ELS)
const ngcL 0 gnotb?r s@emcgm ta tlwdhm:tmas rportse af thafargpn pcvl'yp@tid@é Tlmtshbwex/ecé or, 5
etc. thods .o I N oduction | | u not to nt rader na
et ameseur agStagas o LR Ro RS i B tlse iR blials s bsplnacar

egl plu_r aIt agEurﬂfeﬁJthd‘dwﬁngand T@?Jeﬁe;oamu?darmbn cﬁpmmhd@][@fthmweb@onb |

adm ni stere nvenl en r ou or exa I.NT USI on, or ol us

i nj ecti on, bvl%h @fib%eﬁ&ﬁ R HPE ?%‘14&15:%1’@6 atioR cgftlgtﬁéa e i ngs (e. g.

oral mucosa, the @6kypéptiaBFhy MbaEEABA su@h'ﬁﬁﬁyex@fhﬁle)lfi’dh@oﬂay be admi ni stered
together with other blologlcally_actlve agents dm nistration can be

syst eni clor | ocal Thejipveaten dlsoprovides aypiiprmiccuics] pagk ekt eoMifisHBARE €7 t he

10phar nmaceut jhgal conQMRRUNLE weth 05O Hpﬁéﬂetdf %ﬁné}gdl&ﬁ@oﬂ tﬁé’ ﬁt&%@&uﬁ&fl o the
central nervous system by any suitable route, including intraventricul ar

and intrat he@%ﬂlposmpmﬂtb@ﬂﬂvmﬁma@emnailﬁassamatpdnyvethtsmhrvomyletﬂ@ chbé i tated by
an intraventgicut af. q)%s%ﬁbedfbgrrda rﬁ%&%ﬂl‘eﬁml @%ﬁ an a?&n R hERRIYQLT, such as

an Ommaya reservolr. Istrati e enployéd, e.g.,
by use of anuscohsdleof pjmrnmbut[qa]s@r pbiodngetal products, which notice reflects approval

20 by the agency of manufacture, use or sale for human administration. In another
embodiment of the invention, a kit can be provided with the appropriate number of
containers required to fulfill the dosage requirements for treatment of a particular
indication.

In another embodiment, the compound or composition can be delivered in a

25  wvesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat,
et al., in LIPOSOMES IN THE THERAPY OF INFECTIOUS DISEASE AND CANCER, Lopez-
Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989); Lopez-Berestein,
ibid., pp. 317-327; see generally ibid.).

In yet another embodiment, the compound or composition can be delivered

30  ina controlled release system. In one embodiment, a pump may be used (see
Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald, et
al., Surgery 88:507 (1980); Saudek, et al., N. Engl. J. Med. 321:574 (1989)). In
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15formul ati on with an aerosolizing agent. The present invention may
be enbodied in other specific fornms, without departing fromthe spirit or
essent i alwatpes/asdas t hereof, and, accordingly, refereneeTdiscusdstses made to
t he appended clains, rather than to the foregoing specification or
foll ow ng exanples, as indicating the scope of the invention. 20 G ossary
The following definitions are provided to facilitate understandi ng of
certain ter nmoﬂ&edrnbmcﬁmu&npdlyn&@rmitﬂw ande ulalntdcideiyie DepemadAmtoNs

Cel | - Medi at ed t ot oxi epdent_ Cel | - Medi at ed
Oyt ot oxi ci t yo{ OLE#%%%%ﬁ EQﬁ%¥@%£QMR2§hJSQ§¥ﬁE Bﬁ@ gﬁ?ﬁlg%rtaln to a
mechani sm of(1lge4) €Oﬁﬂl(ﬁL@ﬁDRMBmAWILAﬁmﬁWED)(U(%BR@ijCQCDEQI’GNCﬁhj of ! t he i mmune
system active ses c at has hee nd specific

ant i bodi es. %@%@?%@NgﬁgﬂﬁgngﬂiBﬁi EX¥W§’FWW855£ Vﬁgb Q%?ﬂ%ﬁ iles, as part
of the hUﬁDrﬁbckMMM@@zR@ﬁ@ﬁﬁ%&uﬂqg&nﬂgﬁ6I@M%Bﬁk&nﬁﬁdxﬁ9ﬂkalQkkﬂE&Ctl0”

Cl assical 30 ADCC is nedi ated by natural Kkiller &NK cells, but an

alternate ADEXS 199 (LX6d Dyingodichofhi Newob 2Ri361 (198P): Bowapheadi 41 ¢ wor ms known
as hel m nt hsy, ADGE, 175193 f98@&yﬁrh§et§g&9&'e%oﬁlmgﬁp§ c&ﬁﬁiﬂ@@ﬁe@ea@%@ﬁ’l its

dependence on a prfor antib response he typical A i nvol ves
activati on ofanNK piaskd 1 paerdmity ofidip ehechnutiatpisat, £ hethe bragy Hius r@pirgR

ant i body- coaf,g %ﬁ%%%&%ﬁm h&%mQ%gﬁgeéé%eQ%Bﬁ h@a&ﬁﬁc@iﬁﬁﬁgﬁmﬂ%?the NK

cell. The Fc'r ors rec gnlze Ccons on i bodi es
such as l@(iomﬁ@&hmmumd%MmAmhewﬂurmmékppﬂlaJﬁ&(M@anOﬂnfeﬂmeﬂatarget cel | .

The Fe recept r 5that ex e surfa C ed CD16 or
FoyRITI - onossiacrs B e R B RS P (g Mo RE A R o cel
rel eases cyt@kpmes such as I FN-y, and CytOtOXIC granul es, such as perforin

and granzynt, tha ent r th t ar get eII ronote . cell death by
triggering apopt osygant (geﬁ }ﬁlﬂég‘i‘yot?? aidgn%‘?tﬁ‘ieflg?’ Mo, but

i ndependent é}fproﬂrﬁ&ﬁ@t@ﬁﬁﬁrobﬂé £t é/(BélereIteﬁ Al h&d€Tlss hs frdQASHHERFhcher ei n,
the ter n} Ct%rtlrlrleg [1rnes (riaellfyefgrs betwgee?l 1 day l‘[Joe Q‘t}out t?lgeelé\ye%l?st to ogé(eclge? Iweegli or o%rce
biweekly. Alternatively, the peptide may be altered to reduce charge density and
thus allow oral bioavailability. The dose and duration of treatment relates to the
relative duration of the molecules of the present invention in the human circulation,
and can be adjusted by one of skill in the art, depending upon the condition being
20  treated and the general health of the patient.

The invention provides methods of treatment, inhibition and prophylaxis by
administration to a human patient an effective amount of a compound or
pharmaceutical composition of the invention comprising human 1L-18 polypeptide
(SEQ ID NO:1). In one embodiment of the invention, the compound is substantially

25  purified (e.g., substantially free from substances that limit its effect or produce
undesired side-effects). Formulations and methods of administration can be
employed when the compound comprises a polypeptide as described above;
additional appropriate formulations and routes of administration can be selected
from among those described herein below.

30 Various delivery systems are known and can be used to administer a
compound of the invention, e.g., encapsulation in liposomes, microparticles,

microcapsules, recombinant cells capable of expressing the compound, receptor-

22



vehicle with which the therapeutic is adm nistered. The ten-n, "conplete
response”, as used herein, neans the disappearance of all signs of cancer
in resporwo 2b@/tisBsat nent. Those of skill in the art al seczaiskoos/oswespl et e
response” a "conplete remssion”. In the nodels enployed in the below 15
exanpl es, an animal achieving a "conplete response” neans that neasurable
tunors regressed to stage that could not be neasured. In other words, it
nmeans t hat amkdiated endercgolic(eed'y.,afd capheaBed dheml 2424429-4432 (1988l at ed”
nmeans altered "by the.hand.of .man" fromits natyral state,,i.e ifoit
bocurs i n natreeipy S SR Ehe gt Sorto BnaT ather v TS Wit

envi ronment , in@bducZBn BRtulde, Hudire @XElMIk, to Antp@icyidlCheahisdear a pol ypcpti de
naturally present.in a living organismis not "isolated," but the sane

pol ynucl eot i GE2RTIIWSHy FERYSNEES: sEuratous hiFgataheridanl endag! wriestdecoexi sti ng

cel lul ar 4qrat gnhRuddsr chinfositiink bRl bs h@hRistded byl abRRnicnBdulch@rtermis
enpl oyed herein. NMbreover, a polynucicotide or polypeptidc that is
i ntroduced i fteBPiPYOREsIAN SAPYYS infcsigr By Asernsian thyepatcpehakigherpul ati on or by

any ot her _25&%&({911&%@%1115{% {S}%d oral mlcSQl AEBHandGNERinhf mbdosd, 32 Stdnli! Present in
sai d organi sm which organi may be |1ving or non-l1ving. As used

herei n, the may hy adnphistcraddegstlice iith othiepbiblogissllwedtize pgratsy Agpphitesdionons of t he

i nvention. The .t "t herap | gal f i: ) efers to that
amount of thgﬁggggﬁ%%wgggﬁ?j?€ﬁ$ﬁ ‘%ﬁ“ﬁ&éﬁﬁ%ﬁ¥§?%gﬁﬁﬁévﬁﬁ?%g a selected
condi ti ohd 3fhsmusedcahermeonndst dreomposigons phtie neeetitn io@lthy/ceageleptvabt e, nmeans

approved by a regul at or: ency. of .the Federal or.a state.goyernment or
et et neeloey ARt S RE M e g By PR U phar racopei a
for use in amtedngicutanthjdvaoemaabt fagllitacd tyy doninfiavBtnisular catheter, fBOl y- pept i de”

refers to an ol ypepti de conprising two or nore amino acids joined to each
ot her by pepé@g@hh Wﬁé“gpaﬁﬁﬁ Tedcpahtl qumasnirscrveirPulmgaty i de 5i sost er es.

" Pol y- pept i dgimihBf-gich chRalb@bderiheydd, £Babsse of anMbRleYor Rb@iALdnd 0 as
pepti des, oligopeptides or oligonmers, and to | onger chains, generally

referredlyo REmplaterevisan mepspliepe p2f85 may contain anino acids ot her than

the 20 gene-encodpfd AN ARG may FOLNRRIAI if 8fer dpRGHH AR RRuAC! d
sequences nodified either by natural processes, such as post-translational
processi ng, @patipgdiventhe spiringygbfenita ritabutes thereof, and, accordingly, reference

should be made to the appended claims, rather than to the foregoing specification or

following examples, as indicating the scope of the invention.

20
Glossary

The following definitions are provided to facilitate understanding of certain
terms used frequently hereinbefore.
“Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)” and ““Antibody-
25  Dependent Cell-Mediated Cytotoxicity (ADCC) effector function”, as used herein,
both pertain to a mechanism of cell-mediated immunity, whereby an effector cell of
the immune system actively lyses a target cell that has been bound by specific
antibodies. ADCC is one of the mechanisms through which antibodies, as part of
the humoral immune response, can act to limit and contain infection. Classical
30 ADCC is mediated by natural killer (NK) cells, but an alternate ADCC is used by
cosinophils to kill certain parasitic worms known as helminths. ADCC is part of the

adaptive immune response due to its dependence on a prior antibody response.
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10t echni ques that are well known in the art. Such nodifications are well
described in basic texts and in nore detail ed nonographs, as well as in a
vol um nowsonreessdssh |iterature. Mdifications may occur pamyush@sssions a

pol ypeptide, including the peptide backbone, the am no acid side-chains and
the am no or carboxyl termni. It will be appreciated that the sane type of
nodi fi cati on may be present to the sanme or 15varying degrees at several
sites in a given TeltypeptAINEC indblses aciivgioneifi NKodJip et is depandgnt cpmi the N many

Wb aui o1 nat 1 Bhosdi S RagPRapoB! BFRTR R SRR wote SsFSRENRG. oyl c,
branched andNEranc mB@IFmeeépt@s &ngiﬁ&ﬂhd: Hegonmnty @etidt offah@odpestchtasans! at i on

nat ur al processe may be ynt hefi c met ho Modi ficati ons

i ncl ude aceﬂsﬁa %aé%ﬂ SHETP ‘i‘?rPf R nginblaﬁ.eﬂesmr%% cgﬁrﬁ RgdtciTgirpior

bi otinyl ai ofat é%%‘(@drﬁﬁé sifab@shie el 9§ cal k@D oE PYRIIBNOnRbbA R of a hone
noi ety, covalent attachnent of a nucleotide or nucleotide derivative,

coval ent at t Befeaentar obi2GtheiNsityaldtilles gl gelepses qyiakings suchsy HEit andt t achment  of
phosphot i dyl iagsiit elanufe, A8 ds @kbﬁwand@f&hy&@ttha@nmmh%lfur%ét@al hend formation,
denet hyl ati or, formation val ent cross-links, formation of cysteine,
25f or mat i on mfompgﬂrogl} Idmﬂabmtr@gemm appbtasis.ohbis @Qﬁﬁaef&atommnm isemmilar

gl ycosyl ati o h f i odi nati on,

met hyl ati on, %f’r]f/l?alg egéh%a |0£r{8§p§§%eég?lb}6tﬁt¥’g%%%’ li?‘k '{ﬂg pr ocessi ng,

phosphor W ation, fpsrmsng! hatinpthe taraccarried!, raﬁe‘rs tossedhmemyh@wamn ex@pikdtadn on,
transfer- ﬁd %?1?1? thon o an no ﬁls to proteins, such as

argi nyl at i onVe At %WH AT RSB R 1f§seagmnfl§)?re nstance, PROTEINS - STRUCTU Rl
AND 30 MOLECULAR RREBERTédnlct? Adpdme”, aJuseEher@nBin@his@H[b, diMppddranke eeman and

Conmpany, New YQrk 1993;. Wl d, F. Post - L ans| Pr ot ei

Modi i cat i ondl Sigsal Secet Paespaing tpletment §f£09f 0@ ill @@%?18?% LATI ONAL

CC/ VAUNT  MODkGhipfeTd (Oboeke " RRETED NS rerBissibn. 18 MHeSHdtelskeh aaeb&owr ess, New
Yor K, 1983 Sei er et al., Meth Enzytnol, 182, 626- 1990; Rattan, et

al ., Annl> Nyexagmifs. agginimal ggfgevinga evzm{pimyl)onswqa%@amﬁ%éwﬁblett%or@ erm

"surviving apbimRle$d stageBARSull A6 R IRIES) Intdaad wdtdd ﬂ@ﬁiea&'tﬁat%mﬁpsom aneous
tumor rel ated death, of were not euthanizcd due to tunor 5vol ume reaching

t he pre-det ewmeﬁ‘elered”rﬁnld@méﬂdyle@lﬁtyr nmous Size, or were not

"Isolated" means altered "by the hand of man" from its natural state, i.e., if it

occurs in nature, it has been changed or removed from its original environment, or

20  both. For example, a polynucleotide or a polypeptide naturally present in a living
organism is not “isolated,” but the same polynucleotide or polypeptide separated
from at least one of its coexisting cellular materials of its natural state is "isolated",
as the term is employed herein. Moreover, a polynucleotide or polypeptide that is
introduced into an organism by transformation, genetic manipulation or by any other

25  recombinant method is "isolated" even if it is still present in said organism, which
organism may be living or non-living.

As used herein, the term, "pharmaceutical”, includes veterinary applications
of the invention. The term, "therapeutically effective amount”, refers to that amount
of therapeutic agent, which is useful for alleviating a selected condition.

30 As used herein, the term, "pharmaccutically acceptable", means approved by

a regulatory agency of the Federal or a state government or listed in the U.S.
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eut hani zed due to drug toxicity-rel ated reason. Biol ogical Methods/Exanpl es
Exanpl e 1: Experinental Protocol for 1L-18 conbination therapy with

Rl TUXAN twoR0osms=m3nmuri ne human B-cel |l | ynphorma nodel  PCT/USkios@n7ehi - 18
(SEQID NO'!) is a reconbinant mature form of human interl eukin-18,
expressed in a non-pathogenic strain of Escherichia co/i. TL-18 is a

non- gl ycosyl ated nononer of 18Kd with a primary structure nost closely

rel ated to | Rhatth3copnid ot biberd dendrally eteynlized pharhaoipeia. fotse iimanianld, andman | L- 18
cDNA encode a 15 recursor rotein consisting of 192 and 193 am no acids
(SEQ | D NGs: mﬂreéﬁﬁlcf r?’énslﬂ)LET&?inisvel y). Pro-1L-18 requires processing by
caspases into bi Oa?@IypvlmdlafmtdféretownptpelypeﬁtiﬂéZoﬁpliilsmg tR@iod $jord diab deids t 0

medi ate its biologic activit 0 t ween human, and muri ne
IL-18 is 65%°M°A ¢ %ﬁﬁrhs“&x P%flﬁ%?ongf %@g@ eﬁﬂﬁqpflﬁ%hon&év&wpemw. ne IL-18 (SEQ
I D NG 2) pasishi@ehs. “PolyREfIRE” feferPlo®oidoARhifk, ¥bMRosly RABR&I 1 ag0Syst em where
the full i1immunol ogical potential of |L-18 coul d be anal yzed. The study was

per f or ned i nPPHEHs elizopentileeoiepRgiyoiid taompengheias. eprmallypefered €)ast hat | ack
both T and B,gells POEB@ptﬁE’é/ﬁw élﬂ@al@&mﬁ&% 'aE‘iHs 588 R RE 86l SleQnkoRyer the

inbred strain is that the outbrcd | CR SCID strain does not  exhi bi t
| eaki ness ( ewamo jagidd §Polypapsiviesi io¢lddavngiay acid siquerrewmpdificpighst bd wi t h human

ot Tent i t TR SR I bR 1R B B AR e TR Ry En 01 9
honbgenat@ washniques maaaredzell frhowiB inShaae kSt(o:Ihdncmmauats airdmeldckserﬂ&d5n m per
nouse. The tféjm)r vol une

e v di PR SR R d TR e ey bR 3 M RS e ha
equal di st rlbuatanﬁwﬂ olbditfigéivhs m&ums anyMiRrdih@ampapyephis, includingthed when t he

medi an tunor vol u rou d 80 -1 at d 2 post_tunor
i nocul at i on)pepflﬁe gqef&}?‘ﬁe © ag s"él%nﬁldgec f"ﬁéf‘ndgtgﬁwlglg EXW fqli&é“ VBl une
out si de of tk}ﬁlw{pp{ebmeashwe%aﬁa%Jp@dﬁﬂloalﬁ@mohh& HePdent to the sath®ot he fir st
study, the treatnment groups &(@ i ncluded a control group (no therapy),

1

three RI Fuxaxyiye riegyee%mﬁn% P agipgwpeptids, Adsp, a giygn B@mﬂ%use 5Bl W
respectivel yjhay BorMik mhfy Sp&s of RUEAGEAL Yo T ORI AP bIBHIATNE &s Hrclul) -+ and

of ubiquitination, and they may be cyclic, with or without branching. Cyclic,
branched and branched cyclic polypeptides may result from post-translation natural
processes or may be made by synthetic methods. Modifications include acetylation,

20  acylation, ADP-ribosylation, amidation, biotinylation, covalent attachment of flavin,
covalent attachment of a heme moicty, covalent attachment of a nucleotide or
nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond
formation, demethylation, formation of covalent cross-links, formation of cysteine,

25  formation of pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI
anchor formation, hydroxylation, iodination, methylation, myristoylation, oxidation,
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation,
sulfation, transfer-RNA mediated addition of amino acids to proteins, such as
arginylation, and ubiquitination (see, for instance, PROTEINS - STRUCTURE AND

30 MOLECULAR PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman and Company,
New York, 1993; Wold, F., Post-translational Protein Modifications: Perspectives

and Prospects, 1-12, in POST-TRANSLATIONAL COVALENT MODIFICATION OF
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t hree conbi nati onal therapy groups that each received 100 jig/ nouse 1L-18
S.C. gq.d. plus 12.5, 25, or 50 jig/nmouse RITUXAN(r) I.V., respectively.

I n the sewonrdosstistsy, the dosi ng consisted of nlL-18 (SE®CTDSk@sAj76as 100
jig/mouse on an SID schedule, and RITLIJXAN(r) at 25 and 12.5 jig on 04/3
schedul e. 10 The nunber of animals was increased to n=12, in order to have
a better window to neasure statistical significance. Tunor vol une was
measur ed usi PRpTEDS, Bi @ehnsoal Edyex@mdénmo Pras,tNuvwe®ortki 1a83; Seifieekal., Meth  The

conbi nati onal, t he pth 1L-1 nd RI.T [ in the hy - | | ynphoma
nmodel of fer sk’?fy B’@%Z?‘?/t&%\%ﬁ 1'{9 %%%‘?%Wbteﬁ‘élr%%m{ s thggwg%%fgléb%b)

15RI TI IXAN(r) al oReused WerciX{he kdrfERirSivirdehahdl@y’, hehBwhe shaxi( tiet aidi stical ly
significant benefit of the conbipation thera in this del . In the
first experiREMS OTCRBICRY PROFGRddEh, qrméer%ﬁﬁu%% CE FORA_N(T)

(100t i g/ doseyolghoOvachist the Pet-@drinided MR hyddelVdnbdn@S sBe Iri@kEndgent therapy,
while at | ower dose (12.5g/dose), RITUXANt' had no activity. Murine IT-18
(SEQ | D 20 Nevthanized dusie daed fovicttyrdaedicdiongl e agent (100ti g/ dose). However,
when conbined with a | ower dose of RITUXAN(r), mL-18 (SEQ ID NO 2) showed
additive/synergistic activity (12.5ugl dose of RITUXANG ) conbined with
1001.tg of nBilological BethadyEn@mples The statistical significance is

denonstr at edgpe 9w 1B ELaun 68p 4. A0k P YEN ARG ¢ '._.'v h

anal ysed usiTg aphPad P v : s 0 : gure 4,
t he tunoi0 voinumesirrheneo Bpatlddnphondayode® post-i npl antation. The stati sti cal

anal ysi s showed signifj ease of tunor owh in all treatnent
groups as conpar :TaurP%an_ﬁLSC@ERIﬁziﬁéé?&W@ﬁbl 65‘8{11(&,%%98%1@@* p<0. 01,
***p<0. 001) . infdileulsied Okpasplin a rvrgpateogonic Stiawsf Elvatridlecdgonmhilgas a on t her apy
was 30nore effective (e tatistically significant, *p<0.05, **p<0,01) than
monot her api eSO aglysRsYlated monomgy gff é@@e@ﬁ&r%ﬁmﬂﬁ? mogtyg @a§$ﬁ§d Phe nunber
of ani mal s (nN=1FindrhOMi-dadfonlb-emist AiiSlel dhushoni-{ eamasenefdetahe
additive/synergistic anti-tunor_activi %al n response to conbi nation

t her apy. 1ThePigrtapsti§Tqiein Fistiag obIR24nd | $Bamisp redeE NG %t lrean t uror
growt h vol unggyclh&Ipt Wlmg§ﬁﬁﬁésﬁﬁ&éss?ﬂg Ws&&sﬁ%tbbagﬁ%@a&uﬂe”p' antation.

This study is on-gol'ng, an e term nat ed when nedi an
protein (157 amino acids) in order to mediate its biological activity. The homology

between human and murine IL-18 is 65%. In the pre-clinical studies outlined below,
murine IL-18 (SEQ ID NO:2) was used, in order to provide an in vivo syngeneic

20 system, where the full immunological potential of IL-18 could be analyzed.

The study was performed in outbred female homozygous SCID mice (ICR-
Prkdc™™) that lack both T and B cells. The advantage of using the outbred stock
over the inbred strain is that the outbred ICR SCID strain does not exhibit leakiness
(even in 10-12 month old mice).

25 Mice were injected with human Ramos B-cell lymphoma line that was
originally derived from a 3-year-old patient with Burkitt’s lymphoma (ATCC
catalogue, CRL 1596). The tumor 1:10 homogenate was inoculated into 6-8 week
old mice at the dose 0.5 ml per mouse. The tumor volume was measured 2-3 times a
week, and mice were randomly distributed into the treatment groups so that the

30  groups had equal distribution of tumor volumes. The therapy was initiated when the

median tumor volume per group reached 80 -150 mm® (at day 12 post tumor
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tumor volunme will reach 2000 cu nm (ACUC protocol ). However, the data

anal ysis on day 27 post-inplantation, Figures 7 and 8, denonstrates that
there i s woxveril8Bcal |y significant decrease of tunor POITAISR00BOSTEIEE
treated with conbi national therapy (25/100 tg/nouse), as conpared to the
R1ITUXAN(r) al one (25 gginouse) or 10 m L-18 (SEQ I D NG 2) nonot herapy al one
(100 pg/ nouse). This pre-clinical data denonstrates that the

conbi nat i on mbcdldtiohy TarddiRbh,ulkdse nade theudw & tumor sythengiwsitd autsdit of-thiaunor
activity. R tlflﬁi rpab was 1agt(f'atye g}s not herapy at the highest dose tested.
However, siniddPM™F &VEICC 9T Vi “€oul d be seen when |ower doses of

Ri t uxi mab wer e usi@thd firsccrdy| hatric@meitd drbupIii+a) éncldded 4 5drfrof gidup (nb8" ) ,

i ndi cating that the nuodel Spsensitive to Rituximb and that the response
coul d be enh@RERY: ﬁ]{ﬁel@Iyé&%wﬁ@m}%hei@ye%mﬁgﬁéq?ﬁ@ngém/mseof

Ri t uxi mabs ppagURBREYydDY, M@@S!m%oﬁa@&aaﬁ%ﬂowtmonu@/ﬂwﬁs@@h!ﬁamﬁl nce SCI D
m ce |lack both B and T-cell responses, TL-18 is augnenting anti-tunor

responses t hihggRmRateaf thaepy geppohat e wedwmd {00 o/ mae ladhd - 8¢ at i on of

I'L-18 to nonsQuiRs M i Bt BImpIQ RIPE ARSIV alLRR]y NK cel I's and nonocyt es
in vivo and led to an up-regul ati on of Fe receptors (EcyRl) on nonocytes.

Her zyk, et al.. dnyhokiend sp@y38e 4@i@o9yted Gymdr-§f SHEINOI2) UMY activity
has al so bee rve 18 i a i i i PTI NTm
ina SCID no %/gllaﬁr%cf’\eﬁl a,q giﬁ%%begi {ﬂi-ehggldt}ﬁgﬁ yp"gt2 ﬁg@?gﬂﬁ%@ﬁﬁ%ﬁ%hﬁﬁﬁm easi ng
ADCC act iWi t Yhd thmdhegbf Mkndeivis mctehsedta 0nl.2, aadgltehRe abepervindow @ Pr ot ocol
for 1L-18 conbinati ?.n.vx,)t.h .goxorupi cin '1n EL-4 | thoira.Sttlﬂdi es _were
performed i n"FERESEIEEF) BETECH L e AT VR ENER AT EY BB C 5887/ 131 i ce
wer e i nj ect echliber®twaMot thre® tidec 8 wobk.st ock EL-4 cells. EL-4 murine T- |ynphona
cells were expanded i n. RPM 10%-CS, Al aninmals were randonjzed to six or
seven mice per st OB’PBﬁBomhﬁraPﬁﬁ’&h%dg\%‘EBfP@gA i b thghpmakB-cllcel | s were
harvested onygfyola moaeMRE ARdcfitERbaRE BndthdtapyWitleiheX1L1 05 oEL- 4 | ynphoma
cells. Animals were random zed to treatnent groups of 6/7 aninmals on Day 3.

Doxor ubi & n REU%4M aloas eFea expgriginivedreieiled kalow, shewiarmitiatitedyi on. ni L- 18 (SEQ

I D NG 2) wasggdftdht 5ERfiesh R ComtAhtibRYRrapy kPthishidye.ani mal s wer e observed
daily for toxrcity and nortality. Al'l animals tol erated dosing

schedul e and | evehshajesi cxbgrimgenssgpgipdenr Fauicoh thedmshiipge Q%RITMXAH%si ng was
term nated, V\Qgﬁu%@cgs'e 8¥1§€k%&(§1 tag@-%r{-]or & \H{yr a@q s&%éed%){nt]tﬁer%yr I@Hle é’tem cle mce

expi red bet ays -1 nplantatron. rease | espan was
cal cul at ed blpwst duwby (I Tifnse)eRITI AT hagpne activitd.00d6rinEdk- 1H(SEQED ( SEQ 10 | D

NO 2) CO%) i nﬁbi:ﬁ rlllaé Qoe g.(:%fQIYty\é\é eE ang g)éé)eql?h%b Eg/!i@sefl‘ﬁo‘lwe-ls_feg %Jhlen lc&’n%)qugcfm . the data
with a lower dose of RITUXAN®, mIL-18 (SEQ ID NO:2) showed
additive/synergistic activity (12.5ug/dose of RITUXAN® combined with 100ug of
mIL-18 (SEQ ID NO:2).

The statistical significance is demonstrated below in Figures 4 and 5, when
25  the data are graphed and analysed using GraphPad Prism®™. In the first of these
graphs, Figure 4, the tumor volumes are compared on day 19 post-implantation. The
statistical analysis showed a significant decrease of tumor growth in all treatment
groups as compared to the untreated control group (*p<0.05, **p<0.01,
*#%p<0.001). The second graph, Figure 5, shows that the combination therapy was
30  more effective (statistically significant, *p<0.05, **p<0.01) than monotherapics

alone.
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were analyzed wth respect to nmedian survival tine and increase in

i fespan. The prolongation of |ife span in response to conbi nati onal

t her apy vwohoesi18B3( SEQ | D NO : 2) and doxonbi cin was as®eTasdonsostohe
syngenei ¢ tunor nodel of female C57B1/6 mice bearing EL-4 T-cell |ynphoma.
The benefit of conbination 15t herapy over the nonotherapy with either
ML-18 (SEQ ID NG 2) al one, or doxorubicin alone, was denonstrated in
several experi nenishe wedndickpatinbmk, onereating tlexambeeofohiredit (=t 2npovidet | vi ty and
prol ongation of |if pan.i s dempnstrated in.Fiqure 9. As.described bel ow,
When veni cl ebST HifBed R st ShHAg s e SR E e AV nat ed. Medi an
vehi cl e deat Rsgmcatorceshbiatichogierhfy. STheanshbhalid Figedas 6A andoB ecp2édexpi red bet ween
days 16-18 poséi%gyl antation. These results show t hat _the conbination

of ~doxor ubi ci'f dipgan fgmerggreyvihpyofges The gtugy was gnalyzed af Ao SRBAN resul ts in

syner gi st4 ¢ @gok ir%ﬁlﬁ'iﬁét_io%@ti“ﬁ{i Sty ToH—_g'bﬂﬁF,_r A58 b8 timindRH whERdcli@xor ubi ci n
nonot herapy showed m nimal increase in [ifespan at 12 rra{?kg dose. 1L-18
nonot her apy @Mmogyelage gfill reacis2Qqgurmy ghabEeretpeplp Haverves Riswatripalytier ease in

| fespan. Wgngd 20/l flanRXRr ARG TuktBe acATRAEdnA di 25, ug/ dose of

I L-18, there was a shift towards | ncreased survival and increased Cure Wen
t hese ani nal satipticalyrsegngfirant deprgess ohfuniortvalvoe, in riesyirosted weatdh combinetieriabn.

The i nvent or i h i i @S Vi Vi f

Conbi nat on PRAPEE TP Tyt 0% REBYIH SR RN TS DORERO B i 2 ng
that 3010t mﬂullSi(SEQH@IN@I)_&g@mﬂ&rapgalodgn]t(]Ofpgg/mMebest d_os_e for both _

o obabi 17ty pl ot B be sy uitARh i B b it K b o e a0
For this anaRisiisab weultsse dymdatiqicfandmsirtaoevitya RiRbhabatdsattiarasnonot her apy
(SEQ 1 B NGy 27ont heigsat Moo se Sl 1t o S lerlrae s PH e e be. et mum
val ue of surfagen RhePRReH ddsys diratuxERILVESPORA S EdntiRtioh WeRtBHe Tcombi nat i on
that mnimzes the 5risk of death. This surface gives the predicted

probabi | 11y bf CadkJsvaindicatingthattagapddyagsgpsitivato RifiaHnabrangd tthas e

conbi nat i on. regnonse could®e GhiRed bPML-IheMuARUNS $&lhhSoch e £ERQNFE tO
conbi nation therapy of IL-18 and doxorubicin was addressedin a set of

experi ment s Rivatimalh areppmebly he angragsiing (P Cleacpisits ingWK celbst iSinee S6HD and
functionalit %ﬁic%flacﬁi%%thl B %’J}P-%&E 1ee§pon1£?ILp ﬁ?ﬂ %ﬁé’rﬁém@m@ ';n%jtlln?or responses
through NK cell activation.
20 In addition, the administration of IL-18 to non-human primates produced
activation of NK cells and monocytes in vivo and led to an up-regulation of Fc
receptors (FcyRI) on monocytes. Herzyk, et al., Cytokine 20:38-48 (2002).
Synergistic anti-tumor activity has also been observed when IL-18 is used in
combination with HERCEPTIN™ in a SCID mouse model, supporting the
25  hypothesis that IL-18 is increasing ADCC activity through NK cell activation.

Example 2: Experimental Protocol for IL-18 combination with doxorubicin in EL-4

T cell lymphoma

Studies were performed in female C57/BL/6 mice. As a general protocol,
30  C57/BL mice were injected I.P. with 0.2 cc of stock EL-4 cells. EL-4 murine T-
lymphoma cells were expanded in RPMI w/10%FCS. All animals were randomized

to six or seven mice per study group with food and water ad libitum.
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10 of |ynphocytes was nmeasured in aninmals that were treated with either
doxorubicin (12ng/kg), mL-18 (SEQ ID NGO 2) (25ugtdose), or by conbination
of both. WbeogrosisBe of activated CD8-postive T-cells, RKS/Uspadsastsiyat ed
NKs was tested, and the data is shown in Figures I I A and 11B. The
conbination of mML-18 (SEQ ID NO 2) and doxorubicin 15i ncreased/ nai nt ai ned
t he sanme nunber of activated CD8-positive T-cells (CTLs), NK and acti vated
NK cel | s as Hbxarlibiveic haakaekon dayé)seommldlaﬂd irapylanpbdalP. azviﬂeS/X i@l e in

|1 - di at e yt ot t t f
e varod CoBL AR Y ARBRE e e ol Pl R P OO ©

doxor ubi ci n/ dtﬂ;mﬁ,lgoﬁ@’ipg DeasrubRmewsnrkdantaeed IV 6h Day B&iI10GHoPBTs, as conpared
to splenocytes. 20Jt was L}ég&f‘ t ant I

0 run an experinent t how t hat
doxor ubi ei n HELTHEE Fb IQ@%%%‘&?W&H“W“@ES ¢ 84y ?3}%( non-specific
tumor kil4ing)e a&&ﬂy%%rejo%s&mﬁg'f@fttgﬁcﬁﬂﬁh ¥ftaGit ot oxicity is inpaired in
animals just treated with doxorubicin |l e aninmals that received mL-18

(SEQ I D NO 2) al ohkaniilsiglpigicAdpsianschidue deycliore] by erastobsEwsmed robust NK
cytotoxicit Yon %lgy Eé(%mbﬁn%%waf ERhiRged afl@fneg) Q@@&uéle @a’tﬂ‘b&@ilred-r(gﬂ &2 of IL-18

combi nation with Rt uxi na This Phase | s an open-|I
dose- escal at i'bh &ilwdliclemignerancd 1L61W®md@y%lﬁ’rb$ pest- 'rmiammqn dncagrdiaind Ri t uxi mab

dosea (1 1o Thtrnarhey b afef it Shos FOh R Pl R e et hEBeeR I Cozor
B cell NHL. IIDy&: %qombm%ctnﬂaemmbwa]mdommnn [d_EI:L% T(@H(Dfﬂlﬁhdﬁ@, the dats
staggered. Theref ect gel ve i nf usi o s of Rituximb

(378% ey Brrengv R hegRe Tq R SRR R PG 1) o
adm ni stered as vxﬁalﬁrmoﬁgdtlbméﬂsfh@m ifFesp@isc B @mbadksal thetapy dvitngilon Day 2

(+/ - 1 day) eks o] ) .bstarting dose of human | L- SEQ\IO 1)
is 1jiglkg, ?%@V@J&gﬁgééeaq} i@s l%weﬁ airved i dhesBrey t%raora{nqééﬁ? maxi mum
dose of 100 jehfdK@57Bl/6 mice &aﬁhQELWTBémlyﬁ@ﬁ&n@OfTﬁé berefit &to@ggﬁfaﬁshw th one
subj ect receiving the first dose of Rituxinmb o and human |L-18 (SEQ

ID N0 1)3 nthwpy OVeA s rfl%@ﬁlewmw@re@aemﬁﬂh%&@rNéﬂ) PleBstor24 hrs. |f
there are nogs@h@idn Abnd, Va®h@bdsiit¥d HABGEEINR periments, detailed below. The

example of anti-tumor activity and prolongation of life span is demonstrated in
Figure 9. As described below, when vehicle animals expired (on day 16) all dosing
was terminated. Median vehicle death occurred on day 17.5, and all vehicle mice
20  expired between days 16-18 post-implantation.
These results show that the combination of doxorubicin and mIL-18 (SEQ
ID NO:2) in EL-4 T-cell lymphoma results in synergistic anti-tumor activity with
increased survival. The doxorubicin monotherapy showed minimal increase in
lifespan at 12 mg/kg dose. IL-18 monotherapy at doses of 1, 5 and 25ug/dose did
25  not show any increase in lifespan. When 12mg/kg of doxorubicin was combined
with 25 pg/dose of 1L-18, there was a shift towards increased survival and increased
cure. When these animals were re-challenged with tumor, they showed protection.
The inventors then examined the predictability of surviving for a
combination therapy of IL-18 and doxorubicin was then examined, recognizing that
30 it would be advantageous to identify the best dose for both reagents that would result
in synergistic anti-tumor activity. The survivor probability plot of the data shown in

Figure 9 is shown in Figure 10.
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10t he next subjects within the cohort is dosed at |least 24 hrs later and
will also be nonitored in-house for 24 hrs after their first human |IL-18
(SEQ I D N@D 2b)8/dem@. On subsequent weeks (Weeks 2 to 12PCTAISRYSOEB15 S
nonitored for 6 hrs after the human IL-18 dose and then may be rel eased
fromthe clinic. All subjects is dosed at least 2 hrs apart. No nore than
two subjects per day may be dosed in any cohort. 15Three subjects are
treated at the fiFsthidastyslsewelbsef Hatadghweithk) a cdriibibdtiener mensetberewi dence of

Lo study dr ugdir it stPEn Stk S d R0 Pralupnlr AIEISESEO P! { hree ¥
subj GCLS thHOCZ)ripdi@Eﬁﬁf Week 95 rl;tglngbulgT theqﬂ(uglye)s ,thé ﬂﬁﬁlﬁluﬁil\hﬂ&&{fs are trk eat ed
i n each subsequent ort at the fo W n ose | eve Wee 10
jiglkgl week,?® v%cemoﬁ% }%&CO%"@P% @7%8? entéfﬂ’a‘ waen th%‘d?‘Wé‘g For
all infuss Onﬁstff dBath UXhiBR-fact lgﬁzeé?@l@?{eﬁlc%‘edq%lja%ﬂﬁ;)’oﬂ%ﬁmﬁmfcﬁ‘%l%ast@() om t he
initiation of infusion to the end i nfusi on, nust not be |less than 4 hrs.

Hunman | L- 18 faypiiFish trcatasst ginderatioher a t wo- hour period. The goal of this

study is to deterffngrtif B AR cBilGhOGLERE kY cithdiffivh ViR %@@?Lel@f human
I L-18 that is safe when used I n conbination with standard t uxi mab

treat ment i nasldsrembsinashddpeod iR el cxpgmpéndniat analyerddbe viebilisval uat e t he
dose-r eSponsﬁ(gaﬁﬁ 58{%%@6&11“(1%15;58%%{ J)tLtPelgm‘gepﬁgcgtés Mpﬂ&oa@lﬁ&ilg"as f ound

to be bell- n previ ous dose’'ran o 100
jigl kg wiol d)felympbcebyteswaxmnismeadnmernhmmmt Wem/t/retmﬂe)uhamdenqopmubiemd

with cooo: o cBeRep braaE0 0NG 2 LRORLES orby BSRIAT A, 0%t hnaar o

regimen r ecOpmﬁﬁdﬁdct[wateﬁf@@mﬁ@a@delﬂsab]ﬁs|ahdhg:tlfv®ﬂéd DJ&K[sIv&@&é‘ste\dd 4old t6D20+ B
cel | NHL. Do E human |1 L-18 %(@58 ID NO 1) are sel ected based on
previ ous Pha Ay igEea Yy Pnetic, and pharnmacodynami ¢ data from

studi es involvi ngTHé%bh@ﬁffaﬁoMftdillUﬁ?%EQ?@ No%aﬁ&w@m@nd metastatic
mel anoma,  The dose of Rituximab to be used in this study is the standard

regi nen Fecolfeawdmainiaingkthe pmenstber afrstivatelyCPEmopHEYS Taﬁ@lbs (('tR: cD20+ B

cel I NHL. NK and activated NK cells as doxorubicin alone. These cells may play a key role in

cell-mediated cytotoxicity (specific tumor killing). The enhancement of activated
CDS8-positive T-cells and NK cells, in response to doxorubicin/IL-18 combo, was
more enhanced in circulating PBLs, as compared to splenocytes.

20 It was important to run an experiment to show that doxorubicin does not
reduce IL-18 enhanced NK cell activity (non-specific tumor killing). Figure 12
demonstrates that NK cytotoxicity is impaired in animals just treated with
doxorubicin, while animals that received mIL-18 (SEQ ID NO:2) alone, or
combination with doxorubicin, both showed robust NK cytotoxicity.

25

Example 3: Protocol for Phase I Clinical Trial of IL-18 combination with

Rituximab
This Phase I is an open-label, dose-escalation study of human IL-18 in
combination with standard Rituximab therapy investigating the safety and
30 tolerability of 12 weekly ascending doses (1 to 100 ug/kg) of human IL-18 (SEQ ID
NO:1) in subjects with CD20+ B cell NHL.
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Doses of human 1L-18 (SEQ ID NO 1) were sel ected based on previous Phase 1
safety, pharmacokinetic, and pharmacodynam ¢ data from studi es invol ving
10pat i entwownesissaal cell carci noma and netastatic nmel aoores200ROb®IE son, et
al., Proc. Am Soc. G n. Oncol. 22:178 (abstract 713) (2003); Robertson,
etal., .1. din. Oncol. 22:176s (abstract 2553) (2004); Robertson, etal..

J. din. Oncol. 23:169s (abstract 2513) (2005); Koch, etal., J. din.

Oncol . 23:174s ( dbssirgadRi@5BEp a0@ 0051 KOS EQED 6O: 1) iskstaggerdd. Cancer

4(12):86 (27 006) . The hi ose .tested 15 adm ni stered
wsekl y o - uphetas hisskdteo HreRu AR S eb G At sl eE By SURR That o
maxi num tdol edsfawlea(sdasﬁ Wasah Ot - IB@Q[I? H\@ﬁl)%h]@ﬁlﬁfswiﬁl asmalﬂgrﬁvodyna? c data
were used to ect the_u mt of the do r _thi stuy

The hi ghest ndisiony ge Pay2 gg‘@sk%i@/“kﬁdgarﬁaﬁﬁs( e%% SPde I%p % 24
weeks, produggd, @os%'ogﬂﬁﬁéﬂiﬂk {580 1® N®: 1§E§C1hué/9§‘tan@d6%>ébdﬂéﬁbﬁ gl erated dose
was 20not identified; therefore, pharmacodynam c data are used to sel ect

t he upper I|pﬂamnedftopﬂoeeedmcsenmamglemimmummosethh@lyag/kgxanpl e 4. IL-18 and
HERCEPTI Te conbi n@(‘gl on i.n no

VPG 15, b6 006 anb e By tEedhe ARG PRl Bl B OE At ¢ off ect
of nurinc | Ldds8 of BiRimkb Nﬂ)ﬂylaﬁximmmtmol@ (8BQIMBRYOMW) b DiEReiPIEN ' on t he

growt h of nurine asm) s, experinment we had.to transfect
MoPC315 cel I@OWOF Br %y {DI—E tz‘{ﬂHF thrt@fﬁf‘s TE 8P POy IRy LORGHSEr bB2

expressi om veehekt sile@GRithin tHQB38dr s &Ml&m&%&laﬂa hiidl \ﬁqllﬁiisw&id di sh, as

described using |i osomal transfection_ wt Eo ect am new and Opti nmenw

medi a 30 fr offPEBRGIN-houseer 74/ ghiterdhgiy @Shl%wé i 3(GEQUB/NRL: 1 Bkers: Si g

G6816) was aég%s&ﬁlehth«%e‘f(y WE’JK@% t@flﬁ)egub?ecgqyﬁlomltd%& fo?-% hROSict fn¥€ popul ati ons
were selected b orescent m croscopiC | ENzectl on of in situ cultures

stained wt hhwl@(léfll&}bﬁ@lw thehaielp ERCEEPINGe Flimpndl dnedts iadescBetly and

cloned by iy, 4 r j.on tested

wi th Al exafl uorzglg“fqJ 46 N %—l&é%&é% ﬁﬁe)%gfplzl(z)%vay@o%e@?% i .D3 cell line
was sel etied and Ttﬁe:dsubﬁctsemafeaaﬂlaonhe @ifst HE&GEI@II’Q]M@{gAwédk) 18 tleend is- t unor
efficacy. 5The anti-t activi asyred ang d;at g anal ysi s of
The dat 3 r ovBSTGUERSAIOTHS Bt i S aRar S arRsy Oy oh PHE2PE and HRCEPT1NK
sur passes th@ldﬁaﬂmﬂw@rsaﬂydmgtahtef&%@mhl&faas@1@&11&-,cohbﬁtabl vl thirbé s di fference
is statistically significant _an it was deternined usi nghl

non- par amet r MOICERE %mpéqﬁedaW@l?Selstg 6§é ﬁ"é‘iil’)i fhgce sabigetp aig Srepfghiy
det er m ni ng §ﬁ3§éq'u§t{t'c81?drt Higld BIEHRE dose levels: 3 ug/kg/week, 10 ug/kg/week, 20

20  ug/kg/week, 30 ug/kg/week, and 100 ug/kg/week.
For all infusions of Rituximab, the complete delivery of the dose, from the
initiation of infusion to the end of infusion, must not be less than 4 hrs. Human IL-
18 infusion takes place over a two-hour period.
The goal of this study is to determine the maximal biologically effective
25  dose of human IL-18 that is safe when used in combination with standard
Rituximab treatment in subjects with CD20+ B cell lymphoma. In order to
evaluate the dose-response relationship for human IL-18 (SEQ ID NO:1), which
was found to be bell-shaped in previous Phase 1 studies, a dose range of 1 to 100
ng/kg will be used to examine the lower (low dose) and upper end (mid-range or
30  high dose) of the biologically active range in subjects with CD20+ B cell
lymphoma.
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10A detail ed analysis of the data reveal ed that the conbinational therapy
with IL-18 and HERCEPTE8 surpasses the nonotherapy w th HERCEPTI N- al one.
Not abl y, wbi2gosdiigfiarence is statistically significant amdTrusbusios76is was
determ ned using non-paranetric tests which are |less sensitive, and |ess
powerful in determning statistical difference. 15 a. Study tt

MOPC315. D3j 005 This study enpl oyed the conbination of mL-18 (SEQ ID
NG 2) and HERCEPTTIN(do}c ofdRituainbdb-ikee 2fanéard reptegt econantidod dythe wi t h t he goal
to use this thera r.east can i nation
ther apy vas HRCCSHERTPR T ARG TECPED: Pefbiiorront yiuonBtthma col

l'i ne, MOPC3ISEQIENOUNRfCe delcbRd basd ohpaividasiPhdse MaAdEGhamthcbkiagieduccd with

the Her2 recept i n-house. s tu line is . a BA LB/ c syngeneic cell
line. The ad?ﬁpdrﬁ%é‘fr?a&t’ﬁiyélﬁm\‘ﬁa%a aaflgonfléﬁuglngow.pﬁ%emwtﬁ@nel élo NO. 2) (100

j 1 9/ mouses . ghreindmsand métRERIIMNom. TROBose bPRit@XimaPtd beluskd BYtARUSE, twice a
week, iv.). The treatnent in MOPC315. D3j 005 study was 25initiated after the

tumors start@editis ﬂ@rswfiarﬁmg@ﬁewgome%gi im the gprreyed;iepsi maternagents The
resul ts of t{igscphydy &nephown in Figures 13 and 14, expressing the data
as nmean+/-SD (Figure 13) and as nedi ant+/-range (Figure 14). W first
checked to veri f yDatheeHamanik- 144820 1BINQW were selpctal based dnupreoous( Gaussi an

appr oxi mat i opy,. f&‘?at"‘%h&%@%?&w%@%%9&09%51% %g}lo% 3@31{:5 fﬂvgl@t%% sure that

there is an equa vifance Vi z ures oun at there
i's a norhal phtstms whthtrereuh calf catdieonracand chixtt aatatih owbmema.t Rebestsem daw/d Pdevi at | on

bet ween the tre r OURS., 1 i.ghl hable, (>3x) .therefore, we
cannot use t#¥ %é@@% %%H?%g?iagf}%ﬁtééy%@Ako?%W%ﬁM@??gm ¢k ansf or med
the data usim1716Bgablacnss3)200d), Re®eritsontdral tr @ﬂﬁ.f@{cﬁl?g3ﬂ8936(ama6t t he

el ot gt oups Nty Byt Cgle T crirmot Hakarstie 3oy 3k KorE dhor mal | Ly
test. Therefgr %ﬂ&%&k&ﬁ@(l@) WW@P{%@@%" Th@hﬁgﬁe%% d&s@%éé%haioo\)j\%lghdgs anal ysi s)
for the 5statistical evaluation etail ed data and ues are

di spl ayedb i nadmpigigicess Wgklxrfer upo 24 weeksrh@dmeétnp §1gné“@hnté¢m¢15y§ush thetseal ed t hat
Chan monot heragy iy b FetkERm R T s Mok MR s, 751 G
di f ference (¥ecdskalectht bprsr amat qfﬁiesi,osqakaﬁg@ﬁ) thimedtwyre n
The highest dose tested, 2000 ng/kg administered weekly for up to 24
weeks, produced no significant toxicity such that a maximum tolerated dosc was
20  not identified; therefore, pharmacodynamic data are used to select the upper limit

of the dose range for this study.

Example 4: 11.-18 and HERCEPTIN® combination in mouse plasmacytoma model
Both the MOPC315.D3j005 and MOPC.D3j03 studies were analyzed to
25  evaluate effect of murine IL-18 (SEQ ID NO:2) combination therapy with

HERCEPTIN® on the growth of murine plasmocytoma. For this experiment we had
to transfect MoPC315 cells with ErbB2 (HER2). For transfection, we used 1.5ug
ErbB2 expression vector (BioCat - 108912 - pcdna3.1(-) ErbB2 ) in a 6-well dish, as

described using liposomal transfection with Lipofectamine™ and Optimem™ media
30  from Gibco. Selective pressure neomycin (450ug/ml G418 Sigma G6816) was
added to the cultures after 2 days. Initial positive populations were selected by

fluorescent microscopic inspection of in situ cultures stained with Alexafluor488
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10 the group dosed with HERCEPTIN(r) 200 ng/ nouse al one, and the group
treated with both HERCEPTIN(r) 200 jig/ nmouse, and human |L-18 100 ugl nouse.
Fi gure 16wetosss118tsat t he conbi nation treatnent w th HEREEPISh@San13 L- 18
showed the best w ndow of anti-tunor activity, as conpared to either
HERCEPTI N and TL-18 alone. 15 b. Study g MOPC. D3J03 Thi s study was
identical to the MOPC315. D31005 study above (Exanple 4.a.) with the

excepti on t habelechHERGEPAPY moviarctondl dneibadyeant! hntdibplimiting dimionnacr oscopi cal |y

apparent, on 7 post-ioplantation, | ddj tion, t i jmal 20 dose of
CERCEPTI N wa@086 'y FETROD TR Shichon e Fifth oSyl BT orce Ta thi s
st udy. ThEEHaERTBNeflex pytemsed MCPOERNECN Jihe $& {cRcgdrad At} forand as

medi an-/-range%l?i guf;llﬁlalé%j¢ W first checked fj t he data foll ow nornal

di stri buti onEEIHQTPLRERGERTRY mat flon§ ant HIPWE E8Rpar ed standard devi ation
val ues tos make supR dhhaiméRtidibediahe@td ARLAR 14iRS nddRsSsShe I found t hat
the raw data do not follow normal distribution; also the_transforned data

(10910 or | meverled thtthe eambingticeal sherapy vethlerIiSmaéiHﬁ%CE?JrIN%mwﬁwhepass an
equal vari angg,dikshpy HREHERCEPTIE A0 Ny, USedRRALENBLLikalSt (such as
ANOVA) , and we chose a non-paranetric test (Kruskal Wallis analysis) for the
statistical sguficeat prshrobustiat West detdrmuhed asing nerdpasarpeiiicitests avhech30dlesypl ayed
bel ow i n Fi gur . C i o, . istical analysis of this
study reveal éeje&g?lﬁ%it% n%%?%‘l%gvae{éluglﬁ #ﬁgﬁ%{%ﬁ%v&ﬁh%&ﬁlﬁ%h&( SEQ I D NGO 2) and
HERCEPTHB) i s bet t & dethitaimnaiysio bfide dpy ravedlbd HERGERhhiRatehdrikerapfheitlgr aphs i n

Fi gures 19 apd, 20 ignificantl etter. LoneOof the tunor in
Che. combi nat ok 1By ordus oS B8 kel e SHEEH I Robtioe and

LI ERCEPTI N( r NothD§, thisgifi@tise )is stastiiipanditamiahé rdbhe; nonotkiemhamd w t h

HERCEPTI N(r) al one (100@1%/ rmgsg). HERCEPTI N(r) as 5 gtgnoiaher alg%g has

m ni mal  act | YWASAORRFaReYic HHRWHCH arcergehiteg: B 1958 POECTED AbiGiEm!

treatment. Sipg8cdiRrdmsctransfected into cells, HERCEPTIN can only provide
bi nding to HER2, but no induction of apoptosis (tunor cell death).
Therefor& the anti-tunor activity is a result of conbo therapy, where

I L-18 is augnentingiesl4 Sigpeals phayskey role in ADCC and CDC activity
(cells that are 10 augnented by TL-18 treatnent) and HERCEPTI N provides the
speci fi ¢ bi ndi ndhis studly BRRlog¢rthe eeryleinatips oAmICER GBI tlAMNf&E) and

HERCEPTIN®, an anti-Her2/neu receptor antibody, with the goal to use this therapy

in breast cancer in a clinical trial. Combination therapy was tested in the well

20  established murine plasmocytoma cell line, MOPC315. The tumor line was
obtained from ATCC and transduced with the Her2 receptor in-house. This tumor
line is a BALB/c syngeneic cell line. The administration was as follows: murine IL-
18 (SEQ ID NO:2) (100 ug/mouse q.d., s.c.), HERCEPTIN® (200, 100 or 50 ug
Lg/mouse, twice a week, i.v.). The treatment in MOPC315.D3j005 study was

25  initiated after the tumors started to grow, which was on day 14 after implantation.

The results of this study are shown in Figures 13 and 14, expressing the data

as meant/-SD (Figure 13) and as mediant/-range (Figure 14). We first checked to
verify whether the data follow normal distribution (Gaussian approximation), and
we compared standard deviation values to make sure that there is an equal variance

30  (viz Figures 14 and 15). We found that there is a normal distribution of the raw data,
however the standard deviation between the treatment groups is highly variable

(>3x), and, therefore, we cannot use the parametric test (such as ANOVA) for
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Examle 5: Analysis of the IL-18 & 5-fluorouracil (5 -Eli) conbination
therapy in the syngenei ¢ nodel of murine colon cancer, Colo26 15This study
ai med to woabesatig73she ef fi cacy of mL-18 (SEQ | D NGO 2) e@comhise@Biosts1s her apy
with 5-fluorouracil (5-FU), as conpared to nonotherapy with 5-FU, or m
L-18 (SEQ I D NG 2) alone. Qur study was perfornmed in a well established
syngenci ¢ subcut aneous nodel of nurinc colon carcinoma, Colo 26, in BALB/c
m ce. The dosiahgiswiWditrankforth&l thSHPa bidn NOe2) anmlatqomeﬁﬂhaﬁdnsd&hﬂeydmt h 2010

jig/mouse s.c. gn da af.ter t nocul ati o The dosing with
L 2 s per Fist oMY P cniel Sk b o SR A ke PptaTos 2R e 74
jig/mouse. select gibushenadaly d). arteltyaifSrmedd daialid tirpassiid nofRaligti@t.r eveal ed t hat

t he conbi natjon therapy with 10 ( SE 2) and 75 jig of
5-FU is the Eli‘ﬂr?a/‘JO’Eer‘é(Sf hf g B%ramﬁﬂf&cﬁe# ﬂ%ﬂ%ﬁabwaﬂfscaaﬁv 5%@? on t unor

growth, as coimacgdviifatioRe TROIGARY Rt afll PYRucsTE SisPBRASH Fhyatesti Band
conbi natl on therapy (75 ttg /10 jig) surpassed the npnotherapy groups with

5-FU al one, & with m E-18 (SEQ I D NO 2) al one, because nonotherapy di d not

show a therapeut it &thicelal ARHSR evBRA it CMNiffon tHckap %vdhmffga@ad 0 know
that this difference is stati'stically significant a r obust it was

det ermi ned ub? N@:hend H@M@TW cistbetierghagtieriotherapy vt ERGER FINV @lonand | ess
power ful i n n%%ﬁﬂt%tl% ﬁ%tﬁgtstﬁ{n élsdﬂff%%lce?ﬂsf{let‘ﬁﬁﬁs adaprfgdﬁﬁéotdsﬁﬁﬁtw%%ﬁ vi Va'

anal ysi s de rated e conbi nat i-on her apy
si gni fi cant | she petup eosedvath Hmcmﬂa@yn(gﬂ‘s@hlpne(, 4 fhe gjoup Tetedi gni f| cance
was extrenely. strong with a caonparing tunor vol unes in

di fferent tr#&dbRYAL &é‘%vxép‘é“%/WPiFaﬁ%Hh%‘i‘anéleél189%@1%?”%5@& ative

tinme-point, angoweHiRt ﬁ?él%ﬁﬁﬁ%rﬁt?ea%?ﬁthﬁ%d@%@a&lﬁb laﬁﬁﬁwééthe
medi an+/ -range (Figure 22). The data were first checked f nor mal

di stributi oansmmﬁgwaﬁa@ptymaﬁmtvmﬁ)comaardd tot atherad ERGBD TIAY |a@ﬁ IdBues were
Sconpared to, lg%ke sure that there is an equal variance. However, the

di stribution of sone of the raw data did not foll ow Gaussian curve, al so
t he stanttard devi ati on between the treatnent groups was highly variabl e

(>3x) and therefqbr [Lhe PR, LC test could not be used for analysis. The
data were transform—nﬁ%@g‘ , and they still did not pass the

normal ity and e@haktudgiiaiiestidabstise MORIPI £Darmb yaidg athvegEeyngde 46hel ow - for
sel ect groups Ther ef.or on- ara fric test (Kruskal-Wallis analysis
and Dunn's c gﬁeleéﬁql?tl?lég‘?stﬁwg?raﬁgé@“ peforf thedt ésé’te?a(’,‘%ﬂ eval uation. The
detai | ed dat ma@BstopicMBl dpBSrcA! 6n GiySPARY-REblAMatioRe iR, fieh@winad Fi gure 23.
Figure 24 (nedian +1-SD) and Figure 25 (nean +1-SD) show the effect of

| L- 18 an®l 5- fuse ebHBRGEP %Wﬁh%wmpwes@#éhmm@ BRSPS 42/ TBRHSS  t unor
model . 1t isyeld @&% that 15aninmals were treated when the tunor vol une
reached betvveen 80- 100 cu mm si ze (advanced tunor nodel), either with IL-18
al one, 5-FU al oitke data im cgpnadehastom 68D (Figure 17), and as median+/-range

(Figure 18). We first checked if the data follow normal distribution (Gaussian

approximation), and we compared standard deviation values to make sure that the
25  equal variance test passes. We found that the raw data do not follow normal

distribution; also the transformed data (log10 or In) did not follow Gaussian

distribution, nor did they pass an equal variance test. Therefore we could not use a

parametric test (such as ANOVA), and we chose a non-parametric test (Kruskal-

Wallis analysis) for the statistical evaluation. The detailed data and p values are
30  displayed below in Figures 19 and 20.

In conclusion, the statistical analysis of this study revealed that combination

therapy with mIL-18 (SEQ ID NO:2) and HERCEPTINZ is better than monotherapy
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both drugs. The better view of anti-tunor activity and synergy for

conbi nation treatnent are presented in Figure 26. Survival of mce bearing
Colo26 i rwQi2hdsererss treat nent groups was plotted in a 20CKapst@soNmsyer
survival curve analysis, and evaluated by Logrank test, and is shown in
Figure 26. There was a statistical difference in survival between the
treatnent groups with the best group being the conbination therapy with 10
my of m | L- | Sith BERAEPTRC @pnarithe Phaphi in Kifurbs Flind Mshop e senififahilcacy of

conbi nation fherapy wt L-18 an azopani GWr86034) i renal cell
car ci noma rm]itﬁeéﬁer regye‘?‘ﬂ?%gfst{‘%@{ﬂor lnhtge E@ﬁz\h‘%glog y gf%@ﬁ@%ﬁ]“tlgésrﬁ(ﬁls cacy of
conbi nati on KNoenapy pwinidasddnd-HiR CISENF DoNGs Zousd) hsRazpRadvxn i i nhi bi t or
of VEGFR & PDGFR & c-kit 5tyrosi ne kinases in the advanced syngenei ¢ nodel

of nouse renabnethgranynoithHERGEETEN #lenc (hoieg/mogscax HHRCEBTENIb#sut aneous sol i d
renal cargin ~' §§¥ﬁ® I i.ne i Lth BALM m ce was
inplanted§inggﬁfggggbgékgégﬁf%. ea%@é#ﬁébgéﬂéﬁﬁﬁgggggkﬁ§ed is depicted

bel ow i n t hecoFathagion tredtinedt8 Sivees HFRSas tramteted intapclbnHERYEPTINT cand2 s. c.
Pazopani b was .dosed, once on days, 1014 to 42 .p.o. First,. for
crat et cal SHaRySHs BB B R o BB ShBN T e gr oups
was det en- ni Miegeforthen anti-nendtattvings ersulbpoidd thidapyowhat Ly isesting to
determne a suitable statistical test f n Si S.. 32 was chosen as a
representati toxicity or

ntat | PEMEN RS S0F et evkey iplecB AR v e B e di ¢ toxi ci
tumor sir@ 1amchRH Sy 1118 tR&hkAt) af EERCOPEINFOVIASs BB W cHic biflinpao al t hough
originally each group started wwth 7 mce). The data did not show a
Gaussi an ( noHRBP podiscsyesiph (MDCEHCRRd2 Erter ef ore a non-parametric test was
used. A statistical difference between nonot herapy and conbi nati on therapy
was determ ned, and is shown in Figure 28, even though a non-paranetric
test had to beammes QhaEsi Qe Oy gf -2 Qctiombene crapy)Hy
paramet ri c) . 4Statl 34l 63k SPIAMAL &INSEHLOFaBY@! uation inc
G aphPad and=Srgmastat.

15 This study aimed to evaluate the efficacy of mIL-18 (SEQ ID NO:2)

combination therapy with 5-fluorouracil (5-FU), as compared to monotherapy with
5-FU, or mIL-18 (SEQ ID NO:2) alone. Our study was performed in a well
established syngeneic subcutaneous model of murine colon carcinoma, Colo 26, in
BALB/c mice. The dosing with mIL-18 (SEQ ID NO:2) was performed daily with
20 10 pg/mouse s.c. on days 10 — 30 after tumor inoculation. The dosing with 5-FU was
performed i.p. twice a week in the ascending dose: 27, 45 and 74 pg/mouse.

A detailed analysis of the tumor volume data revealed that the combinational
therapy with 10 ug of mIL-18 (SEQ ID NO:2) and 75 pg of 5-FU is the only
treatment group with the significant effect on tumor growth, as compared to the

25  control group. This means that the combination therapy (75 ug /10 ug) surpassed
the monotherapy groups with 5-FU alone, or with mIL-18 (SEQ ID NO:2) alone,
because monotherapy did not show a therapeutic effect better than a control. It is
important to know that this difference is statistically significant and robust — it was
determined using non-parametric tests which are less sensitive, and less powerful in

30  determining statistical difference. In addition, survival analysis demonstrated that
the combination therapy (75 pg /10 ug) was significantly better than the
monotherapy group (75 ng). The significance was extremely strong with p<0.0001.
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Table 1 Goup # of m ce pazopunib(pg) IL-18 (pg.) 1 7 10 0 2 7 30 0 3 7 100
0
WO 2008/118733 PCT/US2008/057615

The data comparing tumor volumes in different treatment groups were
evaluated at a selected representative time-point, and were expressed as mean+/-SD
(Figure 21), and as mediant/-range (Figure 22). The data were first checked for
normal distribution (Gaussian approximation), and standard deviation values were

5 compared to make sure that there is an equal variance. However, the distribution of
some of the raw data did not follow Gaussian curve, also the standard deviation
between the treatment groups was highly variable (>3x) and therefore the parametric
test could not be used for analysis. The data were transformed using log10, and they
still did not pass the normality and equal variance tests (sample analysis displayed

10 below — for select groups). Therefore, a non-parametric test (Kruskal-Wallis
analysis and Dunn’s comparison test) was used for the statistical evaluation. The
detailed data and p values are displayed in the graphs below in Figure 23. Figure 24
(median +/-SD) and Figure 25 (mean +/-SD) show the effect of IL-18 and 5-FU
combination therapy in same Colo26 syngeneic colon tumor model. It is clear that

15 animals were treated when the tumor volume reached between 80-100 cu mm size
(advanced tumor model), either with IL-18 alone, 5-FU alone or in combination of
both drugs. The better view of anti-tumor activity and synergy for combination
treatment are presented in Figure 26.

Survival of mice bearing Colo26 in different treatment groups was plotted in a

20  Kaplan-Meyer survival curve analysis, and evaluated by Logrank test, and is shown
in Figure 26. There was a statistical difference in survival between the treatment
groups with the best group being the combination therapy with 10 ug of mIL-18
(SEQ ID NO:2) and 75 pg of 5-FU.
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4 7 10 100 5 7 30 100 6 7 100 100 7 7 O 100 8

WO 2008/118733 PCT/US2008/057615

Example 6: Efficacy of combination therapy with IL-18 and pazopanib

(GW786034) in mouse renal cell carcinoma model

This study, the RENJ02 study, tested the efficacy of combination therapy with
mlL-18 (SEQ ID NO:2) and pazopanib, an inhibitor of VEGFR & PDGFR & c-kit
5  tyrosine kinases in the advanced syngeneic model of mouse renal carcinoma. This
animal model is a murine subcutaneous solid renal carcinoma model. Murine
RENCA cell line syngeneic with BALB/c mice was implanted in BALB/c
recipients. The dosing schedule employed is depicted below in the Table 1. 1L-18
was dosed once a day on days 14 to 42 s.c. Pazopanib was dosed once a day on days
10 14to42p.o.

First, for statistical analysis, a good time-point for comparisons between the
groups was determined. Then, the data were subjected to normality testing to
determine a suitable statistical test for analysis. Day 32 was chosen as a
representative time-point (some mice had to be euthanized for toxicity or tumor size

15 by this time-point, therefore groups show 5-7 mice, although originally each group
started with 7 mice). The data did not show a Gaussian (normal) distribution and
therefore a non-parametric test was used. A statistical difference between
monotherapy and combination therapy was determined, and is shown in Figure 28,
even though a non-parametric test had to be used (has lower power to detect

20  difference, than parametric). Statistical software used for evaluation included Prism

GraphPad and SigmaStat.
Table 1
Group # of mice pazopanib(ug) IL-18 (ug)

1 7 10 0
2 7 30 0
3 7 100 0
4 7 10 100
5 7 30 100
6 7 100 100
7 7 0 100
8 7 0 0
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700 Figure 28 anal yzes the sane data as Figure 27. However, in
Figure 28, the control group is not included. This additional graph was
done to peof2008m18733cl eaner” anal ysis by conpari ng sol el yCrhis2008n08t6h&r apy
and conbi nation therapy groups. These data show that conbination treatnent
wi th pazopanib (GW86034) 5and IL-18 results in statistically significant
anti-tunor activity. Exanple 7: Addressing the role of IL-18 as an inducer
of nmenory that wdtigae2®sundlyzes thelsmmgdata &r]ﬁgmmj Habveeandnﬁ@mezﬁ, ttken of tunor

rel apse. ess 1 hi t|n ic i-n EL-4 tunor node
Where 10 m ce a0t bapeadhyt ot ik B P hE B beBSe0 1 b NG ) and
doxor ubi ci n. “Jamaeaﬂﬂﬁaﬂ@hﬁhymﬁﬁgyﬁﬂ%eﬁmeh&ﬂmpﬁamhﬁhMﬁMﬁ@dﬂmm@b the tunor,
were resistant to tunor take vy-th, esti t hat .t nmenory
mechani sm t h&fpu%sThF%?d{?@e@gow Perkiirdion TR ent a%ap%&(ﬁ%?@% The
presence of imjﬂenﬂéamﬁﬁl&&mh&mﬁ%@ﬂﬁk%ﬂ@hﬁ$&ﬁ&w&hﬂ% survived, and their
tunors were cured by IL-18 and doxor ubicin 15treatnent are presented in
experi ment beIOM/(Flgures 29 and Flgure 30) ThIS experlnental desi gn
was as fol | olsami} i ke (o4t [haly i) S hathayul dofes in NK
cell and CTL. qct|¥ Q11w1eHY6d aﬁogtgg&w}&epsfer of 2 5x107 spleen and

| ynph node ct g.d., s.c.) treated
survivors, or con¥ealdres Bk fiestivicky ekt ffaat winviElr- 4anﬁbr(mn1br @lhei ce recei ved
20 IL-2 Two.weeks after adoptive transfer ] re chal | enged with
R e A LR N O T Y R L
(H2b) ori gi nThosAlicd tBGivir€alr&d, Wakerd shanépdd With bhel thmdr, (3RAQsidhmes nouse

g.d., s.c.) for three days af t er adoptive transfer (startlng on t he day of

adopt i ve t r aff8PEfake/erpreh. seggepingrthat dhoydieke mamowaneshewiem Pt pasiafyeefo have the
same geneti ChPRGKAERYNH -8S addRxbRBRAL e §eLsEHERE T- Ro6iyaltls Ad -gur vi val of
the mce was recorded to establish a time-line of weight |oss/gain and the
abdomi nal cavlmoy migeghas apyicdand thegedrapiviveee prekandel fomdgargabir@ t unor mass
during t g2 mce were

pur chase |n t na%ﬁ%ﬁ%#ﬁég%t??ﬁg§ﬁ3§g?(F m529£&§$g§ gﬁ% 4 females. W

al so had two oIdeﬂnm@m@ﬂmeﬁﬂlkmemﬁ@heﬂbH@Midﬂbﬁ@g&mvﬁ(ﬁﬁbBﬁﬂmvar to

i ncrease nunp a ecided to
il oo all PbSa e BRI ER B PLREPR SO T IR AR B f TP U s e
sexes and aga5x10" spleen and lyrnph node cells from the IL-2 (3000 U per mouse q.d., s.c.)

treated survivors, or control C57BL/6 mice (both survivor and control mice received
20  IL-2). Two weeks after adoptive transfer all mice were challenged with EL-4 tumor
cells (EL-4 is a carcinogen induced mouse lymphoma of C57BL/6 (H2b) origin). All
recipients were treated with IL-2 (3000 U per mouse q.d., s.c.) for three days after
adoptive transfer (starting on the day of adoptive transfer). The recipient strain was
selected purposely to have the same genctic background as the innoculated tumor.
25  Weight and survival of the mice was recorded to establish a time-line of weight
loss/gain and the abdominal cavity was palpated to determine presence of palpable
tumor mass during the weeks after EL-4 innoculation.
The Pfp/Rag? mice were purchased in the maximum quantities available — 4
males and 4 females. We also had two older mice left from the previous study. In
30  order to increase numbers of samples per group as much as possible, we decided to

utilize all these mice: to avoid effects of sex and age on the results, the sexes and age
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were evenly distributed between the two groups: one received the |ynphatic
cells fromEL-4 survivors, and the other received cells fromthe normal
control BSOrep@sel18Rasults indicated that there was no si goirfuse@sossif f er ence
in weight between the two groups of mice during the first week after EL-4
chal | enge, and the weight 5gain in all mce stagnated (Figure 29). This
results may be due to the fact that all mce were receiving 1L-2 s.c. to
boost their womunenly dispibnse betweemide twegioipss bnd feceeddbylympbuticilys t he second
and third wegk ter EL-4 chall e, we.o ved a rapid Lght. gain and
ol pabl ot unBPm bl e A Pl PR Lo el BT cguiTB e cont r o
m ce di ed wthin Resaltsvaelssed thowase ivaghd sighifivany aiffeedbd inrvedppiberitesn sur vi ved
10 although two (out of_ 5) had a pal pabl e tunDréL@ the a &Pnen. One nouse

)

had to be eutR&HP #@UPS YUt Srigihaigh Bwt 116t Eh AEH fRe POt al reasons.
Table 2 Adoplih wealt hRPSth@latdd(PRufel 499 1% sultFHAQ bk Wido3ndRYShatNumber  of
cells Recipients treated with I'L-2 s.¢.3000 Ili/m 3 days Susceptibility

mice were receiving IL-2 s.c. to boost their immune response during the first three

days. During the second and third week after EL-4 challenge, we observed a rapid

weight gain and palpable tumor and/or ascites formation in the control group. All

control mice died within two weeks, however all survivor-cell recipients survived

10 although two (out of 5) had a palpable tumor in the abdomen. One mouse had to be

euthanized, due to rapid growth of the tumor for ethical reasons.

Table 2

Adoptive transfer from | Number of | Recipients treated with | Susceptibility

(IL-2 s.c. 3000 IU/m 3 cells IL-2 5.¢.3000 IU/m 3 days to EL-4
days)
IL-18 & Dox treated 2.5x10e7 yes Protected

C57BL/6 survivors

Normal C57BL/6 mice 2.5x10¢7 yes Not protected

15 Table 2 shows the summary of the findings with respect to protection against
tumor challenge in mice that were IL-18/doxorubicin treated, versus normal control
animals. Mice that received lymphatic cells from IL-18/doxorubicin treated animals
were protected, while lymphatic cells from control animals showed tumor
take/growth.

20 The EL-4 recipient mice that received survivor lymphatic cells survived
significantly longer than control mice that received lymphatic cells from normal
naive donors. The data imply that the adoptive transfer from survivor mice had a

protective effect on the EL-4 tumor recipients. These data offer an indirect
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to EL-4 IL-18 & Dox treated C57BL,16 survivors 2.5x10e7 yes Protected
Normal C57BL/6 mi ce 2.5x10e7 yes Not protected 15Table 2 shows the summary
of the fiwOi2oepe118d38h respect to protection agai nst tunoPCthskéosngsisn m ce
that were IL-18/doxorubicin treated, versus normal control animals. Mce
that received |lynphatic cells from|L-18/doxorubicin treated animals were
protected, while lynphatic cells fromcontrol aninmals showed tunor

t ake/ gr owt h. déhiieatioh-off meaoiypl esits imihe ELt-haimor soeivesdFgura2owad Fignnphat i ¢
cells survi vgﬂ significantly | onger than control mce that received

| ynphatic cefl’s fromnormal nave donors. The data inply that the adoptive
transfer from surttiy@hn impetaielhdnghatodcklinvgke ebhbiahitiodrnfafe EL-4 tunor

reci pients. These data. offer an in@iégf%% denonstration of nmenory T cells

in the EL-4 FATROICERFVIGASFY Of BAGUY SPEFiQf fRRCCAfFfatment to any

5 monotherapy. Induction of memory T-cells that could recognize tumor as “foreign”
and prevent relapse would be highly beneficial, and IL-18 with its good safety

profile, a drug for any potential combination therapy.
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This is an inportant finding that could make conbi nati on of any
chenot herapeutic agent or mAb with |IL-18 a superior cancer treatnent
to any 5nonot herapy. Induction of nenory T-cells that could recognize
tumor as "foreign" and prevent relapse would be highly beneficial,
and 1L- 18ywydihs dldisaed@@d safety profile, a drug for any potenti al

conbi nati on therapy. Wat is clained is: 1. A use of a

conposi tion conpri sing: (i) human IL-18 polypeptide (SEQ ID

NO 1) injconmbiynat i,PNed rﬁgglﬁ%n%gﬁlhmqﬁ and 5(ii) a chenotherapeutic

agent conpri si hg pazopani anuf act ure of a nedi cai nent for
the treatment 6 hosanciérl§ polypepadd (éEQlDNOZ) inl¢penhigation svithl aadiarmee; dnd

Caimgl, Wnere nistration 03|t|on conprising the
hunman qlL 18 po gﬁeE?T%qelf‘%%% Iagf%m%smeﬁ%‘ {& béhem)t her apeuti c
10agent is si m#thanaowBcturedf a vdickmentdsr b atament of c&icat iMalpatigkier ei n

the admi nistration of the conposition conprising the human IL-18
pol ypeptide (SEQ ID NO 1) and the chenot herapeutic agent is

sequenti ap, an@hy\ﬁg%raebranﬁéaqnmrn biherkfh AO hURBRLAS: RERpbRANO 1) is

15adm ni stered first. . The use as clained in daim1, wherein the

admi ni st r eanmsisingfthe hién@dﬁm@smimﬁn@iﬁﬁﬁ 15 Ng : tlhandherahemathergpeutic
pol ypgpt i %%nglgglglvdﬁné}ggs 1) and the chenot herapeutic agent is

sequenti a erei n the chenot herapeutic agent is adn nistered
first. 20 5. The use as clalrred in Caiml, wherein the cancer is
sel ect ed rom

i f
on- Hodgkin- s, TOrBRaRERr g Rt psi Rt Pl on B Y B By
| yerpholmfl C(ﬂﬁqliﬂsﬁ)gr’fkehlﬁtﬁl Ml&}ﬁiﬂjf[&pti&ﬁ'(ﬂﬁ@l@ N@gﬁb‘lmﬁyﬂlb chdneuikesipeatic ,
mul tiple nyel ona ema, ov L.an ¢ re ce ung 5
cancer, Bitscdusnt é?i&’é‘?“g'ﬁ‘r?’ 1b‘§ﬁrbﬁe§§ep?§ H@% SEQ ER/NIQ &) Bancer,
hepatgra adi@sisteb s mancer, W 3 tunor, neurobl astoma, gliobl astong,

brain tunors, colon cancer, rectal cancer, prostate cancer, nelanong,
renal cell carcinoma, and skin cancers. 6. A use of a conposition

conprising: hugRn,delys a8, diSER1AR IWheflz)n th 1 HRTREDBRH Fhe composition
comprising the human IL-18 polypeptide (SEQ ID NO : 1) and the chemotherapeutic

agent is sequential, and wherein the chemotherapeutic agent is administered first.
20
5. The use as claimed in Claim 1, wherein the cancer is selected from the group
consisting of: Hodgkin's lymphoma, B-cell non-Hodgkin's lymphoma, Burkitt’s
Iymphoma, T-cell Non-Hodgkin's lymphoma, acute myeloid leukemia, chronic
lymphocytic leukemia, multiple myeloma, leukemia, ovarian cancer, breast cancer, lung
25  cancer, sarcoma, bladder cancer, pancreatic cancer, thyroid cancer, hepatoma, gastric
cancer, Wilms' tumor, neuroblastoma, glioblastoma, brain tumors, colon cancer, rectal

cancer, prostate cancer, melanoma, renal cell carcinoma, and skin cancers.

6. A use of a composition comprising: human IL-18 (SEQ ID NO: 1) in combination
30  with a chemotherapeutic agent, in the manufacture of a medicament for the treatment of

cancer in a patient, whereby the treatment results in long-term survival and/or prevention

of cancer reoccurrence and induction of immunological memory in the patient, wherein

the chemotherapeutic agent comprises pazopanib.
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30 with a chenot herapeutic agent, in the manufacture of a nedi canment
for the treatnment of cancer in a patient, wherehy the treatnent
results in long-termsurvival and/or prevention of cancer
reoccurrence and i nduction of inmunological nenory in the patient,

wherein the chepphaeknahdd i LAY, WIRAR (hs 8ncBAE 908Nt kom theldiBupise as
claimed in Caim6, wherein the cancer is selected fromthe group

consi st i neensisting-ofél flelgkin's Iyymabreerab-cell se-Hodgkin' Hympkema Surkifishorm,
punches | KRRGHR. T-Lelf RbA-HIADK KR AR, d4nhas dle%ﬁ%ﬁgm%ghgem .

| eukem a, “chronic l'ynphocyt ma, nultiple
ovari an chnphosytislegsiia amditgrle myelnga Jedamiz oyarsarcenses, bréskamidenr, lung

cancer, pancreatic c r, thyroid cancer, .hepatonma astric _cancer
W 'S 1 LRSS R PASYS RacerhraE Cales Ul oK G Paions g
cancer, regical Wik finor,He0fbRk®maagioblastofl Biaitmorseétddn @ftdr, rectal

carci noma, and skin cancers. ) .
cancer, prostate cancer, melanoma, renal cell carcinoma, and skin cancers.
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