Ther apeutic conpositions to inprove the effect of the therapy with anti -

Epi dermal G owth Factor Receptor antibodies. Filed of the invention 5 The
present invention relates to the biotechnological field, particularly with
the specific cancer immunotherapy. The present invention is based on the
synergic effect on the netastasis growh of the conbination of
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| i gands are expressed in normal tissues with the exception of 15

haemat opoi etic cells (Carpenter G Annu Rev Bi ochem 1987; 56:881-914). The
over expression of these proteins has been detected in many human

epi t hel i al Fileshefthe in@ntiafon DS et al. Crit Rev Oncol Hematol 1995;
19:183-232). Pre-clinical studies have denponstrated that EGFR-|i gands
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t he Iigand and bl ocks activation of receptor by affecting receptor

di meri zation. Also, Cetuximb induces the internalization and degradation of
EGFR (Shiqging L et at Cancer Cell 2005; 7:301-11). In addition, Naranura and
co- worker prideRRnNstrated that Cetuximab can induce antibody- dependent
cellular cytotocixity (ADCC) t hrough the activation of patient periphery

bl ood nono ufJ‘%%'[ 30 c I Pﬁﬁﬁ?s“ ng that this nmechani smcould contribute
to the ant R 'V" BPYPRT'ES anti-EGFR Mab (Naranura Met at Cancer

| mmunol | nmunot her 1993; 37:343-9). Pre- clinical studies using Cetuximab,
have rendellkeel ESidlasdeity dgaretss aenexpyessednipnnoriah digsuest with rthe rexception of

expr ess§ NghfdaritopSitdIsdIRI (Talpiterat. AnhiRed BiodkdBY 1940 %BFE~9R). THe over
expression of these proteins has been detected in many human epitheliai tumors
(Salomon DS et al. Crit Rev Oncol Hematol 1995; 19:183-232). Pre-clinical studies
have demonstrated that EGFR-ligands autocrine and paracrine loops regulate
proliferation and tumor cells metastatic capacity (Verbeek BS et al. FEBS Left 1998;
20 425:145-50; O-Charoenrat P et al. Int J Cancer 2000; 86:307-17; Radinsky R et al. Clin
20 Cancer Res 1995; 1:19-31). As a result, powerful and selective EGFR antagonists
are currently in clinical trials (Pal SK, Pegram M. Anticancer Drugs 2005; 16:483-94).

Nowadays, the most successful therapy in clinical development is the chimeric Mab
IMC-C225/Cetuximab. Cetuximab binds to subdomain 11l of the exiracellular domain of

25 the receptor, competes with the ligand and blocks activation of receptor by affecting
receptor dimerization. Also, Cetuximab induces the internalization and degradation of
EGFR (Shiging L et al. Cancer Cell 2005; 7:301-11). In addition, Naramura and co-
workers demonstrated that Cetuximab can induce antibody-dependent cellular
cytotocixity (ADCC) through the activation of patient periphery blood mononuclear

30  cells, suggesting that this mechanism could contribute to the anti-tumor activity of this
anti-EGFR Mab (Naramura M et al. Cancer Immunol Immunother 1993; 37:343-9). Pre-
clinical studies using Cetuximab, have rendered complete regressions of human
xenograft tumours over expressing EGFR (Goldstein J et al. J Immuno! 1997, 158:872-
9).



Phase | clinical trials in patients with advanced EG-R- expressing solid
tunors have denobnstrated that Cetuximab is well tolerated (Robert F et aL J
Clin Oncol 2001; 19:3234-43; Baselga J et al. J din Oncol 2000; 18:904- 14,
Shin DMet al. din Cancer Res 2001; 7:1204-13). The nost clinically
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25 in other localizations such as: brain, breast, prostate and lung {Crombet T, personal

communication).

Other anti-EGFR Mabs that have a similar mechanism of action are currently under
clinical investigation. ABX-EGF is fully human IgG2 anti-EGFR Mab that inhibits ligand-
dependent receptor activation and inhibits the growth of human tumor xenografts (Yang

30 Xetal Cancer Res 1999, 59:1236-43). Recently, positive results of Il phase clinical
testing of ABX-EGF in colon rectal cancer patients have been reported (Tyagi P. Clin
Colorectal Cancer 2005; 5:21-3). Moreover, |l phase clinical trials with this Mab in renal
cancer and NSCLC patients are ongoing (Tiseo M et al. Curr Med Chem Anticancer
Agents 2004, 4.139-48). EMD 72000 (humanized anti-EGFR Mab) is been evaluated in

35 pancreatic cancer patients (Graeven U et al. Br J Cancer 2006; 94:1293-9). However,
the metastatic cancer patient treated with the anti-EGFR Mabs have not reached
significant survival benefits. For example, the irinotecan-refractory colon rectal cancer
patients treated with Cetuximab had iliness stabilization but they did not reach an
increase of surviva!l (Cunningham D et al. N. Engl. J. Med. 2004; 351: 337-345). These

40  results lead to the search of therapeutic combinations that allow increasing anti-EGFR
Mab efficacy.
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intervals of the disease up to 12 months (Maloney DG. Curr Opin Haemato! 1998;
5:237-43; Coiffier B et al. Blood 1998; 92:1927-32; Hainsworth JD et al. Blood 2000;
25  95:3052-56). Several studies have indicated that maximal clinical and molecular
responses to Rituximab therapy may take several months, suggesting that short-term
cytolytic mechanisms such as apoptosis, complement-dependent cytotoxicity (CDC),
and ADCC are not the only ones involved. Rituximab promoted lysis of lymphoma cells
through any of these latter mechanisms may promote uptake and cross-presentation of
30 lymphoma celi—derived peptides by DC, inducing their maturation and allowing the
generation of specific CTL (Selenko N ef al. J. Clin. Oncol 2002; 3:124-130). The
“vaccine effect” induced by Rituximab has not been strictly studied. Randomized
clinical trials are needed to confirm the clinical impact of this approach.

Alpha/ beta type | Interferons as anti-tumor therapy

35 Alpha/beta type | IFNs (IFNs-a/B) are biological agents used for the anti-cancer
therapy, specifically in melanoma and renal carcinoma patients (Agarwala SS,
Kirkwood JM. Semin. Surg. Oncol. 1998; 14: 302-310; Viock DR et al. J. Immunother.
Emphasis Tumor Immunol, 1996; 19:433-442; Kirkwood JM et al. Semen. Oncol. 1997:
24: 16-23; Kirkwood JM et al. J Clin. Oncol 1996; 14: 7-17). IFN-o. was the first cytokine
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kinase inhy pLEOT S 563, Bobls £92: 733.738). This phenomenon could limit the advantage of
the INF-o treatment for a patient niche. On the other hand, IFN-a can increase the
25  mayor histocompatibility complex class | (MHC |) molecules in normal tissues (Cho
HdJet al. J Immunology 2002, 168: 4907-13; Lang KS et al. Nature Medicine 2005; 11:
138-44). In this invention, it is shown that the INF-a application to tumor cells can
increase MHC | expression, even if the tumors decrease MHC | molecules as escape
mechanisms to immunologic effectors. Consequently, the IFN-o/anti-EGFR Mab
30 combination could be more advantageous than IFN-o/EGFR TKI combination due to
the anti-EGFR Mabs could induce CTL response and this effect do not described to
EGFR TKis.

The present invention is based on two biological events neither described nor
suggested by the previous art. Firstly, the anti-EGFR Mab-based therapy is CD8" T

35 cells dependent. Specifically, the anti-metastatic effect of anti-EGFR Mabs is CD8" T
cells dependent. Secondly, type | IFN treatment of tumor cells increases MHC |
expression. The combined application of these facts allows outstandingly increasing
the anti-cancer therapeutic effect of the anti-EGFR Mabs and the type | IFNs,



and I NF-a obtaining an anti-tunor advantage for the conbi ned therapy (Yang
JL et at. Oncol ogy 2005; 69: 224-238; Brucese Fet at din Cancer Res 2006;
12: 617-625; 20 Yang JL et at Cancer Letters 2005; 225: 61-74).

Neverthel ess, these results can not be generalized because the IFN-a effect
on EGFR expression in tunor cells is very variable (Scanbia G et at Int
JCancer 1%etailathdipclisure ofitheGmvetidd; 53: 123-129; Qu XJ et al. J Urol ogy
2004; 172: 733-738). This phenonenon could limt the advantage of the INF-a

treat ment fi presBat ifBhtidH ¢88tesOd bheripBaiic RBRPositidABeftfTol M @a8&rt he 25
(Gho' FuetPERmER dakprsing, (8 HatareBS b s0idal pafiinsfieof brah i AGrRL (1 ne
2005; 11: Malzgnd4ype | FNshanei erveaveratyn whete the anolirFRhMab ine ghigreric or a

fﬁﬁ:o Ir g@; Lgﬁheng?iiédwr@ﬂilbﬁ%: Fsez:rﬁtlﬁlJErl)ﬁ, (%1 glgéﬁiowﬂggkehseﬁr?ﬁh@&ﬁér@ﬁeutﬁ:vﬁig?ddcsi_tighe

ef fector s.w&ﬂ@.@ u&ﬁt Wr,naﬁlﬁgd ﬁ'ﬁﬁggﬁgnt‘“{%@ 0%%953@0%@%%%‘”@%% be
nor e advarfrageasdson thaell tine aitEdmrdepasitowmiten HGASC 8687110301} Moreguer -theFR Mabs

coul d i nduggragdiitio espesrABd tHbieseht ReéntidA Mpr@@&qyﬂ)@EPdF{\lﬁ, afGnfdrd 'KLSd
er escri pe

The present_ jnyention is based on two ol ggical events nej

nor " sugaatrlAEy tReashediRt cotibrbeirke 8% Fire SHERTERBMMARCHIERN: per apy
is CDEI0O T hudtarcéN-¢. dependent. Specifically, the anti-netastatic effect of
anti-EGFR Mabs is CD8' T cells dependent. Secondly, type |I |IFN treatnent of
tunor cel iy ddaribRameSordddnt inveRiidH RIRESD adhRisGalitt B&fbdaRPY thakhdBpdict hese
facts all ows outst %n | ngI 56(1 | ncr.tea5|qrégﬁ tlhe ant i -cance@ t herapeutic effect of
the anti - ECPRIMIBE dEndoPA Dergindl qan Begmullansgps P 38AUSNEAl osure of the

i nvention. The present invention relates to a therapeutic conposition useful
for the can@sother eadodismant.dbepresenhigventiongelaiast tarrephrimecestisgtiesanpsed
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h- R3Mab, which recogni zes the EGFR, _and which is produced b%/ the cell line
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20  effect of this antibody on the growth of the tumor cell lines.

Evaluation of the anti-metastatic effect of anti-EGFR Mab treatment

Balb/c or C57BL/6 mice, aged 8-12 weeks, are used as experimental model for the
evaluation of the anti-metastatic effect of anti-EGFR Mab treatment.

Mice are treated with a Mab specific for the extracellular domain of murine EGFR or a

25  control Mab (antibody with the same isotype of anti-EGFR Mab, which be irrelevant to
each tumor) using dose between 1 and 25 mg/kg. The antibodies are inoculated by
intravenous or intraperitoneal injection. The administration protocol can be conducted
by different ways:

* To begin the day before tumor challenge and to continue days 1, 2, 3 after the
30 tumor challenge. After the 6™ day, the treatment is reinitiated with three doses
per week until the end of assay.

« To begin the 2™ day after tumor challenge and an additional dose the 3" day.
After the 6" day the administration is reinitiated with three doses per week until
the end of assay.



conposi tion described herein, it can be sinultaneous or sequential. In

anot her enbodi nent, the present invention relates to a pharmaceutic kit
conposed by a container with the anti-EG-R Mab, one or several containers
with one or several 15 IFNs and a |abel or other instructions to dosage and
use. Due to ethical reasons it is inpossible the experinmentation in human
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Evaluation of the anti-metastatic effect of IFN-c /anti-EGFR Mab combination

Mice are inoculated with the tumor cells and anti-EGFR Mab as described previously.

20 Moreover, these mice are treated with murine IFN-o (5 x 10°- 5 x 10° U/Kg) by
intravenous, intraperitoneal or subcutaneous injection. The administration protocol can
be conducted by different ways: (a) anti-EGFR Mab and IFN-a simultaneously, (b) pre-
treatment (IFN-o) and treatment (anti-EGFR Mab) or (c) pre-treatment (IFN-a) and
treatment (anti-EGFR Mab + IFN-a). Mice are sacrificed by cervical dislocation (20 to

25 45 days after tumor challenge). The metastases for each organ are counted using a
stereoscopic microscope.

Immunotherapeutic composition comprising anti human EGF-R antibodies and
a-INF.

The composition of the present invention comprises the passive immunotherapy with

30  specific MAbs against the extracellular domain of the human EGF-R together with a-
INF will be administered to patients immediately after diagnosis and/or surgical
treatment. The composition of the present invention shouid induce CD8+ T cells-based
immune response in those individuals under treatment.

The therapeutically composition comprising the anti EGF-R antibody and the a-INF has
35  asynergistic effect on the lung metastasis development.



10 NEasurlng of CD8'" T cells role in the anti-netastatic effect of anti-EGR
Mab M ce are inoculated with the tunor cells as described previously (day
0). They receive intravenous or intraperitoneal injections of a Mab specific
for CD8 nolecule, which is able to elimnate CD8 positive cells (5-50
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The nucleotide sequence and the deduced amino acid sequence of the heavy chain

variable region of 7A7 Mab (GenBank access number: DQ437656) are shown in Figure

1. The nucleotide and deduced amino acid sequences of light chain variable region
25  {Vk) of 7A7 Mab (GenBank access number; DQ437657) are shown in Figure 2.

Example 2: 7A7 Mab anti-metastatic effect on D122 tumor.

D122 cells (2.5 x 10°) [D122 tumor is metastatic clone of the Lewis lung carcinoma]
were injected into lateral tail veins of C57BL/6 mice. 7A7 and control Mab (28 mg/kg in
100 pl PBS) were administered the day six after tumor chalienge and continued three

30 doses per week. Three weeks after tumor injection, the mice were sacrificed, and the
lungs were removed. The number of D122 lung metastasis was counted.
Administration of 7A7 Mab significantly reduced the number of D122 lung metastasis
compared with a control Mab (Figure 3), this difference was significant statistically
{Mann-Whitney test, p < 0.0001).

35 Example 3: 7A7 Mab anti-metastatic effect on D122 tumor is dependent of CD8" T
cells.



until partial or conplete tunor regression, or until any adverse reaction
occurs that requires treatnent cessation. Exanples: 10 Exanple 1:
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Table 1. Metastasis number median of the experimental groups.
Example 4: MHC | levels increased in D122 and MB16F10 cells by IFN-a treatment.

D122 and MB16F10 cells (0.25 x 10% 6-well plate) were treated with IFN-x {1000 U/ml)
for 12 hours. Next, MHC | expression level on cell membrane was determined in

20 treated and non-treated cells by FACS. Cells (2 x 10°) were incubated in PBS
containing 0.1% NaN; and 1% BSA (B solution) for 15 min at 4°C. Subsequently, the
cells were stained with a Mab specific for the H-2kb molecule diluted in B solution
(1:200, Pharmingen, EEUU). After washing, 10 cells were acquired using a FACScan
flow cytometer (Becton Dickison). The data obtained were analyzed using WinMDI

25  software (version 2.8). The IFN-o treatment provoked an increase of MHC | expression
in the membrane of D122 and MB16F10 cells, this treatment also increased the
percentage of IFN-u positive cells (Figure 5).

Example 5: The effect of the a-IFN treatment on the EGFR expression in D122 cells.

D122 cells (0.25 x 10% 6-well plate) were treated with IFN-a. (1000 U/mi) for 48 hours.
30 Next, EGFR expression level on cell membrane was determined in treated and non-



chal | enge and continued three doses per week. Depletion of CD8' cells by a
specific antibody (intraperitoneal injection) began the day six after tunor
chal l enge and 5 continued until the end of assay. The effectiveness of
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treated mice (Figure 4/Table 1). However, this anti-metastatic effect was significantly
20 increased when mice received the combined therapy (Figure 7/Table 2) (PBS vs. AcM
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25 Table 2. Metastasis number median of the experimental groups.

Brief description of the drawings:

Figure1. Nucleotide and deduced amino acid sequences of the cDNA encoding the
heavy variable region of 7A7 Mab. The amino acids are enumerated according to



7A7 Mab (1 g/m) diluted in B solution for 15 mn at 4C. After washing, a
‘goat anti- nouse total Igs FITC conjugated was added (1:200; Pharm ngen,
EEUU). After 5 washing, 104 cells were acquired using a FACScan fl ow
.cytoneter (Becton Dickison). The data obtained were anal yzed usi ng W nMDI
sof twar e gersi on 2.8). IFN-a treatnment of D122 cells did not change the
EGFR expr &2babo $rasesyigve oen ipkedysee e maximize alignmankt The aming acidgresidde 7A7
Mab/ a- | Fincadudl hyedachizoon RighZntabwwe the Mikdtidekéguen2e5 x 105) were injected
into lateral tail veins of C57BU6 mce (10 mice per 10 group). The
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i ntroducedsing araithiP8 Mab.gHiree weels aftemiumyr dedionr i Mire werac@galiirely each

codonibs @@k RAGY Retdremdned eiel Migntie GEBNZRIUNG InBtsRadls whbieb@néd.de and
deduced am no acid sequences of the cDNA encoding the |ight variable region

of 7A7 Mak. T 1,R0 Lds. ar inN t. aces
have beenl?:i'% rrgg%mg It %gﬁgipﬁeg%e%gﬁrgiﬁéﬁﬁ d Wg{@% %%Itsgo i ds '(Fetg‘aiagﬂgﬂ
D122 and MB16F10 celis were treated with IFN-a for 12 hours. Finally, the cells were

incubated with a Mab specific for the H-2kb molecule FITC conjugated. The percentage
of H-2kb positive cells was measured by FACS.

20  Figure 8. The IFN-a treatment does not change EGFR expression on D122 cells. D122
cells were treated with a-IFN for 48 hours. Finally, the cells were incubated with 7A7
Mab. The percentage of EGFR positive cells was measured by FACS.

Figure 7. The anti-metastatic effect of the combined treatment 7A7 Mab/a-IFN was
superior to the independent treatments. C57BL/6 mice were inoculated with D122 cell
25  (experimental metastasis model) and treated with 7A7 and «-IFN-. Three weeks after

tumor injection, the mice were sacrificed, and the iungs were removed. The number of
D122 lung metastasis was counted.

10



encoded by each codon is given above the nucl eoti de sequence. Figure 3. 7A7
‘Mab anti-netastasic effect on D122 tunor. C57BL/6 mice were inoculated with
D122 cell (experinmental netastasis nodel) and treated with 7A7 or control
-Mab. Three weeks after tunor injection, the mce were sacrificed, and the

l ungs 10 were renoved. The nunber of D122 |ung netastasis was counted.
Figure 4. 7A7 Mab anti-netastatic effect on D122 tunor is dependent of CD8'
T cell's. Therapewtic n¢rapogitiens ntec impreve \the neffacto of the  thergay i witht anti-

met ast asi Epiteti) GRowlth Eactait Recepgtonantibodigs.control Mab. M ce were depl et ed
of CD8 positive cell populations wusing an anti-CD8 Mab. Three weeks after
tunor injection, the mce were sacrificed, 15 and the |lungs were renoved.
The nunber of D122 |ung netastasis was counted. Figure 5. MHC | |evels

i ncreased 50 D122 and MB16F10 cells by IFN-a treatnent. D122 and MB16F10
celI's wer&!8M8ated with IFN-a for 12 hours. Finally, the cells were
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wer e treateﬂ tP 8 hours. Finally, the cells were incubated with
7A7 Mab. THE Q E@ntage of EGFR positive cells was neasured by FACS. Figure
7. The antl-netastatlc effect of the conbined treatnment 7A7 Mab/a-IFN was
superior to the independent treatnments. C57BL/6 mice were inoculated with
D122 cell 25 (experinental netastasis nodel) and treated with 7A7 and

a- |1 FN-. anemeweéfé élftlbeéorhplcﬁaiﬁonl ALESTHInG nto fchfim Mt Corrisings ac mdriceReal and t he

!rlﬁ 292 b@ﬁ { IeC ra?% : Iatgﬁjéﬁg Q#&tﬁg) \»nég)ri% X gﬁE%sgrE)ﬁiété h%{? é%gﬁtu 'ﬂi eﬁ‘gnt i -

Epi der nal G*@Nﬂ“@n%ﬁ:mlﬂc“%cept or anti bod| es Cainms: 5 1. A therapeutic
conposition useful for the cancer treatnent conprising the sinultaneous or
sequential adm nistration of an anti-EG-R Mab and one or several type |

| FNs. 2. The ther apeutic conposition according to claim1 conprising a
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4. The therapeutic composition according to claim 3 wherein the monoclonal antibody
against the EGF R is a humanized antibody.

5. The therapeutic composition according to claim 4 wherein the monoclonal antibody
20 against the EGF R is humanized antibody h-R3 produced by the cell line with the
deposit number ECACC 951110101.

6. The therapeutic composition according to claims 1 and 2 wherein the interferon is
type | interferon.

25

7. The therapeutic composition according to claim 6 wherein the interferon is human
a-INF.

11



anti body against the EGF Ris a chinmeric antibody. 15 4. The therapeutic
"conposition according to claim3 wherein the nonocl onal antibody against
the EGF Ris a hunmani zed anti body. 5. The therapeutic conposition according
.to claim4 wherein the nonocl onal antibody 20 against the EGF Ris

humani zed anti body h-R3 produced by the cell Iine wwth the deposit nunber
ECACC 9518.101e thergpedticecamimsiips @ccerdingrip eidimi owhereothei inigrfetends aumenl and 2
wher ei n t he rgdtinfiidtaaONEs type | interferon. 25 7. The therapeutic
conposition according to claim6 wherein the interferon is human a-INF. 11
8. The therapeutic conposition according to claim7 wherein the interferon
is human reconbinant a-INF. 9. A therapeutic conposition conprising the
anti EGFR humani zed anti body h-R3 5 produced by the cell line with the
deposi t n¥neth em@@@cgamei/eq CRAWriSIAG thﬁmnEﬁséBomwmzﬂd antindy htB3 The

t her ageut : C pesuitieed ibly i sceNCier d}t"“g?]é @epd:aaubn?n&ert goar?m_gsﬂm%mg atnhetﬁ R
sequenti a of the antibody and the interferon. :
pharnaceutlcéﬁmaqg&ﬁﬂﬁ%%gedﬂﬁy a container with an anti-EG-R Mab, one or
several containers with one or several |FNs and a | abel or additional
instructions to dosage and use. 15 12

10. The therapeutic compositions according to claims 1 to 9 comprising the sequential
10 administration of the antibody and the interferon.

11.. A pharmaceutical kit composed by a container with an anti-EGFR Mab, one or
several containers with cne or several IFNs and a label or additional instructions to
dosage and use.
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