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di neri zation. Also, Cetuximb induces the internalization and degradation of
EGFR (Shiging L et at Cancer Cell 2005; 7:301-11). In addition, Naranura and
co- workers 8e@pAstrated that Cetuxi mab can i nduce anti body-dependent
cellular cytotocixity (ADCC) through the activation of patient periphery
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expressi hy EbreMpicarigis eplls (fetvpaiiters Gt AR dfeviBioahem 5856750:68§-914). The over
expression of these proteins has been detected in many human epithelial tumors
(Salomon DS et al. Crif Rev Oncol Hemato! 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 Lelt 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 ciinical development is the chimeric Mab
IMC-C225/Cetuximab. Cetuximab binds to subdomain Il of the extraceliular 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 immuncther 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 Immunol 1997; 158:872-
9).
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Anti cancer et al J Clin Oncol 2004; 22:1646-54). Also, clinical trials testing of h-R3 has contmued
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 X et al 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, || 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 illness stabilization but they did not reach an
increase of survival (Cunningham D et al. N. Engl. J. Med. 2004; 351: 337-345). These

40  resulits lead to the search of therapeutic combinations that allow increasing anti-EGFR
Mab efficacy.
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at Bl ood 200Qﬂervals of the disease up to 12 months (Maloney DG. Curr Opin Haematol 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

36  lymphoma cell-derived peptides by DC, inducing their maturation and allowing the
generation of specific CTL (Sefenko N et 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.

Alphal 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-a. was the first cytokine
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ki nase i nhi bij er 1. { by 2R} 172: 733-738). This phenomenon could limit the advantage of
the INF-a treatment for a patient niche. On the other hand, IFN-a can increase the

25  mayor histocompatibility complex class | (MHC 1} molecutes in normal tissues {Cho
HJet 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-a/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 TKils.

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 freatment of tumor cells increases MHC i
expression. The combined application of these facts allows outstandingly increasing
the anti-cancer therapeutic effect of the anti-EGFR Mabs and the type I IFNs.
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2 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
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as experi senttamcrrmﬂshncﬁcmlatemere mstaberat ixol0® ahd thel per moasasthet tumoetélisaan of
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dose between tamendh@@nge]). Kie Mbastases fardeah angen iancolrtbedising a istere@acepious
or intraperi trﬁlﬁﬁ%Eobé‘J ection. The admi nistration protocol can be conducted
by di fferent ways: To begin the day before tunor challenge and to continue

< i i t10ar dedgiin % GBS 60 relt i (BlAbiLmetasH ot Eﬁnﬁéeﬁﬁ o begi n

the 2nd day after tunor challenge and an additional dose the 3'd day. After
the 6' h day tMieeagerinviculaiest with thestumeir gells ag desanibedh previauslyddse 9).pbey taseive

until the engrffenassay mtépeth@nbagh Betfing dlaymab ts@écmwmrcmmlame whidhhis

expross corr g B Bimitgte i [ TR N e U
neck tunors) Recinsitheciayat el 6iandrgantinues eneyy fovr gaystuetil shand of e assay. e,
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to obtain | ung e sac vica
di sl ocati on (¥gan @re@uawgmmwermﬁwc l’ﬂ'ﬁ@#c‘@ﬁge) The net astases for each
organ are counted using a stereoscopic m croscope.

Evaluation of the anti-metastatic effect of IFN-a /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-oe (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-o simultaneously, (b) pre-

treatment (IFN-o) and freatment (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 should 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 Measuring 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 ng/Kg). The anti-CD8 Mab admi nistration _begins the day -1 to 6 and
conti nues evER§ AregaduEm\Pensisie; of eA@inistering tq e '%%a?ﬁanﬂgsﬁdvaﬂﬁeqncéécﬂr e
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A i St at § Uil PG, 06 CORTBIEIS (B FRBERSSI. B, e D% BRYer R yEACtpR ocHS: RlcR
Mab and | FN- Beqsnrwlreamoumsgaatrc(rb) pre- treatnment (IFN-a) and treatnent
(anti-EG-R Mab) or (c) pre-treatnment (IFN-a) and treatnment (anti-EG-R Mab +
| FN-a) . M ceppampfeacrificed by cervical dislocation (20 to 25 45 days after
tumor challenge). The netastases for each organ are counted using a

st er eosc S her mposi tion conprising anti human
EGF- R anﬁ) EF%@E’% ﬁ%@alpmwg-r%rﬂ%egéfﬁﬁ%of t he present invention
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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 TA7 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 challenge 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:
bt ai ning an anti-nurine EGFR Mab. Bal b/c mice were inmunized with a
reconbi nant protein of the extracellular dormain of mari ne EGFR (Sanchez B
et _a/. Int J Cancer 2006, 119:2190-2199) enulsified in @s’ ﬂ% vant .
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t he deduced apumtedaci d sequence of the heavy chai n varl abl e regi on of 7A7
Mab (GenBank access nunber: DQ437656) are shown in Figure 1. The nucleotide

and deduced 3@ eRGdrinsRIBENSRD HHii- Méﬁ@fatlé%ﬁé& d’rﬁbﬂﬁ@'ﬂﬁnér@\%@@enf%é 6émg of

7A7 NMab Bank
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PBS) were ad ni st d. the day s fter tum)r enge.and, cont | d.three
30 doses per \nge e%fﬂsgen%%qgﬁor tk"?ng?‘ tIRYY gfeﬁgeégﬁl h" ﬁ%a%og@n %lasﬁams
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was counted. Admnistration of 7A7 Mab significantly reduced the nunber of

D122 |ungsmetastasis conpared with a control Mab (Figure 3), this

di fference was g it s b e i § arnaTaTe

35 Exanple 3: 7
CD84 T cells.
veins of C57BL/
adm nistered th

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-a (1000 U/mi)
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-a treatment provoked an increase of MHC | expression
in the membrane of D122 and MB16F10 cells, this treatment also increased the
percentage of |IFN-a positive cells (Figure 5).

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

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



chal l enge and continued three doses per week. Depletion of CD8 cells by a
specific antibody (intraperitoneal injection) began the day six after tunor
chall enge and 5 continued until the end of assay. The effectiveness of

depl etions was assessed in the spleen and the lung of mce. Three vveeks
after tunor injection, the mce were §acr|f|ced and_t he |lungs wer

removed. The RateBctellsDydIAGS) Gal (Fex 48Daxsre ingubatedon RS containing §1% NaN,
experinment, &Ad 18aBSANE sotetions fati5cmisl dtet°C. Snbsab@ntiy) i celswererstdinetiwitibei ng
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| levels increased in D122 and MB16F10 cells by IFN-a treatnent. D122 and
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for 12 hours. Next, MHC | expression |level on cell nmenbrane was determ ned
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| FN{a treat rr@n@ctpnothgkre@emre saerdigse, afrd HeituNgsaxgse sempyae. hﬁ numbefrehBridte of

D122 and NBl@ﬁané@bia%bs W SountR MBI tre b8 Yith FES 86 PA7 M orREIFNE icts @ised
| FN- a pOjlstlve ce s (Figure 5). Exanple 5: The effect of the a-1FN

treat men R expression in D122 cells. D122 cells (0.25 x 106/
6-well plate) were treated with IFN-a (1000 Wm ) for 48 hours. 30 Next,
EGFR expr essilmthis @xperiroentc dAF Mebdanarmlﬁhhgntﬂmemtatneﬁfachs on &xt2@ctumoed weom- 8

treated cell sefed (AsSmokéthbiap S/f bb¥& hNelidiofdnitRe Rﬁ%ﬂé?%’ff@ﬂarlgné) 1%

RO Ut At G e e

washi ng, a gd@btednmice (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
7A7+a-IFN: p< 0,001; AcM 7A7 vs AcM 7A7+a-IFN: p< 0,05; a-IFN vs AcM 7A7+a-

IFN: p< 0,05, Dunn test).

103 42 36 2

25  Table 2. Metastasis number median of the experimental groups.

Brief description of the drawings:

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



mouse total 1gs FITC conjugated was added (1:200; Pharm ngen, EEUU). After 5
washing, 10 cells were acquired using a FACScan flow cytoneter (Becton

Di ckison). The data obtained were anal yzed using WnMDI software (version
2.8). IFN-a treatnent of D122 cells did not change the EGFR expression
(FLgure 6). Exanple 6: Anti-netastatic effect of the 7A7 Mab/ a-|FN
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deduced a& nanddhalluagswercceenoved ! The mibhferenh DAB2 hopgtriwetasthsigas\cauntalll e regi on
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of H-2kb positive cells was measured by FACS.

20  Figure 6. 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
z superior to the independent treatments. C57BL/6 mice were inoculated with D122 cell
' 25 (experimental metastasis model) and treated with 7A7 and o-IFN-. Three weeks after
tumor injection, the mice were sacrificed, and the lungs were removed. The number of
D122 lung metastasis was counted.

10



control Mab. Three weeks after tunmor injection, the mce were sacrificed,
and the lungs 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 cells. C57BU6 mice were inoculated with D122 cell (experinental
netastasis nodel) and treated with 7A7 or control Mab. M ce were depleted
of CD8 positive cell populations using an anti-CD8 Nab. Three weeks after
tumor i nj ect iTORTaReREic CemMPRSitions, 8o | iImRrave the gffect (pf the, Jbetapye Wit 3ty
The nunber ofEpiicthdl GrowtieFactbeRieseptas antibodiesl. Figure 5. MHC | | evel s
increased in D122 and MB16F10O cells by IFN-a treatnent. D122 and MB16F10
cells were treated with IFN-a for 12 hours. Finally, the cells were

i ncubated with a Mab specific for the H 2kb nol ecul e FI TC conj ugated. The
per cent age rrgr\ H-2kb positive cells was nmeasured by FACS. 20 Figure 6. The

| FN-a treat netf®™fes not change EGFR expression on D122 cells. D122 cells
were treated with a-1FN for 48 hours. Finally, the cells were incubated with
7A7 Mab. 3Thd. pkr therapeglic ocormamitigno siseiul efot elhes capger nirastoentl eomwisre. R gur e
7. The anti - net aguRdeouS Iof S6duedtialt dininigtiitionest dnl RAHLEGPR Mab/andbéreor fehea s
superior to thetl gﬁ,%?gdent treatnments. C57BU6 mice were inoculated with
D122 cell 25 (&% imental netastasis nodel) and treated with 7A7 and
a-1FN-. Three weeks after tunor injection, the mce were sacrificed, and the
| ungs were renoved. The nunber of D122 |ung netastasis was counted. 10

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

Epi der mal G @ut Thd-ahérapeilRizc epinposition | dvedidesy. 160 @ains:1 combprisiAgt AemapmtidriaC
conpositiygn use ro ok C r | SJ . j or
equent | &7 adn #iibebfadeiles RTEGER: SRR, BRI SeBRhaR eXicfiert O

| FNs. 2. The t hiBHaYREGHS #1ARPosi ti on according to claim 1 conprising a
nonocl onal 10 anti body agai nst the EGFR, interferon and an appropriate
exicipient for the intravenous injection. 3. The therapeutic conposition
according to clainms | and 2 wherein the nonoclonal antibody against the EG-

Ris a chimerl cTadiHeRspbitic %5mﬁosiﬂ&?a&éb$&iﬁ@%‘kiaﬁn§@%@si WheFbirt HeOthBhdtoriaP

claim 3 wher ef n, S, TOREl GREE k{20 meric antiocy.

15

4. The therapeutic composition according to claim 3 wherein the monocional antibody
against the EGF R is a humanized antibody.

5. The therapeutic composition according to claim 4 wherein the monoclonal antibody
g 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 8 wherein the interferon is human
a-INF.

11



against the EGF Ris a humani zed anti body. 5. The therapeutic conposition
according to claim4 wherein the nonocl onal antibody 20 against the EG-F R
i s" humani zed anti body h-R3 produced by the cell line with the deposit
nunber ECACC 951110101. 6. The therapeutic conposition according to clains |
and 2 wherein the interferonis type | interferon. 25 7. The therapeutic
conposi ti on &ccdhedha@pesdticsempesitiapegoerding teeclain éwheraim thesintaifesen ishumgn 11
8. The t her apeuttamisioaf@siNA. on 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
deposit nunber ECACC 951110101 and the human reconbi nant a-INF. 10. The

t herapeutic conpositions accordjng to cl ai 11 C ri sing the
coquontial 80 B RrRSIR sararpeionssaariind, ey Ath EGHEG PR PR slibody h-R3,
phar maceu i cal producednpothedcdly lime awtht the ndaposit tniamder JGACGEGSR1MAD1 amek ther

several contai qﬁ{"?n%g,g}ngingnm_mgveral | FNs and a | abel or additional
instructions to osage 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 one or several IFNs and a label or additional instructions to
dosage and use.

15

12





