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(57) ABSTRACT 

The invention relates to the combined use of anti-EGFR anti 
bodies and anti-Her2 antibodies for the treatment of cancer, 
especially suitable for cancer expressing high levels of the 
EGFR type and low levels of HER2. The invention refers in 
particular monoclonal antibody “trastuzumab (HERCEP 
TINR) directed against the HER2 receptors the efficacy of 
which can be significantly increased in vivo when combined 
with monoclonal antibody “matuzumab’ (hmAB 425, EMD 
72000) directed against EGF receptors. The combination 
treatmentis Suitable for patients Suffering from cancer having 
said receptor profile, preferably pancreatic cancer. 
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COMBINATION THERAPY USING 
ANT-EGFR AND ANT-HER2 ANTIBODES 

FIELD OF THE INVENTION 

0001. The invention relates to the combined use of an 
anti-EGFR (ErbB1) antibody and an anti-Her2 (ErbB2) anti 
body for the treatment of cancer. The invention furthermore 
relates to the treatment of tumor in an individual with said 
antibodies, wherein the tumor cells express high levels of the 
EGFR type and low or no significant levels of HER2. In 
particular, the invention refers to the combination treatment 
using monoclonal antibody trastuzumab (HERCEPTINR) 
directed against HER2 receptor and “matuzumab’ (hmAb 
425, EMD 72000) directed against EGF receptor, or another 
anti-EGFR antibody. The combination treatment is prefer 
ably suitable for patients suffering from a cancer, the tissue of 
which do not overexpress HER2 or express HER2 in low 
amounts, but do overexpress EGFR. 

BACKGROUND OF THE INVENTION 

0002. Subclass I of the receptor tyrosine kinase (RTK) 
super family consists of ErbB receptors and comprises four 
members: EGFR/ErbB1, HER2/ErbB2, ErbB3 and ErbB4. 
All members have an extracellular ligand-binding region, a 
single membrane-spanning region and a cytoplasmic 
tyrosine-kinase-containing domain. Tyrosine kinases are a 
class of enzymes that catalyze the transfer of the terminal 
phosphate of adenosine triphosphate to tyrosine residues in 
protein Substrates. 
0003. The ErbB receptors are expressed in various tissues 
of epithelial, mesenchymal and neuronal origin. Under nor 
mal conditions, activation of the ErbB receptors is controlled 
by the spatial and temporal expression of their ligands, which 
are members of the EGF family of growth factors. Ligand 
binding to ErbB receptors induces the formation of receptor 
homo- and heterodimers and activation of the intrinsic kinase 
domain, resulting in phosphorylation on specific tyrosine 
kinase residues within the cytoplasmic tail. These phospho 
rylated residues serve as docking sites for various proteins, 
the recruitment of which leads to the activation of intracellu 
lar signaling pathways. 
0004 EGFR and HER2 are known to play an essential role 
in regulating cell proliferation and differentiation. They have 
a strong tendency to assemble with other HER receptors into 
homo- and/or heterodimers upon extracellular growth factor 
binding, which results in various forms of signal transduction 
pathways activation, leading to either apoptosis, Survival, or 
cell proliferation. Mounting evidence Suggests that not only 
receptor expression or receptor overexpression but also com 
munication among HER receptors plays a crucial role in 
tumor behavior (Kumagai et al., 2001, PNAS 98,5526). In 
particular, binding of receptor-specific ligands to the 
ectodomain of EGFR often results in the recruitment of 
HER2, as the preferred heterodimerization partner (e.g. Klap 
per et al., 1999, PNAS 96, 4995). As HER2 is the only HER 
family member that does not bind a known specific ligand, its 
principal biological function, as a signal transducer, appears 
to result from its participation in heterodimeric receptor com 
plexes with EGFR or other HER receptors (e.g. Konecny et 
al., 2006, Cancer Res. 96, 1630). 
0005 Recent studies (J. Schlessinger, 2002, Cell 110, 
669) show that receptor dimerization is mediated by receptor 
receptor interactions in which a loop protruding from neigh 
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boring receptors mediates receptor dimerization and activa 
tion. Receptor dimerization is essential for stimulating of the 
intrinsic catalytic activity and for the self-phosphorylation of 
growth factor receptors on tyrosine residues. 
0006. It should be remarked that receptor protein tyrosine 
kinases are able to undergo both homo- and heterodimeriza 
tion, wherein homodimeric receptor combinations are less 
mitogenic and transforming (no or weak initiation of signal 
ing) than the corresponding heterodimeric combinations. 
Heterodimers containing ErbB2 are the most potent com 
plexes (Yarden and Sliwkowski, 2001, Nature Reviews, 
Molecular cell Biology, volume 2, 127-137; Tzahar and 
Yarden, 1998, BBA 1377, M25-M37). 
0007. Two important types of ErbB inhibitor are inclinical 
use: chimeric, humanized or fully human antibodies directed 
against the extracellular domain of EGFR or ErbB2, and 
small-molecule tyrosine-kinase inhibitors (TKIs) that com 
pete with the ATP in the tyrosine-kinase domain of the recep 
tOr. 

0008. The use of mAbs binding with high affinity to these 
two members of the ErbB (HER) family, EGFR and HER2, 
thus appears to be rational for the development of new cancer 
therapy strategies which would have the potential to inhibit 
the receptor dimerization. Until now, however, each of the 
two mAbs have been used in cancer therapy individually in 
conjunction with various chemotherapeutic drugs (Slamonet 
al., 2001, New Engl. J. Med 344,783; Baselga et al., 2000, J 
Clin Oncol. 18, 904) or more recently in association with 
different drugs having tyrosine kinase receptor inhibition 
properties (e.g. Normanno et al., 2002, Ann Oncol 13,65) The 
action of small tyrosine kinase inhibitor molecules, however, 
cannot be compared with the potential biological activity 
induced by the binding of a high molecular weight antibody 
molecule. 

0009. The mechanism of anti-tumor activity of individual 
anti-ErbB/HER receptor mAbs is not entirely understood. A 
series of experimental results in mice KO for the Fc receptor 
strongly suggested that most of the anti-tumor effect was due 
to the recruitment of effector NK cells by an antibody depen 
dent cell-mediated cytotoxic (ADCC) mechanism. However, 
the evidence of inhibition of receptor phosphorylation and 
receptor internalization induced on tumor cells by the anti 
ErbB/HER receptor mAbs argues in favor of an apoptotic or 
cytostatic signal transduced through the receptor (e.g. Fried 
man et al., 2005, PNAS 102, 1915). 
0010. There are several anti-HER/ErbB antibodies in 
clinical studies and already approved and on market, for 
example matuZumab, cetuximab, panitumumab and trastu 
Zumab. 
0011 Humanized monoclonal antibody 425. also desig 
nated as matuzumab (hMAb 425, U.S. Pat. No. 5,558,864; EP 
0531 472) and chimeric monoclonal antibody 225 (cMAb 
225), both directed to the EGF receptor, have shown their 
efficacy in clinical trials. 
(0012. The c225 antibody (cetuximab, ERBITUX(R) was 
demonstrated to inhibit EGF-mediated tumor cell growth in 
vitro and to inhibit human colorectal tumors in vivo received 
marked approval in 2003. The antibody as well as in general 
all anti-EGFR antibodies, appear to act, above all, in Synergy 
with certain chemotherapeutic agents (i.e., doxorubicin, 
adriamycin, taxol, and cisplatin) to eradicate human tumors 
in vivo in xenograft mouse models (e.g. EP 0667165). Fur 
thermore, it could be shown that the combination of the anti 
EGFR antibody c225 with the second anti-EGFR antibody 
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matuZumab shows a synergistic effect in vitro models, indi 
cating that these two antibodies directed to the same receptor 
bind to different epitopes of EGFR (WO 2004/032960). 
0013 The mouse antibody 4D5 directed to the HER2/ 
ErbB2 was further found to sensitize ErbB2-expressing 
breast tumor cell lines to the cytotoxic effects of TNFC. (U.S. 
Pat. No. 5,677,171). A recombinant humanized version, des 
ignated as huMAb4D5-8, rhuMAb HER2, trastuzumab, or 
HERCEPTINR (U.S. Pat. No. 5,821,337) is clinically active 
in patients with ErbB2-overexpressing metastatic breast can 
cers that have received extensive prior anti-cancer therapy 
(Baselgaet al., J. Clin. Oncol. 14:737-744 (1996)). HERCEP 
TINR received marketing approval in 1998 for the treatment 
of patients with metastatic breast cancer whose tumors over 
express the ErbB2 protein. 
0014. Although, as stated above, the therapeutic efficacy 
trastuzumab in breast carcinoma is well demonstrated, it is 
strictly limited and only approved for 30% of breast cancer 
patients whose tumor overexpress HER2.70% of the breast 
cancer patients do not or insufficiently respond to trastu 
Zumab because their individual tumor do not overexpress or 
do not sufficiently express HER2. In other cancers and or 
individual cancers, HER2 is overexpressed in a significant 
percentage of cases ranging from 43-69%, whereas EGFR is 
usually overexpressed in a range from 45-95%. However, as 
a rule, the levels of HER2 expression are in principal low in 
the majority of tumors. Furthermore, the overexpression of 
EGFR and HER2 receptors is often caused by encoding gene 
amplification (Hynes et al., 2005, Nat Rev Cancer 5, 341). 
Thus, the present day consensus is that anti-HER2 mAb is 
inefficient in tumors with low HER2 expression or missing 
overexpression, which is the case, for example, for most 
pancreatic carcinoma in the clinic (e.g. Saxby et al., 2005, J 
Surg Pathol 29, 1125). 
0015 Panitumumab (VECTIBIX(R) is a fully human anti 
EGFR antibody and has recently received marked approval in 
the US (Schwartz et al., 2002, Proc. Am Soc Clin Oncol 21, 
24). 
0016 Adenocarcinomas of the pancreas remain one of the 
most difficult malignancies to treat. The incidence has 
steadily increased over the past four decades, and its progno 
sis is still dismal, despite tremendous efforts in early diagno 
sis and therapy. At the time of diagnosis, the majority of 
patients (80-90%) have locally or metastatic tumors. Even 
with a complete Surgical resection, the five-year Survival rate 
is less than 20% (Wagner et al., Br J Surg 2004:91:586-94). 
The conventional therapy associating both Surgery and radio 
therapy alone or in combination with chemotherapy shows 
modest efficacy in local control and palliation, and no real 
progress in patient survival (Azria et al., Bull Cancer 2002: 
89: 369-79, AZria et al., Pancreas 2002; 25: 360-5, Li et al. 
Lancet 2004; 3.63:1049-57.2-4). Accordingly, novel 
approaches to human pancreatic carcinoma therapy are 
urgently needed. 
0017. It is well documented that pancreatic adenocarcino 
mas and displasias frequently overexpress tyrosine kinase 
receptors. Overexpression of EGFR in pancreatic cancer is 
associated with advanced disease at presentation and reduced 
median survival time. The significance of HER2 expression/ 
overexpression in pancreatic cancer prognosis is not as clear. 
Indeed, no correlation between tumor differentiation degree 
and the level of HER2 expression in human pancreatic speci 
mens has been reported (Dugan et al., Pancreas 1997: 14: 
229-36). This might be explained by recalling that the level of 
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HER2 does not mediate mitogenesis by itself and that het 
erodimerisation has to be activated. 
(0018. The concept of blocking EGFR and HER2 is in 
principal known and has been applied in other models 
expressing high levels of EGFR and/or HER2. An additive but 
not an Synergistic effect on reducing cell proliferation in vitro 
was shown using combined treatment either with chimeric 
anti-EGFR antibody mab c225 (cetuximab) and humanized 
anti-HER2 antibody 4D5 (trastuzumab) on the human ova 
rian cancer cell line OVCAR 420 (Yeet al. 1999, Oncogene 
18, 731) or with trastuzumab and the murine variant of mAb 
225 on EGFR-dependent colon cancer cell lines (Kuwada et 
al., IntJ Cancer 2004: 109: 291-301). 
0019. Furthermore, different groups addressed the simul 
taneous attack of HER1 and HER2 by associating the chemi 
cal EGFR kinase inhibitor ZD1839 (Iressa) with trastuzumab 
(Normanno et al., Ann Oncol2002; 13: 65-72) and found that 
in the cell lines SK-BR-3 and BT-474 the combination of 
these latter compounds induces a better anti-proliferative 
effect than the two compounds used separately, particularly in 
terms of induction of apoptosis. 
0020. However, little information is available concerning 
antibody efficacy and the actual function of EGFR and HER2 
receptors in specific cancertissue expressing low levels of at 
least one of these receptors, for example, pancreatic cancer, 
targeted by specific anti-ErbB antibodies, and up to date no 
clinical studies have evaluated the efficacy of targeting con 
currently these two receptors in these tumors with suitable 
monoclonal antibodies. 
0021 Based on the lack of an effective therapy and impli 
cation of EGFR and HER2 in specific cancer expressing low 
levels of at least one of these two types of receptor, there is a 
motivation of blocking EGFR and HER2 simultaneously in a 
cancer specific model in which preferably a high EGFR 
expression and no significant or low-level expression is pre 
sented, wherein said expression patternis evaluated by immu 
nocytochemical analysis or by using flow cytometry analysis 
technique. 

SUMMARY OF THE INVENTION 

0022. According to the current invention it could be shown 
that the combination of an anti-HER2 antibody, such as tras 
tuzumab, with an anti-EGFR antibody, such as matuzumab, 
provides in Vivo tumor regression or at least reduced and/or 
delayed tumor growth in vivo, however preferably only in 
cancers and tumor tissues that expresses no significant or low 
levels of HER2, and preferably high levels of EGFR. Such a 
different expression pattern between said ErbB receptors can 
be found in many cancers, such as pancreatic cancer. The 
different expression pattern of a specific tumor tissue may be 
also an individual property. In other words, it is possible, that 
a specific tumor develops a different expression pattern 
regarding said HER/ErbB receptors in different individuals/ 
patients Suffering from said tumor. 
0023 Surprisingly, the combined treatment of an anti 
Her2 antibody such as trastuzumab, with a suitable anti 
EGFR antibody, such as matuzumab, for cancer therapy is 
strongly synergistic, if the treated cancer overexpresses 
EGFR but not HER2, or, if the treated cancer does not or not 
significantly express HER2 (low level expression) and does 
express EGFR with levels higher than in corresponding nor 
mal (non-tumor) tissue. 
0024. The efficacy of such a combination treatment is 
synergistically increased if, in addition, the anti-HER2 anti 
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body used has no or no significant capability to inhibit HER2 
dimerization, but the anti-EGFR antibody used does have the 
capability to inhibit significantly EGFR dimerization. 
0025. These finding are novel and not foreseeable even in 
view of the principally known concept of blocking EGFR and 
HER2, or EGFR and EGFR by different epitopes as described 
above. 
0026. The synergistic effect of the combination is very 
distinct when the individual cancer does not overexpress 
HER2 but does overexpress EGFR. 
0027. The synergistic effect described according to the 
invention on tumor growth with, for example, trastuzumab 
(Herceptin) and matuzumab (EMD72000) may be explained, 
without being bound to any theory or hypothesis, by different 
mechanistic actions of each antibody on EGFR/HER2 het 
erodimerization: According to the invention trastuzumab, and 
any potential functionally similar anti-HER2 antibody, is 
thought according to the invention to bind to domain IV in a 
way that does not inhibit dimerization, but instead appears to 
enhance the endocytosis of HER2 receptor and its disappear 
ance from the cell membrane. In contrast to that, EMD72000, 
and any potential functionally similar anti-EGFR antibody, is 
thought to directly inhibit dimerization of EGFR. Natha et al. 
(Cancer Res 2004; 64: 2343-6) found that trastuzumab and 
another anti-Her2 antibody called pertuzumab act synergis 
tically. Since pertuzumab is known to inhibit HER2 dimer 
ization, anti-EGFR antibody matuzumab, and any other func 
tionally similar anti-EGFR antibody, could surprisingly play 
according to this invention an analogous role in EGFR dimer 
ization. 
0028. The findings of this invention show and confirm the 
importance of communication between the different HER/ 
ErbB receptors. HER2 has been shown to act as a favorite 
co-receptor in partnership with the other members of the HER 
family, with an improvement of the signaling potency of its 
dimerization partner on multiple levels. 
0029. According to the results of the present invention, the 
strategy of simultaneously targeting EGFR and HER2 by 
Suitable monoclonal antibodies may lead under specific pre 
requisites to a therapeutic benefit providing synergistic effi 
cacy in biological systems with low HER2 receptor expres 
sion under pathological conditions. According to this 
invention, the impact and efficacy of Suitable combined 
EGFR/HER2 monoclonal antibodies seems to be dependent 
not only on their respective receptor expression but also on 
their capability of their the homo- and/or heterodimerization 
potential of the cells. These results are novel and not foresee 
able even if considered in context with the known concept of 
blocking EGFR and HER2 or EGFR and EGFR by different 
epitopes (see above). 
0030. In view of the present demonstration of the syner 
gistic therapeutic effect of two anti-EGFR and -HER2 mAbs 
on two pancreatic carcinoma lines with moderate expression 
of HER2 and one ovarian carcinomaline overexpressing both 
HER receptors, the extent to which these experimental results 
may have an impact on the management of pancreatic and 
other types of carcinomas are considered. In pancreatic car 
cinoma, both EGFR and HER2 are known to be expressed in 
a significant percentage of the cases (e.g. Tobita et al., 2003, 
IntJ Mol Med 11,305) and expression of these receptors has 
been shown to be involved in the initiation and progression of 
this tumor. 
0031. Thus, in view of the toxicity and very modest results 
of the most advanced and intensive regimens of chemo- and 
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radiotherapy in this type of cancer (e.g. Czito et al., 2006, J 
Clin Oncol 24, 656) it would desirable to considera combined 
treatment with the two anti-EGFR and anti-HER2 mAbs in 
patients with carcinomas expressing even low levels of at 
least one of the two HER receptors. For the anti-HER2 mAb. 
it has been well established that the clinical benefits are lim 
ited to tumors with marked overexpression of the receptor 
(Slamon et al., 2001, Semin Oncol 28, 13), whereas by the 
present experiments, the synergism of specific anti-HER2 
antibody with specific anti-EGFR antibody was demon 
strated on two pancreatic carcinomas with low to moderate 
HER2 expression. 
0032. It has been shown in various carcinoma cell lines 
that treatment with Small molecules inhibiting tyrosine kinase 
receptors, such as Iressa for EGFR (Normanno et al., 2002, 
ann Oncol 13, 65) or the dual kinase inhibitor lapatinib for 
both EGFR and HER2 (Konecny et al., 2006, Cancer Res 66, 
1630), can have a synergistic effect with anti-HER2 mAb 
treatment. However, the Synergistic effect was mainly dem 
onstrated in vitro and exclusively on target carcinoma lines 
overexpressing HER2. Furthermore, the effect of a small 
molecule with tyrosine kinase inhibitory property cannot be 
considered as identical to that of a large antibody molecule 
binding to the external domain of the receptors. 
0033 For many years, several groups presented in vitro 
studies on tumor cells Suspensions showing that simultaneous 
incubation with the two anti-EGFR and -HER2 mAbs 
induced more efficient inhibition of receptor phosphorylation 
and/or specific internalisation of the receptors, than incuba 
tion with one mAb alone (21-24). However, only one of the 
groups (23) tried a limited in vivo study but failed to demon 
strate any synergism between the two mAbs. 
0034. Thus, the results presented herein represent the first 
time in vivo experimental demonstration of a long expected 
new improvement of cancer therapy by the synergistic action 
of two anti-EGFR and HER2 mAbs. Furthermore, the results 
presented here suggest that a patient having breast carcinoma 
with moderate expression of HER2, who could not be treated 
with anti-HER2 mAb therapy, might benefit from the syner 
gic treatment of the two anti-HER/ErbB mAbs, provided that 
the tumor also expresses EGFR. 
0035. Three other cancer treatments based on the syner 
gistic effect of two mAbs of different specificities are pres 
ently under investigation. First, a phase I clinical trial is 
underway for the treatment of non-Hodgkin's lymphoma 
with a combination of anti-CD20 and CD22 mAbs (Leonard 
et al., 2005, J. Clin Oncol 23, 5044). The antigens recognized 
by these two mAbs are very different, however, and do not 
have the heterodimerization property, that is characteristic for 
the two HER receptors antibodies targeted in our study. 
0036) A second, entirely experimental, study involves an 
anti-insulin-like growth factor receptor (IGF-IR) mab, which 
is reported to have a synergistic anti-tumor effect, either with 
a chemotherapeutic agent (vinorelbine) or with an anti-EGFR 
mAb, in a breast and a lung carcinoma xenograft model 
(Goetsch et al., 2005, Int J Cancer 113,316). However, the 
IGF-IR does not belong to the HER receptor family and in 
terms of potential treatment, application IGF-IR is less tumor 
restricted than is the HER2 receptor. 
0037. A third experimental study involves an anti-EGFR 
and an anti-VEGFR mab in a pancreatic carcinoma 
xenograft model (Tonra et al., 2006, Clin Cancer Res 12, 
2197)). The two mAbs used in this study are not directed 
against the same tumor target cells. Indeed, anti-VEGFR 
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mAb binds to a receptor, which is expressed on endothelial 0.052 The corresponding use of said pharmaceutical 
cells, but not on pancreatic carcinoma cells. Thus the mecha- composition, wherein said tumor cells overexpress 
nism of action of the two mAbs in that study appears to be EGFR but not HER2. 
related to tumor vascularization parameters and is distinct 0053. The corresponding use of said pharmaceutical 
from the binding of the two mAbs on two HER/ErbB recep- composition for the treatment of pancreatic cancer. 
tOrs located on the same target carcinoma cells, which seems 0.054 The uses of all pharmaceutical compositions as 
responsible for the Synergistic anti-tumor effect presented described for the manufacture of a medicament directed 
here. against cancer in combination with radiotherapy and/or 
0038. In summary the invention relates to the following: chemotherapy 
0039. In summary the invention relates to 

0040. A pharmaceutical composition comprising an 0055. A pharmaceutical composition comprising any 
anti-EGFR antibody and an anti-HER2(ErbB2) anti 
body or an immunologically effective fragment thereof 
in an effective amount optionally together with a phar 
maceutically carrier, diluent or excipient, wherein the 
anti-EGFR antibody is murine, chimeric or humanized 
mAb 425-(matuzumab, EMD72000) and the anti-HER2 
antibody is murine, chimeric or humanized mAb 4D5 
(trastuzumab, HERCEPTINR), preferably the human 
ized variants of each of said antibodies. 

0041. A corresponding pharmaceutical composition 
wherein said anti-EGFR antibody binds to tumor cells, 
wherein the EGF receptor is moderately or highly 
expressed or overexpressed. 

0042. A corresponding pharmaceutical definition 
wherein said anti-HER2 antibody binds to tumor cells, 
wherein the HER2 receptor expression is low, or lower 
than EGFR expression 

0043. A corresponding pharmaceutical composition, 
wherein the tumor cells are pancreatic tumor cells. 

0044. A corresponding pharmaceutical composition 
comprising additionally a cytotoxic agent. 

0045. A corresponding pharmaceutical composition 
wherein the cytotoxic agent is a chemotherapeutic agent, 
preferably selected from the group consisting of cispl 
atin, doxorubicin, gemcitabine, docetaxel, paclitaxel, 
bleomycin and irinotecan. 

0046. A corresponding pharmaceutical composition, 
wherein the cytotoxic agent is a third ErbB receptor 
inhibitor, a VEGF receptor inhibitor, a tyrosine kinase 
inhibitor, a protein kinase A inhibitor, an anti-angio 
genic agent, or a cytokine. 

0047 A corresponding pharmaceutical composition, 
wherein one or each of said antibodies are fused at its 
C-terminus to a biologically effective peptide, polypep 
tide or protein, optionally via a linker peptide, to form a 
immunoconjugate, preferably an immunocytokine. 

0048. A pharmaceutical kit comprising (i) a first pack 
age comprising an anti-EGFR antibody or an anti-EGFR 
antibody immunoconjugate as specified above or an 
immunologically effective portion thereof, and (ii) a 
second package comprising an ant-HER2 antibody oran 
anti-HER2 antibody immunoconjugate as specified 
above or an immunologically effective portion thereof. 

0049. A corresponding pharmaceutical kit comprising 
(iii) a third package comprising a cytotoxic agent as 
specified above. 

0050. The use of a pharmaceutical composition as 
specified above for the manufacture of a medicament for 
the treatment of tumors expressing ErbB receptors. 

0051. The corresponding use of said pharmaceutical 
composition, wherein said tumor does not overexpress 
HER2 or does express Her2 only in lower amounts than 
EGFR. 

anti-EGFR antibody and any anti-HER2 antibody in a 
general aspect and principle of the invention, wherein 
said antibodies alone do not inhibit heterodimerization 
of EGFR and HER2, but do so if given in combination. 

0056. A corresponding pharmaceutical composition, 
wherein the anti-EGFR antibody binds to tumor cells to 
be treated that overexpress EGFR, and the anti-Her2 
antibody binds to tumor cells to be treated that do not 
overexpress HER2, or do express HER2 in a low or 
moderate amount compared to said EGFR overexpres 
S1O. 

0057. A corresponding pharmaceutical composition, 
wherein said anti-EGFR antibody is selected from the 
group of murine, chimeric or humanized mAb 425 
(matuzumab) and said anti-HER2 antibody is selected 
from the group od murine chimeric or humanized mAb 
4D5 (trastuzumab). 

0.058 A bispecific antibody comprising a first antigen 
binding site that binds to EGFR, preferably deriving 
from murine, chimeric or humanized mAb 425 (matu 
Zumab), and a second antigen binding site that binds to 
HER2, preferably deriving from murine, chimeric or 
humanized mAb 4D5 (trastuzumab). 

0059 A use of a pharmaceutical composition compris 
ing an anti-HER2 antibody and an anti-EGFR antibody 
for the manufacture of a medicament for the treatment of 
cancer in an individual, wherein said cancer in said 
individual expresses EGFR and HER2, wherein HER" is 
expressed in low levels or levels that are not sufficient to 
respond significantly to anti-HER2 antibody treatment 
alone. 

0060 A corresponding use, wherein said anti-HER2 
antibody, when given alone, does not or not significantly 
inhibit HER2 dimerization and/or HER2/EGFR het 
erodimerization, and said anti-EGFR antibody, when 
given alone, does significantly inhibit EGFR dimeriza 
tion and/or EGFR/HER2 heterodimerization. 

0061. A corresponding use, wherein said cancer does 
not overexpress HER2 and/or does not overexpress 
EGFR. 

0062. A corresponding use, wherein said anti-HER2 
antibody is murine, chimeric or humanized mAb 4D5 
(trastuzumab). 

0.063 A corresponding use, wherein said anti-EGFR 
antibody is murine, chimeric or humanized mAb 425 
(matuZumab). 

0064. A corresponding use, wherein said anti-HER2 
antibody is murine, chimeric or humanized mAb 4D5 
(trastuzumab) and said anti-EGFR antibody is murine, 
chimeric or humanized mAb 425 (matuzumab). 

0065. A corresponding use, wherein said cancer is pan 
creatic cancer or breast cancer. 
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0066. A corresponding use, wherein said antibodies are 
immunologically effective fragments, such as Fab'- 
(Fab')2 fragments. 

0067. A corresponding use, wherein additionally a 
cytotoxic agent is administered, for example a chemo 
therapeutic agent, preferably selected from the group 
consisting of cisplatin, doxorubicin, gemcitabine, doc 
etaxel, paclitaxel, bleomycin and irinotecan, or a VEGF 
receptor inhibitor, a small molecule tyrosine kinase 
inhibitor, an anti-angiogenic agent, or a cytokine. 

0068 A corresponding use, wherein one or both of said 
antibodies are fused preferably at its C-terminus to a 
biologically effective peptide, polypeptide or protein, 
optionally via a linker peptide, thus forming an immu 
noconjugate. 

0069. A corresponding use, wherein said immunocon 
jugate is an immunocytokine. 

0070 A corresponding use, comprising a bispecific 
antibody having the specificities of the two antibodies as 
specified above and below. 

0071. A use of a pharmaceutical composition compris 
ing an anti-HER2 and an anti-EGFR antibody for the 
manufacture of a medicament for improving the efficacy 
of the treatment of cancer in an individual with said 
anti-HER2 antibody, wherein said cancer in said indi 
vidual expresses HER2 in low levels or levels that are not 
sufficient to respond significantly to said anti-HER2 
antibody treatment alone, and EGFR in levels that are 
Sufficient to respond significantly to an anti-EGFR-an 
tibody, 

0072 A corresponding use, wherein said ant-HER2 
antibody, when given alone, does not or not significantly 
inhibit HER2 dimerization and/or HER2/EGFR het 
erodimerization, and said anti-EGFR antibody, when 
given alone, significantly inhibits EGFR dimerization 
and/or EGFR/HER2 heterodimerization. 

0073. A corresponding use, wherein in said cancer 
HER2 is not overexpresses and EGFR is overexpressed. 

0074. A corresponding use, wherein said anti-HER2 
antibody is murine, chimeric or humanized mAb 4D5 
(trastuzumab) and said anti-EGFR antibody is murine, 
chimeric or humanized mAb 425 (matuzumab). 

0075. A corresponding use, wherein said cancer is pan 
creatic or breast cancer. 

0076. A method for treating cancer that expresses 
HER2 and EGFR in an individual, wherein said cancer 
in said individual expresses HER2 in levels that are not 
sufficient to respond significantly to an anti-HER2 anti 
body, when given alone to the individual, the method 
comprising administering to the individual an anti 
HER2 antibody, which, when given alone, does not or 
not significantly inhibit HER2 dimerization and/or 
HER2/EGFR heterodimerization, and an anti-EGFR 
antibody, which, when given alone, significantly inhibits 
EGFR dimerization and/or EGFR/HER2 heterodimer 
ization. 

0077. A corresponding method, wherein HER2 is not 
overexpressed and/or EGFR is overexpressed. 

0078. A corresponding method, wherein said anti 
HER2 antibody is murine, chimeric or humanized mAb 
4D5 (trastuzumab) 

0079 A corresponding method, wherein said anti 
EGFR antibody is murine, chimeric or humanized mAb 
425 (matuzumab). 
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0080 A corresponding method, wherein said anti 
HER2 antibody is murine, chimeric or humanized mAb 
4D5 (trastuzumab) and said anti-EGFR antibody is 
murine, chimeric or humanized mAb 425 (matuZumab). 

0081. A corresponding method, said cancer is pancre 
atic or breast cancer. 

0082. A method for improving the efficacy of the treat 
ment of cancer that expresses HER2 and preferably 
overexpresses EGFR with an anti-HER2 antibody, 
wherein said cancer does not overexpress HER2 or 
expresses HER2 in low levels or levels that are not 
sufficient to respond significantly to said anti-HER2 
antibody treatment alone; the method comprising 
administering to an individual an anti-HER2 antibody, 
which, when given alone, does not or not significantly 
inhibit HER2 dimerization and/or HER2/EGFR het 
erodimerization, and an anti-EGFR antibody, which, 
when given alone, significantly inhibits EGFR dimer 
ization and/or EGFR/HER2 heterodimerization. 

0.083. A corresponding method, wherein said anti 
HER2 antibody is murine, chimeric or humanized mAb 
4D5 (trastuzumab), and/or said anti-EGFR antibody is 
murine, chimeric or humanized mAb 425 (matuZumab). 

0084. A corresponding method, wherein the cancer is 
pancreatic cancer or breast cancer. 

DETAILED DESCRIPTION 

EGFR and HER2 Receptor Cell Surface Expressions 

I0085. Immunocytochemical analyses on human pancre 
atic carcinoma BXPC-3 cells show a high level of EGFR 
(classified as +++) but no detectable levels of HER2 receptor 
expression, as compared with human carcinoma ovarian cells 
SK-OV-3 and epidermal carcinoma reference cells A-431, 
classified as +++ for HER2 and +++ for EGFR, respectively, 
by the same analysis (FIG. 1). 
I0086 A second pancreatic cancer cell line MiaPaca-2 is 
also classified negative for HER2 and ++ for EGFR. 
I0087. In contrast, using the more sensitive flow cytometry 
technique (Mimura et al., 2005, Clin Cancer Res 11, 4898), a 
moderate expression of HER2 can be found on BXPC-3 and 
MiaPaca-2 cells as compared with SK-OV-3 cells. 
I0088. The overexpression of EGFR by BXPC-3 cells can 
be confirmed but at a slightly lower level than the reference 
A-431 cells. MiaPaca-2 show a moderate and equal expres 
sion of both EGFR and HER2 receptors. SK-OV-3 show a 
moderate expression of EGFR and a high expression of HER2 
(FIG. 1). 
I0089 Based on the quite low expression level of HER2 on 
the BXPC-3 tumor cells and on the biodistribution results the 
limited tumor activity of trastuzumab obtained in vitro and in 
vivo could be expected. Indeed, overexpression of HER2 is an 
established diagnostic tool to evaluate breast cancer patients 
for trastuzumab therapy (Slamon et al., 2001, Semin Oncol; 
28, 13), and accordingly, only patients with immunohis 
tochemical 3+HER2-tumor expression benefit from this tar 
geting therapy. 
0090 Infrequent HER2/neu overexpression may explain 
why trastuzumab is not currently used in the clinic for the 
treatment of pancreatic cancer. Studies confirmed the inca 
pacity of monotherapy of trastuzumab to slow tumor growth 
presenting low HER2 expression. It should be noted that the 
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doses of trastuzumab used in these studies are three-to-twelve 
fold higher than those used in the experiments according to 
the invention. 

Anti-Tumor Activity of Matuzumab and/or Trastuzumab 
Against Two Pancreatic and an Ovarian Carcinoma 
Xenografts. 
0091. The therapeutic efficacy of the anti-EGFR and anti 
HER2 mAbsalone or in combination is first tested on BXPC-3 
xenografts in nude mice. To evaluate the different forms of 
mAb therapy on tumor Xenografts of various sizes, two series 
of representative experimental results, first on tumors of rela 
tively small volume (77+49 mm3, experiment S) and second 
with larger tumors (503+205 mm3, experiment L), are ana 
lyzed. Results from experiment S (FIG.2), obtained in groups 
of eight mice treated with 50 lug of each antibody twice 
weekly for four weeks, show a significantly higher inhibition 
of tumor growth in the combined antibody group as compared 
to the groups treated with each antibody alone (P=0.002). 
Further analysis of the same experimental results show that 
the tumor increment factors at the end of treatment are mark 
edly higher in the mice treated with anti-EGFR and anti 
HER2 mAbalone, 4.9+2.1 and 6.4+4.4, as compared with the 
combined mAb group 0.7+0.5 (Table 1, upper part). Further 
more, only the combined mAb treatment induces two com 
plete tumor remissions. Results from an additional experi 
ment on mice with similar size BXPC-3 xenografts treated 
with fourfold greater doses of each mab (200 ug) alone or in 
combination entirely confirm the previous results, with tumor 
increment factors much higher for the single mAb treatment, 
as compared with the combined mAb therapy (Table 1, lower 
part). 

TABLE 1. 

Increment factor of BXPC-3 xenograft volume at the end of treatment 

% tumor 
mAb Treatment Increment fact free mice 

C 8.04.0 O 
M 4.92.1 O 

50 T 6.4 + 4.4 O 
T - M O.7 O.S 25 (2/8) 
C 21.3 - 7.0 O 
M 4.32.8 O 

200 T 5.5 2.1 O 
T - M O.80.3 60 (3/5) 

C: control, M: matuzumab, T: trastuzumab, T + M: both mAbs. 
Increment factor: (tumor volume at the end of treatment)/(tumor volume at 

the beginning of treatment). 

0092. In addition, complete tumor remissions in three out 
offive mice are observed only in the combined therapy group 
at the end of treatment. Comparison of therapy with different 
antibody doses, reported in Table 1, show that 50 ug of each 
mAb in combination induced markedly lower tumor incre 
ments (0.7+/-0.5) than those obtained in mice treated with 
fourfold greater doses of the single mab (4.3 and 5.5). No 
detectable dose effect can be observed between the 50 and 
200 ug treatments suggesting that the synergism of the two 
mAbs binding to the two HER receptors are more important 
than the absolute amounts of antibody. This observation is 
clearly infavor of a synergic effect rather thanan additive one. 
Results from larger xenografts from the BXPC-3 tumors (ex 
periment L) obtained in four groups of six mice injected with 
200 ug of each antibody show in adapted Kaplan-Meier sur 
vival curves (FIG. 3A) that the median delay for tumors to 
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reach 1500 mm volume is significantly longer (73 days) in 
mice treated with the mAb combination than in mice treated 
with only one mAb (anti-HER2, 30 days, anti-EGFR. 34 
days) P=0.001. The time tumor progression curves from the 
same experiment (FIG. 3B) confirm that the time to reach a 
threefold larger tumor is significantly longer (P<0.001) for 
the combined treatment group, than for the two single mab 
treatments. Interestingly, in an additional group of six mice 
with large tumors treated with only 50 lug of each mAb in 
combination, the time (70 days) for the tumor to reach a 
volume of 1500 mm3 is much longer as compared with the 
tumors in the group treated with 200 ug of each mab alone 
(30 and 34 days) (FIG. 3A). This confirms that even with the 
larger tumors the double specificity of the two mAb is more 
effective than the absolute mab doses and that the greater 
anti-tumor effect is due to a synergistic rather than an additive 
effect of the two mAbs. The tumor growth inhibition property 
of the combined anti-EGFR and anti-HER2 mAbs is further 
tested on Xenografts from a second human pancreatic carci 
noma line MiaPaca-2, which also expresses low HER2 lev 
els. Injection twice a week of 50 ug of each mab alone or in 
combination is initiated in groups of six mice when the mean 
tumor volume has reached 64 mm3+5 and continued for four 
weeks. Animals were euthanized when the tumor reached a 
volume of 2000 mm. The adapted survival curves for tumors 
to reach this volume show (FIG. 4A) that at day 120, no tumor 
larger than 2000 mm can be observed in the combined anti 
body group, whereas four out of six mice from both groups 
treated with a single mab had tumors reaching that volume 
(P=0.0072). Furthermore, a complete tumor remission can be 
observed only in the combined mAb therapy group. Interest 
ingly, in a separate experiment, treatment of MiaPaca-2 
xenografts of similar size (65-6 mm3) with only 25 ug of 
each antibody in combination has an efficient anti-tumor 
effect, whereas single mAb injections have almost no growth 
inhibition effect, confirming, for this tumor also, the impor 
tant role of the attack by two mAbs directed against different 
HER receptors. To verify whether the therapeutic advantage 
of the combined action of the two anti-HER receptor mAbs 
observed against the two pancreatic carcinoma cell lines can 
also function on another type of carcinoma, the same com 
parison between single and combined mAb injections is 
tested on the reference ovarian carcinoma line SK-OV-3, 
known to overexpress both EGF and HER-2 receptors. The 
therapy consisting of 200 ug of either anti-EGFR or anti 
HER-2 mAb, or the two mAbs in combination, was initiated 
in four groups of six mice (including an untreated control) 
when the SK-OV-3 xenograft had a median volume of 42+4 
mm. As expected, in view of the overexpression of both HER 
receptors on these tumor cells, a therapeutic activity of each 
single mab can be observed with 1 and 2 complete remissions 
in the group of mice injected with anti-EGFR and anti-HER2, 
respectively. However, the injection of both mAbs give a 
clearly Superior tumor growth inhibition in all mice, includ 
ing three complete remissions. The results of the adapted 
survival curve for the tumor to reach a volume of 1000 mm 
(FIG.4B) show that the tumors of all six mice treated with the 
mAb combination did not reach 1000 mm during the period 
of observation of 120 days, while the delay for 50% of the 
mice to reach this tumor volume was 69 days and 85 days for 
the group of mice treated with anti-EGFR and HER2, respec 
tively (P=0.0001). These results confirm the therapeutic syn 
ergism of the two anti-HER mice mabs against a human 
ovarian carcinoma xenograft and Suggests that the combined 
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injection of these two mAbs could be useful in the treatment 
of many types of carcinomas expressing EGF and HER2 
receptors. 

Inhibition of Receptor Auto-Phosphorylation. 

0093. The ability of matuzumab or trastuzumab used 
alone or in combination to inhibit the tyrosine kinase activity 
of EGFR and HER2 on BXPC-3 and MiaPaca-2 cells in vitro, 
can be assessed by western blot with quantification of the 
phosphorylated proteins by densitometry and analysis using 
the NIH imager 6.3 (FIG. 5). Analysis on the two pancreatic 
carcinoma cell lines are compared after a 48-h incubation 
with the two mAbs, either alone or in combination, followed 
by a 10-min activation with EGF. It should be noted first, that 
both cell lines show a relatively high phosphorylation base 
line for the EGFR and the HER2 receptor. As expected, treat 
ment with exogenous EGF induces a high level of tyrosine 
autophosphorylation of EGFR and HER2 in both cell lines. 
Interestingly, incubation with the mabs in combination 
results in a much higher inhibition of phosphorylation of 
HER2 in both cell lines than that obtained with anti-HER2 
mAb alone. For EGFR, the phosphorylation inhibition by the 
two mAbs is less contrasted; it is almost identical and only 
slightly superior to that obtained with the anti-EGFR mAb 
alone on the MiaPaca-2 and BXPC-3 cells, respectively. 
These results, as well as more extensive in vitro studies from 
the literature (22-24), may explain the striking in vivo thera 
peutic synergism of the two anti-HER receptor Mabs against 
human carcinoma xenografts described here. 
0094. Despite a high EGFR expression in the pancreatic 
BxPC-3 cell line, matuzumab (EMD7200) is notor only little 
effective on tumor growth inhibition used alone at a dose of 50 
or 200 g/injection, confirming the absence of correlation 
between EGFR expression and curative efficacy of anti 
EGFR antibodies. This can be illustrated with a second in 
vivo pancreatic cancer model (MiaPaca) where mice are 
treated with 50 g/injection of EMD72000 twice a week for 
four weeks. The anti-tumor activity of the combination, how 
ever, is much stronger than the negligible anti-tumor activity 
of the antibodies used as single components alone. With 
regard to decreased tumor volume and in vitro viability stud 
ies, the effect of the combined antibodies is clearly synergistic 
in the BXPC-3 model and not a mere additive effect calculated 
from the efficacies of the single components. This effect is 
particularly striking during the four-week treatment period, 
where no tumor progression can be observed in the combined 
treatment group. Similar efficacy of this treatment can be 
observed on both Small and large pancreatic tumors. 
0095. The principle of combined treatment with mono 
clonal antibodies, with different specificities to antigenstruc 
tures on the same or different receptors is described here 
exemplarily for treatment of EGFR and HER2 positive pan 
creatic tumor. However, this principle is not limited to pan 
creatic cancer and can be adapted for use with any other 
cancer showing the same or a similar receptor expression 
profile. If not otherwise pointed out the terms and phrases 
used in this invention have the meanings and definitions as 
given below. Moreover, these definitions and meanings 
describe the invention in more detail, preferred embodiments 
included. 

0096. By definition, the term “overexpressed” means 
according to the invention, that the corresponding receptor is 
expressed on the surface of the tumor cells with a higher, 
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preferably significantly higher rate and/or amount than on the 
Surface of normal, non-tumor cells preferably deriving from 
the same tissue. 
(0097. Usually, EGFR and HER2 are expressed in very low 
up to low rates on many normal tissue cells, depending on the 
specific tissue and specimen. In or on tumor tissue these rates 
are, as a rule, significantly higher, especially with regard to 
EGFR. With respect to breast cancer, for example, HER2 is 
significantly overexpressed in at least 30% of the patients and 
is expressed with a higher level than EGFR. In pancreatic 
cancer the situation is, as a rule, Vice versa. In many cases the 
situation seems also to be dependent on the genetic predispo 
sition of the individual to be treated. Thus, the terms 'mod 
erate expression”, “significant expression', etc. are relative 
terms and must be seen in context of the specific situation. 
However, in general according to this invention, the term “low 
expression” means, if not otherwise specified, not “overex 
pressed in the sense as indicated above. The term “moderate 
expression' or "significant' expression means, as not other 
wise indicated, “overexpressed in a lower/moderate or sig 
nificant/higher rate. “Significant’ means in this context that 
the corresponding tumor cells express the receptor in an 
amount which is measurably higher than normal non-tumor 
cells of a specific individual do. 
(0098. A “receptor” or “receptor molecule” is a soluble or 
membrane bound/associated protein or glycoprotein com 
prising one or more domains to which a ligand binds to form 
a receptor-ligand complex. By binding the ligand, which may 
be an agonist or an antagonist the receptor is activated or 
inactivated and may initiate or block pathway signaling. 
(0099. An “ErbB receptor” is a receptor protein tyrosine 
kinase which belongs, as already specified above, to the ErbB 
receptor family and includes EGFR/HER1 (ErbB1), HER2 
(ErbB2), ErbB3 and ErbB4 receptors and other members of 
this family to be identified in the future. The ErbB receptor 
will generally comprise an extracellular domain, which may 
bind an ErbB ligand; a lipophilic transmembrane domain; a 
conserved intracellular tyrosine kinase domain; and a car 
boxyl-terminal signaling domain harboring several tyrosine 
residues which can be phosphorylated. The ErbB receptor 
may be a “native sequence” ErbB receptor or an "amino acid 
sequence variant thereof. Preferably the ErbB receptor is 
native sequence human ErbB receptor. The expressions 
“ErbB1” and “HER1 and “EGFR are used interchangeably 
herein and refer to human HER1 protein. The expressions 
“ErbB2 and “HER2 are used interchangeably herein and 
refer to human HER2 protein. ErbB1 receptors (EGFR) are 
preferred according to this invention 
0100. The term “ErbB receptor antagonist/inhibitor” 
refers to a biologically effective molecule, which binds and 
blocks or inhibits the ErbB receptor. Thus, by blocking the 
receptor the antagonist prevents binding of the ErbB ligand 
(agonist) and activation of the agonist/ligand receptor com 
plex. ErbB antagonists may be directed to HER1 (ErbB1, 
EGFR), HER2 (ErbB2) and ErbB3 and ErbB4. 
0101 Preferred antibodies of the invention are anti-Herl 
and anti-Her2 antibodies. Preferred anti-Herl antibodies are 
MAb 425, preferably humanized MAb 425 (hMAb 425, 
matuzumab, EMD 72000, U.S. Pat. No. 5,558,864; EP 0531 
472) and chimeric MAb 225 (cetuximab, ERBITUX(R). Most 
preferred anti-HER2 antibody is HERCEPTINR) commer 
cialized by Genentech/Roche. 
0102 The term “tyrosine kinase antagonist/inhibitor 
refers according to this invention to natural or synthetic 
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agents that are enabled to inhibit or block tyrosine kinases, 
receptor tyrosine kinases included. Thus, the term includes 
perse ErbB receptor antagonists/inhibitors as defined above. 
With exception of the anti-ErbB receptor antibodies men 
tioned above and below, more preferable tyrosine kinase 
antagonist agents under this definition are chemical com 
pounds which have shown efficacy in mono-drug therapy for 
breast and prostate cancer. One of the most promising anti 
cancer agents in this context is gefitinib (IRESSAR), Astra 
Zeneca), which is reported to possess outstanding therapeutic 
efficacy and excellent tolerability in patients with non-small 
cell lung cancer (NSCLC) as well as advanced head and neck 
cancer. Preferably, the dosage of the chemical tyrosine kinase 
inhibitors as defined above is from 1 pg/kg to 1 g/kg of body 
weight per day. More preferably, the dosage of tyrosine 
kinase inhibitors is from 0.01 mg/kg to 100 mg/kg of body 
weight per day. 
(0103) The invention relates not only to the anti-HER/ErbB 
antibodies as mentioned but also to their biologically active 
fragments and to immunoconjugates as specified below, espe 
cially immunocytokines. 
0104. Depending on the amino acid sequence of their con 
stant regions, intact antibodies can be assigned to different 
“antibody (immunoglobulin) classes”. There are five major 
classes of intact antibodies: IgA, Ig|D, IgE, IgG, and IgM, and 
several of these may be further divided into “subclasses' 
(isotypes), e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The 
heavy-chain constant domains that correspond to the different 
classes of antibodies are called C, 6, e, Y and LL respectively. 
Preferred major class for antibodies according to the inven 
tion is IgG, in more detail IgG1 and IgG2. 
0105. The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of Substan 
tially homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in con 
trast to polyclonal antibody preparations which include dif 
ferent antibodies directed against different determinants 
(epitopes), each monoclonal antibody is directed against a 
single determinant on the antigen. Methods for making 
monoclonal antibodies include the hybridoma method 
described by Kohler and Milstein (1975, Nature 256, 495) 
and in “Monoclonal Antibody Technology, The Production 
and Characterization of Rodent and Human Hybridomas' 
(1985, Burdon et al., Eds, Laboratory Techniques in Bio 
chemistry and Molecular Biology, Volume 13, Elsevier Sci 
ence Publishers, Amsterdam), or may be made by well known 
recombinant DNA methods (see, e.g., U.S. Pat. No. 4,816, 
567). Monoclonal antibodies may also be isolated from phage 
antibody libraries using the techniques described in Clackson 
et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. 
Biol., 222:58, 1-597 (1991), for example. 
0106 The term “chimeric antibody’ means antibodies in 
which a portion of the heavy and/or light chain is identical 
with or homologous to corresponding sequences in antibod 
ies derived from a particular species or belonging to a par 
ticular antibody class or subclass, while the remainder of the 
chain(s) is identical with or homologous to corresponding 
sequences in antibodies derived from another species or 
belonging to another antibody class or Subclass, as well as 
fragments of Such antibodies, so long as they exhibit the 
desired biological activity (e.g.: U.S. Pat. No. 4,816,567; 
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Morrison et al., Proc. Nat. Acad. Sci. USA, 81:6851-6855 
(1984)). Methods for making chimeric and humanized anti 
bodies are also known in the art. For example, methods for 
making chimeric antibodies include those described in pat 
ents by Boss (Celltech) and by Cabilly (Genentech) (U.S. Pat. 
No. 4,816,397: U.S. Pat. No. 4,816,567). 
0.107 “Humanized antibodies' are forms of non-human 
(e.g., rodent) chimeric antibodies that contain minimal 
sequence derived from non-human immunoglobulin. For the 
most part, humanized antibodies are human immunoglobu 
lins (recipient antibody) in which residues from a hypervari 
able region (CDRs) of the recipient are replaced by residues 
from a hyperVariable region of a non-human species (donor 
antibody) Such as mouse, rat, rabbit or non human primate 
having the desired specificity, affinity and capacity. In some 
instances, framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies may comprise 
residues that are not found in the recipient antibody or in the 
donor antibody. These modifications are made to further 
refine antibody performance. In general, the humanized anti 
body will comprise Substantially all of at least one, and typi 
cally two, variable domains, in which all or substantially all of 
the hyperVariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FRs are 
those of a human immunoglobulin sequence. The humanized 
antibody optionally also will comprise at least a portion of an 
immunoglobulin constant region (Fc), typically that of a 
human immunoglobulin. Methods for making humanized 
antibodies are described, for example, by Winter (U.S. Pat. 
No.5.225,539) and Boss (Celltech, U.S. Pat. No. 4,816.397). 
0.108 “Antibody fragments’ comprise a portion of an 
intact antibody, preferably comprising the antigen-binding or 
variable region thereof. Examples of antibody fragments 
include Fab, Fab'. F(ab')2, Fv and Fc fragments, diabodies, 
linear antibodies, single-chain antibody molecules; and mul 
tispecific antibodies formed from antibody fragment(s). An 
“intact' antibody is one which comprises an antigen-binding 
variable region as well as a light chain constant domain (CL) 
and heavy chain constant domains, CH1, CH2 and CH3. 
Preferably, the intact antibody has one or more effector func 
tions. Papain digestion of antibodies produces two identical 
antigen-binding fragments, called “Fab' fragments, each 
comprising a single antigen-binding site and a CL and a CH1 
region, and a residual "Fo' fragment, whose name reflects its 
ability to crystallize readily. The “Fc region of the antibodies 
comprises, as a rule, a CH2, CH3 and the hinge region of an 
IgG1 or IgG2 antibody major class. The hinge region is a 
group of about 15 amino acid residues which combine the 
CH1 region with the CH2-CH3 region. Pepsin treatment 
yields an “F(ab')2 fragment that has two antigen-binding 
sites and is still capable of cross-linking antigen. “FV' is the 
minimum antibody fragment which contains a complete anti 
gen-recognition and antigen-binding site. This region con 
sists of a dimer of one heavy chain and one light chain vari 
able domain in tight, non-covalent association. It is in this 
configuration that the three hypervariable regions (CDRs) of 
each variable domain interact to define an antigen-binding 
site on the surface of the VH-VL dimer. Collectively, the six 
hyperVariable regions confer antigen-binding specificity to 
the antibody. However, even a single variable domain (or half 
of an Fv comprising only three hyperVariable regions specific 
for an antigen) has the ability to recognize and bind antigen, 
although at a lower affinity than the entire binding site. 
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0109 The “Fab' fragment also contains the constant 
domain of the light chain and the first constant domain (CH1) 
of the heavy chain and has one antigen-binding site only. 
“Fab' fragments differ from Fab fragments by the addition of 
a few residues at the carboxy terminus of the heavy chain CH1 
domain including one or more cysteines from the antibody 
hinge region. F(ab')2 antibody fragments originally were pro 
duced as pairs of Fab' fragments which have hinge cysteines 
between them. Other chemical couplings of antibody frag 
ments are also known (see e.g. Hermanson, Bioconjugate 
Techniques, Academic Press, 1996: U.S. Pat. No. 4.342,566). 
“Single-chain FV or “scFV' antibody fragments comprise 
the V, and V. domains of antibody, wherein these domains are 
present in a Single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker between 
the VH and VL domains which enables the scEv to form the 
desired structure for antigen binding. Single-chain FV anti 
bodies are known, for example, from Pluckthun (The Phar 
macology of Monoclonal Antibodies, Vol. 113, Rosenburg 
and Moore eds. Springer-Verlag, New York, pp. 269-315 
(1994)), WO93/16185; U.S. Pat. No. 5,571,894; U.S. Pat. No. 
5,587,458; Huston et al. (1988, Proc. Natl. Acad. Sci. 85, 
5879) or Skerra and Plueckthun (1988, Science 240, 1038). 
0110 "Bispecific antibodies' (BAbs) are single, divalent 
antibodies (or immunotherapeutically effective fragments 
thereof) which have two differently specific antigen binding 
sites. According to this invention BAbs are characterized as 
BAb <MAb 1, MAb 2>, wherein <MAb 1> and <MAb 2> 
designates the antigen-binding sites deriving from MAb 1 and 
MAb 2. For example the first antigen binding site is directed 
to an angiogenesis receptor (e.g. integrin or VEGF receptor), 
whereas the second antigenbinding site is directed to an ErbB 
receptor (e.g. EGFR or HER2). Bispecific antibodies can be 
produced by chemical techniques (see e.g., Kranz et al. 
(1981) Proc. Natl. Acad. Sci. USA 78,5807), by “polydoma' 
techniques (See U.S. Pat. No. 4,474,893) or by recombinant 
DNA techniques, which all are known per se. Further meth 
ods are described in WO 91/00360, WO92/05793 and WO 
96/04305. Bispecific antibodies can also be prepared from 
single chain antibodies (see e.g., Huston et al. (1988) Proc. 
Natl. Acad. Sci. 85, 5879; Skerra and Plueckthun (1988) 
Science 240, 1038). These are analogues of antibody variable 
regions produced as a single polypeptide chain. To form the 
bispecific binding agent, the single chain antibodies may be 
coupled together chemically or by genetic engineering meth 
ods known in the art. It is also possible to produce bispecific 
antibodies according to this invention by using leucine Zipper 
sequences. The sequences employed are derived from the 
leucine Zipper regions of the transcription factors Fos and Jun 
(Landschulz et al., 1988, Science 240, 1759; for review, see 
Maniatis and Abel, 1989, Nature 341, 24). Leucine Zippers 
are specific amino acid sequences about 20-40 residues long 
with leucine typically occurring at every seventh residue. 
Such Zipper sequences form amphipathic C-helices, with the 
leucine residues lined up on the hydrophobic side for dimer 
formation. Peptides corresponding to the leucine Zippers of 
the Fos and Jun proteins form heterodimers preferentially 
(O'Shea et al., 1989, Science 245, 646). Zipper containing 
bispecific antibodies and methods for making them are also 
disclosed in WO92/10209 and WO 93/11162. 

0111. The term “immunoconjugate' refers to a fusion pro 
tein and means an antibody or immunoglobulin, respectively, 
or a immunologically effective fragment thereof, which is 
fused by covalent linkage to a non-immunologically effective 
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molecule. Preferably this fusion partner is a peptide or a 
protein, which may be glycosylated. Said non-antibody mol 
ecule can be linked to the C-terminal of the constant heavy 
chains of the antibody or to the N-terminals of the variable 
light and/or heavy chains. The fusion partners can be linked 
via a linker molecule, which is, as a rule, a 3-15 amino acid 
residues containing peptide. Immunoconjugates according to 
this invention are fusion proteins consisting of an immuno 
globulin or immunotherapeutically effective fragment 
thereof, directed to an ErbB receptor, and preferably a cytok 
ine, such as TNFO, IFNY or IL-2, or another toxic agent. 
Preferably, these peptide- or protein-based molecules are 
linked with their N-terminal to the C-terminal of said immu 
noglobulin, which is the Fc portion thereof. The term “cytok 
ine' is a generic term for proteins released by one cell popu 
lation which act on another cell as intercellular mediators. 
Examples of Such cytokines are lymphokines, monokines, 
and traditional polypeptide hormones. Included among the 
cytokines are growth hormone such as human growth hor 
mone, N-methionyl human growth hormone, and bovine 
growth hormone; parathyroid hormone; thyroxine; insulin; 
proinsulin, relaxin; prorelaxin, glycoprotein hormones Such 
as follicle stimulating hormone (FSH), thyroid stimulating 
hormone (TSH), and luteinizing hormone (LH); hepatic 
growth factor, fibroblast growth factor, prolactin; placental 
lactogen; mouse gonadotropin-associated peptide; inhibin; 
activin; vascular endothelial growth factor (VEGF); integrin: 
thrombopoietin (TPO); nerve growth factors such as NGFB; 
platelet-growth factor; transforming growth factors (TGFs) 
such as TGFC. and TGFRB, erythropoietin (EPO); interferons 
such as IFNC, IFNB, and IFNY; colony stimulating factors 
such as M-CSF, GM-CSF and G-CSF; interleukins such as 
IL-1, IL-1a, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 
IL-10, IL-11, IL-12; and TNF-C. or TNF-B. Preferred cytok 
ines according to the invention are interferons, TNFC. and 
IL-2. 

0112 The term “immunotherapeutically or immunobio 
logically effective' refers to biological molecules which 
cause an immune response in a mammal. More specifically, 
the term refers to molecules which may recognize and bind an 
antigen. Typically, antibodies, antibody fragments and anti 
body fusion proteins comprising their antigen binding sites 
(complementary determining regions, CDRs) are immuno 
therapeutically effective. 
0113. The therapeutic approach of this invention includes 
as a specific embodiment the administration of further thera 
peutically effective agents, which support the desired effect, 
e.g. tumor toxicity or cytostatic efficacy, or diminish or pre 
vent undesired side effects. Thus the invention includes the 
combination of Such agents with the pharmaceutical compo 
sition defined and claimed above and below, wherein said 
agents may be other ErbB receptor antagonists, VEGF recep 
torantagonists, cytokines, cytokine-immunoconjugates, anti 
angiogenic agents, anti-hormonal agents, or cytotoxic agents 
in general. It is also an object of this invention to combine the 
compositions as defined herein with radiotherapy according 
to known methods. 

0114. The term “cytotoxic agent” as used in this context is 
defined very broadly and refers to a substance that inhibits or 
prevents the function of cells and/or causes destruction of 
cells (cell death), and/or exerts anti-neoplastic/anti-prolifera 
tive effects, for example, prevents directly or indirectly the 
development, maturation or spread of neoplastic tumor cells. 
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The term includes expressively also such agents that cause a 
cytostatic effect only and not a mere cytotoxic effect. 
0115 The term “chemotherapeutic agent' is a subset of 
the term “cytotoxic agent” and means specifically chemical 
agents that exert anti-neoplastic effects, preferably directly 
on the tumor cell, and less indirectly through mechanisms 
Such as biological response modification. Suitable chemo 
therapeutic agents according to the invention are preferably 
natural or synthetic chemical compounds. There are large 
numbers of anti-neoplastic chemical agents available in com 
mercial use, in clinical evaluation and in pre-clinical devel 
opment, which could be included in the present invention for 
treatment of tumors/neoplasia by combination therapy with 
the receptor antagonists as claimed and described in this 
invention. The term includes especially agents as specified 
below, as well as other ErbB antagonists (such as anti-ErbB 
antibodies), anti-angiogenic agents, tyrosine kinase inhibi 
tors, protein kinase A inhibitors, members of the cytokine 
family, radioactive isotopes, and toxins such as enzymatically 
active toxins of bacterial, fungal, plant or animal origin. Pre 
ferred chemotherapeutic agents are amifostine (ethyol), cis 
platin, dacarbazine (DTIC), dactinomycin, mechlorethamine 
(nitrogen mustard), Streptozocin, cyclophosphamide, carr 
nustine (BCNU), lomustine (CCNU), doxorubicin (adriamy 
cin), doxorubicin lipo (doxil), gemcitabine (gemzar), dauno 
rubicin, daunorubicin lipo (daunoXome), procarbazine, 
mitomycin, cytarabine, etoposide, methotrexate, 5-fluorou 
racil (5-FU), vinblastine, Vincristine, bleomycin, paclitaxel 
(taxol), docetaxel (taxotere), aldesleukin, asparaginase, 
busulfan, carboplatin, cladribine, camptothecin, CPT-11, 
10-hydroxy-7-ethyl-camptothecin (SN38), gefitinib (Iressa), 
dacarbazine, floxuridine, fludarabine, hydroxyurea, ifosfa 
mide, idarubicin, mesna, interferon alpha, interferon beta, 
irinotecan, mitoxantrone, topotecan, leuprolide, megestrol, 
melphalan, mercaptopurine, plicamycin, mitotane, pegaspar 
gase, pentostatin, pipobroman, plicamycin, Streptozocin, 
tamoxifen, teniposide, testolactone, thioguanine, thiotepa, 
uracil mustard, Vinorelbine, chlorambucil and combinations 
thereof. 
0116. Most preferred chemotherapeutic agents according 
to the invention are cisplatin, gemcitabine, doxorubicin, 
paclitaxel (taxol) and bleomycin. 
0117. The terms “cancer and “tumor refer to or describe 
the physiological condition in mammals that is typically char 
acterized by unregulated cell growth. By means of the phar 
maceutical compositions according of the present invention 
tumors can be treated Such as tumors of the breast, heart, lung, 
Small intestine, colon, spleen, kidney, bladder, head and neck, 
ovary, prostate, brain, pancreas, skin, bone, bone marrow, 
blood, thymus, uterus, testicles, cervix, and liver. Tumors 
which can be preferably be treated with the antibody mol 
ecules according to the invention are solid tumors or tumor 
metastases that express ErbB receptors, especially ErbB1 
receptors, in high amounts, such as breast cancer, prostate 
cancer head and neck cancer, SCLC, pancreas cancer but with 
respect to ErbB2 (HER2) receptors also in lower amounts. 
0118. The term “biologically/functionally effective” or 
“therapeutically effective (amount) refers to a drug/mol 
ecule which causes a biological function or a change of a 
biological function in vivo or in vitro, and which is effective 
in a specific amount to treat a disease or disorder in a mam 
mal, preferably in a human. 
0119 "Radiotherapy'. According to the invention the 
tumors can additionally be treated with radiation or radiop 
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harmaceuticals. The source of radiation can be either external 
or internal to the patient being treated. When the source is 
external to the patient, the therapy is known as external beam 
radiation therapy (EBRT). When the source of radiation is 
internal to the patient, the treatment is called brachytherapy 
(BT). Some typical radioactive atoms that have been used 
include radium, cesium-137, and iridium-192, americium 
241 and gold-198, Cobalt-57; Copper-67; Technetium-99; 
Iodide-123: Iodide-131; and Indium-111. It is also possible to 
label the agents according to the invention with radioactive 
isotopes. Today radiation therapy is the standard treatment to 
control unresectable or inoperable tumors and/or tumor 
metastases. Improved results have been seen when radiation 
therapy has been combined with chemotherapy. 
I0120 "Pharmaceutical treatment’: The agents of this 
invention can be administered parenterally by injection or by 
gradual infusion over time. Although the tissue to be treated 
can typically be accessed in the body by Systemic adminis 
tration and therefore most often treated by intravenous 
administration of therapeutic compositions, other tissues and 
delivery means are contemplated where there is a likelihood 
that the tissue targeted contains the target molecule. Thus, the 
agents of this invention can be administered intraocularly, 
intravenously, intraperitoneally, intramuscularly, Subcutane 
ously, intracavity, transdermally, by orthotopic injection and 
infusion, and can also be delivered by peristaltic means. 
Therapeutic compositions of the present invention contain a 
physiologically tolerable carrier together with the relevant 
agent as described herein, dissolved or dispersed thereinas an 
active ingredient. 
I0121. As used herein, the term “pharmaceutically accept 
able' refers to compositions, carriers, diluents and reagents 
which represent materials that are capable of administration 
to or upon a mammal without the production of undesirable 
physiological effects such as nausea, dizziness, gastric upset 
and the like. The preparation of a pharmacological composi 
tion that contains active ingredients dissolved or dispersed 
therein is well understood in the art and need not be limited 
based on formulation. Typically, Such compositions are pre 
pared as injectables either as liquid solutions or Suspensions, 
however, Solid forms suitable for Solution, or Suspensions, in 
liquid prior to use can also be prepared. The preparation can 
also be emulsified. The active ingredient can be mixed with 
excipients which are pharmaceutically acceptable and com 
patible with the active ingredient and in amounts suitable for 
use in the therapeutic methods described herein. Suitable 
excipients are, for example, water, saline, dextrose, glycerol, 
ethanol or the like and combinations thereof. In addition, if 
desired, the composition can contain minor amounts of aux 
iliary Substances Such as wetting or emulsifying agents, pH 
buffering agents and the like which enhance the effectiveness 
of the active ingredient. The therapeutic composition of the 
present invention can include pharmaceutically acceptable 
salts of the components therein. Pharmaceutically acceptable 
salts include the acid addition salts (formed with the free 
amino groups of the polypeptide) that are formed with inor 
ganic acids such as, for example, hydrochloric or phosphoric 
acids, or Such organic acids as acetic, tartaric, mandelic and 
the like. Salts formed with the free carboxyl groups can also 
be derived from inorganic bases such as, for example, 
Sodium, potassium, ammonium, calcium or ferric hydrox 
ides, and Such organic bases as isopropylamine, trimethy 
lamine, 2-ethylamino ethanol, histidine, procaine and the 
like. Physiologically tolerable carriers are well known in the 
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art. Exemplary of liquid carriers are sterile aqueous solutions 
that contain no materials in addition to the active ingredients 
and water, or contain a buffer Such as Sodium phosphate at 
physiological pH value, physiological saline or both, such as 
phosphate-buffered saline. Still further, aqueous carriers can 
contain more than one buffer salt, as well as salts such as 
Sodium and potassium chlorides, dextrose, polyethylene gly 
col and other solutes. Liquid compositions can also contain 
liquid phases in addition to and to the exclusion of water. 
Exemplary of Such additional liquid phases are glycerin. Veg 
etable oils such as cottonseed oil, and water-oil emulsions. 
0122 Typically, a therapeutically effective amount of an 
immunotherapeutic agent, for example, in the form of an 
ErbB (ErbB1, ErbB2) receptor blocking antibody or a corre 
sponding antibody conjugate is an amount Such that, when 
administered in physiologically tolerable composition, is Suf 
ficient to achieve a plasma concentration of from about 0.01 
microgram (ug) per milliliter (ml) to about 100 ug/ml, pref 
erably from about 1 ug/ml to about 5ug/ml and usually about 
5ug/ml. Stated differently. the dosage can vary from about 
0.1 mg/kg to about 300 mg/kg, preferably from about 0.2 
mg/kg to about 200 mg/kg, most preferably from about 0.5 
mg/kg to about 20 mg/kg, in one or more dose administrations 
daily for one or several days. Where the immunotherapeutic 
agentis in the form of a fragment of a monoclonal antibody or 
a conjugate, the amount can readily be adjusted based on the 
mass of the fragment/conjugate relative to the mass of the 
whole antibody. A preferred plasma concentration in molarity 
is from about 2 micromolar (LLM) to about 5 millimolar (mM) 
and preferably, about 100 uM to 1 mM antibody antagonist. 
0123. The typical dosage of an active agent, which is a 
preferably a chemical cytotoxic or chemotherapeutic agent 
according to the invention (neither an immunotherapeutic 
agent nor a non-immunotherapeutic peptide?protein) is 10 mg 
to 1000 mg, preferably about 20 to 200 mg, and more pref 
erably 50 to 100 mg per kilogram body weight per day. 
0.124. The pharmaceutical compositions of the invention 
can comprise phrase encompasses treatment of a subject with 
agents that reduce or avoid side effects associated with the 
combination therapy of the present invention (“adjunctive 
therapy'), including, but not limited to, those agents, for 
example, that reduce the toxic effect of anticancer drugs, e.g., 
bone resorption inhibitors, cardioprotective agents. Said 
adjunctive agents prevent or reduce the incidence of nausea 
and Vomiting associated with chemotherapy, radiotherapy or 
operation, or reduce the incidence of infection associated 
with the administration of myelosuppressive anticancer 
drugs. Adjunctive agents are well known in the art. The 
immunotherapeutic agents according to the invention can 
additionally administered with adjuvants like BCG and 
immune system stimulators. Furthermore, the compositions 
may include immunotherapeutic agents or chemotherapeutic 
agents which contain cytotoxic effective radio-labeled iso 
topes, or other cytotoxic agents, such as a cytotoxic peptides 
(e.g. cytokines) or cytotoxic drugs and the like. 

Source of Cell Lines. 

0.125 Cell Lines and Culture Conditions. Human pancre 
atic (BXPC-3 and MiaPaca-2), ovarian (SK-OV-3), and Vul 
var epidermoid (A-431) carcinoma cell lines were obtained 
from the American Type Culture Collection (ATCC: Rock 
ville, Md., USA). The BXPC-3 cell line was cultured in 
RPMI-1640 medium (Gibco, Paisley, UK); the MiaPaca-2, 
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SK-OV-3, and A-431 cell lines were cultured in DMEM 
medium (Gibco). The culture media were supplemented as 
recommended by ATCC. 

SHORT DESCRIPTION OF THE FIGURES 

0.126 FIG. 1. Immunocytochemical and flow cytometry 
analyses of EGFR and HER2 expression on the two pancre 
atic carcinoma cell lines, BXPC-3 and MiaPaca-2, and on the 
two reference cell lines, A-431 and SK-OV-3 used as positive 
controls for EGFR and HER2, respectively. NC (negative 
controls): tissues incubated only with the immunoperoxidase 
conjugate. In flow cytometry analyses, black and gray peaks 
depict cell surface staining with the anti-EGFR and the anti 
HER2 antibodies, respectively. The white peaks represent 
controls, obtained with cells incubated only with the FITC 
labeled second antibody. 
0127 FIG. 2. Effects of trastuzumab and matuzumab 
alone or in combination on the growth of small size BXPC-3 
Xenografts in nude mice (experiment S). Mean pretreatment 
tumor volumes were 77+49 mm. Mice (eight per group) 
received i.p. injections of 50 ng of each mAb twice a week for 
four weeks. Results are expressed as tumor progression: (fi 
nal volume)-(initial volume)/(initial volume). C. control; T. 
trastuzumab; M: matuzumab; T+M: trastuzumab+matu 
Zumab. 

0.128 FIG. 3. Effects of trastuzumab and matuzumab 
alone or in combination on the growth of large-size BXPC-3 
Xenografts in nude mice (experiment L). Mean pretreatment 
tumor volumes were 502+205 mm. Mice (five per group) 
received i.p. injections of 50 ng or 200 ng of each mAb twice 
a week for four weeks. A. Kaplan-Meier survival curves 
obtained as a function of time adapted for primary tumor to 
reach a volume of 1500mm. C. control; T: trastuzumab (200 
ug per injection); M: matuZumab (200 ug per injection); 
T+M: trastuzumab+matuzumab (50 or 200 g of each mab 
per injection). B, results from the same experiments, 
expressed as tumor progression curves. Double head arrows 
indicate the treatment period. 
0.129 FIG. 4. A. Effects of trastuzumab and matuzumab 
alone or in combination on the growth of MiaPaca-2 
Xenografts in nude mice. Mean (six per group) pretreatment 
tumor volumes were 64+5 mm. Mice received i.p. injections 
of 50 lug of each mAb twice a week for four weeks from day 
15 to 43. A Kaplan-Meier survival curves obtained as a func 
tion of time adapted for primary tumor to reach a Volume of 
2000mm. C. control; T: trastuzumab; M: matuzumab; T+M: 
trastuzumab+matuzumab. B. Effects of trastuzumab and 
matuZumab alone or in combination on the growth of SK 
OV-3 Xenografts in nude mice. Mean (six per group) pretreat 
ment tumor volumes were 42+4 mm3. Mice received i.p. 
injections of 200 ug of each mab twice a week for four weeks 
from day 11 to 40. A Kaplan-Meier survival curves for pri 
mary tumor to reach a volume of 1000 mm. C. control; T: 
trastuzumab; M: matuzumab; T+M: trastuzumab+matu 
Zumab. 

0.130 FIG. 5. In vitro effect of trastuzumab and matu 
Zumab alone or in combination on EGFR and HER2 phos 
phorylation on BXPC-3 and MiaPaca-2 cell lines. Cells were 
incubated with 10 ng/ml of each mab for 48 h followed by 10 
min with 100 ng/ml of EGF or no EGF. Upper panel: western 
blot analysis, GAPDH-loading control. Lower panel: quan 
tification of receptorphosphorylation, expressed in percent of 
control and plotted as a bargraph, show the inhibition induced 
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by the indicated treatment conditions. C: control; T: trastu 
Zumab; M: matuzumab; T/M: trastuzumab-i-matuzumab. 
0131 FIG. 6 Tumor localization and biodistribution of 
radiolabeled matuZumab and trastuzumab antibodies in athy 
mic NMRI mice bearing human pancreatic carcinoma 
BxPC-3 (A) or MiaPaca-2 (B) xenografts. Mice received an 
i.V. co-injection of I-matuzumab and 'I-trastuzumab. 
Mice were sacrificed forty-eight hours post-injection. The 
tumor, and all normal organs were weighed, and the differ 
ential radioactivity was measured in a dual channel Scintilla 
tion counter. The results are expressed as the percentage of the 
injected dose of radioactivity present per gram of tissue (% 
ID/g). 
(0132 FIG. 7. In vitro growth inhibition of BXPC-3 cells 
treated with trastuzumab and matuZumab alone or in combi 
nation. BXPC-3 cells were seeded at 10,000 cells/well in a 
96-well plate and allowed to adhere overnight. The next day, 
cells were treated with trastuzumab and matuzumab alone or 
in combination at a fixed 1:1 ratio. After five days, the MTS 
assay was performed as described in Materials and Methods. 
Each value represents the meant-SEM (n=6). 

EXAMPLES 

Example 1 

In Vivo Tumor Growth Inhibition Study 

0.133 All in vivo experiments were performed in compli 
ance with the French guidelines for experimental animal 
studies (Agreement No. B34-172-27). Nude mice, 6-8-week 
old female athymic NMRI mice and BALB/c athymic mice 
were purchased from Janvier, Le Genest (St Isle, France) and 
Charles Rivers Laboratories (L'Arbresle, France), respec 
tively. BxPC-3 (3.5x10), MiaPaca-2 (5x10) and SK-OV-3 
(5x10) cells were injected subcutaneously (s.c.) in to the 
right flank of athymic NMRI (BXPC-3 model) and BALB/c 
(MiaPaca-2 and SK-OV-3) nude mice. MiaPaca-2 cells were 
suspending in 50% culture medium and 50% Matrigel (BD 
biosciences, Le Pont Declaix, France). Tumor-bearing mice 
were randomized in the different treatment groups when the 
tumors reached an approximate Volume indicated in each 
experiment. For the BXPC-3 model, effects of antibody treat 
ments were studied on Small tumor (experiment S) and on 
large tumor (experiment L). The mice were treated by intra 
peritoneal injections (i.p.) with 0.9% NaCl, trastuzumab, 
matuZumab, or both mAbs at a ratio of 1:1. The amounts of 
each injected mAb were 50 ng or 200 ng per injection depend 
ing on the experiment, twice a week for four weeks consecu 
tively. Tumor dimensions were measured twice weekly with a 
caliper and the volumes calculated by the formula: D1 xD2x 
D3/2. Tumor progression was calculated using the formula: 
(final volume)-(initial volume)/(initial volume). The 
results were also expressed by an adapted Kaplan-Meier Sur 
vival curve, using the time taken for the tumor to reach a 
determined volume of 1000mm for SK-OV-3, 1500 mm for 
BxPC-3 and 2000 mm for MiaPaca-2xenografts, depending 
on the rapidity of growth of the tumors. A median delay was 
defined as the time at which 50% of the mice had a tumor 
reaching the determined volume. For experiment S in the 
BxPC-3 model, an increment factor during the treatment 
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period was calculated by dividing the tumor volume at the end 
of treatment (day 55) by that at the beginning of the treatment 
(day 27). 

Example 2 
Immunocytochemical Analyses 

0.134 Expression of receptors was analyzed in paraffin 
embedded cells fixed in AFA (alcohol formol acetic acid). 
Analysis of EGFR expression was performed by using the 
EGFR pharmDx kit (DakoCytomation, Carpinteria, Calif., 
USA) according to the manufacturer's recommendations. 
Diaminobenzidine (Dakocytomation) was used as the chro 
mogen, and the sections were lightly counterstained with 
hematoxylin. The primary antibody used for the detection of 
HER2 was a rabbit polyclonal antibody (Dakocytomation). 

Example 3 
Immunoblotting Analysis 

I0135 BxPC-3 and MiaPaca-2 cells, plated at 10 cells for 
24h in Petri dishes were starved for two days in a medium 
without growth factors (SM medium) and treated with 10 
Ng/ml of trastuzumab, matuzumab or both antibodies at a 
fixed 1:1 ratio (or controls without antibody). After a 48-h 
incubation, cells were incubated for 10 min in the SM 
medium with or without 100 ng/ml of EGF, washed twice, 
and lysed with buffer (CliniSciences SA, Montrouge France)- 
1-containing 100 NMPMSF, 100 mM sodium fluorure, 1 mM 
Sodium orthovanate, and one complete protease inhibitor 
mixture tablet (Sigma, St Louis, Mo.). After electrophoresis 
on 8% SDS-PAGE under non-reducing conditions, the pro 
teins were transferred to a polyvinylidene difluoride mem 
branes (Millipore Co., Bedford, Mass.) which were saturated 
in PBS containing 0.1% Tween 20 and 5% nonfat dry milk 
and then incubated with the antibodies against the phospho 
rylated forms of EGFR and HER2, obtained from Cell Sig 
naling Technology (Beverly, Mass.). To ensure equal loading, 
immunoblots were also probed with anti-GAPDH (glyceral 
dehydes-3-phosphate dehydrogenase) antibody (Chemicon 
international, Australia). 

Example 4 
Cell Viability Assay 

0.136. The effect of trastuzumab and/or EMD72000 on cell 
viability was evaluated using a tetrazolium salt (MTS) and an 
electron coupling reagent (PMSF) assay. Briefly, BXPC-3 
cells were plated in 96-well microtiter plates at 10,000 cells/ 
well in 100 HI of medium. After 24 h, the cells were treated 
with antibodies at concentrations ranging from 5 to 100 
Hg/ml. After incubation of 96 h, cells were exposed to MTS 
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe 
nyl)-2-(4-Sulfophenyl)-2H-tetrazolium) reagent and incu 
bated at 37°C. for 2 h. Absorbance was measured at 490 nm, 
and the percent inhibition of viability was calculated as the 
percent of proliferating cells compared with untreated cul 
tures. All experiments were performed in triplicate. 

1-21. (canceled) 
22. A method for treating cancer that expresses HER2 and 

EGFR in an individual, wherein said cancer in said individual 
expresses HER2 in levels that are not sufficient to respond 
significantly to an anti-HER2 antibody, when given alone to 
the individual, the method comprising administering to the 
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individual an anti-HER2 antibody, which, when given alone, 
does not or not significantly inhibit HER2 dimerization and/ 
or HER2/EGFRheterodimerization, and an anti-EGFR anti 
body, which, when given alone, significantly inhibits EGFR 
dimerization and/or EGFR/HER2 heterodimerization. 

23. A method of claim 22, wherein HER2 is not overex 
pressed. 

24. A method of claim 22, wherein EGFR is overexpressed. 
25. A method of claim 22, wherein HER2 is not overex 

pressed but EGFR is overexpressed. 
26. A method of any of claim 22, wherein said anti-HER2 

antibody is murine, chimeric or humanized mAb 4D5 (tras 
tuZumab) 

27. A method of claim 22, wherein said anti-EGFR anti 
body is murine, chimeric or humanized mAb 425 (matu 
Zumab). 

28. A method of claim 22, wherein said anti-HER2 anti 
body is murine, chimeric or humanized mAb 4D5 (trastu 
Zumab) and said anti-EGFR antibody is murine, chimeric or 
humanized mAb 425 (matuzumab). 

29. A method of claim 22, wherein said cancer is pancreatic 
or breast cancer. 

30. A method for improving the efficacy of the treatment of 
cancer that expresses HER2 and EGFR with an anti-HER2 
antibody, wherein said cancer expresses HER2 in levels that 
are not sufficient to respond significantly to said anti-HER2 
antibody treatment alone; the method comprising administer 
ing to an individual an anti-HER2 antibody, which, when 
given alone, does not or not significantly inhibit HER2 dimer 
ization and/or HER2/EGFRheterodimerization, and an anti 
EGFR antibody, which, when given alone, significantly 
inhibits EGFR dimerization and/or EGFR/HER2 het 
erodimerization. 

31. A method of claim 30, wherein HER2 is not expressed. 
32. A method of claim 30, wherein EGFR is overexpressed 

in said cancer. 
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33. A method of claim 30, wherein HER2 is not expressed 
but EGFR is overexpressed. 

34. A method of claim 30, wherein said anti-HER2 anti 
body is murine, chimeric or humanized mAb 4D5 (trastu 
Zumab) 

35. A method of claim 30, wherein said anti-EGFR anti 
body is murine, chimeric or humanized mAb 425 (matu 
Zumab). 

36. A method of claim 30, wherein said anti-HER2 anti 
body is murine, chimeric or humanized mAb 4D5 (trastu 
Zumab) and said anti-EGFR antibody is murine, chimeric or 
humanized mAb 425 (matuZumab). 

37. A method of claim 30, wherein the cancer is pancreatic 
cancer or breast cancer. 

38. The method of claim 22, wherein said antibodies are 
immunologically effective fragments. 

39. The method of claim 22 wherein additionally a cyto 
toxic agent is administered to the individual. 

40. The method of claim39, wherein the cytotoxic agent is 
a chemotherapeutic agent. 

41. The method of claim 40, wherein the chemotherapeutic 
agent is selected from the group consisting of cisplatin, doxo 
rubicin, gemcitabine, docetaxel, paclitaxel, bleomycin and 
irinotecan. 

42. The method of claim39, wherein the cytotoxic agent is 
a VEGF receptor inhibitor, a small molecule tyrosine kinase 
inhibitor, an anti-angiogenic agent, or a cytokine. 

43. The method of claim 22, wherein one or both of said 
antibodies are fused at its C-terminus to a biologically effec 
tive peptide, polypeptide or protein, optionally via a linker 
peptide, thus forming an immunoconjugate. 

44. The method of claim 43, wherein said immunoconju 
gate is an immunocytokine. 

45. The method of claim 22, where the anti-HER2 antibody 
and the anti-EGFR antibody are both part of the same bispe 
cific antibody. 


