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FIG... 1

1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPA

38 SPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFL

75 QDIQEVQGYVLIAHNQVRQVPLQRLRIVRGTQLFEDN

112 YALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEI

149 LKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLID
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TREATMENT WITH ANTI-ERBB2 ANTIBODIES

RELATED APPLICATIONS

[0001] This application is a continuation application of
non-provisional application Ser. No. 09/568,322 filed May
9, 2000 under 37 CFR 1.53(b)(1), claiming priority under 35
USC 119(e) to provisional application No. 60/134,085 filed
May 14, 1999, the contents of which are incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The present invention concerns the treatment of
cancer with anti-ErbB2 antibodies.

BACKGROUND OF THE INVENTION

[0003] Proto-oncogenes that encode growth factors and
growth factor receptors have been identified to play impor-
tant roles in the pathogenesis of various human malignan-
cies, including breast cancer. It has been found that the
human erbB2 gene (also known as HER2, or c-erbB-2),
which encodes a 185-kd transmembrane glycoprotein recep-
tor (p185HER2) related to the epidermal growth factor recep-
tor (EGFR), is overexpressed in about 25% to 30% of human
breast cancer (Slamon et al., Science 235:177-182 [1987];
Slamon et al., Science 244:707-712 [1989]).

[0004] Several lines of evidence support a direct role for
ErbB2 in the pathogenesis and clinical aggressiveness of
ErbB2-overexpressing tumors. The introduction of ErbB2
into non-neoplastic cells has been shown to cause their
malignant transformation (Hudziak et al., Proc. Natl. Acad.
Sci. USA 84:7159-7163 [1987]; DiFiore et al., Science
237:178-182 [1987]). Transgenic mice that express HER2
were found to develop mammary tumors (Guy et al., Proc.
Natl. Acad. Sci. USA 89:10578-10582 [1992]).

[0005] Antibodies directed against human ErbB2 protein
and the protein encoded by the rat equivalent of the erbB2
gene (neu) have been described. Drebin et al., Cell 41:695-
706 (1985) refer to an IgG2a monoclonal antibody which is
directed against the rat neu gene product. This antibody
called 7.16.4 causes down-modulation of cell surface p185
expression on B104-1-1 cells (NIH-3T3 cells transfected
with the neu protooncogene) and inhibits colony formation
of these cells. In Drebin et al., PNAS (USA) 83:9129-9133
(1986), the 7.16.4 antibody was shown to inhibit the tum-
origenic growth of neu-transformed NIH-3T3 cells as well
as rat neuroblastoma cells (from which the neu oncogene
was initially isolated) implanted into nude mice. Drebin et
al. in Oncogene 2:387-394 (1988) discuss the production of
a panel of antibodies against the rat neu gene product. All of
the antibodies were found to exert a cytostatic effect on the
growth of neu-transformed cells suspended in soft agar.
Antibodies of the IgM, IgG2a and IgG2b isotypes were able
to mediate significant in vitro lysis of neu-transformed cells
in the presence of complement, whereas none of the anti-
bodies were able to mediate high levels of antibody depen-
dent cellular cytotoxicity (ADCC) of the neu-transformed
cells. Drebin et al. Oncogene 2:273-277 (1988) report that
mixtures of antibodies reactive with two distinct regions on
the p185 molecule result in synergistic anti-tumor effects on
neu-transformed NIH-3T3 cells implanted into nude mice.
Biological effects of anti-neu antibodies are reviewed in
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Myers et al., Meth. Enzym. 198:277-290 (1991). See also
WO94/22478 published Oct. 13, 1994.

[0006] Hudziak et al., Mol. Cell. Biol. 9(3):1165-1172
(1989) describe the generation of a panel of anti-ErbB2
antibodies which were characterized using the human breast
tumor cell line SKBR3. Relative cell proliferation of the
SKBR3 cells following exposure to the antibodies was
determined by crystal violet staining of the monolayers after
72 hours. Using this assay, maximum inhibition was
obtained with the antibody called 4D5 which inhibited
cellular proliferation by 56%. Other antibodies in the panel,
including 7C2 and 7F3, reduced cellular proliferation to a
lesser extent in this assay. Hudziak et al. conclude that the
effect of the 4D5 antibody on SKBR3 cells was cytostatic
rather than cytotoxic, since SKBR3 cells resumed growth at
a nearly normal rate following removal of the antibody from
the medium. The antibody 4D5 was further found to sensi-
tize p185erbB2-overexpressing breast tumor cell lines to the
cytotoxic effects of TNF-ot. See also WO89/06692 pub-
lished Jul. 27, 1989. The anti-ErbB2 antibodies discussed in
Hudziak et al. are further characterized in Fendly et al.
Cancer Research 50:1550-1558 (1990); Kotts et al. In Vitro
26(3):59A (1990); Sarup et al. Growth Regulation 1:72-82
(1991); Shepard et al. J. Clin. Immunol. 11(3):117-127
(1991); Kumar et al. Mol. Cell. Biol. 11(2):979-986 (1991);
Lewis et al. Cancer Immunol. Immunother. 37:255-263

(1993); Pietras et al. Oncogene 921829-1838 (1994); Vitetta
et al. Cancer Research 54:5301-5309 (1994); Sliwkowski et
al. J. Biol. Chem. 269(20):14661-14665 (1994); Scott et al.
J. Biol. Chem. 266:14300-5 (1991); and D’souza et al. Proc.
Natl. Acad. Sci. 91:7202-7206 (1994).

[0007] Tagliabue et al. Int. J. Cancer 47:933-937 (1991)
describe two antibodies which were selected for their reac-

tivity on the lung adenocarcinoma cell line (Calu-3) which
overexpresses ErbB2. One of the antibodies, called MGR3,
was found to internalize, induce phosphorylation of ErbB2,
and inhibit tumor cell growth in vitro.

[0008] McKenzie et al. Oncogene 4:543-548 (1989) gen-
erated a panel of anti-ErbB2 antibodies with varying epitope
specificities, including the antibody designated TA1. This
TA1 antibody was found to induce accelerated endocytosis
of ErbB2 (see Maier et al. Cancer Res. 51:5361-5369
(1991)). Bacus et al. Molecular Carcinogenesis 3:350-362
(1990) reported that the TA1 antibody induced maturation of
the breast cancer cell lines AU-565 (which overexpresses the
erbB2 gene) and MCF-7 (which does not). Inhibition of
growth and acquisition of a mature phenotype in these cells
was found to be associated with reduced levels of ErbB2

receptor at the cell surface and transient increased levels in
the cytoplasm.

[0009] Stancovski et al. PNAS (USA) 88:8691-8695
(1991) generated a panel of anti-ErbB2 antibodies, injected
them i.p. into nude mice and evaluated their effect on tumor
growth of murine fibroblasts transformed by overexpression
of the erbB2 gene. Various levels of tumor inhibition were
detected for four of the antibodies, but one of the antibodies

(N28) consistently stimulated tumor growth. Monoclonal
antibody N28 induced significant phosphorylation of the
ErbB2 receptor, whereas the other four antibodies generally
displayed low or no phosphorylation-inducing activity. The
effect of the anti-ErbB2 antibodies on proliferation of
SKBR3 cells was also assessed. In this SKBR3 cell prolif-
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eration assay, two of the antibodies (N12 and N29) caused
a reduction in cell proliferation relative to control. The
ability of the various antibodies to induce cell lysis in vitro
via complement-dependent cytotoxicity (CDC) and anti-
body dependent cellular cytotoxicity (ADCC) was assessed,
with the authors of this paper concluding that the inhibitory
function of the antibodies was not attributed significantly to
CDC or ADCC.

[0010] Bacus et al. Cancer Research 52:2580-2589 (1992)
further characterized the antibodies described in Bacus et al.

(1990) and Stancovski et al. of the preceding paragraphs.
Extending the i.p. studies of Stancovski et al., the effect of
the antibodies after iv. injection into nude mice harboring
mouse fibroblasts overexpressing human ErbB2 was
assessed. As observed in their earlier work, N28 accelerated
tumor growth whereas N12 and N29 significantly inhibited
growth of the ErbB2-expressing cells. Partial tumor inhibi-
tion was also observed with the N24 antibody. Bacus et al.
also tested the ability of the antibodies to promote a mature
phenotype in the human breast cancer cell lines AU-565 and
MDA-MB453 (which overexpress ErbB2) as well as MCF-7
(containing low levels of the receptor). Bacus et al. saw a
correlation between tumor inhibition in vivo and cellular

differentiation; the tumor-stimulatory antibody N28 had no
effect on differentiation, and the tumor inhibitory action of
the N12, N29 and N24 antibodies correlated with the extent
of differentiation they induced.

[0011] Xu et al. Int. J. Cancer 53:401-408 (1993) evalu-
ated a panel of anti-ErbB2 antibodies for their epitope
binding specificities, as well as their ability to inhibit
anchorage-independent and anchorage-dependent growth of
SKBR3 cells (by individual antibodies and in combina-
tions), modulate cell-surface ErbB2, and inhibit ligand
stimulated anchorage-independent growth. See also WO94/
00136 published Jan. 6, 1994 and Kasprzyk et al. Cancer
Research 52:2771-2776 (1992) concerning anti-ErbB2 anti-
body combinations. Other anti-ErbB2 antibodies are dis-
cussed in Hancock et al. Cancer Res. 51:4575-4580 (1991);
Shawver et al. Cancer Res. 54:1367-1373 (1994); Arteaga et
al. Cancer Res. 54:3758-3765 (1994); and Harwerth et al.J.
Biol. Chem. 267:15160-15167 (1992).

[0012] A recombinant humanized anti-ErbB2 monoclonal
antibody (a humanized version of the murine anti-ErbB2
antibody 4D5, referred to as rhuMAb HER2 or HERCEP-
TIN®, has been clinically active in patients with ErbB2-
overexpressing metastatic breast cancers that had received
extensive prior anticancer therapy. (Baselga et al., J. Clin.
Oncol. 14:737-744 [1996]).

[0013] ErbB2 overexpression is commonly regarded as a
predictor of a poor prognosis, especially in patients with
primary disease that involves axillary lymph nodes (Slamon
et al., [1987] and [1989], supra; Ravdin and Chamness,
Gene 159:19-27 [1995]; and Hynes and Stern, Biochim
BiophysActa 1198:165-184 [1994]), and has been linked to
sensitivity and/or resistance to hormone therapy and che-
motherapeutic regimens, including CMF (cyclophospha-
mide, methotrexate, and fiuoruracil) and anthracyclines
(Baselga et al., Oncology 11(3 Suppl 2):43-48 [1997]).
However, despite the association of ErbB2 overexpression
with poor prognosis, the odds of HER2-positive patients
responding clinically to treatment with taxanes were greater
than three times those of HER2-negative patients (Ibid).
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rhuMab HER2 was shown to enhance the activity of pacli-
taxel (TAXOL®) and doxorubicin against breast cancer
xenografts in nude mice injected with BT-474 human breast
adenocarcinoma cells, which express high levels of HER2
(Baselga et al., Breast Cancer; Proceedings ofASCO, Vol.
13, Abstract 53 [1994]).

SUMMARY OF THE INVENTION

[0014] In a first aspect, the present invention provides a
method of treating a human patient susceptible to or diag-
nosed with a tumor in which ErbB2 protein is expressed
comprising the following steps, performed sequentially:

[0015] (a) treating the patient with a therapeutically
effective amount of an anti-ErbB2 antibody and,
optionally, further comprising treating the patient
with a therapeutically effective amount of a chemo-
therapeutic agent (e.g. a taxoid, such as paclitaxel or
doxetaxel);

[0016] (b) surgically removing the tumor; and then

[0017] (c) treating the patient with a therapeutically
effective amount of an anti-ErbB2 antibody and/or of
a chemotherapeutic agent (e.g. a taxoid, such as
paclitaxel or doxetaxel).

[0018] Preferably, the tumor overexpresses ErbB2 protein
and is selected from the group consisting of a breast tumor,
squamous cell tumor, small-cell lung tumor, non-small cell
lung tumor, gastrointestinal tumor, pancreatic tumor, glio-
blastoma, cervical tumor, ovarian tumor, liver tumor, blad-
der tumor, hepatoma, colon tumor, colorectal tumor,
endometrial tumor, salivary gland tumor, kidney tumor,
prostate tumor, vulval tumor, thyroid tumor, hepatic tumor,
head tumor and neck tumor.

[0019] The invention further provides an article of manu-
facture comprising a container, a composition within the
container comprising an anti-ErbB2 antibody and a package
insert instructing the user of the composition to treat a
patient essentially according to the above method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows epitope-mapping of the extracellular
domain of ErbB2 as determined by truncation mutant analy-
sis and site-directed mutagenesis (Nakamura et al. J. of
Virology 67(10):6179-6191 [October 1993]; Renz et al. J.
Cell Biol. 125(6):1395-1406 [June 1994]). The anti-prolif-
erative MAbs 4D5 and 3H4 bind adjacent to the transmem-
brane domain. The various ErbB2-ECD truncations or point
mutations were prepared from cDNA using polymerase
chain reaction technology. The ErbB2 mutants were
expressed as gD fusion proteins in a mammalian expression
plasmid. This expression plasmid uses the cytomegalovirus
promoter/enhancer with SV40 termination and polyadeny-
lation signals located downstream of the inserted cDNA.
Plasmid DNA was transfected into 2938 cells. One day
following transfection, the cells were metabolically labeled
overnight in methionine and cysteine-free, low glucose
DMEM containing 1% dialyzed fetal bovine serum and 25
nCi each of 35$ methionine and 35$ cysteine. Supernatants
were harvested either the ErbB2 MAbs or control antibodies

were added to the supernatant and incubated 2-4 hours at 4°
C. The complexes were precipitated, applied to a 10-20%
Tricine SDS gradient gel electrophoresed at 100 V. The gel
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