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"Ant i body- dependent cell-nedi ated cytotoxicity" or
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A "refractory" cancer is one which progresses even
t hough an anti-tunor agent, such as a chenotherapeutic
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ea ’aeﬁLee 1 group. F(ab"), antibody fragments originally
were produced as pairs of Fab' fragments which have hinge
cysteines between them. Other chemical couplings of anti-
body fragments are also known.

«“Single-chain Fv>’ or “‘scFv”’ antibody fragments comprise
the VH and VL domains of antibody, wherein these domains
are present in a single polypeptlde chain. Generally, the scFv
polypeptide further comprises a polypeptide linker between
the VH and VL domains which enables the sc Fv to form the
desired structure for antigen binding. For a review of scFv,
see, e.g., Pluckthiin, in 7he Pharmacology of Monroclonal
Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-
Verlag, New York, 1994), pp. 269-315. scFv fragments herein
specifically include “small modular immunopharmaceuti-
cals” (SMIPs) such as disclosed in US2005/0180970A1 and
US2005/0186216 Al assigned to Trubion.

The term *““diabodies” refers to antibody fragments with
two antigen-binding sites, which fragments comprise a
heavy-chain variable domain (VH) connected to a light-chain
variable domain (VL) in the same polypeptide chain (VH-
VL). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another
chain and create two antigen-binding sites. Diabodies may be
bivalent or bispecific. Diabodies are described more fully in,
for example, EP 404,097; WO 1993/01161; Hudson et al,,
Nat. Med. 9:129-134 (2003), and Hollinger et al., Proc. Natl
Acad. Sci. US4 90: 6444-6448 (1993). Trlabodles and tetra-
bodies are also described in Hudson et al., Naz. Med. 9:129-
134 (2003).

The term “monoclonal antibody” as used herein refers to
an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies com-
prising the population are identical except for possible muta-
tions, e.g., naturally occurring mutations, that may be present
in minor amounts. Thus, the modifier ““monoclonal” indicates
the character of the antibody as not being a mixture of discrete
antibodies. In certain embodiments, such a monoclonal anti-
body typically includes an antibody comprising a polypeptide
sequence that binds a target, wherein the target-binding
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(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gn; (3)
acidic: Asp, Gu; (4) basic: H's, Lys, Arg; (9)
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Moreover, the main species antibody or variant may
further conprise glycosylation variations,
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ine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine; pen-
tostatin; phenamet; pirarubicin; losoxantrone; 2-ethylhy-
drazide; procarbazine; PSK® polysaccharide complex (JHS
Natural Products, Eugene, Oreg.); razoxane; rhizoxin; sizo-
furan; spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-
trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacy-
tosine; arabinoside (“‘Ara-C”); thiotepa; taxoid, e.g., pacli-
taxel (TAXOL®), albumin-engineered nanoparticle formula-
tion of paclitaxel (ABRAXANE™), and docetaxel
(TAXOTERE®); chloranbucil; 6-thioguanine; mercaptopu-
rine; methotrexate; platinum agents such as cisplatin, oxali-
platin, and carboplatin; vincas, which prevent tubulin poly-
merization from forming microtubules, including vinblastine
(VELBAN®), vincristine (ONCOVIN®), vindesine (EL-
DISINE®&, FILDESIN®), and vinorelbine (INAVEL-
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exhibits antitumor activity. The empirical formula for gem-
citabine HCI1 is COH11F2N,04 A HCIl. Gemcitabine HCI is
sold by Eli Lilly under the trademark GEMZAR®.

A “platinum-based chemotherapeutic agent’ comprises an
organic compound which contains platinum as an integral
part of the molecule. Examples of platinum-based chemo-
therapeutic agents include carboplatin, cisplatin, and oxali-
platinum.

By “platinum-based chemotherapy” is intended therapy
with one or more platinum-based chemotherapeutic agents,
optionally in combination with one or more other chemo-
therapeutic agents.

By ‘““chemotherapy-resistant’ cancer is meant that the can-
cer patient has progressed while receiving a chemotherapy
regimen (i.e. the patient is ““chemotherapy refractory”’), or the
patient has progressed within 12 months (for instance, within
6 months) after completing a chemotherapy regimen.

By ““platinum-resistant’ cancer is meant that the cancer
patient has progressed while receiving platinum-based che-
motherapy (i.e. the patient is “‘platinum refractory”), or the
patient has progressed within 12 months (for instance, within
6 months) after completing a platinum-based chemotherapy
regimen.

An ‘““anti-angiogenic agent™ refers to a compound which
blocks, or interferes with to some degree, the development of
blood vessels. The anti-angiogenic factor may, for instance,
be a small molecule or antibody that binds to a growth factor
or growth factor receptor involved in promoting angiogen-
esis. The preferred anti-angiogenic factor herein is an anti-
body that binds to wvascular endothelial growth factor
(VEGF), such as bevacizumab (AVASTIN®).

The term “cytokine” is a generic term for proteins released
by one cell population which act on another cell as intercel-
lular mediators. Examples of such cytokines are lymphok-
jines, monokines, and traditional polypeptide hormones.
Included among the cytokines are growth hormone such as
human growth hormone, N-methionyl human growth hor-
mone, and bovine growth hormone; parathyroid hormone;
thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycopro-
tein hormones such as follicle stimulating hormone (FSH),
thyroid stimulating hormone (TSH), and luteinizing hormone
(LLHD); hepatic growth factor; fibroblast growth factor; prolac-
tin; placental lactogen; tumor necrosis factor-a and -3; mul-
lerian-inhibiting substance; mouse gonadotropin-associated
peptide; inhibin; activin; vascular endothelial growth factor;
integrin; thrombopoietin (TPO); nerve growth factors such as
NGF-B; platelet-growth factor; transforming growth factors
(TGFs) such as TGF-a and TGF-; insulin-like growth fac-
tor-1 and -II; erythropoietin (EPQO); ostecinductive factors;
interferons such as interferon-o, -3, and -v; colony stimulat-
ing factors (CSFs) such as macrophage-CSF (M-CSF);
granulocyte-macrophage-CSF (GM-CSF); and granulocyte-
CSF (G-CSF); interleukins (ILs) such as IL-1, IL-1c, IL.-2,
II.-3, IL-4, IL.-5, IL-6, IL-7,1L-8, 1L.-9, IL.-10, IL-11, IL.-12;
a tumor necrosis factor such as TNF-oa or TNF-3; and other
polypeptide factors including LIF and kit ligand (KL). As
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Imclone Systems Inc.); IMC-11F8, a fully human, EGFR-
targeted antibody (Imclone); antibodies that bind type II
mutant EGFR (U.S. Pat. No. 5,212,290); humanized and
chimeric antibodies that bind EGFR as described in U.S. Pat.
No. 5,891,996; and human antibodies that bind EGFR, such
as ABX-EGF (see WO98/50433, Abgenix); EMD 559500
(Stragliotto et al. Eur J. Carcer 32A:636-640 (1 996));
EMD7200 (matuzumab) a humanized EGFR antibody
directed against EGFR that competes with both EGF and
TGF-alpha for EGFR binding; and mAb 806 or humanized
mADb 806 (Johns et al., J. Biol. Chem. 279(29):30375-303384
(2004)). The anti- EGFR antibody may be conjugated with a
cytotoxic agent, thus generating an immunoconjugate (see,
e.g., EP659,439A2, Merck Patent GmbH). Examples of small
molecules that blnd to EGFR include Z1D1839 or Gefitinib
(ORESSATM; Astra Zeneca); CP-358774 or Erlotinib
(TARCEVAT™; Genentech/OSI); and AG1478, AG1571 (SsU
5271 Sugen); EMD-7200.

“tyrosxne kinase inhibitor’ is a molecule which inhibits
tyrosine kinase activity of a tyrosine kinase such as a HER
receptor. Examples of such inhibitors include the EGFR-
targeted drugs noted in the preceding paragraph; small mol-
ecule HER?2 tyrosine kinase inhibitor such as TAK165 avail-
able from Takeda; CP-724,714, an oral selective inhibitor of
the ErbB2 receptor tyrosine kinase (Pfizer and OSI); dual-
HER inhibitors such as EKB-569 (available from Wyeth)
which preferentially binds EGFR but inhibits both HER2 and
EGFR-overexpressing cells; GW572016 (available from

Glaxo) an oral HER2 and EGFR tyrosine kinase inhibitor;
PKI-166 (available from Novartis); pan-HER inhibitors such
as canertinib (CI-1033; Pharmacia); Raf-1 inhibitors such as
antisense agent ISIS-5132 available from ISIS Pharmaceuti-
cals which inhibits Raf-1 signaling; non-HER targeted TK
inhibitors such as Imatinib mesylate (Gleevac™) available
from Glaxo; MAPK extracellular regulated kinase 1 inhibitor
CI-1040 (available from Pharmacia); quinazolines, such as
PD 153035,4-(3-chloroanilino) quinazoline; pyridopyrim-
idines; pyrimidopyrimidines; pyrrolopyrimidines, such as
CGP 59326, CGP 60261 and CGP 62706; pyrazolopyrim-
1d1nes, 4-(phenylamino)-7H-pyrrolo[2,3-d]pyrimidines; cur-
cumin (diferuloyl methane, 4,5-bis(4-fluoroanilino)phthal-
imide); tyrphostines containing nitrothiophene moieties;
PD-0183805 (Warner-Lamber); antisense molecules (e.g.
those that bind to HER-encoding nucleic acid); quinoxalines
(U.S. Pat. No. 5,804,396); tryphostins (U.S. Pat. No. 5,804,
396); ZD6474 (Astra Zeneca); PTK-787 (Novartis/Schering
AG); pan-HER inhibitors such as CI-1033 (Pfizer); Affinitac
(SIS 3521; Isis/Lilly); Imatinib mesylate (Gleevac; Novar-
tis); PKI 166 (Novartis); GW2016 (Glaxo SmithKline);
CI-1033 (Pfizer); EKB-569 (Wyeth); Semaxinib (Sugen);
ZD6474 (AstraZeneca); PTK-787 (Novartls/Scherlng AG);
INC-1C11 (Imclone); or as described in any of the following
patent publications: U.S. Pat. No. 5,804,396; W0O99/09016
(American Cyanimid); WO98/43960 (American Cyanamid);
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Culture medium in which hybridoma cells are growing is
assayed for production of monoclonal antibodies directed
against the antigen. Preferably, the binding spec1ﬁ01ty of
monoclonal antibodies produced by hybridoma cells is deter-
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joining to the immunoglobulin coding sequence all or part
the coding sequence for a non-immunoglobulin polypeptide.
Typically such non-immunoglobulin polypeptides are sub-
stituted for the constant domains of an antibody, or they are
substituted for the variable domains of one antigen-combin-
ing site of an antibody to create a chimeric bivalent antibody
comprising one antigen-combining site having specificity for
an antigen and another antigen-combining site having speci-
ficity for a different antigen.
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HER3 M AEh &y fdShnbmanizéd 60n8Bum2ubantibodies have been
described in the art. Preferably, a humanized antibody has one
or more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues
are often referred to as ““import” residues, which are typically
taken from an ““import> variable domain. Humanization can
be essentially performed following the method of Winter and
co-workers (Jones et al., Nature, 321:522-525 (1986); Riech-
mann et al., Nature, 332:323-327 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988)), by substituting hypervari-
able region sequences for the corresponding sequences of a
human antibody. Accordingly, such “humanized’ antibodies
are chimeric antibodies (UJ.S. Pat. No. 4,816,567) wherein
substantially less than an intact human variable domain has
been substituted by the corresponding sequence from a non-
human species. In practice, humanized antibodies are typi-
cally human antibodies in which some hypervariable region
residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and
heavy, to be used in making the humanized antibodies is very
important to reduce antigenicity. According to the so-called
“best-fit”> method, the sequence of the variable domain of a
rodent antibody is screened against the entire library of
known human variable-domain sequences. The human
sequence which is closest to that of the rodent is then accepted
as the human framework region (FR) for the humanized anti-
body (Sims et al., J. Immunrol., 151:2296 (1993); Chothia et
al., J. Mol. Biol., 196:901 (1987)). Another method uses a
particular framework region derived from the consensus
sequence of all human antibodies of a particular subgroup of
light or heavy chains. The same framework may be used for
several different humanized antibodies (Carter et al., Proc.
Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immu-
rol., 151:2623 (1993)).

It is further important that antibodies be humanized with
retention of high affinity for the antigen and other favorable
biological properties. To achieve this goal, according to a
preferred method, humanized antibodies are prepared by a
process of analysis of the parental sequences and various
conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly avail-
able and are familiar to those skilled in the art. Computer
programs are available which illustrate and display probable
three-dimensional conformational structures of selected can-
didate immunoglobulin sequences. Inspection of these dis-
plays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the can-
didate immunoglobulin to bind its antigen. In this way, FR
residues can be selected and combined from the recipient and
import sequences so that the desired antibody characteristic,
such as increased affinity for the target antigen(s), is achieved.
In general, the hypervariable region residues are directly and
most substantially involved in influencing antigen binding.

WO01/00245 describes production of exemplary human-
ized HER?2 antibodies which bind HER2 and block ligand
activation of a HER receptor. The humanized antibody of
particular interest herein blocks EGF, TGF-o and/or HRG
mediated activation of MAPK essentially as effectively as
murine monoclonal antibody 2C4 (or a Fab fragment thereof)
and/or binds HER?2 essentially as effectively as murine mono-
clonal antibody 2C4 (or a Fab fragment thereof). The human-
ized antibody herein may, for example, comprise nonhuman
hypervariable region residues incorporated into a human vari-
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comprising amino acid modifications of those CDR residues,
e.g. where the modifications essentially maintain or improve
affinity of the antibody. For example, the antibody variant of
interest may have from about one to about seven or about five
amino acid substitutions in the above variable heavy CDR
sequences. Such antibody variants may be prepared by affin-
ity maturation, e.g., as described below. The most preferred
humanized antibody comprises the variable heavy domain
amino acid sequence in SEQ ID NO:4.

The humanized antibody may comprise variable light
domain complementarity determ1n1ng residues KASQD—
VSIGVA (SEQ ID NO:10); SASYX'X?X?, where X" is pref-
erably R or L, X? is preferably Y or E, and X3 is preferably T
or S (SEQ ID NO:11); and/or QQYYIYPYT (SEQ ID
NO:12), e.g. in addition to those variable heavy domain CDR
residues in the preceding paragraph. Such humanized anti-
bodies optionally comprise amino acid modifications of the
above CDR residues, e.g. where the modifications essentially
maintain or improve affinity of the antibody. For example, the
antibody variant of interest may have from about one to about
seven or about five amino acid substitutions in the above
variable light CDR sequences. Such antibody variants may be
prepared by affinity maturation, e.g., as described below. The
most preferred humanized antibody comprises the variable
light domain amino acid sequence in SEQ ID NO:3.

The present application also contemplates affinity matured
antibodies which bind HER?2 and block ligand activation of a
HER receptor. The parent antibody may be a human antibody
or a humanized antibody, e.g., one comprising the variable
light and/or variable heavy sequences of SEQ ID Nos. 3 and
4, respectively (i.e. comprising the VL and/or VH of pertu-
zumab). The affinity matured antibody preferably binds to
HER?2 receptor with an affinity superior to that of murine 2C4
or pertuzumab (e.g. from about two or about four fold, to
about 100 fold or about 1000 fold improved affinity, e.g. as
assessed using a HER2-extracellular domain (ECD) ELISA).
Exemplary variable heavy CDR residues for substitution
include H28, H30, H34, H35, H64, H96, H99, or combina-
tions of two or more (e.g. two, three, four, five, six, or seven
of these residues). Examples of variable light CDR residues
for alteration include L.28, .50, L.53, .56, I1.91, L.92, .93,
1.94, 1.96, .97 or combinations of two or more (e.g. two to
three, four, five or up to about ten of these residues).

Various forms of the humanized antibody or affinity
matured antibody are contemplated. For example, the human-
jized antibody or affinity matured antibody may be an anti-
body fragment, such as a Fab, which is optionally conjugated
with one or more cytotoxic agent(s) in order to generate an
immunoconjugate. Alternatively, the humanized antibody or
affinity matured antibody may be an intact antibody, such as
an intact IgG1 antibody. The preferred intact IgG1 antibody
comprises the light chain sequence in SEQ ID NO:13 and the
heavy chain sequence in SEQ ID NO:14.
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es e. See, e.g., Jakobovits et al.,
Proc. Natl. Acad Scz USA, 90:2551 (1993); Jakobovits et al.,
Nature, 362:255-258 (1993); Bruggermann et al., Year in
Immuno., 7:33 (1993); and U.S. Pat. Nos. 5,591,669, 5,589,
369 and 5,545,807. Alternatively, phage display technology
(McCafferty et al., Nature 348:552-553 (1990)) can be used
to produce human antibodies and antibody fragments in vitro,
from immunoglobulin variable (V) domain gene repertoires
from unimmunized donors. According to this technique, anti-
body V domain genes are cloned in-frame into either a major
or minor coat protein gene of a filamentous bacteriophage,
such as M13 or fd, and displayed as functional antibody
fragments on the surface of the phage particle. Because the
filamentous particle contains a single-stranded DNA copy of
the phage genome, selections based on the functional prop-
erties of the antibody also result in selection of the gene
encodlng the antibody exhibiting those properties. Thus, the
phage mimics some of the properties of the B-cell. Phage
dlsplay can be performed in a variety of formats; for their
review see, e.g., Johnson, Kevin S. and Chiswell, David J.,
Current Opinior in Structural Biology 3:564-571 (1993).
Several sources of V-gene segments can be used for phage
display. Clackson et al., Nature, 352:624-628 (1991) isolated
a diverse array of ant1—oxazolone antibodies from a small
random combinatorial library of V genes derived from the
spleens of immunized mice. A repertoire of V genes from
unimmunized human donors can be constructed and antibod-
ies to a diverse array of antigens (including self-antigens) can
be isolated essentially following the techniques described by
Marks et al., J. Mol. Biol 222:581-597 (1991), or Griffith et
al., EMBO J. 12:725-734 (1993). See, also, U.S. Pat. Nos.
5,565,332 and 5,573,905.

As discussed above, human antibodies may also be gener-
ated by in vitro activated B cells (see U.S. Pat. Nos. 5,567,610
and 5,229,275).

Human HER?2 antibodies are described in U.S. Pat. No.
5,772,997 issued Jun. 30, 1998 and WO 97/00271 published
Jan. 3, 1997.

v) Antlbody Fragments

Various techniques have been developed for the production
of antlbody fragments comprising one or more antigen bind-
ing regions. Traditionally, these fragments were derived via
proteolytic digestion of intact antibodies (see, e.g., Morimoto
et al., Journral of Biochemical ard Bzopkyszcal Methods
24: 107 117 (1992); and Brennan et al., Scierce, 229:81
(1985)). However, these fragments can now be produced
directly by recombinant host cells. For example, the antibody
fragments can be isolated from the antibody phage libraries
discussed above. Alternatively, Fab'-SH fragments can be
directly recovered from E. coli and chemically coupled to
form F (ab"), fragments (Carter et al., Bio/Technrology 10:163-
167 (1992)). According to another approach, F(ab"), frag-
ments can be isolated directly from recombinant host cell
culture. Other techniques for the production of antibody frag-
ments will be apparent to the skilled practitioner. In other
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as a T-cell receptor molecule (e g. CD2 or CID3), or Fcrecep-
tors for IgG (FcyR), such as FeyRI (CD64), FcyRII (CD32)
and FcyRIII (CID16) so as to focus cellular defense mecha-
nisms to the HER2-expressing cell. Bispecific antibodies may
also be used to localize cytotoxic agents to cells which
express HER2. These antibodies possess a HER2-binding
arm and an arm which binds the cytotoxic agent (e.g. saporin,
anti-interferon-co., vinca alkaloid, ricin A chain, methotrexate
or radioactive isotope hapten). Bispecific antibodies can be
prepared as full length antibodies or antibody fragments (e.g.
F(ab'), bispecific antibodies).

WO 96/16673 describes a bispecific HER2/FcyRIII anti-
body and U.S. Pat. No. 5,837,234 discloses a bispecific
HER2/FcyRI antibody IDM1 (Osidem). A bispecific HER2/
Fca antibody is shown in W0O98/02463. U.S. Pat. No. 5,821,
337 teaches a bispecific HER2/CD3 antibody. MDX-210 is a
bispecific HER2-FcyRIII Ab.

Methods for making bispecific antibodies are known in the
art. Traditional production of full length bispecific antibodies
is based on the coexpression of two immunoglobulin heavy
chain-light chain pairs, where the two chains have different
specificities (Millstein et al., Nature, 305:537-539 (1983)).
Because of the random assortment of immunoglobulin heavy
and light chains, these hybridomas (quadromas) produce a
potential mixture of 10 different antibody molecules, of
which only one has the correct bispecific structure. Purifica-
tion of the correct molecule, which is usually done by affinity
chromatography steps, is rather cumbersome, and the product
yields are low. Similar procedures are disclosed in WO
93/08829, and in Traunecker et al., EAMBCO J.,, 10:3655-3659
(1991).

According to a different approach, antibody variable
domains with the desired binding specificities (antibody-an-
tigen combining sites) are fused to immunoglobulin constant
domain sequences. The fusion preferably is with an immu-
noglobulin heavy chain constant domain, comprising at least
part of the hinge, CH2, and CH3 regions. It is preferred to
have the first heavy-chain constant region (CH1) containing
the site necessary for light chain binding, present in at least
one of the fusions. DNAs encoding the immunoglobulin
heavy chain fusions and, if desired, the immunoglobulin light
chain, are inserted into separate expression vectors, and are
co-transfected into a suitable host organism. This provides for
great flexibility in adjusting the mutual proportions of the
three polypeptide fragments in embodiments when unequal
ratios of the three polypeptide chains used in the construction
provide the optimum yields. It is, however, possible to insert
the coding sequences for two or all three polypeptide chains
in one expression vector when the expression of at least two
polypeptide chains in equal ratios results in high yields or
when the ratios are of no particular significance.

In a preferred embodiment of this approach, the bispecific
antibodies are composed of a hybrid immunoglobulin heavy
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<2 PO EEERTRIRIEY, 121:210 (1986).
According to another approach described in U.S. Pat. No.

5,731,168, the interface between a pair of antibody molecules
can be engineered to maximize the percentage of het-
erodimers which are recovered from recombinant cell cul-
ture. The preferred interface comprises at least a part of the
C .3 domain of an antibody constant domain. In this method,
one or more small amino acid side chains from the interface of
the first antibody molecule are replaced with larger side
chains (e.g. tyrosine or tryptophan). Compensatory ‘‘cavities™
of identical or similar size to the large side chain(s) are cre-
ated on the interface of the second antibody molecule by
replacing large amino acid side chains with smaller ones (e.g.
alanine or threonine). This provides a mechanism for increas-
ing the yield of the heterodimer over other unwanted end-
products such as homodimers.

Bispecific antibodies include cross-linked or ‘“heterocon-
jugate” antibodies. For example, one of the antibodies in the
heteroconjugate can be coupled to avidin, the other to biotin.
Such antibodies have, for example, been proposed to target
immune system cells to unwanted cells (U.S. Pat. No. 4,676,
980), and for treatment of HIV infection (WO 91/00360, WO
92/200373, and EP 03089). Heteroconjugate antibodies may
be made using any convenient cross-linking methods. Suit-
able cross-linking agents are well known in the art, and are
disclosed in U.S. Pat. No. 4,676,980, along with a number of
cross-linking techniques.

Techniques for generating bispecific antibodies from anti-
body fragments have also been described in the literature. For
example, bispecific antibodies can be prepared using chemi-
cal linkage.

Brennan et al., Scierce, 229: 81 (1985) describe a proce-
dure wherein intact antibodies are proteolytically cleaved to
generate F(ab'), fragments. These fragments are reduced in
the presence of the dithiol complexing agent sodium arsenite
to stabilize vicinal dithiols and prevent intermolecular disul-
fide formation. The Fab' fragments generated are then con-
verted to thionitrobenzoate (TINB) derivatives. One of the
Fab'-TNB derivatives is then reconverted to the Fab'-thiol by
reduction with mercaptoethylamine and is mixed with an
equimolar amount of the other Fab'-TINB derivative to form
the bispecific antibody. The bispecific antibodies produced
can be used as agents for the selective immobilization of
enzymes.

Recent progress has facilitated the direct recovery of Fab'-
SH fragments from E. coli, which can be chemically coupled
to form bispecific antibodies. Shalaby et al., J. Exp. Med.,
175: 217-225 (1992) describe the production of a fully
humanized bispecific antibody F(ab"), molecule. Each Fab'
fragment was separately secreted from E. coli and subjected
to directed chemical coupling in vitro to form the bispecific
antibody. The bispecific antibody thus formed was able to
bind to cells overexpressing the HER?2 receptor and normal
human T cells, as well as trigger the lytic activity of human
cytotoxic lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific
antibody fragments directly from recombinant cell culture
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to allow pairing between the two domains on the same chain.
Accordingly, the V and V, domains of one fragment are
forced to pair with the complementary V, and V,, domains of
another fragment, thereby forming two antigen-binding sites.
Another strategy for making bispecific antibody fragments by
the use of single-chain Fv (sFv) dimers has also been
reported. See Gruber et al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contem-
plated. For example, trispecific antibodies can be prepared.
Tutt et al. J. Immunol. 147: 60 (1991).

(vii) Other Amino Acid Sequence Modifications

Amino acid sequence modification(s) of the antibodies
described herein are contemplated. For example, it may be
desirable to improve the binding affinity and/or other biologi-
cal properties of the antibody. Amino acid sequence variants
of the antibody are prepared by introducing appropriate
nucleotide changes into the antibody nucleic acid, or by pep-
tide synthesis. Such modifications include, for example, dele-
tions from, and/or insertions into and/or substitutions of, resi-
dues within the amino acid sequences of the antibody. Any
combination ofdeletion, insertion, and substitution is made to
arrive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid changes
also may alter post-translational processes of the antibody,
such as changing the number or position of glycosylation
sites.

A useful method for identification of certain residues or
regions of the antibody that are preferred locations for
mutagenesis is called “alanine scanning mutagenesis™ as
described by Cunningham and Wells Scierce, 244:1081-1085
(1989). Here, a residue or group of target residues are iden-
tified (e.g., charged residues such as arg, asp, his, lys, and glu)
and replaced by a neutral or negatively charged amino acid
(most preferably alanine or polyalanine) to affect the interac-
tion of the amino acids with antigen. Those amino acid loca-
tions demonstrating functional sensitivity to the substitutions
then are refined by introducing further or other variants at, or
for, the sites of substitution. Thus, while the site for introduc-
ing an amino acid sequence variation is predetermined, the
nature of the mutation per se need not be predetermined. For
example, to analyze the performance of a mutation at a given
site, ala scanning or random mutagenesis is conducted at the
target codon or region and the expressed antibody variants are
screened for the desired activity.

Amino acid sequence insertions include amino- and/or
carboxyl-terminal fusions ranging in length from one residue
to polypeptides containing a hundred or more residues, as
well as intrasequence insertions of single or multiple amino
acid residues. Examples of terminal insertions include anti-
body with an N-terminal methionyl residue or the antibody
fused to a cytotoxic polypeptide. Other insertional variants of
the antibody molecule include the fusion to the N- or C-ter-
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or as further described below in reference to amino acid
classes, may be introduced and the products screened.

TABLE 1

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lys
Asn (IN) Gln; His; Asp, Lys; Arg Gln
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Gha (B) Asp; Gln Asp
Gly (&) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
Ile (D L.eu; Val; Met; Ala; Leu

Phe; Norleucine
Leu (L) Norleucine; Ile; Val; Ile

Met; Ala; Phe
Lys (XK) Arg; Gln; Asn Arg
Met (M) Leu; Phe; Ile Leu
Phe (F) Trp; Leu; Val; Ile; Tyr

Ala; Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Leu

Ala; WNorleucine

Substantial modifications in the biological properties of the
antibody are accomplished by selecting substitutions that
differ significantly in their effect on maintaining (a) the struc-
ture of the polypeptide backbone in the area of the substitu-
tion, for example, as a sheet or helical conformation, (b) the
charge or hydrophobicity of the molecule at the target site, or
(c) the bulk of the side chain. Amino acids may be grouped
according to similarities in the properties of their side chains
(in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75,
Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), Ile (1), Pro (P), Phe
E), Trp (W), Met (M)

(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr
(YY), Asn (N), Gln (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His (H)

Alternatively, naturally occurring residues may be divided
into groups based on common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a
member of one of these classes for another class.
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proper conformation of the antibody also may be substituted,
generally with serine, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking. Conversely, cys-
teine bond(s) may be added to the antibody to improve its
stability (particularly where the antibody is an antibody frag-
ment such as an Fv fragment).

A particularly preferred type of substitutional variant
involves substituting one or more hypervariable region resi-
dues of a parent antibody (e.g. a humanized or human anti-
body). Generally, the resulting variant(s) selected for further
development will have improved biological properties rela-
tive to the parent antibody from which they are generated. A
convenient way for generating such substitutional variants
involves affinity maturation using phage display. Briefly, sev-
eral hypervariable region sites (e.g. 6-7 sites) are mutated to
generate all possible amino substitutions at each site. The
antibody variants thus generated are displayed in a monova-
lent fashion from filamentous phage particles as fusions to the
gene III product of M 13 packaged within each particle. The
phage-displayed variants are then screened for their biologi-
cal activity (e.g. binding affinity) as herein disclosed. In order
to identify candidate hypervariable region sites for modifica-
tion, alanine scanning mutagenesis can be performed to iden-
tify hypervariable region residues contributing significantly
to antigen binding. Alternatively, or additionally, it may be
beneficial to analyze a crystal structure of the antigen-anti-
body complex to identify contact points between the antibody
and human HER2. Such contact residues and neighboring
residues are candidates for substitution according to the tech-
niques elaborated herein. Once such variants are generated,
the panel of variants is subjected to screening as described
herein and antibodies with superior properties in one or more
relevant assays may be selected for further development.

Another type of amino acid variant of the antibody alters
the original glycosylation pattern of the antibody. By altering
is meant deleting one or more carbohydrate moieties found in
the antibody, and/or adding one or more glycosylation sites
that are not present in the antibody.

Glycosylation of antibodies is typically either N-linked or
O-linked. N-linked refers to the attachment of the carbohy-
drate moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-
threonine, where X is any amino acid except proline, are the
recognition sequences for enzymatic attachnmient of the car-
bohydrate moiety to the asparagine side chain. Thus, the
presence of either of these tripeptide sequences in a polypep-
tide creates a potential glycosylation site. O-linked glycosy-
lation refers to the attachment of one of the sugars N-aceyl-
galactosamine, galactose, or xylose to a hydroxyamino acid,
most commonly serine or threonine, although 5-hydroxypro-
line or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the antibody is conve-
niently accomplished by altering the amino acid sequence
such that it contains one or more of the above-described
tripeptide sequences (for N-linked glycosylation sites). The
alteration may also be made by the addition of, or substitution
by, one or more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fc region, the carbohy-
drate attached thereto may be altered. For example, antibod-
ies with a mature carbohydrate structure that lacks fucose
attached to an Fc region of the antibody are described in US
Pat Appl No US 2003/0157108 Al, Presta, L.. See also US
2004/0093621 Al (Kyowa Hakko Kogyo Co., Ltd). Antibod-
jes with a bisecting N-acetylglucosamine (GIcNAc) in the
carbohydrate attached to an Fc region of the antibody are
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No. 6,602,684, Umana et al. Antibodies with at least one
galactose residue in the oligosaccharide attached to an Fc
region of the antibody are reported in WO97/30087, Patel et
al. See, also, WO98/58964 (Raju, S.) and WO99/22764
(Raju, S.) concerning antibodies with altered carbohydrate
attached to the Fc region thereof.

It may be desirable to modify the antibody of the invention
with respect to effector function, e.g. so as to enhance anti-
gen-dependent cell-mediated cyotoxicity (ADCC) and/or
complement dependent cytotoxicity (CDC) of the antibody.
This may be achieved by introducing one or more amino acid
substitutions in an Fc region of the antibody. Alternatively or
additionally, cysteine residue(s) may be introduced in the Fc
region, thereby allowing interchain disulfide bond formation
in this region. The homodimeric antibody thus generated may
have improved internalization capability and/or increased
complement-mediated cell killing and antibody-dependent
cellular cytotoxicity (ADCC). See Caron et al., J Exp Med.
176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-
2922 (1992). Homodimeric antibodies with enhanced anti-
tumor activity may also be prepared using heterobifunctional
cross-linkers as described in WOolff et al. Carncer Research
53:2560-2565 (1993). Alternatively, an antibody can be engi-
neered which has dual Fc regions and may thereby have
enhanced complement lysis and ADCC capabilities. See
Stevenson et al. Arti-Cancer Drug Desigrn 3:219-230 (1989).

WO00/42072 (Presta, L..) describes antibodies with
improved ADCC function in the presence of human effector
cells, where the antibodies comprise amino acid substitutions
in the Fc region thereof. Preferably, the antibody with
improved ADCC comprises substitutions at positions 298,
333, and/or 334 of the Fc region (Eu numbering of residues).
Preferably the altered Fc region is a human IgG1 Fc region
comprising or consisting of substitutions at one, two or three
of these positions. Such substitutions are optionally com-
bined with substitution(s) which increase Clq binding and/or
CDC.

Antibodies with altered Clgq binding and/or complement
dependent cytotoxicity (CDC) are described in WO99/51642,
U.S. Pat. No. 6,194,551B1, U.S. Pat. No. 6,242,195B1, U.S.
Pat. No. 6,528,624B1 and U.S. Pat. No. 6,538,124 (Idusogie
et al.). The antibodies comprise an amino acid substitution at
one or more of amino acid positions 270, 322, 326, 327, 329,
313, 333 and/or 334 of the Fc region thereof (Eu numbering
of residues).

To increase the serum half life of the antibody, one may
incorporate a salvage receptor binding epitope into the anti-
body (especially an antibody fragment) as described in U.S.
Pat. No. 5,739,277, for example. As used herein, the term
“salvage receptor binding epitope” refers to an epitope of the
Fc region of an IgG molecule (e.g., IgG,, IgG2, I1gG;, or
IgG,) that is responsible for increasing the in vivo serum
half-life of the IgG molecule.

Antibodies with improved binding to the neonatal Fc
receptor (FcRn), and increased half-lives, are described in
WO00/42072 (Presta, L.) and US2005/0014934A1 (Hinton
et al.). These antibodies comprise an Fc region with one or
more substitutions therein which improve binding of the Fc
region to FcRn. For example, the Fc region may have substi-
tutions at one or more of positions 238, 250, 256, 265, 272,
286, 303, 305, 307,311,312, 314, 317, 340, 356, 360, 362,
376, 378, 380, 382, 413, 424, 428 or 434 (Eu numbering of
residues). The preferred Fc region-comprising antibody vari-
ant with improved FcRn binding comprises amino acid sub-
stitutions at one, two or three of positions 307, 380 and 434 of
the Fc region thereof (Eu numbering of residues).
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functional antigen binding sites are also contemplated (US
Appln No. US2002/0004587 Al, Miller et al.).

Nucleic acid molecules encoding amino acid sequence
variants of the antibody are prepared by a variety of methods
known in the art. These methods include, but are not limited
to, isolation from a natural source (in the case of naturally
occurring amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) mutagenesis,
PCR mutagenesis, and cassette mutagenesis of an earlier
prepared variant or a non-variant version of the antibody.

(viii) Screening for Antibodies with the Desired Properties

Techniques for generating antibodies have been described
above. One may further select antibodies with certain biologi-
cal characteristics, as desired.

To identify an antibody which blocks ligand activation of a
HER receptor, the ability of the antibody to block HER ligand
binding to cells expressing the HER receptor (e.g. in conju-
gation with another HER receptor with which the HER recep-
tor of interest forms a HER hetero-oligomer) may be deter-
mined. For example, cells naturally expressing, or transfected
to express, HER receptors of the HER hetero-oligomer may
be incubated with the antibody and then exposed to labeled
HER ligand. The ability of the antibody to block ligand bind-
ing to the HER receptor in the HER hetero-oligomer may then
be evaluated.

For example, inhibition of HRG binding to MCF7 breast
tumor cell lines by HER?2 antibodies may be performed using
monolayer MCF7 cultures on ice in a 24-well-plate format
essentially as described in WO01/00245. HER2 monoclonal
antibodies may be added to each well and incubated for 30
minutes. '23I-labeled rHRG1,55.5-4 (25 pm) may then be
added, and the incubation may be continued for 4 to 16 hours.
Dose response curves may be prepared and an IC5, value may
be calculated for the antibody of interest. In one embodiment,
the antibody which blocks ligand activation of a HER recep-
tor will have an ICs, for inhibiting HRG binding to MCF7
cells in this assay of about 50 nM or less, more preferably 10
nM or less. Where the antibody is an antibody fragment such
as a Fab fragment, the IC;, for inhibiting HRG binding to
MCF7 cells in this assay may, for example, be about 100 nM
or less, more preferably 50 nM or less.

Alternatively, or additionally, the ability of an antibody to
block HER ligand-stimulated tyrosine phosphorylation of a
HER receptor present in a HER hetero-oligomer may be
assessed. For example, cells endogenously expressing the
HER receptors or transfected to expressed them may be incu-
bated with the antibody and then assayed for HER ligand-
dependent tyrosine phosphorylation activity using an anti-
phosphotyrosine monoclonal (which is optionally conjugated
with a detectable label). The kinase receptor activation assay
described in U.S. Pat. No. 5,766,863 is also available for
determining HER receptor activation and blocking of that
activity by an antibody.

In one embodiment, one may screen for an antibody which
inhibits HRG stimulation of p180 tyrosine phosphorylationin
MCF7 cells essentially as described in W0O01/00245. For
example, the MCF7 cells may be plated in 24-well plates and
monoclonal antibodies to HER2 may be added to each well
and incubated for 30 minutes at room temperature; then
rHRGf1, 5, 54, may be added to each well to a final concen-
tration of 0.2 nM, and the incubation may be continued for 8
minutes. Media may be aspirated from each well, and reac-
tions may be stopped by the addition of 100 ul of SDS sample
buffer (5% SDS, 25 mM DTT, and 25 mM Tris-HCI, pH 6.8).
Each sample (25 pl) may be electrophoresed on a 4-12%
gradient gel (Novex) and then electrophoretically transferred
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rosine (at 1 pg/ml) immunoblots may be developed, and the
intensity of the predominant reactive band at M,~180,000
may be quantified by reflectance densitometry. The antibody
selected will preferably significantly inhibit HRG stimulation
of p180 tyrosine phosphorylation to about 0-35% of control
in this assay. A dose-response curve for inhibition of HRG
stimulation of p180 tyrosine phosphorylation as determined
by reflectance densitometry may be prepared and an ICs, for
the antibody of interest may be calculated. In one embodi-
ment, the antibody which blocks ligand activation of a HER
receptor will have an ICs, for inhibiting HRG stimulation of
p180 tyrosine phosphorylation in this assay ofabout S0 nM or
less, more preferably 10 nM or less. Where the antibody is an
antibody fragment such as a Fab fragment, the 1C5, for inhib-
iting HRG stimulation of p180 tyrosine phosphorylation in
this assay may, for example, be about 100 nM or less, more
preferably 50 nM or less.

One may also assess the growth inhibitory effects of the
antibody on MDA-MB-175 cells, e.g, essentially as described
in Schaefer et al. Orcogere 15:1385-1394 (1997). According
to this assay, MDA-MB-175 cells may be treated with a
HER2 monoclonal antibody (10 pg/ml) for 4 days and
stained with crystal violet. Incubation with a HER2 antibody
may show a growth inhibitory effect on this cell line similar to
that displayed by monoclonal antibody 2C4. In a further
embodiment, exogenous HRG will not significantly reverse
this inhibition. Preferably, the antibody will be able to inhibit
cell proliferation of MDA-MB-175 cells to a greater extent
than monoclonal antibody 4ID5 (and optionally to a greater
extent than monoclonal antibody 7F3), both in the presence
and absence of exogenous HRG.

In one embodiment, the HER2 antibody of interest may
block heregulin dependent association of HER2 with HER3
in both MCF7 and SK-BR-3 cells as determined in a co-
immunoprecipitation experiment such as that described in
WO01/00245 substantially more effectively than monoclonal
antibody 45, and preferably substantially more effectively
than monoclonal antibody 7F3.

To identify growth inhibitory HER2 antibodies, one may
screen for antibodies which inhibit the growth of cancer cells
which overexpress HER2. In one embodiment, the growth
inhibitory antibody of choice is able to inhibit growth of
SK-BR-3 cells in cell culture by about 20-100% and prefer-
ably by about 5S0-100% at an antibody concentration of about
0.5 to 30 pg/ml. To identify such antibodies, the SK-BR-3
assay described in U.S. Pat. No. 5,677,171 can be performed.
According to this assay, SK-BR-3 cells are grown in a 1:1
mixture of F12 and DMEM medium supplemented with 10%
fetal bovine serum, glutamine and penicillin streptomycin.
The SK-BR-3 cells are plated at 20,000 cells in a 35 mm cell
culture dish (2 mls/35 mm dish). 0.5 to 30 pg/ml of the HER2
antibody is added per dish. After six days, the number ofcells,
compared to untreated cells are counted using an electronic
COULTER™ cell counter. Those antibodies which inhibit
growth of the SK-BR-3 cells by about 20-100% or about
50-100% may be selected as growth inhibitory antibodies.
See U.S. Pat. No. 5,677,171 for assays for screening for
growth inhibitory antibodies, such as 4D5 and 3ES8.

In order to select for antibodies which induce apoptosis, an
annexin binding assay using BT474 cells is available. The
BT474 cells are cultured and seeded in dishes as discussed in
the preceding paragraph. The medium is then removed and
replaced with fresh medium alone or medium containing 10
pg/ml of the monoclonal antibody. Following a three day
incubation period, monolayers are washed with PBS and
detached by trypsinization. Cells are then centrifuged, resus-

50



<210> SEQ I D NO 7 <211> LENGITH 10 <212>
TYPE: PAT

pended in Ca®** binding buffer and aliquoted into tubes as
discussed above for the cell death assay. Tubes then receive
labeled annexin (e.g. annexin V-FTIC) (1 pg/ml). Samples
may be analyzed using a FACSCANT™ flow cytometer and
FACSCONVERTT™ CellQuest software (Becton Dickinson).
Those antibodies which induce statistically significant levels
of annexin binding relative to control are selected as apopto-
sis-inducing antibodies. In addition to the annexin binding
assay, a DNA staining assay using BT474 cells is available. In
order to perform this assay, BT474 cells which have been
treated with the antibody of interest as described in the pre-
ceding two paragraphs are incubated with 9 upg/ml
HOECHST 33342T™ for 2 hr at 37° C., then analyzed on an
EPICS ELITET™ flow cytometer (Coulter Corporation) using
MODFIT LTT™ software (Verity Software House). Antibod-
ies which induce a change in the percentage of apoptotic cells
which is 2 fold or greater (and preferably 3 fold or greater)
than untreated cells (up to 100% apoptotic cells) may be
selected as pro-apoptotic antibodies using this assay. See
WO98/17797 for assays for screening for antibodies which
induce apoptosis, such as 7C2 and 7F3.

To screen for antibodies which bind to an epitope on HER2
bound by an antibody of interest, a routine cross-blocking
assay such as that described in Awntibodies, A Laboratory
AManual, Cold Spring Harbor Laboratory, Ed Harlow and
David Lane (1988), can be performed to assess whether the
antibody cross-blocks binding of an antibody, such as 2C4 or
pertuzumab, to HER2. Alternatively, or additionally, epitope
mapping can be performed by methods known in the art
and/or one can study the antibody-HER2 structure (Franklin
etal. Cancer Cell 5:317-328 (2004)) to see what domain(s) of
HER?2 is/are bound by the antibody.

(ix) Pertuzumab Compositions

In one embodiment of a HER2 antibody composition, the
composition comprises a mixture of a main species pertu-
zumab antibody and one or more variants thereof. The pre-
ferred embodiment herein of a pertuzumab main species anti-
body is one comprising the variable light and variable heavy
amino acid sequences in SEQ ID Nos. 3 and 4, and most
preferably comprising a light chain amino acid sequence
selected from SEQ ID No. 13 and 17, and a heavy chain amino
acid sequence selected from SEQID No. 14 and 18 (including
deamidated and/or oxidized variants of those sequences). In
one embodiment, the composition comprises a mixture of the
main species pertuzumab antibody and an amino acid
sequence variant thereof comprising an amino-terminal
leader extension. Preferably, the amino-terminal leader
extension is on a light chain of the antibody variant (e.g. on
one or two light chains of the antibody variant). The main
species HER2 antibody or the antibody variant may be an full
length antibody or antibody fragment (e.g. Fab of F(ab’)2
fragments), but preferably both are full length antibodies. The
antibody variant herein may comprise an amino-terminal
leader extension on any one or more of the heavy or light
chains thereof. Preferably, the amino-terminal leader exten-
sion is on one or two light chains of the antibody. The amino-
terminal leader extension preferably comprises or consists of
VHS-. Presence of the amino-terminal leader extension in the
composition can be detected by various analytical techniques
including, but not limited to, N-terminal sequence analysis,
assay for charge heterogeneity (for instance, cation exchange
chromatography or capillary zone electrophoresis), mass
spectrometry, etc. The amount of the antibody variant in the
composition generally ranges from an amount that constitutes
the detection limit of any assay (preferably N-terminal
sequence analysis) used to detect the variant to an amount less
than the amount of the main species antibody. Generally,
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instance from 5%6 to about 15%) of the antibody molecules in
the composition comprise an amino-terminal leader exten-
sion. Such percentage amounts are preferably determined
using quantitative N-terminal sequence analysis or cation
exchange analysis (preferably using a high-resolution, weak
cation-exchange column, such as a PROPAC WCX-10™ cat-
ion exchange column). Aside from the amino-terminal leader
extension variant, further amino acid sequence alterations of
the main species antibody and/or variant are contemplated,
including but not limited to an antibody comprising a C-ter-
minal lysine residue on one or both heavy chains thereof, a
deamidated antibody variant, etc.

Moreover, the main species antibody or variant may further
comprise glycosylation variations, non-limiting examples of
which include antibody comprising a G1 or G2 oligosaccha-
ride structure attached to the Fc region thereof, antibody
comprising a carbohydrate moiety attached to a light chain
thereof (e.g. one or two carbohydrate moieties, such as glu-
cose or galactose, attached to one or two light chains of the
antibody, for instance attached to one or more lysine resi-
dues), antibody comprising one or two non-glycosylated
heavy chains, or antibody comprising a sialidated oligosac-
charide attached to one or two heavy chains thereof etc.

The composition may be recovered from a genetically
engineered cell line, e.g. a Chinese Hamster Ovary (CHO)
cell line expressing the HER2 antibody, or may be prepared
by peptide synthesis.

(x) Immunoconjugates

The invention also pertains to immunoconjugates compris-
ing an antibody conjugated to a cytotoxic agent such as a
chemotherapeutic agent, toxin (e.g. a small molecule toxin or
an enzymatically active toxin of bacterial, fungal, plant or
animal origin, including fragments and/or variants thereof),
or a radioactive isotope (i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such
immunoconjugates have been described above. Conjugates
ofan antibody and one or more small molecule toxins, such as
a calicheamicin, a maytansine (U.S. Pat. No. 5,208,020), a
trichothene, and CC1065 are also contemplated herein.

In one preferred embodiment of the invention, the antibody
is conjugated to one or more maytansine molecules (e.g.
about 1 to about 10 maytansine molecules per antibody mol-
ecule). Maytansine may, for example, be converted to May-
SS-Me which may be reduced to May-SH3 and reacted with
modified antibody (Chari et al. Cancer Research 52: 127-131
(1992)) to generate a maytansinoid-antibody immunoconju-
gate.

Another immunoconjugate of interest comprises an anti-
body conjugated to one or more calicheamicin molecules.
The calicheamicin family of antibiotics are capable of pro-
ducing double-stranded DNA breaks at sub-picomolar con-
centrations. Structural analogues of calicheamicin which
may be used include, but are not limited to, v;', a,', as?,
N-acetyl-y,;!, PSAG and 6';, (Hinman et al. Cancer Research
53: 3336-3342 (1993) and Lode et al. Cancer Research 58:
2925-2928 (1998)). See, also, U.S. Pat. Nos. 5,714,586;
5,712,374; 5,264,586; and 5,773,001 expressly incorporated
herein by reference.

Enzymatically active toxins and fragments thereof which
can be used include diphtheria A chain, nonbinding active
fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, A4leurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI,
PAPII, and PAP-S), momordica charantia inhibitor, curcin,
crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin,
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<23‘@§t111:gt6wEbhenomycin, enomycin and the tricothecenes.
See, for example, WO 93/21232 published Oct. 28, 1993.

The present invention further contemplates an immuno-
conjugate formed between an antibody and a compound with
nucleolytic activity (e.g. a ribonuclease or a DNA endonu-
clease such as a deoxyribonuclease; DNase).

A variety of radioactive isotopes are available for the pro-
duction of radioconjugated HER2 antibodies. Examples
include At211, 1131’ 1125,Y90, Re186, Rel88’ Sm153, Bi212, P32
and radioactive isotopes of Lu.

Conjugates of the antibody and cytotoxic agent may be
made using a variety of bifunctional protein coupling agents
such as N-succinimidyl-3-2-pyridyldithiol) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl)cyclohexane-
1-carboxylate, iminothiolane (IT), bifunctional derivatives of
imidoesters (such as dimethyl adipimidate HCL.), active
esters (such as disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis (p-azido-
benzoyl) hexanediamine), bis-diazonium derivatives (such as
bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates
(such as tolyene 2,6-diisocyanate), and bis-active fluorine
compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For
example, a ricin immunotoxin can be prepared as described in
Vitetta et al. Scierce 238: 1098 (1987). Carbon-14-labeled
1-isothiocyanatobenzyl-3-methyldiethylene triaminepen-
taacetic acid (IMX-DTPA) is an exemplary chelating agent for
conjugation of radionucleotide to the antibody. See WO94/
11026. The linker may be a ‘“cleavable linker” facilitating
release of the cytotoxic drug in the cell. For example, an
acid-labile linker, peptidase-sensitive linker, dimethyl linker
or disulfide-containing linker (Chari et al. Cancer Research
52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the antibody and
cytotoxic agent may be made, e.g. by recombinant techniques
or peptide synthesis.

Other immunoconjugates are contemplated herein. For
example, the antibody may be linked to one of a variety of
nonproteinaceous polymers, e.g., polyethylene glycol,
polypropylene glycol, polyoxyalkylenes, or copolymers of
polyethylene glycol and polypropylene glycol. The antibody
also may be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial poly-
merization (for example, hydroxymethylcellulose or gelatin-
microcapsules and poly-(methylmethacylate) microcapsules,
respectively), in colloidal drug delivery systems (for
example, liposomes, albumin microspheres, microemul-
sions, nano-particles and nanocapsules), or in macroemul-
sions. Such techniques are disclosed in Remingtorn’s Phar-
maceutical Sciences, 16th edition, Oslo, A., Ed., (1980).

The antibodies disclosed herein may also be formulated as
immunoliposomes. Liposomes containing the antibody are
prepared by methods known in the art, such as described in
Epstein et al., Proc. Natl. Acad. Sci. USA, 82:3688 (1985);
Hwang et al., Proc. Natl. Acad. Sci. US4, 77:4030 (1980);
U.S. Pat. Nos. 4,485,045 and 4,544,545; and WO97/38731
published Oct. 23, 1997. Liposomes with enhanced circula-
tion time are disclosed in U.S. Pat. No. 5,013,556.

Particularly useful liposomes can be generated by the
reverse phase evaporation method with a lipid composition
comprising phosphatidylcholine, cholesterol and PEG-de-
rivatized phosphatidylethanolamine (PEG-PE). Liposomes
are extruded through filters of defined pore size to yield
liposomes with the desired diameter. Fab' fragments of the
antibody of the present invention can be conjugated to the
liposomes as described in Martin et al. J. Biol. Chem. 257:
286-288 (1982) via a disulfide interchange reaction. A che-
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some. See Gabizon et al. J. National Cancer Inst. 81(19)1484
(1989).

I1I. Diagnostic Methods

In a first aspect, the invention herein provides a method for
selecting a therapy for a patient with a type of cancer (e.g.
ovarian cancer) which is able to respond to a HER inhibitor or
HER dimerization inhibitor (e.g. pertuzumab) comprising
determining HER3 expression in a cancer sample from the
patient and selecting a HER inhibitor or HER dimerization
inhibitor as the therapy if the cancer sample expresses HER3
at a level less than the median level for HER3 expression in
the cancer type and/or if the cancer sample expresses HER2:
HERS3 at a level which is greater than the 25% percentile (or
greater than the median level) for HER2:HER3 expression in
the cancer type.

In a second aspect, the invention provides a method for
selecting a therapy for a patient with a type of cancer (e.g.
ovarian cancer) which is able to respond to a chemotherapeu-
tic agent comprising determining HER3 expression in a can-
cer sample from the patient and selecting a chemotherapeutic
agent (e.g. gemcitabine) as the therapy if the cancer sample
expresses HER3 at a level greater than the median level for
HER3 expression in the cancer type.

The median or percentile expression level can be deter-
mined essentially contemporaneously with measuring HER?3
expression (or HER2 and HER3 expression), or may have
been determined previously.

Prior to the therapeutic methods described below, HER3
expression level(s), and optionally HER2 expression level(s),
in the patient’s cancer is/are assessed. Generally, a biological
sample is obtained from the patient in need of therapy, which
sample is subjected to one or more diagnostic assay(s), usu-
ally at least one in vitro diagnostic (IVD) assay. However,
other forms of evaluating HER3 and/or HER2 expression,
such as in vivo diagnosis, are expressly contemplated herein.
The biological sample is usually a tumor sample, preferably
from ovarian cancer, peritoneal cancer, fallopian tube cancer,
metastatic breast cancer (MBC), non-small cell lung cancer
(NSCL.C), prostate cancer, or colorectal cancer tumor
sample.

The biological sample herein may be a fixed sample, e.g. a
formalin fixed, paraffin-embedded (FFPE) sample, or a fro-
zen sample.

Various methods for determining expression of mRNA or
protein include, but are not limited to, gene expression pro-
filing, polymerase chain reaction (PCR) including quantita-
tive real time PCR (gRT-PCR), microarray analysis, serial
analysis of gene expression (SAGE), MassARRAY, Gene
Expression Analysis by Massively Parallel Signature
Sequencing (MPSS), proteomics, immunohistochemistry
(HC), etc. Preferably mRNA is quantified. Such mRNA
analysis is preferably performed using the technique of poly-
merase chain reaction (PCR), or by microarray analysis.
Where PCR. is employed, a preferred form of PCR is quanti-
tative real time PCR (qRT-PCR). The preferred qRT-PCR
assay is that as described in Example 1 below.

The steps of a representative protocol for profiling gene
expression using fixed, paraffin-embedded tissues as the
RNA source, including mRINA isolation, purification, primer
extension and amplification are given in various published
journal articles (for example: Godfrey et al. J. Molec. Diag-
nostics 2: 84-91 (2000); Specht et al., Am. J. Pathol. 158:
419-29 (2001)). Briefly, a representative process starts with
cutting about 10 microgram thick sections of paraffin-embed-
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ded tumor tissue samples. The RNA is then extracted, and
protein and DNA are removed. After analysis of the RNA
concentration, RNA repair and/or amplification steps may be
included, if necessary, and RNA is reverse transcribed using
gene specific promoters followed by PCR. Finally, the data
are analyzed to identify the best treatment option(s) available
to the patient on the basis of the characteristic gene expression
pattern identified in the tumor sample examined.

Various exemplary methods for determining gene expres-
sion will now be described in more detail.

(i) Gene Expression Profiling

In general, methods of gene expression profiling can be
divided into two large groups: methods based on hybridiza-
tion analysis of polynucleotides, and methods based on
sequencing of polynucleotides. The most commonly used
methods known in the art for the quantification of mRNA
expression in a sample include northern blotting and in situ
hybridization (Parker & Barnes, Methods in Molecular Biol-
ogy 106:247-283 (1999)); RNAse protection assays (Hod,
Biotechniques 13:852-854 (1992)); and polymerase chain
reaction (PCR) (Weis et al., Trends in Genetics 8:263-264
(1992)). Alternatively, antibodies may be employed that can
recognize specific duplexes, including DNA duplexes, RINA
duplexes, and DNA-RNA hybrid duplexes or DNA -protein
duplexes. Representative methods for sequencing-based gene
expression analysis include Serial Analysis of Gene Expres-
sion (SAGE), and gene expression analysis by massively
parallel signature sequencing (MPSS).

(ii) Polymerase Chain Reaction (PCR)

Of the techniques listed above, a sensitive and flexible
quantitative method is PCR, which can be used to compare
mRNA levels in different sample populations, in normal and
tumor tissues, with or without drug treatment, to characterize
patterns of gene expression, to discriminate between closely
related mRNAs, and to analyze RINA structure.

The first step is the isolation of mRNA from a target
sample. The starting material is typically total RNA isolated
from human tumors or tumor cell lines, and corresponding
normal tissues or cell lines, respectively. Thus RNA can be
isolated from a variety of primary tumors, including breast,
lung, colon, prostate, brain, liver, kidney, pancreas, spleen,
thymus, testis, ovary, uterus, etc., tumor, or tumor cell lines,
with pooled DNA from healthy donors. If the source of
mRNA is a primary tumor, mRNA can be extracted, for
example, from frozen or archived paraffin-embedded and
fixed (e.g. formalin-fixed) tissue samples. General methods
for mRINA extraction are well known in the art and are dis-
closed in standard textbooks of molecular biology, including
Ausubel et al., Current Protocols of Molecular Biology, John
Wiley and Sons (1997). Methods for RNA extraction from
paraffin embedded tissues are disclosed, for example, in Rupp
and Locker, Lab Invest. S6: A67 (1987), and De Andrés et al.,
BioTechnriques 18:42044 (1995). In particular, RNA isolation
can be performed using purification kit, buffer set and pro-
tease from commercial manufacturers, such as Qiagen,
according to the manufacturer’s instructions. For example,
total RNA from cells in culture can be isolated using Qiagen
RNeasy mini-columns. Other commercially available RINA
isolation kits include MASTERPURE® Complete DNA and
RNA Purification Kit (EPICENTRE®, Madison, Wis.), and
Paraffin Block RNA Isolation Kit (Ambion, Inc.). Total RNA
from tissue samples can be isolated using RNA Stat-60 (Tel-
Test). RNA prepared from tumor can be isolated, for example,
by cesium chloride density gradient centrifugation.

As RNA cannot serve as a template for PCR, the first step
in gene expression profiling by PCR is the reverse transcrip-
tion of the RNA template into cDNA, followed by its expo-
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nential amplification in a PCR reaction. The two most com-
monly used reverse transcriptases are avilo myeloblastosis
virus reverse transcriptase (AMV-RT) and Moloney murine
leukemia virus reverse transcriptase (MMLV-RT). The
reverse transcription step is typically primed using specific
primers, random hexamers, or oligo-dT primers, depending
on the circumstances and the goal of expression profiling. For
example, extracted RNA can be reverse-transcribed using a
GENEAMPT™ RNA PCR kit (Perkin Elmer, Calif., USA),
following the manufacturer’s instructions. The derived
cDNA can then be used as a template in the subsequent PCR
reaction. Although the PCR step can use a variety of thermo-
stable DNA-dependent DNA polymerases, it typically
employs the Tag DNA polymerase, which has a 5'-3' nuclease
activity but lacks a 3'-5' proofreading endonuclease activity.
Thus, TAQMAN® PCR typically utilizes the S5'-nuclease
activity of Taq or Tth polymerase to hydrolyze a hybridization
probe bound to its target amplicon, but any enzyme with
equivalent 5' nuclease activity can be used. Two oligonucle-
otide primers are used to generate an amplicon typical of a
PCR reaction. A third oligonucleotide, or probe, is designed
to detect nucleotide sequence located between the two PCR
primers. The probe is non-extendible by Taq DNA poly-
merase enzyme, and is labeled with a reporter fluorescent dye
and a quencher fluorescent dye. Any laser-induced emission
from the reporter dye is quenched by the quenching dye when
the two dyes are located close together as they are on the
probe. During the amplification reaction, the Tag DNA poly-
merase enzyme cleaves the probe in a template-dependent
manner. The resultant probe fragments disassociate in solu-
tion, and signal from the released reporter dye is free from the
quenching effect of the second fluorophore. One molecule of
reporter dye is liberated for each new molecule synthesized,
and detection of the unquenched reporter dye provides the
basis for quantitative interpretation of the data.

TAQMAN® PCR can be performed using commercially
available equipment, such as, for example, ABI PRISM
7700® Sequence Detection System® (Perkin-Elmer-Ap-
plied Biosystems, Foster City, Calif., USA), or Lightcycler
(Roche Molecular Biochemicals, Mannheim, Germany).Ina
preferred embodiment, the 5' nuclease procedure is run on a
real-time quantitative PCR device such as the ABI PRISM
7700® Sequence Detection System. The system consists of a
thermocycler, laser, charge-coupled device (CCD), camera
and computer. The system amplifies samples in a 96-well
format on a thermocycler. During amplification, laser-in-
duced fluorescent signal is collected in real-time through fiber
optics cables for all 96 wells, and detected at the CCD. The
system includes software for running the instrument and for
analyzing the data.

s'-Nuclease assay data are initially expressed as Ct, or the
threshold cycle. As discussed above, fluorescence values are
recorded during every cycle and represent the amount of
product amplified to that point in the amplification reaction.
The point when the fluorescent signal is first recorded as
statistically significant is the threshold cycle (Ct).

To minimize errors and the effect of sample-to-sample
variation, PCR is usually performed using an internal stan-
dard. The ideal internal standard is expressed at a constant
level among different tissues, and is unaffected by the experi-
mental treatment. RNAs most frequently used to normalize
patterns of gene expression are mRNAs for the housekeeping
genes glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) and P-actin.

A more recent variation of the PCR technique is quantita-
tive real time PCR (QRT-PCR), which measures PCR product
accumulation through a dual-labeled fluorigenic probe (.e.,
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each target sequence is used for normalization, and with
quantitative comparative PCR using a normalization gene
contained within the sample, or a housekeeping gene for
PCR. For further details see, e.g. Held et al., Genome
Research 6:986-994 (1996).

The steps of a representative protocol for profiling gene
expression using fixed, paraffin-embedded tissues as the
RNA source, including mRNA isolation, purification, primer
extension and amplification are given in various published
journal articles (for example: Godfrey et al., J. Molec. Diag-
rostics 2: 84-91 (2000); Specht et al., Am. J. Pathol. 158:
419-29 (2001)). Briefly, a representative process starts with
cutting about 10 microgram thick sections of paraffin-embed-
ded tumor tissue samples. The RNA is then extracted, and
protein and DNA are removed. After analysis of the RNA
concentration, RNA repair and/or amplification steps may be
included, if necessary, and RNA is reverse transcribed using
gene specific promoters followed by PCR.

According to one aspect of the present invention, PCR
primers and probes are designed based upon intron sequences
present in the gene to be amplified. In this embodiment, the
first step in the primer/probe design is the delineation of
intron sequences within the genes. This can be done by pub-
licly available software, such as the DNA BLAT software
developed by Kent, W., Genome Res. 12(4):656-64 (2002), or
by the BLAST software including its variations. Subsequent
steps follow well established methods of PCR primer and
probe design.

In order to avoid non-specific signals, it is important to
mask repetitive sequences within the introns when designing
the primers and probes. This can be easily accomplished by
using the Repeat Masker program available on-line through
the Baylor College of Medicine, which screens DNA
sequences against a library of repetitive elements and returns
a query sequence in which the repetitive elements are masked.
The masked intron sequences can then be used to design
primer and probe sequences using any commercially or oth-
erwise publicly available primer/probe design packages, such
as Primer Express (Applied Biosystems); MGB assay-by-
design (Applied Biosystems); Primer3 (Rozen and Skaletsky
(2000) Primer3 on the WWW for general users and for bioclo-
gist programmers. In: Krawetz S, Misener S (eds) Bioinfor-
matics Methods and Protocols: Methods in Molecular Biol-
ogy. Humana Press, Totowa, N.J., pp 365-386).

Factors considered in PCR primer design include primer
length, melting temperature (Tm), and G/C content, specific-
ity, complementary primer sequences, and 3'-end sequence.
In general, optimal PCR primers are generally 17-30 bases in
length, and contain about 20-80%, such as, for example,
about 50-60% G+C bases. Tm’s between 50 and 80° C., e.g.
about 50 to 70° C. are typically preferred.

For further guidelines for PCR primer and probe design
see, e.g. Dieffenbach et al., “General Concepts for PCR
Primer Design” in PCR Primer, A Laboratory Manual, Cold
Spring Harbor Laboratory Press, New York, 1995, pp. 133-
155; Innis and Gelfand, “Optimization of PCRs” in PCR
Protocols, A Guide to Methods and Applications, CRC Press,
London, 1994, pp. 5-11; and Plasterer, T. N. Primerselect:
Primer and probe design. Methods Mol. Biol. 70:520-527
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sequences of intérest (including cDNAs and oligonucle-
otides) are plated, or arrayed, on a microchip substrate. The
arrayed sequences are then hybridized with specific DNA
probes from cells or tissues of interest. Just as in the PCR
method, the source of mRNA typically is total RNA isolated
from human tumors or tumor cell lines, and corresponding
normal tissues or cell lines. Thus RNA can be isolated from a
variety of primary tumors or tumor cell lines. If the source of
mRNA is a primary tumor, mRNA can be extracted, for
example, from frozen or archived paraffin-embedded and
fixed (e.g. formalin-fixed) tissue samples, which are routinely
prepared and preserved in everyday clinical practice.

In a specific embodiment of the microarray technique, PCR
amplified inserts of cDNA clones are applied to a substrate in
a dense array. Preferably at least 10,000 nucleotide sequences
are applied to the substrate. The microarrayed genes, immo-
bilized on the microchip at 10,000 elements each, are suitable
for hybridization under stringent conditions. Fluorescently
labeled cDNA probes may be generated through incorpora-
tion of fluorescent nucleotides by reverse transcription of
RNA extracted from tissues of interest. Labeled cDNA
probes applied to the chip hybridize with specificity to each
spot of DNA on the array. After stringent washing to remove
non-specifically bound probes, the chip is scanned by confo-
cal laser microscopy or by another detection method, such as
a CCD camera. Quantitation of hybridization of each arrayed
element allows for assessment of corresponding mRNA
abundance. With dual color fluorescence, separately labeled
cDNA probes generated from two sources of RNA are hybrid-
ized pairwise to the array. The relative abundance of the
transcripts from the two sources corresponding to each speci-
fied gene is thus determined simultaneously. The miniatur-
ized scale of the hybridization affords a convenient and rapid
evaluation of the expression pattern for large numbers of
genes. Such methods have been shown to have the sensitivity
required to detect rare transcripts, which are expressed at a
few copies per cell, and to reproducibly detect at least
approximately two-fold differences in the expression levels
(Schena et al., Proc. Natl. Acad. Sci. US4 93(2):106-149
(1996)). Microarray analysis can be performed by commer-
cially available equipment, following manufacturer’s proto-
cols, such as by using the Affymetrix GENCHIP™ technol-
ogy, or Incyte’s microarray technology.

The development of microarray methods for large-scale
analysis of gene expression makes it possible to search sys-
tematically for molecular markers of cancer classification and
outcome prediction in a variety of tumor types.

(iv) Serial Analysis of Gene Expression (SAGE)

Serial analysis of gene expression (SAGE) is a method that
allows the simultaneous and quantitative analysis of a large
number of gene transcripts, without the need of providing an
individual hybridization probe for each transcript. First, a
short sequence tag (about 10-14 bp) is generated that contains
sufficient information to uniquely identify a transcript, pro-
vided that the tag is obtained from a unique position within
each transcript. Then, many transcripts are linked together to
form long serial molecules, that can be sequenced, revealing
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5According to this method, following the isolation of RNA,
reverse transcription and PCR amplification, the cDNAs are
subjected to primer extension. The cDNA-derived primer
extension products are purified, and dispensed on a chip array
that is pre-loaded with the components needed for MALTI-
TOF MS sample preparation. The various cDNAs present in
the reaction are quantitated by analyzing the peak areas in the
mass spectrum obtained.

(vi) Gene Expression Analysis by Massively Parallel Sig-
nature Sequencing (MPSS)

This method, described by Brenner et al., Nature Biotech-
nology 18:630-634 (2000), is a sequencing approach that
combines non-gel-based signature sequencing with in vitro
cloning of millions of templates on separate 5 microgram
diameter microbeads. First, a microbead library of DNA tem-
plates is constructed by in vitro cloning. This is followed by
the assembly of a planar array of the template—containing
microbeads in a flow cell at a high density (typically greater
than 3x106 microbeads/cm2). The free ends of the cloned
templates on each microbead are analyzed simultaneously,
using a fluorescence-based signature sequencing method that
does not require DNA fragment separation. This method has
been shown to simultaneously and accurately provide, in a
single operation, hundreds of thousands of gene signature
sequences from a yeast cDNA library.

(vii) Immunohistochemistry

Immunohistochemistry methods are also suitable for
detecting the expression levels of the prognostic markers of
the present invention. Thus, antibodies or antisera, preferably
polyclonal antisera, and most preferably monoclonal anti-
bodies specific for each marker are used to detect expression.
The antibodies can be detected by direct labeling of the anti-
bodies themselves, for example, with radioactive labels, fluo-
rescent labels, hapten labels such as, biotin, or an enzyme
such as horse radish perox1dase or alkaline phosphatase-
Alternatively, unlabeled primary antibody is used in conjunc-
tion with a labeled secondary antibody, comprising antisera,
polyclonal antisera or a monoclonal antibody specific for the
primary antlbody Immunohistochemistry protocols and kits
are well known in the art and are commercially available.

(viii) Proteomics

The term “proteome is defined as the totality of the pro-
teins present in a sample (e.g. tissue, organism, or cell culture)
at a certain point of time. Proteomics includes, among other
things, study of the global changes of protein expression in a
sample (also referred to as ‘““‘expression proteomics™). Pro-
teomics typically includes the following steps: (1) separation
of individual proteins in a sample by 2-D gel electrophoresis
(2-D PAGE); (2) identification of the individual proteins
recovered from the gel, e.g. my mass spectrometry or N-ter-
minal sequencing, and (3) analysis of the data using bioinfor-
matics. Proteomics methods are valuable supplements to
other methods of gene expression profiling, and can be used,
alone or in combination with other methods, to detect the
products of the prognostic markers of the present invention.
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included, if necessary, and RNA is reverse transcribed using
gene specific promoters followed by PCR. Finally, the data
are analyzed to identify the best treatment option(s) available
to the patient on the basis of the characteristic gene expression
pattern identified in the tumor sample examined.

In one embodiment, the patient treated herein, aside from
expressing HER3 at a certain level and/or expressing HER2:
HERS3 at a certain level, the patient further does not overex-
press HER2. HER2 overexpression may be analyzed by IHC,
e.g. using the HERCEPTEST® (Dako). Parrafin embedded
tissue sections from a tumor biopsy may be subjected to the
IHC assay and accorded a HER2 protein staining intensity
criteria as follows:

Score O no staining is observed or membrane staining is
observed in less than 10% of tumor cells.

Score 1+ a faint/barely perceptible membrane staining is
detected in more than 10% of the tumor cells. The cells are
only stained in part of their membrane.

Score 2+ a weak to moderate complete membrane staining is
observed in more than 10%6 of the tumor cells.

Score 3+ a moderate to strong complete membrane staining is
observed in more than 10%6 of the tumor cells.

Those tumors with O or 1+ scores for HER2 overexpression
assessment may be characterized as not overexpressing
HER?2, whereas those tumors with 2+ or 3+ scores may be
characterized as overexpressing HER2.

Tumors overexpressing HER2 may be rated by immuno-
histochemical scores corresponding to the number of copies
of HER?2 molecules expressed per cell, and can been deter-
mined biochemically:
0=0-10,000 copies/cell,

1 +=at least about 200,000 copies/cell,
2+=at least about 500,000 copies/cell,
3+=at least about 2,000,000 copies/cell.

Overexpression of HER2 at the 3+ level, which leads to
ligand-independent activation of the tyrosine kinase (Hud-
ziak et al., Proc. Natl. Acad. Sci. USA, 84:7159-7163 (1987)),
occurs in approximately 30% of breast cancers, and in these
patients, relapse-free survival and overall survival are dimin-
ished (Slamon et al., Science, 244:707-712 (1989); Slamon et
al., Science, 235:177-182 (1987)). Alternatively, or addition-
ally, FISH assays such as the INFORMT™ (sold by Ventana,
Ariz.) or PATHVISIONT™ (Vysis, I11.) may be carried out on
formalin-fixed, paraffin-embedded tumor tissue to determine
the extent (if any) of HER2 amplification in the tumor.

HER3 and/or HER2 expression may also be evaluated
using an in vivo diagnostic assay, e.g. by administering a
molecule (such as an antibody) which binds the molecule to
be detected and is tagged with a detectable label (e.g. a radio-
active isotope) and externally scanning the patient for local-
ization of the label.

IV. Pharmaceutical Formulations

Therapeutic formulations of the HER inhibitor, HER
dimerization inhibitor, or chemotherapeutic agent used in
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nium chloride, benzethonium chloride; phenol, butyl or ben-
zyl alcohol; alkyl parabens such as methyl or propyl paraben;
catechol; resorcinol; cyclohexanol; 3-pentanol; and
m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvi-
nylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes (e.g. Zn-pro-
tein complexes); and/or non-ionic surfactants such as
TWEENT™ PI URONICS™ or polyethylene glycol (PEG).
Lyophilized antibody formulations are described in WO
97/04801, expressly incorporated herein by reference.

The preferred pertuzumab formulation for therapeutic use
comprises 30 mg/mL. pertuzumab in 20 mM histidine acetate,
120 mM sucrose, 0.02% polysorbate 20, at pH 6.0. An alter-
nate pertuzumab formulation comprises 25 mg/ml. pertu-
zumab, 10 mM histidine-HCI1 buffer, 240 mM sucrose, 0.02%
polysorbate 20, pH 6.0.

The formulation herein may also contain more than one
active compound as necessary for the particular indication
being treated, preferably those with complementary activities
that do not adversely affect each other. Various drugs which
can be combined with the HER inhibitor, or HER dimeriza-
tion inhibitor are described in the Treatment Section below.
Such molecules are suitably present in combination in
amounts that are effective for the purpose intended.

The active ingredients may also be entrapped in microcap-
sules prepared, for example, by coacervation techniques orby
interfacial polymerization, for example, hydroxymethylcel-
lulose or gelatin-microcapsules and poly-methylmethacy-
late) microcapsules, respectively, in colloidal drug delivery
systems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules) or in mac-
roemulsions. Such techniques are disclosed in Remington’s
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semiper-
meable matrices of solid hydrophobic polymers containing
the antibody, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers of
L-glutamic acid and y ethyl-L-glutamate, non-degradable
ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copoly-
mer and leuprolide acetate), and poly-D-(—)-3-hydroxybu-
tyric acid.
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which is greater than the 25% percentile for HER2:HER3
expression in the cancer type.

In addition, a method for manufacturing a chemotherapeu-
tic agent (such as gemcitabine) or a pharmaceutical compo-
sition thereof is provided, wherein the method comprises
combining in a package the chemotherapeutic agent or phar-
maceutical composition and a label stating that the chemo-
therapeutic agent or pharmaceutical composition is indicated
for treating a patient with a type of cancer (exemplified by
ovarian cancer), wherein the patient’s cancer expresses
HER3 at a level greater than the median level for HER3
expression in the cancer type.

s

V. Treatment with HER Inhibitors

The invention herein provides a method for treating a
patient with a type cancer which is able to respond to a HER
inhibitor or HER dimerization inhibitor, comprising admin-
istering a therapeutically effective amount of the inhibitor to
the patient, wherein the patient’s cancer expresses HER3 ata
level less than the median level for HER3 expression in the
cancer type and/or if the cancer sample expresses HER2:
HER3 at a level which is greater than the 25% percentile for
HER2:HER3 expression in the cancer type. Preferably the
patient’s cancer expresses HER3 at a level which is less than
the 25 percentile for HER3 expression in the cancer type
and/or expresses HER2:HERS3 at a level which is greater than
the median level (most preferably greater than the 75% per-
centile for HER2:HER3 expression) in the cancer type.

In a particularly preferred embodiment, the invention pro-
vides a method for treating a patient with ovarian, peritoneal,
or fallopian tube cancer comprising administering a therapeu-
tically effective amount of pertuzumab to the patient, wherein
the patient’s cancer expresses HER3 at a level less than the
median level for HER3 expression in ovarian, peritoneal, or
fallopian tube cancer and/or wherein the patient’s cancer
sample expresses HER2:HER3 at a level which is greater than
the 25% percentile for HER2:HER3 expression in ovarian,
peritoneal, or fallopian tube cancer. In this embodiment, pref-
erably the patient’s cancer expresses HER3 at a level which is
less than the 25% percentile for HER3 expression in ovarian,
peritoneal, or fallopian tube cancer and/or expresses HER2:
HERS3 at a level which is greater than the median level (most
preferably greater than the 757 percentile for HER2:HER3
expression) in ovarian, peritoneal, or fallopian tube cancer.

In another aspect, the invention provides a method for
selecting a therapy for a patient with a type of cancer which is
able to respond to a chemotherapeutic agent comprising
determining HER3 expression in a cancer sample from the
patient and selecting a chemotherapeutic agent as the therapy
if the cancer sample expresses HER3 at a level greater than
the median level for HER3 expression in the cancer type. In
this embodiment, preferably the cancer type is ovarian, peri-

62



Gn Ser Ser Ay ben Tyr Ser Len Sem Ser Val Val Thr
Val Pro Ser 180185190 Ser Ser ben Ay Thr G n Thr Tyr

I of¥s Mampléﬁr‘hlﬁbscéﬂ\&r W&l&&ﬁ?@@?&%&{-réﬁetﬁhr
Ly >wdatars pekionkys Yal fAHdpiBNO thys Sancdysadsyelly sis

216RVa22edT heftdgofhra@yor PrasRrentCpyapiag ARBCPY- oT@en
Le Fhesao sy aepgﬁpratgerse? Pvaferph Eér?nmféle

G e o @mfa;b:;ép et

6026920 pPES o B dateePiep 88 thaqanlyé tfé&]ted\&fSiﬂGay
VaIHEthlﬁlbﬂldlrSDnCHEIQ Erreiamy inlhipstokrarellyseRrio thig
G se@nitigisRyiomnshoger Prafert: wgc%wmmsee vt~
Se rmv%r:aeéﬁram?rlmead g N-STINE A

1, at1 t c
Ly cer, inc (5 ggl;‘ é 3
Al @ okieBr P 8 B fordcbal &8k rnnL;,sgeQﬁﬁ D535t ih ddhees"
Ly swiloh by Srédiytd GsNadi onddil,GeTFrit©ry Redlatredy,r cHémo-
therapy-resistant, and/or platinum-resistant cancer.

Therapy with the HER inhibitor, HER dimerization inhibi-
tor and/or chemotherapeutic agent preferably extends sur-
vival, including progression free survival (PFS) and/or over-
all survival (OS). In one embodiment, therapy with the HER
inhibitor or HER dimerization inhibitor extends survival at
least about 20%% more than survival achieved by administer-
ing an approved anti-tumor agent, or standard of care, for the
cancer being treated.

In the preferred embodiment, the method involves treating
a patient with ovarian, peritoneal, or fallopian tube cancer.
The patient may have advanced, refractory, recurrent, chemo-
therapy-resistant, and/or platinum-resistant ovarian, perito-
neal or fallopian tube cancer. Administration of pertuzumab
to the patient may, for example, extend survival at least about
20% more than survival achieved by administering topotecan
or liposomal doxorubicin to such a patient.

The HER inhibitor, or HER dimerization inhibitor and/or
chemotherapeutic agent is administered to a human patient in
accord with known methods, such as intravenous administra-
tion, e.g., as a bolus or by continuous infusion over a period of
time, by intramuscular, intraperitoneal, intracerobrospinal,
subcutaneous, intra-articular, intrasynovial, intrathecal, oral,
topical, or inhalation routes. Intravenous administration of
the antibody is preferred.

For the prevention or treatment of cancer, the dose of HER
inhibitor, HER dimerization inhibitor and/or chemotherapeu-
tic agent will depend on the type of cancer to be treated, as
defined above, the severity and course of the cancer, whether
the antibody is administered for preventive or therapeutic
purposes, previous therapy, the patient’s clinical history and
response to the drug, and the discretion of the attending
physician.

In one embodiment, a fixed dose of inhibitor is adminis-
tered. The fixed dose may suitably be administered to the
patient at one time or over a series of treatments. Where a
fixed dose is administered, preferably it is in the range from
about 20 mg to about 2000 mg of the inhibitor. For example,
the fixed dose may be approximately 420 mg, approximately
525 mg, approximately 840 mg, or approximately 1050 mg of
the inhibitor, such as pertuzumab.

Where a series of doses are administered, these may, for
example, be administered approximately every week,
approximately every 2 weeks, approximately every 3 weeks,
or approximately every 4 weeks, but preferably approxi-
mately every 3 weeks. The fixed doses may, for example,
continue to be administered until disease progression,
adverse event, or other time as determined by the physician.
For example, from about two, three, or four, up to about 17 or
more fixed doses may be administered.

In one embodiment, one or more loading dose(s) of the
antibody are administered, followed by one or more mainte-
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istered, for example every 3 weeks. According to this embodi-
ment, one, two or more of the fixed doses are administered,
e.g. for up to one year (17 cycles), and longer as desired.

In another embodiment, a fixed dose of approximately
1050 mg of the HER dimerization inhibitor (e.g. pertuzumab)
is administered as a loading dose, followed by one or more
maintenance dose(s) of approximately 525 mg. About one,
two or more maintenance doses may be administered to the
patient every 3 weeks according to this embodiment.

While the HER inhibitor, HER dimerization inhibitor or
chemotherapeutic agent may be administered as a single anti-
tumor agent, the patient is optionally treated with a combina-
tion of the inhibitor (or chemotherapeutic agent), and one or
more (additional) chemotherapeutic agent(s). Exemplary
chemotherapeutic agents herein include: gemcitabine, carbo-
platin, paclitaxel, docetaxel, topotecan, and/or liposomal
doxorubicin. Preferably at least one of the chemotherapeutic
agents is an antimetabolite chemotherapeutic agent such as
gemcitabine. The combined administration includes coad-
ministration or concurrent administration, using separate for-
mulations or a single pharmaceutical formulation, and con-
secutive administration in either order, wherein preferably
there is a time period while both (or all) active agents simul-
taneously exert their biological activities. Thus, the antime-
tabolite chemotherapeutic agent may be administered prior
to, or following, administration of the inhibitor. In this
embodiment, the timing between at least one administration
of the antimetabolite chemotherapeutic agent and at least one
administration of the inhibitor is preferably approximately 1
month or less, and most preferably approximately 2 weeks or
less. Alternatively, the antimetabolite chemotherapeutic
agent and the inhibitor are administered concurrently to the
patient, in a single formulation or separate formulations.
Treatment with the combination of the chemotherapeutic
agent (e.g. antimetabolite chemotherapeutic agent such as
gemcitabine) and the inhibitor (e.g. pertuzumab) may result
in a synergistic, or greater than additive, therapeutic benefit to
the patient.

Particularly desired chemotherapeutic agents for combin-
ing with the inhibitor, e.g. for therapy of ovarian cancer,
include: an antimetabolite chemotherapeutic agent such as
gemcitabine; a platinum compound such as carboplatin; a
taxoid such as paclitaxel or docetaxel; topotecan; or liposo-
mal doxorubicin.

An antimetabolite chemotherapeutic agent, if adminis-
tered, is usually administered at dosages known therefor, or
optionally lowered due to combined action of the drugs or
negative side effects attributable to administration of the anti-
metabolite chemotherapeutic agent. Preparation and dosing
schedules for such chemotherapeutic agents may be used
according to manufacturers’ instructions or as determined
empirically by the skilled practltloner. ‘Where the antimetabo-
lite chemotherapeutic agent is gemcitabine, preferably, it is
administered at a dose between about 600 mg/m~ to 1250
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Se doslru cgﬁ P vinca alkaloid (such as
v1nore1b1ne), and TLLK 286. “Cocktails™ of different chemo-
therapeutic agents may be administered.

Other therapeutic agents that may be combined with the
inhibitor and/or chemotherapeutic agent include any one or
more of: a second, different HER inhibitor, HER dimerization
inhibitor (for example, a growth inhibitory HER2 antibody
such as trastuzumab, or a HER2 antibody which induces
apoptosis of a HER2-overexpressing cell, such as 7C2, 7F3 or
humanized variants thereof); an antibody directed against a
different tumor associated antigen, such as EGFR, HER3, HE
R4; anti-hormonal compound, e.g., an anti-estrogen com-
pound such as tamoxifen, or an aromatase inhibitor; a cardio-
protectant (to prevent or reduce any myocardial dysfunction
associated with the therapy); a cytokine; an EGFR-targeted
drug (such as TARCEVA® IRESSA® or cetuximab); an anti-
angiogenic agent (especially bevacizumab sold by Genentech
under the trademark AVASTINTM): a tyrosine kinase inhibi-
tor; a COX inhibitor (for instance a COX-1 or COX-2 inhibi-
tor); non-steroidal anti-inflammatory drug, celecoxib
(CELEBREX®); farnesyl transferase inhibitor (for example,
Tipifamib/ZARNESTRA® R115777 available from Johnson
and Johnson or Lonafarnib SCH66336 available from Scher-
ing-Plough); antibody that binds oncofetal protein CA 125
such as Oregovomab (MoAb B43.13); HER2 vaccine (such
as HER2 AutoVac vaccine from Pharmexia, or APC8024 pro-
tein vaccine from Dendreon, or HER2 peptide vaccine from
GSK/Corixa); another HER targeting therapy (e.g. trastu-
zumab, cetuximab, ABX-EGF, EMD7200, gefitinib, erlo-
tinib, CP724714, C11033, GW572016, IMC-11F8, TAK165,
etc); Raf and/or ras inhibitor (see, for example, WO 2003/
86467); doxorubicin HCI1 liposome injection (DOXIL®);
topoisomerase 1 inhibitor such as topotecan; taxane; HER2
and EGFR dual tyrosine kinase inhibitor such as lapatinib/
GWS572016; TLK286 (TELCYTA®); EMD-7200; a medica-
ment that treats nausea such as a serotonin antagonist, steroid,
or benzodiazepine; a medicament that prevents or treats skin
rash or standard acne therapies, including topical or oral
antibiotic; a medicament that treats or prevents diarrhea; a
body temperature-reducing medicament such as acetami-
nophen, diphenhydramine, or meperidine; hematopoietic
growth factor, etc.

Suitable dosages for any of the above coadministered
agents are those presently used and may be lowered due to the
combined action (synergy) of the agent and inhibitor.

In addition to the above therapeutic regimes, the patient
may be subjected to surgical removal of cancer cells and/or
radiation therapy.

Where the inhibitor is an antibody, preferably the admin-
istered antibody is a naked antibody. However, the inhibitor
administered may be conjugated with a cytotoxic agent. Pref-
erably, the conjugated inhibitor and/or antigen to which it is
bound is/are internalized by the cell, resulting in increased
therapeutic efficacy of the conjugate in killing the cancer cell
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are removed, the nucleic acid is 1ntroduced into these isolated’
cells and the modified cells are administered to the patient

either directly or, for example, encapsulated within porous

membranes which are implanted into the patient (see, e.g.

U.S. Pat. Nos. 4,892,538 and 5,283,187). There are a variety

of techniques available for introducing nucleic acids into

viable cells. The techniques vary depending upon whether the

nucleic acid is transferred into cultured cells in vitro, or in
vivo in the cells of the intended host. Technigues suitable for
the transfer of nucleic acid into mammalian cells in vitro

include the use ofliposomes, electroporation, microinjection,

cell fusion, DEAE-dextran, the calcium phosphate precipita-

tion method, etc. A commonly used vector for ex vivo deliv-

ery of the gene is a retrovirus.

The currently preferred in vivo nucleic acid transfer tech-
nlques include transfection with viral vectors (such as aden-
ovirus, Herpes simplex I virus, or adeno-associated virus) and
lipid-based systems (useful lipids for lipid-mediated transfer
of the gene are DOTMA, DOPE and DC-Chol, for example).
In some situations it is desirable to provide the nucleic acid
source with an agent that targets the target cells, such as an
antibody specific for a cell surface membrane protein or the
target cell, a ligand for a receptor on the target cell, etc. Where
liposomes are employed, proteins which bind to a cell surface
membrane protein associated with endocytosis may be used
for targeting and/or to facilitate uptake, e.g. capsid proteins or
fragments thereof tropic for a particular cell type, antibodies
for proteins which undergo internalization in cycling, and
proteins that target intracellular localization and enhance
intracellular half-life. The technique of receptor-mediated
endocytosis is described, for example, by Wu et al., J. Biol.
Chem. 262:44294432 (1987); and Wagner et al., Proc Nazl.
Acad. Sci. USA 87:3410-3414 (1990). For review of the cur-
rently known gene marking and gene therapy protocols see
Anderson et al., Scierce 256:308-813 (1992). See also WO
93/25673 and the references cited therein.

V1. Articles of Manufacture

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the diseases or conditions described above is provided. The
article of manufacture comprises a container and a label or
package insert on or associated with the container. Suitable
containers include, for example, bottles, vials, syringes, etc.
The containers may be formed from a variety of materials
such as glass or plastic. The container holds or contains a
composition which is effective for treating the disease or
condition of choice and may have a sterile access port (for
example the container may be an intravenous solution bag or
a vial having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is the
HER dimerization inhibitor, such as pertuzumab, or chemo-
therapeutic agent, such as gemcitabine.
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ronic media such as a magnetlcally recorded
medium (e.g., floppy disk) or a CD-ROM. The label or insert
may also include other information concermng the pharma-
ceutical compositions and dosage forms in the kit or article of
manufacture.

Generally, such information aids patients and physicians in
using the enclosed pharmaceutical compositions and dosage
forms effectively and safely. For example, the following
information regarding the HER dimerization inhibitor or che-
motherapeutic agent may be supplied in the insert: pharma-
cokinetics, pharmacodynamics, clinical studies, efficacy
parameters, indications and usage, contraindications, warn-
ings, precautions, adverse reactions, overdosage, proper dos-
age and administration, how supplied, proper storage condi-
tions, references and patent information.

In a speciﬁc embodiment of the invention, an article of
manufacture is provided cornprising, packaged together, a
pharmaceutical comp051t10n comprising a HER inhibitor, or
HER dimerization inhibitor in a pharmaceutically acceptable
carrier and a label stating that the inhibitor or pharmaceutical
composition is indicated for treating a patient with a type of
cancer which is able to respond to a HER inhibitor, or HER
dimerization inhibitor, wherein the patient’s cancer expresses
HER?3 at a level less than the median level for HER3 expres-
sion in the cancer type and/or if the patient’s cancer sample
expresses HER2:HER3 at a level which is greater than the
25% percentile for HER2:HER3 expression in the cancer type.

In an optional embodiment of this inventive aspect, the
article of manmafacture herein further comprises a container
comprising a second medicament, wherein the HER inhibitor
or HER dimerization inhibitor is a first medicament, and
which article further comprises instructions on the package
insert for treating the patient with the second medicament, in
an effective amount. The second medicament may be any of
those set forth above, with an exemplary second medicament
being another HER2 antibody or a chemotherapeutlc agent.

In another aspect, an article of manufacture is provided
which comprlses packaged together, a pharmaceutical com-
position compns1ng a chemotherapeutic agent (such as gem-
citabine) in a pharmaceutically acceptable carrier and a label
stating that the chemotherapeutic agent or pharmaceutical
composition is indicated for treating a patient with a type of
cancer, wherein the patient’s cancer expresses HER3 at a
level greater than the median level for HER3 expression in the
cancer type.

The package insert is on or associated with the container.
Suitable containers include, for example, bottles, vials,
syringes, etc. The containers may be formed from a variety of
materials such as glass or plast1c. The container holds or
contains a composition that is effective for treating cancer
type may have a sterile access port (for example the container
may be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). At least one
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may be successfully substituted for those specifically
described herein in the practice of this invention, as for
example described in many of the excellent manuals and
textbooks available in the areas of technology relevant to this
invention (e.g. Using Antibodies, A Laboratory Marwual,
edited by Harlow, E. and Lane, D., 1999, Cold Spring Harbor
Laboratory Press, (e.g. ISBN 0-87969-544-7); Roe B. A. et.
al. 1996, DNA Isolatiorn arnd Sequencing (Essential Tech-
nigques Series), John Wiley & Sons. (e.g. ISBN 0-471-97324-
0); Methods in Enzymology.: Chimeric Genes and Proteins,
2000, ed. J. Abelson, M. Simon, S. Emr, J. Thomer. Academic
Press; Molecular Cloring: a Laboratory Marual, 2001, 3rd
Edition, by Joseph Sambrook and Peter MacCallum, (the
former Maniatis Cloning manual) (e.g. ISBN 0-87969-577-
3); Current Protocols in Molecular Biology, EAd. Fred M.
Ausubel, et. al. John Wiley & Sons (e.g. ISBN 0-471-50338-
X); Currert Protocols in Protein Scierce, Ed. John E. Coli-
gan, John Wiley & Sons (e.g. ISBN 0471-11184-8); and
Methods in Enzymology: Guide to protein Purificatior, 1990,
Vol. 182, Ed. Deutscher, M. P., Acedemic Press, Inc. (e.g.
ISBN 0-12-213585-7)), or as described in the many univer-
sity and commercial websites devoted to describing experi-
mental methods in molecular biology.

V1I. Methods of Advertising

The invention herein also encompasses a method for adver-
tising a HER inhibitor, HER dimerization inhibitor (for
instance pertuzumab) or a pharmaceutically acceptable com-
position thereof comprising promoting, to a target audience,
the use of the inhibitor or pharmaceutical composition thereof
for treating a patient population with a type of cancer (such as
ovarian cancer), where the patient’s cancer expresses HER3
at a level less than the median level for HER3 expression in
the cancer type and/or where the patient’s cancer sample
expresses HER2:HER3 at a level which is greater than the
25% percentile for HER2:HER3 expression in the cancer type.

In yet another embodiment, the invention provides a
method for advertising a chemotherapeutic agent (such as
gemcitabine) or a pharmaceutically acceptable composition
thereof comprising promoting, to a target audience, the use of
the chemotherapeutic agent or pharmaceutical composition
thereof for treating a patient population with a type of cancer
(such as ovarian cancer), where the patient’s cancer expresses
HER3 at a level greater than the median level for HER3
expression in the cancer type.

Advertising is generally paid communication through a
non-personal medium in which the sponsor is identified and
the message is controlled. Advertising for purposes herein
includes publicity, public relations, product placement, spon-
sorship, underwriting, and sales promotion. This term also
includes sponsored informational public notices appearing in
any of the print communications media designed to appeal to
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visudl or audible communication can be placed.

More specific examples of promotion or advertising means
include television, radio, movies, the internet such as web-
casts and webinars, interactive computer networks intended
to reach simultaneous users, fixed or electronic billboards and
other public signs, posters, traditional or electronic literature
such as magazines and newspapers, other media outlets, pre-
sentations or individual contacts by, e.g., e-mail, phone,
instant message, postal, courier, mass, or carrier mail, in-
person visits, etc.

The type of advertising used will depend on many factors,
for example, on the nature of the target audience to be
reached, e.g., hospitals, insurance companies, clinics, doc-
tors, nurses, and patients, as well as cost considerations and
the relevant jurisdictional laws and regulations governing
advertising of medicaments and diagnostics. The advertising
may be individualized or customized based on user charac-
terizations defined by service interaction and/or other data
such as user demographics and geographical location.

VII1. Deposit of Materials

The following hybridoma cell lines have been deposited
with the American Type Culture Collection, 10801 University
Boulevard, Manassas, Va. 20110-2209, USA (ATCC):

Amntibody Designation ATCC No. Deposit Date
7C2 ATCC HB-12215 Oct. 17, 1996
7E3 ATCC HB-12216 Oct. 17, 1996
4DS5 ATCC CRL 10463 May 24, 1990
2C4 ATCC HB-12697 Apr. 8, 1999

Further details of the invention are illustrated by the fol-
lowing non-limiting Examples. The disclosures of all cita-
tions in the specification are expressly incorporated herein by
reference.

Example 1

Pertuzumab and Gemcitabine for Therapy of
Platinum-Resistant Ovarian Cancer, Primary
Peritoneal Carcinoma, or Fallopian Tube Carcinoma

This example provides the results for a phase III clinical
trial evaluating the safety, tolerability, and efficacy of pertu-
zumab in combination with gemcitabine in patients with
platinum-resistant ovarian cancer, primary peritoneal carci-
noma, or fallopian tube carcinoma. Pertuzumab represents a
new class of targeted agents called HER dimerization inhibi-
tors (HDIs) that inhibit dimerization of HER2 with EGFR,
HER3 and HER4, and inhibit signaling through MAP and
P13 kinase. Pertuzumab binds at the dimer-dimer interaction
site, has a major effect on the role of HER2 as a co-receptor,
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study entry and those who had received one prior regimen for
platinum-resistant disease.

Gemcitabine was administered at 1000 mg/m* on days 1
and 8 ofeach 21 day cycle. Gemcitabine was infused first over
30 minutes. Dose reductions were permitted for toxicity. Pla-
cebo or pertuzumab was administered on day 1 of the 21 day
cycle. Subjects randomized to receive pertuzumab were
administered an initial loading dose of 840 mg (Cycle 1)
followed by 420 mg in Cycles 2 and beyond. Subjects ran-
domized to receive placebo were administered placebo in the
same volume as administered with pertuzumab arm for Cycle
1, Cycles 2 and beyond. Subjects without progressive disease
received treatment for up to 17 cycles, or 1 year. Patients had
standard gemcitabine dose reduction and held doses as a
result of cytopenias. Pertuzumab also was held for any held
Day 1 gemcitabine doses. Subsequent doses were at the
reduced doses and were not increased. If dose reduction or
holding a dose was required in more than 4 occasions, or if
doses were held for more than 3 weeks, then gemcitabine was
discontinued and with the approval of the treating physician
and medical monitor, blinded drug was continued until dis-
ease progression. If Day 8 gemcitabine doses were held, then
the Day 8 dose was omiitted and the subsequent treatment was
commenced with the next cycle (Day 22 of the previous
cycle).

Gemcitabine was held and dose reduced as recommended
by the following table:

Absolute Granulocyte Count Platelet Count
(<10%/1L) (x<10%/1) % full dose
>1000 And >100,000 100
500-999 Or 50,000-99,000 75
<500 Or <50,000 Hold

Subsequent doses for any patient requiring dose reduction
were at the reduced dose. If doses were held for more than 3
weeks as aresult of cytopenias, patients were assumed to have
unacceptable toxicity and discontinued gemcitabine. If there
were no other additional grade 11T or TV toxicities, continua-
tion of blinded drug was at the discretion of the physician and
medical monitor. Hematological toxicity of gemcitabine has
been related to rate of dose administration. Gemcitabine was
given over 30 minutes regardless of total dose. The use of
colony-stimulating agents for NCI-CTC Grade 2 cytopenias
were used at the discretion of the treating physician.

The option for crossover to single agent pertuzumab was
offered. A loading dose of 840 mg was administered at the
next cycle due with continuation of 420 mg with subsequent
cycles every 21 days.

Response was assessed at the end of Cycles 2, 4, 6, 8, 12
and 17. Measurable disease was assessed using the Response
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assessment using RECIST or CA-125 changes following ini-
tiation of assigned study treatment in each arm in the follow-
ing subgroups:

Subjects with detectable markers of HER2 activation.

Subjects with no detectable markers of HER2 activation.

Secondary Efficacy Endpoints

Objective response (PR or CR)

Duration of response

Survival time

Freedom from progression at 4 months

These endpoints were assessed in all subjects in each arm
and in the following subgroups:

Subjects with detectable markers of HER2 activation.

Subjects with no detectable markers of HER2 activation.

To prevent or treat possible nausea and vomiting, the
patient was premedicated with serotonin antagonists, ste-
roids, and/or benzodiazepines. To prevent or treat possible
rash, standard acne therapies, including topical and/or oral
antibiotics were used. Other possible concomitant medica-
tions were any prescription medications or over-the-counter
preparations used by a subject in the interval beginning 7 days
prior to Day 1 and continuing through the last day of the
follow-up period. Subjects who experienced infusion-associ-
ated temperature elevations to >38.5° C. or other infusion-
associated symptoms were treated symptomatically with
acetaminophen, diphenhydramine, or meperidine. Non-ex-
perimental hematopoietic growth factors were administered
for NCI-CTC Grade 2 cytopenias.

Formalin-fixed, paraffin embedded tissue (FFPET)
samples obtained from the patients in this clinical trial were
analyzed for EGFR, HER2, HER3, two HER ligands (amphi-
regulin and betacellulin), and G6PDH (a housekeeping gene)
by qRT-PCR. The qRT-PCR assay was performed by TAR-
GOS Molecular Pathology GmbH (Kassel, Germany) using
Roche Diagnostic’s lab lot kits. The workflow and analysis
for performing the gqRT-PCR assay on the clinical samples are
depicted in FIGS. 27 and 28 herein.

mRNA analysis of EGFR, HER2, HER3, amphiregulin,
and betacellulin was performed in duplicate. To allow quan-
titative data analysis G6PDH was also analyzed as an internal
reference. Primer and probes were designed to amplify only
mRNA, not DNA. qRT-PCR was conducted separately for
each marker and G6PDH as a two-step procedure.

In the first step, cDINA was reverse transcribed from 5 pl of
total RNA using AMYV reverse transcriptase and specific
priming for each marker and G6PDH. Temperature profile
was 10 min./25° C. for annealing, 60 min./42° C. for reverse
transcription and 5 min./94° C. for enzyme inactivation.

In the second step, a 100-120 bp fragment of marker and
G6PDH mRNA was amplified from 5 pl cDNA using the
LIGHTCYCLER® instrument (Roche Applied Science,
Mannheim, Germany). Amplicons were detected by fluores-
cence using specific pairs of labeled hybridization probes
(principle of fluorescence resonance energy transfer). All
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Primer

G6 PDH Fluos

Probe

G6PDH LC
Red Probe

(SEQ ID NO:

25)

5'-ggt gtt ttc ggg cag aag gcc atc <C-

Fluos-3"

(SEQ ID NO:

26)

5'-LCred 640-aac agc cac cag atg gtg
ggg tag atc tt-3'

(SEQ ID NO: 27)
EGFR <DNA S5'-cag tca atg tag tgg gca cac-3"
Pximex (SEQ ID NO: 28)
EGFR foxrw. S'-ggg tga goco aag gga gtt tg-3°
Primex (SEQ ID NO: 29)
EGFR rev. S5'.gca cac tgg ata cag ttg tct ggt
Pxrimexr c-3"

(SEQ ID NO: 30)
EGFR LC Fluos 5'-tgt gca ggt gat gtt cat gge <ctg
Probe agg-Fluos-3"'

(SEQ ID NO: 21)

EGFR LC Red

5'-LCred 640-cac tct ggg tgg <cac tgt

Probe atg cac tcec-3"°

(SEQ ID NO: 32)
HER2 <DNA 5'-gga ©ct goe tca ottt ggt tg-3°
Primer (SEQ ID NO: 33)
HER2 forw. 5'-cag gtg gtg cag gga aac ct-3"
Primexr (SEQ ID NO: 324)
HER2 rev. 5'-ctg cct cac ttg gtt gtg age-3"
Pxrimexr (SEQ ID NO: 35)
HER2 Fluos 5t —caa tgce cag <¢ct gte ctt cect gca g-

Probe

HER2 LC Red

Probe

Fluos-3"'

(SEQ ID NO:

36)

5'-L.Cred 640-tat <cca gga ggt gca ggdg

cta cgt go-
(SEQ ID NO:

30
37)

HER32 <¢DNA 5'-gtg tcc atg tga caa agc tta tcecg-3°
Primexr (SEQ ID NO: 238)
HER3 forw. 5'-gat ggg aag ttt gcc atc tte g-3°
Primex (SEQ ID NO: 29)
HER2 xrev. B'-tct caa tat aaa cac cce ctg aca
Primexr g-3"'

(SEQ ID NO: 40)
HER3 -Fluos 5'—aac acc aac tcc agce cac gcoct ctg-

Probe

HER32 LC Red

Probe

Fluos-3"

(SEQ ID NO:

41)

' -LCred 640-agc tcc goct tga ctce age

tca ccg-3"'

(SEQ ID NO:

4z)
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Amphiregulin 5'-tga tce tca cag ctg ttg <ctg tta-
Fluos Probe Fluos-3°
(SEQ ID NO: 46)

Amphregulin 5'-LC red tac agt cca gct tag aag aca
L.C Red Probe ata cgt cag gaa-3'
(SEQ ID NO: 47)

Betacellulin 5'-gtc aac tct ctce aca c-3°
c¢DNA Primex (SEQ ID NO: 48)

Betacellulin 5'-tct agg tge ccc aag <-3°
forw. Primer (SEQ ID NO: 49)

Betacellulin 5'-tag <cct tca tca cag aca cag-3"'
rev. Primexr (SEQ ID NO: 50)

Betacellulin 5°'-gca tta ctg cat caa agg gag atg
Fluos Probe ccg-Fluos-3"'
(SEQ ID NO: 51)

Betacellulin 5'-LCred 640-tcg tgg tgg <ccg agcec aga
L, Red Probe <cg-3"
(SEQ ID NO: 52)

A calibrator RNA (purified RNA from HT29 cell line) was
included in each run to allow for relative quantification, posi-
tive and negative controls were used to check the workflow
and reagents.

Data analysis was conducted using the LIGHTCYCLER®
Relative Quantification Software (Roche Applied Science,
Mannheim, Germany) according to the manufacturer’s
instructions. The result was a ““calibrator normalized ratio” of
each marker for each patient sample. QRT-PCR values were
available for 119/130 patients (92%0). Dynamic range was:
EGFR—about 10 fold, HER2—about 10 fold, HER3—about
20 fold. The principle of “relative quantification” was used.
Gene expression (mRNA level) in a sample was quantified
relatively referring to the expression of a housekeeping gene
of the same sample (reference=G6PDH). This relative gene
expression is then normalized to the relative gene expression
in the calibratoer. For each marker a “calibrator normalized
ratio” is calculated as below:

Concentration of target

Concentration of reference
Concentration of target

Concentration of reference

(sample)

Calibrator Normalized Ratio =
(calibrator)

Target=gene of interest

Reference=house keeping gene (G6PIDH)

Calibrator=HT29 colorectal cancer cell line RINA

The efficacy results were assessed at 7.1 months median
follow-up (range 1.3-20.3). There were 101 progression free
survival (PFS) events at that time. FIGS. 10 A and B represent
PFS in all patients treated with either gemcitabine and pla-
cebo, or gemcitabine and pertuzumab. P-values were esti-
mated using stratified Cox model and stratified log-rank test
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FIGS. 12A and B represent PFS based on qRT-PCR EGFR
cutoffs; FIGS. 13A and B PFS based on qRT-PCR HER2
cutoffs; and FIGS. 14A and B PFS by gRT-PCR HER3 cut-
offs. Patients with low HER3 had better outcome in terms of
PFS. These data are shown in more detail in FIGS. 15A and B.
As shown in those figures, pertuzumab activity is greatest in
patients with HER3 low expressing tumors and tends to
increase as HER3 gene expressing level decreases. These
figures include the absolute value for HER3 expression as
quantified in the gRT-PCR assay.

FI1GS. 16 A and B illustrate PFS by HER3 subgroups. These
data show that there may be a negative interaction between
pertuzumab and gemcitabine in patients with high HER3
expressing tumors.

FIGS. 17A and B are further tables summarizing the data
for PFS by HER3 subgroups for both high HER3 expression
and low HER3 expression. FIGS. 18A and B represent PFS
by HER3 subgroups based on four different percentiles.
Patients in the O to less than 507" percentile, and particularly
the O to 257 percentile for HER3 expression have an
improved hazard ration (HR) for PFS. (Lower HRs correlate
with improved outcome as measured by PFS.)

FIGS. 19A and B provide the data showing PFS by HER3
gRT-PCR with a 50/50 split. Low HER3 expressing patients
(less than 507 percentile) have an increased duration of PFS
as measured in months compared to high HER3 expressing
patients (greater than and equal to 50°” percentile). This cor-
relation is more pronounced in FIGS. 20A and B where low
HER?3 expressing patients were characterized as those in the
less than 257 percentile, and high HER3 expressu'xg patients
were those in the greater than or equal to 257 percentile. The
P-value for the difference in HR between the two diagnostic
subgroups was 0.0007. The 25% percentile is equal to 1.19
CNR.

Preliminary data is available for overall survival (OS).
Such data for all patients are provided in FIGS. 21 A and B.
FIGS.22A and B compare OS by HER3 gRT-PCR comparing
low HER?3 express1on (less than 507 percentile) and high
HER3 expression (greater than or equal to the 50% percen-
tile).

FIGS. 23A and B illustrate PFS by HER3 gRT-PCR with
50/50 split, high versus low hazard ratio (HR). The complete
set of PFS data including percentiles from 5% to 95% are
shown in FIGS. 24 A and B.

HER3 calibrated normalized ratio expression range is
shown in FIG. 26. This range is about 20-80 fold.

The PFS results were further assessed with respect to
HER2:HER3 ratio. The results of these further analyses are
depicted in FIGS. 29 to 31. As these figures show, pertuzumab
activity is greatest in patients with a high HER2:HER3 ratio.

Conclusions

Pertuzumab activity is greatest in patients with HER3 low
expressing cancer and tends to increase as HER3 gene expres-
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AsR; Y iebPabe@Aka. ¥aktdRanABPaEpd9 9sAlBo @ibalist iR O
Lepafisimtésvitl hﬁgﬂimmb HVBR bk pGhysiAkaaberer rel tends
10@4@5@4@9@ RlzehlEAR g?lme Eénr@qao ﬁVA} g d%
Thfg@z@t’?‘i‘% Sg‘éfl ‘ﬁ
¢ A5 E % gﬁ v‘ixﬁn
Leanﬁr RiSitABnd | le.l idats ddﬂi A%B]BRAS rm@hn elz@rreﬁduaxg
LeuuffmrS145150155160 Lea IIe As Thr Asn Ar Ser Ar
S 1
R T3 i DR S

180185190 Lea Thr Arg 195 <210> SE I D NO 20 <211>
LENGTH: 124 <212> TYPE: ERElpd213> ORGANI SM Hono

sapl eg"ertuzumab for Therapy of Advanced, Refractory, or
Recurrent Ovarian Cancer

This example concerns a single arm, open label, multi-
center phase II clinical trial of ovarian cancer patients.
Patients with advanced, refractory, or recurrent ovarian can-
cer were treated with pertuzumab, a humanized HER2 anti-
body.

Patients with relapsed ovarian cancer were enrolled to
receive therapy with ““low dose™ single agent pertuzumab;
pertuzumab was administered intravenously (IV) with a load-
ing of 840 mg followed by 420 mg every 3 weeks.

A second cohort of patients was treated with ““high dose™
pertuzumab; 1050 mg every 3 weeks, administered as a single
agent.

Tumor assessments were obtained after 2,4, 6,8, 12and 16
cycles. Response Rate (RR) by RECIST was the primary
endpoint. Safety and tolerability were additionally evaluated.
Secondary endpoints were TTP, duration of response, dura-
tion of survival, pharmacokinetics (PK), and FOSI (cohort 2).

qgRT-PCR assays were performed on archived formalin
fixed paraffin embedded tissue. Assay data is available for
46/117 patients. PFS and OS by HER3 gqRT-PCR with 25/75
selected as best spht is shown in FIG. 25. Here high HER3
expressors were in the greater than and equal to 757 percen-
tile, while low HER3 expressors were in the less than 75%
percentile.

Again, patients with low HER3 express1on treated with
pertuzumab displayed better outcomes in terms of PFS and
OS.

Example 3

Pertuzumab for Therapy of Platinum-Resistant
Recurrent Ovarian Cancer

In this randomized, open-label Phase II clinical study, the
efficacy and safety of pertuzumab treatment in combination
with carboplatin-based standard chemotherapy was investi-
gated in patients with platinum-sensitive recurrent ovarian
cancer. The target sample size is 100-500 individuals. Target
sample size is 148.

Inclusion Criteria:

histologically confirmed ovarian, primary peritoneal, or

fallopian tube cancer;

only 1 previous regimen, which must be platinum-based;

platinum-sensitive disease which is defined by a progres-

sion-free interval of greater than 6 months after comple-
tion of platinum-based chemotherapy.

Exclusion Ciriteria:

previous radiotherapy;

previous treatment with an anti-cancer vaccine or any tar-

geted therapy;

major surgery or traumatic injury within 4 weeks of study;

history or evidence of central nervous system metastases.
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<400> SEQUENCE: 20 Thr Val Cys Ala Ay Ay Cys Ala Arg
15 Asp Cys Cys Hs AQu G n Cys Ala Ala 2025 Ser Asp

Oy srv€iedias £ASsHSRInHhSFIRES . 35485 Cyfie kitSuldh Writhss dthl

G yurer thin frhy tifistb s 2Sela At by Eeprddtesthinrpdibehirso
Ly svithSHER B [lewCespibisinkl eanddrsaiyj geBds 1Al mdreas¥/als
ThHER3 gsne Enpraspiothleviefl elagrgasey: Bygtagaoiabt agiyitisn

LT Teh i

Bn %@ SRzumab therapy also had a high
I—IER2.HER3 ratio.

There may be a negative interaction between pertuzumab
and gemcitabine in patient with HER3 high expressing
tumors.

HER?3 expression may be prognostic on the background of
chemotherapy with high expressing tumors doing better.

U

Example 4

HER Pathway Gene Expression Analysis in a Phase
II Study of Pertuzumab+Gemcitabine V's.
Gemcitabine+Placebo in Patients with
Platinum-Resistant Epithelial Ovarian Cancer

Background: A randomized phase 11 trial (N=130) of per-
tuzumab+gemcitabine vs. gemcitabine vs. placebo in patients
with platinum-resistant (CDDP-R) epithelial ovarian cancer
(BEOC) suggested that pertuzumab could prolong PFS(HR
0.66, 95% CI1 0.43, 1.03) and that the duration of PFS may be
associated with HER3 gene expression (see Examples 2 and
3).

Methods: Patients with CDDP-R EOC were randomized to
G+P or G+placebo. Treatment was given until progression or
until unacceptable toxicity. The primary endpoint was PFS. A
secondary objective was to evaluate eﬁ"icacy outcomes in
patients with HER?2 activation-related expression profiles. A
gRT-PCR assay using archival formalin-fixed paraffin-em-
bedded tissue (FFPET), preformed as described above,
allowed mRINA expression analysis of HER pathway genes,
including HERI1, HER2, HER3, amphiregulin, and
betacellulin. Outcomes were described by low gene expres-
sion (<median) and by high gene expression (Zmedian).

Results: Of the 5 biomarkers tested, only HER3 gene
expression suggested a patient subgroup with a differential
PFS and OS outcome based upon low vs. high results. Final
PFS and OS outcomes for all patients and by gRT-PCR HER?3
outcomes are as follows:

G+ P G + Placebo Hazard Ratio (95% CI)

PFS (median months)

All Patients (n = 130) 2.9 2.6 0.66* (0.43,1.03)
Low HER3 (N = 61) 5.3 1.4 0.34 (0.18, 0.63)
High HER3 (N = 61) 2.8 5.5 1.48 (0.83, 2.63)
OS (median months)

All Patients (n = 130) 13.0 13.1 0.91* (0.58,1.41)
Low HER3 (W= 61) 11.8 8.4 0.62 (0.35,1.11)
High HER3 (N = 61) 16.1 18.2 1.59 (0.8, 3.2)

*All-patient analyses were stratified by ECOG status, disease measurability and # prior
regimens for CDDP-R disease.

Conclusions: This exploratory analysis suggests that low
tumor HER?3 gene expression levels can be used prognostic
indicators in patients with CDDP-R EOC. Pertuzumab treat-
ment may add to gemcitabine’s clinical activity in patients
whose tumors have low HER3 gene expression. These data
suggest that HER3 mRNA expression levels may beused as a
prognostic and predictive diagnostic biomarker.
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Val Cys Pro Lea H's Asn G n Gu Val Thr Ala Qu Asp
@y Thr dn 100105110 Mg Cys A u Lys Cys Ser Lys Pro
Cys Ala My Val 115120 <210>==8EQdeD.MNexR] <211> LENGTH:
169 <212> TYPE: PRT <212> ORGANI SM Honp sapi ens <400>
SEQUENCE M2l JBYSeolYh Moty shkea Ay Met Gu Hs Lea My
GIuVaI Ala Val Thr 151015 Ser Ala Asn Ile Gn Qu
Phe2 @9; oCYstLys Lys Ile Phe ny Ser 202530 Leu Al a
Ph ezt;earﬁrmo &ru Ser Phe Asp Ay Asp Pro Ala Ser Asn
Thr2354033YA Preo™twd#''@ n Pro AQu G n Leu G n Val Phe
A ULy sh@andd.us nu 505560 Ile Thr Ay Tyr Lea Tyr lle
Ser Ala Trp Pro Asp Ser Lea Pro Asp 65707580 Leu_ Ser
VaIASPﬁérdaﬁ YN B G R VAT Hyfeﬁﬁ/g’ﬁ)e@ VIAPY PP BAS W s
859095

Agsp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Ser Ile Gly
20 25 30

val Ala Trp Tyr Gln Gln Arg Pro Gly Gln Ser Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Val Gln Ala
65 70 75 80

Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr Ile Tyr Pro Tyr
85 90 o5

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 2

«<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 2

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Thr
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Thr Phe Thr Asp Tyx
20 25 30

Thr Met Asp Trp Val Lys Gln Ser His Gly Lys Ser Leu Glu Trp Ile
35 40 45

Gly Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr Asn Gln Arg Phe

Lys Gly Lys Ala Ser Leu Thr Val Asp Arg Ser Ser Arg Ile Val Tyr
65 70 75 80

Met Glu Leu Arg Ser Leu Thr Phe Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
118

<210> SEQ ID NO 2

<21l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<222> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 3

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Val Sexr Ile Gly
20 25 30
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Asn Gy Ala Tyr Ser Lea Thr Leu Gn Gy Lea Ay lle
Sem Trp Lea 100105110 Gy Lea Arg Ser Lea Arg Qu Lea

C; G l 1 lP 1 2 Leu I
1P B ARG gty

1301%2,%%@% %Aﬁrﬂgﬁgg'ié‘éie S 0 v dy

GQu ny Lea Ala 165 <210> SEQ | D NO 22 <211> LENGTH:
14521y FTYPE: PRI 513 3" NI"8M L Hd o S Sa prefa™ FE6o>
SEQUENCE: 22 Cys H's Gn Lea Cys Ala Arg Ay H s Cys
Tr 1 GApp Pivg =y TPy &v*TRY™ F810715 Py §vvale A¥h FEysTYSer
GInPheLeaArg%yGnGIuQ/s al G u 202530 ° u Cys
NgTVaIPhéanGHm Slyy The ayPIvel M%u@rusr Iywr Val Asn Ala My
354045 °

<210> SEQ ID NO 4

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 4

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Tyr
20 25 30

Thr Met Asp Trxrp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr Asn Gln Arg Phe
50 55 60

Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 95

Ala Arg Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 5

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 5

Agsp Ile Gln Met Thr Gln Sexr Pro Ser Sexr Leu Sexr Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Asn Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Leu Pro Trp
85 20 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
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Hs Cys Lea Pro Cys Hs Pro Qu Cys Gn Pro Gn Asn

Ay Ser Val 505560 Thr Cys Phe Ay Pro Qu Ala Asp G n
Cys.Mal s & G¥ss Ala His Tyr 65707580 Lys Asp Pro Pro
PhezQysuivalra:-Alas Arg Cys Pro Ser Gy Val Lys Pro 859095

Asp2YeulSer IV Met. Pro lle Trp Lys Phe Pro Asp Gu
d 82%43%%5%0’16@%16 g,\/ssqG nPro Cys Prolle Rss Cys
Thr2Hi>s015ER BYSRWAFONAsrauerreASD sY18E20425 Asp Lys Ay
Cys, & o e d.us Gn Arg Ala Ser Pro Leu Thr 130135140
<210> SEQ I D NO 23 <211> LENGIH: 20 <212> TYPE: DNA
<23 VERGANI'SK VoA 1 Fed 1Y SRy UBHCe <DPOSUFERTGRE:SY
<223> OTHER | NFORMATI ON: Pri ner <400> SEQUENCE: 23
tgsg:gatagtpagaz%@caa@t gtsg20= éQ&(Zgr SEQ 1H9 NG Pde g‘oer Ser Tyx

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Agp Thr Ala Val Tyr Tyr Cys
85 20 95

Ala Arg Gly Arg Val Gly Tyr Ser Leu Tyr Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 7

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized Antibody Sequence
«220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 10

<223> OTHER INFORMATION: Xaa = Any Amino Acid

preferably Asp or Ser

<400> SEQUENCE: 7

Gly Phe Thr Phe Thr Asp Tyr Thr Met Xaa
1 =3 10

<210> SEQ ID NO 8

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized Antibody Sequence

<400> SEQUENCE: 8

Asp Val Asn Pro Asn Ser Gly Gly Sex Ile Tyr Asn Gln Arg Phe Lys
1 5 10 15

Gly

<210> SEQ ID NO 9

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized Antibody Sequence

<400> SEQUENCE: 9
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<211> LENGTH 19 <212> TYPE: DNA <213> ORGANI SM
Artificial Sequence <220> FEATURE: <223> OTHER

I NEQRVAT IO p.Br $418 5 <4P02nSEQUENCE: 24 gggt gcat cg
ggtgacct g19 <219> SEQ I D NO 25 x211> LENGTH. 18 <212>
TYPE: DNA <213> ORGANI SM Artificial Sequence <220>
FEAHJBEéEQQQ&b {ITHER | NFORMATI ON:  Pri ner <400>

%ENCENGZE agccact gtg aggcgggal9 <210> SEQ I D NO 26
<2137

LENGTHE 25, 524231 TXEE . .DNA <213> ORGANI SM
Ar tbfd-CrairuSeq uence <220> FEATURE: <223> OTHER

| NEERVATTHER! IWPWI%O@S“%E{?ENGEPO?’GSW@T? ttcg
ggcagraggferal.CL25 <210> SEQ I D NO 27

Lys Ala Ser Gln Asp Val Ser Ile Gly Val Ala
1 s 10

<210> SEQ ID NO 11

<211> LENGTH: 7

«<212> TYPE: PRT

<213> ORGANISM: Artificial Seqguence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized Antibody Sequence
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 5

<223> OTHER INFORMATION: Xaa is preferably Arg or Leu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 6

<223> OTHER INFORMATION: Xaa is preferably Tyr or Glu
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 7

<223> OTHER INFORMATION: Xaa is preferably Thr oxr Ser

<400> SEQUENCE: 11

Ser Ala Ser Tyr Xaa Xaa Xaa
1 5

<210> SEQ ID NO 12

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Humanized Antibody Sequence

<400> SEQUENCE: 12

Gln Gln Tyr Tyr Ile Tyr Pro Tyr Thr
1 5

<210> SEQ ID NO 13

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 13

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
i 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Val Ser Ile Gly
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80
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<211> LENGTH: 29 <212> TYPE: DNA <213> ORGAN SM
Artificial Sequence <220> FEATURE: <223> OTHER

| NEQRVMATT SN 27 ohe +54002 SEQENGE r/ 182GAgCEACE—o Ty
agat ggt ggg gtagasctt29 <210> SE€ | D NO 28 <211>¢s

Em&%[hguezél éﬁ%?él-r¥E§ELy£»$A é;ksfie NL r%hr/véﬁliﬂachfu
Sequence <3205 FEATURE: <22320sOTHE MATILON:

Primer <40Q0> SE ENCE 28 ccagt caat gt t aca _c
oGS SSEQAD OO0 PR TS NG z%g* 5?’2 9URaa G
<213> ORGANISM Art i f| ci al Sequence <220> FEATURE

<2785 OTHER YNFORMATT GRE '8 38 224805 TeEGIRNGE: S0t
gggt gagcca agggagtttg20

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Sexr Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

=<210> SEQ ID NO 14

<211> LENGTH: 448

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 14

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Tyx
20 25 30

Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyxr Asn Gln Arg Phe
50 58 60

Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr Trp Gly Gln Gly
100 108 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
1890 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
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<210> SEQ I D NO 30 <211> LENGTH: 25 <212> TYPE: DNA
<213> OCRGANI SM Artificial Sequence <220> FEATURE:
<223 OTHER | NFORMAJ4 ON: Pri mer <488> SEQUENCE: 30240

gcacactgga tacagttgtc tggtc25 <210> S I.D_NO <211>
LElﬁéﬁ'Pﬁé‘9 g’?“%’ffz g%ﬁtz"r%ﬁ’rxs <’ff3§§,’§0§?§AEIT‘Q‘SI\I7Fu At iziéic%eé
Sequence <220> FEATURE: <223> OTHER | NFORVATI ON:_ Probe
<460% SEQUENEE: VI TPHIYe Agat X Lat Yt EEalEY SEELHF T
<210> SEQ I D NO 32 <211> LENGIH: 26 <212> TYPE: DNA
<2F3> ORCAN Sivt Py et iTep glvr UBTRC E1 Y 2D SIEPATURE: Asn
<223> OTHER | NFORMATI ON: 2f5r°osfg <400> SEQGEECE: 32
Ca@ust;%g;gthrgg,@ﬂetcgpm ggga‘gpc@@ Tyr Asn Ser Thr Tyr Arg Val

300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

<210> SEQ ID NO 15

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<222> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 15

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Sexr Val Gly
1 5 10 1s

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
S0 55 60

Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Thr Thr Pro Pro
85 20 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 1085 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
i1s 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160
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<210> SEQ I D NO 33 <211> LENGTH: 20 <212> TYPE: DNA
<213> ORGANI SM Artifici al
<223z LTHER HNFORMATL QY R4 RS a5:400> rREQUENCE: L33 ser
ggacctgcct cacttegtt g20 <210> SEQ /D NO 34 <211%75

gga}%hrzé) <%¥LZEeQrX£¥ELy£»*%a<£gL
Sequence <22@s» FEATURE! <2231>ss

Pri mer

<2102 EJY

<2Z23s "OTHER FINFERVATT ON: Pri mer
ctgcctcact tggttgtgag c21 <210> SEQ I D NO 36 <211>
25

LENGTH:

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

<400> SE

SEQUENCE :

Glu Val Gln Leu

1

Sex

TYY

Ala

Lys

65

Leu

Ser

Gly

Phe

Lieu
145

Trp

Leu

Sexr

Pro

Lys

225

Pro

Serxr

Asp

Asn

Leu

Ile

Arg

Gly

Gln

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thxr

Ser

Pro

Ala
290

Arg
His
35

Ile

Met

Trp

Leu

115

Leu

Cys

Sexr

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Leu

20

Trp

Tyr

Phe

Asn

Gly

100

val

Ala

Leu

Gly

Sexr

180

Leu

Thix

Thr

Phe

Pro

260

Val

Thx

SEQ ID NO 16
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Sequence is synthesized

449

16

Val

sSer

val

Pro

Thr

Serxr

85

Gly

Thr

Pro

vVal

Ala

165

Gly

Gly

Lys

Cys

Lieu

245

Glu

Lys

Lys

s

NCE: 34 ca

D18 JE
<211> ORGAN| SM Artificial

Glu

Cys

Arg

Thx

Ile

70

Leu

Asp

Val

Ser

Lys

150

Leu

Leu

Thxr

Val

Pro

230

Phe

Val

Phe

Pro

Sex

Ala

Gln

Asn

55

Ser

Arg

Gly

Ser

Ser

135

Asp

Thr

Tyxr

Glin

Asp

215

Pro

Pro

Thr

Asn

Arg
295

Gly

Ala

Ala

40

Gly

Ala

Ala

Phe

Ser

120

Lys

Tyx

Ser

Sexr

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Gly
Sex
25

Pro

Tyr

Asp

Glu

Tyx

105

Ala

Serxr

Phe

Gly

Leu
185

Tyxr

Lys

Pro

Lys

Val
265

Tyr

Glu

83

r(%%l}‘!k

h P 318 A

Sequence <220> FEATURE
<400> SEQUENCE: 35

Gly

10

Gly

Gly

Thxr

Thr

Agp

90

Ala

Ser

Thxr

Pro

Val

170

Serxr

Ile

vVal

Ala

Pro

250

Val

Val

Gln

Leu

Phe

Lys

Arg

Ser

75

Thr

Met

Thr

Ser

Glu

155

Hisg

Sex

cys

Glu

Pro

235

Lys

Val

Asp

Tyr

val

Asn

Gly

Tyr

60

Lys

Ala

Asp

Lys

Gly

140

Pro

Thr

val

Asn

Pro

220

Glu

Asp

Asp

Gly

Asn
300

Gln

Ile

Leu

45

Ala

Asgn

Val

Tyr

Gly

125

Gly

val

Phe

Val

Val

205

Lys

Leu

Thr

vVal

Val

285

Ser

Pro

Lys

30

Glu

Asp

Thr

Tyr

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Serxr

Leu

Leu

Ser

270

Glu

Thxr

Sequence <220> FEATURE:

Gly

Asp

Trp

Ser

Ala

Tyr

95

Gly

Ser

Ala

Val

Ala

175

vVal

His

cys

Gly

Met

255

His

Val

Tyx

ia e oA

acct 20

YPE: BN

Gly

Thr

Val

Val

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Glu

His

Arg



<212> TYPE: DNA <211> ORGANISM Artificial Sequence
<220> FEATURE: <221> OTHER | NFORMATI ON: Probe <400>

SEQUENGE: 36,6881 0662861 Glgt &Gt §GE aL06a9 2R, 32102 ,SEQ
| DD 37 <211> LEN&GEH 26 <212> TYPE DNA <213> 320

gg“ LS, A LT Ll 3l Seausncs <2207, FEATURE: 5223 e,

r obe <40 SEQUENCE: 37 t atewaggag
gt gct acgtgc26_<210>_SE NO 38 <211> LENGI
24 2? 5 LF\?PEg’ A% ’é‘i\ﬂ b RAR AN a(i’soSequlg’ﬁce

<220> FEATURE: <223> OTHER | NFORVATI ON: Priner <400>
SEGHENCE: 223871t a1 Gt dRtdidglit "4t 8§24 22T0>"BEW1 D
NO 39 <21I1> LENGTH: 22

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Txp
370 375 380

Glu Ser Asn Gly CGln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385 390 395 400

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
405 410 415

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
420 425 430

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440 445

Gly

<210> SEQ ID NO 17

<211> LENGTH: 217

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sequence is synthesized

<400> SEQUENCE: 17

Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 5 10 15

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gin Asp Val
20 25 30

Ser Ile Gly Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser Arg
50 55 60

Phe Ser Gly Sex Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser
65 70 75 80

Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Tyr Ile
85 90 95

Tyr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr
100 105 110

Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu
118 120 125

Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro
130 135 140

Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly
145 150 155 160

Asn Ser Gln Glu Sexr Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr
165 170 175

Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His
180 185 190

Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val
195 200 205

Thr Lys Sexr Phe Asn Arg Gly Glu Cys
210 215
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<212> TYPE: DNA <213> ORGANISM Artificial Sequence
<220> FEATURE: <223> OTHER | NFORMATI ON: Pri mer <400>
SEQUENCE:, 39 @At gggaagt ttgccatett cg22 <210> SEQ ID
NO<40r <Pintrul BMEGTH: 25 <212> TYPE: DNA <213> ORGANI SM
Ar tEH T8 : SEt <220> FEATURE: <223> OTHER

| NECRNVATE NS Pr 1 hre Artl%l 0 CBNIENCE: 40 tctcaatata
aa&amcgvtERgmg@d&m@i@aqt@Eé} 1D NOthdsiz@d 1> LENGTH 24
<212> ° <213> ORGANISM Artificial Sequence
9562 E%?ﬁﬁ‘e% <$23> OTHER | NFORMATI ON:  Probe <400>
SEGQUENEE: GWlLeaaE«alc caacer (ﬁ:lag@o’a@?c Lewg Vg2 £1n XPOSLYSELY

| DNO 42 s

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Tyx
20 25 30

Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr Asn Gln Arg Phe
50 55 60

Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Sexr Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Sexr Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 188 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Sexr His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
278 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Sexr Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr
355 360 365
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<211> LENGTH 24 <212> TYPE: DNA <213> ORGANI SM
Artificial Sequence <220> FEATURE: <223> OTHER

I NEQRYAT I h: L}PTQR)epﬁéQQ? prEQRQENCE 142 289GLECHG frp c1u
gactcasgctc accgz4 <21©>sSEQ I D NO 43 &2d41> LENGTH 14

2> 1YR S b6l o SEYURACE.
]55@’*& ‘%R‘g jE<223>o OTHERI odﬁmacﬁ Primer <40@o=o

ENCE: 43 ctt aag tttcld <21 E

T CENGT 2510 S VR PN DT B AN N,
Art ificial Sequence <220> FEATURE: <223> OTHER
| NESRNAT I ER; S19r FHe Fed00Y “SEgERCE Y 2 45 &t a6t e =
ctttatgtct gc22 <210> SEQ | D NO 45

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

<210> SEQ ID NO 19

<211> LENGTH: 195

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser
1 S 10 15

Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys Gln
20 25 30

Val Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser
35 40 45

Leu Ser Phe Leu Gln Asp Ile Gln Glu Val Gln Gly Tyr Val Leu Ile
50 55 60

Ala His Asn Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg Ile Val
65 70 75 80

Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala Val Leu Asp
85 90 =13

Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr Gly Ala Ser Pro
100 105 110

Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu Thr Glu Ile Leu Lys
118 120 125

Gly Gly Val Leu Ile Gln Arg Asn Pro Gln Leu Cys Tyr Gln Asp Thxr
130 135 140

Ile Leu Trp Lys Asp Ile Phe His Lys Asn Asn Gln Leu Ala Leu Thr
145 150 155 160

Leu Ile Asp Thr Asn Arg Ser Arg Ala Cys His Pro Cys Ser Pro Met
165 170 175

Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser Ser Glu Asp Cys Gln Serxr
180 185 190

Leu Thr Arg
195

<210> SEQ ID NO 20

<211> LENGTH: 124

<212> TYPE: PRT

<2123> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Thr Val Cys Ala Gly Gly Cys Ala Arg Cys Lys Gly Pro Leu Pro Thx
1 =3 10 is

Asp Cys Cys His Glu Gln Cys Ala Ala Gly Cys Thr Gly Pro Lys His
20 25 30

Ser Asp Cys Leu Ala Cys Leu His Phe Asn His Ser Gly Ile Cys Glu
35 40 45
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<211> LENGTH 24 <212> TYPE: DNA <213> ORGANI SM
Artificial Sequence <220> FEATURE: <223> OTHER

| NEQRVAT | ON: p.Br A1TB L o <400 %m SEQUENCE 4RO trht GEELEE sex
tcagctsbct ¢ cttc24 <216 SEQ I D NO 46 «211> LENGTH. 24

<212> TYPE: <213> NIL.SM_Ariificial

<205E PERTORE” 25y BRER | REGHRIT N Brobe <a00m"
SEQUENCE: 4'6 tgatcctcac agctgttgct gttaz24 <210> SEQ

| DANO F7 BE21%3 EEN@mPe‘?,?eEszz%z?Yﬁé CBNRSX Y20 e
ORGANI SM Artificial Sequence <220> FEATURE: <222>
OTMER WNRERMET O 20r 6be <4033 BEQUENEE: 280 Fac&gt €éag
cttagaagac aatacgtcag gaa33 2210> SEQ | D NO'48

Arg Cys Glu Lys Cys Ser Lys Pro Cys Ala Arg Val
115 120

<210> SEQ ID NO 21

<211l> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Cys Tyr Gly Leu Gly Met Glu His Leu Arg Glu Val Arg Ala Val Thr
1 5 10 1s

Ser Ala Asn Ile Gln Glu Phe Ala Gly Cys Lys Lys Ile Phe Gly Ser
20 25 30

Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala Ser Asn Thr
35 40 45

Ala Pro Leu Gln Pro Glu Gln Leu Gln Val Phe Glu Thr Leu Glu Glu
50 55 60

Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro Asp Ser Leu Pro Asp
65 70 75 80

Leu Ser Val Phe Gln Asn Leu Gln Val Ile Arg Gly Arg Ile Leu His
85 90 95

Asn Gly Ala Tyr Ser Leu Thr Leu Gln Gly Leu Gly Ile Ser Trp Leu
100 105 110

Gly Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly Leu Ala Leu Ile His
115 120 125

His Asn Thr His Leu Cys Phe Val His Thr Val Pro Trp Asp Gln Leu
130 135 140

Phe Arg Asn Pro His Gln Ala Leu Leu His Thr Ala Asn Arg Pro Glu
145 150 155 160

Agp Glu Cys Val Gly Glu Gly Leu Ala
165

<210> SEQ ID NO 22

<211> LENGTH: 142

<212> TYPE: PRT

<213> ORGANISM: Homo Sapiens

<400> SEQUENCE: 22

Cys His Gln Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro Thr
1 5 10 15

Gln Cys Val Asn Cys Ser Gln Phe Leu Arg Gly Gln Glu Cys Val Glu
20 25 30

Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg
35 40 45

His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Sexr Val
50 55 60

Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr
65 70 75 80

87



<211> LENGTH 16 <212> TYPE: DNA <213> ORGAN SM
Artificial Sequence <220> FEATURE: <223> OTHER

| NEERAAT N Bhd BRI va1 <4002y SEQHENGE c148-gtwaasct ct C
tcacacl6 <210=5SEQ | D NO 49°%x211> LENGTH: ®816 <212>

TYRE LfNA,<R13a GRCGAN Aptd £.Ciglc1SRaUenca .<220>
FEATURE: 248> OTHER |ﬁ¥@l§§a\mn ON. Primero <4005

2B ety "5 "SRR S

Artificial Sequence <220> FEATURE: <223> OTHER
| NPERRETTONY® BT figr $ 1240023 SERUERICES 50 agect t cat

cacagacaca g21

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

tgcggatgtc agccactgtg 20

<210> SEQ ID NO 24

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

gggtgcatcg ggtgacctg 19

<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 25

agccactgtyg aggeggga 18

<210> SEQ ID NO 26

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 26

ggtgtttteg ggcagaagge catcce 25

<210> SEQ ID NO 27

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 27

aacagccacc agatggtggg gtagatctt 29

<210> SEQ ID NO 28

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<210> SEQ I D NO 51 <211> LENGTH: 27 <212> TYPE: DNA
<213> OCRGANI SM Artificial Sequence <220> FEATURE:
<2225 GiddeR=l NEORVATI ON:  Probe <400> SEQUENCE: 51
gcattact gc at caaaggga gatgccg27 <210> SEQ | D NO 52
<2fiE42 P99 <212> TYPE: DNA <213> ORGANI SM
Artificial Sequence <220> FEATURE: <223> OTHER

| NEORIVISY %EOOPPobe <400> SEQUENCE: 52 tcgtggtggc
cgagtags What is clainmed is: 1. A nethod for
tr eatsp atrrentcisy fdaueyyari an, peritoneal, or
faIfﬁDwg%%Tammegnmgonpri sing adnministering to the
patient a therapeutically effective amount of a HER2
d| retor Z8FHH i2Ahi bi t or anti body that binds to a
hetgggteed;uneggjggagbdtedi ng site of FIER2, wherein the 20
patient's cancer has been determ ned to express HER3
at gl e¥ghy kess than the nedian level for HER3
expeessEwmH ps t he cancer type 2. The net hod of

cl égﬁf:ﬁﬁ%}sﬂg@l 0 the. patient' s cancer has been

det.edolix #:0 express HBER3 at a level which is |ess
thah23tWéHE25WFPRWF?§“erﬁri“‘}eé for HER3 expression in the
cane®l ckypRfoe. 30 3. The nethod of claim1l or claim?2
wher ei n HER3 expressi on has been determ ned using
polP§TeT-&¥e AT r'édcti on (PCR). 4. The nmethod of°
claim3 wherein the PCRis quantitative reverse
trah@igrigﬁ)t“? df *pol ymerase chain reaction (qRT-PCR).

5. <j‘h 51 of claim1l wherein the anti body has been
det<enm0n@d18lmo Apgingritlosgugrgnct i on bet ween domains 1,11

and23ot 1 b BER. o4t . ragel | ul ar domai n.

<400> SEQUENCE: 31

21

tgtgcaggtg atgttcatgg cctgagg 27

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe

<400> SEQUENCE: 32

cactctgggt ggcactgtat gcactce 26

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

ggacctgect cacttggttg 20
<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

caggtggtgc agggaaacct 20
<210> SEQ ID NO 35

<211> LENGTH: 21
<212> TYPE: DNA
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6. The nmethod of claim1l wherein the HER2 anti body
conprises the variable |light and variabl e heavy am no
aci.ch:S QHMENHEESrd 01 SEQdRMOs. 3 and 4, respectively.
7. <Fhe mewkod of claim6 wherein the HER2 antibody is
pertiiz (HEB. TFORAIEN et hod of claim1 or claim?7

whek®t seduagceHER?2 ant i body is a naked anti body. 9.
The method of claim1 or claim?7 wherein the HER2
ant T Hody° §°ai 11t act anti body. 10. The net hod of

claim1 or claim7 wherein the HER2 anti body is an
antEodie ik dgutént conprising an antigen binding
regeoA.rvee: ondl. The nmethod of claim1 or claim?7
whepBp riPREHESMe 2nciéFcitly pravense pl at i num resi st ant . 12.

<220>

Th&23tBthad Giforfd@biN skoar Cl @i m 7 wherein the cancer
type is advanced, refractory, or recurrent ovarian
carié@r SEQUENCE1 3% The nethod of claim 1 or claim 7 which
ext-enRgds g OQERSSIRedgr ee survival (F' FS) in the 25
patient. 14. The method of claim 1l or claim7 which
extends:Qv¥ehalshb survival (OS) in the patient. 15.
Theznetthmaogs claiml or claim7 wherein the HER2

di P ofr i nhibi.tor antibody is administered as a
si gg%ézgg%m%f anor agle%tq?jll : - 16. The nethod of claim1
or <ed3aiom¥ER eI N jyeedm ni stering a second

t hep apedid=fczagent to the patient. 17. The met hod
claim 16 wherein the second therapeutic agent is
selt@CEEaS P RI9EITE GPGap consi sting of chenot her apeutic
agent, HER anti body, antibody directed agai nst a tunor
asseorgEedp aat3egen, anti - hornonal conpound, cardio -

pr GEBCt AN £ &Yt oki ne, EGER-targeted drug,
ankber:angeagen gt iageat sedisc®Si ne ki nase inhibitor, COX
[ nhggPthﬁTUR%g&- st&roidal anti-inflamatory drug,
far<ne§yol Fransterase 1 Nhi bi tor, antibody that binds
oncedoetsabvepeeEatsei n CA 125, HERZ vaccine, HER targeting
thep an,cgthjcaacggctrtaaga; nhibitor, |iposomal doxorubicip,

t opot ecan, taxane, dual tyrosine kinase inhibitor,

TL, K2865h EMLD- 7200, a nmedi canent that treats nausea, a
nmedi CafeRtmt BAL prevents or treats skin rash or

st apdardezcive th,erap%/, a nedi cament that treats or

pr egENSTIE N PRES & BBUT°t enper at ur e- r educi ng
nedtBangitk, messhaahesateapoi etic growth factor.

18. The nethod of claim 17 wherein the second

t héf HpettT & agént is a chenot herapeutic agent _

19 gatbbgagret dyocheot @l ai m 18 wherein the 22
chenot herapeutic agent is selected fromthe group
consiostde®@o @b «ger aci t abi ne, carbopl atin, paclitaxel,
docetiax@icTet g@pot ecan, and | i posomal doxorub icin_

20.2 TR IRt N0, of . 6L AkM.IR. Wher ei n the

chepnt hesmpeut i ¢ agent 1s an antinetabolite. 21.
The23etBHR BFORM AP ZOfherein the antinetabolite
chepnt hesarautd,c agent i s gerncitabine. 22. The

nmet hod of claim 16 wherein the second therapeutic
agéfte218ta PHSTGZUrYial, erlotinib, or bevaci zumab.

23. The nethod of claim1l or claim?7 wherein the
pat<k¥ntsEg 1B AAcér expresses HER2: HER3 at a | evel which
i s ghéabar thAan the 25th percentile for HER2: HER3
exp;ssmgmlém Frhigiganeeertcype 24. The nmet hod of
cl & >§§ ;i&ﬁfg'g ' e tient's cancer expresses
HEIiﬁi:ﬁﬁ at %h%éé)glprg Ich is greater than the nedi an
| evedo-fs5eUuEMER2IHER3 expressi on in the cancer type.
25.,.2he. .nethod .of. tc‘él&éi m 24 wherein the patient's 54
cancer expreSses HER2: HER 3 at a level which is
greater than the 75.th percentile for HER 2: HER3
expression in the cancer tyge.



26. A nethod for treating a patient wth ovari an,
peritoneal, or fallopian tube cancer conpri sing
adpi.pl stekd RYaa therapeutically effective amount cif
pertwz wrgH:t 3 t he patient, wherein the patient' s
cang@ét gﬁgﬁiﬁg‘}@gsiﬁ@é heen.determined to express HER3
at <#&ol ewbre. ess than the nedian | evel for HER3
exp¥es STHER INPPREAFEN: dmoPeperit oneal , or fall opi an tube
CaNGB! spoumce: 44 IThe method of claim26 wherein the
patient's cancer has been detemined to express HER3
at 2Friaevie] 9akfretic i26°9 ess than the 25th percentile f8r
HER3 expression in ovarian, peritoneal, or fallopian
t ubmocEEL EY NO 43 28. The nethod of claim26 or claim
27 3HecBH PR3 expression has been determnined using
POL YRR baae: st N atdis {c@ACEdg@ic PCR) . 29. The net hod
of <zbaiFFATZE: wherein the PCR is quantitative reverse

t r AT PIBE i B B YméFf 458 chain reaction (gRTPCR).
30«s0bheegymichods of claim 26 or claim27 which extends
progressi on free survival (PFS). 31. The netho

T t . . .
of SEPEPM28 0r cl ai m 27 which extends overall survival

(0S). 32. The nethod of claim26 or claim?27
vvhg%lﬁ @%@&N@&éﬁ ent has ovarian cancer. 33. The
methed rode. k@l m 32 wherein the ovarian cancer is

pl atiBnQRAANEY| stEficigyvigaians cancer . 34. The net hod
of “Z 2T ks onithelehh £ he, patient has advanced,
refractory, or recurrent ovarian cancer. 35. The

met+od SBECEEEartn 26 or claim 27 further conprising

adplRistLring.achenot herapeutic agent to the patient.
36. The nethod of claim 35 wherein the

chemt Q%&%pgéjt‘}gc agent is selected fromthe group
coQsh Sthedags.034 gencti t abi ne, carbopl atin, paclitaxel,
doemkaxeiE; ohwpot ecan, and |iposomal doxorubicin.
37:2n e Hod of ¢t af 1H86° wherei n the

chesot beEapeekrirti@geninek S an antinmetabo lite

chenot her apeuti c agent. 38. The nethod of claim 37
whé&t%8t F*CRE"ant i met abol i te chenot herapeutic agent is
geetitidraldi @gcttcte <83 The nmet hod of claim 26 or cl at1m
27 wherein the patient's cancer expresses HER 2: HER3
at _a,.l evehp Whiseh is greater than the 25th percentile
fovzzllrlEEQNGm;IERS expression in the cancer type. 40.
The2iget tcl.ai m.39 wherein the patient's cancer
exﬁﬁe%é?ggg Rﬁ:tﬁERé 1atg “a nI(gevel which is greater than
t hezzpediigR INEORWATIMNO rPxPiBR2: HER3 expression in the
cangel L¥RG=. 4+ 41. The nethod of claim40 wherein

the patient’'s cancer expresses HER2: HER3 at a | evel

whitgshedqesaegraetgtterec tohem t he 75t h percentile for 24
HER2: HER3 expression in ovarian, peritoneal, or
f akiiopisen it wbe7 cancer. 42. A nethod for treating a

par?léntLE%T’FQ”a type of ovarian, peritoneal, or

f 2l 18DioRRniMD R GRNCAN 5e6QUPI i Si NG admi ni stering a

t hercapeertoal |y ef fecti ve anobunt of a HER2 di neri zadon
i nK1BT CHER ITFREIRF - tHhet® bi nds to a heterodirneric

bi ghiongesik@. @ HER-2 to the patient, wherein the
patient's cancer has been determ ned to express

HERZ2 SRy At 2942928 vaT*°MiiFtA*i s greater than the 25t. T
percentil efor HER 2: HER3 expression in the cancer

t ypgo> sEQ IR0 4¥he et hod of claim 42 wherein the
pafidntiS Gaticer has been deternined to express

HER:12; ldkdRB1sat aeriksvel seghdngd i S greater than the nedi an
| eved®> FEATUHER? - HER3 £xpression in the cancer type.

44 ThE RBtNOG of " ¢IAi'm 43 wherein the patient's
cancer has been determ ned to express HER2: HER3 at a

| evel which is greater thamithe 7512 percentile for
HER2: HER3 expression in the cancer type. 45. The
met hod of claim42, 43 or 44 wherein HER2 and HER3
expressi on has been determ ned using pol ynerase chain

p— . —\



46. The nethod of claim45 wherein the PCRis
guantitative reverse transcription pol ynerase chain

r eagfol. QRodeRiE] RER) - 47. The nethod of claim42
wherein the HER2 anti body binds to a junction between
doned¢amstcts tdadacand |11 of HER2 extracel |l ul ar donain. 1¢

48. The nethod of claim47 wherein the HER2 anti body
on {oi>ss‘f3 Bl}lg Nariable light and variable heavy anino
aci, llsebggﬁgcgs in SEQ 1D Nos. 3 and 4, respectively.
49 ybberimtiiad of claim 48 wherein the HER2 anti body
I S <pB-torgamm® Artificibl) seqiitrgenet hod of claim 42 or claim
49 <¢pfersBrRE:ne HER2 anti body is a naked anti body.
51.<2PRPTHEt HERDEOE | Hitti*42 or clai m 49 wherein the
HERgooargE?(}%Q&y &S an intact antibody. 52. The
met hod orf claim42 or claim49 wherein the HER2
anttitagghgced scaagt anti body fragment conprising an anti géen
bi ndi ng region. 53. The nethod of claim 42 or
claim49 wherein the cancer type is
pl a§ ﬁbﬁ@g 8 Nolsstoant 54. The net hod of claim42 or
cl abm.48 ein the cancer type is advanced,
refaza;etoanamsmmrnewar esfuer@¢ar i an cancer. 55. The
met<pzed BBATUBE:ai m 42 or cl ai m 49 whi ch extends
pr 6§t esEIEN RIS ¥l (PFS) in the patient.
56._, Jhe, of claim42 or claim49 which extends
overarl® g%%h?\c/gal (OS) in the patient. 57. The
netihgde bt 6dcagandZy or cl aim 49 wherein the HERZ 21
dinmerization inhibitor antibody is adm nistered as a

|n Ie anti-tunor agent. 58. The nethod of claim
g >cigish™d conpri si ng adninistering a second
erzggelq 3.Cpyagent to the patient. 59. The net hod

CI a9 MBchar ei-firidier semperd t herapeutic agent is
selent-edafirem t he group consi sting of chenot herapeutic
ageAt’> TER BRRMBBEN, Prafr i body directed against a tunor
ass cr a&g‘&n&{wtg gen, anti-hornonal conpound,

car |opr ant cytoki ne, EGFR-targeted drug,
antgrcatagygg@g@eaa@g@g@%chtyr osi ne ki nase inhibitor, C@X
i nhibitor, non-steroidal anti-inflammtory drug,

far nesyl transfer ase inhibitor, antibody that binds
oncét%etEP I N8t5é| n CA 125, HER2 vaccine, HER targeting

the égéyf‘wp or ras inhibitor, |iposomal doxorubicin,

toQQiﬁQ@@ANI@[@&@UﬁMlQU@LquE%GOS| ne ki nase inhibitor,
TLK286, rekRE: 7200, a nedi cament that treats nausea, a

nNedksanEmR INEeRMATIPNEVRNePs or treats skin rash or
standard acne therapy, a medicanent that treats or
pr V¥t EUUEr rffea, a body tenperature-reduci ng

medi, 0d.g hematopoietic growh factor. 6Qo
The &@?@QJ Cga? claal m 58 wherein the second therapeutic
agent is a chenot herapeutic agent. 61. The net hod

of claim60 wherein the chenot herapeutic agent is

sel ected fromthe group consisting of gentitabine,
carbopl atin, paclitaxel, docetaxel, topotecan, and

| i posomal doxorubicin 62. The nethod of claim&60
wherei n the chenot herapeutic agent is an
antinetabolite. 63. The nethod of claim 62 wherein
the anti naetabolite chenotherapeutic agent is

gencti t abi ne. 64. The nethod of claim58 wherein the
second therapeutic agent is trastuzumab, erlotinib, or
bevaci zumab.
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What is claimed 1s:

1. A method for treating a patient with ovarian, peritoneal,
or fallopian tube cancer, comprising administering to the
patient a therapeutically effective amount of a HER2 dimer-
ization inhibitor antibody that binds to a heterodimeric bind-
ing site of HER2, wherein the patient’s cancer has been
determined to express HER3 at a level less than the median
level for HER3 expression in the cancer type.

2. The method of claim 1 wherein the patient’s cancer has
been determined to express HER3 at a level which is less than
the 25 percentile for HER3 expression in the cancer type.

3. The method of claim 1 or claim 2 wherein HER3 expres-
sion has been determined using polymerase chain reaction
(PCR).

4. The method of claim 3 wherein the PCR is quantitative
reverse transcription polymerase chain reaction (QRT-PCR).

5. The method of claim 1 wherein the antibody has been
determined to bind to a junction between domains I, IT and III
of HER?2 extracellular domain.

6. The method of claim 1 wherein the HER2 antibody
comprises the variable light and variable heavy amino acid
sequences in SEQ ID Nos. 3 and 4, respectively.

7. The method of claim 6 wherein the HER2 antibody is
pertuzumab.

8. The method of claim 1 or claim 7 wherein the HER2
antibody is a naked antibody.

9. The method of claim 1 or claim 7 wherein the HER2

antibody is an intact antibody.

10. The method of claim 1 or claim 7 wherein the HER2
antibody is an antibody fragment comprising an antigen bind-
ing region.

11. The method of claim 1 or claim 7 wherein the cancer
type is platinum-resistant.

12. The method of claim 1 or claim 7 wherein the cancer
type is advanced, refractory, or recurrent ovarian cancer.

13. The method of claim 1 or claim 7 which extends pro-

gression free survival (PFS) in the patient.

14. The method of claim 1 or claim 7 which extends overall
survival (OS) in the patient.

15. The method of claim 1 or claim 7 wherein the HER2
dimerization inhibitor antibody is administered as a single

anti-tumor agent.
16. The method of claim 1 or claim 7 comprising admin-

istering a second therapeutic agent to the patient.
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17. The method claim 16 wherein the second therapeutic
agent is selected from the group consisting of chemothera-
peutic agent, HER antibody, antibody directed against a
tumor associated antigen, anti-hormonal compound, cardio-
protectant, cytokine, EGFR-targeted drug, anti-angiogenic
agent, tyrosine kinase inhibitor, COX inhibitor, non-steroidal
anti-inflammatory drug, farnesyl transferase inhibitor, anti-
body that binds oncofetal protein CA 125, HER2 vaccine,
HER targeting therapy, Raf or ras inhibitor, liposomal doxo-
rubicin, topotecan, taxane, dual tyrosine kinase inhibitor,
TLK286, EMD-7200, a medicament that treats nausea, a
medicament that prevents or treats skin rash or standard acne
therapy, a medicament that treats or prevents diarrhea, a body
temperature-reducing medicament, and a hematopoietic
growth factor.

18. The method of claim 17 wherein the second therapeutic
agent is a chemotherapeutic agent.

19. The method of claim 18 wherein the chemotherapeutic
agent is selected from the group consisting of gemcitabine,
carboplatin, paclitaxel, docetaxel, topotecan, and liposomal
doxorubicin.

20. The method of claim 18 wherein the chemotherapeutic
agent is an antimetabolite.

21. The method of claim 20 wherein the antimetabolite
chemotherapeutic agent is gemcitabine.

22. The method of claim 16 wherein the second therapeutic
agent is trastuzumab, erlotinib, or bevacizumab.

23. The method of claim 1 or claim 7 wherein the patient’s
cancer expresses HER2:HERS3 at a level which is greater than
the 257 percentile for HER2:HER3 expression in the cancer
type.

24. The method of claim 23 wherein the patient’s cancer
expresses HER2:HER3 at a level which is greater than the
median level for HER2:HER3 expression in the cancer type.

25. The method of claim 24 wherein the patient’s cancer
expresses HER2:HER3 at a level which is greater than the
75% percentile for HER2:HER3 expression inthe cancertype.

26. A method for treating a patient with ovarian, peritoneal,
or fallopian tube cancer comprising administering a therapeu-
tically effective amount of pertuzumab to the patient, wherein
the patient’s cancer expresses has been determined to express
HERS3 at a level less than the median level for HER3 expres-
sion in ovarian, peritoneal, or fallopian tube cancer.

27. The method of claim 26 wherein the patient’s cancer
has been determined to express HER3 at a level which is less
than the 257 percentile for HER3 expression in ovarian, peri-
toneal, or fallopian tube cancer.

28. The method of claim 26 or claim 27 wherein HER3
expression has been determined using polymerase chain reac-
tion (PCR).

29. The method of claim 28 wherein the PCR is quantita-
tive reverse transcription polymerase chain reaction (qRT-
PCR).

30. The method of claim 26 or claim 27 which extends
progression free survival (PFS).

31. The method of claim 26 or claim 27 which extends
overall survival (OS).

32. The method of claim 26 or claim 27 wherein the patient
has ovarian cancer.

33. The method of claim 32 wherein the ovarian cancer is
platinum-resistant ovarian cancer.

34. The method of claim 32 wherein the patient has
advanced, refractory, or recurrent ovarian cancer.

35. The method of claim 26 or claim 27 further comprising
administering a chemotherapeutic agent to the patient.
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36. The method of claim 35 wherein the chemotherapeutic
agent is selected from the group consisting of gemcitabine,
carboplatin, paclitaxel, docetaxel, topotecan, and liposomal
doxorubicin.

37. The method of claim 36 wherein the chemotherapeutic
agent is an antimetabolite chemotherapeutic agent.

38. The method of claim 37 wherein the antimetabolite
chemotherapeutic agent is gemecitabine.

39. The method of claim 26 or claim 27 wherein the
patient’s cancer expresses HER2:HER3 at a level which is
greater than the 257 percentile for HER2:HER3 expression in
the cancer type.

40. The method of claim 39 wherein the patient’s cancer
expresses HER2:HER3 at a level which is greater than the
median level for HER2:HER3 expression in the cancer type.

41. The method of claim 40 wherein the patient’s cancer
expresses HER2:HER3 at a level which is greater than the
75" percentile for HER2:HER3 expression in ovarian, peri-
toneal, or fallopian tube cancer.

42. A method for treating a patient with a type of ovarian,
peritoneal, or fallopian tube cancer, comprising administer-
ing a therapeutically effective amount of a HER2 dimeriza-
tion inhibitor antibody that binds to a heterodimeric binding
site of HER2 to the patient, wherein the patient’s cancer has
been determined to express HER2:HERS3 at a level which is
greater than the 25 percentile for HER2:HER3 expression in
the cancer type.

43. The method of claim 42 wherein the patient’s cancer
has been determined to express HER2:HER3 at a level which
is greater than the median level for HER2:HER3 expression
in the cancer type.

44. The method of claim 43 wherein the patient’s cancer
has been determined to express HER2:HERS3 at a level which
is greater than the 757 percentile for HER2:HER3 expression
in the cancer type.

45. The method of claim 42, 43 or 44 wherein HER2 and
HER3 expression has been determined using polymerase
chain reaction (PCR).

46. The method of claim 45 wherein the PCR is quantita-
tive reverse transcription polymerase chain reaction (qRT-
PCR).

47. The method of claim 42 wherein the HER2 antibody
binds to a junction between domains I, II and III of HER2
extracellular domain.

48. The method of claim 47 wherein the HER2 antibody
comprises the variable light and variable heavy amino acid
sequences in SEQ ID Nos. 3 and 4, respectively.

49 . The method of claim 48 wherein the HER2 antibody is
pertuzumab.

50. The method of claim 42 or claim 49 wherein the HER2
antibody is a naked antibody.

51. The method of claim 42 or claim 49 wherein the HER2
antibody is an intact antibody.

52. The method of claim 42 or claim 49 wherein the HER2
antibody is an antibody fragment comprising an antigen bind-
ing region.

53. The method of claim 42 or claim 49 wherein the cancer
type is platinum-resistant.

54. The method of claim 42 or claim 49 wherein the cancer
type is advanced, refractory, or recurrent ovarian cancer.

55. The method of claim 42 or claim 49 which extends
progression free survival (PFS) in the patient.

56. The method of claim 42 or claim 49 which extends
overall survival (OS) in the patient.

57. The method of claim 42 or claim 49 wherein the HER2
dimerization inhibitor antibody is administered as a single
anti-tumor agent.
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58. The method of claim 42 or claim 49 comprising admin-
istering a second therapeutic agent to the patient.

59. The method claim 58 wherein the second therapeutic
agent is selected from the group consisting of chemothera-
peutic agent, HER antibody, antibody directed against a
tumor associated antigen, anti-hormonal compound, cardio-
protectant, cytokine, EGFR-targeted drug, anti-angiogenic
agent, tyrosine kinase inhibitor, COX inhibitor, non-steroidal
anti-inflammatory drug, farnesyl transferase inhibitor, anti-
body that binds oncofetal protein CA 125, HER2 vaccine,
HER targeting therapy, Raf or ras inhibitor, liposomal doxo-
rubicin, topotecan, taxane, dual tyrosine kinase inhibitor,
TLK286, EMD-7200, a medicament that treats nausea, a
medicament that prevents or treats skin rash or standard acne
therapy, a medicament that treats or prevents diarrhea, a body
temperature-reducing medicament, and a hematopoietic
growth factor.

60. The method of claim 58 wherein the second therapeutic
agent is a chemotherapeutic agent.

61. The method of claim 60 wherein the chemotherapeutic
agent is selected from the group consisting of gemcitabine,
carboplatin, paclitaxel, docetaxel, topotecan, and liposomal
doxorubicin.

62. The method of claim 60 wherein the chemotherapeutic
agent is an antimetabolite.

63. The method of claim 62 wherein the antimetabolite
chemotherapeutic agent is gemcitabine.

64. The method of claim 58 wherein the second therapeutic
agent is trastuzumab, erlotinib, or bevacizumab.
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