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Antibody molecules specific for Fibroblast Activation Protein and

immunoconjugates containing them

The invention relates to novel anti-FAP-a antibody molecules and cytotoxic
immunoconjugates consisting of such antibody and a cytotoxic agent, e.g. a
maytansinoid, pharmaceutical compositions comprising such immunoconjugates,

and their use in tumour therapy.

There have been numerous attempts to improve the efficacy of antineoplastic drugs
by conjugating such drugs to antibodies against tumour-associated antigens in
order to elevate local concentration of the drug by targeted delivery to the tumour.
Many of these approaches have met limited success, and several reasons have been
discussed in the literature to explain the failure. For anticancer drugs acting
stoichometrically, like e.g. doxorubicin or methotrexate, relatively high
intracellular concentrations are necessary to exert the required cytotoxicity. These
concentrations are thought to be difficult to achieve with many antibody-drug
conjugates because of (a) insufficient potency of many common anticancer drugs,
(b) low cell surface concentration of antigen targets, (c) inefficient internalization
of antigen-antibody complexes into the target cell, and (d) inefficient release of

free drug from the conjugate inside the target cell (Chari et al., 1992).

Two of the aforementioned drawbacks, namely (a) and (d), were addressed by the
work of Chari and coworkers (Chari et a., 1992; Liu et al., 1996; U.S. Patent

No. 5,208,020). These authors developed antibody conjugates wherein the antibody
is linked to a maytansinoid via a disulfide linkage . Maytansines belong to the class
of Ansa macrolide antibiotics, which derive from Nocardia sp.. The maytansine
ansamitocin P-3, produced by bacterial fermentation, is used as a precursor
molecule to manufacture maytansinoid DM 1. Maytansine and derivatives act as

anti-mitotic agents (inhibitors of tubulin polymerization), similar as vincristine, but
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with markedly higher potency than vincristine or other established
chemotherapeutic agents (DMI is toxic to cells in vitro at ~10™'° M concentration).
In contrast to the high cytotoxicity of free maytansinoid, the antibody conjugate
has a toxicity which is several orders of magnitude lower on antigen-negative cells
compared to antigen-positive cells. The linkage by disulfide bonding has the
advantage that these bonds are readily cleaved inside the target cells by
intracellular glutathione, releasing highly toxic free drug. This approach has been
applied to antibodies against tumour-associated antigens, for example the C242-
DMI1 conjugate (Liu et al., 1996; Lambert et al., 1998), and HuN901-DM1 (Chari
et al., 2000). However, the application of these conjugates is restricted due to the
limited expression of the respective target antigens. For example, the antigen
recognized by N901 (CD56, N-CAM) is predominantly expressed by tumours of
neuroendocrine origin, the expression of the C242 antigen (CanAg) is mostly

limited to tumours derived from the GI tract.

To improve this approach by applying it to suitable tumour-associated antigens
with favorable antigen expression pattern, high and specific cell surface antigen
concentration within the target tissue, and an efficient internalization process that
transports the antigen complexed-antibody conjugate into the cells, anti-CD44-

antibody-DM1 immunoconjugates were developed (WO 02/094325).

Nevertheless, there is still a need for innovative immunotherapeutics that have an
inhibitory effect on tumour-asscociated target antigens having low expression in

normal tissue and high expression in a great variety of tumours.

Immunohistochemical analyses have shown that Fibroblast Activation Protein (in
the following, also termed “FAP”) displays restricted distribution in normal tissue.
Among non-neoplastic adult lesional tissues, expression of FAP has been observed
in the activated fibroblasts of healing wounds, in rheumatoid arthritis, and in
activated hepatic stellate cells during cirrhosis, whereas in normal adult tissue only
pancreatic islet (A) cells are FAP positive. In contrast, FAP-positive stromal
fibroblasts are seen in the stroma of over 90% of malignant breast, ovarian,

colorectal, lung, skin, prostate and pancreatic tumours. A proportion of bone and
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soft tissue sarcoma tumour cells are also FAP positive (Rettig et al., 1988). Due to
its broad expression in many common cancers and its restricted expression pattern
in normal tissues, fibroblast activation protein alpha (FAP-a; in the following
referred to as FAP) has been considered to be an attractive antigenic target,
however, immunotherapies based on targeting the FAP antigen have not been

successful.

The invasive growth of epithelial cancers is associated with a number of
characteristic cellular and molecular changes in the supporting stroma. A highly
consistent molecular trait of the reactive stroma of many types of epithelial cancer
1s induction of FAP, a cell surface molecule of reactive stromal fibroblasts
(Garin-Chesa et al., 1990). Since the FAP antigen is selectively expressed in the
stroma of a range of epithelial carcinomas, independent of location and histological
type, the concept to target stroma by targeting FAP has been developed for
imaging, diagnosis and treatment of epithelial cancers and certain other conditions.
For this purpose, a monoclonal antibody termed F19 (secreted by the hybridoma
cell line ATCC Accession No. HB 8269), that specifically binds to FAP was
developed and described in US Patents 5,059,523 and WO 93/05804. To further
improve this concept, the antibody F19 was humanized; the obtained antibody, that

specifically binds to FAP, is described in WO 99/57151 (see below).

While selective accumulation of a murine anti-FAP MAD in tumour stroma tissue

was demonstrated with with trace-labeled (**!

I-radiolabeled) murine monoclonal
MAD F19 in biodistribution imaging studies (Welt, et al., 1994; Tanswell, et al.,
2001), the concept of tumour inhibition by stroma targeting has not been successful
in cancer therapy: While a phase I study "*'I-radiolabeled anti-FAP MADb
sibrotuzumab (BIBH1) demonstrated that administration of repeated infusions of
sibrotuzumab is safe and well-tolerated (Scott et al., 2001; Hotheinz et al., 2003),
in a phase II study with unlabeled sibrotuzumab that was carried out in patients
with advanced metastatic colorectal cancer, ongoing tumour progression was noted

in most patients. Therefore, since the minimum requirements were not met, this

study was discontinued.
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It was an objective of the invention to provide improved immunotherapeutics that
are based on anti-FAP antibodies that target malignant tumour cells expressing the
FAP antigen. It was a further objective of the invention to provide improved
immunotherapeutics that are based on anti-FAP antibodies. Such
immunotherapeutics should target FAP-expressing non-malignant stromal cells in
tumours wherein the malignant cells do not express FAP, but nevertheless are

efficiently killed by the immunotherapeutic drug.

For solving the problem underlying the invention, it was a prerequisite to first
provide animal models suitable for proof-of-concept. The feasibility of animal
experiments, which are crucial for proving the concept of targeting stromal cells
and consequently - directly or indirectly - killing tumour cells, is based on the
availability of an anti-FAP antibody that reacts with both human and mouse FAP.
Such cross-reactivity is a requirement for conducting studies in cancer models
based on human tumour xenografts growing in immunodeficient mice, because in
these models, while the tumour cells are of human origin, the stromal cells are
derived from the mouse. The results of the experiments of the present invention
have shown that anti-FAP antibodies conjugated to a highly cytotoxic
maytansinoid very efficiently kill tumours in vivo. From the results of the
experiments the inventors concluded that tumour killing may, on the one hand, be
caused by targeting FAP to stromal cells due to its property of being a stromal
antigen. On the other hand, it could be shown that the anti-FAP antibody
maytansinoid conjugates are highly efficient in killing tumour cells in human
tumour xenografts expressing FAP, an effect that could, in the chosen experimental

setting, be ascribed to FAP’s property of being a tumour antigen.

The present invention relates to novel anti-FAP antibody molecules and
immunoconjugates consisting of any such FAP-specific antibody molecule

conjugated to a maytansinoid.

In a first aspect, the present invention provides an anti-FAP-a antibody molecule

selected from
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a. a murine monoclonal antibody, defined by

1. a variable heavy chain comprising the region from aa 20 to

136 of sequence (SEQ ID NO: 1);

ii. a variable light chain comprising the region from aa 23 to 129

of sequence (SEQ ID NO:2) and
ii1. the IgG2a kappa subclass;
or a fragment or derivative thereof;

b. a chimeric antibody derived from the murine monoclonal antibody defined

in a);

c. a humanized antibody, derived from the murine monoclonal

antibody defined in a); or a fragment or derivative thereof.
The monoclonal murine antibody defined in a) has been designated “MFP5”.

In the following, the above-defined anti-FAP antibody molecules of the invention

are termed “MFP5 antibodies” or “MFP5 antibody molecules”.

It has been found that the antibody MFP5 reacts both with murine and human FAP.
This provides a most advantageous feature of MFP5 antibody molecules/that also
have this property, in that such MFPS5 antibody molecules can be used to study the
impact of stroma targeting, which is important for the therapeutic efficacy of the
immunoconjugates of the invention. Since the tumor stroma in mouse xenograft
models is of murine origin, this feature of crossreactivity is indispensable for

conducting animal studies.
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In an embodiment of the invention, the chimeric antibody b) is defined by

1. avariable heavy chain comprising the region from aa 20 to 136

of sequence (SEQ ID NO: 1);

ii. a variable light chain comprising the region from aa 23 to 129 of

sequence (SEQ ID NO:2) and

iil. constant heavy and light chains that are of human origin.

The construction and production of chimeric mouse/human antibodies, which
represent the “first generation” of humanized antibodies, is well known in the art
(Boulianne et al., 1984). The variable regions of the non-human antibody are
typically linked to at least a portion of the immunoglobulin constant region (F¢) of
a human immunoglobulin. Human constant region DNA sequences can be isolated
in accordance with well-known procedures from a variety of human cells,
preferably from immortalized B cells (see Kabat et al., 1991; supra, and

WO 87/02671). The antibody molecules may contain all or only a portion of the
constant region as long as they exhibit specific binding to the FAP antigen. The
choice of the type and length of the constant region depends on whether effector
functions like complement fixation or antibody dependent cellular toxicity are
desired, and on the desired pharmacological properties of the antibody protein. The
antibody molecule will typically be a tetramer consisting of two light chain/heavy
chain pairs, but may also be dimeric, i.e. consisting of a light chain/heavy chain

pair, e.g. a Fab or Fv fragment.

In yet another embodiment, the antibody is a chimeric FAP-specific antibody
(designated cMFP5) that has the heavy chain variable region of MFP5 fused to the
human heavy chain constant region (IgG1) (SEQ ID NO:3) and the light chain
variable region of MFP5 fused to the human light chain constant region (kappa)
(SEQ ID NO:4). In the experiments of the present invention, this antibody was
expressed in mammalian cells and used for immunohistochemical staining of

stromal cells in human tumour xenografts grown in nude mice.
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Other human constant regions for chimerizing MFP5 are available to the person
skilled in the art, e.g. 1gG2, 1gG3, 1gG4, IgA, IgE or IgM and kappa or lambda

light chain constant regions.
In an embodiment of the invention, the humanized antibody c) is defined by

1.  CDRs contained within the variable heavy chain that comprises

the region from aa 20 to 136 of sequence (SEQ ID NO:1) and by

ii.CDRs contained within the variable light chain that comprises

the region from aa 23 to 129 of sequence (SEQ ID NO:2)

iii.  frameworks supporting said CDRs that are from a human

antibody,
iv.  constant heavy and light chains that are from a human antibody.

Humanized forms of non-human (e.g. murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab,
Fab', F(ab'), or other antigen-binding subsequences of antibodies) which contain
minimal sequence derived from non-human immunoglobulin. Humanized
antibodies include human immunoglobulins (from the recipient antibody) in which
residues from a complementarity determining region (CDR) of the recipient
antibody are replaced by residues from a CDR of a non-human species (donor
antibody) such as mouse, rat or rabbit having the desired specificity, affinity and
capacity. In some instances, Fv framework residues of the human immunoglobulin

are replaced by corresponding non-human residues.

In the humanized antibody defined in ¢), the complementarity determining regions
(CDRs) of MFP5 have been grafted into the respective genes of human

immunoglobulin heavy and light chains.

"Complementarity determining regions” (CDRs) of a monoclonal antibody are
understood to be those amino acid sequences involved in specific antigen binding

according Kabat et al. (1991), in connection with Chothia and Lesk (1987). From



WO 2007/077173 PCT/EP2006/070185

10

15

20

25

the sequences of the variable regions as contained in SEQ ID NO:1 and
SEQ ID NO:2, the CDR sequence can be routinely determined by searching the

Kabat sequence database for sequence features.

Appropriate framework residues of the CDR-grafted antibody may be reverted to
murine residues to improve binding affinity. As described above, from methods
pertinent to the art, the expert knows how to obtain the CDRs of MFPS5, to choose
and obtain appropriate human immunoglobulin genes, to graft the CDRs into these
genes, to modify selected framework residues, to express the CDR-grafted
antibody in appropriate host cells, e.g. Chinese hamster ovary (CHO) cells, and to
test the resulting recombinant antibodies for binding affinity and specificity (see

e.g. literature references above).

To obtain a humanized antibody, the antigen binding sites, which are formed by the
CDRs of the heavy chain and CDRs of the light chain, are excised from the DNA
of cells secreting the rodent (murine) monoclonal antibody and grafted into the
DNA coding for the framework of the human antibody. Since only the antigen-
binding site CDRs, rather than the entire variable domain of the rodent antibody,
e.g. mouse antibody, are transplanted, the resulting humanized antibody (“second

generation” antibody) is less immunogenic than a chimeric antibody.

In the experiments of the invention, two versions of a humanized antibody were
obtained by CDR grafting. These antibodies show an affinity to FAP with Kp of

30-40 nM, as determined by Surface Plasmon Resonance analysis.

Alternatively to CDR grafting, MFP5 can be humanized by the so-called
“resurfacing” technology, whereby the murine frameworks are left unchanged with

the exception of surface-exposed residues, as described in US 5,639,641.

Nucleic acid molecules coding for the light chain and the heavy chain may be
synthesised chemically and enzymatically (PCR amplification) by standard
methods. First, suitable oligonucleotides can be synthesized with methods known

in the art (e.g. Gait, 1984), which can be used to produce a synthetic gene.
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Methods to generate synthetic genes from oligonucleotides are known in the art
(e.g. Stemmer et al., 1995; Ye et al., 1992; Hayden et Mandecki, 1988; Frank et al.,
1987).

In yet another embodiment, the antibody is a MFP5 antibody, preferably a
humanized antibody, recognizing an epitope within the FAP sequence that overlaps
with the epitope recognized by MFPS5. Overlapping epitopes can, for example, be
determined by competitive binding. Competitive binding is determined in ELISA
using plates coated with FAP protein or FAP peptides or with FAP positive cells
(Cell ELISA) and measuring binding of biotinylated MFP35 antibody in presence of
a competitor antibody. In the presence of a competing antibody or antibody-derived
fragment, the binding of biotinylated MFPS5 is reduced in the case that the
antibodies recognise a shared epitope. To identify the MPFS5 epitope peptide,
fragments or short polypeptides or recombinant proteins derived from the FAP
sequence can be synthesised or produced and the binding of MFPS5 to said
peptides/polypeptides measured in an ELISA assay. Peptides or protein fragments
containing the epitope, or DNA molecules encoding such peptides/fragments,
respectively, may be used for immunization to obtain antibodies reactive with the

same epitope as MFP5.

The nucleic acid molecules encoding the antibody heavy and light chains may be
cloned into an expression vector (either both chains in one vector molecule, or each
chain into a separate vector molecule), which then is introduced into a host cell.
Expression vectors suitable for immunoglobulin expression in prokaryotic or
eukaryotic host cells and methods of introduction of vectors into host cells are
well-known in the art. In general, the immunoglobulin gene therein is in functional
connection with a suitable promoter, like for example a human cytomegalovirus
(CMV) promoter, hamster ubiquitin promoter (WO 97/15664), or a simian virus
SV40 promoter located upstream of the Ig gene. For termination of transcription, a
suitable termination/polyadenylation site like that of the bovine growth hormone or
SV40 may be employed. Furthermore, an enhancer sequence may be included, like

the CMV or SV40 enhancer. Usually, the expression vector furthermore contains
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selection marker genes like the dihydrofolate reductase (DHFR), glutamine
synthetase, adenosine deaminase, adenylate deaminase genes, or the neomycin,
bleomycin, or puromycin resistance genes. A variety of expression vectors are
commercially available from companies such as Stratagene, La Jolla, CA;
Invitrogen, Carlsbad, CA; Promega, Madison, WI or BD Biosciences Clontech,
Palo Alto, CA. For example, expression vectors pAD-CMV1 (NCBI GenBank
Accession No. A32111) or pAD-CMV19 (NCBI GenBank Accession No. A32110)
may be used for expression. The host cell preferably is a mammalian host cell, e.g.
a COS, CHO, or BHK cell, more preferably a chinese hamster ovary (CHO) cell,
e.g. a CHO-DUKX (Urlaub and Chasin, 1980), CHO-DG44 (Urlaub et al., 1983),
or CHO-K1 (ATCC CCL-61) cell. The host cell then is cultured in a suitable
culture medium under conditions where the antibody is produced, and the antibody
is then isolated from the culture according to standard procedures. Procedures for
production of antibodies from recombinant DNA in host cells and respective
expression vectors are well-known in the art (see e.g. WO 94/11523, WO 97/9351,
EP 0 481 790, EP 0 669 986).

An example for a humanized anti-FAP antibody is BIBH1, which was used in
some comparative experiments of the invention. It contains an amino acid sequence
(variable region of the light chain) as in SEQ ID NO:2 of WO 99/57151, further
contains an amino acid sequence (variable region of the heavy chain) as set forth in
SEQ ID NO:12 of WO 99/57151 and further contains an amino acid sequence
(constant region of the light chain) as set forth in SEQ ID NO:20 of WO 99/57151
and an amino acid sequence (constant region of the heavy chain) as set forth in

SEQ ID NO:22 of WO 99/57151.

In a further aspect, the MFPS5 antibody molecule is an MFP5 antibody fragment. To
obtain antibody fragments, e¢.g. Fab fragments, digestion can be accomplished by
means of routine techniques, e.g. using papain. Examples of papain digestion are
described in WO 94/29348 and US 4,342,566. Papain digestion of antibodies
typically produces two identical antigen binding fragments, so-called Fab

fragments, each with a single antigen binding site, and a residual Fc fragment.

10
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Pepsin treatment yields an F(ab'), fragment that has two antigen combining sites

and is still capable of cross-linking the antigen.

The Fab fragments obtained by digestion of the antibody also contain the constant
domains of the light chain and the first constant domain (CH,) of the heavy chain.
Fab' fragments differ from Fab fragments in that they contain additional residues at
the carboxy terminus of the heavy chain CH; domain including one or more
cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab'
in which the cysteine residue(s) of the constant domains bear a free thiol group.
F(ab"), antibody fragments originally were produced as pairs of Fab' fragments
which have hinge cysteines between them. Antibody fragments can also be
generated by molecular biology methods producing the respective coding DNA

fragments.

The MFP5 antibody molecules may contain all or only a portion of the constant
region as long as they exhibit specific binding to the relevant portion of the
antigen. The choice of the type and length of the constant region depends on
whether effector functions like complement fixation or antibody dependent cellular
toxicity are desired, and on the desired pharmacological properties of the antibody
protein. The antibody molecule will typically be a tetramer consisting of two light
chain/heavy chain pairs, but may also be dimeric, i.e. consisting of a light
chain/heavy chain pair, e.g. a Fab or Fv fragment, or it may be a monomeric single
chain antibody (scFv; Johnson and Bird, 1991).

In another embodiment, the MFP5 antibody molecule may be a so-called
“antibody-like molecule” (which is considered a derivative of an MFP5 antibody),
which is a polypeptide containing short sequences or fragments of
immunoglobulins. In particular, these are polypeptides containing one or more
antigen binding regions that are identical or similar to a complementarity
determining region (CDR) of an immunoglobulin. Such molecules can also be
minibodies or single domain antibodies, e.g. so-called ,,nanobodies”, which are
micro-scaffolds comprising a CDR2 or CDR3 polypeptide sequence

interconnecting fragments of the adjacent framework polypeptide sequences, which

11
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are arranged to form two anti-parallel-strands (described e.g. in WO 03/050531 and
by Revets et al., 2005). Other examples for antibody-like molecules (or MFP5
antibody derivatives) are immunoglobulin super family antibodies (IgSF;
Srinivasan 2005), camelized antibodies or other CDR containing or CDR grafted
molecules or “Domain Antibody” (dAb). dABs are functional binding units of
antibodies, corresponding to the variable regions of either the heavy (VH) or light
(VL) chains of human antibodies. Domain Antibodies have a molecular weight of
approximately 13 kDa, or less than one-tenth the size of a full antibody. A series of
large and highly functional libraries of fully human VH and VL dAbs has been
developed. dABs are also available for “dual targeting”, i.e. dAbs that bind, in
addition to FAP, to a second target in one molecule. dAb libraries, selection and
screening methods, dAb formats for dual targeting and for conferring extended
serum half life are described in e.g. US Patent 6,696,245, WO 04/058821,

WO 04/003019 and WO 03/002609.

In general antibody fragments and derivatives (antibody-like molecules) are well

expressed in bacterial, yeast, and mammalian cell systems.

Alternatively, the MFP5 antibody-like molecule may be a so-called “SMIP”
(““Small Modular Immunopharmaceutical”). This molecule employs a single
polypeptide chain as its binding domain Fv, which is linked to single-chain hinge
and effector domains devoid of the constant domain CH1 (WO 02/056910). The
molecules can be prepared as monomers or dimers, but they do not assume the

dimer-of-dimers structure of traditional antibodies.

12



WO 2007/077173 PCT/EP2006/070185

10

15

20

25

In a further aspect, the invention relates to an immunoconjugate of formula

A(LB), (Formula (1))
wherein

A is an MFP5 antibody molecule, as defined above;

L is a linker moiety;
B a cytotoxic agent; and
n is a decimal number withn =1 to 10.

In the following, immunoconjugates containing an MFPS5 antibody (molecule) are

designated “MFP5 (immuno)conjugates”.

Immunoconjugates containing the murine monoclonal antibody MFP5 have been
shown to be effective in destroying various tumours associated with activated
stromal fibroblasts; MPF5 conjugates are therefore useful for the therapy of such
tumours. Alternatively, instead of using an MFP5 immunoconjugate, the MFP5

antibody (molecule) may be used as such, i.e. in non-conjugated form.
Compound B, which is toxic to cells, is a cytotoxic agent.

In accordance with the invention, the above-defined MFPS5 antibody molecule is
chemically coupled to any suitable cytotoxic agent, particularly a cytotoxic agent
that induces cytotoxicity (e.g. apoptosis or mitotic arrest) of tumor cells, to form an
immunoconjugate of the invention. As a result of normal pharmacologic clearance
mechanisms, an antibody employed in a drug conjugate contacts and binds to target
cells only in limited amounts. Therefore, the cytotoxic agent employed in the
conjugate must be highly cytotoxic such that sufficient cell killing occurs to elicit a
therapeutic effect. As described in US 2004/0241174, examples of such cytotoxic
agents include taxanes (see, e.g. WO 01/38318 and WO 03/097625), DNA-
alkylating agents (e.g., CC-1065 analogs), anthracyclines, tubulysin analogs,
duocarmycin analogs, doxorubicin, auristatin E, and cytotoxic agents comprising a
reactive polyethylene glycol moiety (see, e.g., Sasse et al. 2000; Suzawa et al.,

2000; Ichimura et al., 1991; Francisco et al., 2003; US 5,475,092, US 6,340,701,

13
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US 6,372,738, and US 6,436,931, US 2001/0036923, US 2004/0001838,
US 2003/0199519 and WO 01/49698).

In a preferred embodiment, the cytotoxic agent is a maytansinoid, i.e. a derivative

of maytansine (CAS 35846538).

As described in US 2004/02241174, maytansinoids are known in the art to include
maytansine, maytansinol, C-3 esters of maytansinol, and other maytansinol
analogues and derivatives (see, e.g., US 5,208,020 and US 6,441,163). C-3 esters
of maytansinol can be naturally occurring or synthetically derived. Moreover, both
naturally occurring and synthetic C-3 maytansinol esters can be classified as a C-3
ester with simple carboxylic acids, or a C-3 ester with derivatives of N-methyl-L-
alanine, the latter being more cytotoxic than the former. Synthetic maytansinoid
analogues also are known in the art and described in, for example, Kupchan et al.,
(1978). Methods for generating maytansinol and analogues and derivatives thereof

are described in, for example, US 4,151,042,

Suitable maytansinoids for use in the immunoconjugates of the invention can be
isolated from natural sources, synthetically produced, or semi-synthetically
produced using methods known in the art. Moreover, the maytansinoid can be
modified in any suitable manner, so long as sufficient cytotoxicity is preserved in
the ultimate conjugate molecule. In this regard, maytansinoids lack suitable
functional groups to which antibodies can be linked. A linking moiety desirably is
utilized to link the maytansinoid to the antibody to form the conjugate. The linking
moiety contains a chemical bond that allows for the activation of maytansinoid
cytotoxicity at a particular site. Suitable chemical bonds are well known in the art
and include disulfide bonds, acid labile bonds, photolabile bonds, peptidase labile
bonds, thioether bonds formed between sulfhydryl and maleimide groups, and
esterase labile bonds. In a preferred embodiment, the linking moiety comprises a
disulfide bond or a thioether bond. In accordance with the invention, the linking
moiety preferably comprises a reactive chemical group. Particularly preferred

reactive chemical groups are N-succinimidyl esters and N-sulfosuccinimidyl esters.
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In a preferred embodiment, the reactive chemical group can be covalently bound to
the maytansinoid via disulfide bonding between thiol groups. Thus, a maytansinoid
modified as described herein preferably comprises a thiol group. One of ordinary
skill in the art will appreciate that a thiol group contains a sulfur atom bonded to a
hydrogen atom and is typically also referred to in the art as a sulthydryl group,
which can be denoted as "--SH" or "RSH."

Particularly preferred maytansinoids comprising a linking moiety that contains a
reactive chemical group are C-3 esters of maytansinol and its analogs where the
linking moiety contains a disulfide bond and the chemical reactive group comprises
a N-succinimidyl or N-sulfosuccinimidyl ester. Many positions on maytansinoids
can serve as the position to chemically link the linking moiety. For example, the
C-3 position having a hydroxyl group, the C-14 position modified with
hydroxymethyl, the C-15 position modified with hydroxy and the C-20 position
having a hydroxy group are all useful. The linking moiety most preferably is linked
to the C-3 position of maytansinol. Most preferably, the maytansinoid used in
connection with the immunoconjugate of the invention is N*-deacetyl-N*~(- 3-
mercapto-1-oxopropyl)-maytansine (DM1) or N*-deacetyl-N*-(4-mercapto-4-
methyl-1-oxopentyl)-maytansine (DM4).

Linking moieties with other chemical bonds also can be used in the context of the
invention, as can other maytansinoids. Specific examples of other chemical bonds
include acid labile bonds, thioether bonds, photolabile bonds, peptidase labile
bonds and esterase labile bonds. Methods for producing maytansinoids with linking
moieties are described in, for example, US 5,208,020, US 5,416,064, and

US 6,333,410.

The linking moiety of a maytansinoid typically and preferably is part of a larger
linker molecule that is used to join the antibody to the maytansinoid. Any suitable
linker molecule can be used in connection with the invention, as long as the linker

molecule provides for retention of the cytotoxicity and targeting characteristics of
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the maytansinoid and the antibody, respectively. The linker molecule joins the
maytansinoid to the antibody through chemical bonds (as described above), such
that the maytansinoid and the antibody are chemically coupled (e.g. covalently
bonded) to each other. Desirably, the linker molecule chemically couples the
maytansinoid to the antibody through disulfide bonds or thioether bonds. Most
preferably, the antibody is chemically coupled to the maytansinoid via disulfide
bonds.

Particularly preferred linker molecules include, for example, N-succinimidyl 3-(2-
pyridyldithio)propionate (SPDP) (see, e.g., Carlsson et al., (1978)), N-succinimidyl
4-(2-pyridyldithio)butanoate (SPDB) (see, e.g., US 4,563,304), N-succinimidyl 4-
(2-pyridyldithio)pentanoate (SPP) (see, e.g., CAS Registry number 341498-08-6),
N-succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC) (see,
e.g., Yoshitake et al., Eur. J. Biochem., 101, 395-399 (1979)), and N-succinimidyl
4-methyl-4-[2-(5-nitro-pyridyl)-dithio]pentanoate (SMNP) (see, ¢.g.,

US 4,563,304). Preferred linker molecules for use in the conjugates of the
invention are SPP, SMCC, and SPDB.

The choice of linker depends on the therapeutic situation — while administration of
the conjugates with cleavable linkers has the benefis, in particular at lower
dosages, of the so-called “bystander effect”, i.e. the cytolytic effect of the toxin on
surrounding cells that are not directly targeted by the antibody part of the
immunoconjugates, the linker system containing an uncleavable linker (e.g. the
thioester linker SMCC) offers the possibility of an antibody drug conjugate with

lower toxicity and a larger therapeutic window.

By way of example, the MFPS5 antibody maytansinoid conjugate of the invention

may be prepared from a maytansinoid of formula
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Formula (II)

wherein

R; represents H or SR4, wherein R4 represents methyl, ethyl, linear alkyl,
branched alkyl, cyclic alkyl, simple or substituted aryl, or heterocyclic;
R, represents Cl or H;
R3 represents H or CH3s; and’

m represents 1, 2, or 3.
Preferably, R; is H, CHj3, or SCH3, R 1s Cl, R3 is CH3, and m = 2.

The maytansinoid with R; = H, R, = Cl, R3 = CH3, and m = 2 is designated DM1 in

the literature.
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In an embodiment, the immunoconjugate of the invention has the formula

CH,O

(Formula IIT)

5 wherein
A is an MFP5 antibody molecule; as defined above,
(L) is an optional linker moiety;

p is a decimal number with p =1 to 10.
Preferably, p is 2 to 4, more preferably about 2.5 to 3.5.

10  As mentioned above, methods for preparing such maytansinoids are known in the
art (see in particular US 5,208,020, Example 1); they have also been described in
WO 02/094325 for generating an anti-CD44 antibody maytansinoid conjugate.

Conveniently, in a first step the maytansinoid C-3 ester ansamitocin P3 may be
produced by bacterial fermentation of microorganisms belonging to the genus

15 Nocardia or Actinosynnema, e¢.g. ATCC 31565, ATCC 31281 (US 4,356,265;
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US 4,450,234; WO 01/77360). Ansamitocin P3 may be extracted from the culture
using organic solvents like ethyl acetate or toluene, and further purified by
adsorption chromatography using e.g. silica gel. It may then be reduced to
maytansinol using LiAlH4 (US 4,360,462) or, as suggested more recently,
LiAl(OMe)3H or other LiAl or NaAl hydrids (WO 02/16368). The maytansinol
may then be esterified at the C-3 position with N-methyl-L-alanine or N-methyl-L-
cysteine derivatives to yield a disulfide-containing maytansinoid (US 5,208,020;
US 5,416,064; US 6,333,410), for example using dicyclohexylcarbodiimide(DCC)
and catalytic amounts of zinc chloride (US 4,137,230; US 4,260,609). In a
preferred embodiment, the maytansinol is esterified with the compound N-methyl-

N-(3-methyldithiopropanoyl)-L-alanine of formula

HO N\[]/\/S\S/CH?’

to yield the maytansinoid of Formula (IT) with with R; = SR4, R4y = CH3, R, = Cl,
R;=CHj;, and m = 2.

The free thiol group may then be released by cleavage of the disulfide bond with
dithiothreitol (DTT), to yield e.g. DM1.

The immunoconjugate of the invention can be formed using any method, e.g. using
the methods described for generating the anti-CD44 maytansinoid conjugates

(WO 02/094325). Upon intracellular cleavage, the free maytansinoid is released
from the conjugate A(LB),. The free drug released from the immunoconjugate of
the invention A(LB), may have the formula B-X, wherein X is an atom or a
chemical group, depending on the nature of the cleaving reaction. Preferably, X is a
hydrogen atom, as for example when the linker moiety is just a covalent bond

between two sulfur atoms, or a hydroxyl group. The cleavage site may also be
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within the linker moiety if the linker moiety is a chemical group, generating free
drug of formula B-L‘‘-X upon cleavage, wherein X is an atom or a chemical group,
depending on the nature of the cleaving reaction. Preferably, X is a hydrogen atom

or a hydroxyl group.

In a preferred embodiment, the immunoconjugate of formula (I) is less toxic than
the toxic compound B, B-X or B-L‘*-X released upon intracellular cleavage.
Methods of testing cytotoxicity in vitro are known in the art (Goldmacher et al.,
1985; Goldmacher et al., 1986; see also US 5,208,020, Example 2). Preferably, the
immunoconjugate (I) is 10 times or more, more preferably 100 times or more, or

even 1000 times or more less toxic than the free drug released upon cleavage.

Preferably, the MFP5 antibody molecule maytansinoid conjugates are those that
are joined via a disulfide bond, as discussed above, that are capable of deliver
maytansinoid molecules. Such cell binding conjugates are prepared by known
methods such as modifying monoclonal antibodies with succinimidyl pyridyl-
dithiopropionate (SPDP) or pentanoate (SPP) (Carlsson et al, 1978). The resulting
thiopyridyl group is then displaced by treatment with thiol-containing
maytansinoids to produce disulfide linked conjugates. Alternatively, in the case of
the aryldithiomaytansinoids, the formation of the antibody conjugate is effected by
direct displacement of the aryl-thiol of the maytansinoid by sulthydryl groups
previously introduced into antibody molecules. Conjugates containing 1 to

10 maytansinoid drugs linked via a disulfide bridge are readily prepared by either
method. In this context, it is understood that the decimal number n in the formula
A(LB), is an average number as not all conjugate molecules of a given preparation

may have the identical integer of LB residues attached to the antibody molecule.

The maytansinoid is preferably linked to the MFP5 antibody by a disulfide moiety

and has the formula

20



WO 2007/077173 PCT/EP2006/070185

10

Formula (IV)

CH,O

wherein the link to the antibody is through the sulfur atom shown in formula IV to
a second sulfur atom present in the antibody molecule. To create such a sulfur atom
available for bonding, an antibody molecule may be modified by introduction of a
suitable linker as outlined above. Preferably, the maytansinoid is linked to the
antibody molecule through a —-S-CH,CH,-CO-, a -S-CH,CH,CH,CH,-CO-, or

a -S-CH(CH;3)CH,CH,-CO- group. The sulfur atom in such a linker group forms
the disulfide bond with the maytansinoid, while the carbonyl function may be
bonded to an amino function present on the side chain of an amino acid residue of

the antibody molecule.

That way, one or more maytansinoid residues may be linked to an antibody
molecule. Preferably, 2 to 4 maytansinoid residues are linked to an antibody

molecule.
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In a further embodiment, the present invention relates to a method for producing an

immunoconjugate of formula (I) comprising the steps:

(a) introducing free or protected thiol groups into an MFP5 antibody molecule;
(b) reacting the antibody molecule of step (a) with maytansinoid, and

(c) recovering the resulting MFP5 immunoconjugate.

In a further embodiment, the present invention relates to a pharmaceutical
composition comprising an MFP5 antibody molecule of the invention or an
immunoconjugate of the invention of formula (I), preferably together with a

pharmaceutically acceptable carrier, excipient, or diluent.

Suitable pharmaceutically acceptable carriers, diluents, and excipients are well
known and can be determined by those of skill in the art as the clinical situation
warrants. Examples of suitable carriers, diluents and/or excipients include:

(1) Dulbecco's phosphate buffered saline, pH about 7.4, containing about 1 mg/ml
to 25 mg/ml human serum albumin, (2) 0.9% saline (0.9% w/v NaCl), and

(3) 5% (w/v) dextrose. An example for a pharmaceutical composition useful for the

immunoconjugate of the invention is described in US 2004/0241174.

The pharmaceutical compositions of the invention may be used for all kinds of
clinical or non-clinical applications wherein a maytansinoid is to be targeted to
cells expressing FAP, in particular to human tumour cells or human stromal

fibroblasts.

The pharmaceutical compositions containing an antibody molecule and/or
immunoconjugate of the invention and a pharmaceutically acceptable carrier are
useful for treating tumour diseases that are associated with activated stromal
fibroblasts and/or tumours that express FAP. In particular, the pharmaceutical
composition of the invention is useful for the treatment of tumour diseases selected
from the group consisting of colorectal cancers, non-small cell lung cancers, breast

cancers, head and neck cancer, ovarian cancers, lung cancers, invasive bladder
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cancers, pancreatic cancers and metastatic cancers of the brain, head and neck
squamous cell carcinoma (SCC), esophagus SCC, lung SCC, skin SCC, melanoma,
breast adenocarcinoma (AC), lung AC, cervix SCC, pancreas AC, colon AC, or
stomach AC, thyroid cancers, prostate cancer, osteosarcoma (OS) or soft tissue
sarcoma. In addition benign tumours expressing FAP, e.g. desmoid tumours can be

treated with the immunoconjugate of the invention.

In a further embodiment, the present invention relates to a method of treatment of
cancer comprising applying a pharmaceutical composition as described before to a
patient. In particular, this aspect of the invention relates to a method of treatment of
cancer in a patient in need thereof, comprising administering to the patient a
therapeutically effective amount of an immunoconjugate as described above, or a
pharmaceutical composition as described above, for the cancer indications defined

above.

For clinical treatment of cancer, the immunoconjugate of formula (I) according to
the invention can be supplied in the form of a solution that is tested for sterility and
for endotoxin levels. Examples of suitable protocols of immunoconjugate
administration are as follows: Conjugates may be given weekly for 1 to 6 weeks
either as an i.v. bolus, or as a continuous infusion for 5 days. Bolus doses can be
given in 50 to 100 ml of normal saline to which 5 to 10 ml of human serum
albumin has been added. Continuous infusions can be given in 250 to 500 ml of
normal saline, to which 25 to 50 ml of human serum albumin has been added, per
24 hour period. Dosages will generally be 10 mg to 400 mg/m” of body surface
area per application. The dose applied to the patient per administration has to be
high enough to be effective, but must be below the dose limiting toxicity (DLT). In
general, a sufficiently well tolerated dose below DLT will be considered maximum
tolerated dose (MTD). The expert knows how to determine the MTD (Lambert et
al., 1998). For weekly administrations, the MTD can be expected to be in the range
of 100 to 200 mg/m”. Alternatively, intervals between applications may be longer,
e.g. two to four weeks, preferably three weeks. In this case, the MTD can be

expected to be in the range of 200 to 300 mg/m”. Alternatively, application may be
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in 5 daily doses, followed by a break of several weeks after which treatment may
be repeated. In this case, the MTD per administration can be expected to be lower
than 100 mg/m”. For example, conjugates can be administered as a single i.v.
infusion with a rate of 3 mg/min every 21 days. Up to 7 cycles of treatment were
applied. It is to be understood that the applied doses may well be out of the ranges
given above if the clinical situation requires. For example, if the MTD is found to
be higher than indicated, single administration may be at a higher dose than

400 mg/m”, or weekly may be at more than 200 mg/m®. The amount of applied
conjugate also depends on the type of linker; for cleavable linkers, as mentioned
above, the higher bystander effect achieved by the released toxin may allow for

lower dosages than when using a non-cleavable conjugate.

Dose, route of administration, application scheme, repetition and duration of
treatment will in general depend on the nature of the disease (type, grade, and stage
of the tumour etc.) and the patient (constitution, age, gender etc.), and will be
determined by the medical expert responsible for the treatment. Besides treatment
of solid tumours, therapeutic application according to the invention may be
advantageous as an adjuvant to surgical intervention, to treat minimal residual

disease.

The antibodies and immunoconjugates of the invention may also be used for the
therapy of diseases in which expression of FAP is causally involved, e.g. for the

the therapy of rheumatoid arthritis.

In a further embodiment, the invention relates to the use of an antibody of the
invention and/or an immunoconjugate of formula (I) for the preparation of a

pharmaceutical composition for the treatment of cancer and rheumatoid arthritis.
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Brief description of the Figures:

Figure 1: Comparison of binding affinity of anti-FAP antibodies and their
5 DM1 conjugates in Cell ELISA on FAP-positive fibrosarcoma cells.
Figure 2: Efficacy of MFP5-DMI treatment in nude mice xenografted with

human pancreatic tumours.

Figure 3: Efficacy of MFP5-DMI treatment in nude mice xenografted with

human lung tumours.

10 Figure 4: Efficacy of MFP5-DMI treatment in nude mice xenografted with

human head and neck tumours.

Figure SA:  Comparison of efficacy MFP5 maytansinoid conjugates with 3
different linkers in treatment of nude mice xenografted with human

pancreatic cancer.

15 Figure 5B: Comparison of efficacy MFP5 maytansinoid conjugates with 3 different
linkers in treatment of nude mice xenografted with human lung

cancer.

Figure 5C: Comparison of efficacy MFP5 maytansinoid conjugates with three
different linkers in treatment of nude mice xenografted with human

20 head and neck tumours.

Figure 6: Expression of FAP in thyroid cancers
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Example 1

Generating of anti-FAP antibody maytansinoid immunoconjugates
1.1.  Generation of antibodies

1.1.1. Anti-FAP antibody BIBH1:

The humanized antibody BIBHI (also designated sibrotuzumab), derived from the
monoclonal antibody F19, is obtained as described in WO 99/57151. This antibody

reacts with human FAP, but does not react with mouse FAP.
1.1.2. Anti-FAP monoclonal antibody MFP5:

The hybridoma cell line MFP5 secreting the murine monoclonal MFPS5 is
generated as described in WO 95/33771 for VFF18, except that

FAP -/- knock out mice (Niedermeyer et al. 2000) strain C57BL/6 are used for
immunisation due to the high homology of murine and human FAP. The antigen
used for immunization is a CD8-murine FAP fusion protein (SEQ ID NO: 5;
Niedermeyer 1998). Cross-reactivity of the secreted antibody MFP35 to human FAP
is verified by using a cell ELISA assay (see Example 2) on the recombinant human
fibrosarcoma cell line HT1080 (HT1080; ATCC CCL 121), clone v1.33,
expressing human FAP (obtained by transfecting HT1080 cells with cDNA

encoding human FAP. The results are shown in Example 2, Figure 1.

The antibody is purified from cell culture supernatant on a protein A sepharose

column.
1.1.3. Chimeric antibody cMFP5:

mRNA is extracted from the hybridoma cell line MFP5 which secretes the antibody
MEFP5. In subsequent RT-PCR reactions, the variable light chain DNA and variable
heavy chain DNA is amplified using specific primers homologous to the known
leader sequences (forward primers) and to the constant region (backward primers)

of murine heavy and light chain immunoglobulins (Jones and Bendig, 1991). The
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variable chain sequences are then cloned accordingly into a mammalian expression
vector containing the human kappa light chain and the human IgG1 heavy chain
constant region sequences. The chimeric MFP5 antibody is then expressed

transiently in HEK 293 cells and purified on a protein A sepharose column.
1.2.  Generation of antibody-DM1 conjugates:

The murine monoclonal antibody MFP5 and the humanised recombinant antibody
BIBHI1 are linked to the maytansinoid DM1 as described by Chari et al., 1992;

Liu et al., 1996; US 5,208,020. The conjugates are designated BIBHI-DM1 and
MFP5-DM1, respectively. (In the following Examples, if not otherwise indicated,
the designation “MFP5-DM1” stands for MFP5-SPP-DM1, i.e. the disulfide-linked

immunoconjugate.

Fractions of antibody DM1 conjugate samples are assayed for the number of DM1
molecules linked per antibody molecule. (Linked DM 1 molecules are determined
by measuring the absorbance at both 252 nm and 280 nm). DM1/MAb ratio in the
pooled solution is found to be 2.6 — 3.25 and the yield of conjugated antibody is at
least 50 % based on starting antibody.

Example 2

Analysis of in vitro binding of BIBH1-DM1 and MFP5-DM1 compared to the

binding of the parental antibodies

The binding of BIBH1 and MFP5 antibodies and the respective antibody
conjugates BIBH1-DM1 and MFP5-DMI to antigen positive and negative HT1080
cells is determined in a cell-ELISA assay. Binding to human FAP is monitored on
the recombinant HT1080 v1.33 cell line and binding to murine FAP on the
recombinant cell line HT1080 clone 13.6. For generation of HT1080 13.6, murine
FAP c¢cDNA is cloned (Niedermeyer et al. 1998) and ligated into the expression

plasmid pZeoSV2(+) (Invitrogen). Stable clones are generated as described for
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HT1080 v1.33 and clones positive for murine FAP are screened with the murine
FAP specific monoclonal antibody 3D11 (Niedermeyer et al., 2000). For the cell
ELISA 100 pl of cell suspensions at various cell densities are seeded per well of a
96-well microtiter plate and the cells are incubated overnight in an incubator
(37°C, 5% CO2). On the next day, cells are fixed with 100 % ethanol. Dilutions of
the antibodies BIBH1 and MFP5 and of the conjugates BIBH1-DM1 and MFP5-
DM1 are added in duplicates and incubated for two hours. After washing three
times with PBS/Tween, diluted rabbit anti-human-IgG-peroxidase conjugate is
added for detection of the BIBH1 antibodies and for detection of the MFP5
antibodies a diluted goat anti-mouse-Ig-peroxidase conjugate is added. After
incubation for two hours at RT plates are washed again three times with
PBS/Tween and bound anti-FAP-antibodies detected by addition of TMB staining
solution. As shown in Figure 1, the conjugation with DM1 does not alter the
binding affinity of the antibodies BIBH1 and MFP5. Furthermore, Figure 1 shows
that MFP5, but not BIBHI1, binds to both human and murine FAP:

A: Binding to HT1080 v1.33 expressing human FAP. The binding

affinity of the antibodies is retained after conjugation to DM1.

B:  Binding to HT1080 13.6 expressing murine FAP. Only the murine
specific antibody MFPS5 binds.

C:  Negative control. The parental cell line HT1080 shows no

endogenous FAP expression.

Example 3
In vitro cytotoxicity assay

100 pl of cell suspensions of HT1080 and the FAP positive clone HT1080 v1.33 at
various cell densities are seeded per well of a 96-well microtiter plate and the cells

are incubated overnight in an incubator (37°C, 5% CO2). On the next day dilutions
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of the cytotoxic conjugate MFP5-DM1 are added in duplicates and the cells are
incubated for further three days. Remaining cells are stained by MTS and the signal
read in a microtiter plate spectrophotometer. The concentration resulting in 50 %
cytotoxic effect (EC50) is calculated using the graphing software GraphPad Prism
(GraphPad Software, Inc., San Diego, CA, USA) using a sigmoidal curve fit.

MFP5-DM1 is highly effective in killing the antigen-positive cell line HT1080
v1.33, with EC50 values of about 0.04 nM. The antigen-negative cell line HT1080

is effected by the conjugate only at much higher concentrations with an EC50 of

about 59 nM.

Example 4

In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against human

kidney tumour xenografts expressing human FAP

In vivo anti-tumour efficacy of MFP5-DM1 is tested in a nude mouse model
applying the recombinant human kidney tumour HEK293 FAP (human embryonic
kidney cells, ATCC, Cat. No. CRL-1573, transfected with human FAP ¢cDNA as
described by Park et al., 1999). The cells are cultured in RPMI 1640 medium
containing 10% fetal calf serum and supplements. 1x10” tumour cells (100 pl) are
added to 100 pl matrigel and transplanted subcutaneously into the right flank of

6 week old female NMRI-nu/nu mice. Treatment starts when the tumours reach an
average size of 291 mm’. Treatment consists of i.v. injections of MFP5-DM1 at a
dose level of 300 ng DM1/kg given daily on five consecutive days (one cycle).
PBS-treated animals serve as tumour growth control. Tumour growth is monitored
by measuring tumour size. A tumour response is rated as complete response when

the tumour completely disappeared at any time after start of treatment.

The average tumour volume of both groups during the observation period is
measured. In the group treated with MFP5-DM1, the T/C (median tumor volume of

treated animals divided by the median tumor volume of control animals) on day 42
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is markedly decreased; a number of animals shows complete tumour regression.
The obtained results show that the MFP5-DM1 displays excellent anti-tumour

activity against human tumours expressing FAP.

5  Example 5

In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against human

sarcoma tumour xenografts expressing FAP

A. In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against HT1080

human fibrosarcoma tumours expressing human FAP

10 In vivo anti-tumour efficacy of MFP5-DMI1 is tested in a nude mouse xenograft
model applying the FAP-expressing human tumour cell line HT1080 v1.33 (human
fibrosarcoma). The cells are cultured in RPMI 1640 medium containing 10% fetal
calf serum and supplements. 5x10° tumour cells are transplanted subcutaneously
into the right flank of 6 week old female NMRI-nu/nu mice. Treatment starts when

15 the tumours reach an average size of 29 to 38 mm’. Treatment consists of i.v.
injections of MFP5-DM1 given daily on 5 consecutive days. 2 different doses of
MFP5-DM1 are tested in parallel in groups of 6 mice: 30 ug DM1/kg and 300 pg
DM1/kg. PBS-treated animals serve as tumour growth control. Tumour growth is
monitored by measuring tumour size.

20 A tumour response is rated as complete response when the tumour completely

disappeared at any time after start of treatment.

The obtained results show that MFP5-DM1 induces excellent anti-tumour

responses in HT1080 v1.33 xenografted nude mice.

B. In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against human

25 malignant fibrous histiocytoma expressing human FAP

In vivo anti-tumour efficacy of MFP5-DM1 is tested in a nude mouse xenograft

model applying the antigen-positive human tumour MFSH (MFSH cell line: human
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malignant fibrous histiocytoma (Takeya et al. 1995; Iwasaki et al. 1992).

The cells are cultured in RPMI 1640 medium containing 10% fetal calf serum and
supplements. 1x107 tumour cells are transplanted subcutancously with matrigel into
the right flank of 6 week old female NMRI-nu/nu mice. For therapy experiments
tumours are maintained via passaging of tumour fragments. Treatment started when
the tumours reached an average size of 116 -131 mm’. Treatment consists of i.v.
injections of MFP5-DM1 given weekly for four weeks. 3 different dose levels of
MFP5-DM1 are tested in parallel: 100 pg DM1/kg, 200 pg DM1/kg, and 400 pg
DM1/kg. PBS treated animals serve as tumour growth control. One group is treated
with unconjugated antibody MFP5 at a dose level corresponding to the antibody
amount at the highest dose level of MFP5-DM1 immunoconjugate. Tumour growth

is monitored by measuring tumour size.

These results show that MFP5-DM1 conjugate induces anti-tumour responses in
MSFH xenografted nude mice when given once a week over a period of four
weeks, with dose-dependent response. Unconjugated antibody shows no

antitumour effect in this experiment.

C. In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against a human

osteosarcoma tumour xenograft expressing human FAP

In vivo anti-tumour efficacy of MFP5-DM1 is tested in a nude mouse xenograft
model applying a tumour derived from a human osteosarcoma. For therapy

experiments tumours are maintained via passaging of tumour fragments.

Passaged tumours are transplanted subcutaneously into the right flank of 6 week
old female NMRI-nu/nu mice. Treatment starts when the tumours reach an average
size of 75 — 95 mm’. Mice are randomised into three different treatment groups

(three diffent dose levels, 8 mice per group):

Treatment consists of i.v. injections of MFP5-DMI1 given daily on five consecutive
days, starting at day 1. Three different dose levels of MFP5-DM1 are tested:
30 pg DM1/kg, 100 pg DM1/kg and 200 pg DM1/kg. Control animals are either
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untreated (PBS) or treated with unconjugated antibody MFP5 at a dose level
corresponding to the antibody amount at the highest dose level of MFP5-DM1

immunoconjugate. Tumour growth is monitored by measuring tumour size.

The obtained results show that MFP5-DM1 induces anti-tumour responses in
osteosarcoma-xenografted nude mice when given daily on five consecutive days,
with dose-dependent response. Unconjugated antibody shows no antitumour effect in

this experiment.

Example 6

In vivo anti-tumour efficacy of MFP5-DM1 immunoconjugate against human

tumour xenografts not expressing human FAP

In vivo anti-tumour efficacy of MFP5-DM1 is tested in nude mice inoculated with
human tumour cells not expressing FAP, derived from human pancreatic cancer
(Example 5A), human non-small-cell lung cancer (Example 5B) and human head
and neck cancer (Example 5C). Expression of FAP on stromal fibroblasts of mouse

origin is verified by standard immunohistochemistry using chimeric MFP5.

For therapy experiments tumours are maintained via passaging of tumour

fragments for the human pancreatic and lung cancer.
A: Human pancreatic cancer xenograft model in nude mice:

Passaged tumours are transplanted subcutaneously into the right flank of 6 week
old female NMRI-nu/nu mice. Treatment started when the tumours reached a

median size of 85 — 108 mm”.
Mice are randomised into the following treatment groups (8 mice per group):

Group 1: Control (PBS)
Group 2: MFP5-DM1 (400 pg DM1/kg/d)
Group 3: MFP5-DM1 (200 pg DM1/kg/d)
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Group 4: MFP5-DM1 (100 pg DM1/kg/d)
Group 5: MFPS5 control (28 mg/kg/d)

Treatment consists of i.v. injections of MFP5-DM1 given once a week (four
consecutive weeks), starting at day 0. 3 different dose levels of MFP5-DMI are
tested: 7 mg/kg MFPS5 corresponding to 100 pg DM1/kg, 14 mg/kg MFP5
corresponding to 200 pg DM1/kg and 28 mg/kg MFP5 corresponding to 400 ug
DM1/kg. Control animals are either untreated (PBS) or treated with unconjugated
antibody (MFP5 control antibody, 28 mg/kg). Tumour growth is monitored by
measuring tumour size. The relative tumour volume of each group during the
observation period is shown in Figure 2 (the relative tumour volumes per group are
shown, the treatment groups are indicated; in this figure, BIA 12 designates the

MFPS5 conjugate, and BIA 13 designates the unconjugated antibody MFP5).

Tumours treated either with control antibody or at the low dose level of 7 mg/kg
MFP5-DM1 show similar growth as untreated tumours with T/C (treatment vs.
control) on day 31 of 86% for the control antibody and 71% for the low dose. In
the groups treated with 14 mg/kg/d MFP5-DM1 and 28 mg/kg/d MFP5-DM1,
dose-dependent efficacy is observed with T/C on day 31 of 22% for the group 3
treated with 14 mg/kg/d MFP5-DM1 and T/C of 6% on day 31 for the high dose
group 4 treated with 28 mg/kg/d MFP5-DM1.

These results show that MFP5-DM1 induces excellent anti-tumour responses in
mice xenografted with a human pancreatic carcinoma when given once a week
over a period of four weeks, with dose-dependent response. Unconjugated antibody

shows no antitumour effect in this experiment.
B: Human non-small-cell lung cancer xenograft model in nude mice

Passaged tumours are transplanted subcutaneously into the right flank of 6 week
old female NMRI-nu/nu mice. Treatment started when the tumours reached a

median size of 92 - 120 mm’.

Mice are randomised into the following treatment groups (8 mice per group):
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Group 1: Control (PBS)

Group 2: MFP5-DM1 (400 pg DM1/kg)
Group 3: MFP5-DM1 (200 pg DM1/kg)
Group 4: MFP5-DM1 (100 pg DM1/kg)
Group 5: MFP5 (28 mg/kg)

Treatment consists of i.v. injections of MFP5-DM1 given once a week (four
consecutive weeks), starting at day 0. Three different dose levels of MFP5-DM 1
are tested in parallel: 7 mg/kg/d MFP5 DM conjugate corresponding to 100 ug
DM1/kg, 14 mg/kg MFP5 DM1 conjugate corresponding to 200 pg DM 1/kg and
28 mg/kg MFP5-DM1 conjugate corresponding to 400 ung DM1/kg. Control
animals are either untreated (PBS) or treated with unconjugated antibody (MFP5
control antibody, 28 mg/kg). Tumour growth is monitored by measuring tumour
size. The relative tumour volume of each group during the observation period is
shown in Figure 3 (the relative tumour volumes per group are shown, the treatment
groups are indicated. In this figure, BIA 12 designates the MFP5 conjugate, and
BIA 13 designates the unconjugated antibody MFP5). Tumours treated with
control antibody showed similar growth as untreated tumours with T/C rates on
day 21 of 107%. In the groups treated with 7, 14 or 28 mg/kg/d MFP5-DM1, dose-
dependent efficacy is observed with T/C rates on day 21 of 7.6 % for group 2
treated with 28 mg/kg/d MFP5-DM1, 29% for group 3 treated with 14 mg/kg/d
MFP5-DM1 and 54% for group 4 treated with 7 mg/kg/d MFP5-DM1.

These results show that MFP5-DM1 induces excellent anti-tumour responses
against human lung tumours in xenografted nude mice when given once a week
over a period of four weeks, with dose-dependent response. Unconjugated antibody
shows no antitumour effect in this experiment. Tumour sections from treated

animals stained with hematoxylin show drastic reduction of tumour cells.

C: Human head and neck cancer xenograft model in nude mice:
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In vivo anti-tumour efficacy of MFP5-DM1 is tested in a nude mouse xenograft
model applying the human tumour cell line FaDu (human head and neck cancer).
The cells are cultured in RPMI 1640 medium containing 10% fetal calf serum and
supplements. 1x10° tumours cells are transplanted subcutaneously into the right
flank of 6 - 8 week old female NMRI-nu/nu mice. Treatment started when the

tumours reached a median size of 72 - 78 mm’.
Mice are randomised into the following treatment groups (6 mice per group):

Group 1: Control (PBS)

Group 2: MFP5-DM1 (200 pg DM1/kg/d)
Group 3: MFP5-DM1 (400 pg DM1/kg/d)
Group 4: MFPS5 control (17 mg/kg/d)

Treatment consists of i.v. injections of MFP5-DM1 given once a week (four
consecutive weeks), starting at day 0. 2 different dose levels of MFP5-DMI are
tested: 8.5 mg/kg MFP5 corresponding to 200 ug DM1/kg and 17 mg/kg MFP5
corresponding to 400 pg DM1/kg. Control animals are either untreated (PBS) or
treated with unconjugated antibody (MFP5 control antibody, 17 mg/kg). Tumour
growth is monitored by measuring tumour size. The relative tumour volume of
each group during the observation period is shown in Figure 4 (the relative tumour

volumes per group are shown, the treatment groups are indicated).

Tumours treated with control antibody show similar growth as untreated tumours.
In the groups treated with 8.5 mg/kg/d MFP5-DM1 and 17 mg/kg/d MFP5-DM1,
dose-dependent efficacy is observed with T/C on day 32 of 40% for the group 2
treated with 8.5 mg/kg/d MFP5-DM1 and T/C of 10 % on day 32 for the high dose
group 3 treated with 17 mg/kg/d MFP5-DM1.

These results show that MFP5-DM1 induces excellent anti-tumour responses in
mice xenografted with a human head and neck cancer when given once a week
over a period of four weeks, with dose-dependent response. Unconjugated antibody

shows no antitumour effect in this experiment.
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Example 7

Comparison of MFP5-maytansinoid immunoconjugates containing three different
linkers in their in vivo anti-tumour efficacy against human tumour xenografts not

expressing human FAP.

To elucidate the mechanism of action of an MFP5 maytansinoid conjugate,
additional conjugates of MFP5 are generated using the same maytansinoid, DM,
but instead of being coupled by SPP (disulfide linkage), the toxin is coupled to the
antibody via the “non-cleavable” thioester linker SMCC, as well as a modified
maytansinoid, DM4, coupled via the cleavable disulfide-containing SPDB linker.
(Recent studies have shown that an SPDB-DM4 conjugate, but not an SMCC-DM1
conjugate of the same antibody, generate metabolites that potently kill bystander

cells.)

For the experiments in this Example, MFP5-SPDB-DM4 and MFP5-SMCC-DM1
are generated and characterized in vitro and in vivo, as described above for MFP5-
DM1, the conjugate containing a disulfide bond. Whereas the SPDB linker used in
MFP5-DM4, similar to the SPP linker used in MFP5-DMI1, contains a cleavable
disulfide bond, a non-cleavable thioether bond is present in the SMCC linker.

In proliferation assays, both MFP5-DM4 and MFP5-SMCC-DM1 show similarly
high potency and selectivity as MFP5-DM1 (EC50 = 29 pM and 22 pM,
respectively, on FAP-expressing HT1080 cells; > 1 uM on FAPa-negative parental
cells).

In the pancreas adenocarcinoma model, a single dose of MFP5-DM1 or MFP5-
DM4, equivalent to 800 pg maytansinoid/kg, respectively, results in regression of
tumors, including complete regression in 3 out of 8 treated animals (Fig. 5A).

Fig. 5A shows the growth kinetics of the xenografted human pancreatic tumors
during treatment. Mice are treated i.v. with citrate buffer (closed square);
mAbFAP5-DMI1 (open square), mAbFAP5-DM4 (closed circle), mAbFAPS-

SMCC-DMI (closed circle). Tumor sizes are represented as the median of eight
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mice. Arrows indicate the treatment. As can be seen Fig. 5A, the remaining tumors
eventually resume growth, but at a slow rate that was maintained until the end of
the experiment on day 75 post-treatment. In contrast, the uncleavable MFP5-
SMCC-DMI1 conjugate at the same dose level does not show any significant

efficacy.

In the lung carcinoma model (Fig. 5B), the conjugates are dosed at 400 pg
maytansinoid per kg administered once weekly for three weeks. Fig. 5B shows the
growth kinetics of xenografted human lung tumors during treatment. Mice were
treated 1.v. with citrate buffer (closed square); mAbFAPS5-DMI1 (open square),
mAbFAP5-DM4 (closed circle), mAbFAPS5-SMCC-DMI1 (closed circle). Tumor
sizes are represented as the median of eight mice. Arrows indicate the treatment.
Again, it can be observed that MFP5-DM1 as well as the MFP5-DM4 conjugate
induce tumor regressions, including complete regressions in 4/8 and 4/8 treated
animals, respectively, and the growth rate of residual tumors is reduced until the

end of the experiment on day 62. Regrowth of 2 tumors is observed in both groups.

An additional xenograft experiment is performed, using the head and neck
carcinoma cell line FaDu. Subcutaneous FaDu xenografts in nude mice induce a
less prominent stromal reaction in the host in comparison to the other tumor
models, however FAPa expression is consistently upregulated in the tumor stromal
fibroblasts. Following a single administration of conjugates at a dose of 600 pg
maytansinoid/kg, MFP5-DM1 and the MFP5-DM4 conjugate, but not the MFP5-
SMCC-DMI1 conjugate, show significant efficacy, and complete tumor regressions
are observed in 1/8 and 2/8 of the treated animals, respectively. Fig. 5C shows the
growth kinetics of xenografted human head and neck tumors during treatment.
Mice are treated i.v. with citrate buffer (closed square); mAbFAPS5-DM1 (open
square), mAbFAP5-DM4 (closed circle), mAbFAPS5-SMCC-DMI1 (closed circle)
and unconjugated antibody (open diamond). Tumor sizes are represented as the

median of eight mice. Arrows indicate the treatment. In all experiments, treatment
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is well tolerated and weight gain of the animals is similar to that in the control
group. The reason for this finding may be due to the fact that the cleavable linkers
have a higher bystander effect potential (whereas the uncleavable linker normally
is less toxic and therefore offers a larger therapeutic window).

The experiments in the three tumor xenograft models described in this Example
demonstrate, at the given dose and the conditions of this experiment, that MFP5
conjugates containing SPP-DM1 or SPDB-DM4 are highly efficacious in delaying
tumor growth or inducing tumor regression, whereas the SMCC-DMI conjugate is
essentially devoid of efficacy. These results thus further substantiate the bystander
killing hypothesis; however, it is possible that bystander effects (malignant cells,
endothelial cells) and direct effects on stromal fibroblasts synergise to achieve the

anti tumor responses observed in this experiment.

Example 8
Humanisation of MFP5

To establish a structural model of the MFP5 VL domain, a structural template is
chosen from the Protein Data Bank (PDB) of Brookhaven National Laboratory.
The VL domain from the murine monoclonal antibody entry "1FOR" is chosen
with with 83% sequence identity / 88% similarity and 2.8 A resolution. For the
MFPS5 VH domain, the mouse monoclonal antibody structure "2C1P" with 71%
sequence identity and 81 % similarity is chosen as the main modeling template. To
determine the structure of the H-CDR3 as separate model, the murine monoclonal
antibody structure "IMAM" is chosen for the loop graft. The best fit for human
consensus framework is of the type human Vk and human VH3, 15 such structures
are available in the PDB. For establishing a structure model of the human Vk3
domain, the human antibody structure "1DNO" is chosen. For modeling a human
VHI domain, the PDB entry "I VGE" is chosen and in addition the structure of
"IWTS5" is used to model the N-terminus and the PDB entry "1FVC" for the CDR
H3 loop. Loop grafting is performed by embedding the murine MFP5 CDR regions
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into human antibody frameworks and the following humanized chains constructs

are synthesized:

SEQ ID NO:6: heavy chain (hWHO01); SEQ ID NO:7: light chain, version 1
(hVKO03-versionl); SEQ ID NO:8: light chain, version 2 (hVKO03-version2).

The humanized variable regions are cloned into immunoglobulin expression
vectors (pcDNA3.1 Invitrogen, containing human IgG1 heavy and human kappa
light chain constant regions respectively) and transiently co-transfected in the
combinations of hVH0O1+ hVKO03-versionl and hVHO1+ hVK03-version2, both
combinations are transiently expressed in the HEK 293 freestyle expression system

(Invitrogen) and purified on protein A columns.

Affinity of the obtained humanized anti-FAP antibodies to FAP is determined by
surface plasmon resonance (Biacore), resulting in KD values of 30 — 40 nM.
Approximately 200 resonance units anti-mouse IgG antibody are immobilized
using the amine coupling kit on a CMS5-biosensor-chip in a Biacore 2000 (all
materials Biacore AB, Uppsala, Sweden). MFP5 is bound to the sensor chip by
application of a solution with 5.2 pg/ml for 3 minutes. Association and dissociation
of recombinant human, FAP is measured for 5 minutes at concentrations from

3.7 — 300 nM. Running buffer is HBS-EP (Biacore) supplemented with

1.25 % CM-Dextran (Fluka) and 0.025 % bovine serum albumine (Serva) at a flow
of 20 pl/min. Surface regeneration is performed using 50 mM HCI for 30 sec.
Affinity parameters are calculated using the separate cure fit algorithm of the

BlAevaluation software, version 4.1 (Biacore).

Example 9
Expression of FAP in thyroid cancers

The mRNA expression levels of FAPa in 38 thyroid cancer samples from patients

without lymph node metastasis (LN-; including 3 anaplastic carcinomas,
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6 follicular carcinomas, 2 medullary carcinomas and 37 papillary carcinomas) and
10 thyroid cancer samples from patients with lymph node metastasis (LN+;
including 9 papillary carcinomas and one anaplastic cancer) are determined by
means of oligonucleotide chip technology, and visualized. (As a control set,

29 normal thyroid tissue samples were used). Fig. 6 shows that FAPa is
overexpressed in cancer samples, it is significantly over-expressed in tumors from

patients with lymph node metastasis.

Box- and whisker plots are generated with the statistical computing package R
based on normalized gene expression data extracted from the BioExpressTM
database (Gene Logic Inc., Gaithersburg, MD, USA). The bold center line in the
box indicates the median, its left and right boundaries showing the first and third
quartile of the data. Whiskers extend to the most extreme data point which is no
more than 1.5 times the interquartile range. The human sample collection has been
described by the originator of the BioExpressTM database. The respective
hybridizations are performed on Affymetrix HG-U133A/B oligonucleotide chips
(Affymetrix Inc., Santa Clara, CA, USA).
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Claims

1. Ananti-FAP-a antibody molecule, or a fragment or derivative thereof,

selected from
5 a. a murine monoclonal antibody, defined by

1. avariable heavy chain comprising the region from aa 20 to

136 of sequence (SEQ ID NO: 1);

ii. a variable light chain comprising the region from aa 23 to

129 of sequence (SEQ ID NO:2) and

10 iii. the IgG2a kappa subclass;

or a fragment or derivative thereof;

b. a chimeric antibody derived from the murine monoclonal antibody

defined in a);

15 c. ahumanized antibody, derived from the murine monoclonal

antibody defined in a).

2. The antibody molecule of claim 1, wherein said chimeric antibody b) is

defined by

20 1. avariable heavy chain comprising the region from aa 20 to 136 of

sequence (SEQ ID NO: 1);

ii. avariable light chain comprising the region from aa 23 to 129 of

sequence (SEQ ID NO:2) and

iii. constant heavy and light chains that are of human origin.
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The antibody molecule of claim 2, wherein said chimeric antibody has the
heavy variable chain region comprising the region from aa 20 to 136 (SEQ
ID NO:1) fused to the human heavy chain constant region (SEQ ID NO:3)
and the light chain variable region comprising the region from aa 23 to 129
of sequence (SEQ ID NO:2) fused to the human light chain constant region
(SEQ ID NO:4).

The antibody molecule of claim 1, wherein said humanized antibody c) is

defined by

i.  CDRs contained within the variable heavy chain that comprises the

region from aa 20 to 136 of sequence (SEQ ID NO:1) and by

ii. CDRs contained within the variable light chain that comprises the

region from aa 23 to 129 of sequence (SEQ ID NO:2)
iii. frameworks supporting said CDRs that are from a human antibody,
iv. constant heavy and light chains that are from a human antibody.

An antibody molecule of any one of claims 1 to 4 which reacts both with

murine and human FAP-a.

The antibody of any one of claims 1 to 5 which recognizes an epitope within
the FAP sequence that overlaps with the epitope recognized by the murine
monoclonal antibody defined in

claim 1 a).

The antibody of claim 6 which is a humanized antibody.

47



WO 2007/077173 PCT/EP2006/070185

10

15

20

25

10.

11.

12.

13.

14.

An immunoconjugate of formula

A(LB), (Formula (1))
wherein
A is an anti- FAP-a antibody, or a fragment or derivative thereof, as

defined in any one of claims 1 to 7;
L is a linker moiety;
B a cytotoxic agent; and

nis a decimal number withn =1 to 10.

The immunoconjugate of claim 8 wherein said linker moiety has a chemical

bond capable of being cleaved inside a cell.

The immunoconjugate of claim 8 or 9, wherein said cytotoxic agent B is a

maytansinoid.
The immunoconjugate of claim 10, wherein the maytansinoid is DM1.
The immunoconjugate of claim 10, wherein the maytansinoid is DM4.

The immunoconjugate of claim 8, wherein the linker is selected from
N-succinimidyl 3-(2-pyridyldithio)propionate (SPDP), N-succinimidyl 4-
(2-pyridyldithio)pentanoate (SPP), N-succinimidyl 4-
(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC).

Method of producing of an immunoconjugate of claims 8 to 13, said methods

comprising the steps:

(a) introducing one ore more free or protected thiol groups

into an antibody molecule defined in claim 1;

(b) reacting the antibody molecule obtained in step (a) with a
maytansinoid;
(c) recovering the resulting antibody maytansinoid conjugate.
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15.

16.

17.

18.

19.

20.

Use of an immunoconjugate of claims 8 to 13 for the preparation of a

pharmaceutical composition for the treatment of cancer.

The use of claim 15, wherein the cancer is selected from colorectal cancers,
non-small cell lung cancers, breast cancers, head and neck cancer, ovarian
cancers, lung cancers, invasive bladder cancers, pancreatic cancers,
metastatic cancers of the brain, thyroid cancers, head and neck squamous cell
carcinoma, esophagus squamous cell carcinoma, lung squamous cell
carcinoma, skin squamous cell carcinoma, melanoma, breast
adenocarcinoma, lung adenocarcinoma, cervix squamous cell carcinoma,
pancreas squamous cell carcinoma, colon squamous cell carcinoma, or
stomach squamous cell carcinoma, prostate cancer, osteosarcoma or soft

tissue sarcoma and benign tumours expressing FAP.

A pharmaceutical composition comprising an immunoconjugate of claims 8

to 13 and a pharmaceutically acceptable carrier, diluent, or excipient.
The pharmaceutical composition of claim 17 for the treatment of cancer.

The pharmaceutical composition of claim 18, wherein said cancer is selected
from colorectal cancers, non-small cell lung cancers, breast cancers, head and
neck cancer, ovarian cancers, lung cancers, invasive bladder cancers,
pancreatic cancers, metastatic cancers of the brain, thyroid cancers, head and
neck squamous cell carcinoma, esophagus squamous cell carcinoma, lung
squamous cell carcinoma, skin squamous cell carcinoma, melanoma, breast
adenocarcinoma, lung adenocarcinoma, cervix squamous cell carcinoma,
pancreas squamous cell carcinoma, colon squamous cell carcinoma, or
stomach squamous cell carcinoma, prostate cancer, osteosarcoma or soft

tissue sarcoma and benign tumours expressing FAP.

The pharmaceutical composition of claim 17 for the treatment of rheumatoid

arthritis.
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21.

22.

23.

A method for the treatment of cancer comprising administering to a patient in
need thereof a therapeutically effective amount of an immunoconjugate of

claims 8 to 13 or of a pharmaceutical composition defined in claim 18.

The method of claim 21, wherein the cancer is selected from colorectal
cancers, non-small cell lung cancers, breast cancers, head and neck cancer,
ovarian cancers, lung cancers, invasive bladder cancers, pancreatic cancers,
metastatic cancers of the brain, head and neck squamous cell carcinoma,
esophagus squamous cell carcinoma, lung squamous cell carcinoma, skin
squamous cell carcinoma, melanoma, breast adenocarcinoma, lung
adenocarcinoma, cervix squamous cell carcinoma, pancreas squamous cell
carcinoma, colon squamous cell carcinoma, or stomach squamous cell
carcinoma, prostate cancer, osteosarcoma or soft tissue sarcoma and benign

tumours expressing FAP.

A method for the treatment of rheumatoid arthritis comprising administering
to a patient in need thereof a therapeutically effective amount of an
immunoconjugate of claims 8 to 13 or of a pharmaceutical composition

defined in claim 17.
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