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Pharmaceutical compositions comprising a bispecific single chain antibody
with specificity for human CD3 and human CEA and having resistance to
soluble CEA

More than three decades have passed since Gold and Freedman first described the
tumor associated carcinoembryonic antigen (CEA) in human colon cancer tissue
extracts (Gold and Freedman; J. Exp. Med. 122 (1965); 467-481).

Meanwhile, 28 other genes/pseudogenes relating to the CEA gene family have been
discovered. In an attempt to simplify the nomenclature used for the members of the
CEA gene family, the family has recently been renamed the “CEA-related cellular
adhesion molecules” (CEACAMSs) and the nomenclature for its members has been
unified (Beauchemin, Exp. Cell Res. 252 (1999), 243-249). For example, according
to this nomenclature, human CEA (CD66e) is termed CEACAMS.

The human CEA gene family is clustered on chromosome 19g13.2 (Olsen et al.
Genomics 23 (1994); 659-668). Its 29 genes and pseudogenes can be divided into
three subgroups, i.e. the CEA subgroup containing seven expressed genes, the
pregnancy-specific-glycoprotein (PSG) subgroup containing eleven expressed genes
and the third subgroup which contains only pseudogenes (Hammarstrom, Sem.
Cancer Biol. 9 (1999), 67-81; Beauchemin, Exp. Cell Res. 252 (1999), 243-249). The
analysis of the amino acid sequences of CEA and the other family members revealed
that they belong to the immunoglobulin (Ig) superfamily (Williams and Barclay, Annul.
Rev. Immunol. 6 (1988), 381-405). All members of the CEA subgroup are attached to

the cell surface membrane: Biliary glycoprotein (CEACAM1; BGP1; TM-CEA;
CD66a), CEA gene family member 1 (CEACAM3; CGM1; CD66d) and CEA gene

family member 7 (CEACAM4; CGM7) have hydrophobic transmembrane domains,
whereas carcinoembryonic antigen (carcinoembryonic antigen-related cell adhesion
molecule 5: CEACAM5; CEA; CD66e), non-specific cross-reacting antigen
(CEACAMG; NCA; NCA-50/90; CD66¢c), CEA gene family member 2 (CEACAM?7,
CGM2) and CEA gene family member 6 (CEACAMS8; CGM6; CD66b) are linked to
the plasma membrane by glycosylphosphatidylinositol (GPI) lipid moieties. The CEA
proteins are highly glycosylated with a molecular weight of up to approximately 300

kDa, depending on the number of Ilg domains.
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As regards the biological activity of the CEA proteins, in vitro studies with tumor cell
ines suggested that several CEA subfamilies including biliary glycoprotein, CEA and
non-specific cross-reacting antigen can act as homophilic and heterotypic cell
adhesion molecules when expressed on the tumor cell surface (Oikawa et al.,
Biochem. Biophys. Res. Commun. 186 (1992), 881-887; Zhou et al., Cancer Res. 53
(1993), 3817-3822). More recently, a possible role of CEA and non-specific cross-
reacting antigen in the innate immune defense protecting colon from microbial attack
has been discussed (Hammarstrom and Baranov, Trends Microbiol. 9 (2001), p. 119-
125). In particular, it has been proposed that these proteins bind and trap
microorganisms preventing them from reaching and invading the epithelial cells of

the microvilli.

It was hypothesized that CEA is an oncofetal antigen which is expressed during fetal
life, absent in the healthy adult and re-expressed in cancer. However, CEA is also
expressed in normal adult tissue. For instance, biliary glycoprotein, CEA, non-specific
cross-reacting antigen and CEA gene family member 2 are expressed in normal
human colon, particularly in the mature columnar epithelial cells facing the gut lumen
and in the highly differentiated cells at the crypt mouth (Frangsmyr et al., Cancer
Res. 55 (1995), 2963-2967; Frangsmyr et al., Tumor Biol. 20 (1999), 277-292). More
specifically, these proteins are localized to the brush-border glycocalyx of the mature
colonocytes lining the free luminal surface. Biliary glycoprotein, CEA and non-specific
cross-reacting antigen are also expressed in a number of tumors of epithelial origin
(Hammarstrom, Sem. Cancer Biol. 9 (1999), 67-81; Shively and Beatty CRC Cirit.
Rev. Oncol. Hematol. 2 (1985), 355-399).

Already in the late 1970s and early 1980s, CEA became a favored target antigen for
radioimmunolocalization of colorectal and other epithelial tumors. This is due to the
fact that CEA is overexpressed in 95% of gastrointestinal and pancreatic cancers, as
well as in most small-cell and non-small-cell lung carcinomas. It is also expressed in
breast carcinoma and squamous cell carcinoma of the head and neck (Primus et al.,
Cancer 42 (1978), 1540-1545). In fact, CEA is one of the most extensively used
clinical tumor markers. It is used as a serum tumor marker for colorectal and some
other cancers due to its stability, its fairly restricted expression in normal adult tissue
and its high expression in tumors of epithelial origin. The bulk of CEA in a healthy

individual is produced In colon. There it is released from the apical surface of mature
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columnar cells into the gut lumen and disappears with the feces. Thus, only very low
levels are normally seen in the blood from healthy individuals. For instance, CEA
levels In the blood of healthy individuals is less than 2ug/l. In contrast, CEA levels in
serum from patients with colorectal and other carcinomas are increased, ranging up
to more than 2000 ug/l (Thomson et al., PNAS 64 (1969), 161-167). In particular,
progressive, malignant, or late stage epithelial tumors are frequently accompanied by
high serum concentrations of soluble CEA (Fletcher; Ann. Intern. Med. 104 (1986),
66-73). It is known that components from the plasma membrane, including CEA, are
continually exfoliated from the surface as plasma membrane-derived vesicles (Taylor
and Black, J. Natl. Cancer Inst. 74 (1985), 859-866; Sack et al., J Clin Invest. 82
(1988), 586-93) which through draining lymph and blood vessels can end up in the
blood. As the tumor size increases, more CEA will accumulate in the blood. The main
use of serum CEA determinations as a tumor marker is in the post-surgical
survelillance of colon cancer. Increased CEA levels was the first indicator of recurrent
disease in 81% (Minton et al., Cancer 55 (1985), 1284-1290) and 89% (Wanebo et
al., Surg. Gynecol. Obstet. 169 (1989), 479-487) of patients, respectively. Serum
CEA levels can also be used as a prognostic indicator (Mulcahy and Benson, Curr.
Oncol. Rep. 1 (1999), 168-172).

Due to its over-expression in many epithelial cancers CEA is not only used as a
tumor marker but also as a target for anti-tumor therapy. For example,
gastrointestinal cancers account for a large proportion of human epithelial tumors,
with an estimated 21.700 new cases of gastric cancer and 135.400 new cases of
colorectal cancer in the United States in the year 2001 (Greenlee; CA Cancer J Clin
51 (2001), 15-36). Colorectal cancer is the third most common malignancy and the
third leading cause of death from cancer in both males and females (Ries; Cancer 88
(2000), 2398-2424). In an attempt to find new therapeutics against these tumors,
anti-CEA monoclonal antibodies have been explored as possible therapeutics for
CEA-positive cancers (Murakami et al., Immunol. Invest. 25 (1996), 23-35).

One example for an approach in which patients with low tumor load (corresponding
to low serum CEA levels) have been successfully treated is a study performed by
Behr et al. In this approach, a "*'I-labeled variant of labetuzumab (labetuzumab is a
humanized form of anti-CEA monoclonal antibody MN-14; Behr et al., Cancer, 94:
1373-1381, (2002), 1559-64) has been analysed in a phase |l trial in which 30 CRC
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patients with small volume metastatic disease chemorefractory to 5-fluorouracil and
folinic acid or in an adjuvant setting after liver metastasis have been enrolled. A
single injection of "*'I-labeled labetuzumab was given. Of 19 assessable patients, 3
had partial remissions and eight showed minor responses up to 15 months in
duration. In the adjuvant setting, 7 of 9 patients were disease free for up to 3 years,
whereas the relapse rate in the control group was 67% in the same time period. The
serum CEA levels of the patients ranged from 3.9 — 45 ng/ml (Behr et al., Cancer, 94:
1373-1381, 2002). In another study characterized by patients with low CEA serum
levels (<5ng/ml), CEA radio-immunotherapy with **'I-labetuzumab (loc. cit.) has been
shown to improve survival post salvage resection of colorectal cancer metastases in
the liver. 23 patients received a dose of 40-60 mCi/m® **'I-labetuzumab. Five-year
survival was 51.3% for treated and 7.4% for control groups, respectively (Liersch et
al., JCO, 2005, ASCO Proc, Vol 23, No 16S: 3627).

Yet, therapeutic approaches dealing with high serum CEA concentrations frequently
resulted in low or no anti-tumor responses. For example, in a clinical study performed
to evaluate a humanized anti-CEA monoclonal antibody in clinic, a CDR-grafted
version of MN-14 (hMN-14; Sharkey, Cancer Res. 55 (23 Suppl) (1995) 5935s-
5945s.) has been labeled with '°'l. 19 patients with advanced CEA-producing tumors
received "'l labeled hMN-14. The biodistribution, tumor targeting, and
pharmacokinetic behavior of the hMN-14 was similar to that seen with the murine
MN-14. However, patients with elevated CEA (> 200 ng/ml) in plasma had more than
30% of the labeled antibody complexed within 1 h after injection. In some of these
patients, increased complication resulted in enhanced metabolism of the antibody
with more rapid clearance from the blood than that seen in patients with lower
plasma CEA (Sharkey, loc. cit.). In another phase | trial carried out by Yu et al., an
Pl)-labeled high-affinity murine monoclonal antibody (mAb) against CEA, COL-1
(Muraro, Cancer Res. 45 (1985), 5769-80), has been investigated in patients with
gastrointestinal malignancies. In particular, the influence of serum CEA and tumor
bulk on pharmacokinetics has been analysed. To this end, 18 patients with advanced
gastrointestinal malignancies received 20 mg of COL-1 labeled with "3'l, with doses
from 10 mCi/m® to 75 mCi/m?. Serum CEA level ranged from 6 to 2739 ng/mL (mean
+/- SD, 500 +/- 639). 82% of all tumor-involved organs were positive and 58% of all
lesions. However, it has been again observed that elevated serum CEA (> 500

ng/mL) and tumor bulk directly correlated with clearance of serum radioactivity. The
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authors concluded that patients with highly elevated circulating CEA levels and/or
increased tumor bulk clear *'|-labeled COL-1 more rapidly from the circulation (Yu et
al., J. Cli. Oncol. 14 (1996), 1798-1809). Similar results have been obtained in a
study by Hajjar et al. with iodine-131--labeled humanized MN-14 anti-CEA
monocional antibody in patients with metastatic gastrointestinal and colorectal
cancer. In this phase | trial, 21 patients either after prior external beam radiation or
after standard chemotherapy have been treated with antibody. 7 of 21 patients had
human anti-human antibodies (HAHAs), but no adverse effects. No antitumor
response was observed. Again it has been found that elevated plasma CEA levels
iIncrease the clearance of the antibody from the blood and whole body (Hajjar et al.,
Clin Colorectal Cancer, 2 (2002), 31-42) which at least in part may provide for an
explanation of the lacking anti-tumor response observed in this study. The
phenomenon of rapid clearance of therapeutic antibody from blood and body may be
explained by increased formation of immune complexes which have to be rapidly
removed from the body in order to prevent organ damage. No therapeutic effect
could be observed in the tumor patients enrolled in these studies, most probably due
to the rapid clearance of the monoclonal antibodies.

In order to circumvent problems caused by immune complex formation and rapid
clearance of therapeutic monoclonal antibodies which are most likely mediated by
the Fc part of the antibodies recognized by Fc receptors of immune cells, antibody
derivatives (e.g. scFv constructs) or fragments (e.g. Fab and Fab, fragments) without
Fc part have been produced and analysed in clinic. Most of these studies are
directed to tumor imaging and detection/localization (see e.g. Chester et al., Cancer
Chemother Pharmacol, 46 (2000) Suppl: S8-12; Mayer et al., Clin Cancer Res, 6:
(2000) 1711-1719; Begent et al.,, Nat Med, 2 (1996). 979-984). Only a few studies
investigated the therapeutic efficacy of such antibody derivatives/fragments in clinic.
For example, in a clinical approach by Francis et al. (Francis, Br. J. Cancer 87(6)
(2002), 600-607) anti-tumor activity of a scFv-carboxypeptidase construct has been
investigated. In this phase | trial, the antibody directed enzyme prodrug therapy
(ADEPT) has been used in patients with advanced colorectal carcinoma or other
CEA producing tumours. To this end, ASCP, consisting of a F(ab), fragment of a
mouse monoclonal antibody to CEA (A5B7) linked to the bacterial enzyme
carboxypeptidase (CPG2) as the antibody-enzyme targeting agent and ZD2767P, a

bis-iodo phenol mustard prodrug have been utilized. As a result, no clinical or
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radiological responses have been seen in the study. Pre-treatment serum CEA levels
ranged up to 1000 ng/ml. These high CEA concentrations in serum of the treated
tumor patients may be at least in part responsible for the lacking anti-tumor response

observed in this study.

In view of the problems set forth above, the provision of means and methods for
efficient therapeutics for progressive, malignant, or late stage epithelial tumors is

highly desirable.

Accordingly, one aspect of the invention relates to a pharmaceutical composition,
sald pharmaceutical composition comprising a bispecific single chain antibody which
has

(a) a first binding domain specifically binding to human CD3, and

(b) a second binding domain specifically binding to human CEA,

wherein said second binding domain comprises at least the amino acid sequence
DX X2 X3X4FYFDY" (SEQ ID NO. 65), wherein “Xy”, “X2", “X3” or “X4” represents any
amino acid residue, and the amino acid residue “D” corresponds to Kabat position 95
of CDR-H3 of murine monoclonal antibody A5B7 and the amino acid residues
"FYFDY" correspond to Kabat positions 100, 100a, 100b, 101, and 102, respectively,
of CDR-H3 of murine monoclonal antibody A5B7. In one embodiment, “X;
represents "R" (Arginine), “F" (Phenylalanine), “M” (Methionine), “E” (Glutamic acid),
or “T" (Threonine); “Xy" represents “G” (Glycine), “Y” (Tyrosine), “A” (Alanine), “D”
(Aspartic acid), or “S" (Serine); “X3” represents “L" (Leucine), “F” (Phenylalanine),
"M” (Methionine), “E” (Glutamic acid), or “T” (Threonine); and “X;” represents “R”
(Arginine), “Y”" (Tyrosine), “A” (Alanine), “D” (Aspartic acid), or “S” (Serine).

In an embodiment of the pharmaceutical composition of the invention, said second
binding domain specific for human CEA of the bispecific single chain antibody
defined herein comprises at least the amino acid sequence "DRGLRFYFDY” (SEQ
ID NO. 66) corresponding to Kabat positions 95 — 102 of the CDR-H3 of murine
monoclonal antibody ASBY7.

The present invention provides means and methods particularly suited for the

treatment of epithelial tumor patients with high soluble CEA concentrations in their
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plasma. Such high soluble CEA concentrations are found in the serum/plasma of
epithelial tumor patients with progressive tumors, recurrent, metastatic, late stage
tumors and for patients with high tumor load/burden. It has been found that bispecific
single chain antibodies with a CEA binding domain comprising the amino acid
sequence "DRGLRFYFDY” (SEQ ID NO. 66) not only bind to CEA-positive target
cells, but also to soluble CEA,; see Example 3 and Figure 2 of the present invention;
and EP B1 491031. The indicated amino acid sequence ‘DRGLRFYFDY”
corresponds to Kabat positions 95 — 102 (SEQ ID NO. 66) of the CDR-H3 of murine
monoclonal antibody ASB7 (Harwood, Br J Cancer. 54 (1986), 75-82). Surprisingly,
although binding to soluble CEA, said bispecific single chain antibodies kill CEA-

bearing tumor cells, even in the presence of high concentrations of soluble CEA (up
to 1ug/ml soluble CEA has been tested). Put in other words, said bispecific

constructs are not inhibited by soluble CEA in their cytotoxic activity against CEA-
positive tumor cells.

As shown In the following Examples 5 and 8 (in combination with Figures 5, 6, 8, 10,
19, 20, 22 and 27), bispecific single chain antibodies with a CEA binding domain
comprising the amino acid sequence "DRGLRFYFDY"” mediated cytotoxicity to CEA-
positive tumor cells, in the presence of even high concentrations of soluble CEA. For
iInstance, Figure 10 shows a cytotoxicity assay of CEA-reactive bispecific single chain
constructs redirected to Kato lll cells (CEA-positive human gastric carcinoma cell
line) in the presence of increasing amounts of soluble CEA antigen. Stimulated
human CD8 positive cytotoxic T cells (CTLs) were used as effector cells. CEAI
VHVLXSEQ ID NO.77 VHVL-mediated cytotoxicity is resistant to soluble CEA. In
contrast, CEAIl VHVLXSEQ ID NO.77 VHVL-mediated cytotoxic activity is inhibited
by increasing amounts of soluble CEA. CEAI is a variable region derived from murine
mAb A5B7, whereas CEAIlI VHVL is derived from mAb T84.66.

Importantly, it has been found that the amino acid sequence “DRGLRFYFDY” is
sufficient to mediate resistance to soluble CEA when used in a human CEA-binding
domain (i.e. a human binding domain specifically binding to human CEA) of anti-
CEAxanti-CD3 bispecific single chain antibodies; see e.g. Figures 19, 20, 22 and 27.
In the following, bispecific single chain antibodies as defined herein are therefore
referred to as being resistant to soluble CEA antigen. The term “resistance to soluble
CEA antigen”, “resistant to soluble CEA” or related terms as used herein refers to the

fact that the cytotoxicity against CEA-positive target or tumor cells mediated by said
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bispecific single chain antibodies is not affected by increasing concentrations of

soluble CEA. In particular, the cytotoxic activity is not inhibited by even high
concentrations of soluble CEA (up to 1ug/ml has been tested). As set forth above,

CEA levels in the blood of healthy individuals is less than 2ng/ml. High soluble CEA
concentrations in the serum/plasma of tumor patients are characteristic for
progressive, recurrent, metastatic, or late stage tumors and for patients with high
tumor load. Thus, the present invention provides means and methods particularly
suited for the treatment of epithelial tumor patients with such high soluble CEA
concentrations in their plasma. The term “high soluble CEA concentrations” as used
herein denotes a soluble serum/plasma-CEA concentration higher than 10, 20, 50,
70, 80, 90 or 100 ng/ml. This serum/plasma-CEA concentration may be determined,
inter alia, by ELISA. Preferably, said soluble serum/plasma-CEA concentration is
higher than 100 ng/ml, as determined e.g. by ELISA.

The generation of said bispecific single chain antibodies with resistance to soluble
CEA antigen was no trivial task, as evident from the following Examples. For
Instance, bispecific single chain antibodies with a CEA binding domain derived from a
monoclonal antibody (mAb) known to bind membrane-bound CEA but not soluble
CEA, i.e. mAb PR1A3 (Durbin, Proc Natl Acad Sci U S A. 91 (1994), 4313-7), could
not be produced: When used in the bispecific single chain antibody format, no
expression/secretion of the anti-CD3xanti-CEA bispecific single chain construct could
be achieved. When a humanized version of PR1A3 (Durbin, loc. cit.) has been
utiized for the generation, the bispecific single chain antibody construct was
expressed and secreted from the host cell. However, no binding of the anti-CEA
binding domain to membrane-bound CEA could be obtained.

When bispecific single chain antibodies derived from the well-described monoclonal
antibodies 184.66 (Neumaier, M. et al., Cancer Res 50 (1990), 2128-34) or MFE-23
(Boehm, M. K. Biochem J 2 (2000), 519-28) have been generated, these bispecific
antibodies were highly sensitive to soluble CEA antigen, ie. their cytotoxic activity
against CEA-positive target or tumor cells has been blocked in the presence of
soluble CEA antigen. Since said constructs have been found to bind to soluble CEA,
it was concluded that soluble CEA antigen prevents the antibody from binding to
membrane-bound CEA, thereby blocking antibody-mediated cytotoxic activity. For

example, Figure 7 shows a cytotoxicity assay of a CEA-reactive bispecific single



10

15

20

25

30

CA 02633766 2008-06-18

WO 2007/071426 PCT/EP2006/012425
9

chain construct redirected to CHO cells transfected with CEA in the presence of
soluble human CEA. Stimulated human CD8 positive cytotoxic T cells (CTLs) were
used as effector cells. Cytotoxic activity of CEAIl VHVLXSEQ ID NO.77 VHVL is
clearly inhibited by increasing amounts of soluble CEA. CEAIl VHVL is derived from
mAb T84.66; SEQ ID NO.77 is an anti-CD3 VH-VL domain.

Resistance to soluble CEA antigen could be found only for bispecific single chain
antibodies, the CEA binding domain of which comprised the amino acid sequence
"‘DRGLRFYFDY" of the CDR-H3 of murine monoclonal antibody ASB7 (Harwood, Br
J Cancer. 54 (1986), 75-82). As for MFE-23- and T84.66-derived bispecific single
chain constructs, ASB7-derived bispecific single chain antibodies bind to soluble
CEA. In light of the results obtained for MFE-23- and T84.66-derived bispecific single
chain constructs, it could not be expected that soluble CEA does not influence

cytotoxic activity in ASB7-derived single chain bispecific antibody constructs.

As set forth above, many therapeutic approaches directed against CEA-bearing
epithelial tumors in human are seriously hampered by the presence of high levels of
soluble CEA antigen in the plasma of patients cancer. For example, increased
iImmune-complex formation and clearance of therapeutic anti-CEA monoclonal
antibodies in the presence of high CEA concentrations in plasma has been observed
In several clinical studies. In addition, soluble CEA antigen - frequently present in
high concentrations in the serum of cancer patients with progressive tumors,
recurrent cancer, metastasic tumors, high tumor load/burden, or late-stage tumors -
blocks the therapeutics directed against CEA-positive tumor cells, thus preventing
tumor cell recognition and destruction. Therefore, the actual amount of the
therapeutic which reaches the tumor is reduced, resulting in a decreased, low or
even no anti-tumor activity. This limitation so far restricts e.qg. antibody-based
approaches to those patients with very low amounts of soluble CEA antigen unlikely
to prevent therapeutic-tumor cell interaction.

In the present invention, it has been found that it is possible to generate bispecific
single chain antibody-therapeutics with specificity for human CD3 and human CEA,

wherein the cytotoxic activity directed against tumor cells is resistant to even high

concentrations of soluble CEA antigen (up to 1ug/ml soluble CEA have been tested).

This finding Is entirely unexpected in view of the fact that the bispecific single chain
antibodies of the invention binds to soluble CEA antigen (see Example 3 and Figure
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2 of the present invention; see also EP B1 491031). Nevertheless, the bispecific
single chain antibodies as defined herein are entirely resistant to the presence of
even high levels of soluble CEA in its cytotoxic activity towards tumor cells. Thus, the
present invention provides means and methods particularly suited for the treatment
of tumor patients with high soluble CEA concentrations in their plasma, as observed
e.g. during tumor progression, for recurrent cancer, for metastasis, for patients with

high tumor load/burden, or late-stage tumors.

In accordance with this invention, the term “pharmaceutical composition” relates to a
composition for administration to a human patient. Preferably, the pharmaceutical
composition comprises suitable formulations of carriers, stabilizers and/or excipients.
In a preferred embodiment, the pharmaceutical composition comprises a composition
for parenteral, transdermal, intraluminal, intraarterial, intrathecal and/or intranasal
administration or by direct injection into tissue. It is in particular envisaged that said
composition is administered to a patient via infusion or injection. Administration of the
suitable compositions may be effected by different ways, e.g., by intravenous,
intraperitoneal, subcutaneous, intramuscular, topical or intradermal administration.
The composition of the present invention may further comprise a pharmaceutically
acceptable carrier. Examples of suitable pharmaceutical carriers are well known in
the art and include phosphate buffered saline solutions, water, various types of
wetting agents, sterile solutions, liposomes, etc.. Compositions comprising such
carriers can be formulated by well known conventional methods. These compositions
can be administered to the subject at a suitable dose which can be determined e.g.
by dose escalating studies by administration of increasing doses of the bispecific
single chain antibody exhibiting resistance to soluble serum CEA antigen described
herein. As set forth above, the bispecific single chain antibody described herein with
resistance to soluble serum CEA antigen can be advantageously used in the
treatment of cancer patients with high CEA serum concentrations, such as
progressive tumors, recurrent cancer, metastatic tumors, high tumor load/burden, or
late stage tumors. These compositions can also be administered in combination with
other proteinaceous and non-proteinaceous drugs, e.g. in the form of a co-therapy.
These drugs may be administered simultaneously with the composition comprising
the bispecific single chain antibody as defined herein or separately before or after

administration of said bispecific antibody in timely defined intervals and doses. The
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dosage regimen will be determined by the attending physician and clinical factors. As
is well known in the medical arts, dosages for any one patient depend upon many
factors, including the patient's size, body surface area, age, the particular compouna
to be administered, sex, time and route of administration, general health, and other
drugs being administered concurrently. Preparations for parenteral administration
include sterile aqueous or non-aqueous solutions, and suspensions. Examples of
non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water,
aqueous solutions, or suspensions, including saline and buffered media. Parenteral
vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium
chloride, or lactated Ringer's. Intravenous vehicles include fluid and nutrient
replenishers, electrolyte replenishers (such as those based on Ringer's dextrose),
and the like. Preservatives and other additives may also be present such as, for
example, antimicrobials, anti-oxidants, chelating agents, inert gases and the like. In
addition, the composition of the present invention might comprise proteinaceous
carriers, like, e.g., serum albumin or immunoglobulin, preferably of human origin. It Is
envisaged that the co-therapy comprise, in addition to the bispecific single chain
antibody as defined herein, further biologically active agents, depending on the
intended use of the composition. Such agents might be drugs acting on the gastro-
intestinal system, drugs acting as antineoplastic agents, chemotherapeutics,
cytostatica, drugs preventing hyperurikemia, drugs inhibiting immunoreactions (e.qg.
corticosteroids), drugs modulating the inflammatory response, drugs acting on the
circulatory system and/or agents such as cytokines known in the art.

Preferably, the bispecific single chain antibody as defined herein is formulated in a

buffer, a stabilizer and a surfactant. The buffer may be a phosphate, citrate,
succinate or acetate buffer. The stabilizer may be (an) amino acid(s) and/or a sugar.
The surfactants may be detergents, PEGs, or the like. More preferably, the bispecific
single chain antibody as defined herein is formulated in citrate, lysine, trehalose and

Tween™ 80. As a diluent for the pharmaceutical composition of the invention,

isotonic saline and Tween'" 80 is preferred.

As used herein, a “bispecific single chain antibody” denotes a single polypeptide
chain comprising two binding domains. Each “binding domain” as used herein

comprises one variable region from an antibody heavy chain (“VH region®), wherein
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the VH region of the first binding domain specifically binds to said first molecule, i.e.
the human CD3 molecule, and the VH region of the second binding domain
specifically binds to human CEA, as defined in more detail below. The two binding
domains are optionally linked to one another by a short polypeptide spacer generally
comprising on the order of 5 amino acids. Each binding domain may additionally
comprise one variable region from an antibody light chain (“VL region”), the VH
region and VL region within each of the first and second binding domains being
linked to one another via a polypeptide linker, for example of the type disclosed and
claimed in EP B1 623679, but in any case long enough to allow the VH region and
VL region of the first binding domain and the VH region and VL region of the second
binding domain to pair with one another such that, together, they are able to
specifically bind to the respective first and second molecules. The arrangement of the
V regions of the first or second binding domain may be VH-VL or VL-VH. Preferably,
the arrangement of the first binding domain specifically binding to human CD3 is VH-
VL, as shown in the following Examples. It is envisaged that the first binding domain
may be located N-terminally or C-terminally to the second binding domain. Thus, the
arrangement of the binding domains of the bispecific single chain antibodies defined
herein may be VHcea-V0Lcea-VHcps-VLicos, VLcea-VHcea-VHeps-VL0icps, VHeps-VLicps-
VHcea-V0Lcea or VHcps-V0cps-VLcea-VHcea. Preferably, said first binding domain
specific for CD3 is located C-terminally to the second binding domain. More
preferably, the binding domains of the bispecific single chain antibodies defined
herein are arranged in the order VHcea-VL0Lcea-VHceps-V0eceps or VLcea-VHcea-VHcps-
VLcps. Even more preferred, the arrangement is V0Lcea-VHcea-VHceps-V0icps, Most
preferred is the bispecific single chain antibody construct A240 VL-B9 VHXSEQ ID
NO. 77 VHVL as defined in SEQ ID NO. 34. It is envisaged that said first and/or
second binding domains of the bispecific single chain antibodies defined herein may
be of non-human origin (i.e. derived from non-human sequences). For example, said
first and/or second binding domains may be derived from murine monoclonal
antibodies. However, bispecific single chain antibodies derived from murine
antibodies may be recognised as foreign, when being administered to human
patients. Thus, said first and/or second binding domains of the bispecific single chain
antibodies defined herein are preferably of human origin (i.e. derived from human
sequences). Such human binding domains specifically binding to CEA or CD3 may

be identified e.g. by phage display-based techniques. It is also envisaged that e.g.
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the VH region of the first (or second) binding domain is a human VH region, whereas
the corresponding VL region of the first (or second) binding domain may be of non-
human origin. Such binding domains may be also referred to as chimeric binding
domains. Or one of said binding domains is of non-human origin, whereas the other
Is of human origin, resulting in a chimeric bispecific single chain antibody. Said first
and/or second binding domains may be further modified in order to reduce the
immunogenicity of the bispecific single chain antibody described herein, when being
administered to human patients. For example, at least one of said first or second
binding domains of the bispecific single chain antibodies defined herein may be
humanized, CDR-grafted, chimeric and/or deimmunized or human, as set forth in
more detail below. It is also envisaged that the polypeptide linker linking the VH and
VL region within the first and/or second binding domain is deimmunized. Preferably,
the polypeptide linker linking the VH and VL region within the deimmunized first
binding domain (specific for CD3) is a deimmunized polypeptide linker having the
sequence "GEGTSTGS(G2S)o,GGAD" (SEQ ID NO. 141). It is furthermore

envisaged, that one or both of said binding domains of the bispecific single chain
antibodies defined herein carry so-called “tags” which may be used e.g. for protein
expression, purification, detection or enrichment, such as Flag-tags, c-myc-tags,
GST-tags or His-tags. For example, for the Flag-tag the most widely used hydrophilic
octapeptide now is DYKDDDDK (Chubet and Brizzard, Biotechniques 20 (1996):136-
141) though recent studies suggest that a shorter peptide, DYKD, can be recognized
with almost the same affinity by the M1 monoclonal antibody (Knappik A, Pluckthun
A; Biotechniques 17 (1994).754-761). Flag-tags, c-myc-tags, GST-tags, His-tags or
the like may be positioned either at the N-terminus or the C-terminus of the bispecific
single chain antibodies such as, for instance, tag-VHcea-V9Llcea-VHceps-V0icps or
V0Lcea-VHcea-VHcp3-V0ceps—tag. The sources for and properties of such tags for

expression, detection or purification purposes are well described in the art; see e.q.
Lichty, Protein Expr Purif. 41 (2005), 98-105.

As used herein, the term “single-chain Fv" or “scFv’ refers to antibody
fragments comprising the VH and VL domains of an antibody, wherein these
domains are present in a single polypeptide chain. Variable domains can be
arranged in the order VH-VL or VL-VH. Generally, the Fv polypeptide further

comprises a polypeptide linker between the VH and VL domains which enables the
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scFv to form the desired structure for antigen binding. For a review of scFv see
Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and
Moore eds. Springer-Verlag, New York, pp. 269-315 (1994). In a specific
embodiment, the invention relates to anti-CEA scFvs derived from the bispecific

single chain antibodies defined herein.

According to the present invention, the term “binding domain” or “variable region”
used In the context with Ig-derived antigen-interaction comprises fragments and
derivatives of polypeptides which at least comprise one CDR derived from an
antibody, antibody fragment or derivative thereof. It is envisaged by the invention,
that the second binding domain specifically binding to human CEA of the bispecific
single chain antibody defined herein comprises at least one CDR, preferably a CDR-
H3, more preferably a part of the CDR-H3 of murine monoclonal antibody A5B7 with
the amino acid sequence “FYFDY” (SEQ ID NO. 112) corresponding to Kabat
positions 100, 100a, 100b, 101, and 102, respectively, of CDR-H3 of murine
monoclonal antibody A5B7; even more preferred with the amino acid sequence
"DX1XoX3X4FYFDY” (SEQ ID NO. 65), wherein “X4”, “X3", “X3” or “X4” represents any
amino acid residue, and the amino acid residue “D” corresponds to Kabat position 95
of CDR-H3 of murine monoclonal antibody A5B7 and the amino acid residues
"FYFDY" correspond to Kabat positions 100, 100a, 100b, 101, and 102, respectively,
of CDR-H3 of murine monoclonal antibody ASB7. It is envisaged that “Xy”, “X5", “X3"
or X4 corresponding to Kabat positions 96 (“X1”), 97 (“X2"), 98 (“X3") and 99 (“X4"),
respectively, of CDR-H3 of murine monoclonal antibody A5B7, represent amino acid
residue "R" (Arginine), “G" (Glycine), “L” (Leucine), “Y” (Tyrosine), “A” (Alanine), “D”
(Aspartic acid), “S” (Serine), “W” (Tryptophan), “F” (Phenylalanine) or “T” (Threonine).
Herein, it is excluded from the scope of the invention that “X4”, “X5", “X3” and “X,”
represent the same amino acid, e.g. that “Xy”, “X5", “X3” and “X," are all “F”
(Phenylalanine). Preferably, “X¢” represents “R” (Arginine), “F” (Phenylalanine), “M”
(Methionine), “E” (Glutamic acid), or “T” (Threonine); “X2” represents “G” (Glycine),
Y" (Tyrosine), “A" (Alanine), “D" (Aspartic acid), or “S” (Serine); “X3” represents “L”
(Leucine), “F" (Phenylalanine), “M” (Methionine), “E” (Glutamic acid), or “T”
(Threonine); and “X4” represents “R” (Arginine), “Y” (Tyrosine), “A” (Alanine), “D”
(Aspartic acid), or “S" (Serine). Or most preferred the second binding domain

specifically binding to human CEA of the bispecific single chain antibody defined
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herein comprises the complete CDR-H3 of A5B7 with the amino acid sequence
"‘DRGLRFYFDY” (SEQ ID NO. 66) corresponding to Kabat positions 95 — 102 of the
CDR-H3 of A5B7. As shown in the following Examples, the cytotoxic activity against
tumor cells of the bispecific single chain antibody defined herein comprising said
mAb AS5B7-derived CDR-H3 "DRGLRFYFDY” (SEQ ID NO. 66) amino acid sequence
in the second binding domain interacting with CEA are resistant to soluble CEA
antigen, thereby allowing the treatment of tumor patients with high serum CEA
concentrations in their plasma. Determination of CDRs is known to the person skilled
in the art; see e.g. http://www.bioinf.org.uk/abs/#cdrid. Numbering of amino acid
sequences In antibodies can be carried out e.g. according to the Kabat numbering
scheme described Iin the art; see e.g. Kabat, E. A., T. T. Wu, H. M. Perry, K. S.
Gottesman, and C. Foeller. 1991. Sequences of Proteins of Immunological Interest,

oth ed. Bethesda, Md.: National Center for Biotechnology Information, National
Library of Medicine.

Most preferably and as documented in the appended examples, the “bispecific single
chain antibody” to be employed in the pharmaceutical composition of the invention is
a bispecific single chain Fv (scFv) with a deimmunized anti-CD3 binding domain (WO
2005/040220) and a human anti-CEA binding domain comprising at least the amino
acid sequence "DRGLRFYFDY” corresponding to Kabat positions 95 — 102 (SEQ ID
NO. 66) of the CDR-H3 of murine monoclonal antibody A5B7. Bispecific single chain
molecules are known in the art and are described e.g. in WO 99/54440 or Mack,
PNAS, (1995), 92, 7021-7025.

The term "single-chain” as used in accordance with the present invention means that
said first and second domain of the bispecific single chain construct are covalently

linked, preferably in the form of a co-linear amino acid sequence encodable by a

single nucleic acid molecule.

As used herein, "human” refers to the species Homo sapiens. A “human” molecule,
e.g. human CEA or human CD3 (CD3 epsilon), is therefore the variant of that

molecule as it Is naturally expressed in Homo sapiens.

The term “epithelial tumor” as used herein denotes a tumor of epithelial origin which
Is CEA positive (Cancer Medicine; 6th ed.; Kufe, Donald W.; Pollock, Raphael E.;
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Weichselbaum, Ralph R.; Bast, Robert C., Jr.; Gansler, Ted S.; Holland, James F.;
Frei lll, Emil, editors. Hamilton (Canada): BC Decker Inc. 2003; http://www.dkfz.de;
http://www . krebsinformationsdienst.de/Krebsarten/index.html). The epithelial tumor to
be treated may be a gastrointestinal adenocarcinoma, a breast adenocarcinoma or a
lung adenocarcinoma. Said gastrointestinal adenocarcinoma is preferably a
colorectal, pancreatic, an oesophageal or a gastric adenocarcinoma. As set forth
herein, the pharmaceutical composition of the invention is particularly advantageous
for the treatment of patients with progressive tumors, metastasis, recurrent cancer,
late stage epithelial tumors, high epithelial tumor load/tumor burden, or tumor
patients with a CEA serum concentration higher than 100 ng/ml (as determined e.qg.
by ELISA), characterized by high levels of soluble CEA antigen in the plasma of the
tumor patients. It is also within the scope of the invention that said pharmaceutical
composition be used after surgical removal of the primary tumor. For example,
disseminated residual tumor cells derived from a CEA producing epithelial tumor also
shed CEA into their microenvironments. Thus, in the surrounding of these tumor cells
the level of soluble CEA is also high. Accordingly, resistance to soluble CEA of
cytotoxic activity of pharmaceutical compositions of the invention is advantageous
also for the treatment of minimal residual disease. It is envisaged that said
pharmaceutical compositions may be administered in a period in which serum CEA
levels decrease (due to the removal of the CEA source, i.e. the primary tumor) in
order to kill remaining tumor cells. The pharmaceutical compositions may also be
useful after the removal of the primary tumor, in the case that serum CEA levels
Increase due to the formation of secondary tumors or metastasis. The CEA serum
concentration can be determined e.g. by CEA ELISA assays (see e.q. IBL CEA EIA,
IBL Hamburg, Germany). As set forth above, in many antibody-based therapeutic
approaches, said serum CEA inhibits binding of the antibody to membrane-bound
CEA on the tumor cells and blocks the activity of antibody, thereby worsening the
success of the anti-tumor therapy.

As used herein, the term “specifically binds" or related expressions such as
“specifically binding” or “specific reactivity with/to” etc. refer to the ability of the first
and/or second binding domains of the bispecific single chain antibody as defined
herein to discriminate between the respective first and/or second molecule to such an

extent that, from a pool of a plurality of different molecules as potential binding
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partners, only said respective first and/or second molecule is/are bound, or is/are
significantly bound. Such binding measurements can be routinely performed e.g. on a
Biacore™ apparatus, by ELISA, FACS analysis or the like. More specifically, the first
binding domain of the bispecific single chain antibody as defined herein binds to
human CD3, preferably human CD3 epsilon. The second binding domain of the
bispecific single chain antibodies as defined herein binds to a epithelial tumor antigen,
i.e. human CEA (carcinoembryonic antigen, carcinoembryonic antigen-related cell
adhesion molecule 5; CEACAMS5; CD66e), as set forth below. The term “specifically
binding” means in accordance with this invention that the bispecific single chain
antibody molecule is capable of specifically interacting with and/or binding to at least
two, three, four, five, six, seven, eight or even more amino acids of each of the human
target molecule as defined herein. Said term relates to the specificity of the antibody
molecule, i.e. to its ability to discriminate between the specific regions of the human
target molecule as defined herein. The specific interaction of the antigen-interaction-
site with its specific antigen may result in an initiation of a signal, e.g. due to the
induction of a change of the conformation of the antigen, an oligomerization of the
antigen, etc. Further, said binding may be exemplified by the specificity of a “key-lock-
principle”. Thus, specific motifs in the amino acid sequence of the antigen-interaction-
site and the antigen bind to each other as a result of their primary, secondary or tertiary
structure as well as the result of secondary modifications of said structure. The specific
interaction of the antigen-interaction-site with its specific antigen may result as well in a
binding of said site to the antigen.

The “specific binding” of an antibody is characterized primarily by two parameters: a
qualitative parameter (the binding epitope, or where the antibody binds) and a

quantitative parameter (the binding affinity, or how strongly it binds where it does).
Which epitope is bound by an antibody can advantageously be determined by e.qg.
known FACS methodology, peptide-spot epitope mapping, mass spectroscopy or
peptide ELISA. The strength of antibody binding to a particular epitope may be
advantageously be determined by e.g. known Biacore'" and/or ELISA methodologies.
A combination of such techniques allows the calculation of a signal:noise ratio as a
representative measure of binding specificity. In such a signal:noise ratio, the signal
represents the strength of antibody binding to the epitope of interest, whereas the

noise represents the strength of antibody binding to other, non-related epitopes
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differing from the epitope of interest. Preferably, a signal:noise ratio for an epitope of
interest which is about 50-fold higher than for other epitopes different from the
epitope of interest may be taken as an indication that the antibody evaluated binds
the epitope of interest in a specific manner, i.e. is a “specific binder”.

The term "specific binding” or “specific interaction" as used in accordance with the
present invention means that the bispecific single chain construct does not or
essentially does not cross-react with polypeptides of similar structures. Cross-
reactivity of a panel of bispecific single chain construct under investigation may be
tested, for example, by assessing binding of said panel of bispecific single chain
construct under conventional conditions (see, e.g., Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988 and Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999) to the
polypeptide of interest as well as to a number of more or less (structurally and/or
functionally) closely related polypeptides. For example, it is within the scope of the
iInvention that the first binding domain of the bispecific single chain antibody of the
iInvention binds to human CEA (carcinoembryonic antigen; CEACAM5; CEA; CD66e)
l.e. both to soluble CEA antigen and to membrane-bound CEA, whereas bispecific
antibodies binding to other CEA family members, such as biliary glycoprotein
(CEACAM1; BGP1; TM-CEA; CD66a), are excluded from said scope.

Examples for the specific interaction of an antigen-interaction-site with a specific
antigen comprise the specificity of a ligand for its receptor. Said definition particularly
comprises the interaction of ligands which induce a signal upon binding to its specific
receptor. Examples for corresponding ligands comprise cytokines which interact/bind
with/to its specific cytokine-receptors. Also particularly comprised by said definition is
the binding of an antigen-interaction-site to antigens like antigens of the selectin
family, integrins and of the family of growth factors like EGF. Another example for
said Interaction, which is also particularly comprised by said definition, is the
Interaction of an antigenic determinant (epitope) with the antigenic binding site of an
antibody.

The term "binding to/interacting with” may also relate to a conformational epitope, a
structural epitope or a discontinuous epitope consisting of two regions of the human
target molecules or parts thereof. In context of this invention, a conformational
epitope Is defined by two or more discrete amino acid sequences separated in the

primary sequence which come together on the surface of the molecule when the
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polypeptide folds to the native protein (Sela, (1969) Science 166, 1365 and Laver,
(1990) Cell 61, 553-6).

The term “discontinuous epitope” means in context of the invention non-linear
epitopes that are assembled from residues from distant portions of the polypeptide
chain. These residues come together on the surface of the molecule when the
polypeptide chain folds into a three-dimensional structure to constitute a

conformational/structural epitope.

"CD3" as used herein denotes an antigen that is expressed on T-cells as part of the
multimolecular T-cell receptor complex and that consists of at least five different
chains, CD3-gamma, -delta, -epsilon, -zeta, and —eta. Clustering of CD3 on T-cells,
e.d., by immobilized anti-CD3-antibodies, leads to T-cell activation similar to the
engagement of the T-cell receptor but independent from its clone typical specificity.
Actually, most anti-CD3-antibodies recognize the CD3 epsilon-chain. The amino acid

sequence of human CD3 epsilon is depicted in GenBank accession number
NM 000733 and comprises SEQ ID NO. 111.

"CEA" denotes the carcinoembryonic antigen (carcinoembryonic antigen-related cell
adhesion molecule 5; CEACAMS; CEA; CD66e), an antigen expressed in a large

number of tumors of epithelial origin (Hammarstrém, Sem. Cancer Biol. 9 (1999), 67-

- 81; Shively and Beatty CRC Crit. Rev. Oncol. Hematol. 2 (1985), 355-399). The

amino acid sequence of human CEA is depicted in GenBank accession number
NM_004363 and comprises SEQ ID NO. 76.

In the present invention, it has been surprisingly found that it is possible to generate
antibody-based therapeutics with specificity for human CD3 and human CEA,
wherein the cytotoxic activity directed against tumor cells is resistant to even high
concentrations of soluble CEA antigen. This finding is entirely unexpected in view of
the fact that the bispecific single chain antibodies of the invention bind to soluble
CEA antigen. For example, when bispecific single chain antibody constructs derived
from monoclonal antibodies T84.66 or MFE-23 have been generated, these
antibodies were highly sensitive to soluble CEA antigen, i.e. their cytotoxic activity
has been blocked in the presence of soluble CEA antigen. The inhibition of the

cytotoxic activity of said constructs by soluble CEA could also not be overcome by
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iIncreased amounts of antibody. These constructs have also been found to be
capable of binding to soluble CEA. In view of this, it was concluded that soluble CEA
antigen prevents the antibody from exerting its cytotoxic activity. In contrast, the
bispecific single chain antibodies as defined herein are entirely resistant to the
presence of even high levels of soluble CEA in their cytotoxic activity towards tumor
cells. Moreover, due to their high cytotoxic activity, said bispecific constructs as
defined herein elicit their biological activity at even low concentrations. Hence, low
amounts of pharmaceutical compositions comprising the bispecific single chain
antibodies as defined herein are sufficient to achieve a therapeutic effect in epithelial
tumor patients characterized by high soluble CEA concentrations in their
serum/plasma. High soluble CEA concentrations in the serum/plasma of epithelial
tumor patients are characteristic for progressive, recurrent, metastatic, or late stage
tumors and for patients with high tumor load. Even more surprising, it has been found
that the amino acid sequence "DRGLRFYFDY” (SEQ ID NO. 66) corresponding to
Kabat positions 95 — 102 of the CDR-H3 of murine monoclonal antibody A5B7 is
sufficient to mediate resistance to soluble CEA antigen when used in a human CEA-
binding domain (i.e. human binding domains specifically binding to human CEA) of
anti-CEAxanti-CD3 bispecific single chain antibodies. Due to their human origin, said
constructs are low or non-immunogenic when being administered to human tumor
patients. In summary, the pharmaceutical compositions comprising the bispecific
single chain antibodies as defined herein are particularly useful for the treatment of
epithelial tumor patients with high soluble CEA concentrations in their plasma, as
observed e.g. during tumor progression, for recurrent cancer, for metastasis, for

patients with high tumor load/burden, or late-stage tumors.

In another preferred embodiment of the pharmaceutical composition of the invention,
said first binding domain specific for CD3 of the bispecific single chain antibodies

defined herein is located C-terminally to the second binding domain.

Within the scope of the invention and all embodiments thereof, the order of
arrangement of the first and second binding domains on the single polypeptide chain,
l.e. within the bispecific single chain antibody defined herein, is relevant. It is
envisaged that the arrangement of the binding domains of the bispecific single chain

antibodies defined herein may be VHcea-V0Lcea-VHeps-V0ieps, V0cea-VHcea-VHeDps-
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V0Lcops VHcep3-V0ecps-VHcea-V0ocea or VHeps-V0cps-V0icea-VHcea As shown in the
following examples, the advantages as described hereinabove are particularly
realizable when the first binding domain (specifically binding to CD3) is located C-
terminally to the second binding domain, i.e. closer to the C-terminus of the bispecific
single chain antibody than the second binding domain. It is preferred that the first
binding domain specifically binding to human CD3 is arranged in the VH-VL
orientation.For example, the binding domains of the bispecific single chain antibodies
defined herein may be arranged in the order VHcea-VLcea-VHceps-V0icps or V0cea-
VHcea-VHcps-VLcps. As used herein, “N-terminally to” or “C-terminally to” and
grammatical variants thereof denote relative location within the primary amino acid
sequence rather than placement at the absolute N- or C-terminus of the bispecific
single chain antibody. Hence, as a non-limiting example, a first binding domain which
IS “located C-terminally to the second binding domain” simply denotes that the first
binding domain is located to the carboxyl side of the second binding domain within
the bispecific single chain antibody, and does not exclude the possibility that an
additional sequence, for example a tag as set forth above, or another proteinaceous
or non-proteinaceous compound such as a radioisotope, is located at the ultimate C-

terminus of the bispecific single chain antibody.

Preferably, said binding domains of the bispecific single chain antibodies defined
herein are arranged in the order VHcea-V0Lcea-VHcps-V0eps or V0ecea-VHeea-VHcps-
VLcps. Even more preferred, the arrangement is V0Lcea-VHcea-VHceps-V0icps. Most
preferred is the bispecific single chain antibody construct A240 VL-B9 VHxSEQ ID
NO. 77 VHVL as defined in SEQ ID NO. 34.

It is preferred that the second binding domain specifically binding to human CEA of
the bispecific single chain antibody defined herein comprises at least one CDR,
preferably a CDR-H3, more preferably a part of the CDR-H3 of murine monoclonal
antibody ASB7 with the amino acid sequence “FYFDY” (SEQ ID NO. 112)
corresponding to Kabat positions 100, 100a, 100b, 101, and 102, respectively, of
CDR-H3 of murine monoclonal antibody A5B7; even more preferred with the amino
acid sequence "DXiX2X3X4FYFDY” (SEQ ID NO. 65), wherein “X4”, “X5", “X3” or “X4"

represents any amino acid residue, and the amino acid residue “D” corresponds to
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Kabat position 95 of CDR-H3 of murine monoclonal antibody A5B7 and the amino
acld residues "FYFDY” correspond to Kabat positions 100, 100a, 100b, 101, and
102, respectively, of CDR-H3 of murine monoclonal antibody A5B7. Herein, “X;”,
X2, “X3" and “X4" correspond to Kabat positions 96 (“X1"), 97 (“X2"), 98 (“X3”) and 99
("X4'), respectively, of CDR-H3 of murine monoclonal antibody A5B7. It is envisaged
that "X+, "X2", "X3" or "X4" represent amino acid residue “R” (Arginine), “G” (Glycine),
"L" (Leucine), "Y" (Tyrosine), “A” (Alanine), “D” (Aspartic acid), “S” (Serine), “W"
(Tryptophan), “F" (Phenylalanine) or “T” (Threonine). Herein, it is excluded from the

scope of the claims of the invention that “X", “X5", “X3” and “X4” represent the same
amino acid, e.g. that “X¢", “X2", “X3" and “X4" are all “F” (Phenylalanine). Preferably,
“X1" represents "R" (Arginine), “F” (Phenylalanine), “M” (Methionine), “E” (Glutamic
acid), or “T" (Threonine); “X," represents “G” (Glycine), “Y” (Tyrosine), “A” (Alanine),
D" (Aspartic acid), or “S” (Serine); “X3” represents “L” (Leucine), “F” (Phenylalanine),
"‘M” (Methionine), "E” (Glutamic acid), or “T” (Threonine); and “X;” represents “R”
(Arginine), “Y" (Tyrosine), “A” (Alanine), “D” (Aspartic acid), or “S” (Serine). Even
more preferred, the second binding domain specific for human CEA comprises at
least the amino acid sequence “RFYFDY” (SEQ ID NO. 113), “LRFYFDY” (SEQ ID
NO. 114), “"GLRFYFDY” (SEQ ID NO. 115), or “RGLRFYFDY” (SEQ ID NO. 116) of
CDR-H3 of monoclonal antibody ASB7. Most preferred is the complete CDR-H3 of
ASB7 with the amino acid sequence “‘DRGLRFYFDY” (SEQ ID NO. 66)
corresponding to Kabat positions 95 (“D”, Aspartic acid), 96 (“R”; Arginine), 97 (“G";
Glycine), 98 (“L"; Leucine), 99 ("R"; Arginine), 100 (“F”; Phenylalanine), 100a (“Y”;
Tyrosine), 100b (“F"; Phenylalanine), 101 (“D”; Aspartic acid), and 102 (“Y";
Tyrosine), respectively. Numbering according to the Kabat system is set forth e.g. in
Kabat, E. A,, T. T. Wu, H. M. Perry, K. S. Gottesman, and C. Foeller. 1991.
Sequences of Proteins of Immunological Interest, 5th ed. Bethesda, Md.: National
Center for Biotechnology Information, National Library of Medicine.

As shown In the following Examples, the cytotoxic activity against tumor cells of the
bispecific single chain antibody defined herein comprising said mAb A5B7-derived
CDR-H3 "DRGLRFYFDY” (SEQ ID NO. 66) amino acid sequence in the second
binding domain interacting with CEA are resistant to soluble CEA antigen, thereby
allowing the treatment of tumor patients with high serum CEA concentrations in their

plasma.
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It may be desirable to further modify this A5B7-derived “DRGLRFYFDY” CDR-H3
amino acid sequence e.g. in order to improve affinity for the CEA target antigen (on
the epithelial tumor cells) and/or to optimize “fine specificity” of the bispecific single
chain antibody as defined herein. To this end, in the amino acid sequence
"DX1X2X3X4FYFDY” (SEQ ID NO. 65)", various amino acid residues may be tested at
positions “X¢", “X2", “X3" and/or “X4" (corresponding to Kabat positions 96 (“Xy"), 97
("X27), 98 ("X3") and 99 ("X4"), respectively, of CDR-H3 of murine monoclonal
antibody A5B7) in order to identify a modified CDR-H3 with improved affinity and/or
fine specificity. For instance, “X4”, “X2", “X3” or “X4” may represent amino acid residue
‘R" (Arginine), “G” (Glycine), “L" (Leucine), “Y” (Tyrosine), “A” (Alanine), “D” (Aspartic
acid), “S” (Serine), “W" (Tryptophan), “F” (Phenylalanine) or “T” (Threonine). Herein,
one, two, three or all four of the indicated “X" positions may be exchanged in
comparison to the original “RGLR" amino acid sequence at Kabat positions 96 to 99
in the CDR-H3 "DRGLRFYFDY” (SEQ ID NO. 66) amino acid sequence. However, it
IS excluded from the scope of the claims of the invention that “X4”, “X5", “X3” and “X4”
represent the same amino acid, e.g. that “X;", “Xy", “X3” and “X;" are all “F”
(Phenylalanine). The above-mentioned modification of the A5B7-derived
"DRGLRFYFDY"” CDR-H3 amino acid sequence can be achieved by methods known
in the art, such as PCR using randomized primers, which allows the generation of
bispecific single chain antibodies with such modified CDR-H3 regions in the CEA-
binding domain. Affinity or fine specificity of these modified bispecific single chain
antibodies can be tested by methods described in the art, e.g. by ELISA, Biacore or
FACS analysis. The resistance to soluble CEA antigen of a bispecific single chain
antibody with such a modified CDR-H3 can be tested in cytotoxicity assays in the
presence of increasing amounts of soluble CEA, as described in the following

Examples.

More preferably, said second binding domain specific for human CEA of the
bispecific single chain antibodies defined herein comprises SEQ ID NO. 65 or 66
and/or a CDR-H1 having the amino acid sequence “SYWMH” (SEQ ID NO. 68)
and/or a CDR-H2 having the amino acid sequence “FIRNKANGGTTEYAASVKG”
(SEQ ID NO. 67) or "FILNKANGGTTEYAASVKG” (SEQ ID NO. 145). Thus, said
second binding domain specific for human CEA of the bispecific single chain

antibodies defined herein may comprise one, two or three CDR-H regions as defined
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above. Alternatively, said second binding domain specific for human CEA of the
bispecific single chain antibodies defined herein comprises SEQ ID NO. 65 or 66
and/or a CDR-H1 having the amino acid sequence “TYAMH" (SEQ ID NO. 70) and/or
a CDR-H2 having the amino acid sequence “LISNDGSNKYYADSVKG" (SEQ ID NO.
69). Thus, alternatively, said second binding domain specific for human CEA of the
bispecific single chain antibodies defined herein may comprise one, two or three
CDR-H regions as defined above. Even more preferred, said second binding domain
specific for human CEA of the bispecific single chain antibodies defined herein in
addition to the one, two or three CDR-H regions as depicted above comprises a
CDR-L1 having the amino acid sequence “TLRRGINVGAYSIY” (SEQ ID NO. 73)
and/or a CDR-L2 having the amino acid sequence “YKSDSDKQQGS” (SEQ ID NO.
72) and/or a CDR-L3 having the amino acid sequence “MIWHSGASAV” (SEQ ID
NO. 71).

The amino acid sequence of the VH region of the second binding domain specific for
human CEA of the bispecific single chain antibodies defined herein is preferably SEQ
ID NO. 60 comprising “DRGLRFYFDY” (SEQ ID NO. 66) corresponding to Kabat
positions 95 — 102 of the CDR-H3 of murine monoclonal antibody A5B7 and a CDR-
H1 having the amino acid sequence “SYWMH" (SEQ ID NO. 68) and a CDR-H2
having the amino acid sequence “FIRNKANGGTTEYAASVKG” (SEQ ID NO. 67).

The amino acid sequence of the VH region of the second binding domain specific for
human CEA of the bispecific single chain antibodies defined herein is preferably SEQ
ID NO. 146 comprising "“DRGLRFYFDY” (SEQ ID NO. 66) corresponding to Kabat
positions 95 — 102 of the CDR-H3 of murine monoclonal antibody A5B7 and a CDR-
H1 having the amino acid sequence "SYWMH" (SEQ ID NO. 68) and a CDR-H2
having the amino acid sequence “FILNKANGGTTEYAASVKG” (SEQ ID NO. 145).

The amino acid sequence of the VH region of the second binding domain specific for
human CEA of the bispecific single chain antibodies defined herein is preferably SEQ
ID NO. 58 or SEQ ID NO. 62 comprising ‘DRGLRFYFDY” (SEQ ID NO. 66)
corresponding to Kabat positions 95 - 102 of the CDR-H3 of murine monoclonal
antibody ASB7 and a CDR-H1 having the amino acid sequence “TYAMH” (SEQ ID
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NO. 70) and a CDR-H2 having the amino acid sequence “LISNDGSNKYYADSVKG”
(SEQ ID NO. 69).

The VL region of the second binding domain specific for human CEA of the bispecific
single chain antibodies defined herein is preferably SEQ ID NO. 64 comprising CDR-
L1 having the amino acid sequence “TLRRGINVGAYSIY” (SEQ ID NO. 73) and a
CDR-L2 having the amino acid sequence “YKSDSDKQQGS” (SEQ ID NO. 72) and a
CDR-L3 having the amino acid sequence “"MIWHSGASAV” (SEQ ID NO. 71).

As set forth above, the order or arrangement of the variable regions of the second
binding domain specifically binding to CEA may be VH-VL or VL-VH. Both
arrangements are within the scope of the invention. For a second binding domain
comprising the VH of SEQ ID NO. 60 and the VL of SEQ ID NO. 64, the VH-VL
arrangement is shown in SEQ ID NO. 52, whereas the VL-VH arrangement is
depicted in SEQ ID NO. 122. For a second binding domain comprising the VH of
SEQ ID NO. 146 and the VL of SEQ ID NO. 64, the VH-VL arrangement is shown in
SEQ ID NO. 147.

For a secondbinding domain comprising the VH of SEQ ID NO. 58 and the VL of
SEQ ID NO. 64, the VH-VL arrangement is shown in SEQ ID NO 50, whereas the
VL-VH arrangement is shown in SEQ ID NO. 120. For a secondbinding domain
comprising the VH of SEQ ID NO. 62 and the VL of SEQ ID NO. 64, the VH-VL
arrangement is shown in SEQ ID NO. 54, whereas the VL-VH arrangement is
depicted in SEQ ID NO. 124. For a secondbinding domain comprising the VH of SEQ
ID NO. 56 and the VL of SEQ ID NO. 64, the VH-VL arrangement is shown in SEQ
ID NO. 48, whereas the VL-VH arrangement is depicted in SEQ ID NO. 118.

Even more preferred, the V regions of the second binding domain specific for CEA of
the bispecific single chain antibodies defined herein are selected from the group
consisting of:

(a) the VH region consists of the amino acid sequence shown in SEQ ID NO. 60 and
the VL region consists of the amino acid sequence shown in SEQ ID NO. 64;

(b) the VH region consists of the amino acid sequence shown in SEQ ID NO. 146
and the VL region consists of the amino acid sequence shown in SEQ ID NO. 64;
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(c) the VH region consists of the amino acid sequence shown in SEQ ID NO. 58 and
the VL region consists of the amino acid sequence shown in SEQ ID NO. 64;

(d) the VH region consists of the amino acid sequence shown in SEQ ID NO. 62 and
the VL region consists of the amino acid sequence shown in SEQ ID NO. 64; and

(e) the VH region consists of the amino acid sequence shown in SEQ ID NO. 56 and

the VL region consists of the amino acid sequence shown in SEQ ID NO. 64.

Most preferred, said bispecific single chain antibody comprises an amino acid
sequence selected from the group consisting of:
(a) an amino acid sequence as depicted in any of SEQ ID NOs. 6, 8,
16, 18, 24, 26, 32, 34, 40, 42, 126, 130, 134 or 143;
(b) an amino acid sequence encoded by a nucleic acid sequence as
shown in SEQ ID NOs. 5, 7, 15, 17, 23, 25, 31, 33, 39, 41, 125, 129,
133 or 142;
(C) an amino acid sequence encoded by a nucleic acid sequence
hybridising under stringent conditions to the complementary nucleic acid
sequence of (b);
(d) an amino acid sequence encoded by a nucleic acid sequence
which Is degenerate as a result of the genetic code to a nucleotide
sequence of (b); and
() an amino acid sequence at least 85 % identical, more preferred
at least 90 % identical, most preferred at least 95 % identical to the

amino acid sequence of (a) or (b).

In another preferred embodiment of the pharmaceutical composition of the invention,
sald epithelial tumor to be treated is a gastrointestinal adenocarcinoma, a breast
adenocarcinoma or a lung adenocarcinoma. Said gastrointestinal adenocarcinoma is

preferably a colorectal, pancreatic, an oesophageal or a gastric adenocarcinoma.

More preferably, said pharmaceutical composition of the invention is for the treatment
of progressive tumors, late stage tumors, tumor patients with high tumor load/burden,
metastatic tumors, or tumor patients with a CEA serum concentration higher than 100

ng/ml. Said CEA serum concentration may be determined e.g. by ELISA.
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In a further preferred embodiment of the pharmaceutical composition of the invention,
at least one of said first or second binding domains of the bispecific single chain
antibodies defined herein is chimeric, humanized, CDR-grafted, and/or deimmunized

or human.

The term “chimeric” as used herein has been defined above. The term “human”
binding domain, e.g. a human binding domain specifically binding to human CEA as
used herein is to be understood as meaning that the bispecific single chain antibody
as defined herein comprises (an) amino acid sequence(s) contained in the human
germline antibody repertoire or antibody repertoire having at least the amino acid
sequence "FYFDY" corresponding to Kabat positions 100, 100a, 100b, 101, and 102
(SEQ ID NO. 112) of the CDR-H3 of murine monoclonal antibody A5B7 or a A5B7-
derived CDR-H3 as defined above. A bispecific single chain antibody as defined
herein may also be regarded as human if it consists of (a) sequence(s) that
deviate(s) from its (their) closest human germline sequence(s) by no more than
would be expected due to the imprint of somatic hypermutation. Additionally, the
antibodies of many non-human mammals, for example rodents such as mice and
rats, comprise VH CDR amino acid sequences which one may expect to exist in the
expressed human antibody repertoire as well. Any such sequence(s) of human or
non-human origin which may be expected to exist in the expressed human repertoire

would also be considered "human” for the purposes of the present invention.

As used herein, the term “humanized”, “humanization” or “human-like” are used
Interchangeably to refer to a bispecific single chain antibody comprising in at least
one of its binding domains at least one complementarity determining region (“CDR”")
from a non-human antibody or fragment thereof. Humanization approaches are
described for example in WO 91/09968 and US 6,407,213. As non-limiting examples,
the term encompasses the case in which a variable region of at least one binding
domain comprises a single CDR region, for example the third CDR region of the VH,
from another non-human animal, for example a rodent, as well as the case in which a
or both variable region/s comprise at each of their respective first, second and third
CDRs the CDRs from said non-human animal. In the event that all CDRs of a binding
domain of the bispecific single chain antibody have been replaced by their

corresponding equivalents from, for example, a rodent, one typically speaks of
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"CDR-grafting”, and this term is to be understood as being encompassed by the term
"humanized” or grammatically related variants thereof as used herein. The term
“humanized” or grammatically related variants thereof also encompasses cases in
which, in addition to replacement of one or more CDR regions within a VH and/or VL
of the first and/or second binding domain further mutation/s (e.g. substitutions) of at
least one single amino acid residue/s within the framework (“FR”) regions between
the CDRs has/have been effected such that the amino acids at that/those positions
correspond/s to the amino acid/s at that/those position/s in the animal from which the
CDR regions used for replacement is/are derived. As is known in the art, such
Individual mutations are often made in the framework regions following CDR-grafting
In order to restore the original binding affinity of the non-human antibody used as a
CDR-donor for its target molecule. The term “humanized” may further encompass
(an) amino acid substitution(s) in the CDR regions from a non-human animal to the
amino acid(s) of a corresponding CDR region from a human antibody, in addition to

the amino acid substitutions in the framework regions as described above.

As used herein, the term “deimmunized” or “deimmunization” denotes modification of
the first and/or second binding domain vis-a-vis an original wild type construct by
rendering said wild type construct non-immunogenic or less immunogenic in humans.
Deimmunization approaches are shown e.qg. in WO 00/34317, WO 98/52976, WO
02/079415 or WO 92/10755. The term “deimmunized” also relates to constructs,
which show reduced propensity to generate T cell epitopes. In accordance with this
invention, the term “reduced propensity to generate T cell epitopes” relates to the
removal of T-cell epitopes leading to specific T-cell activation. Furthermore, “reduced
propensity to generate T cell epitopes” means substitution of amino acids
contributing to the formation of T cell epitopes, i.e. substitution of amino acids, which
are essential for formation of a T cell epitope. In other words, “reduced propensity to
generate T cell epitopes” relates to reduced immunogenicity or reduced capacity to
Induce antigen independent T cell proliferation. The term "T cell epitope” relates to
short peptide sequences which can be released during the degradation of peptides,
polypeptides or proteins within cells and subsequently be presented by molecules of
the major histocompatibility complex (MHC) in order to trigger the activation of T
cells; see Iinter -alia WO 02/066514. For peptides presented by MHC class Il such

activation of T cells can then give rise to an antibody response by direct stimulation
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of T cells to produce said antibodies. “Reduced propensity to generate T-cell
epitopes” and/or “"deimmunization” may be measured by techniques known in the art.
Preferably, de-immunization of proteins may be tested in vitro by T cell proliferation
assay. In this assay PBMCs from donors representing > 80 % of HLA-DR alleles
In the world are screened for proliferation in response to either wild type or de-
Immunized peptides. ldeally cell proliferation is only detected upon loading of the
antigen-presenting cells with wild type peptides. Alternatively, one may test
deimmunization by expressing HLA-DR tetramers representing all haplotypes. These
tetramers may be tested for peptide binding or loaded with peptides substitute for
antigen-presenting cells in proliferation assays. In order to test whether deimmunized
peptides are presented on HLA-DR haplotypes, binding of e.qg. fluorescence-labeled
peptides on PBMCs can be measured. Furthermore, deimmunization can be proven
by determining whether antibodies against the deimmunized molecules have been
formed after administration in patients. Preferably, antibody derived molecules are
deimmunized in the framework regions and most of the CDR regions are not
modified in order to generate reduced propensity to induce T cell epitope so that the
binding affinity of the CDR regions is not affected. Even elimination of one T cell
epitope results in reduced immunogenicity.

In summary, the above approaches help to reduce the immunogenicity of the
therapeutic bispecific single chain antibodies as defined herein when being
administered to epithelial tumor patients. For example, the first binding domain
specifically binding to CD3 as shown in SEQ ID NO. 77 is deimmunized; see also
WO02005/040220. Preferably, the arrangement of the V regions in this CD3-binding
domain is VH-VL.

In another aspect, the invention relates to a bispecific single chain antibody
comprising an amino acid sequence selected from the group consisting of:
(@) an amino acid sequence as depicted in any of SEQ ID NOs. 6, 8,
16, 18, 24, 26, 32, 34, 40, 42, 126, 130, 134 or 143;
(b) an amino acid sequence encoded by a nucleic acid seque<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>