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Somatostatin binding peptide-metal chelate conjugates

BACKGROUND OF THE INVENTION 2 100 10 8§

1. Field of the Invention

This invention relates to therapeutic agents, radiotherapeutic agents,
radiodiagnostic agents, and non-radioactive diagnostic agents, and methods for
producing such diagnostic and therapeutic agents. The invention also relates to
cyclic peptides which specifically bind to somatostatin receptors expressed at the
surface of mammalian cells, particularly neoplastic or metastatic mammaiian cells.
The invention in one aspect relates to scintigraphic imaging agents for 1maging sites
in a mammalian body. In this aspect, the imaging agents comprise a specific-binding
peptide that specifically binds to somatostatin receptor-expressing cells in vivo,
labeled with technetium-99m (Tc-99m) via a radiolabel-binding moiety which forms
a complex with Tc-99m. In another aspect, the invention provides radioiodinated
imaging agents. The invention also provides therapeutic agents, including
radioiodinated agents, radioactive metal-reagent compiexes and nonradioactive metal-
reagent complexes, all of which have therapeutic utility. The invention provides
reagents for preparing each of the diagnostic and therapeutic embodiments of the
diagnostic and therapeutic agents of the invention, the radiolabeled embodiments and
non-radioactive metal complexes thereof, methods for labeling said reagents and kits

comprising non-radioactive embodiments of the reagents of the invention and other

components for the convenient preparation of the radiolabeled diagnostic and

therapeutic agents of the invention.

2.  Description of the Prior Art

Somatostatin is a tetradecapeptide that is endogenously produced by the
hypothalamus and pancreas in humans and other mammals. The peptide has the

formula:
Fo ]

Ala-GIy-Cys-Lys-Asn-Phe-Phe-Trp—Lys-Thr-Phe-Thr-Sef-Cys
I —

..........................
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gle letter abbreviations for amino acids can be found in G. Zubay, Biochemistry
2d ed.), 1988, (MacMillan Publishing: New York), p.33).

This peptide exerts a
wide variety of biological effects in vivo.

[t 1s known to act physiologically on the

central nervous svstem. the hypothalamus. the pancreas. and the gastrointestinal

tract.

, due to its short half-life in vivo.

where 1t is rapidly degraded by peptidases. For this reason. somatostatin analogues

having improved in vivo stability have been developed

Freidinger, U.S. Patent No

in the prior art.

4.235,886 disclose cyclic hexapeptide
Somatostatin analogues useful in the treatment

Coy and Murphy,

of a number of diseases in humans.

U.S. Patent No. 4,485,101 disclose synthetic dodecapeptide
somatostatin analogues.

Freidinger, U.S. Patent No. 4,611,054 disclose cyclic hexapeptide

somatostatin analogues useful in the réatment of a number of diseases in humans.

Nutt, U.S. Patent No. 4,612,366 disclose cyclic hexapeptide somatostatin

analogues useful in the treatment of 2 number of diseases in humans.

Coy et al., U.S. Patent No 4,853,371 disclose

synthetic octapeptide
somatostatin analogues.

Coy and Murphy, U.S. Patent No. 4.871.717 disclose synthetic heptapeptide
somatostatin analogues.

Coy er al., U.S. Patent No. 4,904.642 disclose

Synthetic octapeptide
somatostatin analogues.

Taylor er al., U.S. Patent No. 5 ,073,541 disclose a method of treating small
cell lung cancer.

Brady, European Patent Application No. 83111747.8 discloses dicyclic

hexapeptide somatostatin analogues useful in the treatment of a number of human

diseases.

Bauer er al.. European Patent Application No. 85810617.2 disclose

_ 9
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somatostatin derivatives useful in the treatment of a number of human diseases.

Eck and Moreau. European Patent Application No. 90302760.5 disclose
therapeutic octapeptide somatostatin analogues.

Coy and Murphy, International Patent Application Serial No.
PCT/US90/07074 disclose somatostatin analogues for therapeutic uses.

Schally er al., European Patent Application Serial No. EPA 911048445 .2
disclose cyclic peptides for theraper:tic use.

Bodgen and Moreau, In:ernational Patent Application Serial No.
PCT/US92/01027 disclose compositions and methods for treating proliferative skin
disease.

Somatostatin exerts it effects »y binding to specific receptors expressed at the
cell surtace of cells comprising the central nervous system, the hypothalamus, the
pancreas, and the gastrointestinal traci These high-affinity somatostatin binding sites
have been found to be abundantly ex.pressed at the cell surface of most endocrine-
active tumors arising from these tissues.

It 1s frequently clinically adva.itageous for a physician to be able to localize
the site of pathological conditions i1 a patient using non-invasive means. Such
pathological conditions include diseases of the lungs, heart, liver. kidneys, bones and
brain, as well as cancer, thrombosis. pulmonary embolism, infection, inflammation
and atherosclerosis.

In the field of nuclear medicine, certain pathological conditions are localized,
or their extent is assessed, by detecting the distribution of small quantities of
internally-administered radioactively labeled tracer compounds (called radiotracers
or radiopharmaceuticals). Methods ior detecting these radiopharmaceuticals are
known generally as imaging or radioimaging methods.

In radioimaging, the radiolabel is a gamma-radiation emitting radionuclide
and the radiotracer 1s located using a gamma-radiation detecting camera (this process
1s often referred to as gamma scintigraphy). The imaged site 1s detectable because
the radiotracer 1s chosen either to localize at a pathological site (termed positive
contrast) or, alternatuvely, the radiotracer i1s chosen specifically not to localize at such
pathological sites (termed negative contrast). In many situations it is a particular

advantage to use a radiolabeled specific binding compound as a radiopharmaceutical
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- which localizes specifically to the pathological site in vivo.

For example. expression of high-affinity binding sites for somatostatin is a
marker for certain tumor cells. and specific binding with somatostatin can be
exploited to locate and identify such tumor cells in vivo.

Methods for radiolabeling somatostatin analogues that have been modified so
as 1o contain a tyrosine amino acid (Tyr or Y) are known in the prior art.

Albert er al., UK Patent Application 8927255.3 disclose radioimaging using
somatostatin derivatives such as octreotide labeled with '*1.

Bakker et al., 1990, J. Nucl. Med. 31: 1501-1509 describe radioactive
lodination of a somatostatin analog and its usefulness in detecting tumors in vivo.

Bakker et al., 1991, J. Nucl. Med. 32: 1184-1189 teach the usefulness of
radiolabeled somatostatin for radioimaging in vivo.

Bomanji er al., 1992, J. Nucl. Med. 33: 1121-1124 describe the use of
1odinated (Tyr-3) octreotide for Imaging metastatic carcinoid tumors.

Alternatively, methods for radiolabeling somatostatin by covalently modifying
the peptide to contain a radionuclide-chelating group have been disclosed in the prior
art.

Albert er al., UK Patent Application 8927255.3 disclose radioimaging using
somatostatin derivatives such as octreotide labeled with '*'In vig a chelating group
bound to the amino-terminus.

Albert er al., European Patent Application No. WO 91/01144 disclose
radioimaging using radiolabeled peptides related to growth factors, hormones,
interferons and cytokines and comprised of a specific recognition peptide covalently
linked to a radionuclide chelating group.

Albert er al., European Patent Application No. 92810381.1 disclose
somatostatin peptides having amino-terminally linked chelators.

Faglia er al., 1991, J. Clin. Endocrinol. Metab. 73: 850-856 describe the
detection of somatostatin receptors in patients.

Kwekkeboom er al., 1991, J. Nucl. Med. 32: 981 Abstract #305 relates to
radiolabeling somatostatin analogues with !!'In.

Alberteral., 1991, Abstract LM10. 12th American Peptide Symposium: 1991

describe uses for '!'In-labeled diethylene-triaminopentaacetic acid-derivatized

-4 -
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somatostatin analogues.

Krenning er al.. 1992, J. Nucl. Med. 33: 652-658 describe clinical
scintigraphy using ['''In][DTPA]octreotide.

A variety of radionuclides are known to be useful for radioimaging, including
“Ga, ®"Tc (Tc-99m). “'In, 21, '3[, '°Yb or '®Re. A number of factors must be
considered for optimal radioimaging in humans. To maximize the efficiency of
detection, a radionuclide that emits gamma energy in the 100 to 200 keV range Is
preferred. To minimize the absorbed radiation dose to the patient, the physical half-
life of the radionuclide should be as short as the imaging procedure will allow. To
allow for examinations to be performed on any day and at any time of the day, it is
advantageous to have a source of the radionuclide always available at the clinical
site. Tc-99m is a preferred radionuclide because it emits gamma radiation at 140
keV, 1t has a physical half-life of 6 hours, and it is readily available on-site using a
molybdenum-99/technetium-99m generator. Other radionuclides used in the prior
art are less advantageous than Tc-99m. This can be because the physical half-life
of such radionuclides are longer, resulting in a greater amount of absorbed radiation
dose to the patient (e.g., indium-111). Also., many disadvantageous radionuclides
cannot be produced using an on-site generator.

Tc-99m is a transition metal that is advantageously chelated by a metal
complexing moiety. Radiolabel complexing moieties capable of binding Tc-99m can
be covalently linked to various specific binding compounds to provide a means for
radiolabeling such specific binding compounds. This is because the most commonly
available chemical species of Tc-99m, pertechnetate (TcQ,’), cannot bind directly to
most specific binding compounds strongly enough 1o be useful as a

radiopharmaceutical. Complexing of Tc-99m with such radiolabel complexing

~ moieties typically entails chemical reduction of the pertechnetate using a reducing

agent such as stannous chloride.
The use of chelating agents for complexing Tc-99m is known in the prior art.
Byrne er al., U.S. Patent No. 4,434,151 describe homocysteine containing
chelating agents for Tc-99m.
Fritzberg, U.S. Patent No. 4,444,690 describes a series of technetium-

Chelating agents based on 2,3-bis(mercaptoacetamido) propanoate.

. 5.
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Byrne er a/.. U.S. Patent No. 4.571.430 describe homocysteine containing
chelating agents for Tc-99m.

Byrne er al., U.S. Patent No. 4.575.556 describe homocysteine containing
chelating agents for Tc-99m.

Nosco er al., U.S. Patent No. 4.925.650 describe Tc-99m chelating
complexes.

Kondo er al., European Patent Application, Publication No. 483704 Al
disclose a process for preparing a Tc-99m complex with a mercapto-Gly-Gly-Gly
moiety.

European Patent Application No. 84109831.2 describes bisamido. bisthiol Te-
99m ligands and salts thereof as renal function MOnItoring agents.

Davison er al., 1981, Inorg. Chem. 20: 1629-1632 disclose oxotechnetium
chelate complexes.

Fritzberg eral., 1982, J. Nucl. Med. 23: 592-598 disclose a Tc-99m chelating
agent based on N, N’-bis(mercaptoacetyl)-2,3-diaminopropanoate.

Byrne er al., 1983, J. Nucl. Med. 24: P126 describe homocysteine containing
chelating agents for Tc-99m.

Bryson er al., 1988, Inorg. Chem. 27: 2154-2161 describe neutral complexes
of technetium-99 which are unstable to excess ligand.

Misra er al., 1989, Ter. Lert. 30: 1885-1888 describe bisamine bisthiol
compounds for radiolabeling purposes.

The use of chelating agents for radiolabeling specific-binding compounds is
known 1n the art.

Gansow er al., U.S. Patent No. 4,472,509 teach methods of manufacturing
and purifying Tc-99m chelate-conjugated monocional antibodies.

Stavrianopoulos, U.S. Patent No. 4,943,523 teach detectable molecules
comprising metal chelating moieties.

Fritzberg er al., European Patent Application No. 86100360.6 describe
dithiol, diamino, or diamidocarboxylic acid or amine complexes useful for making
technetium-labeled imaging agents.

Albert er al., UK Patent Application 8927255.3 disclose radioimaging using

somatostatin derivatives such as octreotide labeled with '"'In via a chelating group

-6 -
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bound to the amino-terminus.

Albert er al., European Patent Application No. WO 91/01144 disclose

radioimaging using radiolabeled peptides related to growth factors. hormones.

Fischman er al., International Patent Application, Publication No.

WO93/13317 disclose chemotactic peptides attached to chelating moieties.

Kwekkeboom er al., 1991. J. Nucl. Med. 32: 981 Abstract #305 relates to
radiolabeling somatostatin analogues with '''In.

Alberteral., 1991, Abstract LM10, 12th American Peptide Symposium: 1991
describe uses for !'‘In-labeled diethylene-triaminopentaacetic acid-derivatized
somatostatin analogues.

Cox e al, 1991, Abstract. 7th International Symposium on
Radiopharmacology, p. 16, disclose the use of, Tc-99m-, "!I- and "In-labeled
somatostatin analogues in radiolocalization of endocrine tumors in vivo by
scintigraphy .

Methods for labeling certain specific-binding compounds with Tc-99m are
known in the prior art.

Hnatowich, U.S. Patent No. 4.668.503 describe Tc-99m protein
radiolabeling.

Tolman, U.S. Patent No. 4,732.684 describe comjugation of targeting
molecules and fragments of metallothionein.

Nicolotti er al., U.S. Patent No. 4.861.869 describe bifunctional coupling
agents useful in forming conjugates with biological molecules such as antibodies.

Fritzberg er al., U.S. Patent No. 4.965.392 describe various S-protected
mercaptoacetylglycylglycine-based chelators for labeling proteins.

Schochat er al., U.S. Patent No. 5,061,641 disclose direct radiolabeling of
proteins comprised of at least one "pendent” sulthydryl group.

Fritzberg er al., U.S. Patent No. 5,091,514 describe various S-protected
mercaptoacetyliglycylglycine-based chelators for labeling proteins.

Gustavsoneral., U.S. Patent No. 5,112,953 disclose Tc-99m chelating agents

for radiolabeling proteins.
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Kasina er al.. U.S. Patent No. 5.175.257 describe various combinations of
targeting molecules and Tc¢c-99m chelating groups.

Dean er al., U.S. Patent No. 5,180.816 disclose methods for radiolabeling
a protein with Tc-99m wvig a bifunctional chelating agent.

Sundrehagen. International Patent Application, Publication No. W0O85/03231
disclose Tc-99m labeling of proteins.

Reno and Bottino, European Patent Application 87300426.1 disclose

radiolabeling antibodies with Tc-99m.

Bremer er al., European Patent Application No. 87118142.6 disclose Tc-99m

radiolabeling of antibody molecules.

Pak er al., European Patent Application No. WO 88/07382 disclose a method
for labeling antibodies with Tc-99m.

Goedemans ez al., PCT Application No. WO 89/07456 describe radiolabeling
proteins using cyclic thiol compounds, particularly 2-iminothiolane and derivatives.

Dean er al., Iuternational Patent Application, Publication No. W089/12625
teach bifunctional coupling agents for Tc-99m labeling of proteins.

Schoemaker er al., International Patent Application, Publication No.
WO0O90/06323 disclose chimeric proteins comprising a metal-binding region.

Thomback er al., EPC Application No. 90402206.8 describe preparation and
use of radiolabeled proteins or peptides using thiol-containing compounds,
particularly 2-iminothiolane.

Gustavson er al., Intermational Patent Application, Publication No.
WO91/09876 disclose Tc-99m chelating agents for radiolabeling proteins.

Rhodes, 1974, Sem. Nucl. Med. 4: 281-293 teach the labeling of human
serum albumin with technetium-99m.

Khaw er al., 1982, J. Nucl. Med. 23: 1011-1019 disclose methods for
labeling biologically active macromolecules with Tc-99m.

Schwarntz er al., 1991, Bioconjugate Chem. 2: 333 describe a method for
labeling proteins with Tc-99m using a hydrazinonicotinamide group.

Attempts at radiolabeling peptides have been reported in the prior art.

Egeeral., U.S. Patent No. 4,832.940 teach radiolabeled peptides for imaging
localized T-lymphocytes.
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Morgan eral.. U.S. Patent No. 4.986.979 disclose methods for Imaging sites

of inflammation.

Flanagan er al., U.S. Patent No. 5,248.764 describe conjugates between a
radiolabel chelating moiety and atrial natiuretic factor-derived peptides.

Ranby er al., 1988, PCT/US88/02276 disclose a method for detecting fibrin

deposits In an animal comprising covalently binding a radiolabeled compound to
fibrin.

Lees er al., 1989, PCT/US89/01854 teach radiolabeled peptides for arterial
imaging.

Morgan et al., International Patent Application, Publication No. W090/10463
disclose methods for imaging sites of inflammation.

Flanagan er al., European Patent Application No. 90306428.5 disclose Tc-
99m labeling of synthetic peptide fragments via a set of organic chelating molecules.

Stuttle, PCT Application, Publication No. WO 90/15818 describes Tc-99m
labeling of RGD-containing oligopeptides.

Rodwell er al., 1991, PCT/US91/03116 disclose conjugates of "molecular
recognition units” with "effector domains" .

Cox, International Patent Application No. PCT/US92/04559 discloses
radiolabeled somatostatin derivatives containing two cysteine residues.

Rhodes er al., International Patent Application, Publication No. W093/12819
teach peptides comprising metal ion-binding domains.

Lyle er al, International Patent Application, Publication No. W093/15770

disclose Tc-99m chelators and peptides labeled with Tc-99m.

Coughlin er al, International Patent Application. Publication No.
WO93/21151 disclose bifunctional chelating agents comprising thiourea groups for
radiolabelingtargeting molecules.

Knight er al., 1990, 37th Annual Meeting of the Society of Nuclear Medicine,
Abstract #209, claim thrombus imaging using Tc-99m labeled peptides.

Babich er al., 1993, J. Nucl. Med. 34: 1964-1974 describe Tc-99m labeled
peptides comprising hydrazinonicotinamide derivatives.

Methods for directly labeling somatostatin, derivatives of somatostatin,

analogues of somatostatin or peptides that bind to the somatostatin receptor and

. 9.
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contain at least 2 cysteine residues that form a disulfide or wherein the disulfide is
reduced to the sulfhydryl form, are disclosed in co-owned U.S. Patent No.
5.225,180, issued July 6, 1993,

The use of chelating agents for radiolabeling peptides, and methods for labeling

peptides with Tc-99m are known in the prior art and are disclosed in PC1 Application

Nos. WO 92/13572, WO 93/10747, WO 03/21962, WO 93/25244, WO 94/07918,
WO 95/00553 and WO 95/03330.

Llster-James et al.. 1994, J. Nuclear Med. 35: 257P-258P disclose Tc-99m
labeled somatostatin receptor binding peptides for imaging tumors in vivo.

There remains a need for synthetic (to make routine manufacture practicable
and to ease regulatory acceptance) somatostatin analogues having increased in vivo
stability, to be used therapeutically, as scintigraphic agents when radiolabeled with
Tc-99m or other detectable radioisotopes for use in imaging tumors in vivo, and as
radiotherapeutic agents when radiolabeled with a cytotoxic radioisotope such as

rhenium-188. Small synthetic somatostatin analogues are provided by this invention

that specifically fulfill this need.

UMMARY OF THE INVENTION

SUMMARY OF 1H¥ INVEINIION

The present invention provides somatostatin analogues that comprise cyclic
peptides for therapeutic applications, 1 including radiotherapeutic applications, and
diagnostic applications, including radiodiagnostic applications, in particular
scintigraphic imaging applications. Distinct from native somatostatin, the cyclic

peptides of the invention are not comprised of a disulfide bond. The invention also

provides cyclic peptide reagents comprised of CyCllC peptlcle somatostatin analogues
wherein such peptides incorporate a covalently linked metal ion-binding moiety. The
mvenuon provides such cyclic peptides, cyclic peptide reagents and radiolabeled
cycllc peptide reagents that are scintigraphic imaging agents, radiodiagnostic agents

and radiotherapeutic agents. Scintigraphic imaging agents of the invention comprise

cyclic peptide reagents radlolabeled with a radioisotope, preferably technetium- 99m
Radiotherapeutic agents of the invention comprise cyclic peptide reagents
radiolabeled with a cytotoXic radioisotope, preferably rhenium-186 or rhenium-183.
Methods for making and using such cyclic peptides, cyclic peptide reagents and

radiolabeled embodiments thereof are also provided.
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The 1nvention provides compositions of matter comprising a specific binding
pepude that specifically binds to somatostatin receptors in a mammalian body.

covalently linked to a metal ion-complexing moiety. The compositions of matter of

the invention have formula:

cyclo(N-CH,)-Phe-Tvr- -L.vs-Val-

wheremn X 1s (amino acid),-B-(amino acid)_-Z. wherein B is is a thiol-containing

Cy' (CH,Co X)

moiety that is cysteine, homocysteine, isocysteine, or penicillamine; (amino acid).
and (amino acid),, are each independently any primary «- or 3-amino acid that does

not comprise a thiol group; Z is -OH or -NH,; and n and m are each independently

an 1nteger between 2 and 5 and O and 5, respectively.

In the formulae describing the compositions of matter of the invention. the
combination of the term "cyclo” and an underlined amino acid sequence will be
understood to mean that the underlined amino acid sequence is cyclized through a
peptide bond linking the amino terminus of the first amino acid of the sequence to
the carboxy! terminus of the last amino acid of the sequence. When followed by a
parenthetical term such as "(cu.co.x), said parenthetical term will be understood to
mean that the sequence in parentheses is covalently linked to the amino acid
sidechain sulfur atom of the thiol-containing amino acid in the underlined amino acid
sequence, forming a sulfide bond therewith. Thus, in the above chemical structure.
it will be understood that the -CH,CO.X group is covalently linked to the sidechain
sulfur atom of homocysteine. An example of such a chemical formula is shown in
Example 2.

A preferred embodiment of the compositions of matter of the invention is a
compound having formula:

cyclo(N-methyDFYW KV Hcy.(cuco.GGCK.amide).

The compositions of matter of the invention have utility for a number of
diagnostic and therapeutic purposes.

Thus, one aspect of the invention provides reagents for preparing radiolabeled
scintigraphic imaging agents for imaging sites within a mammalian body having an
overabundance of somatostatin receptors. In such embodiments, the metal ion-
complexing moiety comprises a radiolabel binding moiety, and the reagent forms a

complex with the radiolabel via complex formation with said moiety. In one
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Thus, the invention also comprises scintigraphic Imaging agents that are
complexes of the reagents of the invention with Tc-99m and methods for
radiolabeling the reagents. Tc-99m radiolabeled complexes provided by the
invention are formed by reacting the reagents of the invention with Tc-99m in the
presence of a reducing agent. Preferred reducing agents include but are not limited
to dithionite ion. stannous ion and terrous ion. Complexes of the Invention are also
formed by labeling the reagents of the invention with Tc-99m by ligand exchange of
a prereduced Tc-99m complex as provided herein.

A preferred embodiment of the reagents provided by the invention for
preparing scintigraphic Imaging agents is a compound having formula:

cyclo(N-methyDFYW KV, Hcy. (cu.co. GGCK.amide).
Preferred imaging agents comprise Tc-99m complexes of this reagent.

The invention also provides kits for preparing scintigraphic lImaging agents
that are the reagents of the invention radiolabeled with Tc-99m. Kits for labeling the
reagents provided by the invention with Tc-99m ar¢ comprised of a sealed vial
containing a predetermined quantity of a reagent of the invention and a sufficient
amount of reducing agent to label the reagent with Tc-99m.

In a second aspect of the invention are provided imaging agents wherein the
compositions of matter of the invention are radiolabeled with a radioisotope of
lodine. preferably I-123. [-125, or I-131. The invention provides radioiodinated
Imaging agents that are complexes of the reagents of the invention with radiolabeled
1odine.

A preferred embodiment of the reagents provided by the invention for
preparing radioiodinated Imaging agents is a compound having formula:

cvclo(N-methyDFYW KV, Hcy.(ch.co.GGCK.amide).
Preferred imaging agents comprise radioiodinated embodiments of this reagent.

In a third aspect are provided nonradioactively-labeled Imaging agents.
comprising reagents that are the compositions of matter of the invention complexed
with a paramagnetic metal ion or particle. In embodiments of this aspect of the

Invention, the paramagnetic metal ion is complexed with the metal 1on-complexing

- 12 -
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particle, is used. the compositions of matter of the Invention are linked to the
Sup€rparamagnetic particie either covalently or associatively using methods described
by Weissleder er al. (1992, Radiology 182: 381-385). The invention provides such

imaging agents for use in magnetic resonance imaging. Methods for preparing these

non-radiolabeled imaging agents are also provided.
A preferred embodiment of the reagents provided by the invention for

preparing such non-radioactively-labeled Imaging agents is a compound having

formula:

cyclo(N-methyDFYW_ KV .Hecv.(chco.GGCK. amide).

Preferred non-radioactively labeled Imaging agents comprise ferric ion compilexes of

this reagent.

. Therapeutic agents are also provided herein. In a fourth aspect. the invention
provides the compositions of matter of the invention uncomplexed with a metal ion
as a therapeutic agent per se. Preferred embodiments of such therapeutic agents
provided by the invention are compounds having formula:

qvclo(N-methyl)FYWDI_(V.Hcy.(cn,co.GGCK.amide).

In a fifth aspect, the invention provides radiolabeled therapeutic agents
comprising a reagent for preparing the therapeutic agent that is a composition of
matter provided by the invention. In such embodiments, the compositions of matter
of the invention are provided wherein the metal lon-complexing moiety is complexed
with a $-particle emitting or a conversion electron emitting radioisotope. Preferred
embodiments of 3-particle emitting radioisotopes are rhenium-186 and rhenium-188.
A preferred conversion electron emitting radioisotope is tin-117m. The invention
provides such radioisotope complexes of the compositions of matter of the invention
for radiotherapeutic treatment of somatostatin-receptor expressing pathological cells
and tissues, particularly neoplastic and metastatic cells. Methods for preparing such
therapeutic radioisotope complexes of the compositions of matter of the invention are
also provided.

A preferred embodiment of the reagents of the invention provided for

preparing such radiotherapeutic agents is a compound having formula:

cyclo(N-methyDFYW KV Hcy.(ch.co. GGCK. amide).

- 13 -
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Pretferred radiotherapeutic agents comprise g-particle emitting or conversion electron-
emitting metal 1on complexes with this reagent.

In another aspect of the radiotherapeuitic agents of the invention are provided
radiotherapeutic agents wherein the compositions of matter of the invention are
radiolabeled with a radioisotope of iodine, preferably I-125 or I-131, or with
astatine-211.  The invenuon alsc provides the radiolabeled therapeutic agents
themselves, as well as methods for radiolabeling the reagents.

Preferred embodiments of t« reagents of the invention provided for preparing

these therapeutic radioiodinated and radioastatinated agents are compounds having

formula:

cvclo(N-methyDFYV/ KV .Hcv.(cu.co. GGCK.amide).

Preferred radiotherapeutic agents comprisc radiciodinated and radioastatinated
embodiments of this reagent.

Therapeutic agents are provided that are nonradioactively-labeled, metal atom-
complexed agents. comprising reagcnts that are the compositions of matter of the
invention complexed with a nonradioactive metal atom, such as copper, zinc or
rhenium. In embodiments of this aspect of the invention, the nonradioactive metal
lon 1s complexed with the metal ion-comolexing moiety. The invention provides
such therapeutic agents for use in treating conditions in which somatostatin receptors
are overexpressed 1n the cells comprising certain tissues, and in treating neoplastic
cells which hyperexpress somatostatin receptors. Methods for preparing these non-
radiolabeled metal atom complexed therapeutic agents are also provided.

A prefterred embodiment of the reagents of the invention provided for
preparing non-radioactively-labeled th:rapeutic agernts is a compound having formula:
cyclo(N-methyDFYW KV _.Hcy.(ch.co.GGCK.amide).

Preferred non-radioactively labeled therapeutic agents comprise a rhenium complex
of this reagent.

This inventon provides methods for preparing peptide embodiments of the
reagents of the invention by chemical synthesis in vitro. In a preferred embodiment,
peptides are synthesized by solid phase peptide synthesis.

This invention provides methods for using the diagnostic and radiodiagnostic

and therapeutic and radiotherpaeutic agents of the invention. For radiolabeled

- 14 -
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embodiments of the agents of the invention. for eéxample. Tc-99m labeled
scintigraphic imaging dgents, an ettective diagnostic or therapeutic amount of the
diagnostic or radiodiagnostic or therapeutic or radiotherapeutic agent of the invention
are administered. In radiodiagnostic embodiments. localization of the radiolabe] is
detected using conventional methodologies such as gamma scintigraphy. In non-
radioactive diagnostic embodiments. localization of sites of accumulation of the
paramagnetic metal-labeled diagnostic agents of the invention is achieved using
magnetic resonance imaging methodologies. The imaging agents provided by the
Invention have utility for tumor Imaging, particularly for imaging primary and
metastatic neoplastic sites wherein said neoplastic cells express somatostatin receptors
(SSTR), and in particular such primary and especially metastatic tumor cells that
have been clinically recalcitrant to detection using conventional methodologies. In
addition, the imaging agents of the Invention are useful in detecting sites of T
lymphocyte accumulation associated with occult disease or pathology, e. g., as OCcurs

In patients suffering {rom tuberculosis.

The invention provides methods for using the somatostatin analogues of the

related retinopathy, cirrhosis of the liver and hepatitis infection. bleeding ulcers and
other gastrointestinal bleeding, pancreatitis, central nervous system disorders,
endocrine disorders, Alzheimer’s disease, acromegaly and other diseases and
disorders related to the production of Inappropriate levels of growth hormone in VIVO.
and cancer, particularly those cancers whose growth 1s dependent or influenced by
growth hormone production. Non-radiolabeled therapeutic embodiments also have
utility for treating SSTR hyperexpression-related ailments. such as diarrhea cause by
SSTR-hyperexpressing gastrinoma. Dosages of the somatostatin analogues provided

by the invention may be the same as those dosages of native somatostatin routinely

Therapeutic uses also include radiotherapeutic ablation of neoplastic and
metastatic malignant cells in patients bearing tumors the cells of which express the

somatostain receptor. Use of the radiotherapeutic agents of the invention includes
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primary therapeutic use for tumors recalcitrant to more conventional therapies and
tor tumors that are noperable, as well as adjunct therapies supplemental to surgery,
radiation therapy or conventional chemotherapy.

The radiolabeled embodiments of the invention also have utility as surgical
guides for 1dentifying somatostatin receptor-expressing tumor tissue during surgery.
For such use in radioisotope guided surgery, malignant tissue otherwise invisible to
the surgeon can be recognized and excised during otherwise conventional surgery.

Specific preferred embodiments of the present invention will become evident

trom the following more detailed description of certain preferred embodiments and

the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an image of ™™Tc-labeled P587 in a tumor-bearing rat,

indicated by an arrow, showing high uptake at the tumor site in the lower leg.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides cyclic peptides that are somatostatin analogues
and that do not comprise of a disulfide bond. Such somatostatin analogues thereby
possess increased in vivo stability compared with native somatostatin. These cyclic
peptides are themselves therapeutic agents for alleviating diseases and other ailments
in animals including humans.

Also provided by the invention are cyclic peptides that may be radioiodinated
or radioastatinated and which are thereby useful in radiotherapeutic and
radiodiagnostic applications.

Another embodiment of these cyclic peptides that is provided by this invention
are cyclic peptide reagents wherein the cyclic peptides of the invention are covalently
linked to a metal ion-complexing moiety. Such cyclic peptide reagents are capable
of being radiolabeled to provide radiodiagnostic or radiotherapeutic agents. One
example of a radiodiagnostic application using the radiolabeled agents of the
Invention is scintigraphic imaging, wherein the location and extent of somatostatin
receptor-bearing tumors may be determined. The cyclic peptide reagents of the

Invention can also advantageously be radiolabeled with cytotoxic radioisotopes such
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as rhenium-186 or rhenium-188 for radiotherapeutic uses. The cvclic peptide
reagents of the invention are also useful in preparing complexes with non-radioactive
metals, said compiexes being useful therapeutically.

Labeling with Tc-99m is an advantage of the present invention because the
nuclear and radioactive properties of this isotope make it an ideal scintigraphic
imaging agent. This isotope has a single photon energy of 140 keV and a radioactive
half-life of about 6 hours, and is readily available from a “Mo->"Tc generator.
Other radionuclides may also be used in the practice of the invention as disciosed
herein.

The term scintigraphic imaging agent as used herein is meant to €ncompass
a radiolabeled agent capable of being detected with a radioactivity detecting means

(including but not limited to a gamma-camera, a Geiger-Muller counter and a

scintillation detector probe).

Radiotherapeutic embodiments of the invention, on the other hand. are
advantageously labeled with a cytotoxic radioisotope, including but not limited to
copper-67, iodine-125, iodine-131, rhenium-186, rhenium-188, and astatine-211,
most preferably **Re or '**Re. Such embodiments are useful in the treatment of
somatostatin-related diseases or other ailments in animals. preferably humans,
including but not limited to cancer and other diseases characterized by the growth of
malignant or benign tumors capable of binding somatostatin or somatostatin
analogues via the expression of somatostatin receptors on the cell surface of cells
comprising such tumors.

The present invention provides reagents for preparing diagnostic and
radiodiagnostic agents, and therapeutic and radiotherapeutic agents. The reagents
provided by the invention comprise a metal ion-complexing moiety covalently linked
to a specific binding peptide that binds to somatostatin receptor sites within a
mammalian body.
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