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I nventiongThgs invention relates to therapeutic agéents and pepti des F
radi ot her gpejiti ¢ agents and peptides, radi odi agnostic agents and peL Qé
and net hods for producing such | abel ed radi odi agnostic and r adi ot her apeutic
agents. Tspélcaptfﬂaeaipeh plztcbda I nvention relates to cyclic peptide derivatives
and anal statl n, and enbodi nents of such peptides | abel ed
with ga mtting i sotopes such as technet ijurpSIMeETrR9BAEN &S
wel | as methods and s for maki ng, radiol abeling and {si ng sremtageept i des
to imge sites in a marrmalian body. The invention al so reratres O pepride
derivatives and anal ogues of somatostatin |abeled with cytotoxic

radi oi sotopes such as rhenium 186 ([err]Re) and rhenium 188 ([err]Re), and
met hods and kits for

1
RADIOLABELED PEPTIDES

BACKGROUND OF THE INVENTION

1. ield of nventi
This invention relates to therapeutic agents and peptides, radiotherapeutic
agents and peptides, radiodiagnostic agents and peptides, and methods for
producing such labeled radiodiagnostic and radiotherapeutic agents.
10 Specifically, the invention relates to cyclic peptide derivatives and analogues
of somatostatin, and embodiments of such peptides labeled with gamma-
radiation emitting isotopes such as technetium-99m (Tc-99m), as well as
methods and kits for making, radiolabeling and using such peptides to image
sites in a mammalian body. The invention also relates to peptide derivatives
15 and analogues of somatostatin labeled with cytotoxic radioisotopes such as
rhenium-186 (‘“Re) and rhenium-138 (“*Re), and methods and kits for
making, radiolabeling and using such peptides therapeutically in a mammalian
body.

20 2.  Descript the Prior A
Somatostatin is a tetradecapeptide that is cridogenously produced by the -
hypothalamus and pancreas in humans and other mammals. The peptide has
the formula:

Formula I
25

Ala-Gly-C){s-Lys-Asn-Phe~Pne-Trp-Lys-an.Phe-Thr-SQf-cF

30 (Single 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, Tt is known to act
physiologicaily on the central nervous system, the hypothalamus, the pancreas,
and the gastrointestinal tract.

35 Somatostatin inhibits the release of insulin and glucagon from the
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maki ng, radiol abel i ng and using such peptides therapeutically in a
manmmal i-an body. 2. Description of the Prior Art Somatostatin is a

tetradecapeptide that is endogenously produced by the hypothal anus and
pancreas in humans her mammal s. The peptide has the fornula: Formula
| Ala- mm@;@ﬂhsy@éﬁ_l—ag;ge- Phe- Tr p- Lys- Thr - Phe- Thr-Ser-Cys (Single letter

abbrevia acids can be found in G Zubay, Biochemstry (2d
ed.), 19 ﬂ m,l Publ i shing: New York), p.33). This; ' a
wi de var ical effects in vvo. It is known {o ac ETSAS BEEN

physi ol ogically on the central nervous system the hypo-.—I=ra-|-1an.r§59’?,LA |
‘pancreas. and the gastrointestinal tract. Somatostatin inhibits the rel ease
of insulin and glucagon from the

2

pancrcas, inhibits growth hormone release from the hypothalamus, and reduces
gastric secretions. Thus, somatostatin has clinical and therapeutic applications
for the alleviation of a number of ailments and diseases, both in humans and
other animals. Native somatostatin is of himited utility, however, due to its
3 short half-life in vivo, where it is rapidly degraded by peptidases. For this
reason, somatostatin analogues having improved in vive stability have been
developed in the prior art.
Freidinger, U.S. Patent No. 4,235,886 disclose cyclic hexapeptide
somatostatin analogues uscful in the treatment of a number of diseases in
10 humans.
Coy and Murphy, 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 treatment of a number of diseases in
15 humans. |
Nutt, U.S. Patent No, 4,612,366 disclose cyclic hexapeptide somatostatin
analogues useful in the treatment of a number of diseases in humans.
Coy er al., U.S. Patent No. 4,853,371 disclose synthetic octapeptide
somatostatin analogues.
20 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
25 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
30 somatostatin derivatives useful in the treatment of a number of buman diseases.
| Eck and Moreau, European Patent Application No. 90302760.5 disclose
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2 pancreas, inhibits growth hornone rel ease fromthe hypothal anus, and
reduces gastric secretions. Thus, somatostatin has clinical and therapeutic

‘appl ircat r_the alleviation of a nunber of ailnments and di seases, both
in hurraﬁus and other animals. Native somatostatin is of limted utility, -

however tHasBeetnsR foft half-life in vivo, where it is rapidly degraded
by peth ]S reason, somatostatin anal ogues having inproved in
vivo st en devel oped in the prior art. Freipgihger_1L S
Pat ent No. 4 i scl ose cyclic hexapepti de somat ost amlﬁ SHRET Ha8 BEEN
useful in the treat ment of a nunber of diseases in humang REPLACED

3

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

5  911048445.2 disclose cyclic peptides for therapeutic use.

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

Somatostatin exerts it effects by binding to specific receptors exprcssed

10 at the cell surface of cells comprising the central nervous system, the
hypothalamus, the pancreas, and the gastrointestinal tract. These high-affinity
somatostatin binding sites have been found to be abundantly expressed at the
cell surface of most endocrine-active tumors arising from these tissues.
Expression of high-affinity binding sites for somatostatin is a marker for these

15 tumor cells, and specific binding with somatostatin can be exploited to locate
and identify tumor cells in vivo.

Methods for radiolabeling somatostatin aﬁalogues that have been
modified so as to contain a tyrosine amino acid (Tyr or Y) are known in the
prior art,

20 Albert et al., UK Patent Application 8927255.3 disclose radioimaging
using somatostatin derivatives such as octreotide labeled with 21,

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

25 Bakker ez 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
lodinated (Tyr-3) octreotide for imaging metastatic carcinoid tumors.

Alternatively, methods for radiolabeling somatostatin by covalently

30 modifying the peptide to contain a radionuclide-chelating group have been
disclosed in the prior art.
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Coy and Murphy, U.S. Patent No. 4,485, 101 disclose synthetic dodecapepti de
sonatostaPLn‘aﬂgggggg;ﬁngiidinger, U S. Patent No. 4,611, 054 discl ose
cyclic hexapeptide atin anal ogues useful in the treatnent of a
nunber of Seaangpip,humans. Nutt, U S. Patent No. 4,612,366 disclose
cyclic hex &k ati n anal ogues useful in the treatnent of a
nunber of / ns. Coy et al, U S Patent No. 4,853,371 disclose

synt hetic octa mat ost ati n anal ogues. Coy and Murph ~S—Rat ent
No. 4,871,717 di scl ose synthetic héptapeptide somatostatin EH&FSO ' HED BEEN
et al., US. Patent No. 4,904,642 disclose synthetic octapefptideREPLACED

somat ost ati n anal ogues. Taylor et al., U S. Patent No. 5,073,541 disclose a

nmet hod of treating

4

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 et al., Buropean Patent Application No. WO 91/01144 disciose

5 radioimaging using radiolabeled peptides related to growth factors, hormones,
interferons and cytokines and comprised of a specific recognition peptide
covaleatly linked to a radionuclide chelating group.

Albert ef al., European Patent Application No. 92810381.1 disclose

, somatostatin peptides having amino-terminally linked chelators.
10 Lyle et al., PCT International Patent Application, Publication No.
WO93/157T70 discloses radiolabeled somatostatin peptides.

Faglia er gl., 1991, J. Clin. Endocrinol. Metab. 13: 850-856 describe
the detection of somatbstatin receptors in patients.

Kwekkeboom er al., 1991, J, Nucl. Med. 32: 981 Abstract #305 relates

15 to radiolabeling somatostatin -analogues with '"![n,

Albert ef al., 1991, Abstract LM10, 12th American Peptide Symposium:
1991 describe uses for !"In-labcled diethylenc-triaminopentaacetic acid-
derivatized somatostatin analogues.

Krenning er al., 1992, J. Nucl. Med, 33: 652-658 describe clinical

20 scintigraphy using {'"'In}{DTPA }octreotide. '

These methods can be readily adapted to enable detection of tumor cells
in vivo by radioimaging, based on the expression of high affinity binding sites
for somatostatin on tumor cells. Radionuclides which emit gamma radiation
can be readily detected by scintigraphy after injection into a human or an

25 animal. A variety of radionuclides are known to be useful for radioimaging,
including 'Ga, ®Ga, *Tc (Tc-99m), "Un, [ or "I. The semsitivity of
imaging methods using radioactively-labeled peptides is much higher than other
techniques known in the art, since the specific binding of the radioactive
peptide concentrates the radioactive signal over the cells of interest, for

30 example, tumor cells, This is particularly important for endocrine-active
gastrointestinal tumors, which are usually small, slow-growing and difficylt to
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smal | cell

| ung cancer.

Brady, European Patent Application No. 83111747.8

di scl oses dicyclic hexapepti de somatostatin anal ogues useful in the
t r eatnent—ef—a—nunber—of human di seases. Bauer et al., European Patent

Application

treat rreﬁ%r
Applicati
somat ost 3
Serial No. PCT/US90/07074 di scl ose somatostatin anal oguismférSHErEé'ﬂa@eHmw

uses.

ST#:

C

10

15

20

25

30

0.5 discl ose 3 therapeutic octapeptide
Coy and Murphy, International Patemt—Appllcalion

NG eg Qgeg. 2 disclose somatostatin derivatives useful in the
5 F human di seases. Eck and Moreau, European Patent
| .

REPLACED

detect by conventional methods.

Labeling with tcchnetium-99m (Te-99m) is advantageous because the
nuclear and radioactive properties of this isotope make it an ideal scintigraphic
imaging agent. Tc-99m has a single photon energy of 140 keV and a
radioactive half-life of about 6 hours, and is readily available from a *Mo-
"oTe generator, Other radionuclides have effective half-lives which are much
longer (for example, 'In, which has a half-life of 60-70 h) or are toxic {(for
example, '"*T). Although Tc-99m is an ideal radiolabeling reagent, it has not
been widely used for labeling peptides in the art prior to the present invention
(see, for example, Lamberts,, 1991, J. Nucl. Med. 32: 1189-1191),

Somatostatin and radiolabeled somatostatin analogues can also be used
therapeutically. For these applications, cytotoxic radioisotopes are
advantageous, such as scandium-47, copper-67, gallium-72, ytzium-90, tin-
117m, iodine-123, iodine-131, samarium-153, gadolinium-159, dysprosium-165,
holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-
211 and bismuth-212. The rhesium isotopes '**Re and "*Re, as well as Sn-
117m are particularly advantageous. _

The use of chelating agents for radiolabeling proteins are known in the
prior art, and methods for labeling peptides with Tc-99m are disclosed in co-
owned U.S. Patent Serial No. 5,225,180 and in co-pending U.S. Patent
Applications Serial Nos. 07/653,012, 07/807,062, 07/851,074, O7/871,282,
07/886,752, 07/893,981, 07/902,935, 07/955.,466, 07/977,628, 08/019,864,
08/044,825 and 08/073,577, 08/092,355, 08/095,760, 08/210,822, and PCT
International  Applications  PCT/US92/00757, PCT/US92/10716,
PCT/US93/02320, PCT/US93/03687, PCT/US93/04794, PCT/US93/05372,
PCT/US893/06029, PCT/US93/09387, and PCT/US94/01894, which are hereby
incorporated by reference, ADD ALL THE PATENTS

Fritzberg, U.S. Patent No. 4,444,690 describes a series of technetium-
chelating agents based on 2,3-bis(mercaptoacetamido) propanoate.

Gansow er af., U.S. Patent No. 4,472,509 teach methods of
manufacturing and purifying Tc-99m chelate-conjugated monoclonal antibodies.
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Schal |y et al., European Patent Application Serial No. EPA 911048445. 2

di scl ose cyclic ti des for therapeutic use. Bodgen and Moreau,

| nt er nat i onal Pa%ﬂmﬁ@i al No. PCT/US92/ 01027 di scl ose
conposi tions and ndhisShe: #QB.4,keat i ng proliferative skin disease.

Somat ostatin exerts {i ; acg] nding to specific receptors expressed
at the cell surface MHH

hypot hal anus, the pan '

ising the central nervous system the

e gastrointestinal tract. These
high-affinity somatostatin binding sites have been fouhdy®shesPRUEGRBLTY
expressed at the cell surface of nobst endocrine-active|tunorgpaatshng frjom
these tissues. Expression of high-affinity binding siteés—for—somatostatin
is a marker for these tunor cells, and specific binding with somatostatin
can be exploited to |locate and identify tunmor cells in vivo. Methods for
radi ol abel i ng somat ostati n anal ogues that have been

6

Reno and Bottino, European Patent Application 87300426.1 disclose
radiolabeling antibodies with Tc-99m.

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

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

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

Khaw et al., 1982, J. Nucl. Med. 23; 1011-1019 disclose methods for

10 labeling biologically active macromolecules with Tc-99m,

Byme and Tolman, supra, disclose a bifunctional thiolactone chelating
agent for coupling Tc-99m to biological molecules, |

Cox et al., 1991, Abstract, 7th International Symposium on
Radiopharmacology, p. 16, disclose the use of, Tc-99m-, *'I- and ''In-labeled

15 somatostatin analogues in radiolocalization of endocrine tumors in vivo by
scintigraphy. ' _

Mcthods for directly labeling somatostatin, derivatives of somatostatin,
analogues of somatostatin or peptides that bind to the somatostatin receptor and
contain at least 2 cysteine residues that form a disulfide or wherein the

20 disulfide is reduced to the sulthydryl form, are disclosed in co-pending U.S.
Patent Application Serial No. 07/807,062, now U.S. Patent No. 5,225,180,
issued July 6, 1993 which is hereby incorporated by reference.

There remains a need for synthetic (to make routine manufacture
practicable and to ease regulatory acceptance) somatostatin analogués having

25 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.

30
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nmodi fied so as to contain a tyrosine amino acid '(Tyr or Y) are known in the
prior art. Albert et—at——tkK-Patent—Application 8927255. 3 discl ose
radi oi magi ng.usi ng somgﬁgéﬁggﬁeﬁﬁgmgﬂt i ves such as octreotide |abeled with

[err]]. Bakker et al Med. 31: 1501-1509 descri be

radi oactive iodination ngl% tin analog and its usefulness in
detecting tunors in VI , 1991, J. Nucl. Med. 32: 1184-1189
| each the useful ness of radiol abel ed sonatostatin for radioi naging in vivo.
Bomanji et al., 1992, J. Nucl. Med. 33: 1121-1124 destHruBESHEE 1SEBREN

| odi nated (Tyr-3) octreotide for inmaging nmetastatic cprci NQRESLACE®r S.
Al ternatively, nmethods for radiol abeling somatostati n~by covarentty

modi fying the peptide to contain a radionuclide-chelating group have been
di sclosed in the prior art.

7
SUMMARY OF THE INVENTION

The present invention provides somatostatin analogues that are cyclic
peptides for therapeutic applications, including radiotherapeutic applications, and
diagnostic applications, including radiodiagnostic applications, in particular
5 scintigraphic imaging applications, Distinct from native somatostatin and
somatostatin analogues known in the prior art, the cyclic peptides of the
invention do not comprise a disulfide bond. The invention also provides cyclic
peptide reagents comprised of the cyclic peptide somatostatin analogues of the
invention, wherein such peptides are covalently linked to a radiolabel-binding
10 moiety., The invention provides such cyclic peptides, cyclic peptide reagents
and radiolabeled cyclic peptide reagents that are scintigraphic imaging agents,
radiodiagnostic agents and radiotherapeutic agents. Scintigraphic imaging agents
of the invention comprise cyclic peptide reagents radiolabeled with &
radioisotope, preferably technetium-99m. Radiotherapeutic agents of the
15 invention comprise cyclic peptide reagents radiolabeled with a cytotoxic
radioisotope, preferably tin-117m, rhenium-186 or rhenium-188. Methods for
making and using such cyclic peptides, cyclic peptide reagents and radiolabeled

embodiments thereof are also provided.
The invention provides a cyclic peptide that is a somatostatin analogue
20 as a composition of matter comprising a somatostatin-receptor binding peptide

having the formula:
Formyla Il

R‘((liR‘)-{C(R-‘R‘)},,ch-A'A’A’B‘BZB’B‘C‘C’C’-NH-CR"—Xz
25

Z——(CR'RY (CR°RY),
where R!, R, R® and R® are each independently H, lower alkyl or substituted
30 alkyl, aryl or substituted aryl; R® and ‘R* are each independently H, lower alkyl
or substituted alkyl, aryl or substituted aryl, or wherein either R* or R* is X';
A! and C? are independently a bond or a D- or L-amino acid; A%, A’ and C!
are each independently a bond or a lipophilic D- or L-amino acid; B! is D- or
L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 2-aminoindan-2-
LT#: 969C LET SO SOO-LLLDATIV ¥ YNNVH : 0G:LT ° 98-34¢-¢ © ILITOTTIV ¥ YINNVH: A9 INIS



4 Albert et al., UK Patent Application 8927255.3 di scl ose radi oi magi ng
usi ng somatostatin derivatives suctras octreotide |labeled with [err]ln via

a chel ating group bounﬂuggegtmsm &rmnus. Albert et al., European
Pat ent Application No. cI ose radi oi magi ng using radi ol abel ed
peptides related to gro rnones, interferons and cytoki nes and

conprised of a specific pt | de coval ently [l e
radi onucl i de chel ati ng group AI bert et al., European Hatent Rgﬁig%a?lﬁ%ﬁ
No. 92810381.1 disclose sonatostatin peptides having antmo-termral

| i nked chelators. Lyle et al., PCT International Patent Application,
Publ i cati on No.

8

carboxylic acid (Ain) or a substituted derivative thereof; B? is D- or L-Trp or

a substituted derivative thereof; B* is D- or L-Lys or homolysine (Hly), 4-

amino-cyclohexylalanine (Achxa), 4-aminomethylphenylalanine (Amf), S-(2-

aminoethyl)cysteine (Aec), S-(3-aminopropyl)cysteine (Apc), O-(2-aminoethyl)

5 serine (Aes), O-(3-aminopropyl)serine (Aps) or a substituted derivative thereof;

B* is Thr, Ser, Val, Phe, lle, Leu, 2-amino-isobutyric acid (Aib), 2-

aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C? is a bond

or the D- or L-sterecisomers of Thr, Ser, Val, Phe, Ile, Abu, Nlc, Leu, Nva,

Nal or Aib or a substituted derivative thereof; X' is N(R™),, where each R

10 is independently hydrogen, lower alkyl or substituted lower alkyl, aryl or

substituted aryl or a hydrophilic moiety of less than about 1500 daltons; X? is -

COOR?, -CH,0H, CH,COOR?, or -CON(R®),, where each R® is independently

H, lower linear or cyclic alkyl or a substituted derivative thereof or a

hydrophilic moiety of less than about 1500 daltons; and where m is 0,1,2 or

15 3and pis 0, 1 or 2; R” and R* are independently H, lower alkyl or

substituted lower alkyl, or either R’ or R?® are -COOH or -CO.N(R'Y), or -

COOR™, or R7 and R® together are an oxygen atom; R'? is hydrogen, lower

alkyl or substituted lower alkyl, aryl or substituted aryl; Z is a sulfur atom,

an oxygen atom, NR", NR*NR", NR"*.CO.NR", SQ;, NR"SO, or the moiety

20 (8§=0); and further where R" is hydrogen, lower alkyl or substituted lower

alkyl, aryl or substitated aryl; and where Z is NRY, R’ and R® are not

together an oxygen. In a preferred embodiment, the X' moiety is an amino

acid or a peptide sequence comprising 10 or fewer amino acids, or a

monosaccharide or oligosaccharide comprising 10 or fewer saccharide units, or

25 a poly(N-carboxyalkyl)amine or a poly-oxy anion and the X? moiety is poly(N-

carboxyalkyl)amine or a polyoxy-anion, or an amino acid or a peptide having

an amino acid sequence of no more than 10 residues (including peptides

wherein the carboxyl group of the carboxyl-terminal amino acid is reduced to

an alcohol), or a monosaccharide or oligosaccharide comprising 10 or fewer

30 saccharide units. In another preferred embodiment, B' is phenylalanine or
tyrosing, B? is D-tryptophan, B3 is lysine and B! is threonine or valine,
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WD93/ 15770 -di scl oses radi ol abel ed somatostatin peptides. Faglia et al.,

1991, J. din. Endocri

- 32: 981 Abstract #305
[err]In. Al bert et al

somatostatin receptors in patliseﬁﬁeﬁﬁasﬁ\éﬁﬁ gmet al., 1991, J. Nucl. Med.

Krenning et al., 1992,

., 1991
Synposium 1991 descri be use

di et hyl ene-tri am nopent aacetic aci d derivati zed songt ost akgpuyw ogueg.

nol . Metab. 737 850-856 descri be the detection of

rel ates I'ng somat ostatin anal ogues with

12t h Anerican Peptide
abel ed THIS SHEET HAS BEEN

J. Nucl. Med. 33: 652-658 descripbeTtimcat

scintigraphy using ([err]In) (DTPA}octreotide. These nethods can be readily
adapted to enable detection of tunor cells in vivo by radi oi magi ng, based
on the expression of high affinity binding sites for somatostatin on tunor
cells. Radionuclides which emt ganma radi ati on can be readily detected by
scintigraphy after injection into a human or an

10

15

25

30

9

The invention also provides a cyclic peptide that is & somatostatin
analogue as a composition of matter comprising a somatostatin-receptot binding
peptide having the formula: '

Eormula I
eyclo-A*-B'BIB*B*-C*-

where B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a
substituted derivative thereof: B? is D- or L-Trp or a substituted derivative
thereof; B® is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof; B* is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu,
Nva or Aib; C* is an L-amino acid comprising a sidechain having a mercapto
group; and A* is a lipophilic D-amino acid or a lipophilic L-(a-N-alkyl) amino
acid or L-cysteine or L-proline or a substituted derivative thereof. This moiety
is a cyclic peptide moiety, where the amino terminus of the A* residue is
covalently linked with the carboxyl terminus of the C' residue. In a preferred
embodiment, B! is phenylalanine or tyrosine, B? is D-tryptophan, B is lysine
and B! is threonine or valine.

The invention also provides a cyclic peptide reagent comprising a
somatostatin-receptor binding peptide having the formula:

Formula TV

R'((I'JR’)a{C(R"R‘)}..-CO-A‘A’A’B'B"B’B‘C‘C’C’-NH—CR“-X’
Z ——(CR'RY—————(CR'R%);

where R, R?, R® and R® are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl; R® and R* are each independently H, lower alkyl
or substituted alkyl, aryl or substituted aryl, or wherein cither R® or R* is X';
A' and C? are independently a bond or a D- or L-amino acid; A%, A’ and C'
are each independently a bond or a lipophilic D- or L-amino acid; B' is D- or
L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 2-aminoindan-2-
carboxylic acid (Ain) or a substituted derivative thereof; B? is D- or L-Trp or
a substituted derjvative thereof; B® is D- or L-Lys or homolysine (Hly), 4-
amino-cyclohexylalanine (Achxa), 4-aminomethylphenylalanine (Amf), S-(2-
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animal . A variety of radionuclides are known to be useful for radioi maging,
including [err]Ga,[err]Ga, [err]Tc (Tc-99m, [err]ln, [err]l or [err]l. The
sensi tivity of—+wagi-hg net hods usi ng radioactively-I abel ed peptides is much
hi ghenhlstsha,pﬁgthenRtechm ques known in the art, since the specific binding

of the tlde concentrates the radl oactive signal over the
.cells ﬂ l or exanple, tunor cells. This i9 Pz . _
| mport i ne-active gastrointestinal tunoys, _ UsStrath |y

smal |, slowgrowing and difficult to 5 detect by
Label i ng with technctium99m (Tc-99m) i s advant ageous because ' :
and radioactive properties of this isotope nmake it an ideal SC|nt|graph|c

10

aminoethyl)cysteine (Aec), S-(3-aminopropyl)cysteine (Apc), O-(2-aminoethyl)

serine (Aes), O-(3-aminopropyl)serine (Aps) or a substituted derivative thereof:;

B* is Thr, Ser, Val, Phe, lle, Leu, 2-amino-iscbutyric acid (Aib), 2-
aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C? is a bond

5 or the D- or L-stereoisomers of Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva,
Nal or Aib or a substituted derivative thereof; X! is N(R'Y),, where each R"

is independently hydrogen, lower alkyl or substimted lower alkyl, aryl or
substituted aryl or substituted with a hydrophilic moiety of less than about 1500

daltons; X? is -COOR?, -CH,0H, CH,COOR®, or -CON(R®),, where each R’

10 is independently H, lower linear or cyclic alkyl or a substituted derivative
thereof or substituted with a hydrophilic moiety of less than about 1500

daltons; and where m is 0,1,2 or 3 and p is 0, 1 or 2; R’ and R® are
independently H, lower alkyl or substituted lower alkyl, or either R? or R® are

-COOH or -CO.N(R®), or -COOR™?, or R” and R*® together are an oxygen

15 atom; R% is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl; Z is a bond, a sulfur atom, an oxygen atom, NR3, NRI*NR"Y,
NR"™.CO.NR", S0,, NR"?SQ, or the moiety (S=0); and further where R" is
hydrogen, lower alkyl or substituted lower atkyl, aryl or substituted aryl; and

where Z is NR'™, R7 and R® are not together an oxygen. In a preferred

20 embodiment, the X' moiety is an amino acid or a peptide sequence comprising
10 or fewer amino acids, or 2 monosaccharaide or oligosaccharide comprising

10 or fewer saccharide units, or a poly(N-carboxyalkyl)amine or a poly-oxy

anion and the X? moiety is poly(N-carboxyalkyl)amine or a polyoxy-anion, or

an amino acid or a peptide having an amino acid sequence of no more than 10

25 residues (including peptides wherein the carboxyl group of the carboxyl-
terminal amino acid is reduced to an alcohol), or a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units. In another preferred
embodiment, B! is phenylalanine or tyrosine, B? is D-tryptophan, B? is lysine

and B* is threonine or valine. In such preferred embodiments, the cyclic

30 peptide is covalently linked to a radiolabel-binding moiety, wherein the
radiolabel-binding moiety is not covalently linked to the moieties B!, B, B,
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| magi ng agent. Tc-99m has a single, photon energy of 140 keV and a

radi oactive half-life of about 6 hours, and is readily available froma
[err]Mo- [err]Trc generator. Ot her radionuclides have effective half-1lives
whi thrarenuch—tonger—(for exanple, [err]ln, which has a half-life of 60-70

h) or Tﬁgghekﬁighﬁeeﬁkgﬂlacgf(a”pl e, [err]l), Athough Te-99mi

r adi oI , It has not been wi dely used for
the art mliugm Mpresent invention (see, for exanplle
. Nucll, 89-1191). Somatostatin and radi ol abel'ed

analogues can al so be used therapeutically. For these appllcatlons
cytotoxic radioisotopes are advantageous, such as scandi um 47, copper-67,
gallium72, yttrium90, tin- 117m iodine-125, iodine-131, sanariun}153,
gadol i ni um 159, dysprosi um 165, hol m um 166, ytterbiun-175, lutetium 177,
rheni um 186, rhenium 188, astatine- 211 and bi snmuth-212. The rheni um

i sotopes [err]Re and [err]Re, as well as Sn- 117mare particularly

advant ageous. 1

B* or A* of the peptide.

The invention also provides scintigraphic imaging agents comprising the
cyclic peptide reagents of the invention wherein the cyclic peptide is covalently
linked to a radiolabel-binding moiety, wherein the radiolabel-binding moiety is

5 not covalently linked to the moieties Bf, B?, B’, BY, or A* of the peptide.

The invention also provides a cyclic peptide that is a somatostatin
analogue as a composition of matter comprising a somatostatin-receptor binding
peptide having the formula: '

Formula V
0 cyclo-A*-B'B’BB'-C*-
where B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a
substituted derivative thereof; B? is D- or L-Trp or a substituted derivative
thereof; B is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof; B® is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu,
15 Nva or Aib; C* is an L-amino acid; and A* is a lipophilic D-amino acid or a
lipophilic L-(a-N-alkyl) amino acid or L-cysteine or L-proline or a substituted
derivative thereof; . This moiety is a cyclic peptide moiety, where the amino
terminus of the A* residue is covalently linked with the carboxyl terminus of
the C* residue, In a preferred embodiment, B! is phenylalanine or tyrosine,
20 B? is D-tryptophan, B? is lysine and B is threonine or valine; and the cyclic
peptide is covalently linked to a radiolabel-binding moiety, whercin the
radiolabel-binding moiety is not covalently linked to the moieties B, B?, B,
B* or A* of the peptide,
The invention also provides scintigraphic imaging agents comprising the
25 cyclic peptide reagents of the invention wherein the radiolabel-binding moiety
' is stably complexed with a radioisotope, In one such embodiment is provided
a scintigraphic imaging agent wherein the somatostatin analogue, cyclic peptide
reagents of the invention are radiolabeled with technetium-99m. In other
embodiments of the scintigraphic imaging agents of the invention the
30 radioisotope is indium-I11 or gallium-68. In still other embodiments, the
scintigraphic imaging agents of the invention are cyclic peptides that are
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The use of chel ating agents for radiol abeling proteins are known in the
prior art, -and nethods for |abeling peptides with Tc-99m are disclosed in
co- owmed U. S. Patent Serial ‘No. 5,225,180 and in co-pending U S. Patent
Applications Serial Nos. 07/653,012, 07/807,062, 07/851,074, 07/871, 282,
07/ 886, 752, 07/893,981, 07/902,935, 07/955, 466, 07/977,628, 08/019, 864,
08/ 044, 825 and 08/073, 577, 087h0$a¢e835Beﬁﬂleﬁﬁ&d760 08/ 210, 822, and PCT

| nt er nat i onal Appl i cations PCT/ US92/ 10716
PCT/ US93/ 02320, PCT/ US93/ 03687 4 PCT/ U8

PCT/ US93/ 06029, PCT/ US93/ 09387, an /01894

| ncorporated by reference. ADD ALL THE PATEI\FI'S FritzberD; S— P4
4,444,690 describes a series of technetium chelating agents based on
2, 3-bi s(nercapt oacet am do) propanoate. Gansow et al., U S. Patent No.

4, 472,509 teach methods of manufacturing and purifying Tc-99m
chel at e- conj ugat ed nonocl onal anti bodi es.
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radiolabeled with iodine-123 or iodine-125.

The invention also provides radiotherapeutic agents that are the cyclic
peptide reagents of thc invention radiolabeled with a cylotoxic radioisotope that
is selected from the group consisting of scandium-47, copper-67, gallium-72,

5 yttrium-90, tin-117m, samarium-153, gadolinium-159, dysprosium-165,
holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, and
bismuth-212. In preferred embodiments, the radioisotope is tin-117m, thenium-
186 or rhenium-188. Tn additional preferred embodiments, the cyclic peptides
of the invention are radiolabeled with iodine-125, iodine-131 or astatine-211,

10 The invention further provides therapeutic agents comprising the cyclic
peptide reagents of the invention, optionally wherein the reagents form a
complex with a non-radioactive metal, preferably rhenium. Combination
embodiments, wherein such a complex is also radiclabeled, either directly or
via a radiolabel-binding moiety, are also provided by the invention and are
15 within its scope.

The invention also provides pharmaceutical compositions comprising the
somatostatin veceptor-binding peptides of the invention in a pharmaceutically
acceptable carrier.

The somatostatin analogues of the invention are therapeutically useful

20 in the alleviation of diseases or other ailments in humans or other animals.
The invention provides a method for alleviating somatostatin-related diseases in
animals, preferabl)? humans, comprising administering a therapeutically effective
amount of the Somatostatin analogues of the invention to the animal. In
preferred embodim;;-.nts, the amount of the somatostatin analogue administered

25 is from about 0.1 to about 50 mg/kg body weight/day.

Another aspect of the present invention provides reagents for preparing
radiotherapeuic and radiodiagnostic radiopharmaceuticals, including preferably
scintigraphic imaging agents. Each such reagent is comprised of a peptide that
is somatostatin analogue covalently linked to a radiolabel-binding moiety.

30 It is an advantage of the somatostatin analogues provided by the
invention that the non-disulfide cyclic linkage is stable in the presence of
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6 Reno and Bottino, European Patent Application 87300426.1 discl ose

radi ol abeling antibodies with Tc-99m Pak et al., European Patent
Application No. WD 88707382 disclose a nethod for l'abeling antibodies with
Tc- 99nThigBhect HaBeh Rephdcqnal Pat ent Appl i cati on No. PCT/ US92/ 04559 di scl oses

radi ol a tin derivatives containing two_cysteine residues.
Rhodes, . Med. 4: 281-293 teach the | SY9E
t
: L CHS

al bumin wt m99m Khaw et al., 1982, J.

with Tc-99m

13

reducing agents used to form a complex between a radicisotope and a
radiolabel binding moiety of the invention comprising a thiol group. The
somatostatin analogues of the invention are advantageous over somatostatin and
previously-used disulfide-containing somatostatin analogues. These prior art

5 reagents contain a disulfide bond, which disulfide bond is unstable in the
presence of reducing agents useful in the production of radiolabel complexes
with various radiolabel binding moieties. The biological activity of these
previously-known reagents was thereby reduced, and the efficacy of
scintigraphic imaging agents derived therefrom compromised, by reduction of

10 these peptide structure~determining disulfide bonds. Such destabilization of the
structure of the peptide reagents of this invention does not occur due to the
lack of such unstable disulfide bonds in the somatostatin receptor binding
compounds comprising the instant invention, Thus, the use of thiol-containing
radiolabel chelating moieties and the use of reducing agents to form

15 radioisotope complexes therewith does not result in loss of biological activity
of the somatostatin receptor binding compounds of this invention.

It i3 another advantage of the somatostatin analogues provided by this
invention that formation of the covalent conjugate between the peptides and
thiol-containing radiolabel binding moieties of the invention does not result in

20 "scrambing” of structurally-important disulfide bonds. Unlike peptide moieties
comprising a disulfide bond, the non-disulfide cyclic linkage contained in the
peptide reagents of the invention does mnot interfere with thiol-containing
radiolabel binding moieties. Conversely, the thiol-containing radiclabel binding
moieties cannot disrupt the three-dimensional structure of the peptide by

25 "scrambling” structurally-importarit disulfide bonds. In contrast, for example,
a thiol-containing Tc-99m binding moiety covalently linked to native
somatostatin, or to a somatostatin analogue having a disulfide bond, can result
in disulfide bond formation between a sidechain sulfur of a peptide amino aicd
and the thiol group of the radiolabel binding moiety. Such "scrambling” of

30 disulfide bonds can be accompanied by a loss of biological activity. The

present invention is not subject to similar losses in biological activity in vive

ee#: 9890 122 GO SO0-ILLTMOITIV 3 ¥ENNVY ¢ 03:L1 ¢ 98-G5-G ¢ I1LLROATV ¥ WINNVY: A9 INSS



Byrne and Tol man, supra, disclose a bifunctional thiolactone chelating

agent for coupling Tc-99mto biol ogical nolecules. Cox et al., 1991,
Abstract, 7th International *Synposi um on Radi opharmacol ogy, p. 16, disclose
the use of, Tc-99m, [err]T- and ferritn-t+abel ed sonat ostatin anal ogues in

somatostatin or peptides tha somat ost at Lo_r edEpt QF ;‘”ENO tain
at least 2 cysteine residues i sul fide or wheréi Re-di syl fide
is reduced to the sulfhydryl form are disclosed in co-pending U S. Patent
Application Serial No. 07/807,062, now U S. Patent No. 5,225, 180, issued
July 6, 1993 which is hereby incorporated by reference. There remains a
need for synthetic (to nmake routine manufacture practicable and to ease
regul atory acceptance) sonatostatin anal ogues havi ng

14

radi ol ocal i zation of endocripheyt rs In vivo by sci graphy. Mthods for
directly | abeling somat ostatl"ﬁ’Eng’s Iﬁﬁ?"of sonat pstES SHEpARgLogues. of

because the non-disulfide cyclic linkages in each of the somatostatin analogues
of the invention comprise stable covalent bonds.
Such loss of biological activity can also occur in vivo using native
somatostatin, or to any somatostatin analogue having a disulfide bond. Thus,
5 the peptides of the present invention are per se advantageous as somatostatin
analogues over native somatostatin or somatostatin analogues comprising a
disulfide bond because they are intrinsically more stable and resistant to
chemical oxidation.
It is another advantage of the somatostatin analogues provided by this
10 invention that the cyclic covalent linkage acts to protect the peptide from
degradation by exopeptidases. Further, the cyclic structure confers a degree
of conformational rigidity to the peptide that can act to enhance binding of the
peptide to its biological target ( i.e., the somatostatin receptor).
A first aspect of the reagents provided by the invention for preparing
15 radiolabeled agents are reagents that are each comprised of a cyclic
somnatostatin recepior-binding peptide as described above that is covalently
linked to a radiolabel-binding moiety having the formula:
C(pep)*~(aa)-C(pgp)*
where (pgp)® is hydrogen or a thiol protecting group and (aa) is an - or §-
20 amino acid not comprising a thiol group. In a preferred embodiment, the
amino acid is glycine. In another preferred embodiment, the agent is a
scintigraphic imaging agent. In yet another preferred embodiment, the agent
is a radiotherapeutic agent.
In a second embodiment, the invention provides cyclic peptide reagents
25 capable of being radiolabeled to form radiodiagnostic and radiotherapeutic
agents, cach comprising a somatosiatin analogue covalently linked to a
radiolabel-binding moiety of formula:
A-CZB)-{C(R*R")},-X
wherein A is H, HOOC, H,NOC, (peptide)-NHOQC, (peptide)-00C, R%,NCO,
30 or R% B is H, SH or -NHR", -N(R*)-(peptide) or R*; Z is H or R% X is SH
or -NHR®, -N(R’)-(peptide) or R% R*, R®, R* and R’ are independently H or
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increased in vivo stability, to be used therapeutically, as scintigraphic
-agents when radiol abel ed with Tc 99n1or ot her detectabl e radioisotopes for

use in imaging tunors in vivo, and as—t+adi-otherapeutic agents when
radi ol abel ed with a cytotoxic ranQ otope such as rhenium| 18. Snal

synt heti c somat ostati n anal ogues r eRnReflyced i s i Nnventi on t hat
specifically fulfill this need. THE I NVENTI ON The present
i nvention provides somatostatin a re cyet-< --.t|des for

t her apeuti c applications, |nclud|ng radlot er uti
di agnostic applications, including radiodiagnostic dpg
particul ar scintigraphic imging applications. D stinct from
"somat ostatin and

15
straight or branched chain or cyclic lower alkyl; n is 0, 1 or 2; R* is C,-C,
alkyl, an amino acid or a peptide comprising 2 to about 10 amino acids; and:
(1) where B is -NHR® or -N(R%)-(peptide), X is SH and n is 1 or 2; (2) where
X is -NHR* or -N(R*)-(peptide), B is SH and nis 1 or 2; (3) where B is K
5 or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-O0C, X is SH and
n is O or 1; (4) where A is H or RY, then where B is SH, X is -NHR® or -
N(R%)-(peptide) and where X is SH, B is -NHR® or -N(R)-(peptide); (5) where
X is H or RY, A is HOOC, H,NOC,: (peptide)-NHOC, or (peptide)-O0C and
B is SH; (6) where Z is methyl, X is methyl, A is HOOC, H,NOC, (peptide)-
10 NHOC, or (peptide)-QOC and B is SH and n is 0; and (7) where Z is SH and
X is SH, n is not 0; and wherein the thiol moiety is in the reduced form. In
a preferred embodiment, the agent is a scintigraphic imaging agent. In yet
another preferred embodiment, the agent is a radiotherapeutic agent.
Preferred embodiments of this radiolabel-binding moiety have a chemical
15 formula that is:
' 1.
R!-CO-(amino acid)'-(amino acid)’-Z
wherein (amino acid)' and (amino acid)* are each independently any primary
o- or f-amino acid that does not comprise a thiol group, Z is a thiol-
20 containing moiety that is cysteine, homocysteine, isocysteine, penicillamine, 2-
mercaptoethylamine or 3-mercaptopropylamine, and R! is lower (C'-C* alkyl,
an amino acid or a peptide comprising 2 to 10 amino acids. When Z is
cysteine, homocysteine, isocysrcihe or penicillamine, the carbonyl group of said
motety is covalently linked to a hydroxyl group, a NR®R* group, wherein each
25 of R* and R* are independently H or lower (C'-C%) alkyl, an amino acid or a
peptide comprising 2 to 10 amino acids; or
IL
Y-(amino acid)’-(amino acid)'-NHR?
wherein Y is a thiol-containing moiety that is cysteine, homocysteine,
30 isocysteine, penicillamine, 2-mercaptoacetate or 3-mercaptopropionate, (amino
acid)’ and (amino acid)’ are each independently any primary a- or g-amino
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somat ostati n anal ogues known in the prior art, the cyclic peptides of the
I nvention do not conprise a disulfide bond. The invention al so provides
cyclic peptide reagents conprised of the cyclic peptide somatostatin

anal ogues of the |nveﬂ%+eH"4Mmaﬂﬁfrfmmﬁ pepti des are covalently linked to
a radi ol abel - blndlng .8, |ﬂv tlon provi des such cyclic peptides,
cyclic peptide reagent “ ed cyclic peptide reagents that are

scintigraphic inmging a gnostlc agent di-etherapeutic
agents. Scintigraphic i f the inventi rﬁfys{gﬁ%gl\%;ﬁéﬁ c
pepti de reagents radiol abel ed W t h a radi oi sot ope, -

techneti um 99m  Radi ot herapeuti c agents of the invention conprlse cyclic
pepti de reagents radiol abeled with a cytotoxic radi oi sotope, preferably
tin-117m rheni um 186 or rheni um 188. Mt hods for maki ng and using such
cyclic peptides, cyclic peptide reagents and radi ol abel ed enbodi nent s
thereof are also provided. The invention provides a cyclic peptide that is
a somatostatin anal ogue : 16

acid that does not comprise a thiol group, and R? is H or lower (C'-C* alkyl,
an amino acid or a peptide comprising 2 to 10 amino acids. When Y is
cysteine, homocysteine, isocysteine or penicillamine, the amino group of said
moiety is covalently linked to -H, an amino acid or a peptide comprising 2 to

5 10 amino acids; or
R

R 0
R
O R
NH HN R
R

C; . NH' S R)p

: R o R

10 R ’ R
or

R 0
R
o R
H HN R
G y
" R
15 _ R y —sH RN g 7
R

In particular embodiments of this aspect of the invention, the radiolabel-
binding moiety has a formula that is:
lla. -(amino acid)'-(amino acid)*-A-CZ(B)- {C(R‘Rz)} -X},
20 Ib, -A-CZ(B)-{C(R'R%},-X}-(amino acid)'-(amino acid)’,
lle. -(a primary o,w- or 8,w-diamino acid)-(amino acid)'-A-CZ(B)-
{C(R'RH}-X}, or
Md,  -A-CZ(B)-{C(R'RY)},-X}-@amino acid)'-(a primary a,u- of By
diamino acid) wherein (amino acid)' and (amino acid)’ are each independently
25 .any naturally-ocurring, modified, substituted or altered a- or S-amino acid not
containing a thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide)-O0OC or R%; B is H, $H or -NHR?, -N(RY)-
(amino acid or peptide) or R*; Z is H or R*; X is SH or -NHR?, -N(R%-
(amino acid or peptide) or RY; R!, R?, R* and R' are independently H or
30 straight or branched chain or cyclic lower alkyl; n is an integer that is either
0, I or 2; (peptide) is a peptide of 2 to about 10 amino acids; and: (1) where
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as a conposition of matter conprising a somatostatin-receptor binding

peptd having the formula: Formula L1 [err] where Rlerr], Rerr], Rerr]
and err] are independently H, |ower alkyl or substituted al kyl, aryl

or s 'S$Heétuqt,se§Le k |; Rlerr] and Rlerr] are each independently H, | ower
al kyl | dal kyl, aryl or substituted aryl r_wherein either
R[err!flﬂﬂrm‘”)ﬁwﬁfxmrr]; Alerr] and Clerr] are ifdBsReeRT Tk or a
D or L- Alerr], Alerr] and Clerr] are each i neap: grLE?’ bond
or a lipophilic D or L-amino acid; B[err] is D or L- - =Tyr or
D- or L-2-naphthylal anine (Nal) or 2-am noi ndan-2- carboxylic acid (A n)

or a substituted derivative thereof; Blerr] is DD or L-Trp or

17

B is -NHR® or -N(R*-(amino acid or peptide), X is SH and n is 1 or 2; (2)
where X is -NHR® or -N(R*)-(amino acid or peptide), B is SH and n is 1 or
2; (3) where B is H or RY, A is HOOC, H,NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide}-00C, X is SH and n is 0 or 1; (4) where A
L1 is H or RY, then where B is SH, X is -NHR? or -N(R*-(amino acid or
peptide) and where X is SH, B is -NHR? or -N(R*-(amino acid or peptide);
- (5) where X is H or R*, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-OOC and B is SH; (6) where Z is methyl, X is
methyl, A is HOOC, H;NOC, (amino acid or peptide)-NHOC, (amino acid or
10 peptide)-O0C and B is SH and n is 0; and (7) where Z is SH and X is SH,

n is not 0; and wherein the thiol group is in the reduced form.

Additional preferred embodiments include radiolabel binding moieties
having the formula: -Gly-Gly-Cys-, Cys-Gly-Gly-, Gly-Gly-Cys-, -(e-Lys)-Gly-
Cys-, (6-Orn)-Gly-Cys-, -(y-Dab)-Gly-Cys-, and -(8-Dap)-Gly-Cys-. (In these

15 formulae, it will be understood that e-Lys represents a lysine residue in which
| the e-amino group, rather than the typical a-amino group, is covalently linked
to the carboxyl group of the adjacent amino acid to form a peptide bond; -
Orn represents an ornithine residue in which the §-amino group, rather than the
typical a-amino group, is covalently linked to the carboxyl group of the
20 adjacent amino acid to form a peptide bond; --Dab represents a 2,4-
diaminobutyric acid residue in which the y-amino group is covalently linked to
the carboxyl group of the adjacenl amino acid to form a peptide bond; and §-
Dap represents a 1,3-diaminopropionic acid residue in which the 8-amino group
is covalently linked to the carboxyl group of the adjacent amino acid to form
25 a peptide bond.)

In another embodiment, the invention provides cyclic somatostatin
receptor-binding peptide reagents capable of being radiolabeled with a
radioisotope to form radiodiagnostic and radiotherapeutic agents, each
comprising a somatostatin analogue that is covalently linked to a radiolabel-

30 binding moiety of formula;
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a substituted derivative thereof; B[err] is Do or L-Lys or honol ysine

(H'y; 1.no- cycl ohexyl al ani ne (Achxa), 4-am nonet hyl phenyl al ani ne
(Am‘) am noet hyl) cystei ne (Aec), S-(3-am nopropyl)cysteine (Apc),
0(2 Bensze}mc@@ (Aes), O (3-am nopropyl)sedne (Aps) or a

substlt e thereof; B[err] is Thr, Ser, Val, Phe, Ile, Leu,
2-am n E{IH#l d (Aib), 2- am nobutyri c aci d (Abu) norval i ne (Nva),
or norleucine ( Clerr] is a bond or the DO or L-stereqjsoners of r,

Ser, Val, Phe, Ile, Abu, Ne, Leu, Nva, Nal or A b or |aTHISEET HASIBEEN
deri vative thereof; Xerr] is N(Rerr])[err]. where edch R BEPJAGED.

i ndependent |y hydrogen, |ower alkyl or substituted |ower alkyl, aryl or
substituted aryl or a hydrophilic noiety of |ess than about 1500 daltons;
Xerr] is - COOR[err], -CHerr]OH, CHerr]COOR err], or -CON(R[err])[err],
where each R err] is independently H, lower linear or cyclic alkyl or a
substituted derivative thereof or a hydrophilic noiety of |ess than about
1500 daltons; and where mis 0,1,2 or 3 and p i980, 1 or 2; Rerr] and
Rlerr] are independently H, wer al kyl or

w,.= [0 - (amino acid) - cy?teinc - CO - peptide

5X

{for purposes of this invention, radiolabel-hinding moieties having this structure
will be referred to as picolinic acid (Pic)-based moieties}

5 or I

peptide - HN - cystieine - (amino acid) - NH - CH, - @
8X _

wherein X is H or a protecting group; (amino acid) is any amino acid and the

radiolabel-binding moiety is covalently linked to the peptide. For purposes of

10 this invention, radiolabel-binding moieties having this structure will be referred
to as picolylamine (Pica)-based moicties. In a preferred embodiment, the
amino acid is glycine and X is an acetamidomethyl protecting group. In
another preferred embodiment, the agent is a scintigraphic imaging agent. In
yet another preferred embodiment, the agent is a radiotherapeutic agent.

15 Yet another embodiment of the invention provides cyclic peptide
reagents capable of being radiolabeled with a radioisotope for imaging sites
within a mammalian body or for radiotherpeutic purposes, each comprising a
somatostatin analogue that is covalently linked to a radiolabel-binding moiety
that is a bisamino-bisthiol radiolabel-binding moiety. The bisamino bisthiol

20 radiolabel-binding moiety in this embodiment of the invention has the formula:
{CRy),
/1\4 \N-A*CO-X
((I:Rz)m (le),
S-(pgp)® S-(pgp)*
25 wherein each R can be independently H, CH; or C,H;; each (pgp)® can be

independently a thiol protecting group or H; m, n and p are independently 2
or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
substituted derivatives thereof; and X is peptide; or
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substltuted Iower al kyl, or either Rlerr] or Rerr] are -COCH or
or - COOR[err], or Rerr] and Rlerr] together are an

oxng,g m R[err] I's hydrogen, |ower alkyl or substituted | ower alkyl,
ﬁm fenRemgdepryl; Z is a sulfur atom an oxygen atom NR[err],
NR[e

err]. CO NRerr], SJerr], NRerr]SqJerr] or the noiety
(S= O mhere Rlerr] is hydrogen, |ower alkyl or substituted
| ower al kyl, yI substituted aryl; and where Zis NRerr], Rerr] and
Rlerr] are not together an oxygen. In a preferred enhadipnent, the X[err]
noiety is an amno acid or a peptide sequence conpri<VH@Sh@EETI§§W§¥ENa
aci ds, or a nonosaccharide or oligosaccharide conprigi ng 1RERJACE®WEr
saccharide units, or a pol y(N-carboxyal kyl)am ne or a poly-oxXy amomeahd
the X[err] moiety is poly(N carboxyal kyl)am ne or a pol yoxy-anion, or an
am no acid or a peptide having an am no acid sequence of no nore than 10
resi dues (including peptides wherein the carbox b group of the
carboxyl -term nal amno acid is reduced to an aIcohoI) or a nonosacchari de
or oliigosaccharide conprising 10 or fewer //iCR»n

H - N-A-CH(V)NHR'
(?R?.)m (CRyY,
SH H
5 wherein each R is independently H, CH, or C,Hy; m, n and p are
independently 2 or 3; A is lincar or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof; V is H or CO-peptide; R’ is
H or peptide; provided that when V is H, R’ is peptide and when R’ is H, V
is peptide. For purposes of this invention, radiolabel-binding moieties having
10 these structures will be referred to as "BAT" moieties. In a preferred
embodiment, the agent is a scintigraphic imaging agent. In yet another
prefetred embodiment, the agent is a radiotherapeutic agent.
This invention provides methods for preparing peptide reagents of the

invention by chemical synthesis in virro. In a preferred embodiment, c¢yclic
15 peptides are synthesized by solid phase peptide synthesis.

This invention provides reagents for preparing a radiolabled somatostatin
receptor-binding agent comprising the somatostatin receptor-binding cyclic
peptides of the invention covalently linked to a radiolabel-binding moiety. In
a preferred embodiment, the reagent is radioactively labeled with Tc-99m. In

20 another preferred embodiment, the reagent is radioactively labeled with ""™=Sn,
%Re or **Re.

The invention also comprises agents that are complexes of the cyclic
somatostatin receptor-binding peptide reagents of the invention with a
radioisotope, as well as methods for radiolabeling the peptide reagents of the

25 invention. For example, scintigraphic imaging agents provided by the invention
comprise Tc-99m labeled complexes formed by reacting the peptide reagents
of the invention with Tc-99m in the presence of a reducing agent, Preferred
reducing agents include but are not limited to dithionite jon, stannous ion and
ferrous ion. Such T¢-99m complexes of the invention are also formed by

30 labeling the peptide reagents of the invention with Tc-99m by ligand exchange
of a prereduced Tc-99m complex as provided herein.
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saccharide units. |In another preferred enbodi nent, B[err] is phenyl al ani ne

or_tyrosine, Blerr] is Dtryptophan, B[err] is lysine and B[err] is
threonlne or vallne 9 The invention also provides a cyclic peptide that
Beep Replased ogue as a conposition of matter conprising a

somat
cycl o-
or L-

B[err] S D or
L-Lys or Hy,

06#:

Achxa, Anf, Aec, Apc, Aes, Aps or a

bi ndi ng peptide having the fornula: Formula I1]
[err]B[err]B[err] Cferr]- where Blerr] is D or L-Phe

or Ain or a substitutpds v her eof
L Trp or a substitut ed derivative tperéof FﬂLﬁAi?]BEEN D- or
LACED

20

The invention also provides kits for preparing radiolabeled somatostatin-
analogue, cyclic peptides from the peptide reagents of the invention. Kits for
radiolabeling the peptide reagents of the invention are comprised of a sealed
vial containing a predetermined quantity of a peptide reagent of the invention

5 and a sufficient amount of reducing agent to radiolabel the reagent. In a
preferred embodiment, the radiolabeled somatostain analogue is a scintigraphic
imaging agent. Also preferred is radiolabeling the peptide reagents of the
invention with T¢-99m. Kits for preparing radiotheapeutic agents are also
provided, wherein the preferred radioisotopes are tin-117m, rheaium-186 and

10 rhenium-138. _

This invention provides methods for using the radiolabeled somatostatin
receptor-binding peptide reagents of the invention diagnostically and
therapeutically. Tn one embodiment of the invention, methods are provided for
using scintigraphic imaging agents that are Tc-99m labeled peptide reagents for

i35 imaging sites within a mammalian body by obtaining in vive gamma
scintigraphic images, These methods comprise administering an effective
diagnostic amount of radiolabeled peptide reagents of the invention and
detecting the gamma radiation emitted by the radiolabel localized at the site
within the mammalian body. :

20 The invention also provides methods for alleviating somatostatin-related
diseases in animals, preferably humans, comprising administering a
therapeutically effective amount of the radiolabeled somatostatin-binding peptide
reagents of the invention to the animal. In preferred embodiments, the reagent
is radioactively labeled with "'=Sp, Re or '*Re,

25 This invention also provides somatostatin receptor-binding peptides
covalently linked to a metal-binding moiety that are complexed with a
magnetic, paramagnetic, supermagnetic, or superparamagnetic metal atom, ion
or particle, and methods for using such complexes for magnetic-based detection
of localization of such somatostatin receptor binding peptide complexes at

30 tumor or other tissuc sites i vivo, Thus, the invention provides non-
radioactive methods for localizing tumor and other somatostatin receptor
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substituted derivative thereof; B[lerr] is Thr, Ser, Val, Phe, Ile, Abu,
- Ne, Leu Nva or Aib; Cferr] is an L-amno acid conprising a sidechain
-havi ng a nercapto group and Alerr] is a lipophilic DDamno acid or .a

SheecH mRéplacteﬂ amno acid or L-cysteine or L-proline or a
subst ve thereof This noiety is a cyclic peptide noiety,
Wnere nus of the Alerr] residue is covalently linked with
the c xy term nus of the CJerr] residue. In a PITRE LTS enhodi ment ,
Bl[err] is phenylal anine or tyrosine, Blerr] is Dt ypto& S
| ysine and B4 is threonine or valine. The invention atse thhildes ajfcyclic

pepti de reagent conprising a somatostatin-receptor binding peptrde—taving
the formula: Formula IV [err] where R err], Rerr], Rerr] and R err] are
each independently H, |ower alkyl or substituted alkyl, aryl or substituted
aryl; Rerr] and Rerr] are each independently H, |ower alkyl

21

expressing tissues in vivo.

The cyclic peptides and cyclic peptide reagents of the invention may
also be comprised of a polyvalent linking moiety. Polyvalent linking moieties
of the invention are comprised of at least 2 identical linker functional groups

5 capable of covalently bonding to somatostatin analogue cyclic peptides or
radiolabel-binding moieties or both., Preferred linker functional groups are
primary or secondary amines, hydroxyl groups, carboxylic acid groups or thiol-
reactive groups. In preferred embodiments, the polyvalent linking moieties are
comprised of bis-succinimidylmethylether (BSME), 4-(2,2-dimethylacetylbenzoic

10 acid (DMBA), N-{2-(N',N'-bis(2-succinimido-cthyl)aminoethyl)}-N¢,NP-bis(2-

' methyl-2-mercapto-propyl)-6,9-diazanonanamide (BAT-BS),
tris(succinimidylethyl)amine (TSEA), bis-succinimidohexane (BSH), 4-(O-
CH,CO-Gly-Gly-Cys.amide)-2-methylpropiophenone (ETAC),
tris(acetamidoethyl)amine, bis-acetamidomethyl ether, bis-acetamidoethy! ether,

15 a,e-bis-acetyllysine, lysine and 1,8-bis-acetamido-3,6-dioxa-octane, or
derivatives thereof.

Specific preferred embodiments of the present invention will become
evident from the following more detailed description of certain preferred
embodiments and the claims. '

20

BRIEF CRIPTIO THE DRAWING
Figure 1 illustrates localization of a somatostatin receptor expressing

tumor in a tumor-bearing rat in vivo.

25 TAl DESCRIPT F THE 0
The present invention provides cyclic peptides that are somatostatin
analogues and that are not comprised of a disulfide bond. Such somatostatin
analogues thereby possess increased in vive stability compared with native
somatostatin or somatostatin analogues that comprise a disulfide bond. These
30 cyclic peptides are themselves therapeutic agents for alleviating diseases and

other ailments in animals including humans.
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or substituted aI kyl, aryI or substituted aryl, or wherein either Rerr] or

are independently a bond or a D or
L- am ng.agi o err] A[err] and C[err] are each independently a bond or a
I|p0ph| enR %o aci d; Blerr] is D or L-Phe or D- or L-Tyr or D
or L- e (Nal ) ~or 2-am noi ndan-2- carboxylic acid (Ain) or a
'substlt e thereof; Blerr] is D or L-Trfprgk s bstltuted

derivative thereof Blerr] is D or L- Lys or honol y$i ne
am no- cycl ohexyl al ani ne (Achxa), 4-am nonet hyl phenyl ar-ani
10 ami noet hyl)cysteine (Aec), S-(3-am nopropyl)cysteine (Apc
O (2-am noethyl) serine (Aes), O (3-am nopropyl)serine (Aps) or a
substituted derivative thereof; B[err] is Thr, Ser, Val, Phe, Ile, Leu,
2-am no-isobulyric acid (A b), 2-

22
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
5 invention are cyclic peptide reagents wherein the cyclic peptides of the
invention are covélently linked to a radiolabel-binding 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
10 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 as tin-117m, rhenium-186 or
rhenium-188 for radiotherapeutic uses. The c¢yclic peptide reagents of the
invention are also useful in preparing complexes with non-radioactive metals,
15 said complexes being useful diagnostically and therapeutically,

' The invention provides a method for using the somatostatin analogues
of the invention to alleviate diseases or other ailments in animals, preferably
humans. These diseases and ailments include but are not limited to diabetes

_ and diabetes-related retinopathy, cirrhosis of the liver and hepatitis infection,

20 bleeding ulcers and other gastrointestinal bieeding, 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

is dependent or influgenced by growth hormone or somatostatin production.

25  Dosages of the somatostatin analogues provided by the invention may be the

same as those dosages of native somatostatin routinely used for treatment of the

above or other diseases, or less of the compounds of the invention may be
administered due to their longer in vivo half-life.

Labeling with Tc-99m is an advantage of the present invention because

30 the nuclear and radioactive properties of this isotope make it an ideal

scintigraphic imaging agent. This isotope has a single photon energy of about
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am nobutyric acid (Abu), norvaline (Nva), or norleucine (N e); 'C'[err] s a
bond—or—the D- or L-stereoisoners of Thr, Ser, Val, Phe, Ile, Abu, N e,
Leu, NdgshNabasBeerRepla@d a substituted derivative thereof; Xerr] is

N(R[err Hm“ Hlﬂ each Rlerr] is independently hydrogen, |ower alkyl or

substi t , aryl or substituted aryl or substituted with a

hydr ophi | ess than about 1500 dal t ong; T2 - =QOOR[ err],
-CH err]OH, CHerr]COORerr], or -CON(R[err])[err] @d‘&flﬁﬁm ] is

i ndependently H, | ower Ilnear or cyclic alkyl or a
t hereof or substituted with a hydrophilic noiety of |ess than aboutr 1500
daltons; and where mis 0,1,2 or 3 and pis O, 1 or 2; Rerr] and R err]
are independently H |ower alkyl or substituted |ower alkyl, or either
Rlerr] or Rlerr] are -COOH or -CONRerr])[err] or -COORerr], or Rerr]
and Rl err] together are an oxygen atomy R[err] is hydrogen, |ower alkyl or
substituted | ower alkyl, aryl or substituted aryl; Z is a bond, a sulfur
atom an oxygen atom NR[err], NRerr]NRerr], NB[err] CONR[err] SJerr],

NR[err]SO err] or the ie S = df rther wher e err
Rl 1S9 ] n?tllo LZV gmd a r%d:oacgve hﬁf life of about 6 h&l[l's, an]d IIS readily available

from a ¥Mo-"Tc generator, Other radionuclides may also be used in the

practice of the invention as disclosed herein.
The term scintigraphic imaging agenlL as used herein is meant to
5 - encompass 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
10 to scandium-47, copper-67, gallium-72, yitrium-90, tin-117m, iodine-125,
iodine-131, samarium-153, padolinium-159, dysprosium-165, holmium-166,
ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-211 and
bismuth-212, most preferably '"“Re or '*Re. Such embodiments are useful in
the treatment of somatostatin-related discases or other ailments in animals,
15 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 vie the expression of somatostatin
receptors on the cell surface of cells comprising such iumors.
In the radiolabel-binding moieties and cyclic peptides covalently linked
20 to such moieties that contain a thiol covalently linked to a thiol protecting
group {(pgp)°} provided by the invention, the thiol-protecting groups may be
the same or different and may be but are not limited to:
-CHy-aryl (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-CH-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
25 -C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-CH,~(4-methoxyphenyl);
-CH-(4-pyridyl)(pheny),;
-C(CH;),
-9-phenylfluorenyl;
3o -CH;NHCOR (R is unsubstituted or substituted alkyl or aryl);
-CH,-NHCGOR (R is unsubstituted or substituted alkyl or aryl);
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hydr ogen, | ower aIkyI or substituted |lower alkyl, aryl or substituted aryl;

~and where Z is NRferr]-—R[err] and Rlerr] are not together an oxygen. In a

preferred enbodi rrent the X[err] noiety is an amno acid or a peptide
sequencdh \f Replacgt f ewer amino acids, or a nonosaccharai de or
ol i gosacgﬁ ing 10 or fewer sacchari de uni ts, or a

pol y(N-c ne or a poly-oxy anion and the X[err] noi ety iIs
pol y(N-carboxyal kyl ) am ne or a pol yoxy-anion, or an A a peptide

pepti des wherein the carboxyl group of the carboxyl - .
reduced to an al cohol), or a nonosaccharide or oligosaccharide compr+$ing
10 or fewer saccharide units. In another preferred enbodinent, Blerr] is
phenyl al anine or tyrosine, B[err] is Dtryptophan, B[err] is |lysine and
Bl[err] is threonine or valine.; In such preferred enbodi nents, the cyclic
peptide is covalently linked to a radiol abel -bi ngi ng noiety, wherein the
radi ol abel -bi nding noiety is not covalently linked to the noieties B[err],
Blerr], Blerr], -CONHR (R is unsubstituted or substituted alkyl or aryl);

-CH,-S-CH,-phenyl

Preferred protecting groups have the formula -CH,-NHCOR wherein R
is a lower alky! having 1 and 8 carbon atoms, phenyl or phenyl-substituted

5 with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.
The most preferred protecting group is an acetamidomethyl group.

Each somatostatin receptor-binding cyclic peptide-containing embadiment
of the invention is comprised of a sequence of amino acids. The term amino
acid as used in this invention is intended to include all L- and D- amino acids,

10 naturally occurring and otherwise. Reagents comprising somatostatin receptor-
binding peptides bmvided by the invention include but are not limited to the
following illustrative examples of the peptide embodiments of the invention:

cyclo. (N-CHL)F. YW, KV Hey

15 cH,co. EYW,KTEC .amide
CH.Co.FFW, KTF. Hhc.amide
oyclo.CYW KVC
CH,CO, FFW,,KTEC.amide
cyclo. (N-CH,)F, YW, KV. K, (BAT)

20 cyclo. (N-CHOF. YW, KV, Hey(CH.Co.K(e-K)GC.amide)
cyclo (N-CHIF. YW, KV, Hey(CH.0.C, ., GC,n-amide)
cyclo.(N-CHOE. YW, KV, Hev(cH,c0.CGC.amide)
cyclo ({N-CH)F YW KV, Hey(CH.c0.CGC)

CH.CO.FFW KTEC.(BAM)

25 cyclo. (N-CH)F. YW KV. Hey{CH,C0.{e-K)GC.amide)
cyclo. (N-CH,)E, YW, KV.Hcy(CH.0.GGC.amide)
cyclo {N-CH)F. YW, KV.E.(BAM)

C11,co, NFEW KTFTC
CH,CO.FEW,KTFC

30 CH,CO.FFW KTFC(e-K)GC.amide
CH,CQ.FFW KTFCC, . ,GCcn-amide
CH,CO.FEW, KTF Hcy
CH,CO.YW,KTC
CH,CQ. YW KT Hcy amide

35 CH,CO. YW, KT, Hhe. T(CH,0H)
CH,CO. YW, KTCTGGC yy.amide
CH,CO.YW,KT Hhe
. D-phenyl-CH,CH.CO. YW ,KTC
CH,CO.EW,KT, Pen

40 CH,CQ.FW, KTHcy.amide
CH,CO. YW, KTCT

po#: 960€ 122 GO S0O-ILLMIOITIV 3 WINNVE ¢ 06:A1 ¢ 96-33-¢ ¢  ILLJWDATIV 2 HINNVH:Ad INSS



Blerr] or Alerr] of the peptide. The invention also provides scintigraphic
|nag|ng agents conprising the cyclic peptide reagents of the invention

e-r_el—n—t—he—eyel—ke—pep{lde is covalently linked to a radi ol abel - bi ndi ng
noi et | ok di ol abel -binding nmoiety is not covalently linked to
t he ﬂﬁ| [err], Blerr], Blerr], or Alert] _of the peptide. The

invent es a cyclic peptide that is a spage3 S -apal ogue as
a corrp er conprising a somatostatin-rej eptorRE i de
-_hawngtheforrrula Formul a V cycl o- A[err] Blerr]BlerrTB ! C[err]-

where Blerr] is D- or L-Phe or D or L-Tyr or D or L-Nal or A|n or

25

CH,CO. YW KTCT(CH,0H)
CH,CO. YW KTCTC . GCoctn amide

CH,CO.FW_ KTHey
CH,CO. YW KTC amide

5 (N-Me)EYW KV Hey(cH,co.CGCE.amide)
CH,CO FFW,KTFCKC,.GC, ..amide
WCAcmGCAmKIamlde .

CH,CO.FFW KTECC,,..GC,..KKKKK.amide

Q_zm,ﬂL_Wu[C_'[IJ_KKKKK(e—K)GC amide

10 CH,CO.FFW KTFC(e-K)GCKKKKK.amide -

. cyclo. (N-CH.)JFYW KV, Hey(cH,c0, KKKKK(e-K)GC.amide)
¢h.co. FEW, KTFCGGC.amide
cyclo (N-CH.IFYWoKV, Hey(cH,co.GGCK.amide)
cyclo.(N-CH,)EYW KV Hey(CH,C0.(e-K)GCK.amide)

15 cyclo. {N-Me)FYW, KV . Hey(cH,c0.GGCR.amide)
cyclo. (N-Me)F YW, KVHcy(CH,c0.GGCR.amide)
cyclo. (N-Me)F YW, KV . Hey(c¢H,C0.(e-K)KC.amide)
cyclo.(N-Me)FYW KV, Hey(cH.c0.GGCKK .amide)
cyclo, (N-Me)FYW KV, Hey(CH,c0.GGC.Om.amide)

20 cyclo. (N-Me)FYW KV Hey(CH.c0.GGC,Orn. DOrn. .amide)
cyclo.(N-Me)FYW KV, Hey(CH,co, K(e-K)KCK .amide)
cycin. {IN-MeJFYW_ KT
cyclo.{N-Me)FY W KVHey(cH.co.(e-K)YGCKK.amide)
cyclo.(N-CHOFYW, KV, Hey(CH,COKKC.amide)

25 cyclo. (N-CH)FYW KV.Hey(CH,COKKCK.amide)
cyclo. (N-CH.JFYW KV, Hey(CH,COGGCKKK.amide)
cyclo, {(N-CH)FYWRKV, HeycH.co.GGCRR,amide
cyelo. (N-CH,)FYW, KV . Hevlcli,co.GGCRK.amide
cyclo.(N-CH,)FYW, KV HcvCH.c0.GGCRD.amide

30 cyclo. (N-CH,)FYW, KV, Hevew.co. (e-K)DCK.amide

: cyclo. (N-CH.)FYW KV HeycH,coGGC.Orn.amide
cyclo. (N-CH.)EYW KV Hey(cH,c0.GGCKDKD. amide)
cyclo.(N-CH.)FYW,,KV. HeycH,C0.GGCKD.amide
cyclo. (N-CH,OFYW, KV, HeycH.c0,GGCKDK . amide

35 cyclo. (N-CH,)FYW KV HcycH,co. (e-K)YGCKKK.amide
cyclo. (N-CHIFYW KV, Hev(cH.co.(8-Dap)GCK.amide
cyclo (N-CH,)FYW, KV Hey(CH.CO.(8-Om)GCK.amide)
cyclo.(N-CH,)FYW, KV Hcy(CH,CO.(e-K)YGCRK .amide)
cyclo.(N-CH,)FY W, KV Hey(CH.CO.(e-K)GCR.amide)

40 cyclo (N-CH)FYW KVC
eyclo {N-CH)FYW KT. Hcy
cyclo. YW, KV, Hey
cyclo. (N-CHOFYW,KV Hcy(CH,CO.(y-Dab)GCK.amide)
cyclo.(N-CH)FYW, KV Hey(CH,c0,GRCK.amide)

45 cyclo (N-CHIFYW KV, Hey(cH.c0.KRC.amide)
cyclo. (N-CHIFYW KV, Hey(CH.cO.GKCR.amidg)
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substituted derivative ther B err] Is D or L-Trp or a substituted
derivative thereof; B[err] is D or . Achxa, Anf, Aec, Apc,
Aes, Aps or a substit ut ed derfﬂmﬁh&ﬁnggreof B[err] is Thr, Ser, Val, Phe,
Ile, Abu, Nle, Leu, Nva or aded ammi No aci d; and A[err] is a
I|poph|I|c D-am no acid or allm gﬁ. N-al kyl) amno acid or
L-cysteine or L-proline or a su vatlve t This noiety
is a cyclic peptide noiety, where the am no term nus o Hﬁﬂﬂmﬂﬂq BEfRejdue
is covalently linked with the carboxyl term nus of t RES
preferred enbodi nent, B is phenylalanine or tyrosine, Blerr] 1S -
D-tryptophan, B[err] is lysine and B[err] is threonine or valine; and the
cyclic peptide is covalently linked to a radi ol abel -bi ndi ng noi ety, wherein
t he radi ol abel -binding noiety is not covalently linked to the noieties
Blerr], Blerr], Blerr], B[err] or Alerr] of the peptide. The invention also
prOV|des SC|nt|graph|c | magi ng agents conprising the cyclic peptide

reagents of the inventi galadeCEHFYWIEV. HoN(OH,00.RRMride)ng noi ety
cyclo {N-CH)FYW KV Hey(CH,co.GGCE.amide)
cyclo. (N-CH)FYWKV. Hey(CH.c0.GGC. Apc.amide)
cycio.(N-CH)Sp YW, KV. Hey
5 cyclo.PYW, KV Hev(CH,c0.GGCK.amide)
cyclo. (INMeYFW KV (CH.C0.GGCK . .amide)
eyclo (NMeYFW KT . Hey(CH,CO.GGCK.amide)
cyclo. (N-CHIEYW KV, Hey(cH,co.RKC.amide)
cyclo. (N-CH)S, YW KV, Hey(CH.c0.GGCK.amide)

10 cyclo. (N-CH,)JFYW,KV. Hey(CH.c0.GKCK.amide)
cyclo. (N-CHYEYW, KV Hey(cH,co.KGCK.amide)
¢yclo.{N-CH,)FYW KV .Hcy(CH,c0.KGGCK.amide)
cyclo. (N-CH.)FYW KV, Hey(cH.co.KGGC.amide)
cyclo (N-CHIFYW,KV. Hey(CH,c0.GGGCK.amide)

15 cyclo (N-CH ) FYW, KV Hey(CH,¢0.RGGC.amide)
cyclo. (N-CH,)FYWKV. Hey(CH,Cc0,SSC.amide)
cyclo. (N-CHIEYW KV, Hey(CH,C0.SSCK.amide)
cyclo (N-CHIEYW KV, Hey(CcH.co. (8-Dap)KCK.amide)
cyclo {N-CH,)EYW KV Hey(CH,c0.(8-Dap)DCK.amide)

20 cyclo. (N-CHOFYW KV . Hey(CH.CO.{8-Dap)KCD,amide)
cycle (N-CHOFYW,KV, Hey(CH.C0.(8-Dap)KCR.amide)
cyclo (N-CH,)EYW,KV. Hey(cH.co.(8-Dap)GCR.amide)
cyclo (N-CHIEY WKV Hey(cH,co.(8-Dap)RCK.amide})
cyclo. (N-CH)FYW,KV. Hey(GK(-cH,c0.)C.amide)

25 eyelo. (N-CHFYW KV, Hey(CH.co.GGCR.acid)
cyclo (N-CH)EYW, KV, Hey(cH,c0.GRC.amide)
cyclo. (N-CH,)FYW, KV, Hoy(CH.c0.GGCK .acid)
cyclo (N-CH.)FYW, KV, Hey(cn,.co.GKC.acid)
cyclo. (N-CH.)FYW, KV, Hey(CH.cO.GRC.acid)

30 cyclo. (N-CH.)FYWRKV, Hey(cH.co. KKC.acid)
cyclo (N-CH;)FYWKY Hey(cH.co.CG.Dap. Dap.amide)
cyclo. (N-CH)FYW,KV. Hey(CH,CO.(6-Q)GCR.amide)
cyclo {N-CH)FYW; KV Hcy(CH.cO.GNCR.amide)
cycin (N-CH)EYW KV Hey(CI,c0.(6-O)GCN.amide)

35 cyclo (N-CH)FYW KV, Hey(CH,C0.GGC. Dap.amide)
cyclo.(Hyp. YW, KV Hey)
cyclo.(Hyp, YW,KV, Hey)(cHc0.GGCK.amide)
cyclo (N-CH)FYWKV. Hey(CH.co.(v-Dab)KCK.amide)
cyclo. (N-CH,)FYW, KV Hey(CH,CO.(y-Dab)KCR.amide)

40 cyelo.(N-CH,)FYW KV, Hcy(CH,c0.(5-0)KCK .amide).

As used herein, the following amino acids and amino acid analogues are

!—q;
Jus
:

intended to be represented by the following abbreviations; Ac is an acetyl group:
ma is mercaptoacetic acid group; Aca is 6-aminocaproic acid; Hcy is
homocysteine; Hhc is homohomocysteine (3-mercaptopropylglycine); Pen is
45 penicillamine; Mob is the sulfhydrul protecting group 4-methoxybenzyl; Acm is
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is stably conplexed with a radioisotope. In one such enbodinent is provided

a scintigraphic imaging agent wherein-the—somatostatin anal ogue, cyclic
pepti de reagents of the inventi on are ra eI ed with technetium99m In
ot her enbodi ments of the sci nTh1 g agents of the invention the
radi oi sotope is indium111 or still other enbodi rrents t he
scintigraphic imaging agents of are cycli crmg & €
12 radiol abel ed wi th iodine-12 or | od| ne-125. The invénti o%?t %ﬁé r%\ﬁ”d PS
radi ot herapeutic agents that are the cyclic peptide reagents—et—t

I nvention radiol abeled with a cytol oxic radi oi sotope that is sel ect ed from
the group consisting of scandi um 47, copper-67, gallium72,
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the sulfhydryl protecting group acetamidomethyl; Aib is aminoisobutyric acid; Nal
is 2-paphthylalanine; Ain is 2-amincindan-2-carboxylic acid; Hly is homolysine;
Achxa is 4-amino-cyclohexylalanine; Amf is 4-aminomethyl-phenylalanine; Aec is
§-(2-aminoethyl)cysteine; Apc is S-(3-aminopropyl) cysteine; Aes is O-(2-
aminoethyl)serine; Aps is O-(3-aminopropyl)serine; Abu is 2-aminobutyric acid;
Nva is norvaline; F, is D-phenylalanine; W, is D-tryptophan; Y, is D-tyrosine;
Cpa is 1-(4-chlorophenyl) alanine; Thp is 4-amino-tetrahydrothiopyran-4-carboxylic
acid; D-Nal is D-2-naphthylalanine; Dpg is dipropylglycine; and Nie is norleucine.
All naturally-occurring amino acids are abbreviated using standard abbreviations
(which can be found in G. Zubay, Biochemistry (2d. ed.), 1988 (MacMillen
Publishing: New York) p.33).

For the purposes of this invention, the naturally-occuring amino acids are
characterized as lipophilic (alanine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, proline, tryptophan and valine, as well as S-alkylated derivatives of
cysteine), hydrophilic (asparagine, glutamine, threonine, serine), acidic (glutamic
acid and aspartic acid), basic (arginine, histidine and lysine). T(CH,0H) represents
a threoninol residue, wherein the carboxyl group of the amino acid is reduced to
a primary alcohol, incorporated into the peptide using the procedure of Neugebauer
er ol, (1990, Peptides: Proceedings of the 11th American Peptide Symposium, pp.
1020-21), eK is intended to represent a covalent: linkage via the e-amino group
on the sidechain of a lysine residue. 5-Orn represents an ornithine residue in
which the §-amino group, rather than the typical o-amino group, is covalently
linked to the carboxyl group of the adjacent amino acid to form a peptide bond.
y-Dab represents a 2,4-diaminobutyric acid residue in which the y-amino group
is covalently linked to the carboxyl group of the adjacent amino acid to form a
peptide bond. $-Dap represents a I,3-diaminopropionic acid residue in which the
B-amino group is covalently linked to the carboxyl group of the adjacent amino
acid to form a peptide bond. Pic is picolinoyl (pyridine-2-carbonyl); Pica is
picolylamine (2-(aminomethyl)pyridine); (BAT) represents N°,AP-bis(2-mercapto-2-
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Cyttrium90, tin-117m samarium 153, gadol i ni um 159, dysprdsi um 165,
hol m um 166, ytterbium 175, lutetium 177, rhenium 186, rhenium 188, and
I n preferred _enhodiwents; The radioisotope is tin-117m

-bi smut h-212
rhenium 186 or
cyclic peptides of the inv
| odi ne-131 or
agents conprising the cyclic
wherein the reagents forma conplex with a non-radi oaC .
Conbi nati on enbodi nents, wherein such a conplex 1s

astatine-211.

preferably rheni um
al so radi ol abel ed,
al so provided by the invention and are within its scope. The invention al so

provi des pharmaceuti cal

r heni um 188.

diptigRabkeepr ef erred enbodi nents, the

abel ed w {h iodine-125,
m i urther prlovhges; out i
ts of th LA oBEENnal |y

ln
LG

either directly or via a radiol abel -binding noiety, are

conpositions conprising the somatostatin

recept or-bi ndi ng peptides of the invention in a ppgrmaceutically acceptable

carrier.

g6#:

10

15

20

methyl-propyl)-6,9-diazanonanoic acid; K.(BAT) and Lys.(BAT) represent the
amino acid lysine, acylated at the ¢-amino group on the amino acid sidechain to
(BAT); (BAM) is (N',N'-bis(2-metcapto-2-methylpropyl)-1,4,10-triazadecane;
E.(BAM) and Glu.(BAM) represent the amino acid glutamic acid having a «y-amide
linkage between the sidechain carboxylic acid group of glutamic acid and a
(BAM)-derived primary amino group; (BAT-BM) s N-{2-(V',N'-bis(2-
maleimidoethyl)aminoethyl}-AP-(¢-butoxycarbonyl)-N, N°-bis(2-methyl-2-triphenyl-
methylthiopropyl)-6,9-diazanonanamide;  (BAT-BS) is  N-{2-(N',N"-bis(2-
suceinimidoethylyaminoethyl)-N®, N’-bis(2-mercapto-2-methylpropyl)-6,9-
diazanonanamide; (BMME) is bis-maleimidomethylether; (BSME) is bis-
succinimidomethylether; and (DTPA) is diethylenetriaminepentaacetic acid.
Hcy(alkyl group) is homocyteine, S-alkylated with the group in parenthesis.

The convention used herein of representing by underlining a covalent bond
between atoms and groups of atoms, such as the amino terminus and carboxyl
terminus resulting in the cyclic peptides of the invention, or similar representations
of covalent bonding between the sidechain sulfur atom of a cysteine residue or
derivative thereof and an amino terminal acyl group or other residue will also be
understood by those with skill in the art, The use of the term "cyelo® herein is
intended to indicate that the peptide is cyclized by formation of a covalent bond
between the atoms of the amino terminal substituted or unsubstituted amino group
and the carboxyl terminus of the peptide.

For the purposes of this invention the term "poly(N-carboxyalkyl)aming” in
intended to describe a series of compounds exemplified by nitrilotriacetic acid,
iminodiacetic  acid,  ethylenediaminetetraacetic acid (EDTA)  and
diethylenepentaacetic acid (DTPA).

For the purposes of this invention the term "polyoxyanion® is intended to
encompass sulfates, phosphates, sulfonates; phosphonates, and like compounds.

Somatostatin analogue peptides of the present invention can be chemically
synthesized in vitro.  Peptides of the present invention can generally
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The somatostatin anal ogues of the invention are therapeutically useful in
the alleviation of diseases or other ailnents in humans or ot her ani nals.

The invention provides

a method for alleviating somatostatin-rel ated

di seases in ani nal s, prefera hmﬁwBsenltﬁp di sing adm nistering a

t herapeutically effect I ve arm tostatin anal ogues of the
invention to the animal. iments,| t §

somat ost ati n anal ogue admi n| stere rom about 01 t '\ CPERY/ Eg body
wei ght/day. Anot her aspect of the present i nventio ' ntg for

prepari ng radi ot herapeui ¢ and radi odi agnosti c radi opharmaceuti cal s,
I ncl udi ng preferably scintigraphic inmaging agents. Each such reagent is

conprised of a peptide

that is somatostatin anal ogue covalently |linked to a

radi ol abel -binding noiety. It is an advantage of the somatostatin anal ogues

provi ded by the inventi
I n the presence of
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on that the non-disulfide cyclic linkage is stable
29

advantageously be prepared on a peptide synthesizer. The peptides of this
invention can be synthesized wherein the radiolabel-binding moiety is covalently
linked to the peptide during chemical synthesis in vitro, using techniques well
known to those with skill in the art. Such peptides covalently-linked to the
radiolabel-binding moiety during synthesis are advantageous because specific sites
of covalent linkage can be determined,

Radiolabel binding moieties of the invention may be introduced into the
target somatostatin analogue peptides during peptide synthesis. For embodiments
comprising picolinic acid (designated (Pic-); e.g., Pic-Gly-Cys(protecting group)-),
the radiolabel-binding moiety can be synthesized as the last (i.e., amino-terminal)
residue in the synthesis, In addition, the picolinic acid-containing radiolabel-
binding moiety may be covalently linked to the e-amino group of lysine to give,
for example, «N(Fmoc)-Lys-eN{Pic-Gly-Cys(protecting group)}, which may be
incorporated at any appropriate position in the peptide chain. This sequence is
particularly advantageous as it affords an easy mode of incorporation into the
target somatostatin analogue peptide.

Simiiarly. the picolylamine (Pica)-containing radiolabel-binding moiety (-
Cys(protecting group)-Gly-Pica) can be prepared during peptide synthesis by
including the sequence (-Cys(protecting group)-Gly-) at the carboxyl terminus of
the peptide chain. Following cleavage of the peptide from the resin the carboxyl
terminus of the peptide is activated and coupled to picolylamine. This synthetic
route requires that reactive side-chain functionalities remain masked (protected) and
do not react during the conjugation of the picolylamine. |

This invention also provides small synthetic peptides that are somatostatin
analogues and incorporate bisamine bisthiol (BAT) chelators that may be labeled
with Tc-99m, | _

This invention provides for the incorporation of BAT chelators into virtually
any position in the peptide, vie covalently linkage to any appropriate functional
group of the peptide, except that the chelating moieties of the invention are not
covalently linked to functional groups comprising the amino acid side chains of the
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13 redUcing agents used to forma conpl ex between a radioi sotope and a
radi ol abel binding nmoiety of the invention conpr|5|ng a thiol group. The

somat ost ati n anal ogues of the- -Havention are advant ageous over sornatostatin
and previously-used disulfide-c mgB&ﬁR&n@srt atin anal ogues. These
prior art reagents contain a dIS |ch di

unstable in the presence of reduc\ fuI ' TFEE}F f
radi ol abel conpl exes with various ndi n

bi ol ogi cal activity of these preV|oust knomn reagents was

and the efficacy of scintigraphic inaging agents derived therefrom.
conprom sed, by reduction of these peptide structure-determ ning disulfide
bonds. Such destabilization of the structure of the peptide reagents of
‘this invention does not occur due to the :
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amino acids B!, B2, B* or B* as defined above.

In forming a complex of radioactive technetium with the reagents of this
invention, the technetium complex, preferably a salt of Tc-99m pertechnetate, is
reacted with the reagent in the presence of a reducing agent. Preferred reducing
agents are dithionite, stannous and ferrous ions; the most preferred reducing agent
is stannous chloride. Means for preparing such complexes are conveniently
provided in a kit form comprising a sealed vial containing a predetermined
quantity of a reagent of the invention to be labeled and a sufficient amount of
reducing agent to label the reagent with Tc-99m. Alternatively, the complex may
be formed by reacting a reagent of this invention with a pre-formed labile complex
of technetium and another compound known as a transfer ligand, This process is
known as ligand exchange and is well known to those skilled in the art. The
labile complex may be formed uvsing such transfer ligands as tartrate, citrate,
gluconate or mannitol, for example. Among the Tc-99m pertechnetate salts useful
with the present invention arc included the alkali metal saits such as the sodium
salt, or ammonium salts or lower alkyl ammonium salts.

In a preferred embodiment of the invention, a kit for preparing technetium-
labeled peptides is provided. An appropriate amount of the peptide reagent is
introduced into a vial containing 2 reducing agent, such as stannous chloride, in
an amount sufficient to label the peptide with Te-99m. An appropriate amount of
a transfer ligand as described (such as tartrate, citrate, gluconate or mannitol, for
example) can also be included. The kit may also contain conventional
phaﬁnaoeutical adjunct materials such as, for example, pharmaceutically acceptable
salts to adjust the osmotic pressure, buffers, preservatives and the like. The
components of the kit may be in liquid, frozen or dry form. In a preferred
embodiment, kit components are provided in lyophilized form.

Tc-99m labeled imaging reagents according to the present invention may
be prepared by the addition of an appropriate amount of Tc-99m or Tc-99m
complex into the vials and reaction under conditions described in Exammé 2
hereinbelow.
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| ack of such unstable disulfide bonds in the somatostatin receptor binding
conpaunds_comprsi+nag—the instant invention. Thus, the use of

CoMpoUnds_CORpF -5
agent s T3S ﬂgﬁlﬂ% !
bi ol ogi cE‘ B Mﬁ
I nventi o

gLabel chel ating noieties and the use of reducing
ot ope conpl exes therewith does not result in | oss of

the somatostatin receptor binding conpounds of this

er advantage of the somatostatifn_anal ogues provi ded
by this invention that formation of the coval ent conjutras ¢ RELY

pepti des and thiol-containing radiol abel binding noigties iy | Hiamgn i on
U

-does not result in "scranmbing"” of structurally-inportan
Unl i ke peptide noieties conprising a disulfide bond, the non-di sul

cyclic Iinkage contained in the peptide reagents of the invention does not
interfere with thiol-containing radiol abel binding noieties. Conversely,

t he thiol-containing radi ol abel binding noieties cannot disrupt the
‘three-di nensional structure of the peptide by "scHanbling"

structural ly-inmportant disul fide bondsy Ln GORLIRAS magdifl af¥R MbAlded by the present
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invention are provided having a suitable amount of radioactivity. In forming Tc-
99m radioactive complexes, it is generally preferred to form radioactive complexes
in solutions containing radioactivity at concentrations of from about .01 millicurie
(mCi) to 100 mCi per mL.

The imaging reagents provided by the present invention can be used for
visualizing organs such as the kidney for diagnosing disorders in these organs, and
tumors, in particular gastrointestinal tumors, myelomas, small cell lung carcinoma
and other APUDomas, endocrine tumors such as medullary thyroid carcinomas and
pituitary tumors, brain tumors such as meningiomas and astrocytomas, and tumors
of the prostate, breast, colon, and ovaries can also be imaged. In accordance with
this invention, the Tc-99m labeled peptide reagents are administered in a single
unit injectable dose. The Tc-99m labeled peptide reagents provided by the
invention may be administered intravenously in any conventional medium for
intravenous injection such as an aqueous saline medium, or in blood plasma
medium, Generally, the unit dose to be administered has a radioactivity of about
0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution to be
injected at unit dosage is from about 0.01 mL to about 10 mL. After intravenous
administration, imaging in vivo can take place in a matter of a few minutes,
However, imaging can take place, if desired, in hours or even longer, after the
radiolabeled peptide is injected into a patient. In most instances, a sufficient
amount of the administered dose will accumulate in the area to be imaged within
about 0.1 of an hour to permit the taking of scintiphotos. Any conventional
method of scintigraphic imaging for diagnostic purposes can be utilized in
accordance with this invention.

The somatostatin receptor-binding cyclic peptides and non-radicactive metal
complexes of the cyclic peptide reagents of the invention may be used clinically
as therapeutic agents 10 promote regression of certain types of tumors, particularly
those that express somatostatin receptors, The somatostatin analogue cyclic
peptides of the invention can also be used to reduce the hormonal hypersecretion
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a thiol-containing Tc-99m binding noiety covalently linked to native

or to a somatostatin anal ogue having a disulfide bond, can
result in disulfide bond fornmation between a sidechain sulfur of a peptide
am no aicd and the thiol group of mﬁgshéeaﬂhs@leahbbla@dnm ng noi ety. Such

somat ost ati n,

"scranbling"” of disulfide bonds can by a loss of biologica
activity, The present invention is hﬂﬂ“ S|m S

bi ol ogi cal activity in vivo 14 b he non di s¢l |§§HE§EHMG: QRAges
in each of the somatostitin anal ogues of the inventio
coval ent bonds.

Such | oss of biological activity can al so occur
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using native somatostatin, or to any somatostatin anal ogue having a

di sul fi de bond. Thus,
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that often accompanies ccrtain cancers, such as the APUDomas. Peptides of the
invention used as therapeutic agents may be administered by any appropriate route,
including intravenous, intramuscular or by mouth, and in any acceptable
pharmaceutical carrier, in doses ranging from about 0.1 to about 49 mg/kg body
weight/day.

This invention also provides peptides radiolabled with cytotoxic
cadicisotopes such as tin-117m, rhenium-186 or rhenium-188 that may be used
for radiotherapy of certain tumors as described above, For this purpose, an amount
of radioactive isotope from about 10mCi to about 200mCi may be administered
via any suitable clinical route, preferably by intravenous injection.

This invention also provides somatostatin receptor-binding peptides
covalently linked to a metal-binding moiety that are complexed with a magnetic,
paramagnetic, supermagnetic, or superparamagnetic metal atom, ion or particle,
and methods for using such complexes for magnetic-based detection of localization
of such somatostatin receptor binding peptide complexes at tumor or other tissue
sites in vive. Thus, the invention provides non-radioactive methods for localizing
tumor and other somatostatin receptor expressing tissues in vivo.

This invention provides methods for using the diagnestic and radiodiagnostic
and therapeutic and radiotherpaeutic ageats of the invention. For radiolabeled

' embodiments of the agents of the invention, for example, Tc-99m labeled

scintigraphic imaging agents, an effective 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
radiolabel 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 mefastatic neoplastic sites wherein said neoplastic cells express
somatostatin receptors (SSTR), and in particular such primary and especially
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t he pepti des
sonat ostatin
conprising a
resistant to
somat ostatin
| i nkage acts
Furt her, the

of the present invention are per se advantageous as =
anal ogues over native somatostatin or sonatostatin anal ogues
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reagents that are each conprised of a cyclic somatostatin receptor-bindi ng
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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 from tuberculosis.

The methods for making and labeling these compounds are more fully
illustrated in the following Examples. These Examples illustrate certain aspects
of the above-described method and advantageous results, and are shown by way
of illustration and not limitation.

EXAMPLE 1
id Pepti hesis

Solid phase peptide synthesis. (SPPS) was carried out on a 0.25 millimole
(mmole) scale using an Applied Biosystems Model 431A Peptide Synthesizer and
using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-terminus protection, coupling
with dicyclohexylcarbodiimidelhydroxybénzntriamle or 2-(1H-benzotriazol-1-yl)-
1,1,3,3-tetramethyluronium  hexafluorophosphate/ hydroxybenzotriazole
(HBTU/HOBT), and using p-hydroxymethyl henoxymethyl-polystyrene (HMP) resin
or Sasrin™ resin for carboxyl-terminus acids or Rink amide resin for carboxyl-
terminus amides.

Where appi'opriate, the following amino acid derivatives were synthesized,
Homocysteine was prepared by alkaline hydrolysis of L-homocysteine lactone, or
by reduction of L-homocystine using metallic sodium in liquid ammonia.
Threoninol residues, wherein the carboxyl group of the amino acid is reduced to
a primary alcohol, can be introduced into the peptides of the invention where
appropriate using the procedure of Neugebauer er al. (1990, Peptides: Proceedings
of the 11th American Peptide Symposium. pp. 1020-21). Fmoc.Hey(Trt) and
Fmoc.Pen(Trt) were prepared from the appropriate amino acids by tritylation with
triphenylmethanol in TFA, followed by Fmoc derivitization as described by

Atherton et al. (1989, Solid Phase Peptide Synthesiy, IRL Press: Oxford).
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where (pgp)[err] is hydrogen or a thi ol protecting group and (aa) is an a-

or B- amno acid not conprising a-th+el—group——1n a preferred enbodi nent,

the amino acid is glycine. In anot{nhelsrS referred enbodi ment, the agent is a

scintigraphic i mgi ng agent. In yet HI ﬁﬂ?@ mré‘d enbodi ment, the agent
il

m t he vi des
ed tjp oY ¥NEET HAS BEEN
radi odi agnosti c and radi ot herapeuti c agents, each conpri-s4 PLASERD ost atli n

anal ogue covalently |linked to a radi ol abel - bi ndi ng noi ety of fornmula:
A-CZ(B)-(C(Rerr]Rerr])}a-X wherein Ais H HOOCC, H err] NCC,
(peptide)-NHOC, (peptide)-OOC, Re[err]NCO or Rerr]; Bis H SHor -NHR,

I's a radi otherpeutic agent. In a sec
cyclic peptide reagents capable of b

-N(Rerr])-(pepdde) or

Rlerr]; Zis Hor Rerr]; Xis SHor -NHR,
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I ndependently H or
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Fmoc.homohomocysteine(Trt) was prepared by reducing N,N-bis-Boc-glutamic acid-
c-methyl ester with borane-THF, followed by mesylation and reaction with trityl-
mercaptide, followed by removal of the Boc groups with BF,OEt; in acetic acid,
and then Fmoc derivitization as described above. phenyl-CH,CHBrCOOH was
prepared by treating phenylalanine (in a solution of water and TFA/ saturated with
NaRr) with sodium nitrite, followed by distillation to recover the pure product.

Where appropriate, 2-chloroacetyl, 2-bromoacetyl and 2-bromo-3-
phenylpropionyl groups were introduced either by using the appropriate 2-halo acid
as the last residue coupled during SPPS, or by treating the N-terminus free amino
acid peptide bound to the resin with either 2-halo acid/ diisopropylcarbodiimide/N-
hydroxysuccinimide/NMP or 2-halo acid anhydride/ diisopropylethylamine/NMP.

Where appropriate, HPLC-purified 2-haloacylated peptides were cyclized by
stirring an 0.1-1.0 mg/mI. galution in phosphate or bicarbonate buffer or dilues
ammonium hydroxide (pH 8.0), optionally containing 0.5-1.0 mM EDTA, or
acetonitrile or THF for 1-48 h followed optionally by acidification with acetic
acid, lyophilization and HPLC purification.

Where appropriate, thiol-containing peptideé were reacted with chloroacetyl-
containing, thiol-protected Tc-99m complexing moieties at pH 10 for 0.5-4 hours
at room temperature, followed by acetic acid acidification and evaporation of the
solution to give the corresponding peptide-sulfide adduct. Deprotection and
purification were routinely performed as described to yield the chelator-peptide
conjugate,

Where appropriate, BSME adducts were prepared by reacting single thiol-
containing peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N-
methylmorpholine or N-ethyl-morpholine, or S0mM sodium phosphate buffer, pH
7-8, optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 0.5
molar equivalents of BMME (bis-maleimidomethylether) pre-dissolved in
acetonitrile at room temperature for approximately 1-18 hours. The solution was

concentrated and the product was purified by HPLC.

Where appropriate, TSEA adducts were prepared by reacting single thiol-
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15 strai ght or branched chain or cycllc |l ower alkyl; nis 0, 1 or 2; Rerr]

is err]-Cerr] alkyl,

an am no—aeﬂ—d—e%—aﬂaeﬁﬁ—de—eorrprl sing 2 to about 10

am no acids; and: (I)vvhereBls- : . X is SH
and nis 1 or 2; (2) where X:iis -N h%t _ e S Bis SH

and nis 1 or 2; (3) where Bis Ho 10,
(pepti de) - OCC, BEayils H

(peptide)- NHOC, or

or Rerr], then where Bis SH, X |s -NHR[err] or - N(R[err]) (peprade) And
where X is SH, Bis -NHRerr] or -N(Rerr])-(peptide); (5) where Xis H or
Rlerr], Ais HOOC, Herr]NOC, (peptide)-NHOC, or (peptide)-O0OC and B is SH,

(6) where Z is nethyl,

Xis methyl, Ais HOOC, Herr] NOC, (peptide)- NHOC,

or (peptide)-0O0C and Bis SHand nis 0; and (7) where Zis SH and X is SH,
nis not O; and wherein the thiol noiety is in the reduced form In

10

15
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25
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coniaining peptide (at concentrations of 10 to 100 mg/mL peptide in DMF
buffered to pH 7 with N-methylmorpholine or N-ethylmorpholine, or 5 to 50
mg/mL peptide in SOmM sodium phosphate, pH 7-8, optionally containing 0.5mM
EDTA or DMF or THF or acetonitrile) with 0.33 molar equivalents of TMEA
(¢ris(2-maleimidoethyl)amine) pre-dissolved in acetonitrile or DMF, with or without
1 molar equivalent of triethanolamine, at room tempcrature for apprbkimately 1-
18h. Such reaction mixtures containing adducts were concentrated and the adducts
were then purified using HPLC.

Where appropriate, {BAM} (N',N*-bis(2-mercapto-2-methylpropyl)-1,4,10-
triazadecane) was conjugated to the peptide by first activating the peptide
carboxylate with a mixture of diisopropylcarbodiimide/ N-hydroxysuccinimide or
HBTU/HOBt in DMF, NMP or methylene chloride, followed by coupling in the
presence of diisopropylethylamine.  Afier coupling, the conjugates were
deprotected as described above.

Where appropriate, (BAT) (N°,NP-bis(2-mercapto-2-methylpropyl)-6,9-
diazanonanoic acid) was incorporated into peptide as (Na{Fmoc)-Ne(N-Boc)-S,5* -
bistrityl-BAT)ysine (prepared from Na(Fmoc)-lysine and Ne(N-Boc)-S,8" -bistrityl-
BAT as described in Example 2 of co-owned and co-pending U.S. Patent
Application Serial No. 08/ _ , incorporated by reference) during peptide
synthesis and then deprotected after cleavage of the completed peptide from the
synthetic resin.

Where  appropriate, BAT-BS  (N-{2-(N',N'-bis(2-succinimidoethyl)
aminoethyl)}-N°, A-bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide) adducts
were prepared by reacting single thiol-containing peptide (at concentrations of 2
to 50 mg/mL peptide in DMF buffered to pH 7 with N-methylmorpholine or N-
ethylmorpholine, or in 50mM sodium phosphate (pH 7-8), optionally containing
0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar equivalents of
BAT-BM  (N-{2-(N',N'-bis(2-maleimidoethyl)aminoethyl)}-N *-(¢-butoxycarbonyl)-
N°, NP-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diaza-nonanamidepre-dissolved

S#: 989¢ L3Z GO SOO-ILLTMDITIV ¥ NNV ¢ L¥:L1 ! 08-22-¢ ¢ 1LIFWDITIV ¥ ¥ENNVE:AY INSS



a preferred enbodi ment, the agent is a scintigraphic inmaging agent. In yet
anot her preferred enbodi nent, the agent—s a radiotherapeutic agent.

Preferred enbodi nents of this raﬁﬁs@h&pﬁ;sﬁg iAGq'foi ety have a chem cal

formula that is: 1. Rerr]-CO(a
acid)' and (amno acid)2 are eac_ﬂUlﬂHE
i

acid that does not conprise a th

no aci d)2-Z wherein (am no
any primary _a- _or B-am-no
a t hi blypie enLET HARPBERD bty

that is cysteine, honocysteine, isocysteine, penicill&am ne, REBLACED

mer capt oet hyl am ne or 3-nercapt opropyl am ne, and R er =75 Tower
((derr]-Cerr]) alkyl, an amno acid or a peptide conprising 2 to 10 am no
acids. Wien Z is cysteine, honocysteine, isocysteine or penicillamne, the
carbonyl group of said noiety is covalently linked to a hydroxyl group, a

NR[err] R err] group,

wherein each of Rlerr] and R err] are independently H

or lower (Cferr]-Cferr]) alkyl, an am no acid or 3%

10

15

20

30

in acetonitrile or THF, at room temperature for approximately 1-18h. The
solution was then evaporated to dryness and (BAT-BS)-peptide conjugates
deprotected by treatment with 10mL TFA and 0.2mL triethylsilane for 1h. The
solution was concentrated, the product adducts precipitated with ether, and then
purified by HPLC,

Where appropriate, the (DTPA) moiety can be introduced using the method
of Bakker ef al. (1991, Life Sci. 49: 1583-1591, hereby incorporated by
reference).

Where appropriate, peptide precursors were cyclized (between the amino-
and carboxyl-termini) by reaction of the sidechain-protected, N-terminal free amine
and C-terminal free acid with diphenylphosphorylazide.

Sasrin™ resin-hound peptides were cleaved using a solution of 1% TFA in
dichloromethane to yield the protected peptide. Where appropriate, protected
peptide precursors were cyclized between the amino- and carboxyl-termini by
reaction of sidechain-protected, amino-terminal free amine and carboxyl-terminal
free acid using diphenylphosphorylazide.

HMP or Rink amide resin-bound products were routinely cleaved and

| protected cyclized peptides deprotected using a solution comprised of trifluoroacetic

acid (TFA), or TFA and methylene chloride, optionally comprising water,
thioanisole, ethanedithiol, and triethylsilane or triisopropylsilane in ratios of 100
:5:5:25:2, for 0.5 - 3 hours at room temperature. 'Where appropriate,
products were re-S-tritylated in triphenolmethanol/ TFA, and N-Boc groups re-
introduced into the peptide using (Boc),0.

Resin-bound products were routinely cleaved using a solution of
triflyoroacetic acid or trifluoroacetic acid and methylene chloride, optionally
containing water, thioanisole, ethanedithiol, and triethylsilane, prepared in ratios
of 100 :5:5;2.5:2for 0.5 -3 h at room temperature. Crude peptides were
purified by preparative high pressure liquid chromatography (HPLC) using a
Waters Delta Pak C18 column and gradient elution using 0.1% trifluoroacetic acid
(TFA) in water modified with acetonitrile. Acetonitrile was evaporated from the
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peptide conprising 2 to 10 am no acids; or Il. Y-(amno acid)[err]-(amno

aci d}'\-Nﬂlw?_imrlnY Is athiol-containing noiety that is cysteine,
honocyst ei ne, i SoOCYS e, penicillanmne, 2-nercaptoacetate or

3- mer

I ndepe

t hi ol

or a peptide C
honocyst ei ne,

L#:

BeAReflaced aM N0 acid)[err] and (am no acjd
mary a- or B-amino 16 acid t haffHifossgs

Mg

ng 2 to 10 amno acids. Wien Y is cysTe

are each
is Hor lower (CJerr]-Clerr])lal kyREPA ;

I socysteine or penicillanne, the am no group of sal d noiety
I's covalently linked to -H, an amno acid or a peptide conprising 2 to

10

15

25

30
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eluted fractions which were then lyophilized. The identity of each product was
confirmed by fast atom bombardment mass spectroscopy (FABMS) or by
electrospray mass spectroscopy (ESMS).

Somatostatin analogues synthesized as provided herein, as well as the
products of such synthesis identified by FABMS, are shown in Table I below.

EXAMPLE 2
n hod_f i ling with Te.

0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL
of water or S0/50 ethanol/water or phosphate-buffered saline or 50 mM potassium
phosphate buffer (pH = 5, 6 or 7.4), or 0.9% saline or 10%
hydroxypropylcyclodextrin (HPFCD) in water. Tc-99m gluceptate was prepared by
reconstituting a Glucoscan vial (E.I. DuPont de Nemours, Inc., Wilmington, DE)
with 1.0 mL of Tc-99m sodium pertechnetate containing up to 200 mCi and
allowed to stand for 15 minutes at room temperature. 25 ul of Tc-99m gluceptate
was then added to the peptide and the reaction allowed to proceed at rcom
temperature or at 100°C for about §-30 min and then filtered through a 0.2 um
filter.

The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters Delta Pak RP-18, Su, 4.6mm x 220mm analytical
column, or a Waters NovaPak Radial Compression C-18, 4um, 8mm x 100mm
analytical column was loaded with each radiolabeled peptide, and the peptides
eluted at a solvent flow rate equal to 1 mL/min (Delta-Pak) or 3mL/min

~ (NovaPak). Gradient elution was performed beginning with 100% solvent A

(0.1% CF,COOH/H;0) and ending with 100% solvent By, (0.1% CF,COOH/90%
CH,;CN/H,0) over the course of 10-20 min.

Radioactive components were detected using an in-line radiometric detector
linked to an integrating recorder. Tc-99m gluceptate and Tc-99m sodium
pertechnetate elute between 1 and 4 minutes under these conditions, whereas the
Tec-99m labeled peptides eluted after a much greater amount of time, as illustrated
in Table T below,
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10 am no acids; or [err] In particular enbodiments of this aspect of the
I nvention, the radiol abel- binding noiety has a fornula that is: Ila.
-(aM'ﬁe—aei—dé-[—eLq__QanLno acid)[err]-A-CZ(B)-{C(Rerr]Rerr])}[err]-X})
I'1b. %é {B err]R[err])}[err] X)-(amino acid)[err]-(an no
acid)[e N e imary a,w or B.wdianino acl digd g
acid)[er Hm Rerr]Rerr])[err]-X}, or 11d.
-A-CZ(B) 1) [err]-X}-(amno acid)[err] )
B, w diamno acid) wherein (amno acid)[err] and (am no aC|d)[err
i ndependently any naturally-ocurring, nodified, substituted or altered a-
or B-amino acid not containing a thiot group: Ais H,  HOOC, H err] NCC,
(am no acid or peptide)- NHOC, (am no acid or peptide)-O0OC or R err]: Bis
H SHor -NHR[err], -N(Rerr])- (amno acid or peptide) or Rerr]; Zis
“or Rerr]: Xis SHor -NHRerr], -N(Rerr])-
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(A GTaEYEANGR PADLECREIYT or ; RF22-9q 5 T3S0 ] BANMR. f AL LEGRETI}0p5 63 227,5800 . are
I ndependently H or straight or branched chain or cyclic lower alkyl; nis
an integer that is either 0, 1 or 2: (peptide) is a peptide of 2 to about
10 am no acids; and: (1) where 17 Bis -NHRerr] or -N(Rerr])-(amno
acid or peptlde) X |s _SH and and nis 1 or 2; (2) where Xis -NHRlerr] or

-N(R[err])-(anfTo sSHandnlslor 2; (3) where B is
Hor Rerr], s HQXC, H err]NCC, ( lno acid or pepgtdg (am no
acid or pepti )OOC‘,Zl is SHand n isf0 or 1; (4)

then where B i B
and where X isj
(5) where X is]
pepti de) - NHOC, |

(R[err])-(am no acid or pe€
H err] NOC, (ami no acid or

39
TABLE I {cont’d.}

V. Hey(cH.co.{8-Dap)KCK .amide) A

KV, Hey(cH,co0.GGCR.amide)

cyelo.(N-Me)FYW, KV . Hoy(cH,c0. (- K)KC.amide)

FYW KV, Hcy(CH,c0.GGCK.amide)
cyclo. {N-CHIFYW,KV. Hey(CR.CO.{(e- K)GCK .amide)

st —
—

cyclo (N-Me)FY W KV. Hcy(cH,c0,GGC.Om.amide)

¢h.co.FFW, KTFCGGC.amide

cyelo {N-CH

cyclo.{N-
cyclo.{N-

!
|




(amno acid or peptide)-O0OC and B is SH, (6) where Zis nethyl, Xis
methyl, Ais HOOC, H err]NOC, (am no aci I de)-NHOC, (am no acid or
peptide)-O0C and Bis SH and n is O,’I‘hiasﬂ,et(}gg where Z'i,s SHand Xis SH n
is not O; and wherein the thiol grou [ Renddesced  farm—Addi ti onal
preferred enbodi nents include radiol gmw [ '
formula: -Ay-Ady-Cys-, Cys-Ay-Ady-, - (E-
(8-0n)-dy-Cys-, -(y-Dab)-dy-Cys-, and -(B-Dap)-dy-Cy +ed]
formulae, it will be understood that e-Lys represents a |ysine residue |
whi ch the E-amino group, rather than the typical a-amno group, is
covalently linked to the carboxyl group of the adjacent amno acid to form
a peptide bond; 8- Omrepresents an ornithine residue in which the 8-am no
group, rather than the typical a-amno group, is covalently linked to the
carboxyl group of the adjacent amno acid to form®m peptide bond; -y-Dab

represents a 2,4- diam nobutyric acid residue in which the Xéam' no_group, is
covalently linked to * The following labeling conditions were used with the appropriate peptides:

The peptide is dissolved in water and labeled at room temperature.
The peptide is dissolved in water and tabeled at 100°C (15 min).

The peptide is dissolved in 10% hydroxypropylcyclodextrin and labeled
at room temperature,

The peptide is dissolved in 50% ethanol/water and labeled at room
temperature,

The peptide is dissolved in 0.9% saline and labeled at 100°C (5 min).
The peptide is dissolved in water made pH 9 with bicarbonate and
labeled at 100°C.

LVh
> W

oL

10

** HPLC methods:
15
general: solvent A 0.1% CF3COOH/H;0
solvent By, 0.1% CF,COOH/90% CH,CN/H,0
solvent flow rate = | mL/min or 3mL/min

i

20 Vydak column = Vydak 218TPS4 RP-18, 5z x 220mm x 4.6mm analytical
column with guard column
Waters column | = Waters Delta-Pak C18, Sum, 39 X 150mm
Waters column 2 = Waters NovaPak Radial Compression C-18, 4um, 8 X
100mm

Method 1: Waters column . 100% A to 100% By in 10 min
Method 2:  Vydak column 100% A to 1U0% By, in 10 min
Method 3;: Waters column 1 100% A to 100% By in 20 min
Method 4;: Waters column 2 100% A to 100% By in 10 min
30 . .
Single-letter abbreviations for amino acids can be found in G. Zubay,

Biochemistry (2d, od.), 1988 (MacMillen Publishing: New York) p.33; Ac =
acetyl; Acm = acetamidomethyl; ma = mercaptoacetic acid; Mob =
4-methoxybenzyl; Aca = 6-aminocaproic acid; Hly = homolysine; Apc = L-
35 {8-(3-aminopropyl)cysteine; Fy, = D-phenylalanine; W= D-tryptophan; Y, =
D-tyrosine; Cpa =  L-(4-chlorophenyl)alanine; Thp =  4-amino-
tetrahydrothiopyran-4-carboxylic acid; D-Nal = D-2-naphthylalanine; Dpg =
dipropylglycine; Nle = norleucine; Hcy = homocysteine; Hhe =
homohomocysteine; Pen = penicillamine; Aib = aminoisobutyric acid; Nal =
40 2-naphthylalanine; D-Nal = D-2-naphthylalanine; Ain = 2-aminoindan-2-
carboxylic acid; Achxa = 4-amino-cyclohexylalanine; Amf = 4-aminomethyl-
phenylalanine; Aec =  S§-(2-aminoethyl)cysteine; Apc =  S-(3-
aminopropyl)cysteine; Aes = O-(2-aminoethyl)serine; Aps = O-(3-
aminopropyl)serine; Abu = 2-aminobutyric acid; Nva = norvaline; T(CH,0H)
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the carboxyl group of the adjacent amno acid to forma peptide bond; and
B- Dap represents a 1, 3-di am nopropionic acid residue in which the B-am no

gro]lcjp i s coval egtl)g I|dnked to the—caﬁbo*y-l——gkeﬂ-p—e#—the 'acent amno acid
to forma peptide bond.) In anoth t he i nvgnti
cyclic somatostatin recept or - bi nd:%[%lsgﬁrtg 2 een ‘ﬁt S capabl eg@
radi ol abel ed with a radi oi sotope toﬁm gnosti c and

radi ot herapeutic agents, each conpr statin anal ogue t hat
covalently linked to a radi ol abel - bindi ng ITDI ety of fornul a: 18 [err]
- (amino acid) - cysteinc - CO - peptidu

41

w= threoninol (on which the carboxylic acid moiety has been reduced to a
primary alcohol); e-K = a lysine residue in a peptide in which the peptide
bond involves the e-amino group on the lysine sidechain rather than the o-
amino group; 8-Orn = an omithine residue in which the d-amino group, rather
5 than the typical a-amino group, is covalently linked to the carboxyl group of
the adjacent amino acid to form a peptide bond; y-Dab = a 2,4-diaminobutyric
acid residue in which the y-amino group is covalently linked to the carboxyl
group of the adjacent amino acid to form a peptide bond; §-Dap = a 1,3-
diaminopropionic acid residue in which the S-amino group is covalently linked

10 to the carboxyl group of the adjacent amino acid to form a peptide bond; Pic
= picolinoyl (pyridine-2-carbonyl); Pica =  picolylamine
(2-(aminomethyl)pyriding); BAT = N°,A’-bis(2-mercapto-2-methylpropyl)-6,9-
diazanonanoic acid; BAT acid (protected) = N-(s-butoxycarbonyl)-N®, N-bis(2-
methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanoic acid; BAM = N'.N'-

15 bis(2-mercapto-2-methylpropyt)-1,4,10-triazadecane; BAM (protected) = N-(1-
butoxycarbonyl)-N', N'-bis(2-methyl-2-triphenylmethylthiopropy!)-1,4, 10-
triazadecane; {BAT-BM} = N-{2-(N',N'-bis(2-maleimidoethyl)aminoethyl}-N-(+-
butoxycarbonyl)-N®, N°-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-
diazanonanamide; {BAT-BS} = N-{2-(N',N'-bis(2-succinimidoethyl)aminocthyl}-

20 N® NP-bis(2-mercapto-2-methylpropyl)-6,9-diazanonanamide; {BMME} = bis-
maleimidomethylether; {BSME} = bis-succinimidomethylether; {DTPA} =
diethylenetriaminepentaacetic acid.

Non-radioactive thenium complexes were prepared by co-dissolving each
of the peptide reagents of the invention with about one molar equivalent of

25 tetrabutylammonium oxotetra-bromorhenate (+5), prepared as described by
Cotton ef al. (1966, Inorg. Chem. 3. 9-16) in dimethylformamide or
acetonitrile/water and stirred for 0.5-5 days. The rhenium complexes were
isolated by reverse phase HPLC as described above for Tc-99m labeled
peptides and were characterized by FABMS or ESMS.

30 Radioactive rhenium complexes, using for example Re-186 or Re-188,
are prepared from thc appropriate perrhenate salts using the same protocol as
for Tc-99m labeling, or by adding a reducing agent to a solution of the peptide
and perrhenate, or optionally using a ligand transfer agent such as citrate and
incubating the reaction at a temperature between room temperature and 100°C

a5 for between 5 and 60 min.
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(for purposes of this invention, radiolabel-binding noieties having this

structure will be referred to as picolinic acid (Pic)-based noieties) or
peptide - HN - cysteine - (amno acidy—"NH—="CHerr] - [err] wherein Xis
H or a protecting group; (am no acr d |§ h@égr no acid and the

radi ol abel - bi nding noiety is c to the—pepiide. For purposes
of this invention, radi ol abel - havi rfg™ Wi SHpgf I e Wil
be referred to as picolylamne ( |et|e &Em,rq

enbodi ment, the amno acid is egcr ne and X i's an acet am goTe+HY

"~ protecting group. In another preferred enbodi nent, the agent is a
scintigraphic imging agent. In yet another preferred enbodi nent, the agent
i s a radi otherapeutic agent. Yet another enbodi ment of the invention

provi des cyclic peptide reagents capabl e of being radiol abeled with a

radi oi sotope for inmaging sites 42
 EXAMPLE 3
Inhibition of Binding of {!*I.Tyr" }somatostatin-14
to AR42] Rat Pancreatic Tumor Cell Membranes
The ability of various somatostatin analogues of the invention to bind
5 to somatostatin receptors /n virro was demonstrated by assaying the ability of

such analogues to inhibit binding of a radiolabeled somatostatin analogue to
somatostatin receptor-containing cell membranes. The rat pancreatic tumor cell
line AR42J which expresses the somatostatin receptor was cultured in
Dulbecco’s minimal essential media (DMEM) supplemented with 10% fetal
10 bovine serum (FBS) and 8mM glutamine in a humdified 5% CO, atmosphere
at 37°C in T-flasks. Harvested cells were homogenized in cold SOmM Tris-
HCI buffer (pH 7.4) and the homogenate then ccntrifuged at 39,000¢ for 10min
at 4°C. Pellets were washed once with buffer and then resuspended in an ice- -
cold solution of 10mM Tris-HCl (pH 7.4). Equal aliquots of this cell
15 membrane preparation were incubated with {**[-Tyr''}somatostatin-14 (at a final
concentration of 0.50M and 750,000cpm/mL, at a specific activity of
2000Ci/mmol, Amersham, Arlington Heights, IL) and peptide or peptide-
rhenium complex at a final concentration of from 10*!'M to 10°M in a solution
of S0mM HEPES (pH 7.4) containing 1% bovine serum albumin (BSA), SmM
20 MgCl, Trasylol (200,000 International Units), bacitracin (0.02mg/mL) and
phenylmethylsulfonylfluoride (0.02mg/mL) for .25min at 30°C. Using a
filtration manifold, this mixture was filtered through a polyethyleneimine-
washed GC/F filter (Whatman, Maidstone, England), and the residue remaining
on the filter washed thrice with SmL cold HEPES buffer. The filter and a
25 sample of the filter washings were then counted in a gamma counter, To
assess non-specific binding, the assay was performed in the presence of
unlabeled somatostatin-14 at 200nM. Data analysis including Hill plots of the
data provided inhibition constants (see Bylund & Yamamura, "Methods of
receptor binding®, in M jn_ Neurotransmitter R
.30 Yamamura et «l., eds., Raven Press: New York, 1990).
These results are presented in the following Tables. The data show that
the peptides of the instant invention have a high affinity of binding for
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within a manmal i an body or for radi ot her peutic purposes, each conprising a
somat ost ati n anal ogue t s _covalently linked to a radiol abel - bi ndi ng
noiety that is a bisamn -b| sthio | abel - bi ndi ng noi ety. The bi sam no
bi st hi ol radi ol abel - bi ndi hmufﬁggeen this enbodi nent of the invention has
the formula: [err] wherei /m ed ndependently H, CHerr] or

| .

Cerr]Herr]; each (pgp)s
H m n and p are independent Ais |inear
aryl, heterocyclyl, conbinations or substituted deri
I's peptide; or 19 [err] .

43
somatostatin receptors.
TABLE II
Re= ide. o ﬂ: K, (nM)

cyclo (N-CH)F, YW, KV, Hey(CH,c0.K(e-K)GC.amide) 1529 0.51
5 eyclo {N-CH,)F, YWoKV. Hey(cr,co.GGC.amide) 1330 0.59
CH,CO.FFW. KTFCC,..GC,..amide 1480 0.67
cyclo (N-CHOF. YW, KV. Hoy(CH,C0.(e-K)GC.amide) 1401 0.92

cyclo. (N-CH)F. YW, KV. Hey(cH,c0.CGC.amide) 1375 1.7
eyclo . (IN-Me)EYW, KV Hey(cH.co.GGCKK.amide) 1386 0.06
10 cyclo. (N-CH)FYW, KV Hey(CH.co.GGCK .amide) 1458 0.15
cyclo.(N-Me)FYW, KVHcy{(CH.c0.GGCR.amide) 1485 0.23
SArA LA 3T DO S LA R AIU AN ATTIAE 2145 0.33

eyclo (N-CHIFYW KV Hey(cH,co.(e-K)GCK.amide) 1529 0.34
cyclo.(N-Me)FYW KV.Hcy(cHco.(e-K)KC.amide) 1472 0.42

15 CH.CO. FEW,,KTFCGGC.amide 2042 1.3
CH,CO.FFW KTFC(e-K)GC - 1506 5.6

—
e
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“wherein each Ris independently H CHerr] or (Jerr]Herr]; m n and p are
i ndependent Iy 2 or—3—A-is linear or cyclic |lower alkyl, aryl,
het er oayis Shees Ha6 BERROALLPNS OF substituted derivatives the

CO pept | ' peptide; provided that when V ifsTHs §g-~~s—peptide
and whe u uH pepti de. For purposes of this | : ‘
radi ol a : eties having these structures wl| ' éﬂ?b as

"BAT" noieties. In a preferred enbodi nent, the agent is a scintigrap

i magi ng agent. In yet another preferred enbodi nent, the agent is a
radi ot herapeutic agent. This invention provides nethods for preparing
-peptide reagents of the invention by chem cal synthesis in vitro. In a
preferred enbodi nent, cyclic peptides are synthesized by solid phase

pepti de synthesis. This invention provides reagents for preparing a
radi ol abl od somat ostatin receptor-binding agent cgnprising the somatostatin
receptor-binding cyclic peptides of the invention covalently |linked to a

r adi ol abel - bi ndi ng’ moi ety. In TABLE 11

Beptide

5 cyelo. (N-CH)E, YWoKV.Hey
CH,CO,.EYW,KTFC.amide
CH.CO. FFWKTE. Hhc.amide
cyclo. CYWrKVC
| I| CHCO.EFW,KTFC.amide
10 cyclo. (N-CHOE YW KV.K.{BAT}
H cyelo.(N-CH)F. YW KV, Hey(CH,CO.K(e-K)GC.amide) ~ 0.65

cyclo (N-CHy)E, YW KV Hey(CH,CO,CpouGCacr-amide)  0.79

eyclo (N-CH,)F. YW, KV Hcy(CH,CO.CGC.amide) 1.5

eyclo (N-CHE. YW, KV, Hey(CH,C0.CGC) 1.8

15 CH.CO.FFW_KTFC.{BAM} 1.9
eyelo (N-CH)F. YW, KV, Hey(CH,CO. (e-K)GC.amide) 2.0

cyclo.(N-CH)E. YW KV, Hey(CH,CO.GGC .amide) 2.4
cyclo.(N-CH)F. YW,,KV. E. {(BAM} 2.6
CH,CONFFW,KTETC 2.7

20 CH,CO.FFW KTFC 4.0
CH,CO.FFW,KTFC(e-K)GC amide 5.2
CH,CO.FFWoKTFCC puGCaca-amide 7.5
CH,CO.FFW,KTF.Hey 9.8

25
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a preferred enbodi ment, the reagent is radioactively |abeled with Tc-99m
I n anot her preferred enbodi nent, the reagent is radioactively |abeled wth
[err]Sn [err]Re or [err]Re. The invention also conprises agents that are

nmpl éhesheetfﬂashwna 4cedc somatostatin receptor-binding peptide reagents of
the [ n rad| oi sotope, as well as nethods for radiolabeling the
peptid he I nvention. For exanple, scintigraphic inmaging

agents prov e invention conprise Tc-99m | abel ed corrpl exes forned
by reacting the peptlde reagents of the invention w tfhy
presence of a reducing agent. Preferred reduci ng agents
limted to dithionite ion, stannous ion and ferrous iom:

of the invention with Tc-99m by |igand exchange of a prereduced Tc-99m
conpl.ex as provided herein. 45

TABLE TII (cont’d.)

e — e e e—1

Peptide K. (nM)
cyclo. (IN-Me)FYW KT 0.26
5 “ cyclo (N-Me)EYW,KV . Hey(CHC0.GGCKK amide) 0.26
cyclo {N-Me)FYW KVHcyv(CH,cO0.GGCR.amide) 0.29
|‘ CH,CO . FEW KTFCC o GCpKKKKK .amide 1.4
cyclo.(N-Me)FY WKV, Hcy(CH,CO.(¢-K)KC.amide) 2.2
cyclo (N-CH)FYW KV Hey(CH,CO,GGCK.amide) 25
eyclo.(N-CHAFYW, KV Hey(CH,CO.(¢-K)GCK.amide) 4.2
CH,CO.FFW, KTFCCnGChcK.amide 8.4
(N-Me)FYW, KV, Hev(CH.c0.CGCE.amide) 8.5
CH,CO.FFW, KTFCGGC.amide 9.4

10

15
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20 The invention also provides kits for preparing radiol abel ed

sonmat ost ati n- anal ogue, cyclic peptides fromthe peptide reagents of the

i nvention. Kits—for—+adi ol abel i ng the peptide reagents of the invention are
conpfmméetgf,s@ﬁl@egl q vial containing a predeterm ned quantity of a peptide

reage iti on and a sufficient amount of redu0| ng agent to

r adi o HW In a preferred enbodi nent,

somat 0 e |s a scintigraphic inmaging agg I d is
preparing radiotheapeutic agents are al so provided, wherein t g

radi oi sotopes are tin-117m rhenium 186 and rheni um 188. This invention
provi des net hods for using the radi ol abel ed somatostatin

46
EXAMPLE 5
Localization and In Vive Imaging of Somatostatin Receptor (SSTR)-
E ing T in Rat

In vivo imaging of somatostatin receptors expressed by rat tumor cells

5 was performed essentially as described by Bakker er al. (1991, Life Sciences
49: 1593-1601).

CA20948 rat pancreatic tumor cells, thawed from frozen harvested

tumor brei, were implanted intramuscularly in a suspension of 0.05 to 0.1

mL/animal, into the right hind thigh of 6 week old Lewis rats. The tmors

10 were allowed to grow to approximately 0.5 to 2g, harvested, and tumor brei
was uscd to implant a second, naive set of Lewis rats. Passaging in this
fashion was repeated to generate successive gencrations of tumor-bearing
animals. ‘The tumor-bearing animals used for the in vive studies were usually
from the third to fifth passage and carried 0.2 to 2g tumors, |

15 For studies of the specificity of radiotracer localization in the tumors,
selected animals were given an subcutaneous SSTR-blocking dose (4 mg/kg) of
octreotide 30 minutes prior to injection of the radiotracer. (This protocol has
been shown by Bakker et al. to result in a lowering of ""'In-{DTPA }octreotide
tumor uptake b.y 40%.)

20 Third- to fifth-passage CA20948 tumor-bearing Lewis vats were
restrained and injected intravenously via the dorsal tail vein with a dose of
0.15-0.20 mCi *=Tc-labeled peptide corresponding to 3 to 8 ug peptide in 0.2
to 0.4 mL.

At selected times, the animals were sacrificed by cervical dislocation and

25 selected necropsy was performed. Harvested tissue samples were weighed and
counted along with an aliquot of the injected dose in a gamma well-counter.

The 90-minute biodistribution results of selected radiolabeled peptides
are presented in Table IV. Notably, **T¢-P587, ®Tc-P617, * Tc-P726, and
"nTc-P736 showed very high tumor uptake and tumor/blood ratios

30 demonstrating their high specific uptake in target (tumor) tissue.

Figure 1 shows an image of **Tc-P587 in a tumor-bearing rat. The
high uptake in the tumor in the lower leg (arrow) is clearly visible.
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receptor-binding peptide reagents of the invention diagnostically and
t her apeutically. I n ane enbodi nent of the invention, nethods are provided

for using.scintigraphic imging agents that are Tc-99m | abel ed pepti de
reagents fGre n&eplaced wi t hin a manmal i an body by ¢ht=aining in vivo
ganmma sci ntfi l s. These nethods conprise ad 'ﬁﬂ%SQg S
effective di nt of radi ol abel ed peptide reagant Renf,

i nvention and detecting the gamma radi ation emtted by the rao
| ocalized at the site within the manmal i an body. The invention
provi des nethods for alleviating somatostatin-rel ated di seases in
animals, preferably humans, conprising admnistering a therapeutically
ef fective amount of the radiol abel ed somat ost ati n-bi ndi ng pepti de reagents
of the invention to the animal. In preferred enbodi nents, the reagent is
radi oactively |abeled with [err]Sn. [err]Re or [girr]Re. This invention also
provi des somatostatin receptor-binding peptides

¥ Te¢-P587 uptake in tumors in rats was compared with and without pre-

injection treatment with octreotide, a somatostatin analogue known to bind to
the somatostatin receptor in vive. In these experiments, receptor-blocking by
administration of octreotide prior to administration of *™Tc-P587 reduced

5 specific tumor uptake of the radiolabeled peptide by 76%. These resulis
confirmed that binding of ***Tc-P587 in vive was SSTR-specific,
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covalently linked to a netal -binding noiety that are conplexed with a
magneti c, paramagneti c, super magneti c, or superparamagnetic netal atom ion
or particle, and methods for—usimg such conplexes for magnetic-based
detection of |ocalization o{.m e HE O8RS Repladddi N recept or bi ndi ng peptide

conpl exes at tumor or other t ] Vi vo. 137N i nvention
provi des non- radioactive nej HEMBH i zi ng tynmor ap i
somat ostati n receptor 21 i'Ssues in viVo~IF A@gﬁ ?%Ehp pti des

and cyclic peptide reagents of the invention may al so be cony
pol yval ent |inking noiety. Polyvalent |inking noieties of the invention are

conprised of at least 2 identical |inker functional groups
o -
Fgmen g
S0
2]
w El T A B
Bl & w0 = = S S
g o= ~ o
a M oen NN 5 o

IV

48
TABL

EPeptides

P617  cyclio(N-methyDFYW,KV.Hey.(CH,c0.GGCR.amide)

P625  cycle.(N-Me)PYW KV, Hcy(cH,co.{e-K)KC.amide)
PS50  KKKK.Nal,.Cpa. YW KTFT(e-K)YGCDDDD.amide

P587

cyclo(N-methyDFYW, KV Hey .(cH0.GGCK.amide)
P829  cyclo.(N-CHIFYW KV, Hey(CH,c0.{8-Dap)KCK.amide)
P832  cyclo.(N-CHEYW KV, Hey(CH,Co.(8-Dap)KCR.amide)

v =]
et
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capabl e of covalently bonding to sonatostatln anal ogue cyclic peptides or

r adi ol abel - bi ndi ng noi eties or bTh‘Pref—eﬁLed—l—l—nker functional groups are
primary or secondary am nes, hydr ogikpddfi9 BSen 1S xyI ic acid groups or
thiol- reactive groups. In preferre he -pol yval ent 1inking
noi eties are conprised of bis-succi Wﬁ m ther S

4- (2, 2-di net hyl acetyl ) benzoi c aci d

N-{2- (N, N -bis(2-succinindo-ethyl)ani noethyl)}-N er
met hyl - 2- ner capt o- propyl ) - 6, 9- di azanonanam de ( BAT-BS),
tris(succinimdylethyl)amne (TSEA). bis-succini m dohexane (BSH
CHerr]COdy-dy-Cys. am de) - 2- net hyl propi ophenone (ETAQ),
tris(acetam doet hyl )anm ne, bis-acetam donmethyl ether, bis-acetam doethyl
ether, a,e-bis-acetyllysine, |ysine and -

1, 8- bi s-acet am do- 3, 6-di oxa-octane, or derivatives thereof. Specific
preferred enbodi nents of the present invention w #? becone evident fromthe
following nore detailed description of certai gxAnNgPEE'6ed

In Vivo Imagmg of Human Smnatostatm Receptor (SSTR)-
abeled PS87

In a clinical trial, scmngraphm imaging of human patients bearing

5 SSTR-expressing tumors was achieved using the Tc-99m labeled P587 reagent.
A total of 10 patients, four females and six males ranping in age from

27 to 69 years, had been previously diagnosed with growth hormone-secreting
pituitary adenoma (4 patients), melanoma (1 subject), meduilary thyroid cancer

(1 subject), small cell lung carcinoma (SCLC; 1 patient), non-Hodgkin’s

10 lymphoma (1 patient) or gastric carcinoid (1 patient). Each of these patients
were administered Tc-99m labeled P587 at a dose of 10-22mCi per 0.2-0.5mg
by intravenous injection. Scintigraphic imaging was them performed as
described hercin on each patient for 4 hours post-injection.

Gamma camera imaging is started simultaneously with injection.

15 Anterior images were acquired as a dynamic study (10 sec image acquisitions)
over the first 10 min, and then as static images at 1, 2, 3 and 4h post-
injection. Anterior images were acquired for 500,000 counts or 20 min
(whichever is shorter), at approximately 10-20 min, and at approximately 1,
2, 3 and 4h post-injection.

20 The scintigraphic imaging agent was found to clear rapidly from the
bloodstream, resulting in less than 10% of the injected dose remaining in the
circulation within 30 minutes of injection. This allowed image acquisition of
tumor sites to be achieved as early as 15-30 min after injection of scintigraphic
imaging agent. All known tumors were detected in this study, as well as two

25 previously-undetected metastatic lesions which were later confirmed using
computer-assisted tomography (CAT scan).

These results demonstrated that the scintigraphic imaging agents of this
invention were highly effective in detecting SSTR-expressing primary and
metastatic tumors in humans in vivo,

30 It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives
equivalent thereto are within the spirit and scope of the invention as set forth
in the appended claims.
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enbodi nents and the clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
illustrates-localization of amm&g%@c;r expressing tunor in a
tunor-bearing rat in vivo. DETALLED DESCRI PTI THE | NVENTI ON The
present invention provides cycli'és tHaglBeen Ridcear € sonmat ost ati n anal ogues
and that are not conprised of a 1 Suc itostatin anal ogues
t her eby possess increased in viv Hh:;are X

somatostatin or somatostatin anal ogues tha ri se~a il 1 |

These cyclic peptides are thensel ves therapeutic agents

di seases and other ailnents | ng humans.
O 5 i
. . S *

50

What is claimed is:
L. A composition of matter comprising a somatostatin receptor-
binding peptide having the formula:

RYCRY-{CR'RY)},-CO-A'A’A’B'B*B*B*C' C2C*-NH-CRM-X?
Z —~— (CR'RY) ————————(CR°RS);
10 :
wherein R, R}, R® and R® are independently H, lower alkyl or
substituted alkyl, aryl or substituted aryl;
R? and R* are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl, or wherein either R? or R* is X!;
15 ' A! and C* are independently a bond or a D- or L-amino acid;
A%, 'A% and C! are each independently a bond or a lipophilic D-
or L-amino acid;
B! is D~ or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof,
20 ' B? is D- or L-Trp or substituted derivatives thereof;
B’ is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
substituted derivatives thcreof;
B* is Thr, Ser, Val, Phe, Ile, Abu, Nile, Leu, Nva or Aib;
C? is a bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle,
25 Leu, Nva, Nal or Aib or substituted derivatives thercof;
X! is N(R'%,, wherein each R'® is independently hydrogen, lower
alkyl or substituted lower alkyl, aryl or substituted aryl or
substituted with a hydrophilic moiety of less than about 1500
daltons;
30 X? is -COOR’, -CH,OH, CH,COOR’, or -CON(R),, where each
' R? is independently H, lower linear or cyclic alky!l or substituted
derivatives thercof, or substituted with a hydrophilic moiety of
Jess than about 1500 daltons,;
mis0,1,2o0r3;
35 | pisQ, 1 or2;
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22 Al so provi ded by them&smamhsimuannépﬁcﬁy_cl i c peptides that may be

r adi oi odi nat ed or radio whi ch are thereby useful in

radi ot herapeutic and ra mﬂ mHWI pplications. Another enbodi nent of
these cyclic peptides t

reagents wherein the cyclic peptides of the invention are covalently |inked

by this invention are cyclic peptide
to a radi ol abel - bi ndi clic pepfi¢le~Leagents are capabl e of

ng—noiety. Such cycli
SRR | | R

] opéﬁwled agent s
of the invention is scintigr phlc |nag|ng, wher ei n t he

=1 and ext ent
of somatostatin receptor-bearing tunors nmay be determ ned. The cyclic
pepti de reagents of the invention can al so advant ageously be radi ol abel ed
wi th cytotoxic radioi sotopes such as tin-117m rhenium 186 or rheni um 188
for radi otherapeutic uses. The cyclic peptide re%bents of the

R and R® are independently H, lower alkyl or substituted lower

alkyl, or either R” or R® are -COOH or CO.N(R'?), or -COORY,

or R” and R® together comprise O;

R is hydrogen, lower alkyl or substituted lower alkyl, aryl or
5 substituted aryl;

Z is S, O, NR”, NRUNRY, NR®,CO.NR®, §Q,, NR"SQ, or

§=0;

R™ is hydrogen, lower alkyl or substituted lower alkyl, aryl or

substituted aryl;

10 wherein when Z is NR®, R? and R* do not together comprise an oxygen atom;
ot having the formula:

cyclo-A*-B'B’B*B*-C*-
wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof;

15 B? is D- or L-Trp or substituted derivatives thercof;

B? is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
substituted derivatives thereof;

R* is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib;

C* is an L-amino acid having a sidechain comprising a mercapto

20 Eroup;

A* is a lipophilic D-amino acid or a lipophilic L-(e-N-alkyl)-

amino acid or L-proline or substituted derivatives thereof’
wherein the moiety is a cyclic peptide moiety having an amino terminus of A*
and a carboxyl terminus of C* that are covalently linked.

25 2.  The peptide of Claim | wherein X' is an amino acid or a peptide
sequence comprising 10 or fewer amino acids, or a monosaccharide or
oliposaccharide comprising 10 or fewer saccharide units, or a poly(N-
carboxyalkyl)amine or a poly-oxy anion, and X2 is a poly(N-carboxyalkyl)amine
or with a polyoxy-anion, or an amino acid or a peptide having an amino acid

30 sequence of no more than 10 residues, or a monosaccharaide or oligosaccharide
comprising 10 or fewer saccharide units.

3 The somatostatin receptor-binding peptlde of Claim 1 wherein B!

19#: 969¢ 12T 99 SO0-ILLIIDATIV P YANNVE ¢ 60:LT ¢ 96-33- !  ILLTNOITIV ¥ YINNVH:AH INSS



|nvent|on are > also useful in preparing conpl exes with non-radio

net al & as(ﬁmplk&plaw bei ng useful diagnostically and therapeu
[ nvent net hod for using the sonatosts anal ogue
invent e di seases or other ailnents |T#ﬂl&gp, D

unmans. These |seases and at++rent-s-i-reude—sut-—alee ;

and di abetes-rel ated.setinopathy, cirrhosis of the |ivera
i nfecti on, bl eeding \gj,'cers and other gastrointestinal bl eedjng]
pancrea . nervous system di sorders, endocrine di'so
Al zh acronegal y and other diseases and disorde

"t he ﬁ,muymu"ﬂmﬂ ppropriate levels of growh hornone in vi

cancer, parLtlduI arly t hose cancers whose growth Ii
ges of the s

by growth hor nrone or sonmatostatin production.
anal ogues provided by the t ge 0
pha f‘f}se R o Arobife, BE 18 Whiyfidpthl 0% H

native somatostatin routinel Por T eat ment
d| seases, or |ess of thdhwombonwlings the i nvention may be

..‘i 4, The composition of matter of Claim 1 fur
i polyvalent linking moiety that is covalently linked to a
somatostatin receptor-binding peptides to form a mul
somatostatin receptor binding agent, wherein the molec
multimeric polyvalent somatostatin receptor binding agent
20,000 daltons.

5. The reagent of Claim 4 wherein the polyvalen
bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic
bis(2-succinimidoethyl)aminoethyl)}-N, NP-bis(2-methyl-2-m

"
[
Y
dependent of

D

[

10

[ 2 TR

active
tically. The
s of the

ders, ,
s related to
0, and

i nfl uenced
mat ostatin

’ﬁﬁgff%?f B* is

ther comprising a
multiplicity of the
imeric pdlyvatent
ar weightj of the
s less than about

linking n'ioiety is
id, N-{2«N',N"
ptoprogiyl)-6,9-

diazanonanamide, ¢ris(succinimidylethyl)amine, bis-succinimidohexane !(BSH),

tris(acetamidoethyl)amine, bis-acetamidomethyl ether, bis-ace
o,¢c-bis-acetyllysine, lysine and 1,8-bis-acetamido-3,6-dio|
derivative thereof. '

6. The composition of matter according to Clai

15

4-(0-CH,CO-Gly-Gly-Cys,amide)-2-methylpropiophengne

(BTAC),
idoethy] ether,
-octnne,g or a

m | wherkin the

somatostatin receptor-binding peptide is chemically synthesizéd in virro,

7. The composition of matter according to Clai
20 somatostatin receptor-binding peptide is synthesized by so

synthesis,

m 6 whergin the
id phase peptide

8. A method for alleviating a somatostatin-relat
somatastatin receptor binding peptide of Claim 1 to the ani
9. The method of Claim 8 wherein the animal is
10.
somatostatin receptor-binding peptide having the formula:

25

30

Z -——(CR'RY)

3 wherein

8888 LZZ 99 SDDPI.I.J.EHBE'I'W ‘8 H!NNVS

, R, R’ and R® are independently H,

—
QS-Z -2 ¢ A

A H

Hdﬂ 8

A composition of matter comprising a reagent

RY(CRY)-{C(R'RY}-CO-A'A’AB'B*B*BC(

(CRRY,;™]

L3N Y

diseasei in an

animal comprising administering a therapeutically effectivg amount of the

a human, |
comprised of a

-w_cnl 1 _x2

lower alkyl or

b L v e e
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adm ni stered due to their longer in vivo half-life. Labeling with Tc-99mi s
an adva‘hisalg:etmﬁBéehRe;mcasent i nvention because the nuclear and radioactive
propert tope make it an ideal scintigrapk | magi ng agent.

Thi s |s u HIH!ngI e photon energy of about YIS g cey—and_a

r adi oact'i of about 6 hours, and is read arspi gl) %BEIEND a
[err] Mo-[err] Tc generator. Ot her radi onuclldes may al so be—used_i n tle
practice—of—the—i-nAvention as disclosed herein. The term scintigrap
I magi ng”mmﬂmmlm E rein is nmeant to enconpass a radi ol abel ed agent
capabl e m u ﬁd with a radioactivity detecting neans (including
but not Finfted to &8 ganma-canera, a Geiger-Miller

53

substituted alkyl, aryl or substituted aryl;
R? and R* are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl, or wherein either R? or R* is X';
A! and C? are independently a bond or a D- or L-amino acid;
5 A?, A? and C' are each independently a bond or a lipophilic D-
or L-amino acid;
B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof;
B? is D- or L-Trp or substituted derivatives thereof;
10 B? is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
substituted derivatives thereof;
B* is Thr, Ser, Val, Phe, Tle, Abu, Nle, Leu, Nva or Aib;
C? is a bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle,
Leu, Nva, Nal or Aib or substituted derivatives thereof;
15 X! is N(R'"),, wherein each R' is independently hydrogen, lower
alkyl or substituted lower alkyl, aryl or substituted aryl or
substituted with a hydrophilic moiety of less than about 1500
daltons; ¥ _
X? is -COOR’, -CH,OH, CH,;COOR’, or -CON(R®),, where cach
20 R? is independently H, lower linear or cyclic atkyl or substituted
derivatives thereof, or substituted with a hydrophilic moiety of
Icss than about 1500 daltons;
m is an integer that is 0, 1, 2 or 3;
p is an integer that is 0, 1 or 2;
25 R? and R* are independently H, lower alkyl or substituted lower
| alkyl, or cither R? or R* are -COOH or -CO.N(R'), or -
COOR'™, or R” and R* together comprise Q;
R" is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl;
30 Z is a bond, §, O, NR"®, NR¥NRP, NRY.CO.NR", SO,
NRPSO, or $=0;
R" is hydrogen, lower alkyl or substituted lower alkyl, aryl or
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counter 'ﬂﬁk%h tﬁCI ntillation detector probe). Radiotherapeutic enbodi nents

of the i n dot her hand, are advantageously labeled with a
cyt ot oxi c i ncl udi ng but not linited to scandi um 47.
copper - 67 yttrl um 90, tin-117m i odi pe=

| uteti um—I77,—Thenmrumr 186, Theni um 188, astati ne-

II;%]&JE
preferably Lullulmluuuumi"u Such enbodi nents are U tAGED t he
of sommat ost ses or other ailments in an| rrals pref er ably
humans, i ncl di ng but" not I"imited to cancer and other diseases
characterl zed by the growth of nalignant or benign tunmors capabl e of
bi ndi ng somatostatin or somatostatin anal ogues via the expression of
somatostatin receptors on the cell surface of cells conprising such tunors.

In the radiol abel -binding noieties and cyclic peptides covalently linked to
such noieties that contain a thiol covalently ligked to a thiol protecting

r: 25 |odine 131,
samari um 153, gadol I ni um 159, dysprosium 165, hoI erb| um 175,
11 aﬁ

substituted aryl;
or having the formula:
cyclo-A*-B'BR°B*-C*-
wherein B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
5 substituted derivatives thereof;
B? is D- or L-Trp or substituted derivatives thereof; -
B® is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or
substituted derivatives thereof;
B! is Thr, Scr, Val, Phe, lle, Abu, Nle, Leu, Nva or Aib;
10 C* is an L-amino acid;
A? is a lipophilic D-amino acid or a lipophilic L-(c-N-alkyl)
amino acid or L-cysteine or L-proline or substituted derivatives
thereof’,
wherein the moiety is a cyclic peptide moiety having an amino terminus of At
15 and a carboxyl terminus of C* that are covalently linked;
and wherein the somatostatin receptor-binding peptide is covalently linked to
a radiolabel-binding moiety, wherein the radiolabel-binding moiety is not
covalently linked to the moicties B', B, B, B! or A* of the peptide.
1. The reagent of Claim 10 wherein X' is an amino acid or a
20 peptide sequence comprising 10 or fewer amino acids, or a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units, or a poly(N-
carboxyalkyl)amine or a poly-oxy anion and X? is a poly(N-carboxyalkyl)amine
or a polyoxy-anion, or an amino acid or a peptide having an amino acid
sequence of no more than 10 residues, or a monosaccharide or oligosaccharide
25 comprising 10 or fewer saccharide units.
12. The somatostatin receptor-binding peptide of Claim 10 wherein
B! is phenylalanine or tyrosine, B? is D-tryptophan, B® is lysine and B' is
threonine or valine.
13.  The reagent of Claim 10 wherein the reagent further comprises
30 a polyvalent linking moiety covalently linked to a muitiplicity of the
somatostatin receptor binding peptides and also covalently linked to a
multiplicity of radiolabel-binding moieties to comprise a reagent for preparing
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group {(pgp)s) provided by the invention, the thiol-protecting groups nay

be the sape_or

i's phen I or al kyl

(aryl

(aryl is p
(aryl is ph
-CH err] -

- -phenylfluorenyl
or aryl);
aryl);

i

hkﬂplam al kyl oxy substituted phepyg

—different and may be but are not limted to: -CHerr]-aryl

or al kyl oxy substituted phenyl); -CH (aryl)[err],
: aryl)[err]

r al kyl oxy substituted pheny
nyI) CH-(4 pyridyl) (phe
err NHCOR (R i s unsubstituted or

-CH err]-NHCOOR (R i s unsubstltut ed or substituted al kyl or

cog:

LN 0 0

- 10

15

20

30

55

a multimeric polyvalent somatostatin receptor binding reagent, wherein the
molecular weight .of the multimeric polyvalent somatostatin receptor binding
reagent is less than about 20,000 daltons.

14, The reagent of' Claim 13 wherein the polyvalent linking moiety
is bis-succinimidyimethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2-(N',N'-
bis(2-succinimidoethyl)aminoethyl)}-N,N-bis(2-methyl-2-mercaptopropyl)-6,9-
diazanonanamide, tris(succinimidylethyl)amine or a derivative thereof,

15, A scintigraphic imaging agent comprising the reagent of Claim
10 radiolabeled with technetium-99m.

16. A scintigraphic imaging agent comprising the reagent of Claim
10 radiolabeled with indium-111, gallium-67 or gallium-68.

17. A scintigraphic imaging agent comprising the somatostatin
receptor binding peptide of Claim 1 radiolabeled with iodine-123 or iodine-125.

18. A radiotherapeutic agent comprising the reagent of Claim 10
radiolabeled with a cytotoxic radioisotope selected from the group coasisting
of scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-~177,
rhenium-186, rhenium-188, and bismuth-212. |

19. A radiotherapeutic agent comprising the somatostatin receptor
binding peptide of Claim 1 radiolabeled with iodine-125, iodine-131 or astatine-
131. ,

20. A complex formed by reacting the reagent of Claim 10 with
technetium-99m in the presence of a reducing agent.

21.  The complex of Claim 20, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion,

22. A complex formed by labeling the reagent of Claim 10 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex.

23. A composition of matter comprising the reagent of Claim 10 and
a stannous ion.

24. A kit for preparing a radiopharmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
Claim 10 and a sufficient amount of reducing agent to label the reagent with
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24 -CONHR (R is unsubstituted or substituted al kyl or aryl);
-CH err]-S-CHerri=phenyl—Preferred protecting groups have the fornula

- CH[ er r] - NHCgG sag i s a | ower al kyl having 1 and 8 carbon atons,
phenyl or phe mﬂ% i th | ower al kyl, hydraxyl | ower al koxy,

carboxy, or onyl . The nost preferroﬂ‘l—psg 2 Rg. group i s an
acet am donet h somat ostatin receptor-Qindi ng; HI‘\S(BEEN :

pepti de-contai ni ng enbodi nent of the invention is conprised gtD a sequence
of am no acw acid as used in this invention is ended
to include al acids, naturally occurring and ot herw se.
Reagent s conp ql m in receptor- binding peptides provided by the
i nvention inclu ,,II imted to the followng illustrative

exanpl es of the peptlde efbodi ments of the invention:
cyclo.(N-CH err])F. YWerr] KV-Hcy 56

technetium-99m.
25. A method for labeling a reagent according to Claim 10
comprising reacting the reagent with fechnetium-99m in the presence of a
reducing agent.
5 26. The method of Claim 25, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion.
27.  Use of the reagent of Claim 15 for preparing a medicament for
imaging a site within a mammalian body by administering an effective
diagnostic amount of the reagent and detecting the technetium-99m localized at
10 the site in the mammalian body.
- 28,  The reagent according to Claim 10 wherein the somatostatin
receptor-binding peptide is chemically synthesized in vitro.
29. The reagent according to Claim 28 wherein the somatostatin
receptor-binding peptide is synthesized by solid phase peptide synthesis.

15 30.  The reagent according to Claim 28 wherein the radiolabel-binding
moiety is covalently linked to the somatostatin receptor-binding peptide during
in vitro chemical synthesis.

31.  The reagent according to Claim 30 wherein the radiolabel-binding
moiety is covalently linked to the somatostatin receptor-binding peptide during

20 solid phase peptide synthesis. ' . . _

32.  The reagent of Claim 10 wherein the radiolabel-binding moiety
having the formula:
C(pgp)*-(aa)-C{pgp)*
wherein {pgp)® is H or a thiol protecting group and (aa) is an amino acid;

25
A-CZ(B)-{C(R*RY},-X
wherein A is H, HOOC, H,NOC, (peptide)-NHOC, R5NCO, (peptide)-
30 O0C or R%
B is H, SH, -NHR®, -N(R°)-(peptide), or R%;
. X is H, SH, -NHR¢, -N(R)-(peptide) or R*
5
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- CH..CO. FYW er r ] KTFC. am de CH. deFV\[err]KTF Hhc. am de cycl o. CYWerr] KVC
CH, CO. FFW KTt Sheetdas BeenlRepl{cdd CH[ err] ) F. YW er r] KV. K( BAT)
cyclo. (N-CH er EHIH}C Hcy( CH. Co. K(e-K) GC. am de) cyclo. (N-CH err])

F-.YWerr] YV, err].GCerr] am de)
cyclo.(N-CH err y(CH err] CO. CGC. am de THszH
cyclo(N—CH[err])F YV\[err] KV, -Hcy(CH err].co. CGC) - ? ‘

(BAM cyclo (NNCH err])F. YV\[err]KV Hcy(CH err] Co. (e-
cycl o. CH CO. GGC. am de)
cycl o. (NCH[H" ”m ﬂ"””"IE (BAM CH. CO. NFFWerr] KTFTC
57
Z is H or RY

RY, R®, R* and RY are independently H or lower straight or
branched chain or cyclic alkyl;

5
R® is C,-C, alkyl, an amino acid or a peptide comprising 2 to
about 10 amino acids;
nis 0, 1 or 2;
10
and
where B is -NHR* or -N(R®)-(peptidc), X is SH, and n is | or 2;
where X is -NHR® or -N(R")-(peptide), B is SH, and n is 1 or 2;
15

where B is H or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-
00C, X is SH, and n is 0 or 1;

where A is H or R?, then where B is SH, X is -NHR® or -N(R°)-(peptide) and
20 where X is SH, B is -NHR" or -N(R")-(peptide);

where X is H or R4, A is HOOC, H,;NOC, (peptide}-NHOC, or (peptide)-O0C

and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (peptide)-NHOC, or
25 (peptide)-00C, B is SH and n is 0;

where B is SH and X is SH, n is not 0;

and wherein the thiol moiety is in the reduced form;
30 |

@- CO - (amino acid) - cysteine - CO -
X

- HN - cysteine - (amino acid) - NH - CH, -
l
35 SX
wherein X = H or a protecting group;

(amino acid) = any amino acid;
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CH err] CO FFW
CHerr]FFM err
YW Hey. am de
D- phenyl - CH, CH. CO
YW err] KTCT \

90#!

Werr](s-@@& am de
err]GC[-regm' de CHerr]CO FFWerr] KTF. Hey CH err] CO.

. KT. HhC. T(CH[ err] OH)
err] CO FWerr] KT. Pen
rr_] KTCT(CH err] OH)

EHlerr] CO.
Repy . HAS 3

25

AN O R

58
(CRy),
}_\IH -A-CO-peptide
(?Rz).. (CRy),
S-(pgp)°® “(pgp)®
5 wﬁerein each R is independently H, CH, or CH;;
each (pgp)® is independently a thiol protecting group or H;
m, n and p are independently 2 or 3;

i A = linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof;
10 or |
(CRl)n
t
NH P{I-A-CH(V)NHR’
((f[Rz).. “F-Rz)p
15 SH SH

wherein each R is independently H, CH, or C;H;;
m, n and p are independently 2 or 3;
A = linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof;
20 V = H or -CO-peptide; ’
R' = H or peptide;
and wherein when V = H, R’ = peptide and when R’ = H, V = -CO-
peptide;
wherein each R is independently H, lower alkyl having 1 to 6 carbon atoms,
25 phenyl, or phenyl substituted with lower alkyl or lower alkoxy, and wherein
cach n is independently 1 or 2
33.  The reagent of Claim 32 wherein the cysteine of the radiolabel-
binding moiety having formuila
C(psp)*-(22)-C(pgp)®
30 has a protecting group of the formula
-CH,NH-CO-R
wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-3-,4-pyridyl,
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CH err] CO . YWerriKFeFderr] G err] anide CH err] CO FWerr] KTHcy
CH err] CO YW enik §is, de (N-ME) FYWerr] KV Hey(CH err] CO. CCCE. ami de)

CH err] CO. FFW
CH[err]CO.FFV\[%M” err] K ani de
CH[ e-rr] CO. FFW 4 i [err] KKKKK. am de
CH err] CO. FFW err] KTFCK KKKK e- K) GC. am de CH[err].
(e- K) GCKKKKK. ani de
cyclo. (N-CH
CH[err]COFFV\[

(CH err] CO. GCCK. am de)

cyclo(N—CH[er W!@I
cyclo. (N-CH errf) FYWer & (CH err] CO. (e-K) GCK. am de) cyclo

(N-Me) FYW er r] KV. Hcy(CH[err]CO GGCR. ami de)

59

phenyl, or phenyl substituted with lower alkyl, hydroxy, lower alkoxy,
carboxy, or lower alkoxycarbonyl,
34.  The reagent of Claim 32 wherein the radiolabel-binding moiety
C(pgp)*-(aa)-C(pgp)® has the formula:
5 CH,SCH,NHCOCH,
-HN-CH-CO-NH-CH,-CO-NH-CH-CO-
(‘:HZ-S-CH’,-NHCOCH,
35. A scintigraphic imaging agent that is the reagent of Claim 32
radiolabeled with technetium-99m.
10 36. A complex formed by reacting the reagent of Claim 32 with
technetium-99m in the presence of a reducing agent.
37.  The complex of Claim 36, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion.
38. A complex formed by labeling the reagent of Claim 32 with
15 technetium-99m by ligand exchange of a prereduced technetium-99m complex.
39. A composition of matter comprising the reagent of Claim 32 and
a stannous ion,
40. A kit for preparing a radiopharmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
20 Claim 32 and a sufficient amount of reducing agent to label the reagent with
technetium-99m,
41. A method for labeling a reagent according to Claim 32
comprising reacting the reagent with technetium-99m in the presence of a
reducing agent.
25 42.  The method of Claim 41, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion,
43. A method for imaging a site within a mammalian body
comprising administering an effective diagnostic amount of the reagent of Claim
35 and detecting the technetium-99m localized at the site in the mammalian
30 body. _
44. The reagent according to Claim 32 wherein the somatostatin
receptor-binding peptide is chemically synthesized in vitro.

BO#! 868C LGZ SO SO0+]LLOETIV ¥ ¥INNVH ¢ S0:81 ! 98-¢¢-¢ ¢  ILIDITIV ¥ JINNVH: A INSS



cyclo. (NMe)FYWerr] KVHcy(CH[err]COGGCRam’ de) cyclo.
(N—I\/E)F err]KY[err [ HCy({TCH[ err] CO. (e- K) XC. am de)
(N-Me) F Bhet\HakBsech 1@;@‘[]COGGCKK am de) cycl o.
(N-Me) FYW rr] CO GGC. Om ami de)

cycl o. (N- WMy(CH[err]COGGCGn DOm ani de)
cyclo.(N—I\/b) y(CH err] CO K(e-K)KCK. am de)
cyclo.(l\l-l\/E)FYV\[err]KT cyclo..(N-Me) FYWerr] KVHcy( CH err] CO. (e- K) GCKK. am de)
cyclo.(N-CH err])FYWerr]KV. Hcy(CH[err]CG<KC ani de)
.cyclo. ( (CH err] COKKCK. am de)
cyclo. (N Hcy ( CH[ er r ] COGGCKKK. am de
c§c| 0. EN— gmm“l]mlﬁ Iﬁluhml H&E CH% err% CO. GCCRR. ami de)
cyclo.(l\l—CI—i[err':])IE ert] KV. Hcyl CH[ err] CO GGCRK. ani de
cyclo. (N-CH err]) FYWerr] KV."HcyCH[ er r ] CO. GGCRD. anggle

45, The reagent according to Claim 44 wherein the somatostatin
receptor-binding peptide is synthmiﬂ by solid phase peptide synthesis,

46.  The reagent acéording to Claim 44 wherein the radiolabel-binding
moiety is covalenily linked to the somatostatin receptor-binding peptide during

5 in vitro chemical synthesis.

47, The reagent according to Claim 46 wherein the radiolabel-binding
moiety is covalently linked to the somatostatin receptor-binding peptide during -
solid phase peptide synthesis.

48. The reagem' of Claim 32 wherein the reagent further comprises

10 a polyvalent linking moiety covalently linked to a multiplicity of the
somatostatin receptor binding peptides and also covalently linked to a
multiplicity of radiolabel-binding moicties to comprise a reagent for preparing
a multimeric polyvalent somatostatin receptor binding reagent, wherein the
molecular weight of the multimeric polyvalent somatostatin receptor binding

15 reagent is less than about 20,000 daltons. .

49. The reagent of Claim 48 wherein the polyvalent linking moiety
is bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, ¥-{2-(N',N"-
bis(2-succinimidoethyl)aminoethyl)}-N, N-bis(2-methyl-2-mercaptopropyl)-6,9-
diazanonanamide, tris(succinimidylethyl)aminerris(2-chloroacetamidoethyamine,

20 1,2-bis-{2-(chloroacetamido) ethoxy}ethane, u-_is(acetamidoethyl)aminé, bis-
acetamidomethyl ether, bis-acetamidoethyl ether, o.e-bis-acetyllysine, lysine and
1,8-bis-acetamido-3,6-dioxa-octane, or a derivative thereof,

50. A composition of matter comprising the peptide of Claim 1
sclected from the group consisting of somatostatin receptor binding peptides

25 having the formula:

cyclo-(N-CHpFYW KV Hcy
CH,CO FYWrKTFC.amide
CH,CO. FYW,KTF Hhg.amide
30 cycln-CYW KVC
CH.CO FFW,KTEC.amide
CH,CO,FEW,KTEC
evelo-(N-CH)FYW,KV. K
cyclo-(N-CH)FYW,KV. . Hey(CH,C0.GGC.amide)
35 cyclo-(N-CH,)FYWyKV.Hey(CH,CO.K.{(-K).GC.amide)
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cycl o.
cycl o.
cycl o.
Cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.

G:I[prrHFYWerr]KV Hcy(CH[err]CO (B—Dap)GCK a

KV. HcyCH[err]CO (e K) DCK. ami de
eicy CH[ er r ] coGGC. Om ani de .

-Hcy( CH[ er r] CO. GGCKDKD. ami de)
HcyCH[err]CO GACKD. ami de

(NNCH err])FYWerr
( N- CH| Bhig byt rr
(NCH e

(N-CH e r
(N-CH err] rrj
(N-CH[err]) rr
(N-

(K-CH

(N-CH

(N-CH erT

. ED
A {lm WIS G e e ant ae)

(CH err] CO (e-K) GCR. am de)

(N-CHerr])FYWerr] KVC cyclo. (N-CH err]) FYWerr] KT. Hcy

PYW err] KV. Hcy

(I\I—CI—l[err])FYV\[err] KV. Hcy(CH err] CO(y- Dab) GCK. am de)

10

15

20

30

35

40

45

61

cyclo-(N-CH.)FY W, KV, Hey(CH,CO. (e-K). GC.amide)
¢yclo-(N-CH)FYW KV . Hcy(CH,CO.C,...GC . amide)
cyclo-(N-CHy)FYW KV . Hey(CH,CO.CGC.amide)
cyclo-{N-CH)FYW KV.Hey(CH,CO.GGC. amide)
cyclo-(N-CH,)FYW KV . Hey(CH,CO.CGC)
cyclo-(N-CH,)FYWKV.E

CH,CO.NFFWLKTFTC

CH,CQ FFW,KTFC
CH,CO.FFW KTEC. (¢K).GC.amide
CH,CO.FFW KTFC.C, nGCycn.2mide
CH,CO.FFW, KTF Hcy
CH,CO.YW,KTC
Y T, .amide

CH,CO. YWy KT, Hhe. T(CH,0H)
CH,CO. YW KTCTGGCpy, . amide
CH,CO. YW, KTF . Hhe
D-phenyl-CH,CHCO. YW KTC

CQG. T.Pen
CH,CO.FW,KT. Hey
CH,CO.FW KT Hey.amide
CH,CO.YWoKTC.amide
CH,CO. YW, KTCT
CH,CO. YW KTCT(CH,0H)
CH,CO, YWrKTCT.C e GCyom-amide
CH,CO.FW KTC,
CH,CO.FW,KTC

51, A composition of matter comprising the reagent of Claim 10
selected from the group consisting of reagents liaﬁng the formula:

cyclo-CYWrKVC

CH,CO.FFW, KTFC.{BAM}

cyclo-(N-CH;)FYW KV .K.{BAT}
cyclo-(N-CH3;)FYW KV Hey(CH,CO.GGC.amide)
cyclo-(N-CH,)FYW KV Hey(CH,CO.K.(e-K).GC.amide)
cyclo-(N-CHa)FY WKV, Hey(CH,CO. (e-K).GC.amide)
cyclo-(N-CH,)FYW KV . Hey(CH,CO.C,, ,GCpom-amide)
cyclo-(N-CHy)FYWpKV . Hey(CH,CO.CGC.amide)
cyclo-(N-CH,)FY WKV Hey(CH,CO.GGC.amide)
cyclo-(N-CH3)FYW,KV.Hey(CH,CO.CGC)
cyclo-(N-CH;)FYW KV .E.{BAM}
CH,CO.FEW,KTFC. (e-K).GC.amide
CH,CO.FFW,KTFC.C,..GC,.,,-amide
CH,CO. YW, KTCTGGC )y p-amide

CH,CO. YW, KTCT.C,...GC,.,,.amide

52. A radiotherapeutic agent that is the reagent of Claim 32
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cyclo. (NNCH errj)FYWerr]KV. Hcy( CH érr] CO. GRCK. ami de) cycl o.
(N-CH err]) FYW @it $nedi Mad eth Rigiaeea | co. KRC. ani de)

cyclo.(N-CH err]) (CH err CO. &KCR. ani de) 26
cyclo.(N-CH err] )‘MH""W‘M( CH[ err] co. RRC. ami de)
cyclo.(N-CH err]) (CH err] CO GGCE. am de

cyclo. (N-CH err]) FYWerr] KV. Hcy(CH[err] CO. G&C. Apc. a 8'55 ‘;HEETHAS BEEN
cyclo.(N-CH e —XEPLACEp

cyet o Deter 1K AN llll‘mﬂé:%‘éx;"mdgg —

cyclo. (Nve) FW er r'] Kf. Hey (*H[ ®r r] CO. GGCK. ani de)

62
radiolabeled with rhenium-186 or rhenium-188 in the presence of a reducing
agent.

53.  The radiolabeled radiotherapeutic agent of Claim 52 wherein the
reducing agent is selected from the group consisting of a dithionite ion, a

5 stannous ion and an ferrous ion,

54, A kit for preparing a radiopharmaceutical preparation of the
radiotherapeutic agent comprising a sealed vial containing an amount of the
reagent of Claim 32 and a sufficient amount of a reducing agent to radiolabel
the rcagent with rhenium-186 or rhenium-188.

10 55. The composition of matter of Claim 51 radiolabeled with a
radioisotope selected from the group consisting of gallium-68, technetium-99m,
indium-111, and iodine-123.

536. The composition of matter of Claim 51 radiolabsled with a
radioisotope selected from the group consisting of scandium-47, copper-67,

15 gallium-72, yirium-90, tin-117m, iodine-125, iodine-131, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177,
rhenium-186, rhenium-188, astatine-211, bismuth-212 and astatine-131,

57. A method for alleviating a somatostatin-related disease in an
animal comprising administering a therapeutically effective amount of the

20 composition of matter of Claim 50 to the animal.

58. 'The method of Claim 57 wherein the animal is a human.

59. A method for alleviating a somatostatin-related disease in an
animal comprising administering a therapeutically effective amount of the
composition of matter of Claim 56 to the animal.

25 60. The method of Claim 59 wherein the animal is a human.

61,  The method of Claim 59 whercin the therapeutically effective
amount of the composition administered to the animal is an amount from about
10 to about 200 miliiCuries of the radiolabeled composition.

62. A pharmaceutical composition comprising the radiolabeled

30 radiotherapeutic of Claim 56 in a pharmaceutically acceptable carrier,

63. A composition of maticr comprising a complex formed by
reacting the reagent of Claim 10 with a non-radioactive metal.
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cycl o. (N-CH[err]
cyclo.(N-CH err]

cycl o. (N-CH[err err]KVHc(i/<VCI-|[err]CORKC am de)
cycl o. (N-CH[err Hey (CH[ er r] CO. GECK. ami de)

(N-CH err]) FXW err] KY. Hcy(CH[err]CO KGECK. am de)
cyclo.(WCH err])FYWerr] KV. Hy(CH err] CO KGGC. am de)
err ) EYWerr ] KV Hey(

cyclo. (N-CH

Sres (St AN &1 o1 S
[ err]?) FYW érr PKVE Hey (CH[ er r] CO. SSCK. ami de)
CH) FYW err] KV. Hcy( CH[ err] CO. ( B- Dap) DCK. ani de)

(
(N-CH
(N
cycl o. EﬁCH[err])FYV\[err]KV Hey( CH[ er r] CO( B- Dap) KCD. ami de)
(N

cycl o.
cycl o.

cycl o.
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y(CH[err]CO GKCK. ami de)

y(CH[ err] CO KGCK. am de).__cycl o.

CH[ err] CO. GGGCK. ami de

CH err])FYWerr] KV. Hy(CH err] CO. ( B- Dap$XKCR. ani de)
CH err]) FYWerr] KV. Hcy(CH[err]CO(B—

The comiplex of Claun) %:%herem th)e non-radioactive metal is
rhenium.

65. A composition of matter comprising a complex formed by
reacting the reagent of Claim 13 with a non-radioactive metal.

66. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 15 with a non-radicactive
metal.

67. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 16 with a non-radioactive
metal.

68. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 17 with a non-radioactive
metal.

69. A composition of matter comprising a complex formed by
reacting the radiotherapeutic agent of Claim 18 with a non-radioactive metal,

70. A composition of matter comprising a complex formed by
reacting the radiotherapeutic agent of Claim 19 with a non-radioactive metal,

71. The reagent of Claim 10 radiolabeled with technetium-99m,
indium-111, gallium-67 or gallium-68.

72.  The peptide of Claim 1 radiolabeled with iodine-123, iodine-125,
iodine-131 or astatine-211. -

73.  The reagent of Claim 10 radiolabeled with a radioisotope selected
from the group consisting of scandium-47, copper-67, gallium-72, yttrium-90,
tin-117m, iodine-125, iodine-131, samarium-153, gadolinium-159, dysprosium-
165, holmiym-166, ytterbium-~175, lutetium-177, thenium-186, rhenium-188, and
bismuth-212.

74. A method for imaging a site within a mammalian body
comprising administering an effective diagnostic amount of the reagent of Claim
10 radiolabeled with a detectable radicisotope and detecting the radioisotope
localized at the site in the mammalian body.

75. The peptide of Claim 51 radiolabeled with iodine-123, iodine-
125, iodine-131 or astatine-211.

BL#: 9688 222 S0 S00-ILLTMDITIV 3 ¥INNVY ¢ 60:81 ¢ 56-22-¢ ¢  ILISWDITIV ¥ MINNVH:AY INES



cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.
cycl o.

cycl o.
cycl o.
cycl o.
cycl o.
cycl o.

cycl o.

9

5l

CH
[
[
CH

[err])FYV\[err] KV. Hcy(CH err] CO. KKC. aci d
CH err])FYWerr] KV. Hcy(CH err] CO. CG. Dap. Dap-

rr]) FYWerr] KV. Hcy(CH[err]Co (B—Dap)RCK am de)

LrT%&FVWW]‘K\?‘I—|cy(GK( CH err] CO.) C. ani de)

Srldéfmfslekme plhdcy (CH err] CO GGCR. aci d)
[l,w Hcy(CH err] CO. GRC. ani de)

KV. Hcy(CH err] CO GKC. aci d)
KV. Hcy(CH err] CO. GRC. aci d)

err

;ZZZZZZZZZZZ

©

10

15

20

ol U > o =) o @ am'aey ™

Hcy(CH err] CO co. (8- 0O GCN. ani de)

CHerr])FYWerr]KV. Hcy(CH err] CO. GGC. Dap. am de)
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76. A composition of matter comprising a cyclic somatostatin
receptor-binding peptide not comprising a disulfide bond, covalently linked to
a radiolabel binding ;'noiety.

77. A scintigraphic imaging agent comprising the reagent of Claim
76 radiolabeled with technetium-99m,

78. A scintigraphic imaging agent comprising the reagent of Claim
76 radiolabeled with indium-111, gallium-67 or gallium-68.

79. A radiotherapeutic agent comprising the reagent of Claim 76
radiolabeled with a cytotoxic radioisotope selected from the group consisting
of scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, yttecbium-175, lutetium-177,
rhenium-186, rhenium-188, and bismuth-212.

80. A complex formed by reacting the reagent of Claim 76 with
technetium-99m in the presence of a reducing agent.

8l1. A complex formed by labeling the reagent of Claim 76 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex.

82. A composition of matter comprising the reagent of Claim 76 and
a stannous ion,

83. A kit for preparing a radiopharmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
Claim 76 and a sufficient amount of reducing .igent to label the reagent with
technetium-99m.

84. A method for labeling a reagent according to Claim 76
comprising reacting the reagent with technetivm-99m in the presence of a
reducing agent.

85. Use of the reagent of Claim 76 for prepating a medicament for
imaging a site within a mammalian body by administering an effective
diagnostic amount of the reagent and detecting the technetium-99m localized at
the site in the mammalian body.

PL¥: 8680 Loc GO SO00-ILIINDITIV ¥ ¥ANNVH : 0T:81 ! 9B-68-¢ ! ILLINDITIV ¥ YINNVH:AH INIS



cyclo.(N-CH err) FYWerr] KV. Hcy(CI-l[err}CO. (y Dab)KCK ani de)
cyclo. (NNCH err]) FYWerr] KV. Hcy( CH*er r] CO. (<'y- Dab)KCR am de)
cyclo. (N-CH err]) FYWerr] KV. Hcy(CH err] CQ(8- 0) KCK. ani de). As used herein,

the follow ng am no acids and am no acid anal ogues a
represented by the follow ng abbreviations: Ac is an
mer capt oacetic acid group; Aca is 6-ami nocaproic aci

"c‘rens . _mis
. . . ; . . . . - |_|CyRE "“.;b? |ne;
Hhc i s honpbhonocyst ei ne (3-nercaptopropyl gl ycine);  Pen | Vel ;

Mob. i s the sul fhydrul protecting group 4-nmethoxybenzyl; Acmis

sul f hydryl protecting group acetam donethyt; Aib is
Nal is 2-naphthylal anine; Ain is 2-am noindan-2-carb
honol ysi ne; :

rie-intended to be

Q
wac A

am noi sobutyric acid,
oxylic acid; Hy is

ABSTRACT OF THE DISCLOSURE
This invention relates to therapeutic reagents and peptides, including

radintherapeutic reagents and peptides, radiodiagnostic reagents and peptides,
and methods for producing labeled radiodiagnostic agents. Specifically, the
5 invention relates to cyclic peptide derivatives and analogs of somatostatin, and
embodiments of such peptides radiolabeled with a radioisotope, as well as
methods and kits for making, radiblabeling and using such peptides for
radiodiagnostic and radiotherapeutic purposes. The invention specifically relates
to cyclic peptide derivatives and analogues of somatostatin radiolabeled with
10 technetium-99m and uses thereof as scintigraphic imaging agents. The

invention also specifically relates to cyclic peptide derivatives and analogues of
somatostatin radiolabeled with cytotoxic radioisotopes such as rhenium-186

("“Re) and rhenium-188 ("®Re) for use as

radiotherapeutic agents. Methods

and kits for making, radiolabeling and using such peptides diagnostically and

15 therapeutically in a mammalian body are also provided.
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Achxa i s 4-am no-cycl ohexyl al ani ne; . Anf_.i.s .4-am nonet hyl - phenyl al ani ne; Aec
is S-(2-ani noet hyl )cysteine; Apc is*S-(3-aminopropyl) cysteine; Aes is

" 0-(2- aminoefhyl)serine; Aps is 0-(3-ani nopropyl)serinc; Abu is

2-am nobutyric acid; Nva is norvaline; FD is D phenylalanine; WD is
D-tryptophan; YD is D-tyrosine; Cpa is L-(4-chlorophenyl) alanine; Thp is
4- am no-tetrahydrot hi opyran-4-carboxylic acid; D Nal is
D 2- napht hyl al ani ne; Dpg is di-propylglycine; and Ne is
natural |l y-occurring am no acids are abbreviated using s
abbrevi ati ons (which can be found in G Zubay, Biochem's .
(MacM I I en Publishing: New York) p.33). For the purposes of t ent i gn,

the naturally-occuring am no acids are characterized as |lipophilic
‘(al ani ne, isoleucine, |eucine, nethionine, phenylal anine, tyrosine,
proline, tryptophan and valine, as well as S-al kyl ated derivatives of
cysteine), hydrophilic (asparagi ne, glutam ne, threonine, serine), acidic
(glutam c acid and aspartic acid), basic (arginine, histidine and |Iysine).

T(CH err]OH) represents .
igure
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a threoninol residue, wherein the carboxyl group of the amino acid is
reduced to-a primary alcohol, incorporated into the peptide using the
procedure:of Neugebauer et at, (1990, Peptides: Proceedings of the 1llth
Anerital Peptide Synposium pp. 1020-21). e-Kis intended to represent a
coval ent |linkage via the e-am no group on the sidechain of
residue. 8-On represents an ornithine residue in which t eqﬁpg%ﬂ@m]r%%ﬂ
rather than the typical a-amno group, is covalently |linkegd ko the carboxyl
group of the adjacent amino acid to forma peptide bond. OabOrepCis®eess ja
2,4-di am nobutyric acid residue in which the y-am no group ijs coval ently
| inked to the carboxyl group of the adj bcent anino acid td flormr=a peptide
bond. B-Dap represents a 1, 3- digdBH B ARE e el residue §in which the
B-am no group is covalently |IR%(ES to @héeﬂ%g?gg?(y group of the adjacent
amno acid to forma pepti S ' | :
(pyri di ne-2-carbonyl); Pi c%%%%%%t hyl ) pyri di ne);
(BAT) represents N err],Nerr]-bis(2-mercapto-2-

L ield of nventi

1604666~

This invention relates to thcrapeutic agents and peptides, radiotherapeutic
agents and peptides, radiodiagnostic agents and peptides, and methods for
producing such labeled radiodiagnostic and radiotherapeutic agents.
Specifically, the invention relates to cyclic peptide derivatives and analogues
of somatostatin, and embodiments of such peptides labeled with gamma-
radiation emitting isotopes such as technetium-99m (Tc-99m), as well as
methods and kits for making, radiolabeling and using such peptides to image
sites in a mammalian body. The invention also reli;tes to peptide derivatives
and analogues of somatostatin labeled with cytotdxic radioisotopes such as
thenium-186 ("Re) and rhenium-188. ("Re), and methods and kits for
making, radiolabeling and using such peptides therapeutically in a mammalian
body. -

2. ripti th jfor A

Somatostatin is a tetradécapeptide that is eridogenously produced by the -
hypothalamus and pancreas in humans and other mammals. The peptide has
the formula: : :

Formula |

Ala-Gly-C{s-Lys-Asn-Phe-Pne-Trp-Lys-Thr-Pha-Tlr-Ser-Cys
. }

(Single letter abbreviations for amino -acids can be found in G. Zubay,
- Biochemistry '(Zc'l ed.), 1988, (MacMillan Publishing: New ‘York), p.33). This
peptide exerts 2 wide variety of biological effects in viva. It is known to act
physi_ologically on the central nervous:sys'tem: the hypothalamus, the pancreas,
and the gastroimcsiinat tract. o o -

Somatostatin inhibits the reiea_sc of insulin and glucagon from the




28 net hyl - propyl) -6, 9-di azanonanoi ¢ "aci d K. (BAT) and Lys.(BAT) represent
the am no acid |Iysine, acyl ated at the .e-amno group on th M-No—aci-d

sidechain to (BAT); (BAM is: REPLACEMENT SHEET | .‘
(N[el’r] N[err] bi s(2- mer capt o- 2- met hyl propyl ) -1, 4, 10tr|az euane ETBAV | |
and A u. (BAM represent the amno acid glutam c acid havingja (gﬁ 3

| i nkage between the sidechain carboxylic acid group of gl uthm c acid and a
(BAM -derived primary am no group; (BAT-BM is N{2-(N,N -pi &(2-

- nmal ei m doet hyl') am noet hyl }- N[ err]-(1-butoxycarbonyl)-Nerr]{Nerr]-bis(2-nme

t hyl - 2-tri phenyl - net hyl t hi opropyl ) -6, % di azanonanam' de; (BAT=BS—TS
N-{2- (N N -bis(2- )

succi ni m doet hyangrads, fheifs Hwth\lh@trnfo}ne N[I&Eé FroRi (Ré Ry ?:@r | propyl )-6
| et her; (BSNVE

, 9- di azanonanam de; (B bi s-ma] el m donet h I's bis-
succi ni mi dorretﬁ?g"l"ét%F““&nJW‘EW”@ nisas chigicel and thesapentio sppligations i c aci d.

for the alleviation of a number of ailments and diseases, both in humans and
other animals. Native somatostatin is of limited utility, however, due to its
short half-life in vivo, where it is rapidly degraded by peptidases. For this
reason, somatostatin analogues having improved in vivo stability have been
developed in the prior art. _

Freidinger, U.S. Patent No. 4,235,886 disclose cyclic hexapeptide
somatostatin analogues uscful in the treatment of a number of diseases in
humans. | _

Coy and Murphy, U.S. Patent No. 4,435,101 dischsé synthetic
dodecapeptide somatostatin analogues,

Freidinger, U.S. Patent No. 4,611,054 disclose cyclic hexapeptide
somatostatin analogues useful in the treatment of a number of diseases in
humans. _

Nutt, U.S. Patent No. 4,612,366 disclose ¢yclic hexapeptide somatostatin
analogues useful in the treatment of a number of diseases in humans.

Coy er al., U,S. Patent No. 4,853,371 disclose synthcnc 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 ai., U.S. Patent No. 5,073,541 disclose a method of treatmg
small eell lung cancer, _

Brady, European Patent Apphcahon No. 83111747.8 discloses dicyclic
“hexapeptide somatostatin anatogues useful in the treatment of a number of
human diseases. N _

Bauer ef al., European 'Parem_ Application No. 85810617.2 disclose
somatostatin derivatives useful in the tlfeatm'en't_ of a number of Human diseases.

~ Eck and Moreau, European Patent Application No. 90302760.5 disclose



Hcy(al kyl group) is honocyteine, S-alkylated with the group in parenthesis.
The convention used herein of representing by underlining a coval ent bond
between_atons and groups of atons, such as the amno term nus and carboxyl
term nus tesulting in the cyclic peptldes of the invention, or sinilar
representati ons of coval ent bondi ng between the sidechai Z#éb W\HHBHEETa
cysteine residue or derivative thereof and an am no termin m‘v

[ BN nt

|uu|J
other residue will also be understood by those with skill n the art 9
use of the term"cyclo"” herein is intended to indicate thpat t13 s
cyclized by formation of ‘a coval ent bond_between the atong f the am no

termnal substituted or unsubstituted andno group and the}carboxyl term nus

of the peptide. yebipcheolehR asmabudl Seldpi@nt i on the teim

"pol y(N-car boxyal kyI amne" 1n int en escribe a series of corrpounds
exenplified by nitri Sl'rﬁ%pceMN@h&mbteﬂlammleat;et i Spplicationd, Serial No.

et hyl enedi am nctytrB850070% disd@6deCsomatobthli hnatogdbdlsdd! hdrihelBOGRENt aacet i ¢ aci d
(DTPA). Schally et al.,, European Patent Application Serial No., EPA
911048445.2 disclose cyclic peptides for therapeutic use.
~ Bodgen and Moreau, International Patent Application Serial No.

PCT/US92/01027 disclose compositions and methods for treating proliferative
skin disease,

Somatostatin exerts it effects by binding to specific receptors expressed
at the cell surface of cells comprising the central nervous system, the
hypothalamus, the pancreas, and the gastrointestinal tract. These high-affinity
somatostatin binding sites have been found to be abundantly expressed at the
cell surface of most endocrine-active tumors arising from these tissues.
Expression of high-affinity binding sites for somatostatin is a marker for these
tumor cells, and specific binding with somatostatin can be exploited to locate
and identify tumor cells in vivo. |

Methods for radiolabeling somatostatin analogues that have been
modificd so as to 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 ‘2, ,

Bakker er al., 1990, J. Nucl. Med. 31: 1501-1509 describe radioactive
iodination 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 radicimaging in vivo.

Bomanji et al., 1992, J. Nucl. Med. 33: 1121-1124 describe the use of
iodinated (Tyr-3) octreotide for imaging metastatic carcinoid tumors.

Alternatively, methods for radiolabcling sematostatin by covalently

- modifying the peptide to contain a rad:onm.lxde-c.hclatmg group have been
dlsclosed in the pnor art.



For the purposes of this invention the term "polyoxyanion” is intended to
enconpass sul fates, phosphates, sulfonates, phosphonates, and |ike

corrpaunds Somat ost atin anal ogue pept i des of the prese “REPMGEVIEW S?EE'Tb
cheni cal |3 Yy synthesized in vitro. ‘Peptides of the pfe 2 IV2-Yo AaY

general ly 29 advant ageously be prepared on a peptidg sy nt hesi z? .
peptides of this invention can be synthesized wherein {he 07 OCT 1996
radi ol abel -bi nding noiety is covalently linked to the peptide during
chemical synthesis in vitro, using techniques well known to those with
skill in the art. Such peptides coval entj‘y-l I nked to the radiglabel-Dbinding
noi ety during synthesis are advant ageous because specific sites of coval ent

linkage can be deterAmb&ees 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., Eurapean 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 et al., European Patent Application No. 92810381.1 disclose
somatostatin peptides having amino-terminally linked chelators.

Lyle et al., PCT International Patent Application, Publication No.
WO93/15770 discloses radiolabeled somatostatin peptides.

Faglia et 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,

Albert et al., 1991, Abstract LM10, 12th American Peptide Symposium:
1991 describe uses for 'In-labcled diethylene-triaminopentaacetic acid-
derivatized somatostatin analogues.

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

These methods can be readily adapted to enable detection of tumor cells
in vivo by radioimaging, based on the exprcssion of high affinity binding sites
for somatostatin on tumor cells. Radionuclides which emit gamma radiation
can be readily detected by scintigraphy after injection into a human or an

D

Th

animal. A variety of radionuclides are known to-be useful for radioimaging, |
including “Ga, ®Ga, *Tc (Tc-99m), '"'In, P or '®I. The scnsitivity of
imaging methods using radioactively-labeled pepi:ides is much higher than other
techniques known in the art, since the specific binding of the radioactive
peptide concentrates the radioactive signal over the cells .'of interest, for
~ example, tumor cells. This is particularly important for endocrine-active
gastrointestinal tumors, which are ﬁsually small, slow-growing and difficult to



Radi ol abel binding noieties of the invention may be int roduced into the
target somatostatin anal ogue peptides during peptide synthesis. For

enbodj ments conprising picolinic acid (designated (Pic-): 4
Pi c-d y- Gys(protecting group)-), the radi ol abel - bi ndi ng noi
synt hesi zed as the last (i.e., amno-termnal) residue in tlhg synthesis. In

o REPLAGEMENT SHEET

addi tion, the picolinic acid-containing radiol abel - bindi nq noi 8/ 0CRYI906
covalently linked to the e-am no group of lysine to give, fjor] exanple,
"aN(Froc) -Lys-eN{Pi c-d y-Cys(protecting group)}, which may Qe Trncorporated
at any appropriate position in the peptigle chain. This segyence is
particul arly advantageous as it affords -an easy node of incorporation into
the target sonwietest byt conventishadgusthgdepti de. Sinmilarly, the picolylam ne

P. _ t . . . _ . .. . t . . .
érgﬁgg-éog-g: Qg?gc;%%%%a% %ﬁ%lg%%%ae@s/%&%eﬁ‘% g%g'fsﬁc Rdi ng the

sequence (- Cys (nuelearcandiradjoagtiveprppedliss- of this isotepecwakedksn idealrscintigiephié t he

pepti de chai n.
car boxyl

i2kih®WeBe. Che®630%aPl WiDle PRI IEnd L B! 11D KEF Aat fe
radicactive half-life of about 6 hours, and is readily available from a *Mo-
#=Tc generator. Other radionuclides have effective half-lives which are much
longer (for example, ''In, which has a half-life of 60-70 h) or are toxic (for
example, '*T). Although Tc-99m is an ideal radiolabeling reagent, it has not
been widely used for labeling peptides in the art prior to the prese:it invention
(see, for example, Lamberts,, 1991, J. Nucl. Med. 32: 1189-1_191).

_ Somatostatin and radiolabeled somatostatin analogues can also be used
therapéutically. For these applications, cytotoxic radioisotopes are
advantageous, such as scandium-47, copper-67, gallium-72, yttrium-90, tin-
117m, iodine-125, iodine-131, samarium-153, gadolinium-159, dysprosium-165,
holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-
211 and bismuth-212. The rhenium isotopes '**Re and "*Re, as well as Sn-
117m are particularly advantageous, |

" 'The use of chelating agents for radiolabeling proteins are known in the
prior art, and methods for labeling peptides with Tc-99m are disclosed in co-
owned U.S. Patent Serial No. 5,225,180 and in co-pending U.S. Patent.
Applications Serial Nos. 07/653,012, 07/807,062, 07/851,074, 07/871,282,
07/886,752, 07/893,981, 07/902,935, 07/955,466, 07/977,628, 08/019,864,
08/044,825 and 08/073,577, 08/092,355, 08/095,760, 08/210,822, and PCT
International  Applications  PCT/US92/00757,  PCT/US92/10716,

- PCT/US93/02320, PCT/US93/03687, PCT/US93/04794, PCT/US93/05372,

PCT/US93/06029, PCT/US93/09387, and PCT/US94/01894, which are hereby
incorporated by reference. ADD ALL THE PATENTS -

Fritzberg, U.S. Patent No. 4,444,690 describes a series of technetium-
chelating zigents based on 2,3-bi_s(mercaptoacetamido) propa_ndate.

Gansow er al., U.S. Patént No. 4,472,509 ‘teach methods of

manufacturing and purifyi'n'g Tc-99m chelate-conjugated monoclonal antibodies.




term nus of the peptide is activated and coupled to picotylamne. This

synthetic route requires that reactive side-chain functiorf

masked (protected) and do not react during the conjugati or
pi colyl ami ne. This invention also provides small synthetid
are somatostatin anal ogues and i ncorporate bi sam ne bi st hi
chelators that may be labeled with Tc-99m This invention
i ncorporation of BAT chelators into virtually any position

via covalently |inkage to any appropriate functional.

gr ou

AREpt AEMERTSHEET | =
depti des t hat
ol| (BATOCT 1996
prjovi des for the

i the peptrdac,
p_of the peptide

except that the chelating noieties of the invention are not covalently
| i nked to functional groups conprising t*the am no acid side chains of the

30

radiolabeling antibodies with Tc-99m.

Reno and Bottino, European Patent Application 87300426.1 disclose

Pak et al., European Patent Apblication No. WO 88/07382 disclose a

method for labeling antibodies with Tc¢-99m.,

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

Rhodes, 1974, Sem. Nucl. Med. 4: 281-293 teach the labeling of human

serum albumin with technetium-99m.

Khaw et al., 1982, J. Nucl. Med. 23: 1011-1019 disclose methods for

labeling biologically active macromolecules with Tc-99m.

Byme and Tolman, supra, disclose a bifunctional thiolactone chelating

agent for coupling Tc-99m to biological molecules. |

Cox et al., 1991, Abstracf, Tth International Symposium on
Radiopharmacology, p. 16, disclose the use of, Tc-99m-, 'I- and "'In-labeled
somatostatin analogues in radiolocalization of endocrine tumors in vive by

scintigraphy.

Mcthods for directl)_r labeling somatostatin, derivatives of soma'tostatin,
analogues of somatostatin or peptides that bind to the somatostatin receptor and
contain at least 2 cysteine residues that form a disulfide or wherein the
disulfide is reduced to the sulfhydryl form, are disclosed in co-pending U.S.
Patent Application Serial No. 07/807,062, now U.S. Patent No. 5,225,180,
issued July 6, 1993 which is hereby incorporated by reference.

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 fadiotherapeutic agents when radiolabeled with
a cytotoxic radioisatope such as rhenium-188. Swmall synthetic somatostatin

- analogues are provided by this invention that specifically fulfill this need.




amno acids B[err], Blerr], Blerr] or Blerr] as defined above. In formng a
conpl ex of radioactive technetiumw th the reagents of this.invention, the

technetium conpl ex, preferably a salt of Tc-99m pertechnet

with'the teagent in the presence of a reduci ng agent. Pref

agents are dithionite, stannous and.ferrous ions; the nost
reduci ng agent is stannous chloride. Means for prepari ng
are conveniently provided in a kit formconprising a seale
a predeterm ned quantity of a reagent of the invention to
sufficient anount of reducing agent to | abel the reagent
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Al ternatively, the conplex may be formed by reacting a reagent of this

i nvention with a pre-forned Q¥

v ti um and anot her

conpound known as a transfe ' known as |igand
exchange and is wel TThék pesent tioventions provides sematostatinhanalogues trafeark yelice conpl ex

or” o ol 1 G R AR icalibERARE rddfierdieic AbHERbA, af 1OOnat ©

manni t ol , exarrpl ertechnetate salts useful
diagnostic applxcatlons, including radiodiagnostic applications, in particular

scintigraphic imaging apphcanons. Distinct from native somatostatin and
' somatostatin analogues known in the prior art, the cyclic peptides of the
invention do not comprise a disulfide bond. The invention also provides cyclic
peptide reagents comprised of the cyclic peptide somatostatin analogues of the
invention, wherein such peptides are covalently linked to a radiolabel-binding

moiety. The invention provides such cyclic peptides, cyclic peptide reagents

and radiolabeled cyclic peptide reagents that are scintigraphic imaging agents,

radiodiagnostic agents and radiotherapeutic agents. Scintigraphic imaging agents

of the invention comprise cyclic peptide reagents radiolabeled with a
radioisotope, preferably technetium-99m. Radiotherapeutic agents of the
invention comprise cyclic peptide reagents radiolabeled with a cytotoxic
radioisotope, preferably tin-117m, rhenium-186 or rhenium-188. Methods for
making and using such cyclic peptides, cyclic peptide reagents and radiolabeled

embodiments thereof are also- provided.

The invention provides a cyclic peptide that is a somatostatin analogue
as a composition of matter comprising a somatostatin-receptor binding peptide

having the formula:
Eormula II

R'((IZR‘)-{C(R"R‘)}.,,,-_C{)-A'1‘\2A3B‘B’B’B“C'C’C"‘-NH-CR'‘-X2

Z——(CR'R)——————(CR'R);

where R!, R?, R’ and R® are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl; R® and R* are each independently H, lower alkyl
~or substituted alkyl, aryl or substituted aryl, or wherein cither R* or R* is X';
A! and C* are independently a bond or a D- or L-amino acid; A%, A% and C'
are each independently a bond or a lipophilic D- or L.-amino acid; B! is D- or
L-Phe or D- or L-Tyr or D- or L—Z-naphthylalanine (Nal) or 2-aminoindan-2-



with the present invention are included the alkali netal salts._such as the

sodiumsalt, or ammoniumsalts or |ower alkyl amoni um salt REF’LAEGEMENT SHEET
preferred errbodl ment of the invention, a kit for preparing fe

| abel ed peptldes is provided. An appropriate anpunt of the fpej

ti
I's introduced into a vial containing a reducing agent, suchjag s&?nﬁ@ﬁg&}g
chloride, in an anount sufficient to | abel the peptide with{T¢-99m An .
appropriate anount of a transfer |igand as described (such 3s tartrate,
citrate, gluconate or mannitol, for exanple) can also be in
may al so contain conventi onal phar mac®&ut i cal adj unct materl al s such as, - for

cxarpl o, PhaLIRSSH bR i 36 SHAARLS Rbtn ual B2l PG D3 bkC DT 25ur
liquid, frozenusttutkdyddrivative thereaf; (B it db- e Lelyls asti Immulysxdelmly)omponent s are
e brcaent HHBAMIRSHBAE o Har” UabGReRo Ry’ FRRET SpaCco" 1109
amount of Tcaioethyl)cysteitd (Aec), S-(3-aminopropyl)cysteine (Apc), O-(2-aminoethyl) '

serine (Aes), O-(3-aminopropyl)serine (Aps) or a substituted derivative thereof;

B* is Thr, Ser, Val, Phe, lle, Leu, 2-amino-iscbutyric acid (Aib), 2-

aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C* is a bond

or the D- or L-sterecisomers of Thr, Ser, Val, Phe, Ile, Abu, Nlc, Leu, Nva,

Nal or Aib or a substituted derivative thereof; X! is N(R'®),, where each R!°

is independently hydrogen, lower alkyl or substituted lower alkyl, aryl or

substituted aryl or a hydrophilic moiety of less than about 1500 daltons; X? is -

COOR®, -CH,0H, CH,COOR?, or -CON(R"),, where each R® is independently

H, lower linear or cyclic alkyl or a substituted derivative thereof or a

hydrophilic moiety of less than about 1500 daltons; and where m is 0,1,2 or

3and pis 0, 1 or 2; R' and R* are independently H, lower alkyl or

substituted lower alkyl, or either R’ or R* are -COOH or -CO.N(R'), or -

COOR™, or R” and R® together are an oxygen atom; R is hydrogen, lower

alkyl or substituted lower alkyl, aryl or substituted aryl; Z is a sulfur atom,

an oxygen atom, NR", NR™NR", NR".CO.NR", $0;, NR"SO, or the moiety

(8=0); and further where R" is hydrogen, lower alkyl or substituted lower

alkyl, ary! or substitited aryl; and where Z is NR¥, R’ and R® are not

together an oxygen. In a preferred 'embodiment, the X! molety is an amino

acid or a peptide sequence comprising' 10 or fewer amino acids, or a

monosaccharide or oligosaccharide oompﬁsing 10 or fewer saccharide units, or

a poly(N-carboxyalkyl)amine or a poly-oxy anion and the X? moiety is poly(N-

carboxyalkylamine or a polyoxy-anion, or an amino acid or a peptide having

an amino acid sequence of no more than 10 residues (including peptides

wherein the carboxyl group of the carboxyl&érminal amino acid is reduced to

an alcohol), or a monosaccharide or oligosacc-:haridc. comprising. 10 or fewer

* saccharide units. In another preferred embodiment, B! is phenylalanine or

tyrosiné, B? is D-tryptophan,' B? is lysinc and B* is.thréoni_ne ‘or valine,

II[ICL l UII'I'




conplex into the vials and reaction under conditions descrl bed in Exanple 2

her ei nbel ow. 31 Radi oactivel y-l-abel ed scintigraphic |nrgrng7§%®ﬁgi‘-_"‘
provi ded by the present invention are provided having a syi REBL npHER
radi bactiVity. In formng Tc- 99m radi oactive conplexes, ift |s generally
preferred to formradi oactive conpl exes in solutions contgini T 1996
radi oactivity at concentrations of fromabout 0.01 mllicdrile nCl) to 10(
nCi per nL.. The inmagi ng reagents provided by the present invert+on—canmbe
used for visualizing organs such as the kidney for diagnosj ng disorders in

t hese organs, and tunors, in particulqg gastrointestinal tOmors, nyclonas,
smal |l cell lung carcinona

The invention also provides a cyclic peptide that is a somatostatin
analogue as a composition of matter comprising a somatostatin-receptot binding
peptide having the formula: '

Formula THI
cyclo-A*-B'BB*B*-C*-
where B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a
substituted derivative thereof, B? is D- or L-Trp or a substituted derivative
thereof; B? is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof; B* is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu,
Nva or Aib; C* is an L-amino acid comprising a sidechain having a2 mercapto
group; and A* is a lipophilic D-amino acid or a lipophilic L-(a-N-alkyl) amino
acid or L-cysteine or L-proline or a substituted derivative thereof. This moiety
is a cyclic peptide moicty, where the amino terminus of the A residue is
covalently linked with the carboxyl terminus of the C* residue. In a preferred
" embodiment, B! is phenylalamne or tyrosine, B? is D-tryptophan, B’ is lysine
and B! is threonine or valine. |

The invention also provides a cyclic peptide reagent comprising a

somatostatin-receptor binding peptide having the formula: '

rmula T
R'((I':R’)-{C(R’R‘)}_—CO-A‘A’A’B'B’B’B‘C‘C’C’-NH—CR"-X’ '
Z ——(CR'RY)— (CRRY,

where R!, R?, R® and RS are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl; R® and R* are each independently H, lower alkyl
or substituted atkyl, aryl or substituted aryl, or wherein either R? or R* is X';
A! and C® are independently a bond or a D- or L-amino acid; A%, A’ and C'
“are each independently a bond or a lipophilic D- or L-amino acid; B' is D- or
L-Phe or D- or L-Tyr or D- ot L-2-naphthylalanine (Nal) or 2-aminoindan-2-
carboxyhc acid (Ain) or a substxtuted derivative thereof; B? is D- or L-Trp or
a substituted derivative thereof; B’ is D- or L-Lys or homolysme (Hly), 4-
_amino-cyc]ohexylalani_ne. (Achxa), 4-aminomethylphenylalanine - (Amf), S-(2-



and ot her APUDomas, endocrine tunors such as nedul | ary thyr

LCiL-NANBS

and pituitary tunors, brain tunors such as neni ngi omas and
and tunors, of the prostate, breast, colon, and ovaries can .
In accordance with this invention, the Tc-99m | abel ed peptide reQ?e Pgé
adm nistered in a single unit injectable dose. The Tc-99m ljabel g@gt

reagents provided by the invention nmay be adm nistered intragv |
conventional medium for intravenous injection such as an aqueous sal i ne

SREPLAGEMEAT, SHEET

medium or in blood plasma nmedium Generally, the unit dose to—be
admi ni stered has a radioactivity of abod® 0.01 nC to about 100 nGi,

preferably 3 CmbokReliine GB8 oAb RS b ptbigo0 '
i magi ng in vi vaoserine(Aak O-(3-amiacpropyt)serine {Aps) oF azubstinted] dedivaive thiosuty er
Fadi ol bl ed pebt TG Seiy SBhoBR By Pl emitte SRS A Ao B ' 2°
suf fici ent anopuaminchutyriceacitid (Abu),storvalie dNs®), of morlaucine (Meyt € isha bbml area to
be imaged wi thi &t the D- or L-stereoisomers of Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva, '
Nal or Aib or a substituted derivative thereof; X' is N(R'%),, where each R"
is independently hydrogen, lower alkyl or substituted lower alkyl, ary! or
substituted aryl or substituted with a hydrophilib moiety of less than about 1500
daltons; X* is -COOR®, -CH;0H, CH,COOR?, or -CON(R"),, where each R’
is independently H, lower linear or cyclic alkyl or a substituted derivative
thereof or substituted with a hydrophilic moiety of less than about 1500
daltons; and where m is 0,1,2 or 3 and p is 0, 1 or 2; R? and R are
independently H, lower alkyl or substituted lower atkyl, or either R? or R® are
-COOH or -CO.N(R'), or -COOR™, or R? and R® together are an oxygen
atom; R' is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl; Z is a bond, a sulfur atom, an oxygen atom, NR¥, NR¥NR",
NRY.CO.NRP, S0O,, NR"SO, or the moiety (S=0); and further where R” is
hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; and
where Z is NR™, R” and R® are not together an oxygen. In a preferred
embodiment, the X' moiety is an amino acid or a peptide sequence comprising
10 or fewer amino acids, or 2 monosaccharaide or oligosaccharide comprising
10 or fewer saccharide units, or a.poly(N-carboxyalkyl)amine or a poly-oxy
anion and the X? moiety is poly(N-carboxyalkyl)amine or a polyoxy-anion, or
an amino acid or a peptide having an amino acid sequence of no more than 10
residues (including peptides whcrefn the carboxyl group of the carboxyl-
terminal amino acid is reduced to an alcohol), or a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units. In another preferred
embodiment, B! is phenyialahine or tyrosine, B? is D-tryptophan., B? is lysine
and B* is threonine or valine. In such preferred cmbodidiems, the cyclic
peptide is covalently linked to a 'radiolébel-binding mOiety, wherein the
' radiblabelfbin'd'ing moiety is not covalently linked to the moieties B!, B?, B,



about 0.1 of an hour to permt the taking-of scintiphotos. Any
conventional- nethod of scintigraphic inmaging for diagnostic purposes can be
utilized in accordance with this invention. The somatostatip
recept or - bi ndi ng cyclic peptides and non-radioactive metal |REFLAGEMENT SHEET
cyclic peptide reagents of the invention may be used clinichl fy—as
t herapeutic agents to pronote regression of certain types of fu T 199
particularly those that express somatostatin receptors. Th soggzgg% 'ﬁ'
anal ogue cyclic peptides of the invention can al so be used } olreducethe
hor nonal hypersecretion 32 that often acconpani es certaifph cancers, such
as the APUDomas. Peptides of the invengion used as therapeu
be adm ni stered by any appropriate route,

B or A* of the peptide.

The invention also provides scintigraphic imaging agents comprising the
cyclic peptide reagents of the invention wherein the cyclic peptide is covalently
linked to a radiolabel-binding moiety, wherein the radiolabel-binding moiety is
not covalently linked to the moieties B', B, B’, B, or A* of the peptide.

The invention also provides a cyclic peptide that is a somatostatin
analogue as a composition of matter comprising a somatostatin-receptor binding
peptide having the formula: . '

Formula V
qch‘-B‘B*B’B‘-C‘-
where B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a
substituted derivative thereof; B? is D- or L-Trp or a substituted derivative
thereof; B is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof; BY is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu,
Nva or Aib; C* is an L-amino acid; and A* is a lipophilic D-amino acid or a
~ lipophilic L-(a-N-alkyl) amino acid or L-cysteine or L-proline or a substituted
derivative thereof; . This moiety is a cyclic peptide moiety, where the amino
terminus of the A* residue is covalently linked with the carboxyl terminus of
the C* residue. In a preferred embodiment, B' is phenylalanine or tyrosine,
B? is D-tryptophan, B’ is lysine and B is threonine or valine; and the cyclic
peptide is covalently linked to a radiolabel-binding moiety, whercin the
radiolabel-binding moiety is not covalently linked to the moisties B', B?, B’,
B* or A* of the peptide.

The invention also provides scintigraphic imaging agents comprising the
cyclic peptide reagents of the invention wherein the radiolabel-binding moiety
is stably complexed with a radioisotope. In one such embodiment is provided
a scintigraphic imaging agent wherein the somatostatin analogue, cyclic peptide
'reagents of the invention are fa&iblabeled with technetium-99m. In other
‘embodiments of the scintigraphic imaging agents of the invention the -

. radioisotope is indium-111 or 'gallium-68. In still other embodiments, the

scintigraphic imaging agents of the invention are cyclic peptides that are



i ncl udi ng intravenous, intranmuscular or by nouth, and in any acceptable

phar maceutical carrier, in doses ranging fromabout 0.1 to
body weight/day. This i nvention al so provi des peptides radi
cyt of oxi ¢ radi oi sotopes such as tin-117m rheni um 186 or rf
may be used for radiotherapy of certain tunors as descri bed
pur pose, an anount of radi oactive isotope from about 10nG

may be admi nistered via any suitable clinical route, prefer
i ntravenous injection. This invention al so provides sonmat oS
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tq about 200nCi
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recept or-bi ndi ng_peptides covalently |linked to a netal -bi ndi
are conplexed with a magnetic, paranaghetic, super magneti c,

I ng noi ety that
or
for using such

super par amagnet,j al. atam _j.on or rticle, and nethods [ .
conpl-exes f or 8 &q@&"ﬁdg‘gﬁ" @GW‘B‘E% | ocal i zation of such somatostatin
receptor bindi ng Dﬂﬁtmﬁ&m@mﬁlﬁé Prviled radiodiEbipesitic é%:ﬁ'@ﬁhét'zﬁé% &cli€s in vi vo.

Thus, the invent.i r ovi tgs non -ra(} ? ctive
pcpude r& ents of the invention radiola

ods for IocaI|Z|n
eled wuth a cytoloxic radioisotope that g

is selected from the group consisting of scandium-47, copper-67, gallium-72,
yttrium-90, tin-117m, samarium-153, gadolinium-159, dysprosium-16S,
- holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, and
bismuth-212. In preferred embodiments, the radioisotope is tin-117m, rhenium-
186 or rhenium-188. Tn additional preferred embodiments, the cyclic peptides
of the invention are radiolabeled with iodine-125, iodine-131 or astatine-211.

The invention further provides therapeutic agents comprising the cyclic
peptide reagents of the invention, optionally whercin the reagents form a
complex with a non-radioactive metal, preferably rhenium. Combination
embodiments, wherein such a complex is also radiolabeled, either directly or
via a radiolabel-binding moiety, are also provided by the invention and are
within its scope.

The invention also provides pharmaceutical compositions comprising the
somatostatin receptor-binding peptides of the invention in a pharmaceuﬁcally
acceptable carrier.

The somatostatin analogues of the invention are therapeutically useful
in the alleviation of diseases or other ailments in humans or other animals.
The invention provides a method for alleviating somatostatin-related diseases in
animals, preferably humans, comprising administering a therapeutically effective
amount of the somatostatin analogues of the invention to the animal. In
preferred embodiments, the amount of the somatostatin analogue administered
is from about 0.1 to about 50 mg/kg body weight/day. '

| | Another aspect of the present invention prdvidcs reagents for preparing
radiotherapeuic and radiodiagnostic radiopharmaceuticals, including preferably
scintigraphic imaging agents. Each such r&gen_t is comprised of a peptide that
_is_somatoéta'tin analogue covalently linked to a radiolabcl—binding moiety.

It is an advantage of the somatostatin analogues provided by the
invention that the non-disulfide cyclic linkage is stable in the presence of



tunmor and other somatostatin receptor expressing tissues in_vivo. This

i nvention provides nmethods for using the diagnostic and rad

—
t her gpeuti.c and radi ot her paeuti c agents of the invention. Foﬁfgm e§
-99m | abel ed

ap@ift OCT 4996

otfher apeuti c

enbodi ments of the agents of the invention, for exanple, Tg
scintigraphic imging agents, an effective diagnostic or th
of the diagnostic or radiodiagnostic or therapeutic or radi

er

agent of the invention are adm ni stered. |In radiodi agnosti
| ocal i zati on of the radiolabel is detected using conventio

s

enpodi ments,

net hodol ogi es

such as gamma scintigraphy. In non-radioactive di agnostic enbodi nents,

| ocal i zati on

neopl asti c si
receptors (S

of sites of accunul ationldbf the paramagneti c netal -1 abel ed,
di agnostic agepts o €. LAvention_i i alom tic, r.esonance
I magi ng met hgrgao]'fcgn&i té%“%’QThgégi‘ﬁag‘*.'ﬁgaa%%ﬁ’?% §¥ Vi d?d%}&?ﬂ@%i h’\?/der?t i on have
utility for tmadiolabélntindingymojetyr of thel aveénpiof momprisigg ragthioli grewp: dFie net ast atic

and I n-particular such pri
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previously-used disulfide-containing somatostatin analogues. These prior art

reagents contain a disulfide bond, which disulfide bond is unstable in the
presence of reducing agents useful in the production of radiolabel complexes
with various radiolabel binding moieties. The biological activity of these
previously-known reagents was thereby reduced, and the efficacy of
scintigraphic imaging agents derived therefrom compromised, by reduction of
these peptide structure-determining disulfide bonds. Such destabilization of the
structure of the peptide reagents of this invention does not occur due to the
fack of such unstable disulfide bonds in the somatostatin receptor binding
compounds comprising the instant invention, Thus, the use of thiol-containing
radiolabel chelating moieties and the use of reducing agents to form
radioisotope complexes therewith does not result in loss of biological activity
of the somatostatin receptor binding compounds of this invention.

It is another advantage of the somatostatin analogues provided by this
invention that formation of the covalent conjugate between the peptides and
thiol-containing radiolabe! binding moieties of the invention does not result in
"scrambing” of structurally-important disulfide bonds. Unlike peptide moieties
comprising a disulfide bond, the non-disulfide cyclic linkage contained in the
peptide reagents of the invention does not interfere with thiol-containing
radiolabel binding moieties. Conversely, the thiol-containing radiolabel binding
moieties cannot disrupt the threé-dimensi_o_nal structure of the peptide by
"scrambling” structurally-importanit disulfide bonds. I[n contrast, for example,
a thiol-containing Tc-99m binding moiety covalently linked to native
somatostatin, or to a somatostatin arial'ogue having a disulfide bond, can result

in disulfide bond formation between a sidechain sulfur of a peptide amino aicd:

and the thiol group' of the radiolabel binding moiety. Such “"scrambling” of

- disulfide bonds can be accdmpanied by a loss of biological actiifity. The

present invention is not subject to similar losses in biological activity in vivo

v .




33 netastatic tunor cells that have been clinically recalcitrant (o

detecti on using conventional nethodologies. In addition, thqg i

of the invention are useful in detecting sites of T Iyrrphocyt HEEE%%@ESEEET
assocCiated with occult disease or pat hol ogy, e.g., as occurg i|n tients
suffering fromtubercul osis. The nethods for making and | abqgl ijn t/hOEE 1996
conpounds are nore fully illustrated in the follow ng Exanplifeqd. _These
Exanples illustrate certain aspects of the above-descri bed nethod and

advant ageous results, and are shown by way of illustrati on ard—aet
limtation. EXAMPLE 1 Solid Phase Pepggi de Synthesis

because the non-disulfide cyclic linkages in each of the somatostatin analogues |
of the invention comprise stable covalent bonds.

. Such loss of biological activity can also occur in vive using native
somatostatin, or to any somatostatin analogue having a disulfide bond. Thus,
the peptides of the present invention are per se advantageous as somatostatin
analogues over native somatostatin or somatostatin analogues comprising a
disulfide bond because they are intrinsically more stable and resistant to
chemical oxidation.

It is another advantage of the somatostatin analogues provided by this
invention that the cyclic covalent linkage acts to protect the peptide from
degradation by exopeptidases. Further, the cyclic structure confers a degree
of conformational rigidity to the peptide that can act to enhance binding of the
peptide to its biological target ( i.e., the somatostatin receptor).

A first aspect of the reagents provided by the invention for preparing
radiolabeled agents are reagents that are each comprised of a cyclic
somatostatin recepior-binding peptide as described above that is covalently
linked to a radiolabel-binding moiety having the formula:

C(pgp)*-(aa)-C{pgp)®

‘where {pgp)® is hydrogen or a thiol protecting group and (aa) is an a- or 8-

amino acid not comprising a thiol group. 1In a preferred embodiment, the
amino acid is glycine. In another preferred embodiment, the ageat is a
scintigraphic imaging agent. In yet another preferred embodiment, the agent

is a radiotherapeutic agent,

In a second embodiment, the invention provides cyclic peptide reagents
capable of being radiolabeled to form radiodiagnostic and radiotherapeutic
agents, -each comprlsmg a somatostatin analogue covalently lmked o a
radiolabel-binding moiety of = formula:
- A-CZ(B)- {C(R‘R")},;x
wherein A is H, HOOC, H,NOC (peptide)-NHOC, (peptide)-O0C, R‘,NCO
or RY B is H, SH or -NHR", -N(R%)- (peptide) or R¢; Z is H or R" X is SH
or -NHR®, -N(R%)-(peptide) or R%; R*, R®, R‘ and R" are mdependently H or



Solid phase peptide synthesis (SPPS) was carried out on a 0.25 mllinole

(nmol e) scal e using an Applied Biosystens Mddel 43 1A Pgp NQSirEer
and using 9-fluorenyl net hyl oxycarbonyl (Fnoc) amino-tern ¢ﬂi&§ﬁfﬂl$ﬂﬁﬁ
coupling with dicycl ohexyl carbodii mi de/ hydr oxybenzotri agofc or :
2-(1Hbenzotriazol -1-yl)- 1,1,3,3-tetranethyluronium hexafQ dQCHAMEphht b/
hydr oxybenzotri azol e (HBTU HOBT), and using p-hydroxynefhyl . _
henoxynet hyl - pol ystyréne (HW) resin or Sasrin[err] resin Tor
carboxyl -term nus acids or Rink amde resin for carboxyl-_termnus anides
VWhere appropriate, the followi ng am ng acid derivatives were synt hesi zed.
Honocyst ei ne was prepared by al kal i nelshydrol ysis of L-honocysteine | actone,

Thr eont nol - i os brelfl bt dioerlle WU A & O\t A i Ol 7T
reduced to aalpyli asamingl acsher 3 peplde ipemprisingo2l da ebbut 10 antireagidspandies of t he
nvent i on WnehSBRPE IPINEER Cor INGRG bl R4 S s FUPEPBY e 21 (1990
X is -NHR* or -N(R°)-(peptide), B is SH and n is 1 or 2; (3) where Bis H
or RY, A is HOOC, H;NOC, (peptide)-NHOC, or (peptide}-OOC, X is SH and
nis 0 or 1; (4) where A is H or R¢, then where B is SH, X is -NHR* or -
~ N(R°)-(peptide) and where X is SH, B is -NHR® or -N(R‘)-(peptide); (5) where
X is H or R% A is HOOC, H;NOC, (peptide)-NHOC, or (peptide)-OOC and
B is SH; (6) where Z is methyl, X is methyl, A is HOOC, H,NOC, (peptide)-
NHOQC, or (peptide)-QOC and B is SH and n is 0; and (7) where Z is SH and
X is SH, n is not 0; and wherein the thiol moiety is in the reduced form. In
a preferred embodiment, the agent is a scintigraphic imaging agent. In yet
another preferred embodiment, the agent is a radiotherapeutic agent. _
Preferred embodiments of this radiolabel-binding moiety have a chemical
formula that is:

1
R!-CO-(amino acid)’-(amino acid)*-Z

wherein (amino acid)! and (amino acid)® are each independently any primary

o- or B-amino acid that does not comprise a thiol group, Z is a thiol-

containing moiety that is cysteine, homocysteine, isocysteine, penicillamine, 2-

mercaptoethylamine or 3-mercaptopropylamine, and R! is lower (C'-C*) alkyl,

an amino acid or a peptide comprising 2 to 10 amino acids. When Z is

cysteine, homocysteine, isocysteine or perﬁcillamine, the carbonyl group of said

moiety is covalently linked to 2 hydroxyll group, a NRR* group, wherein each

of R and R* are independently H or lower (C'-C*) alkyl, an amino acid or a

peptide comprising 2 to 10 amino acids; or

) I1. .
 Y-(amino acid-(amino acid)’-NHR? o

wherein Y is a thiol-éoma_ining moiety that is cysteine, homocysteine,-

_ isocysteine, penicillamine, 2-mercaptoacetate or 3-mercaptopropionate, (amino.

acid)' and (amino acid)’ are each independently any primary a- or B-amino



of the 11th American Peptide Synposium pp. 1020- 21). Fnoc. Hcy(Trt) and

4 +r|1‘\l|21‘|ﬂn .

Frmoc. Pen(Trt) were prepared fromthe appropriate amno acird

with triphenyl nethanol in TFA, followed by Fnoc derivitizgt BBFLM}EWNFFCMBE%

by Atherton et al. (1989, Solid Phase Peptide Synthesis, |
Oxford). 34 Fnoc. honohonocystei ne(Trt) was prepared by
N, N- bi s-Boc-glutam c acid- a-nethyl ester with borane- THF
nmesyl ation and reaction with trityl- mercaptide, followed

Boc groups with BF[err]OEt in acetic acid, and then Fnoc Jler|V|t|zat|on as

R{WZC@%T 1

e onr'n\l,’-ﬂ

of t

e

descri bed above. phenyl-CH err] CHBr COOH was prepared by t

reatt Ty

phenyl al anine (in a solution of water agd TFA/ saturated with NaBr) with

sodi um nltrltebdegIIOV\/ed by distillation to recover the pure product.

2t does not comprise a thiol group, and R? is H or iower (C'-C* alkyi,

an amino acid or a peptide comprising 2 to 10 amino acids. When Y is
cysteine, homocysteine, .isocysteine or penicillamine, the amino group of said
moiety is covalently linked to -H, an amino acid or a peptide comprising 2 to

10 amino acids; or
R

c:§i::., :j%:z
L

In particular embodiments of this aspect of the invention, the radiolabel-
binding moiety has a formula that is: '

lla.  -(amino acid)'-(amino acid)-A-CZ(B)-{C(R'RH}, X},

b,  -A-CZ(B)-{C(R'R}},-X}~(amino acid)'-(amino acid)?,

lle. ~(a primary o0~ or B.w-diamino acid)-(amino acid)'-A~CZ(B)-
{C(R'RYH} X}, or

Iid.  -A-CZ(B)-{C(R'R}},-X}-(amino acid)'-(a primary e,w- or 8,«-
diamino acid) wherein (amino acid)! and (amino acid)? are each independently
any naturally-ocurring, modified, subsmuted or altered - or §-amino acid not
containing a thiol group; A is H, HOOC H, :NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide)-OOC or R* B is H, SH or -NHR?, -N(R%-

or

(amino acid or peptide) or R*; Z is H or R% X is SH or -NHR?, -N(R%}-

(amino acid or peptide) or RY; R', R?, R’ and R* are independently H or

straight or branched chain or cychc lower alkyl; nis an mteger that is either . -

) 0, 1 or 2; (peptide) is a pepude of 2 to aboul 10 amino acids; and: (1) ‘where




VWher e appropriate, 2-chloroacetyl, 2-bronoacetyl and 2-bro
phenyl propi onyl groups were introduced either by using the
2-hal o acid as the last residue coupled during SPPS, or by
N-term nus free am no acid peptide bound to the resin with
aci d/ diisopropyl carbodiimde/N hydroxysucci ni m de/ NMP or
anhydri de/ diisopropyl ethylam ne/ NMp. \Where appropriate, H

nﬁ:ElB.ﬂCEMEIyT SHEET.
ppTOopTate—

e |
't e? r&tﬁé
2thal o _acid:
PLC-purified-

a
t
e

2- hal oacyl at ed peptides were cyclized by stirring an 0. 1- 1~

Laad 1
O—g+—seluti-on

i n phosphate or bicarbonate buffer or 7di | ut e ammoni um hydr oxi de (pH 8.0),
optionally containing 0.5-1.0 nM EDT l or acetonitrile or THF for 1-48 h

o oued opt opalitoliy ReSIRRMbr YeblaeRoE Suogiath ulyaphi yzat  on and

HPLC purification. Wiere opri a t -c_ontal.nlsé_g pep
reacted wit hwhpieoX dscNHER! or J&Wﬁ)aﬁamﬁnqvgqctdm peptige)o BeistSH) amt n

i d wer e

g9rh@onpl exi ng

noi eties at BHAAO s ol rs; t ef.al; s T0I 1 by acetic
aci d aci difi ?ét@o‘r‘{ﬁ%{jf é’?gp%fgﬁi%ﬁﬁgd‘?‘%ghg’ﬁﬁ ,faﬁ‘ﬁ“{ ?“éf@jﬂf@ﬂ
cor r espondi n@FRG: (aminosasid PURePHERIROC, XOe SHoandch isoh ondil (4) where A '

is H or R, then where B is SH, X is -NHR? or -N(R%-(amino acid or
peptide) and where X is SH, B is -NHR? or -N(R?-(amino acid or peptide);
(5) where X is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-OOC and B is SH; (6) where Z is methyl, X is
methyl, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid or
peptide)-O0C and B is SH and n is 0; and (7) where Z is SH and X is SH,
n is not 0; and wherein the thiol group is in the reduced form.

Additional preferred embodiments include radiolabel binding moieties
having the formula: -Gly-Gly-Cys-, Cys-Gly-Gly-, Gly-Gly-Cys-, -(e-Lys)-Gly-
Cys-, (6-Orn)-Gly-Cys-, -(y-Dab)-Gly-Cys-, and -(8-Dap)-Gly-Cys-. (In these
formulae, it will be understood that e-Lys represents a lysine residue in which
the e-amino group, rather than the typical a-amino group, is covalently linked
to the carboxyl group of the adjacent amino acid to form a peptide bond; 3-
Orn represents an ornithine residue in which the d-amino group, rather than the
typical a-amino group, is covalently linked to the carboxyl group of the
adjacent amino acid to form a peptide bond; ~-Dab represents a 2.4-
diaminobutytic acid residue in which the y-amino group is covalently linked to
the carboxyl group of the adjacent amino acid to form a peptide bond; and §-
- Dap represents a 1,3-diaminopropionic acid residue in which the S-amino group
is covalently linked to the carboxyl group of the adjacent amino acid to form
a peptide bond.) | : . | .

In another embodiment, the invention provides cyclic somatostatin
- receptor-binding peptidc reagents capable of being radiolabeled with a
radioisotope 10 form radiodiagnostic 'an_d radiotherapeutic 'agents, each
comprising a somatostatin analo'g{ze' that is covalently linked to a radiotabel-
. binding moicty of formula: |



purification were routinely pérforned as described to yield the

chel at or - pepti de conjugatc. \Were appropriate, BSME addug

ct s wer e—prepared
by reacting single thiol- containing peptides (5 to 50 MJIREPLAGEMWT SHEET
buf fered‘to pH 7 with N net hyl mor phol i ne or N-ethyl - bh

sodi um phosphate buffer, pH 7-8, optionally containing 0
THF or acetonitrile) w t h 0.5 nolar equival ents of BMME
(bi s-mal ei m donet hyl ether) pre-dissolved in acetonitrilg
tenperature for approximately 1-18 hours. The sol ution wg

s concentrated and

t he product was purified by HPLC V\herl% appropriate, TSEA
prepared by reactingy single thiol- 5

=0 - (amino acid) - cysteinc - co - peptide

O | éx_

{for purposes of this invention, radiolabel-binding moieties having this structure

will be referred to as picolinic acid (Pic)-based moieties}
or
peptide - HN - cyst'eine - (amino acid) - NH - CH, -
SX

~ wherein X is H or a protecting group; (amino acid) is any amino acid and the
radiolabel-binding moiety is covalently linked to the peptide. For purposes of
this invention, radiolabel-binding moieties having this structure will be referred
to as picolylamine (Pica)-based moieties. In a preferred embodiment, the
amino acid is glycine and X is an acetamidomethyl protecting group.
another preferred embodiment, the agent is a scintigraphic imaging agent.
yet another preferred embodiment, the agent is 2 radiotherapeutic agent.
Yet another embodiment of the invention provides cyclic peptide
reagents capable of being radiolabeled with a radioisotope for imaging sites
within a mammalian body or for radiotherpeutic purposes, cach comprising a
somatostatin analogue that is covalently linked to a radiolabel-binding moiety
that is a bisamino-bisthiol radiolabel-binding moiety. The bisamino bisthiol
radiolabel-binding moiety in this embodiment of the invention has the formula:

{CRy),
A
/ H N-A-CO-X
(CRI)u (?Rz),

-(pgp)‘ ' S-(pgp)*

wherein cach R can be independently H, CH; or C,Hj; each (pgp)® can be
mdepe_ndently a thiol protecting group or H; m, n and p are independently 2

or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or

substituted derivatives thereof; and X is peptide; or

_adduets—mere—



contai ni ng peptide (at concentrations of 10 to 100 ng/ni_peptide in DMVE

buffered to pH 7 with N-methylmorpholine or Nethyl norpho +6—-50
ng/ mL peptide in 50nmM sodi um phosphate, pH 7-8, opti onal | REp@ﬁEMENTnﬂ'!EETS
EDTA or DMF or THF or acetonitrile) with 0.33 nolar equjval ents of TV
(tris(2-mal ei m doet hyl)ami ne) pre-dissolved in acetonitfile ®F gafq 1908 t
w thout 1 nolar equivalent of triethanolam ne, at room}epperature for
approximately 1- 18h. Such reaction m xtures containingj a

concentrated and the adducts were then purified using C.__\Were
appropriate, {BAM (N ,N,-bis(2-mercddto-2-nethylpropyl)-1,4,10--
triazadecane) was conj ugat ed to the tide by first acti vatl ng the pepti de
carboxylate with a m xture of diisg | carbodi i m de/ N-hydroxysuccinin de

or HBTU HOBt in DVMF, NVP or net hyNHne cthammdacV)NHRI'owed by coupling in the

presence of diisopropylethylam né Aft?ERﬁoupl I ng, the conjugates were
deprotected as described above. 2) 4

SH gH .

wherein each R is independently H, CH, or C;H;; m, n and p are
independently 2 or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl,
combinations or substituted derivatives thereof; V is H or CO-peptide; R’ is
H or peptide; provided that when V is H, R’ is peptide and when R’ is H, V
is peptide. For purposes of this invention, radiolabel-binding moieties having
these structures will be referred to as "BAT" moieties. In a preferred
embodiment, the agent is a scintigraphic imaging agent. In yet another
preferred embodiment, the agent is a radiotherapeutic agent,

This invention provides methods for preparing peptide reagents of the
invention by chemical synthesis in virro. In a preferred embodiment, cyclic
peptides arc synthesized by solid phase peptide synthesis.

This invention provides reagents for preparing a radiolabled somatostatin
receptor-binding agent comprising the somatostatin receptor-binding cyclic
peptides of the invention covalently linked to a radiolabel—bindihg moiety. In
a preferred embodiment, the reagent is radiocactively labeled with Tc-99m. In
another preferred embodiment, the reagent is radioactively labeled with V®Sn,
1%Re or '*Re.

~ The invention also comprises agents that are complexes of the cyclic
somatostatin receptor-binding peptide reagents of the invention with a
radioisotope, as well as methods for radiolabeling the peptide reagents of the
invention.” For example, scintigraphic imaging agents provided by the invention
comprise Tc-99m labeled complexes formed by reacting the peptide reagents
of the invention with Tc-99m in the pi'esence' of a reducing agent, Preferred
reducing agents include but are not limited to dithionite ion, stannous ion and
ferrous ion. - Such Tc-99m complexes of the invention are also formed by

_ labeling the peptide migents Qf the invention with Tc-99m by ligahd éxchahge -

of a prereduced Tc-99m complex as provided herein. ' o



VWhere appropriate, (BAT) . .
(Nferr], N err]-bis(2-nmercapto-2-nethyl propyl) 6, 9- di azan alo) Tt —Wars—
incorporat ed into peptide as (Na(Frmoc)-Ne(N-Boc)-S, S - "REPLACERTENT SHEET
bi strityl-BAT) I ysine (prepared from Na( Frnoc) -1 ysi ne and (IFBoc)-S,' S
-bistrityl- BAT as described in Exanple 2 of co-owned andjc -mmcty(r;lpmés
Pat ent Application Serial No. 08/ , i ncorporated by refeyence) during
pepti de synthesis and then deprotected after cleavage of
peptide fromthe synthetic resin. Were appropri at e,
(N-(2-(N , N -Dbis(2-succini m doet hyl ). am noet hyl )) '
-Nerr],Nerr]-bis(2-nethyl-2-nmercaptopropyl)-6,9-di azanonanam de) adducts

wer e prepared bmﬁa&{ubms&bmdes ity fa} pﬁﬁm@'rﬁaﬂ%mmﬁ; @ o
concentrations of 2 peptide 1 n buffered to pH 7 with .
N- et hyl rmr%ﬂ@ﬁ“?ne}"’éﬁ psptlde% mrﬁm peRtide seagenty of ﬁ'eam‘fm%d?(%f?fhosphat e (pH

7-8). Ot i GiAkikRg MO rpSIRMr ERTVeAorME Qinphei 6z 3akON il €) Wi th

0.5 nol ar eqU| val ent's

(N (2- (N, ial jspacpininge REFR'ARING (9paftitn 66 8 PPPUde-Tpeert 9T e iweptony car bony! )

and a sufficient amount of reducing agent to radiolabel the reagent. In a
preferred embodiment, the radiolabeled somatostain analogue is a scintigraphic
imaging agent. Also preferred is radiolabeling the peptide reagents of the
invention with Tc-99m. Kits for preparing radiotheapeutic agents are also
provided, wherein the preferred radioisotopes are tin-117m, rhenium-186 and
rhenium-188.

hbr LUIIpT et cd

AT- BS

This invention provides methods for using the radiolabeled somatostatin
receptor-binding peptide régents of the invention diagnostically and
therapeutically. In one embodiment of the invention, methods are provided for
using scinﬁgmphic imaging agents that are Tc-99m labeled peptide reagents for
imaging sites within 2 mammalian body by obtaining in vive gamma
scintigraphic images. These methods comprise administering an effective
diagnostic amount of radiolabeled pcptide reagents of the invention and
detecting the gamma radiation emitted by the radiolabel localized at the site
within the mammalian body. _

The invention also provides methods for alleviating somatostatin-related

_diseases in animals, preferably humans, comprising administering a
therapeutically effective amount of the radiolabeled somatostatin-binding peptide
reagents of the invention to the animal. In preferred embodiments, the reagent
is radioactively labeled with !"™Sp, !%Re or '*Re.

This invention also provides somatostatin receptor-binding peptides-
covalently linked to a metal-binding moiety that are complexed with a
magnetic, paramagnetic, supermagnetic, or superpa'ramagn-ctic' metal atom, ion
or particie. and methods for using such complexes for inagnctic-based detection
of localization of such somatostatin redeptor binding peptide complexes' at
tumor or other tissuc sites in vivo. Thus, .t.he. invention provides non- _

radioactive methods for localizing tumor and other somatostatin' receptor




N err], N err]-bis(2-nmethyl-2-triphenyl nethylthi opropyl) - 6, 9- di aza- nonanani d
e)re-di ssol ved 36 in acetonitrile or THF, at roomterq;er_ai_urp for
approxi mately 1-18h. The sol ution was then evaporated to dﬂmasgmgw SHEET
( BAT-BS) - peptlde conjugates deprotected by treatnment with FErt—+
0.2nL triethylsilane for 1h. The solution was concentrat gd mr@.lo%%t
adducts precipitated with ether, and then purified by HPLGC
appropriate, the (DTPA) noiety can be introduced using the thod of Bakkef
et al. (1991, Life Sci. 49: 1583-1591, hereby incorporatked by reference).
VWhere appropriate, peptide precursorsagere cyclized (bet '

expressing tissues in vivo.

The cyclic peptides and cyclic peptide reagents of the invention may
also be comprised of a polyvalent linking moiety. Polyvalent linking moieties
of the invention are comprised of at least 2 identical linker functional groups
capable of covalently bonding to somatostatin analogue cyclic peptides or
radiolabel-binding moieties or both, Preferred linker functional groups are
primary or secondary amines, hydroxyl groups, carboxylic acid groups or thiot-
reaclive groups. In preferred embodiments, the polyvalent linking moieties are
comprised of bis-succinimidylmethylether (BSME), 4-(2,2-dimethylacetyl)benzoic
acid (DMBA), N-{2-(V', _'-bis(2-succinimidb—ctbyl)aminoeth_yl]}-N‘,N’-bis(Z—
methyl-2-mercapto-propyl)-6,9-diazanonanamide (BAT-BS),
tris(succinimidylethyl)amine (TSEA), bis-succinimidohexane (BSH), 4-(O-
CH,CO-Gly-Gly-Cys.amide)-2-methylpropiophenone (ETAC),
tris(acetamidoethyl)amine, bis-acetamidomethyl ether, bis-acetamidoethy! ether,
a,e-bis-acetyllysine, lysine and  1,8-bis-acetamido-3,6-dioxa-octane, or
derivatives thereof. ,

Specific preferred embodiments of the present invention will become
evident from the following more detailed description of certain preferred
embodiments and the claims.

RIEF D I E DRAW

Figure 1 illustrates localization of a somatostatin receptor expressing
tumor in a tumor-bearing rat in vivo.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides cyclic pepti_dcs that are somatostatin
analogues and that are not comprised of a disulfide bond. Such somatostatin
analogues thereby possess ihcreased -in vivo stability compared with native -
somatostatin or somatostatin analogues that compnse a disulfide bond. These
- cyclic peptides are themselves . therapeutic agents for alleviating dxscascs and

other ailments in animals including humans



and carboxyl-termni) by reaction of the sidechai n-protectgeet—~—N-term nal

free amine and C-ternmnal free acid with di phenyl phosphor yl ﬁPUkCEMENT SH&ET
Sasrin[err] resin-bound peptides were cleaved using a sol 4ti
di chl ororfet hane to yield the protected peptide. Where apprfodri
protected peptide precursors were cyclized between the aming-
carboxyl -term ni by reaction of sidechain-protected, am nqg-t free
am ne and carboxyl -term nal free acid using di phenyl phosplioryl azi de. HVP or
Rink am de resin-bound products were routinely cleaved an

cyclized peptides deprotected using aogolution conprised of trifluoroacetic
acid (TFA), or TFA and nethyl ene chloride, optionally conprising water,

t hi oani sol e, et harwﬁat;krbﬁhed a:rydth'erimédmhsarbamhorpebﬁddssﬂm amy del ane in
oot opr i at o, FrRAA, Sr. “poRRpIRY | wB QT | Ao BEPheBRal TEA' and
N- Boc groups &aﬁhothel?dpemthmﬁ&admdmgtbm apelidatioks. usi ng .(Boc)[err] O :
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 radiolabel-binding 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 as tin-117m, rhenium-186 or

rhenium-188 for radiotherapeutic uses. The cyclic peptide reagemts of the

invention are also useful in preparing complexes with non-radicactive metals,

said complexes'being useful diagnosticaily and therapeutically,

The invention provides a method for using the somatostatin analogues

of the invention to alleviate diseases or other ailments in animals, preferably

humans. These diseases and ailments include but are not limited to diabetes

and diabetes-related retinopathy, cirthosis 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

is dependent or influenced by growth hormone or somatostatin' production.

Dosages of the somatostatin analogues provided by the invention may be the

same as those dosages of native somatostatin routinely used for treatment of the

above or other diseases, or less of the compounds of the invention may be

_administered due to their longer in vivo half-life.

Labeling with Tc-99m is an advantage of the present invention because
- the nuclear and radioactive propemes of this isotope make it an ideal

_ scintigraphic imaging agent. * This isotope has a single photon energy of about




"Resi n- bound products were routinely cleaved using a solution of

trifluoroacetic acid or trifluoroacetic acid and nethyle eﬁﬁﬂ.A@ﬁMgﬁT SHEET .

optional ly containing water, thioanisole, ethanedithiol,
triethylsilane, prepared.in ratios of 100 : 5 : 2.5: 2 forlo. 5 -

3 h at-

room tenperature. Crude peptides were purified by prepar it if vl Wi QET J9%s s
| i qui d chromat ography (HPLC) using a Waters Delta Pak Cl olum and -

r

gradient elution using 0.1%trifluoroacetic acid (TFA) ih water
with acetonitrile. Acetonitrile was. evaporated fromthe 37 el

modi 71 ed
ut ed

U

fracti ons which were then |yophilized,, The identity of each product was

-confirmed by fast atom bonbardnent s spectroscopy (FABMS) or
el ectrospray 140 %ev SRE &l aAsEeeVY hAEIRYRY 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 disclosed herein.

The term scintigraphic imaging agent as used herein is meant to
encompass a radiolabeled agent capable of being detected with a radioactivity
detecting means (including but not limited toa 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 scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, iodine-125,
iodine-131, samarium-153, gadolinium-159, dysprosxum-l65 holmium-166,
ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-211 and
bismuth-212, most preferably "Re or ™Re. Such embodiments are useful in
the treatment of somatostatin-related diseases or other ailments in animals,
preferably humans, iﬁcluding but not limited to cancer and other discases
characterized by the growth of malignant or benign tumors capable of binding
somatostatin or somatostatin analogues viz the expression of somatostatin
receptors on the cell surface of celis com'prising such tumors.

In the radiolabel-binding moieties and cyclic peptides covalently linked
to such moieties that contain a thiol covalently linked to a thiol protecting
group {(pgp)®} provided by the invention, the thiol-protecting groups may be
the same or different and may be but are not limited to:

-CH;-aryl (aryi is phenyl or alkyl or alkyloxy substituted phetiyl);

-CH-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

-C-(aryl)s, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

-CH,-(4-methoxyphenyl); =

-CH-(4-pyridyl)(phenyl),;

-C(CH,),

-9-phenylfluorenyl;

-CH,;NHCOR (R is unsubsntuted or substituted alkyl or aryl);

-CH,-NHCOOR (R xs_unsubsmuted or substituted alkyl or aryl),._ |

by



Somat ost ati n anal ogues synt hesi zed as provided herein, as as_the

products of such synthesis identified by FABMS, are shown FREPGERCEMENP%HEH
EXAMPLE 2 A Ceneral Method for Radiolabeling with Te-99m 0 1lrrg—ef—a
peptide prepared as in Exanple 1 was dissolved in 0.1 nL ?

et hanol /wat er or phosphate-buffered saline or 50 nM pot asg|i mb ogﬁ:ﬂ'a
buffer (pH=5, 6 or 7.4), or 0.9%saline or 10% hydr oxypr}o cycl odextri
(HPCD) in water. Tc-99m gl uceptate was prepar ed by reconstjituting a

G ucoscan vial (E. |. DuPont de Nenmours, Inc., WI mngton, ‘BE~—w-th-1_0_nj

50/ 5@

of Tc-99m sodi um pertechnetate cont a| r2|4ng up to 200 nCi and allowed to
wes then added to TR O MU AR Basleh S 8901 o proceed at room
tenperature or at -OMMSeCHj}gBedybr about 5-30 min and then filtered through. a
2 [err]mfilter. Preferred protecting groups have the formula -CH,-NHCOR wherein R
is a lower alky!l having 1 and 8 carbon atoms, phenyl or phenyl-substituted
with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.
The most preferred protecting group is an acetamidomethyl group.

Each somatostatin receptor-binding cyclic peptide-containing embodiment
of the invention is comprised of a sequence of amino acids. The term amino
acid as used in this invention is intended to include all L- and D- amino acids,
naturally occurring and otherwise, Reagents comprising somatostatin receptor-
binding peptides provided by the invention include but are not limited to the
following illustrative examples of the peptide embodiments of the invention:

eyclo.(N-CH,)E. YW KV Hey
CH.cO. FYW KTEC. amide
CH.co. FFW, KTF, Hhe.amide
cyclo. CYWKVC
CH.CO,FFW, KTFC.amide
cyclo. (N-CHOF. YW, KV.K,(BAT)
cyclo (N-CHF, YW, KV, Hey(CH.c0.K(e-K)GC.amide)
eyclo (N-CH)F. YW, KV, Hey(CH,C0.C,..GC,n-amide)
cyclo.(N-CH.)E. YW KV, Hey(CH,c0.CGC.amide)
cyclo (N-CH)F. YWhKV, Hey(cn,co.CGC) '
CH.CO. FEW KTFC.(BAM)
cyclo.(N-CH,IF. YW, KV, Hey(cH.C0.(e-K)GC.amide)
eyclo.(N-CH,)F. YW KV, Hey(CH.c0.GGC.amide)
cyclo (N-CH)E. YW, ,KV.E. (BAM)
C1i:.Co, NFEW KTFTC
CH,CO.FEWKTEC _
CH,CO FEWKTEC(e-K)GC.amide -
CH,CO. FFW ,KTECC,, . GCprem- amlde
CH,CO . FFW KTF Hey
CH,CO.YW,KTC

- CH,CO. YW KT Hcy.amide
CH,CO. YW, KT Hhe. T(CH.OH)
CH,CO. YW, KTCTGGC,,,,.amide -
CH,CO. YW,KT Hhe
D-phenyl-CH.CH.CO. YW, ,KTC

. CH,CO . FW, KT Pen
CH,CQ . FW KTHcy.amide -
CH,CO. YW . KTCT '



" The Tc-99m | abel ed peptide purity was determ ned by HPLC usifn

follow ng conditions. a Waters Delta Pak RP-18, 5[err], 4.6
anal ytical, colum, or a Waters NovaPak Radi al Conpression C
8mm x 100mm anal yti cal columm was | oaded-wi th each radi ol abql g
and the peptides eluted at a solvent flow rate equal to 1

1§, 4[err|m
d Q9p0CTe1996
/[jm n

DXGEMENT SHEET

(Del ta-Pak) or 3nL/mn (NovaPak). G adient elution was perf

ed begrmtrg

with 100% sol vent A (0.1% CF[err]COOH H err] O and endi ng wit{h _100% sol vent

Blerr] (0.1 % CFlerr] COOH 90% CH err]CNH err]) over the course of 10-270
m n. Radi oactive conmponents were detected using an in-line radionetric

detector linked to an integrating recédder.. Tc-99m gl uceptat

e and Tc-99m

sodi um pertec te..el.ut.e between 1 and 4 mnutes under these conditions,
whereas the T éﬁ 25 |des. eluted after a nuch greater anount of -
time, as illu ; HEe,
CH,CO. YW KTC amide -
N-Me)FYW KV, Hcy(cH,co.CGCE.amide)
CH,CO FEW,KTFCKC ,,GCpon-amide
pKTECC, o GC K. .amide

CH,CO.FEW, KTFCC,.,GCrKKKKK.amide
CH,CO FEW KTFCKKKKK(e-K)GC.amide
CH,CO.FFW, KTFC(¢e-K)GCKKKKK.amide
cyclo. (N-CHFYW KV, Hey(cH,co, KKKKK(e-K)GC.amide)
CH.CO. FFW KTFCGGC.amide
cyclo (N-CH,FY WKV, Hey(CH,c0.GGCK.amide)
cyclo. (IN-CHIEYW,KV, Hey(CH.CO.(e-K)GCK.amide)
cyclo. (N-Me)FYW KV .Hcy(CH,c0.GGCR.amide)
cyclo. (N-Me)F YW, KVHcy(cH,c0.GGCR.amide)
cyclo. (N-Ma)FYW KV Hey(cH.c0.(e-K)KC.amide)
cyclo. (N-Me)FYW KV Hey(CH.c0.GGCKK.amide)
cyclo (N-Me)FYW,KV. Hey(CH,c0.GGC.Om.amide)
cyclo.(N-MeYFYW KV Héy(cH.c0.GGC.Orn. DOm..amide)
cyclo. N-Me)FYW, KV Hey(CH,c0.K(e-K)KCK.amide)
cyclo. (N-Me)EYW KT
cyclo.(N-Me)FYW,KVHey(cr:co. (e K)GCKK.amide)
cyclo. (N-CHOIFYW KV, Hey(CH,COKKC.amide)
cyclo.(N-CHOFYW KV Hey(CH.COKKCK.amide)
cyclo. (N-CH,)FYW KV, Hey(cH,CoOGGCKKK.amide)
cyclo. {N-CHFYW KV HcycH.co.GGCRR.amide
cyclo. (N-CH.)FYW, KV. Heylcii.co,.GGCRK.amide
cyclo.(N-CH)FYW, KV HcycH.c0.GGCRD.amide
cyclo. (N-CHYFYW KV, HeycH.Co.(e-K)DCK.amide
cyclo. (N-CHIFY W, KV HcycH,coGGC.Om.amide
cyclo. (N-CH,)FYW KV Hey(CH.co.GGCKDKD.amide)
cyclo.(N-CH.)EYW, KV. HcyCH,c0.GGCKD.amide
cyclo (N-CH,FYW KV HeycH,c0.GGCKDK.amide
cyclo. (N-CH;)FYW KV, HcyCH,c0.(e-K)GCKKK.amide
cyclo. (N-CH,)FYW KV, Hey(CH.CO.(8-Dap)GCK.amide .
cyclo (N-CHFYW, KV Hcy(CH,CO.{5-Orm)GCK.amide)
cyclo (N-CH,)FYW, KV Hcy{CH.CO.(e-K)GCRK ,amide)
cyclo.(N-CH,FY W, KV, Hcy(CH.CO. (e-K)GCR amide)
cyclo (N-CHIEYW KVC
cyclo. (N-CHIEYW,KT. Hey
cyclo.PYW,KV Hey
cyclo (N-CHAF YW, KV, Hey(CH,CO. (y-Dab)GCK.amide)
. eyclo (N-CH)FYW KV Hcy(cH,co.GRCK.amide)
cyclo. (N-CHIFYW KV Hey(cH.c0.KRC.amide) -
cyclo. (N-CH,)FYW KV Hey(CH.co.GKCR.amide)




L o

38 [err] - 39 [err] 40 * The follow ng | abeling conditi-ons_were used

with the appropriate peptides: - REPLACEMENT SHEET'
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cyclo. (IN-CH)FYW KV, Hey(cn,co.RRC.amide)

cyclo (N-CH)EYW KV Hev(cH,co.GGCE.amide)
cyclo. (N-CH;)FYW KV, Hcy(CH.c0.GGC. Apc.amide)
cyclo.(N-CH,)S,, YW, KV Hcy

cyclo. PYW,KV. Hey(CH,c0.GGCK.amide)
cyclo.(NMeYFW  KVC(CH,C0.GGCK.amide)

eyclo (NMeYEW KT Hey(CH,c0.GGCK.amide)

cyclo (N-CHIFYW, KV Hcy(CH,co.RKC.amide)
cyclo.(N-CH)Ss . YWKV Hey(CH.co.GGCK.amide) .
cyclo. (N-CH;)FYW KV Hcy(CH,c0.GKCK.amide)

cyclo. (N-CHF YW KV Hev(cH,c0, KGCK.amide)

cyclo. (N-CHIFYW, KV . Hev(CH,C0.KGGCK.amide)
cyclo. (N-CH)FYW KV Hey(cH.c0.KGGC.amide)
cyclo. (N-CHIFYW, KV Hey(CH,c0.GGGCK.amide)
cyclo. N-CH.)EYW,, KV Hey(CH.C0.RGGC.amide)
cyclo. N-CH,)FYW_ KV Hcy(CH,c0.SSC.amide)

eyclo. (N-CHOFYWR KV Hey(CH,c0.SSCK.amide)
cyclo. (N-CH)EYW XV, Hcy(CH.cO.(8-Dap)KCK.amide)
cyclo (N-CH,)FYW KV, Hey(cH,co.(8-Dap)DCK.amide)
cyclo. (N-CH,)FYW KV, Hey(CH,C0.{8-Dap)KCD.amide)
cyclo. (N-CH)FYW,KV, Hey(cH.Co.(8-Dap)KCR.amide)
cyclo. (N-CH,)FYW, KV, Hcy(CH.c0.(8-Dap)GCR.amide)
cyclo (N-CH)EYW KV Hey(CH.co.(8-Dap)RCK.amide)
cyclo (N-CHYFYW,KV. Hey(GK(-CH,c0.)C.amide)
¢ycla. (N-CH)EYW KV, Hey(CH,co0.GGCR.acid)

cyclo {N-CHFYW KV, Hey(CH,co,GRC.amide)
cyclo. (N-CH.)FYW, KV, Hey(CH.c0.GGCK.acid)
cyclo. (N-CH)FYW KV, Hey(CH.co.GKC.acid)

- ¢eyclo. (N-CH)FYW, KV, Hey(CH,.c0.GRC.acid)

cyclo (IN-CH)FYWrKV, Hey(CH.co.KKC.acid)

cyclo (N-CH;)FYW KV, Hey(CH.c0.CG.Dap. Dap.amide)
cyclo. (N-CH,)FYW, KV. Hcy(CH.C0.(5-O)GCR.amide)
cyclo (N-CH)FYW, KV, Hey(CH.co.GNCR.amide)
cyclo (N-CH,)FYW KV Hey(c1t,co.(8-O)GCN.amide)
“cyclo (N-CH)FYW KV, Hey(CH,€0.GGC. Dap.amide)
cyclo.(Hyp YW ,KV . Hey) '
cyclo.(Hyp, YW KV, Hey)(cH.c0.GGCK.amide)

cyclo. (N-CH,)FYW KV Hey(CH,Co. (v-Dab)KCK.amide)
cyclo. (N-CH;)FYW KV, Hey(CH,CO.(y-Dab)KCR.amide)
cyclo.(N-CH)FYW KV. Hey(CH,co. (8-0)KCK.amide).

As used herein, the following amino acids and amino acid analogues are

intended to be represerited by the following abbreviations: Ac is an acetyl group;

ma is mercaptoacetic acid group;  Aca is 6-aminocaproic acid; Hcy is _
homocysteine; Hhe is 'homohomocysteine '(3-mermpt0propylgchine); Pen is
. penicillamine; Mob is the sulthydrul protecting group 4-methoxybenzyl; Acm is




1. The peptide is dissolved in water and |abeled at ro nhgﬁ_rmemaﬁhrsé“':@

The peptide is

peptide is dissolved in 10% hydroxypropyl cycl odextrin an

t enper at ure. 4.

at roomtenperature. 5. The peptide is dissolved in 0.9%

| abel ed at 100
pH 9 with bicar
sol vent A =
CHerr]CNH err] O
VWdak 218TP54

di ssolved in water and | abel ed at 100C (1% 1 The

§|r7 Qﬁgt“?qgel e

The peptide is dissolved in 50% et hanol}/ wa

err]C (5 mn). 6. The peptide is dissolvied in water nmade
bonate and | abel ed at 100[err]C ** HPLC nethods—gererar.
0. 1%CFBCOO-I/H[err]OsoI velt B[ err] = 0. 1% CF3CO0H 90%

0 P ek Bl A P e g™ -
is 2-naphthylalanine; Ain is 2-aminoindan-2-catboxylic acid; Hly is homolysine;
Achxa is 4-amino-cyclohexylalanine; Amf is 4-aminomethyl-phenylalanine; Aec is
S-(2-aminoethyl)cysteine; Apc is S-(3-aminopropyl) cysteine; Aes is O-(2-
aminoethyl)serine; Aps is O-(3-aminopropyl)serine; Abu is 2-aminobutyric acid;
Nva is norvaline; F, is D-phenylalanine; Wy is D-tryptophan; Y, is D-tyrosine;
Cpa is L-(4-chlorophenyl) alanine; Thp is 4-amino-tetrahydrothiopyran-4-carboxylic
acid; D-Nal is D-2-naphthylalanine; Dpg is dipropylglycine; and Nle is norleucine.
All naturally-occurring amino acids are abbreviated using standard abbreviations
(which can be found in G. Zubay, Biochemistry. (2d. ed.), 1988 (MacMillen
Publishing: New York) p.33).

For the purposes of this invention, the naturally-occuring amino acids are
characterized as lipophilic (alanine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, proline, tryptophan and valine, as well as S-alkylated derivatives of
cysteine), hydrophilic (asparagine; glutamine, threonine, serine), acidic (glutamic
acid and aspartic acid), basic (arginine, histidine and lysine). T(CH,0H) represents
a threoninol residue, wherein the carboxyl group of the amino acid is reduced to
a primary alcohol, incorporated into the peptide using the procedure of Neugebauer
et al, (1990, Peptides: Proceedi f the 11th Ameri ide Symposium, pp-

-1020-21), X is intended to reprgsent'a covaient: linkage via the e-amino group

on the sidechain of a lysine residue. &-Orn represents an omithine residue in
which the §-amino group, rather than the typical a-amino group, is covalently
linked to the carboxyl group of the adjacent amino acid to form a peptide bond.
v-Dab represents a 2,4-diaminobutjric acid residue in which the y-amino group
is covalently linked to the carboxyl group of the adjacént amino acid to form a
peptide bond;_ 8-Dap represents a 1,3—diamindpropionic acid residue in which the

‘B-amino group is covalently linked to the carboxyl group of the adjacent amino

acid to form a peptide bond. Pic is'_ picolinoyl (pyridine-2-carbonyl); Pica is
picolylamine (2-(aminomethyl)pytiding); (BAT) represents N°,N”-bis(2-mercapto-2-



colum with guard colum Waters colum 1 -Waters Delt a-Pak Lﬁﬁ%ﬁd@

X 150mm Waters columm 2 = Waters NovaPak Radi al Conpressi o

8 X 100mm Met hod 1: Waters colum 1 100% A to 100% B[ er ]
Met Hod 2: " Vydak col um 100% A to 100% B[err] in 10 i} N@FZhOGT 3996

Waters colum 1 100% A to 100% B[err] in 20 mn Method 4:
2 100% A to 100% B[err] in 10 mn Single-letter abbrevia
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in 10 nin

Wat ers col umm
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acids can be found in G Zubay, Biochem srzgy (2d. ed.), 1988 (MacM Il en

Publ i shing: New York) p.33; Ac acetyl; Acm = acetam donet hyl;
mer capt oacetic a(ﬁttﬁy[ 15, g.ﬂmbﬁmuhew | K.(8aT) =and- B

m =

h | d}ﬁ?( L FD = g-mp{eﬁt&nﬁ%a oY
= ono S| ne, C sStel ne: = Q ne
Dt rypt Lohne Rsiaine seiguyei sbunad B b s, B on b BRI MG e ‘°I'hp. -

4-am no- (BAT); (BAM) is (M N‘-b¢s(2-mercapto-2-methylpropyl)—l 4 . 10-triazadecane;
E.(BAM) and Glu.(BAM) represent the amino acid glutamic acid having a y-amide
linkage between thé sidechain carboxylic acid group of glutamic acid and a
(BAM)-derived primary amino group; (BAT-BM) is N-{2-(V',N'-bis(2-
maleimidoethyl)aminoethyl}-N-(¢-butoxycarbonyl)-N, A-bis(2-methyl-2-tripheny!-
methylthiopropyl)-6,9-diazanonanamide;  (BAT-BS) is  N-{2-(V’,N'-bis(2-
s'uccinimidoethyl)aminoc'thyl)-N‘,N"—bis(z—mércapto-2-methylpropyl)-6.9-
diazanonanamide; (BMME) is bis-maleimidomethylether; (BSME) is bis-
succinimidomethylether; and (DTPA) is dicthylenetriaminepentaacetic acid.

Hcy(alkyl group) is homocyteine, S-alkylated with the group in parenthesis,
The convention used herein of representing by underlining a covalent bond

between atoms and groups of atoms, such as the amino terminus and carboxyl

terminus resulting in the cyclic peptides of the invention, or similar representations
of covalent bonding between the sidechain sulfur atom of a cysteine residue or

derivative thereof and an amino terminal acy! group or other residvue will also be
understood by those with skill in the art. The use of the term "cyclo" herein is
intended to indicate that the peptide is cyclized by formation of a covalent bond
between the atoms of the amino terminal substituted or unsubstituted amino group

and the carboxyl terminus of the peptide.

For the purposes of this invention the term "poly(N-carboxyalkyl)amine” in
intended to describe a series of compounds exemplified by nitrilotriacetic acid,
iminodiacetic  acid, ethylenediaminctetraacetic acid (EDTA) and

diethylenepentaacetic acid (DTPA).

For the purposes of this invention the term "polyoxyanion" is intended to
encompass sulfates, phosphates, sulfonates, phosphonates, and like compounds.

Somatostatin analogue peptides of the present invention can be chemically
synthesized in vitro. Peptides of the present invention can generally.




t et rahydr ot hi opyran-4-carboxylic acid;, D-Nal - D-2-naphthylal anine; Dpg =
di propyiglycine: Ne

norl eucine; . Hcy = honocystei nge; T ¢
homphonogyst ei ne; Pen penicillam ne; Aib = am noi sobuﬁrﬁEfUE%MEml\éﬁEE-T
2- napht hyl al ani ne; D-Nal = D 2-naphthyl alanine; Ain =1} 2Famnoi ndan- 2-
carboxylic acid; Achxa = 4-amni no-cycl ohexyl al ani ne; Anf £ |- Bk BET1996 -
phenyl al ani ne; ~ Aec = S-(2-am noethyl)cystei ne; Apc = 5-( 3-
~am nopropyl )cysteine; Aes = 0- (2-am noet hyl )serine; | Aps = 0-(3-
am nopropyl)serine; Abu = 2-am nobutyrig acid; Nva = norhaline;

T(CH err] OH) 41 = threoninol (on which the carboxylic acid noiety has
been reduced tadvantapecusinrbe preparbd|gn; acpdtide aydtyesizare r T @eptides) oft thispt i de in

which the pepti:%v%ﬁtion can be synthesized wherein the radiolabel-binding moiety is covalently
linked to the peptide during chemical synthesis in vitro, using technigues well
known to those with skill in the art, Such peptides covalently-linked to the
radiolabel-binding moiety during synthesis are advantageous because specific sites
of covalent linkage can be determined.

Radiolabel binding moieties of the invention may be introduced into the
target somatostatin analogue peptides during peptide synthesis. For embodiments
comprising picolinic acid (designated (Pic-); e.g., Pic-Gly-Cys(protecting group)-),
the radiolabel-binding moiety can be synthesized as the last (i.e., amino-terminal)
residue in the synthesis, In addition, the picolinic acid-containing radiolabel-
binding moiety may be covalently linked to the e-amino group of lysine to give,
for example, aN(Fmoc)-Lys-eN{Pic-Gly-Cys(protecting group)}, which may be
incorporated at any appropriate position in the peptide chain. This sequence is
particularly advantageous as it affords an ecasy mode of incorporation into the
target somé.tostatin analogue peptide.

Similarly, the picolylamine (Pica)-containing radiolabel-binding moiety (-
Cys{protecting group)-Gly-Pica) can be prepared during peptide synthesis by
including the sequence (-Cys(protecting group)-Gly-) at the carboxyl terminus of
the peptide chain. Following cleavage of the peptide from the resin the carboxyl
terminus of the peptide is activated and coupled to picotylamine. This synthetic
route requires that reactive side-chain functionalities remain masked (protected) and
do not react during the conjugation of the picolylamine.

This invention also provides small synthetic peptides that are somatostatin
analogues and incorpdrate bisamine bisthiol (BAT) chelators that may be labeled
with Tc-99m, ' _ '

~ This invention provides for the incorporation of BAT chelators into virtually
any position in the peptide, vic covalently linkage (0 any 'appropriate functional
group of the peptide, except that the chelating moieties of the invention are not _
covalently linked to functional grou'ps. comprising the amino acid side chains of the _



bond i nvol ves the e-am no group on ‘the l'ysi ne sidechain r

am no group; 8-Orn = an ornithine residue in which the 8- nﬁEﬂ-@EMENT SHEET |
rather than the typical a-amno group, is covalently |inked|to The tarboxyl

group of the adjacent anmino acid to forma peptide bond;
, 4-di am nobutyric acid residue in which the y-amno grou lecZ\ngrﬁq_éy
h the B-am no

Iinked to the carboxyl group of the adjacent amno acid t

bond; B-Dap = a 1, 3- diam nopropionic acid residue in whi

group is covalently linked to the car bowl group of the adjacent—antrmo—ac
to forma peptide bond; Pic = pi col i noyl (pyri di ne-2-carbonyl); Pica
pi col yl am ne (znib@akioe BELHFY B} py B* di Gefired Bhdver -

N err],Nerr]-bis(2- rca

aci d (protected) =MIeFHY ?t°°’BB‘an§?$b/y roﬁ%‘} %“"E‘%Fg‘;‘?dl' Z ggjr’]&g'i?éc a‘]“lsd 'BAT :
met hyl -2-tri ph‘lﬁ%ﬁhﬁﬁtﬂﬂd'téc%éﬁﬁﬁ%)ﬂp)exﬁp&fdﬁb@i&rﬁmmw&Q%ﬁbdiecﬁm
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but oxycar bony| Jgeis afe dithidinits, danhéows(aAd ferhduy lions; the ingdse pegfemed hgdutdngagenopyl ) -
1,4, 10- is stannous chloride. Means for preparing such complexes are conveniently
provided in a kit form comprising a sealed vial containing a predetermined
quantity of a reagent of the invention to be labeled and a sufficient amount of
reducing agent to label the reagent with Tc-99m. Alternatively, the complex may
be formed by reacting a reagent of this invention with a pre-formed labile complex
of technetium and another compound known as a transfer ligand. This process is
- known as ligand exchange and is well known to those skilled in the art. The
labile complex may be formed using such transfer ligands as tartrate, citrate,
gluconate or mannitol, for example. - Among the Tc-99m pertechnetate salts useful
with the present invention are included the alkali metal salts such as the sodium

salt, or ammonium salts or lower alkyl ammonium salts.

In a preferred embodiment of the invention, a kit for preparing technetium-
labeled peptides is provided. An appropriate amount of the peptide reagent is
introduced into a vial containing a reducing agent, such as stannous chloride, in
an amount sufficient to label the peptide with Tc-99m. An appropriate amount of
a transfer ligand as described (such as tartrate, citrate, gluconate or mannitol, for
example) can also be included. The kit may also contain conventional
pharmaceutical adjunct materials such as, for example, pharmaceutically acceptable
salts to adjust the osmotic pressure, buffers, preservatives and the like. The
components of the kit may be in liquid, frozen or dry form. In a preferred
embodiment, kit components are provided in lyophilized form. |

Tc-99m labeled imaging réagenté according 10 the present invention may
be prepared by the addition of an appropriate amount of Tc-99m or Te-99m

- complex into the vials and reaction under conditions described in Example 2
hereinbelow.. | o



triazadecane; {BAT-BM = _ : : :
N-(2-(N , N -bis(2-nmal ei mdoethyl)am noethyl)-Nerr]-(t- REP :
but oxycar bonyl )- N err], LACEMENT SHEET
N[ err]-bi s(2-methyl -2-triphenyl et hyl t hi opropyl)-6, 9- di ajan onggam’ de;
{BAT-BS} = N-(2-(N, N -bis(2-succini m doet hyl ) ani noet hyl } OCT 1996
N err],Nerr]-bis(2-nmercapto-2-netfyl propyl)-6,9-di azanonandm de; { BWME) =
bi s- mal ei ni domet hyl et her; {BSME} = bis-succini ni donmet hyl ¢t her;” {DTPA} =
di ethyl enetri am nepentaacetic acid. Non-rgdioactive rheni tm-conplexes vere
prepared by co-dissolving each of the peptide reagents of the invention

wi t h about one nol ar Redietchivelyelabelaf scirtipraphic inbgng Bients Providédedy the pr@amr henat e
(+5), prepared as descri bed.%% Cotton et al. 1&66,. | norg. Cl}em, 5.. 9-16)
in di met hyl f or meRYeRRORATe REYIdSH having a sylible amaynt O raffioactivity, Ip feming Ters  The

rheni um conpl exg9m\yaditackiS@toriphke)it is Rerdly pgitfasal WRbfm anlicieHe dohgiéxabove
for Tc-99m | abel,ed %g‘t i des .and were,character i,zedﬁgl?%/’ FABNMS VB

Radi oacti ve rhen? SEPHRUEE RAORTHY Y 3F coogentrptions 9f frpBpagpt ?zg[ curie

(mCi) to 100 mCi per mL,

The imaging reagents provided by the present invention can be used for
visualizing organs such as the kidney for diagnosing disorders in these organs, and
tumors, in particular gastrointestinal tumors, myelomas, small cell lung carcinoma
and other APUDomas, endocrine tumors such as medullary thyroid carcinomas and

pituitary tumors, brain tumors such as meningiomas and astrocytomas, and tumors
of the prostate, breast, colon, and ovaries can also be imaged. In accordance with
this invention, the Tc-99m labeled peptide reagents are administered in a single
unit injectable dose. The Tc-99m labeled peptide reagents provided by the
invention may be administered intravenously in any conventional medium for
intravenous injection such as an aqueous saline medium, or in blood plasma
medium, Generally, the unit dose to be administered has a radioactivity of about
0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution to be
injected at unit dosage is from about 0.01 mL to about 10 mL. After intravenous
‘administration, imaging in vivo can take place in a matter of a few minutes,
However, imaging can take place, if desired, in hours or even longer, after the
radiolabeled peptide is injected into a patient. In most instances, a sufficient
amount of the administered dose will accumulate in the area to be imaged within
about 0.1 of an hour to permit the taking of scintiphotos. Any conventional
method of scintigraphic imaging for diagnostic purposes can be utilized in
accordance with this invention. |
The somatostatin receptor-binding cyclic peptides and non-radioactive metal
'_ complexes of the cyclic peptide reagents of the invention may be used clinically
as therapeutic agents 1o promote regression of certain types of tumors, particularly
those that express somatostatin- receptors. The. somatostatin analbgue' cyclic
- peptides of the invention cén also be used to reduce the hormonal hypefsécretion




are prepared fromthe appropriate perrhenate salts using tﬁﬁPWEM&%I _
as for Tc-99m | abeling, or by adding a reducing agent toja}solution of the

peptide and perrhenate, or optionally using a ligand trafsflergZ9egQT #¥96h}a:

citrate and incubating the reaction at a tenperature bet
tenperature and 100[err]C for between 5 and 60 m n. 4
I nhibition of Binding of {[err]l.Tyr[err]}somatastatin-1

aen room

to AR42J Rat

Pancreatic Tunor Cell Menbranes The abilispy of various sonatostatin

anal ogues of the invention to bind to somatostatin receptors in vitro was
denonst rat ed bythasefeni asgorapanicn périajn gangdrs, such as the APUDomas. Peptides of the

invention used as therapeutic agents may be administered by any appropriate route,
including intravenous, intramuscular or by mouth, and in any acceptable
pharmaceutical carrier, in doses ranging from about 0.1 to about 49 mg/kg body
weight/day. _

This invention also provides peptides radiolabled with cytotoxic
radioisotopes such as tin-117m, rhenium-186 or rhenium-188 that may be used
for radiotherapy of certain tumors as described above, For this purpose, an amount
of radioactive isotope from about 10mCi to about 200mCi may be administered
via any suitable clinical route, preferably by intravenous injection.

This invention also provides somatostatin receptor-binding peptides
covalently linked to a mbtal-'bix_zding moiety that are complexed with a magnetic,
paramagnetic, supermagnetic, or Superparamagnetic metal atom, ion or particle,
and methods for using such complcxes for magnetic-based detection of localization
of such somatostatin receptor binding peptide complexes at tumor or other tissue

sites in vivo. Thus, the invention provides non-radioactive methods for localizing
| tumor and other somatostatin receptor éxpressing tissues in vivo.

This invention provides methods for using the diagnostic and radiodiagnostic
and therapeutic and radiotherpaeutic ageats of the invention. For radiolabeled
embodiments of the agents of the invention, for example, Tc-99m labeled
scintigraphic imaging agents, an effective diagnostic or therapeutic amount of the
diagnostic or radiodiagnostic or therapeutic or radiotherapeutic agent of the
invention are a.dministéred._ In radiodiagnostic embodiments, localization of the
radiolabel is detected using conventional methodologies such as gamma
scintigraphy. In non-radioactive diagnostic embodiments, localization of sites of
accumulation- of the paramaghetic metal-labeled diagnostic agents of the invention
is achies}ed' using magnetic resonance imaging methodologies. The imaging agents
provided by the invention have utility for tumor imaging, particularly for imgging
primary and metastatid neoplastic sites wherein said neoplastic celis express
somatostatin rgceptofs (SSTR). and in 'particular such primary and especially



such anal ogues to inhibit binding of a radi ol abel ed sonmat ostatin anal ogue

to somatostatin receptor-contai ning cell menbranes. The fa I
; X e BEPEACEMENT SHEET

tunmpr cel |

| i ne AR42J whi ch expresses the sonmatostatin rq
cultured in Dul becco's mninmal essential nedia (DMEM sugpllenented with ]

~fetal bovine serum (FBS) and 8nM glutamne in a hundified 3% @@ 0CTI 1996
at nosphere at 37[err]Cin T-flasks. Harvested cells were thgnogeni zed in

cold 50mM Tris- HO buffer (pH 7.4) and the honogenat e tHerrcentrifuged—2
10mn at 4[err]C. Pellets we
resuspended in an ice- cold solution of

39, 000g for

al iquots of thigeutRkit REPLCARCHRY RRR' Bleh OinBNE rbdafcithat 86 dbtebton using
{[err]l-Tyr[err])sonmatostatin-14 (at a final concentration of O, 5nl\ﬁ and

750, 000cpm ni, aBveatesbsethpeolegiss; in addisionote dupgingragents gfehe HARRLIOARM ngt on
Hei ghts, |L) andeeRd iddRcte 9@PLFIE-| hmkﬁu%e@ﬂmm

concentration of from10[err]Mto 10[err

7.4) cont ai ni nglisEaseRnmaHelogE, e, A5 INGFHTH i PRtigpts syffgning from tuberculosis.

The methods for making and labeling these compounds are more fully
illustrated in the following Examples. These Examples illustrate certain aspects
of the above-described method and advantageous results, and are shown by way
of illustration and not limitation.

EXAMPLE 1

i nthesi

Solid phase peptide synthesis (SPPS) was carried out on a 0,25 millimole
(mmole) scale using an Applied Biosystems Model 431A Peptide Synthesizer and
using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-terminus protection, coupling
with dicyclohexylearbodiimide/hydroxybenzotriazole or 2-(1H-benzotriazol-1-yl)-
1,1,3,3-tetramethyluronium  hexafluorophosphate/ - hydroxybenzotriazole
(HBTU/HOBT), and using p-hydroxymethyl henoxymethyl-polystyrene (HMP) resin
or Sasrin™ resin for carboxyl-terminus acids or Rink amide resin for carboxyl-
terminus amides.

Where appropriate, the following amino acid derivatives were synthesized,
Homocysteine was prepared by alkaline hydrolysis of L-homocysteine lactone, or
by reduction of L-homocystine using metallic sodium in liquid ammonia.
Threbninol residues, -wherein the carboxy! group of the amino acid is reduced to
a primary alcohoi, can be introduced into the peptides of the invention where
appropriate using the procedure of Neugebauer ef al. (1990, Peptides: Proceedings
of the 1ith American Peptide Symposium, pp. 1020-21). Fmoc.Hey(Trt) and
Fmoc.Pen(Trt) were prepéred from the appropriate amino acids by tritylation with

 triphenylmethanol in. TFA, followed by Fmoc derivitization as described by

Atherton et al. (1989, Solid Phase Peptide Svnthesis, IRL Press: Oxford).

04

t

ég washed once wijth buffer and ther
mM Tris-HC (pH 7.4). Equal

&sock tdd G@h occult
in a solution of 50mM HEPES (pH



MyCl [err], Trasylol (200,000 International Units), bacitra
and phenyl net hyl sul fonyl fluoride (0.02ng/n.) for 25m n at 3
a filtrati.on manifold, this mxture was filtered through a
pol yet hyl enci mi ne- washed GO/ F filter (Watnman, Midstone,
the residue remaining on the filter washed thrice with 5nL
buffer. The filter and a sanple of the filter washi ngs were

al

1Engl @rHIPLTa1996

yr

cof d HEPES
tmemcounted I n

a gamma counter. To assess non-specific binding, the assay
t he presence of unl abel ed somatostatin-14 3 200nM Data an

S perforned in

alysi s including

Hill plots of thgT dat a E ovi ded i(ﬂ&i bitionrﬁgonstar]ts (see Bylund &
Yamanur a, " Met hod&0gom mﬁmfﬁ Y Prepared by radueior; Nifbis-Retrelytamigasid-t t er
Recept or Anal ysi &-ni@thyirestenwith botane-THES folloWed 69 nfdkftfon %Wsﬁﬁéﬂ‘wﬂﬂ%ﬁ@h
These results are present g)@'l n.the fo |§WI!’I Tables. The data show that the
pepti des of the |"ﬁg°laﬁ e, |fﬁ 8 by FemexpL o “‘ﬁl%ﬁ ETPYDPS Yyith, BESORS incacetis acid

and then Fmoc derivitization as described above. phenyl-CH,CHBrCOOH was

- prepared by treating phenylalanine (in a solution of water and TFA/ saturated with

NaBr) with sodium nitrite, followed by distillation to recover the

pure product.

Where appropriate, 2-chloroacetyl, 2-bromoacetyl and 2-bromo-3-
phenylpropionyl groups were introduced either by using the appropriate 2-halo acid
as the last residue coupled during SPPS, or by treating the N-terminus free amino
acid peptide bound to the resin with either 2-halo acid/ diisopropylcarbodiimidc/N—
hydroxysuccinimide/NMP or 2-halo acid anhydride/ diisopropylethylamine/NMP.

Where appropriate, HPLC-purified 2-haloacylated peptides were cyclized by
stirring an 0.1-1.0 mg/ml. salutinn in phosphate or bicarbonate buffcr or dilute
ammonium hydroxide (pH 8.0), optionally containing 0.5-1.0 mM EDTA, or
acetonitrile or THF for 1-48 h followed optiorially by acidification with acetic

acid, lyophilization and HPLC purification.

Where appropriate, thiol-containing peptides were reacted with chloroacetyl-

containing, thiol-protected Tc-99m complexing moieties at pH 10

for 0.5-4 hours

at room temperature, followed by acetic acid acidification and evaporation of the
solution to give the corresponding peptide-sulfide adduct. Deprotection and

purification were routinely performed as described to yield the
conjugate,

chelator-peptide

Where appropriate, BSME adducts were prepared by reacting single thiol-
containing peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N-
methylmorpholine or N-ethyl-morpholine, or 50mM sodium phosphate buffer, pH
7-8, optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 0.5
molar equivaients of BMME (bis-maleimidomethylether) pre-dissolved in
acetonitrile at room temperature for approximately 1-18 hours. The solution was

concentrated and the product was purified by HPLC.

- Where appropriate, TSEA adducts were prepared by reacﬁng'single thiol-



43 somatostatin receptors. TABLE Il {Re=C}-conpl exed Pept| de@EPLACEMENT SHEET
M+ K1(nM cyclo.(N-CH err])F. YWerr] KV. Hcy( CH2Co. K( e- K} GEantde)
1529 0.51 cyclo. (NNCH err])F. YWerr] KV. Hcy(CH[ err] CO. GG. imdj‘i)OCT 1996
1330 0.59 CH err]COFFWerr] KTFCJ err] G err] am de
1480 0.67 cyclo.(NCH err])F. YWerr]
KV. Hcy(CH err] Co. (e- K) GC. am de) 1401 0.92
cyclo.(N-CH err])F. YWerr] YV. Hcy(CH err . CGC. ani de) 1375 3—F
Cyclo. (NNMe) FYWerr] KV. Hcy(CH[ err] CO. K. am de) 1386 0. 06
cylo.(N-CH err, €8S 5 0
cyclo. (N-Me) FY%\?_{E%K@S W((gc_'[ err n‘i{x&]sCQ am dgm qﬁ%{m' %epnde " DMEF
red to pH w1th N-memylmorphohne or N-ethylmorpholme, or 5 to 50

mg/mL peptide in SOmM sodium phosphate, pH 7-8, optionally containing 0.5mM
EDTA or DMF or THF or acetonitrile) with 0.33 molar equivalents of TMEA

(tris(2-maleimidoethyl)amine) pre-dissolved in acetonitrile or DMF, with or without
1 molar equivalent of triethanolamine, at room tempcrature for approximately 1-
18h. Such reaction mixtures containing adducts were concentrated and the adducts
were then purified using HPLC.

Where appropriate, {BAM} (N'.N‘-bi.r(z-mércapto-2-memylpropyl)-1,4,10-
triazadecane) was conjugated to the peptide by first activating the peptide
carboxylate with a mixture of diisopropylcarbodiimide/ N-hydroxysuccinimide or
HBTU/HOBt in DMF, NMP or methylene chloride, followed by coupling in the
presence of diisopropylcthylamine; After coupling, the conjugates were.
deprotected as described above.

Where appropriate, (BAT) (N,A-bis(2-mercapto-2-methylpropyl)-6,9-
diazanonanoic acid) was incorporated into peptide as {(Na(Fmoc)-Ne(N-Boc)-S,5" -
bistrityl-BAT)lysine (prepared from Na(Fmoc)-lysine and Ne(N-Boc)-S,S" -bistrityl-
BAT as described in Example 2 of co-owned and co-pending U.S. Patent
Application Serial No. 08/ ___, incorporated by reference) during peptide
synthesis and then deprotected after cieavage of the completed peptide from the
synthetic resin.

Where  appropriate, BAT-BS  (N-{2-(N',N'-bis(2-succinimidoethyl)
aminoethyl)}-N‘,N’-bis(z-mcthy_l-z-mercaptopropyl)-6,9-diazanonanamide) adducts
were prepared by reacting single thiol-containing peptide (at concentrations of 2
to 50 mg/mL peptide in DMF buffered to pH 7 with A-methylmorpholine or N-

- ethylmorpholine, or in SOmM sodium phosphate (pH 7-8), optionally containing
0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar equivalents of
BAT-BM  (N-{2-(N',N"-bis(2-maleimidoethyl)aminoethyl)}-N *-(t-butoxycarbonyl)-
N, N-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diaza-nonanamidepre-dissolved



2145

0.33 cyclo. (NNCH FYWerr] KV. Hcy(CH err] CO. (e- K) CCK. am de) 1529

0.34 cyclo. (N-Me)FYWerr] KV. Hcy(CH err] CO. (e- K) KC. am de) 147 P&.ACEM@N‘F@HEET
CH err] CO FFW err ] KTFCGGC. ami de 2042

CH[ err] CO. FFW er r] KTFC( e- K) GC : 1506 - 5.659

44 TABLE I11 cyclo. (N-CH err])F, YWerr] KV, Hy | 07 DG 1996
CH err] CO. FYW err] KTFC. am de D. 16

CH err] CO. FFWerr] KTF. Hhc. am de .41

cyclo. CYWerr] KVC - 3 0. 43

in acetonitrile or THF, at room temperature for approximately 1-18h. The
solution was then evaporated to dryness and (BAT-BS)-peptide conjugates
deprotected by treatment with 10mL TFA and 0.2mL tricthylsilane for th. The
solution was concentrated, the product adducts precipitated with ether, and then
purified by HPLC. _

Where appropriate, the (DTPA) moiety can be introduced using the method
of Bakker et al. (1991, Life Sci. 49: 1583-1591, hereby incorporated by
reference).

. Where appropriate, peptide precursors were cyclized (between the amino-
and carboxy!-termini} by reaction of the sidechain-protected, N-terminal free amine
and C-terminal free acid with diphenylphosphorylazide. _

Sasrin™ resin-bound peptides were cleaved using a solution of 1% TFA in
dichloromethane to yield the protected peptide. Where appropriate, protected
peptide precursors were cyclized between the amino- and carboxyl-termini by
reaction of sidechain-prbtected. amino-terminal free amine and. carboxyl-terminal
free acid using diphenylphosphorylazide.

HMP or Rink amide resin-bound products were routinely cleaved and
protected cyclized peptides deprotected using a solution comprised of trifluoroacetic
acid (TFA), or TFA and methylene chloride, optionally compﬁﬁng water,
thioanisole, ethanedithiol, and triethylsilane or trilsopropylsilane in ratios of 100
:5:5:25:2, for 0.5 - 3 hours at room temperature. Where appropriate,
products were re-S-tritylated in triphenolmethanol/ TFA, and N-Boc groups re-
introduced into the peptide using (Boc),0.

Resin-bound products were routinely cleaved using a solution of
trifluoroacetic acid or trifluoroacetic acid and methylene chloride, optionally
containing water, thioanisole, ethanedithiol, and triethylsilane, prepared in ratios
of 100:5:5:25:2for 0.5 -3 h at room temperature. Crude peptides were
purified by preparative high 'pressure liquid chromatography (HPLC) using a
Waters Delta Pak C18 column and gradient elution using 0.1% triflucroacetic acid
(TFA) in water modified with acetonitrile. Acetonitrile was evaporated from the



CH err] CO. FFW err] KTFC. am de _ 0. 45

cycj 0. (NCH1) F. XWDKV. K. { BATI 0. 46 EEPLACEMENT SHEET

cyclo. (NNGH err]
cyclo. (N-CH err]
cyclo.(N-CH err]
cyclo. (N-CH err]

CH[ err] CO- FFW er r ] KTFC. { BAM 1.9

cycl.o. (N-CH err]
cyclo.(N-CH err]
cyclo. (N-CH err]
2.7 CHerr] CO EF

: KV. Hey( CH err] CO. K(e-K) GC. ani de) 0} 6
gg.mg:”KV.Hc;%ECI—I%err]CO,C[-err]_GC[er_r].amde)Oo;QOCTw%
)F.W\[err]KV.Hcy(CI-l[err]CO.CGC.amde)l.S
JF. YWerr] KV. Hcy(CH err] CO. C&C) 1.8

F. YWer r] KV. Hoy(CH err] C3' (e- K) GC. ani de) 2. @
;lm%m}wmww[ il lm'ﬁm 5 ﬁlm’( °€6‘ﬂ#‘§\?‘é"? MRTFTC

%@ﬁm%ae lP?I]th Ealénlx?’%mbardment mas's sg@iégpye KFABMS) or by

FFW er r ] KTFC( e- K¢l&Bosprayienass spectroscopy (F-Sﬁs? s
CH err] CO. FFWerr] KTFSgga%'étﬁénC%:ﬁoguLs synthesmd as provided herein, as well as the

products of such synthesis identified by FABMS, are shown in Table I below.
EXAMPLE 2 ,

Method for Radiolabeling with Te- |
. 0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL
of water or 50/50 ethanol/water or phosphate-buffered saline or 50 mM potassium
phosphate buffer (pH = 5, 6 or 7.4), or 09% saline or 10%
hydroxypropylcyclodextrin (HPCD) in water. Tc-99m gluceptate was prepared by
reconstituting a Glucoscan vial (E.I. DuPont de Nemours, Inc., Wilmington, DE)
with 1.0 mL of Te-99m sodium pertechnetate ‘containing up to 200 mCi and
allowed to stand for 15 minutes at room temperature. 25 ul of Tc-99m gluceptate
was then added to the peptide and the reaction allowed to proceed at room
temperature or at 100°C for about 5-30 min and then filtered through a 0.2 zm

filter. _

The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters Delta Pak RP-18, 54, 4.6mm x 220mm analytical
column, or a Waters NovaPak Radial Compression C-18, 4um, 8mm x 100mm

analytical column was loaded with each radiolabeled peptide, and the peptides

eluted at a solvent flow rate equal 10 1 mL/min (Delta-Pak) or 3mL/min
(NovaPak). Gradient elution was performed beginning with 100% solvent A
(0.1% CF,COOH/H,0) and ending with 100% solvent By (0.1% CF,COOH/90%
CH,CN/H,0) over the course of 10-20 min.

Radioactive components were detected using an in-line radiometric detector
linked to an integrating recorder. Tc-99m gluceptate and Tc-99m sodium
pertechnetate elute between 1 and 4 minutes under these conditions, whereas the

Tc-99m labeled peptides eluted after a much greater amount of time, as illustrated
in Table below
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1.4
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CHerr] COFFWerr] KTFCJ err] GJerr] K am de 8.4
(N-Me) FYW err] KV. Hcy( CH er r] CO. CGCE. am de) 8.5

CH ert] COFFWerr] [ err] KTFCGGC 9.4 46 EXAMPLE 5

Localization and In Vivo I maging of Somatostatin- Receptor §S =
Expressing Tunors in Rats In vivo inmaging of somatostatin egg WENT SHEET
expressed by rat tunor cells was perforged essentially as dqedqcri bed by
Bakker et al. (1991, Life Sciences 49: 1593-1601). CA20948 |rgt QFnQOCFA996

tunor cells, thawed from frozen harvested

.
——

TABLE I (cont’d.)

pKV.Hey(cH.co.GGCR.amide)

cyclo.(N-Mg)FYW,,}QLﬂg(CH,CO.(e—K)KC.amide)

/5KY. Hey(CH,C0. GGCK.amide)

cyclo.{N-CHFYW,K V. Hey(CHCO.(e-K)GCK.amide)

.Me
cyclo.{N-Me FYW,,KV,ﬂgy(cn,co.GGC.Om.amidc)

“ cyclo.{N-gH,)EYWDKV,Hcy(cnzco.(ﬂ-Dap)KCK.amide)

cyclo.(N-
cyclo.

|| SB:€O.FEW,KTFCGGC.amide




tunor brei, were inplanted intranuscularly in a suspension of R @\C{E
m./animal, into the right hind thigh of 6 week old Lew s rat

were .allowed to grow to approximately 0.5 to 2g,
was used to inplant a second, naive set of Lewis rats. Passagi ng 07 QOT 1996
fashi on was repeated to generate successive generations of t
ani mal s. The tunor-bearing animals used for the in vivo studies Were
usually fromthe third to fifth passage %d-carried 0.2 to 2
studies of the specificity of radiotracer |ocalization in the tunors,

NT SHEET

har vest ed, nd tunor

r- bearing

br ei

tunors.

For

sel ected ani mal s*ViRE Golfwi1aBing LORAIGGHI SRUS u&ﬁTﬂtﬁ”t&Cﬁﬂdebrﬂﬂ%E%ﬁ&esm/ kg) of

octreotide 30 mnutes prior to Injection of the radiotracer.

has been shown by, BakkRrpefiidedk diskdlvedeinWvdterl dhdlabehist! ROmOEmperature.

‘' 1n-{DTPA} oct r g0t i Cihelpeplide i¥Qisedieadli WASH and TibdIGH al MOPET @S WhRSSage

via the dorsal

hi's protocol

CA20948 t unor - beay i NorteQiabtideris disoved an NO&! KydrdkSPropPidydisicREinCd 15kele@V ENOUS| Y

tail \V@irsomtdniperrngdase of
4, The peptide is dissolved in 50% ethanol/water and labeled at room
temperature,
5. The peptide is dissolved in 0.9% saline and labeled at 100°C (5 min).
6. The peptide is dissolved in water made pH 9 with bicarbonate and
labeled at 100°C. '

** HPLC methods:

general: solvent A 0.1% CF3COOH/H,0
0.1

solvent By, % CF,COOH/90% CH,CN/H,0
solvent flow rate = 1 mL/min or 3mL/min -

Vydak column = Vydak 218TP54 RP-18, 5u x 220mm x 4.6mm analytical
column with guard column

Waters column 1 = Waters Delta-Pak C18, S5pm, 39 X 150mm

Waters column 2 = Waters NovaPak Radial Compression C-18, 4um, 8 X
[00mm '

Method 1: Waters column t 100% A to 100% By, in 10 min
Method 2:  Vydak column 100% A to 100% By in 10 min
Method 3:© Waters column 1 100% A to 100% By in 20 min
Method 4:  Waters column 2 100% A to 100% By, in 10 min

Single-letter abbreviations for amino acids can be found in G. Zubay,
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33; Ac =
acetyl; Acm = acetamidomethyl; ma = mercaptoacetic acid; Mob =
4-methoxybenzyl; Aca = 6-aminocaproic acid; Hly = homolysine; Apc = L-
{S-(3-aminopropyl)cysteine; F, = D-phenylalanine; W= D-tryptophan; Y, =

D-tyrosine; Cpa =  L-(4<hlorophenyl)alanine; Thp = 4-amino-
tetrahydrothiopyran-4-carboxylic acid; D-Nal = p-2-naphthylalanine; Dpg =
dipropylglycine; Nle = norleucine; Hcy = homocysteine; Hhe =
homohomocysteine; Pen = penicillamine; Aib = aminoisobutyric acid; Nal =
2-naphthylalanine; D-Nal = D-2-naphthylalanine; Ain = 2-aminoindan-2-
carboxylic acid; Achxa = 4-amino-cyclohexylalanine; Amf = 4-aminomethyl-
phenylalanine; Aec =  §-(2-aminoethyl)cysteine; Apc =  $-(3-
aminopropyl)cysteine; Aes = O-(2-aminoethyl)serine; Aps = O-(3-

- aminopropyl)serine; Abu = 2-aminobutyric. acid; Nva = norvaline; T(CH,0H) |




0.15-0.20 nCi [err] Tc-1abel ed peptide corresponding to 3 to ;
peptide in 0.2 to 0.4 nL. At selected tines, the aninmals wer REPLACEMENT SHEET
cervi cal di sl ocation and sel ected necropsy was perforned. Hajvdsted tissue
sanpl es were wei ghed and counted along with an aliquot of thdg ilnj Qdt

in a gamma wel | -counter. The 90-m nute biodistribution resultjs jof sel ected
r adi ol abel ed peptides are presented in Table IV. Notably, [err] Tc-P587,

[err] Tc-P617, [err] Tc-P726, and [err] Tc-P736 showed very high._tunnr
uptake and tunor/blood ratios dem)nstrat4 ng their high specific upt ake

tunor - bear | ng rat . ~incel @iuich BRWbeRiliy 808 sy UR5 el it i ow 1

clearly visible. PB mary alcoho]), e-K a lysine residue in a pepttde in which the peptide
bond involves the -e-amino group on the lysine sidechain rather than the o-
amino group; 8-Om = an ornithine residue in which the §-amino group, rather
than the typical a-amino group, is covalently linked to the carboxyl group of
the adjacent amino acid to form a peptide bond; y-Dab = 2 2,4-diaminobutyric
acid residue in which the y-amino group is covalently linked to the carboxyl
group of the adjacent amino acid to form a peptide bond; 8-Dap = a 1,3-
diaminopropionic acid residue in which the 8-amino group is covalently linked
to the carboxyl group of the adjacent amino acid to form a peptide bond; Pic
= picolinoyl (pyridine-2-carbonyl); Pica = picolylamine
(2-(aminomethyl)pyridine); BAT = N®,M-his(2-mercapto-2-methylpropyl)-6,9-
diazanonanoic acid; BAT acid (protected) = N’-(r-butoxycarbonyl)-N°,N°-bis(2-
methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanoic acid; BAM = N' N‘-
bis(2-mercapto-2-methylpropy!)-1,4, 10-triazadecane; BAM (protected) = N'-(s-
butoxycarbonyl)-N', N*-bis(2-methyl-2-triphenylmethylthiopropyl)-1,4,10-

triazadecanc; {BAT-BM} = N-{2-(NV',N'-bis(2-maleimidoethyl)aminoethyl}-N-(- -
butoxycarbonyl)-N°, N*-bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-
diazanonanamide; {BAT-BS} = N-{2-(N*,N'-bis(2-succinimidoethyl)aminoethyl}-
N°,N-bis(2-mercapto-2-methylpropyl)-6,9-diazanonanamide; {BMME} = bis-
maleimidomethylether; {BSME} = bis-succinimidomethylether; {DTPA} =

diethylenetriaminepentaacetic acid.

~ Non-radioactive rhenium complexes were prepared by co-dissolving each
of the peptide reagents of the invention with about one molar equivalent of
tetrabutylammonium oxotetra-bromorhenate (+5), prepared as described by
Cotton et al. (1966, Inorg. Chem. 5: 9-16) in_dimethylformamide or

acetonitrile/water and stirred for 0.5-5 days. The thenium complexes were -

isolated by reverse phase HPLC as described above for Tc-99m labeled |
peptides and were characterized by FABMS or ESMS. _
Radioactive rhenium complexes, using for example Re-186 or Re-188,
* - are prepared from thc appropriate perrhenate salts using the same protocol as
for Tc-99m labeling, or by adding a reducing agent to a solution of the peptide
and perrhenate, or optionally using a ligand transfer agent such as citrate and

incubating the reaction at a tcmperamre betwecn room temperature and -100°C
for between § and 60 min.

SN D



47 [err] Tc-P587 uptake in tunors in rats was conpared with p&d—ﬂéfhmlf
Injection treatnent wth octreotide, a somatostatin anal ogJ
to t.he sonatostatin.receptor in vivo. In these experinents, -
receptor-bl ocking by adm ni stration of octreotide prior to fadm Q:fb@gt,igga
of [err]Tc-P587 reduced specific tunmor uptake of the radioljabel €d t

S

by 76% These
SSTR- speci fic.

pre-

e RERGAGEMENTO SHEET

results confirmed that binding of [err]Tc-P547

48 [er] 2
| ~ EXAMPLE3
Inhibition of Binding of {"*’I.Tyr"}somatostatin-14
to AR42] Rat ti 0 11 M n

The ability of various somatostatin analogues of the invention to bind
to somatostatin receptors in virro was demonstrated by assaying the ability of
such analogues to inhibit binding of a radioiabeled somatostatin analogue to
somatostatin receptor-containing cell membranes. The rat pancreatic tumor cell
line AR42J which expresses the somatostatin receptor was cultured in
Dulbecco’s minimal essential media (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 8mM glutamine in a humdified 5% CO, atmosphere
at 37°C in T-flasks. Harvested cells were homogenized in cold SOmM Tris-
HC buffer (pH 7.4) and the homogenate then centrifuged at 39,000g. for 10min
at 4°C, Pellets were washed once with buffer and then resuspende’c‘i in an ice-
cold solution of 10mM Tris-HCl (pH 7.4). Equal aliquots of this cell
membrane preparation were incubated with {'*I-Tyr''}somatostatin-14 (at a final
concentration of 0.5nM and 750,000cpm/mL, at a specific activity of
2000Ci/mmol, Amersham, Arlington Heights, IL) and peptide or peptide-
rhenium complex at a final concentration of from 10™M to 10°M in a solution
of 50mM HEPES (pH 7.4) containing 1% bovine serum albumin (BSA), 5SmM

MgCl,, Trasylol (200,000 International Units), bacitracin (0.02mg/mL) and

phenylmethylsulfonylfluoride (0.02mg/mL) for 25min at 30°C. Using a
filtration manifold, this mixture was filtered through a polyethylencimine-

~ washed GC/F filter (Whatman, Maidstone, England), and the residue remaining

on the filter washed thrice with SmL cold HEPES buffer. The filter and a
sample of the filter washings were then counted in a gamma counter. To
assess non-specific binding, the assay was 'perf'o'rmed in the presence of
unlabeled somatostatin-14 at 200nM. Data analysis including Hill plots of the
data provided inhibition constants__(see Bylund & Yamamura, "Methods of

~ receptor * binding”, in in __Neurotransmitter Re lysis,

Yamamura ef al., eds., Raven Press: New York, 1990). _
These results are presented in the following Tables. The data show that
the peptides of the instant _im_rent_i_onj'_ have a high affinity of binding for




49 EXAMPLE 6 In Vivo | magi ng of Human Somat ostatin Receptor ( SSTR) -
Expressing Tunors with Tc-99m Label ed P587 In a clinical tpial

sci.ntigraphic i magi ng of human patients bearing SSTR-expre sREﬂ_AOEMENﬁ SHEET
achi eved using the Tc-99m | abel ed P587 reagent. A total of j1@—pattents;
four females and six nmales ranging in age from27 to 69 yearq, Q?dng?eg%
previ ously di agnosed with growt h hornone-secreting pituitany jad
patients), nelanoma (1 subject), medullary thyroid cancer ({1 lsubject).
smal | cell lung carcinoma (SCLC, | patient), non-Hodgkin's i ynphoma (1
patient) or gastric carcinoid (1 patient). Each of these palt-i—eﬁ{—s-—vm'-e———".
adm ni stered Tc-99m | abel ed P587 at a dose of 10-22nCi per 0.2-0.5ng by
“intravenous injection. Scintigraphic imging was them performed as

43
somatostatin receptors.
TABLE 11
Re= mplexed Peptid o MH* K, (oM)

cyclo. (N-CH)F. YW KV, Hey(CH,c0.K(s-K)GC.amide) 1529 0.51
cyclo (N-CH,)E. YW, KV, Hey(Cr,.co.GGC.amide) 1330 0.59
CH,CO.FEW, KTFCC,..GC,..amide 1480 0.67

* cyclo (N-CH)F. YW, KV. Hey(CH,C0.{(e-K)GC.amide) 1401 0.92
cyclo (N-CHIE. YW, KV. Hey(CH.co.CGC.amide) 1375 1.7 f]
cyclo. (N-Me)FYW KV Hcy(cH,c0.GGCKK.amide) 1386 0.06
cyclo. N-CHIFYW, KV Hey(cH.co.GGCK.amide) 1458 0.15
cyclo. (N-Me)FYW,KVHcy(CH.c0.GGCR.amide) 1485 0.23

| sussocs epn AR UL ARNAR, ATIAC 2145 033

_ qclo.m_cﬁg_mbLHg(cmco.(e-K)GCK.amade) 1529 0.34

 cyclo.(N-Me)FYW,KV.Hcy(CH,Co.(e-K)KC.amide) 1472 0.42

‘ cn,co,Em,, KTFCGGC.amide . 2042 1.3

| CH.CO.FEW KTFC(-K)GC




descri bed herein on each patient for 4 hours post-injection. Gamua_canera .
imaging is started sinultaneously with injection. Anterior i - .
acqui,red. as a dynam c study (10 sec inmge acquisitions) over thqﬁ??6§$W§NI SHEET
mn, and then as static imges at 1, 2, 3 and 4h post- injectijor}. 6 ferior

| mages were acquired for 500,000 counts or 20 min (whichever i}s jsh tQEﬂﬂﬁwﬁ'-
at approximately 10-20 min, and at approximately 1, 2, 3 and 4h
post-injection. The scintigraphic imaging agent was found to ¢lear rapidly
fromthe bl oodstream resulting in less than 10% of the injectee-cose
remaining in the circulation within 30 mnutes of injection. This allowed
I mge acquisition of tunor sites to be achieved as early as 15-30 mn after

i njection of scintigraphic imaging agent. Al known tunors were detected in
this study, as well as two previously-undetected netastatic |esions which
were |later confirmed using conputer-assisafd t omogr aphy (CAT scan).

TABLE 1

Peptide K. (nM)
cyc!o._(N;gg,]F,x%_ KV.Hey _ < 0.01
CH,CO.FYW.KTFC.amide 0.16
CH.CO FFW,KTF. Hhe.amide 0.41
cyclo. CYW KVC 0.43
CH.CO.FFW KTFEC.amide 0.45 i
cyclo (N-CH,)F. YW KV.K.{BAT} 0.46

‘ cyclo. (N-CH)E. YW, KV, Hey(CH,CO.K(e-K)GC.amide)  0.65
cyclo (N-CH1)F, YW KV, Hey(CH,CO.Cy oy GCyop-amide)  0.79
cyclo. (N-CHJ)E. YW KV Hcy(CH,CO.CGC.amide) 1.5
cyclo (N-CHOE, YW, KV. Hcy(CH,CO.CGC) 1.8
CH.CO.FFW KTEC.{BAM} 1.9

“ cyclo (N-CHF. YW, KV Hey(CH,CO. (e-K)GC.amide) 2.0
cyclo.(N-CH)F, YW KV, Hey(CH,CO.GGC.amide) 2.4
cyclo.(N-CH)F YW, KV E.{BAM} | 2.6
CH,CO.NFFW,KTFTC | | 2.7
CHCOFFWXTFC 4.0

" CH,CO.FEW KTEC(e-K)GC.amide ' 5.2
CH,CO.FEW KTFCCGCreeamide 1.5
gnzgg.Fﬁw_im F.Hey _ ; 9.8 |




.These results denonstrated that the sci ntigraphic imaging agents of this

invention were highly effective in detecting SSTR-expressi T
met,astatic tunors in humans in vivo. It should be understo Eém:éﬁ]gHEET
f oregoi ng di scl osure enphasi zes certain specific enbodi nent af the
invention and that all nodifications or alternatives equival eht g h@OT ©9%r ¢
within the spirit and scope of the invention as set forth i he appended
cl ai ns. -50- What is clainmed is: 1. A conposition of et

conprising a somatostatin receptor-bindi r)’g pepti de having the fornul a:

TABLE I (cont’d.)

ma
e — — — —

Peptide
cyclo. (N-Me\FYW KT

cyclo. (IN-Me)FYWrKV Hcy(CH,c0,GGCKK.amide)
cyclo.{N-Me)FYW KVHcy(CH,c0.GGCR.amide)

fl CH,CO FEW,KTFCC, .nGC ) KKKKK .amide L
cycio. (H__M&Hg(cmco (e-K)KC.amide) 2.2

cyclo. (N-CHIFYW KV, Hcy(CH,CO.GGCK.amide) - 2.5
cyclo. (N-CHIFYW KV, Hcy(CH,CO.(e-K)GCK.amide) 4.2 P
CH,CO,FFW KTFCC,..GC\K.amide 8.4
(N-Me)FYW, KV _Hey(CH.c0.CGCE.amide) 8.5

CH,CO.FFW, KTFCGGC.amide 9.4
e




5 [err] 10 wherein Rlerr], Rerr], Rerr] and R err] are independently
H, lower alkyl or substinted alkyl, aryl or substituted aryl: Rl err] and
R err] are each independently H, |ower alkyl or substityt a N
stubstituted aryl, or wherein either Rlerr] or Rerr] ig WE@MENT SHEET®
monosaccharide or an ol igosaccharide conprising 10 or fgwgr saccharide
units: Alerr] and Clerr] are independently a bond or a O or O 8GTn8%ci|d;
Alerr], Alerr] and C[err] are each independently a bond jorf a |ipophilic {D-
or L-am no acid: 20 B[e4;6r] is D or L-[Phe or D or L-Tyn
L- _

or D or L-Nal or Ain; Blerr] is D or rp;
‘ EXAMPLE 5
Localization and In Vivo Imaging of Somatostatin Receptor (SSTR)-
Ex i in

In vivo imaging of somatostatin receptors expressed by rat tumor cells
was performed essentially as described by Bakker er al. (1991, Life Sciences
49: 1593-1601).

CA20948 rat pancreatic tumor cells, thawed from frozen harvested
tumor brei, wcre_implanted intramuscularly in a suspension of 0.05 to 0.1
mL/animal, into the right hind thigh of 6 week old Lewis rats. The tumors
were allowed to grow to approximately 0.5 to 2g, harvested, and tumor brei
was uscd to implant a second, naive set of Lewis rats. Passaging in this
fashion was repeated to generate successive generations of tumor-bearing
animals. The tumor-bearing animals used for the in vive studies were usually
from the third to fifth passage and carried 0.2 to 2g tumors.

For studies of the specificity of radiotracer localization in the tumors,
selected animals were given an subcutaneous SSTR-blocking dose (4 mg/kg) of
octreotide 30 minutes prior to injection of the radiotracer. (This protocol has
been shown by Bakker er al. to result in a lowering of "'In-{DTPA}octreotide
tumor uptake b'y 40%.)

Third- to fifth-passage CA20948 tumor-bearing Lewis rats were
restrained and injected intravenously via the dorsal tail vein with a dose of
0.15-0.20 mCi *™Tc-labeled peptide corresponding to 3 to 8 ug peptide in 0.2
to 0.4 mL.

At sclected times, the animals weré sacrificed by cervical dislocation and
selected necropsy was performed. Harvested tissue 'samples were weighed and
counted along with an aliquot of the injected dose in 2 gamma well-counter.

The 90-minute biodistribution results of selected radiolabeled peptides
are presented in Table IV. Notably, ™Tc-P587, ®™Tc-P617, * Tc-P726, and
#eTe-P736 showed very ,' high tumor uptake and tumor/blood ratios
demonstrating their high specific uptake in target (tumor) tissue.

Figure 1 shows an imagé of ™ Tc-P587 in a tumor-bearing rat. Th.é'

“high uptake in the tumor in the lower leg (arrow) is clearly -visible..



-Blerr] is D- or L-Lys or Hy, Achxa, Anf. Aco, Apc, Aes, Aps; Werr] is _
Thr. Ser, Val, Pbe, Ile, Abu, N e, Leu, Nva or Aib; Cerr] is a bond or D

or L-Thry .Ser, Val, Phe, Ile, Abu, N-e, Leu, 25 Nv-a—Ned
or Aib; Xferr] is -COOR[err], -CH err] CH, C"'[err]COOa[er'r]'RESLACEMENT SHEET
-CON(Rerr]), where each R err] is independently H, |ower near .or cycTT|c |
al kyl or substimuted derivatives thereof, or substituted wthgay m:g-rwbl i g

noiety of |less than about 1500 daltons; 30 . mis

or 3; pis 0. 1or 2; Rerr] and R err] are independently} H—+ewer—atlayd-ior
substituted | ower alkyl, or either Rerr] or Rerr] are -JCOCH or _
CONRerr]) or -COOR[err], or Rrr] and R err] together conprise O 35

Rlerr]: is hydrogen, |ower alkyl or substituted |ower alkyl. aryl or

47
#mT¢-P587 uptake in tumors in rats was compared with and without pre-
injection treatment with octreotide, a somatostatin analogue known to bind to
the somatostatin receptor in vivo. In these experiments, receptor-blocking by
administration of octreotide prior to administration of *™Tc-P587 reduced
specific tumor uptake of the radiolabeled peptide by 76%. These resulis
confirmed that binding of ®*Tc-PS87 in vivo was SSTR-specific,



substituted aryl;

Zis S O NRerr],

NR[err]NR[err],

TABLE IV

yDFYW,KV. Hey. (CH,C0.GGCR.amide)

Peptides
P587  cyclo(N-methyDFYW,KY Hey.(CH,C0.GGCK.amide)

P829  cyclo.(N-CHEYW,KY. Hey(CH,0. (8- Dap)KCK.amide)
P832  cyclo.MN-CH,FYW KV Hey(CH,Co.(8-Dap)KCR.amide)

P625 cyclo.(N-Me)FYW,KV, Hey(ch,co.(e-K)KC.amide)

P617  cyclo(N-

PS50 KKKK.Nalp.Cpa, YW, KTFT(e-K)GCDDDD.amide

NR[err].Co.NR[err],

SO err], NRerr]SO or SSO R err] is hydrogen, |ower alk stituted
| ower: al kyl ; aryl or 40 : substituted ar '
is NRerr]. Rerr] and R err] do not together conprise a
having the forrmula: cyclo-Alerr]-Blerr]Blerr]Blerr]-Cerf] WFEII‘] l
Blerr] is D or L-Pbe or D or L-Tyr or D- or L-Nal or : OCT 1995
Blerr] is DD or L-Trp: Blerr] is D or L-Lys48r Hy, Achxa-Anf. Aec, ﬂe,
Aes, Aps; Blerr] is Thr, Ser, Val, Phe, Ile, Abu, N e, , Nva or AID7
]
d8a9n 2y
_go
a
&) =) =
*H33=2=28%
g~ < & &
EE e o d S




REPLACEMENT SHEET - 51 - (C[err] is an L-amno acid having idechai n

conprising a nmencapto group; Alerr] is a |ipophilic D-am n¢ &€} "
l'i pophiltc L-(a-N-alkyl) amno acid or L- prgl !Dne: 5 er‘gf'%@[wgﬁ;n&gﬂ/-
is a cyclic peptide noiety having an am no term nus of Alefr ?‘ﬂg a
carboxyl termnus of CJerr] that are covalently |inked. 2. QféTpW%e
of Claim 1 wherein X err] is a nonosaccharide or oligosacchhride
conprising 10 or fewer saccharide units. 10 3. The —

somat ost atin receptor-binding peptide of Qaiml wher ei n Bfet+}—i-s J
phenyl al anine or tyrosine, Blerr] is D-tryptophan, Blerr] is |lysine and
Blerr] is threonine or valine. "EXAMPLE 6 :

In Vivo Imaging of Human Somatostatin Receptor (SSTR)-
in i - led P

In a clinical trial, scintigraphic imaging of human patients bearing
SSTR-expressing tumors was achieved using the Tc-99m labeled P587 reagent.

A total of 10 patients, four females and six males ranging in age from
27 to 69 years, had been previously diagnosed with growth hormone-secreting
pituitary adenoma (4 patients), melanoma (1 subject), medullary thyroid cancer
(1 subject), small cell lung carcinoma (SCLC; 1 patient), non-Hodgkin's
lymphoma (1. patient) or gastric carcinoid (1 patient). Cach of these patients
were administered Tc-99m labeled P587 at a dose of 10-22mCi per 0.2-0.5mg
by intravenous injection. Scintigraphic imaging was them performed as
described herein on each patient for 4 hours post-injection.

Gamma camera imaging is started simultaneously with injection.
Anterior images were acquired as a dynamic study (10 sec image acquisitions) -
over the ﬁr;st 10 min, and then as static images at 1, 2, 3 and 4h post-
injection.  Anterior images were acquired for 500,000 counts or 20 min
(whichever is shorter), at approximately 10-20 min, and at approximately 1,
2, 3 and 4h post-injection. '

The scintigraphic imaging agent waé found to clear rapidly from the
bloodstream, resulting in less than 10% of the injected dose remaining in the
circulation within 30 minutes of injection. This allowed image acquisition of
tumor sites to be achieved as early as 15-30 min after injection of scintigraphic
imaging agent. All known tumors were detected in this study, as well as two
previously-undetected metastatic lesibns which were later confirmed using
computer-assisted tomography (CAT scan).

These results demonstrated that the scintigraphic imaging agents of this

- invention were highly effective in detecting SSTR-expressing primary and
metastatic tumors in humans in vivo. '. '

- It should be understood that the foregoing disclosure emphasizes certain

specific embodiments of the invcntjon and. that all modifications or alternatives

~ equivalent thereto are within thé_ spirit and scope of the invention as set forth
in the appended claims. | '




The conposition of matter of Caim 1 further conprising a polyvalent
ovalently linked to a nultiplicity e 15
ndi ng peptldes to forn1a nultlnerlc

T T

somat os *a lcn Leceplo | ndi ng =t ecul ar
mul dnmeric pol yval ent somat ost at| n ng 1@;}, C%J&K[ hent i s U@T gEg.ut
20, 000 daltons. 5. The reagent  t he pg I'i nKT'Nng

noi ety is bis-succinimdyl nethyl ether, 4- (2 2- di met hyl acety

N-(2- (N N -bis(2- 20

succi ni m doet hyl ) am noet hyI ))-Nerr],

mer capt opr opyl ) - 6 ¥hat i dlaimsdtiani de, tri s(succi ni m dyl et hyl ) am ne,

bi s-succi ni m dobexana {BSH)y cém
CH err] CO-d y-Qdy-Cys. am de) - 2- et hyl pr opi ophenone
tris(acetamn doer hym)immhdebhaymd& émﬂ

fx@inon of malter comprising a somatostatin receptor-
ETAC)

N[err] bis(2-methyl-2-  ———————d

glairet hyl et her, bis-acetanidoet hyl

ether, a,e- bis-acetyllysine, lysine or 1.8-bis-acetam da-3, 6-di oxa-oct ane,

or aderivative 25
to Claim 1 wherein the

wherein

(CR?) {C(R’RT)}, CO-A r’r&g ‘B‘B’BPB‘C‘C’CQ%H-CR“

Z — (CR'RY (CRRS);

R', R%, R’ and R® are independently H, lower alkyl or
substituted alkyl, aryl or substituted aryl;

R? and R* are each independently H, lower 'alkyl or substituted
alkyl, aryl or substituted aryl, or wherein either R® or R* is Xt
A' and C? are independently a bond or a D- or L-amino acid;
A2 A% and C' are each independently a bond or a lipophilic D-
or L-amino acid;

B! is D- or L-Phe or D- or L-Tyt or D- or L-Nal or Ain or
substituted derivatives thereof

B? is D- or L-Trp or substituted derivatives thereof;

B! is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
substituted derivatives thcreof;

B! is Thr, Ser, Val, Phe, Ile, Abu, Nie, Leu, Nva or Aib;

C? is a bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle,
Leu, sta, Nal or Aib or substituted derivatives thercof;

X' is N(R'%),, wherein each R is independently hydrogen, lower
alkyl or substituted lower alkyl, aryl or substituted aryl or
substituted with a hydrophilic moiety of less than about 1500
daltons; '

X* is -COOR’, -CH,OH, CH,COOR®, or -CON(R’),, where each
R’ is independently H, lower linear or cyclic alkyl or substituted
derivatives thercof, or substituted with a hydrophxlzc moiety of
less than about 1500 daltons.

m is0,1,20r3

pis0Q, lor2;

t her eg t tte agcordl ng

This Sheet Has Been Rep
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somat ost at| n recept or-bi nding peptide is chenical nt he5|RE AWMENTE !SHEET

7. on of matter acco JSHEE 1@1{,@3 BEE wher
soma'r.ostat IH HII ng pepti dg by sQ
30 e of a soh=n T receptor bi
accordi ng to d ai m 1 for the manufacture of a nmedi canment f

somanstatin-rel ated di sease in an ani nal . - 52 - 9.
to Claim8 wherein the animal is a huma(r} A conposition of matter
conprising a reagent for preparing a ra it ol abel ed somat ostatin receptor

bi ndi ng peptide conprisegrgjy @ §RNRIPEARAlYH, lower alkyl or substituted lower
B alkyl, or either R” or R* are -COOH or CO.N(R'Y), or -COOR',

or R” and R® together comprise O; |
R" is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl;
Z is S, O, NR®, NRENR®, NR®,CO.NRY, S0O,, NRYSO, or
§=0; _ '
RP is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl;

use.accordi ng

wherein when Z is NRB, R? and R* do not together comprise an oXxygen atom;
or having the formula:
- cyclo-A*-B'B'B’B*-C*-
wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof;
B? is D- or L-Ttp or substituted derivatives thercof;
B® is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
 substituted derivatives thereof;
B¢ is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib;
C* is an L-amino acid having a sidechain comprising a mercapto
group;
A* is a lipophilic D-amino acid or a fipophilic L-(a-A-alkyl)-
amino acid or L-profine or substituted derivatives thereof;
 wherein the moiety is a cyclic pei)ﬁde moiety having an amino terminus of A*
and a carboxyl terminus of C* that are covalently linked.

2. The peptide of Claim | wherein X! is an amino acid or a peptide
sequence: comprising 10 or fewer amino acids, or a monosaccharide or
oligosaccharide comprising 10 or fewer _saccharide units, or a poly(N-
carboxyalkyl)amine or a poly-oxy anion, and X? is a poly(N-carboxyalkyl)amine
or with a polyoxy-amon. or an amino acid or a peptide havmg an amino acid

~ sequence of no more than 10 rcsxdues ora monosaccharaxde or ohgosacchande
- comprising 10 or fewer saccharide units. _
3. The somatostatin receptor-binding peptide of Claim 1 whereiri B!
-_—

This Sheet Has Been
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fornmula: 510

recept or=bi-nding peptide having the : =l

[err]i err], Rerr], R Erils symERiss BEE®rie i nde gmABNTI—sHEET
| ower MM”# uted al kyl, ar or rEPhaCER Ut ed Bxyl ; E atreh
Rlerr] are éach ndently H, |ower—atRyT or substituted 15 1996
al kyl, aryl or substituted aryl, or wherein either R err] R[QrZPqu 3
nmonosaccharide or an oligosaccharide conpgjsing 10 or fewer| sgccharide
units; Alerr] and Clerr] are independently a bond or a P of L-am no acid,
Alerr], Alerr] ari nn[eeym;nimeremﬁne,nabﬁsrmmmm BArid} 1pkinéaki i

or 20 no acid; B[err] is D or |-Phe or D or L-Tyr
r D or L-Nal th%onmegf ?‘PIS D or L-Trp;

The composmon of matter of Claim 1 further comp!kising a
polyvalent linking moiety that is covalently linked to a .'nultiplicit}i of the

somatostatin receptor-binding peptides to form a2 mul
somatostatin receptor binding agent, wherein the molecul
multimeric polyvalent somatostatin receptor. binding agent
20,000 daltons. |

sS.

The reagent of Claim 4 wherein the polyvalent

imeric pdlyvalent
ar weight| of the
s less thafln about

linking mioiety is

bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic

cid, N-{24(N',N"-

bis(2-succinimidoethyl)aminoethyl)}-M, AP-bis(2-methyl-2-mercaptoprogyl)-6,9-
diazanonanamide, ¢ris(succinimidylethyl)amine, bis-succinimidohexane |(BSH),
4-(0-CH,CO-Gly-Gly-Cys.amide)-2-methylpropiophenone (E:TAC),
tris(acetamidoethyl)amine, bis-acetamidomethyl ether, bis-ace idoethyi ether,
a,e-bis-acetyllysine, lysine and 1,8-bis-acetamido-3,6-dioka-octane, !
derivative thereof. | | .
6. The composition of matter according to Claim 1 wherkin the
somatostatin receptor-binding peptide is chemically synthesized in vitro%.

or a

7. The composition of matter according to Clai
somatostatin receptor-binding peptide is synthesized by so
synthesis.

m 6 whericin the

+d phase ipeptide

8.
animal comprising administering a therapeutically effectiv
somatostatin receptor binding peptide of Claim 1 to the ani

A method for alleviating a somatostatin-relat

disease! in an
amount of the
al.

9.  The method of Claim 8 wherein the animal is
10. A composition of matter comprising a reagen
somatostatin receptor-binding peptide having the formula:

a human, ;
comprised of a

RY(CR)-{C(R'RY},-CO-A'ATA'B'B*B*B'C! C?C2-NH-CR"-X?

'Z —(CRRY) —~(CR'RY);”

wherein R, R, R® and R® are independently H, lower alkyl or

Thls Sheet Has Been Replaced




Blerr ]—LM&

i RO

-CON(R[err])[err], where each R[err] is independently H |g
cyclic alkyl or subst Ituted derivatives thereof, or substi tjut
hydroph| lic noiety of less 30 t han about {1500 dal tons m

Thr Se VaI&EPDNéED lAba, N e

5{\1[ SHEET

H'y, Achxa, Anf., Aec.Ap h\es, APF"BPH"
Abu, N e. ng;sgm diASA”Erﬂ:N:S | RE LACEM

err], CH err] COOR §

3 P%QQJ 9%

rNveep ,

is0 1, 2or 3: pis 0.1 or 2; Rerr] andRerr] are |ndepW

| ower aIkyI or substituted
-COOH or CON(Rerr])[err]

?'f
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substicuted | ower alkyl,
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aal)ﬂ'l 9.1[)!1 or substituted aryl, or wherein either R® or R* is X';
A' and C? are independently a bond or a D- or L-amino acid;
A?, A and C! are each independently a bond or a lipophilic D-
or L-amino acid;

B! is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof;

B? is D- or L-Trp or substituted derivatives thereof;

B® is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or
substituted derivatives thereof;

B* is Thr, Ser, Val, Phe, Tle, Abu, Nle, Leu, Nva or Aib;

C? is a bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle,
Leu, Nva, Nal or Aib or substituted derivatives thereof;

X! is N(R™),, wherein each R'? is independentty hydrogen, lower
alkyl or substituted lower alkyl, aryl or substituted aryl or
substituted with a hydrophilic moiety of less than about 1500
daltons;* '

X? is -COOR?, -CH,0H, CH,COOR?, or -CON(R?),, where cach
R’ is independently H, lower linear or cyclic alkyl or substituted
derivatives thereof, or substituted with a hydrophilic moiety of
lcss than about 1500 daltons;

m is an integer that is 0, 1, 2 or 3;

p is an integer that is 0, 1o0r2;

R’ and R? are independently H, lower altkyl or substituted lower
alkyl, or cither R? or R* are -COOH or -CO.N(R'%, or -
COOR™, or R? and R® together comprise 0;

R™ is hydrogen, lower alkyl or substituted lower alkyl aryl or
substituted aryl;

Z is a bond, s, 0, NR" NR”NRY, NR".C_O.NR",_ S0,

NR"SO, or $=0;

R" is hydrogcn, lower alkyl or substituted lower alkyl, aryl or

sy i e O sl By ) O Rlerr are




substituted aryl; Zis S, 'O NRerr], NR[ err]NR[ err], NR{err].CO NR[err],

4

the for ycIoAB
Blerr] is D or L-Phe or or L-

IS(C)IWEV] H!ﬁﬁ ﬁismﬂmrlm (rj ISovc\)/er4gI k_xl
s

is D or L-Trp; B[err] is D or L-
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substituted aryl;
or having the formula;
cyclo-A*-B'BRB-C*-
wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or
substituted derivatives thereof; _
B? is D- or L-Trp or substituted derivatives thereof;
B*is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or
substituted derivatives thereof:
B! is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib;
C' is an L-amino acid; '
Alis a Iipophilic D-amino acid or a lipophilic L~(o-N-alkyl)
amino acid or L-cysteine or L-proline or substituted derivatives
thereof’
wherein the moiety is a cyclic peptide moiety having an amino terminus of A*
and a carboxyl terminus of C* that are covalently linked;
and wherein the somatostatin receptor-binding pcbtide is covalently linked to
a radiolabel-binding moiety, wherein the radiolabel-binding moiety is not
covalently linked to the moietics B!, B?, B?, B' or A* of the peptide.

11.  The reagent of Claim 10 wherein X' is an amino acid or a
peptide sequence comprising 10 or fewer amino hcids, or a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units, or a poly(N-
carboxyalkyl)amine or a poly-oxy anion and X? is a poly(N-carboxyaikyl)amine
or a polyoxy-anion, or an amino acid or a peptide having an amino acid
sequence of no more than 10 residues, or a monosaccﬁaride or oligosaccharide
comprising 10 or fewer saccharide units:

12.  The somatostatin receptor-binding peptide of Claim 10 wherein
B! is phenylalanine or tyrosine, B2 is D-tryptophan, B? is lysine and B‘ is
threonine or valine. '

13. . The reagent of Claim 10 wherein the reagent fufther comprises
a polyvaient linking moiety covalcntly linked to ‘a multiplicity of the

. | somatostatin receptor binding peptldes and also covalently linked to a
: mulnphc:ty of radlolabel-bmdmg moieties to comprise a reagent for nreparine
as Been Replaced
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B[err] Scr, VaI Il'e, Abu, Nle, Leu, Nva or AfD I R .
L-ani n ;@CEMEMT @HEBT

[ = lic D ajl)ﬁE
IlpOphll ﬂ@, ﬂ,[,ﬂ, m no acidfo ﬁh E?%Qgéiﬁl - prol
substi t utede ,Fhereof V\nlcn et-f L..V ety ds a cyc |g'p ?
noi ety having an amho*ternminus of Alerr] and a car boxyl tjerim nus of grr
that are covalently |inked: and wherein the somatostatin rjec
peptide is coval endy linked to a radi ol abel - bi ndi ng noi et 10 wher ei n
t he radi ol abel - bi nding noiety is not covalergly |inked to the noretrTes
Blerr], Blerr], Blerr], Blerr] or Alerr] of the peptide. 11. The pepti de

of Claim 10 wherei g rﬁi[le:hexic ipelyealano somatostdriar redteptor binding Oreageat) awhadein the
conprising 10 or fewe acc

Its. 15 12, The .. .
Commt ost ati nr ecept HPBIAGVAERSobF dhhiperts iyt spmpeffinsrestplir pioding
phenyl al ani ne or tyreagéennés, leS| than hbout 200000 Ygitoaphan, Blerr] is |ysine and

Blerr] is threonice or Vﬁl ' Nehe reagent of Claim 13 wherein the polyvalent linking moiety
is bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2-(N’,N"-
bis(2-succinimidoethyt)aminoethyl)}-N”,N’-bis(z-methyl-Z-mercaptnpropyl)-G.9_- '

—

diazanonanamide, #ris(succinimidylethyl)amine or a derivative thereof,
15. A scintigraphic imaging agent comprising the reagent of Claim
10 radiolabeled with technetium-99m. -
16. A scintigraphic imaging agent comprising the reagent of Claim
10 radiolabeled with indium-111, gallium-67 or gallium-68.
17. A scintigraphic imaging agent comprising the somatostatin
receptor binding peptide of Claim 1 radiolabeled with iodine-123 or iodine-125.
18. A radiotherapeutic agent comprising the reagent of Claim 10
radiolabeled with a cytotoxic radioisotope selected from the group consisting
of scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177,
rhenium-186, rhenium-188, and bismuth-212.
| 19. A radiotherapeutic agent comprising the somatostatin receptor
binding peptide of Claim 1 radiolaheled with iodine-125, iodine-131 or astatine-
131.
20. A complex formed by reacting the reagent of Claim 10 with
technetium-99m in the presence of a reducing agent. _
21.  The complex of Claim 20, wherein the reducing agent is selected
from the group consisting of a dithionite iori. a stannous ion and a ferrous ion.
22. A complei _'formed'by labeling the reagent of Claim 10 with
technetium-99m by ligand exchange of a prereduced téchnetium-QQm complex.
23. A composxtlon of matter compnsmg the reagent of Claim 10 and
a stannous ion. - o
24, A kit t'qr Iprc.paring'a' radiopharmaceixtical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of -
_ Claim 10 and a sufficient amou'm of reducing agent fo label the reagent with
\
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13. The reagent c;f daim 10 wherein the reagent further conprises a
ponvaI y .covalently linked t tiplicity of the
soJrat 0s ﬂm "ﬂ "m ﬁeptor bi ng’ srgggg'l tias BEEN Bl so

to a mul i p i ol abel - | NYEMINCEDI es confprREPEAGEN gH
preparing a rrul t| rrerl c pol yval ent lsematostati n receptor pi 1Ttr ng reagent.
wherein the nol ecul ar weight of the nultineric polyval en mr@*ycm’at\‘)%
receptor binding reagent is | ess than about 20,000 daltofs
14. The reagent of O aim 13 wherein the polyval ent |inKi ng—etety 15
bi s- succi ni mi dyl et hyl et her. 4(2, 2-dirnet hy$@cet yl ) benzoilc aci d,
N-{2- (N -bis(2- . ' .
succi ni ni i doet hyl )éﬁ%’@?’mv -N , N -bi s(2-nethyl -2-mercapt opropyl)-6, 9-
di azanonanam de, tris(spgci né.nindybdatﬁoyl I)aheﬂngeaomgcrﬁeadcuﬁldgveotﬂmom 15.
A scintigraphic i mag lg%?qgent .CO L Sin of .Cl

1

radi ol abcl ed with %-.agen WA ’5&‘3&?‘3&% {n |ﬂ?FaBT¢ﬁifcﬁd’érﬂ
conpri si ng the reagehiingfagéitai m 10

26. The method of Claim 25, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion.

27.  Use of the reagent of Claim 15 for preparing a medicament for
imaging a site within 2 mammalian body by administering an effective
diagnostic amount of the reagent and detecting the technetium-99m localized at
the site in the mammalian body.

_ 28. The reagent according to Claim 10 wherein the somatostatin
receptor-binding peptide is chemically synthesized in vitro.

29. The reagent according to Claim 28 wherein the somatostatin
receptor-binding peptide is synthesized by solid phase peptide synthesis.

30. The rmgeht according to Claim 28 wherein the radiolabcl-bindihg
moiety is covalently linked to the somatostatin receptor-bmdmg peptide during
in vitro chemical synthesis.

31.  The reagent according to Claim 30 wherein the radiolabel-binding
moicty is covalently linked to the somatostatin receptor-binding peptide during
solid phase pepude synthesis. ‘

32. The reagent of Claim 10 wherem the radiolabel-binding mmety
having the formula:

C(pgp)*-(aa)-C(pgp)*
wherein (pgp)® is H or a_thiol' protecting group and (aa) is an amino acid;

A-CZ(B)-{CRRY},X

wherein A is H, HOOC, HzNOC (pcpude)—NHOC R%NCO, (peptide)-
OOC or.RY%, _
B is H, SH, -NHR", -N(R')-(peptide). or RY
o - . X s H, SH, -NHR®, -N(R')-(peptide) or R% -
Has Been Replaced
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r adi ol\t‘h\iﬂdim 111, gal lium 67 or galliu
scinti g’

pepti de *of ¢

18. A radi ot het ageuts ¢ agent COMR{is SHBRT YIS JEENOF
radi ol abel ed with a cyrotoxic radgioi sq{mgcgg "ect e

ent conprising the somatos
l’ | abel ed with iodine-123 or

m 68. 17.

tatin receﬁEErAGﬁMENTnQHEET

i odi ne- 1§25F

nt of djai

RN Y/ S
m 8% ocT 199

consi sting of scandium 47, copper=
~ samarium 153, gadol i nium 159, dyspr05| um 165 hol m um 166, |yt

d fromthe
yttrium 90,

group

Lin 117m

t er bi um 175

lutetium 177, 5 r heni um 186 rheni um 1'88 and bi smut h=ZTZ—19—A
radi ot herapeut I ¢ agent corrp elgp somatostatin receptor binding peptide
of daiml radiol abeled w t 125, iodine-131 or astatine-

R, R", R® and R® are independently H or lower straight or

branched chain or cyclic alkyl;

R® is C,-C, alkyl, an amino acid or a peptide comprising 2 to

about 10 amino acids;
nis0, 1or2;

and

where B is -NHR*® or -N(R®)-(peptidc), X is SH, and nis | or 2;

where X is -NHR® or -N(R")-(peptide), B is SH, and n is 1 or 2;

where B is H or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (pepfide)-

00C, XisSH,andnisOor 1;

where A is H or RY, then where B is SH, X is.-NHR® or -N(R®)-(peptide) and
where X is SH, B is -NHR"® or -N(R")-(peptide);

where X is H or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-00C

and B is SH;

where Z is methyl Xis mcthyl A is HOOC, H,NOC, (peptide)-NHOC, or

(peptide)-O0C, B is SH and n is 0;
where B is SH and X is SH, n is riot 0;

and wherein the thiol moiety is in the reduced

form;

- CO - (amino acid) - cysteine - CO -

NH - CH, -

SX
- HN - c)‘rsteine . (amino acid) -
sX
wherein X = H or a protecting group;

(amino acid) = any amino acid;
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131. 20. A conplex formed by reacting the reagent of daim 10 with 10

technetium99min the presence of a reducing agent. 21. The CQEP| AEMENT SHEET
“Cl ai m 20, -wherein the -reduci ng agenﬁ%q:H d om t he gr qup—cons+ St Ag

of a di _ t annous ion Rk OQBEERN. 22. A {conpl

f ormed Inmlmmlﬂllmmlwmlﬂeagent of Crai-m—IO-HFED t ac Ineti um 949 QW 85%‘896
exchange*of ¢a prereduced techneti um 99m conpl ex. 23.

conmposi tion of matter conprising the reagent of Claim10 and fa stannous
ion. 24. A kit for preparing a radi opharmagguti cal preparatilon..said kit

conprising a sealed vial containing a predeterm ned quantity of the reagent
of Caim10 and a sufficient anpunt of reduci CB@ent to |l abel the reagent
wth 20 technctium 99ru. 25. Use of thgu.feage .,chd:bajtml5 for
preparing a nedi canent for

(CR7).. (CRy),

-(pgp)® ~(pgp)®
wherein  each R is independently H, CH, or C,Hs;
each (pgp)® is independently a thiol protecting group or H;
m, n and p are independently 2 or 3;
T A = linear or cyclic lower alkyi, aryl, bheterocyclyl,
combinations or substituted derivatives thereof’

or .

(CRy),
N \P\J-A-CH(V)NHR'
(CRy),, (?Rz)p
SH SH

wherein each R is independently H, CH, or C,H;;

m..'n and p are 'indcpendently 2 o0or3;

A = linear or cyclic lower alkyl, aryl, heterocyclyl,

combinations or substituted derivatives thereof;

V = H or -CO-peptide;

R =Hor peptide;
and wherein when V = H, R' = peptide and when R’ = H, V = -CO-
peptide; ' ' |
wherein each R is independently H, lower alkyl having 1 to 6 carbon atoms,
phenyl, or pheny! substituted with lower alkyl or lower alkoxy, and wherein
cach n is independently 1 or 2 .

33.  The reagent of Claim 32 wherein the cysteine of the radiolabel-
binding moiety having formula
- Clpgp)™ (aa)-tl(mszs
has a protectmg group of the formula ,
-CH,-NH-CO-R

wherein R is a lower alkyl having 1 to 6 carbon atoms, '2-.3-,-4-pyridyl.'

This Sheet Has Been Replaced
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to Caim ‘10 wherel n the somatostatin receptor-binding peptifelis
chem cal Iy synthesized in virro. 27. The rgagent accor di ng | o--Sa-m26
wherein the somatostatin receptor-bindi ng pt ide is synt hes| zed by solid

phase peptide synt eS| s 2 T e a ern the
radi ol abdl - bi ndi n or ghrﬁ’)‘ I Q&J@%go%?‘efr?t%l: n’ke o?t hé{egomrr%t Statin
recept or - bi ndi ng mﬂioxyl,eoﬂlmenglkoxycambotlxb. chemi cal synt he5| S. 55 -

34,  The reagent of Claim 32 wherein the radiolabel-binding moiety

C(pgp)®-(aa)-C(pgp)® has the formula:

CH,SCH,NHCOCH,
-HN-CH-CO-NH-CH;-CO-NH-%:H—CO-
(EH,-S-CH,—NHCOCH,

35. A scintigraphic imaging agent that is the reagent of Claim 32
radiolabeled with technetium-99m.

36. A complex formed by reacting the reagent of Claim 32 with
technetium-99m in the presence of a reducing agent.

37.. The complex of Claim 36, wherein the reducing agent is selected
from the group consisting of a dithionite ion,'a stannous ion and a ferrous ion.

38. A complex formed by labeling the reagent of Claim 32 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex,

39. A composition of matter comprising the reagent of Claim 32 and
a stannous ion.

40. A kit for preparing a radmpharmaceut:cal preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
Claim 32 and a sufficient amount of reducing agent to label the reagent with
technetium-99m. - '

41. A method for labeling a reagent according to Claim 32
comprising reacting the reagent with technetium-99m in the presence of a
reducing agent.

42.  The method of Claim 41, wherein the reducing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous ion.

43. A method for imaging a site within a mammalian body
comprising administering an effective diagndstic amount of the reagent of Claim
35 and detecting the technetium-99m localized at the site in the mammalian
body. ' -

44,  The reagent according to Claim 32 wherein the somatostatin

receptor-binding peptide is.chemi'Cany synthcsized in vitro.

Sheet Has Been Replaced
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29. The reagent accord| ng to G aim28 wherein the radiol ab

?bmﬂeﬂﬂz T SHEET

gDI etyW to the somatostatl n_recept or-bindi
uring s u m synt hesi $. 116 .sAERe HAsaggent | of Cl di h 10
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Clpgp)[err]- (aa') (',"(pgp)[*err] wherei mT{pgp)Terr] 1s Hor a thi
group and (aa) is an amno acid; or the fornula:

protecting

A-CZ(B)-{C(Rlerr]Rlerr])}[err]-X 10 wherein Ais H, H err] NOC
(peptide)-NHOC, R{err]NCO. (peptide)-OCC or ggerr]; Bis H SH -NHRerr],
-N(Rerr])-(peptide), or Rerr]; 15 Xis H SH,

-NHerr] R -N(Rlerr])-(pgpti ofye %_geﬂ Gkidrding to Claim 44 wherein the somatostatin
receptor-binding peptide is synthesi'zed by solid phase peptide synthesis.

46.  The reagent according to Claim 44 wherein the radiolabel-binding
moiety is covalently linked to the somatostatin receptor-binding peptide during
in vitro chemical synthesis.

47.  The reagent according to Claim 46 wherein the radiolabel-binding
moiety is covalently linked to the somatostatin reccptor-binding peptide during
solid phase peptide synthesis.

48.  The reagent of Claim 32 wherein the reagent further comprises
a polyvalent linking moiety covalently linked to a multiplicity of the
somatostatin receptor binding peptides and also covalently linked to a
multiplicity of radiolabel-binding moieties 10 comprise a reagent for preparing
a multimeric polyvalent somatostatin receptor binding reagent, wherein the
molecular weight of the multimeric polyvalent somatostatin receptor binding
reagent is less than about 20,000 daltons. .

49.  The reagent of Claim 48 wherein the polyvalent linking moiety
is bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2~(N',N"-
bz‘s(2-succinimidoeth_yl)am'moethyl)}-M,M—bis(z-memyl-2-mercaptopropyl)-6,9-
diazanonanamide, ¢ris(succinimidylethyl)aminerris(2-chloroacetamidoethyl)amine,
1,2-bis-{2-(chloroacetamido) ethoxy)ethane, tristacctamidoethyl)amine, bis-
acetamidomethyl ether, bis-acetamidoethyl ether, a. e-bis-acetyllysine, lysine and
1, 8-b¢s-acetam1do—3 ¢-dioxa-octane, or a derivative thereof.

50, A composition of matter comprising the peptide of Claim 1
selected from the group consisting of somatostatin receptor binding peptides
having the. formula: |
cyclo-(N-CH;)FYW, KV . Hcy
CH,CO.EYW,KTFC.amide
CH,CO.FEYWKTF,Hhe.amide
cyclo-CYWKVC :

CH.CO FFW,KTEC.amide
CH,
vclo-(N-CH)FYW,KV.K

: cyclo-(N-CH,)FYWKV.Hcy(CH,C0.GGC.amide)
. o cyclo-(N-CH,)FYW KV, Hcy(CH_,CO K.(e-K).GC.amide)

_—
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Iomer stralght or branched chaln

is Hor Rerr]; R[‘err] "‘Rerr], W§§(§EEEP% '§llerE'N] are independently H or
Ry

amanit o aci d—or
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-N(R[err]) (pep I de).

Bis SH and nis 1 or 2; where Bis or Rlerr], A

is HOOC, H err] NOC, (peptide)-NHOC, or (peptide)-OOC, Xis $H and nis O
or 1. where Ais Hor Rerr]. then.where Bis SH X is -NHRlerr] ar

-N(Rerr])-(peptide)

-N(R[err])-(peptide);

and 30 where X is SH Bis -NHR err] or
where X is Hor Rerr], Ais HOOC, H err]NCC,

(peptide)-NHOC, or (peptide)-00OC

-

_—
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cyclo-(N-CH,)FYW KV Hey(CH,CO.(e-K).GC.amide)
cyclo-(N-CH,)FYW,KV Hey(CH,CO.C,..GC ...amide)
cyclo-(N-CH,)FYWyKV.Hey(CH,CO.CGC.amide)
cyclo-(N-CH)FYW, KV Hey(CH,CO.GGC.amide)
cyclo-(N-CH,)FYW XV .Hey(CH,CO.CGC)
cyclo-(N-CH,;)FYW,KV.E
F

CH,CQ.FFW KTFC
CH,CO . FFW,KTEC. (¢-K).GC.amide
CH,CQ,.FFW KTFC.C,.nGCycnm-amide

H JFEW, K
CH.CO YW KTC
CH,CO, YW, KT.Hcy.amide
CH,CO. YW, KT. Hhe. T(CH,0H)
CH,CO. YW, KTCTGGC,,,,.amide
CH,CO YW,KTE,Hhe
D-phenyl-CH,CHCO. YWoKTC
CH,CO.FW,KT.Pen
CH,CO.FW,KT Hey
CH,CO.FW, KT Hey.amide
CH,CO.YW,KTC.amide
CH,CO. YW, XTCT
CH,CO. YW, KTCT(CH,0H)
Q‘IWT-CMmGCAﬂa'mme
CH,CO.FW KTC,
CH,CO FWKTC

51. A composition of matter comprising the reagent of Claim 10
selected from the group consisting of reagents having the formula:

cyclo-CYWKVC

CH,CO FFW, KTFC, {BAM}

cyclo-(N-CH;)FYW, KV K.{BAT}
cyclo-(N-CH)FYW KV, Hey(CH,CO.GGC.amide)
cyclo-(N-CH,;)FYW KV, Hey(CH,CO.K. (e-K).GC.amide)
cyclo-(N-CH,)FYW KV, Hey(CH,CO. (¢e-K).GC.amide)
cyclo-(N-CH,) FYWpKV.Hey(CH,CO.C,,GCy n-2amide) .
cyclo-(N-CH,)FYW,KV.Hcy(CH,CO.CGC.amide)
cyclo-(N-CH,)FYW KV, Hey{CH,CO.GGC.amide)
cyclo-(N-CH,) FYW,KV.Hey(CH,CO.CGC)
cyclo-(N-CH,)FYW KV E.{BAM}

CH,CO.FFW, KTEC.(¢-K).GC.amide
CH,CO.FFW,KTFC. C . (fGCpc-amide
CH,CO. YW, KTCTGGCyy-amide -
L}&__um CAmGCAm amlde

52. A radxothcrapeunc agent that is the mgent of Claxrn 32



andBis SH, where Z is methyl, Xis methyl, Ais HOOC, H err]NCC, _
de) - OCC, Bis SHandnlso 35 where B I s SH

pt i-de)—NHOC—or—(pept+
o ol IRHD IR "™ St smernm oo * Horprotcoeoney

A L U S Vot | IIU
group: (8m fio Aci®l) ® dny anmino 4cid: repuAoepf or nuka:
_ ' ~ 07 OCT 1996
62
radiolabeled with rhenjum-186 or rhenium-188 in the presence of a reducing

agent.

53. The radiolabeled radiotherapeutic agent of Claim 52 wherein the
educing agent is selected from the group consisting of a dithionite ion, a
tannous ion and an ferrous ion, '

54, A kit for preparing a radiopharmaceutical preparation of the
adiotherapeutic agent comprising a sealed vial containing an amount of the
eagent of Claim 32 and a sufficient amount of a reducing agent to radiolabel
he rcagent with rhenium-186 or rhenium-188.

55. The composition of matter of Claim 51 radiolabeled with a
adioisotope selected from the group consisting of gallium-68, technetium-99m,
adium-111, and iodine-123.

56. The composition of matter of Claim 51 radiolabeled with a
adioisotope selected from the group comsisting of scandium-47, copper-67,
allium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153,
adolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177,
henium-186, rhenium-188, astatine-211, bismuth-212 and astatine-131,

57. A method for alleviating a somatostatin-related disease in an
nimal comprising administering a therapeutically effective amount of the
omposition of matter of Claim 50 to the animal.

58. The method of Claim 57 wherein the animal is a human,

50. A method for alleviating 2 somatostatin-related disease in an
nimal comprising administering a therapeutically effective amount of the
omposition of matter of Claim 56 to the animal.

60. The method of Claim 59 wherein the animal is a human.

61. The method of Claim 59 wherein the therapeutically effective
mount of the composition administered to the animal is an’amount from about
0 to about 200 milliCuries of the radiolabeled composition.

62. A pharmaceutical composition comprising the radiolabeled
wdiotherapeutic of Claim 56 in a phirmaceuiically acceptable carrier.

63. A composition of mattcr compﬁsing a cdmplex formed . by

_reacting the reagent. of Claim 10 with a non-radicactive metal.
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64. The complex of Claim 63 wherein the non-radicactive metal is
rhenium.

65. A composition of matter comprising a complex formed by
reacting the reagent of Claim 13 with a non-radioactive metal.

66. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 1S5 with a2 non-radioactive
metal.

67. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 16 with a non-radioactive
metal.

68. A composition of matter comprising a complex formed by
reacting the scintigraphic imaging agent of Claim 17 with a non-radioactive
metal.

69. A composition of matter comprising a complex formed by

reacting the radiotherapeutic agent of Claim 18 with a non-radioactive metal,

70. . A composition of matter comprising a complex formed by
reacting the radiotherapeutic agent of Claim 19 with a non-radioactive metal,

71.  The reagent of Claim 10 radiolabeled with technetium-99m,
indium-111, gallium-67 or gallium-68. |

72.  The peptide of Claim 1 radiolabeled with iodine-123, iodine-125,
iodine-131 or astatine-211. '

73.  The reagent of Claim 10 radiolabeled with a radioisotope selected
from the group consisting of scandium-47, copper-67, gallium-72, yttrium-90,
tin-117m, iodine-125, iodine-131, samarium-153, gadolinium-159, dysprosium-
165, holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, and
bismuth-212. -

74, A method for imaging a site within a mammalian body
comprising admit_listering an effective diagnostic amount of the reagent of Claim
10 radiolabeled with a dctéctzb_lc radioisotope and detecting the radioisotope
localized at the site in the mémma]ian body :

75.  The peptide of Claim 51 radiolabeled with 1odme-123 iodine-
125, lodmc-13l or astatmc-2ll - —_—
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76. A composition of matter comprising a cyclic somatostatin
réceptor-binding peptide not comprising a disulfide bond, covalently linked to
a radiolabel binding moiety.

77. A scintigraphic imaging agent comprising the reagent of Claim
76 radiolabeled with technetium-99m,

78. A scintigraphic imaging a.gént comprising the reagent of Claim
76 radiolabeled with indium-111, gallium-67 or gallium-68. '

79. A radiotherapeutic agent comprising the reagent of Claim 76
radiolabeled with a cytotoxic radioisotope selected from the group consisting
of scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, yuerbium-175, luteium-177,

" rhenium-186, rhenium-188, and bismuth-212.

80. A complex formed by reacting the reagent of Claim 76 with
technetium-99m in thé presence of a reducing agent.

8l. A complex formed by labeling the reagent of Claim 76 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex.

82. A composition of matter comprising the reagent of Claim 76 and
a stannous ion,

83. A kit for preparing a radiopharmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
Claim 76 and a sufficient amount of reducing igent to label the reagent with
technetium-99m. B .

84. A method for labeling a reagent according to Claim 76
comprising reacting the reagent with techaetium-99m in the presence of a
redﬁcing agent. | _ |

85. Use of the reagent of Claim 76 for preparing a medicament for
imaging a site within a mammalian body by administering an effective
diagnostic amount of the reagent and detecting the technetium-99m localized at
the site in the mammalian body. '
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wherein Ris a lower alkyl having 1 to 6 carbon atons,

- phenyl, 10 *or phenyl substituted=wth | ower al kyI

akkoxy, earboxy, or |ower al koxycarbonyl 32. The reagé
wherein the radiol abel -binding noiety C(pgp)[err]-(aa)-d
formula: CH err] SCH err] NHCOCH,
-HNNCH CONHCH err]-CONHCH CO- CH err]-S-CH err]-NHCOC
scintigraphic i magi ng agent that is the reagent of d ai

30 with 20 technetium99min tlgg presence of a r educi ‘mg agent . 35. The
conplex of Claim 34, wherein the reducing agent is selected fromthe group

consi sting of a dithioni teRAl?befBLsé@%ﬂé@ and a ferrous ion.

ABSTRACT OF THE DISCLOSURE
This invention relates to therapeutic reagents and peptides, including
radiotherapeutic reagents and peptides, radiodiagnostic reagents and peptides,
and methods for producing labeled radiodiagnostic agents. Specifically, the
. invention relates to cyclic peptide derivatives and analogs of somatostatin, and
embodiments of such peptides radiolabeled with a radioisotope, as well as
methods and kits for making, radiolabeling and uﬁing such peptides for
radiodiagnostic and radiotherapeutic purposes. The invention specifically relates
to cyclic peptide derivatives and analogues of somatostatin radiolabeled with
technetium-99m and uses thercof as -scintigraphic imaging agents, The
invention also specifically relates to cyclic peptide derivatives and analogues of
somatostatin radiolabeled with cytotoxic radioisotopes such as rhenium-136
("Re) and rhenium-188 ("**Re) for use as radiotherapeutic agents. Methods
and kits for making, radiolabeling and using such peptides diagnostically and
therapeutically in a mammalian body are also provided.

FIG. 1



36. A corrpl ex forrred by IabeI I'ng the’ reagent of Cla| m 30 W|th

techneti um 99m by |igand exchange -of-'a pf ereduted technetium 99m corrpl ex.
25 e R "37. A conposition of matter corrprl sing the reagent of daim
30 and ‘a stannous ion. 38. AKit fof¥ prepar| ng a radi ophar
preparation, said. kit conprisi ng a sealed vial containing a erEBbQ&BMEme
quantity.of the reagent of Claim30 and a suffici ent anount [of

agent to |abel the reagent wth. 30" techneti um 99m 39.
scCi ntlgraphl c i magi ng agent according to C aF 33 for prepar
medi canent for imaging a site within a mammal i an body. -
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recept ore‘:'i i"ﬁi ' I 1
im40 where€ onmat pst at i

i i s cheni ¢al RypsylithBgingd in yifro. 41 —The
reagent a Hlmﬂﬂ N
peptide i : y solid phase peptide synthesik.

¢ c24IRE 199K po
The reagent according to Caim40 whereb? the radiol abpl -bi nding nmorety {s
covalently linked to the somatostatin receptor-Dbi ndisngL?_ag,Qd%_g_B;M
vitro cheni cisl pigmialaring oudyrosinge B'edyditryaiopbandi B 5o g @nd2BwWhHET &1 n
t he radi ol abg] - bi.ndi n ety is covalently linked to the somatostatin
recept or - bi n& %°8‘“E%8f g'&g}?éduri ng 10 solid phase peptide synthesis. 44..

The reagent of Claim 3Qhé\hétrr@;;a<dsi:tdneofetﬂﬂedatoff \@Hiiker]1 crapghel Lompeising! ¥val ent
| inking noiety covalently linked to a multiplieity of the somatostatin

receptor bi nERlivalpRiplinkiag weiethtsy ovevalentlyylinkadidel & gnultiplicity of ety of

radi ol abel - pbinding. ol etl . ks r nt, f ri

radi of abel - Bl HfTOREbE?. iR BpkREs " BARMa TALUAERE it
somatostatin receptor binding agent, wherein the molecular weight of the

multimeric polyvalent somatostatin receptor binding agent is less than about
20,000 daltons.

5. The reagent of Claim 4 wherein the polyvalent linking moiety is
bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2-(N',N'-
bis(2-succinimidoethyl)aminoethyl)}-A, N°-bis(2-methyl-2-mercaptopropyl)-6,9-
diazanonanamide, rris(succinimidylethyl)amine, bis-succinimidohexane (BSH),
4-(0-CH,CO-Gly-Gly-Cys.amide)-2-methylpropiophenone (ETAC),
tris(acetamidoethyl)amine, bis-ace_tamidomethyl ether, bis-acetamidoethyl ether,
o,e-bis-acetyllysine, lysine .and 1,8-bis-acetamido-3,6-dioxa-octane, or a
derivative thereof.

6. The composition of matter according to Claim 1 wherein the
somatostatin receptor-binding peptide is chemically synthesized in vitro.

7. The composition of matter according to Claim 6 wherein the
somatostatin receptor-binding peptide is synthesized by solid phase peptide
synthesis. _ |

8. A method for alleviating a somatostatin-related disease in an
animal comprising administering a therapeutically effective amount of the
somatostatin receptor binding peptide of Claim 1 to the animal.

9. The method of Claim 8 wherein the animal is 2 human.

10. A composition of matter comprising a reagent cpmprised of a

somatostatin receptor-binding peptide having the formula:

RY(CRY)-{C(R*RY)}.-CO-A'A’A’B'B?B*B*C! C2C*-NH-CR!-X?

Z —(CR'RY) (CR°R%);

wherein- R', R? R’ and R® are independently H, lower alkyl or



15+ . somatostatin receptor binding reagent, Mem—ﬁ—ﬁhe—nﬁkeeqlaﬁ&@gﬁéééh
of the multineric polyval ent somatastatin receft REPLAGEMENT SHEEE{t is |ess

t han about 20, 000 dal tons. 45. The reagent of - mn |t he

pol yval ent linking noiety is bis-succinimdylngthyl ghgg 1998

4- (2, 2-di met hyl acetyl )benzoic acid. N-(2. (N, N}-Qi s‘(e - b
succi ni m doet hyl ) ami noet hyl ) }-N, N'-bi 8¢ 2= net hyl -'o= '
di aranonanam de. tris(succinimdylethyl)amne tjri -
(2- chl or oacet WHat detlalnieasd ne. 1, 2- bi s-{2- (chl dgroacetrantdo) _etrnoxy) et hane,

tris(acetam doetyl)am ne bi.s- et am donmet hyl et her.. bis-acetan doet byl
ether, a,e-bis-acetyll 33‘?°H‘8?s%1%$¢f3‘"§ ¢ .%’35‘%%5"5@&53% 6‘)@%‘9%&8%85(& oct ane.
or a derivati ¥&ridé ReigOthe ferudh. A conposition of matter conprising the

peptide of Claim1l selected fromthe group consisting of somatostatin
recept ors bi ndi ng peptides having the fornul a: ‘

R’(?Rz)-{C(R‘R‘)}..-CO-A‘A"A’B’B’BZ‘B‘W"-X‘
Z—(CR'RY) (CRRY;”

wherein R!, R?, RY and R® are independemtly H, lower alkyl or substicuted
alkyl, aryl or substituted aryl;
R’ and R* are each independently H, lower alkyl or substituted
alkyl, arvl or substituted aryl, or wherein cither R* or R* is a
15 monosaccharide or an oligosaccharide comprising 10 or fewer
saccharide units; _
A' and C? are independently a bond or a D- or L-amino acid;
Al, A} and C' are each independently a bond or a lipophilic D- or
- L-amino acid;
20 - B'is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain;
B is D~ or L-Trp;
B is D- or L-Lys or Bly, Achxa, Amf, Aec, Apc, Aes, Aps;
R* is Thr, Ser, Val, Phe, lle, Abu, Nle, Leu, Nva or Aib;
C! is a hond or D- or L-Thr, Ser, Val, Phe, lle, Abu, Nle, Leu,
25 Nva, Nal or Aib;
X'is -COOR’, -CH;0H, CH,COOR?, or -CON(R"),, where each R’
is independently H, lower linear or cyclic alkyl or substituted
derivatives thereof, or substituted with a hydrophilic moiety of less
than about 1500 daltons:
30 mis O, 1, 2 or 3; ' '
pis 0. 1 or 2;
R’ and R® arc independently H, Jower alkyl or substinited lower
alkyl, or either R? or R* are -COOH or CO.NR™), or -COOR%,
or R? and R® together comprise O;
35 R is hydrogen, lower alkyl or substituted lower alkyl, aryl or
substituted aryl; '
Z is S. O, NR”, NRP”NR¥, NRP.CO.NRP®, S0O,, NR¥SQ, or
$=0;
_ R is hydrogen, lower alkyl or substituted lower alkyl, aryl or
40 ‘substituted aryl;
wherein when Z is NRP, R? and R® do not together comprise an oxygen atom;
or having the formula; '

yly) -6, 9-

10

cyclo-A'-B'B*B B -C*-
wherein B! is D- or L-Pbe or D- or L-Tyr or D- or L-Nal or Ain;
45 B?is D- or L-Trp: ' :
' ' B is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps:
B* is Thr, Ser, Yal, Phe, lle, Abu, Nle, Leu, Nva or Aib;

—_
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30 ° cyclo(N-CH err])FYWerr]KV. Hcy CH err] CO. FYW KTFC. ani de
CH err] CO FYWerr] KTF. Hhc.am de cyclo. CYWerr] KVC CH err] CO. FFW
am dc 35 - CHerr]CO FFWerr] KTTC - 59 -

cyclo. (N-CH err])FYWerr] KV. K

cyclo.(N-CH err])FYWerr] KV. Hcy(CH[ err] CO. GGC. am de)

cyclo. (N-CH err])FYWerr] KV. Hcy( EHPdr -] CO. K. (e- K) . GC. ani de)
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group;
A Is a lipophilic D-amino acid or & lipophilic L-(a-N-alkyl) amino
acid or L-proline:

5 wherein the moicty is a cyclic peptide moicty having an amino terminus of A* and
a carboxyl terminus of C¥ that are covalently linked. |

2. The peptide of Claim 1 whercin X' is a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units.

10 3. Tbe somatostatin receptor-binding peptide of Claim 1 wherein B! is
phenylalanine or tyrosine, B? is D-tryptophan, B? is lysine and B* is thréonine or
valine. '

4. The composition of mamer of Claim 1 further comprising a
polyvalent linking moiety that is covalently linked to 2 multiplicity of the

15 sornatostatin receptor-binding peptides to form a multimeric polyvalent somatostatin
receptor binding agent, wherein the molecular weight of the multimeric polyvalent
somatostatin receptor hinding agent is less than aboutr 20,000 daftons.

5.  The reagent of Claim 4 wherein the polyvalent linking moiety is
bis-suceinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2-(N', N'-bis(2-

20 succinimidoethyl)aminoethy!)}-N®, N°-bis(2-methyl-2-mercaptopropyl)-6,9-
diuzanonanamide, fris(succinimidylethy)amine, bis-succinimidohexane (BSH), 4-(O-
CH,CO-Gly-Gly-Cys.amide)-2-methylpropiophenone (BETAC),
tris(acetamidoethyl)amine, bis-acetamidomethy! ether, bis-acetamidoethyl ether, a,é-
bis-acetyllysine, lysine or 1.8-bis-acetamida-3,6-dioxa-octane, or a derivative

25 thereof. _ '

6. The composition «of matter accordivg fo Claim 1 wherein the
somatostatin receptor-binding peptide is chemically synthesized in vitro.

- 7. The composition of matter according to Claim .6 wherein the

somatostatin receptor-binding peptide is synthesized by solid phase peptide

30 syathesis, '

8. Use of a somatostatin receptor binding peptide -according to Cleim
1 for the manufacture of a medicament for alleviating a somatnstatin-related

disease in an animal,

—
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cyclo.(N-CH err])FYWerr]KV.E 10 CH err] CO. NFFW er r ] KTFTQ
CH err]CO FFWerr] KTFC CH err] CO FF grr] KTFC. (e- K). GC. am de
CH err] CO FFWerr] KTFC. Cerr] G err]
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10.

A composition of matter comprising -a reagent for preparing a
radivlabeled somatostatin receptor binding "peptide comprised of a somatostatin
receptor-binding peptide having the formula:

R‘(fR’) {C(R’R‘)}.,-CO-A‘A‘A’B’B’B’B‘C'C’C’ NH-CR1-X!

Z———(CR'R)————————(CR'RY;
10

whercin RY, R, R® and R® are independently H, lower alkyl or substituted
: alkyl, aryl or substituted aryl;
R* and R® are each independently H, lower alkyl or substituted
15 alkyl, aryl or substituted aryl, or wherein either R® or R* is a
- - monosaccharide of an ohgosacchandc comprising 10 or fewer
saccharide units;
A! and C? arc independently a bond or a D- or L-amino acid;
A%, A’ and C! are each independently a bond or a fipophilic D- or
20 L-zmino acid;
B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain;
B? is D~ or L-Tip; _
B? is D- or L-Lys or Hly, Achxa, Amf, Aec. Apc, Aes, Aps;
B! is Thr, Ser, Val, Phe, e, Abu, Nle, Leu, Nva or Aib;
25 .C?is 2 bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu,
Nva, Nal or Aib;
X' is -COOR?, -CH,OH, CH,COOR’, or -CONR?),, where each R’
is independentdy H, lower lincar or cyclic alkyl or substituted
- derivatives Urereof, or substituted with a hydrophilic moiety of less
30 than about 1500 daltons;
mis 0. 1, 2 or 3;
pis0, Lor2;
R’ and R® are independently H, lower alkyl or substituted lower
alkyl, or either R or R? are -COOH or CO ‘I(R“’); or -COOR"Y,

-35 or R* and R® 1ogether comprise O;

R* is hydrogen, lower alkyl or substicuzed lower alkyl, aryl or
.substilulcd' aryl;
Z is S, O, NRY, NR“NRB, NRP.CO.NR®, SO,, NRYSQ, or
S=0;
40 : R" is hydrogen, lower alkyl or substituted lower alkyl “aryl or
subsmutcd aryl;

or having the formula:
45 cyclo-A'-B'B*B*B*-C*-

wherein B' is D-.or L-Phe or D- or L-Tyr or D- or L-Nai or Ain;

Y

m de CH err] CO FFWerr] TF. Hcy 15




CH'err] CO. YW err ] KTF. Hhc 20 | D phenyl . CH err] CHCO TW err ] KTC

‘CH err]COFWerr] KT. Pen CH err] CO. FWerr] KT. HEy
CH err]CO FWerr] KT. Hcy. am de CH err] CO. YW err] KTC. am dge _
CH err]CO YWerr] KTCT CH err] CO. YWerr] KTCT(CH err] OH) &[e{g]gﬁ 1998
KTCT.(Jerr]GC[err].amde CHerr]CO FWerr] KTClery]! &n 50

CHerr]COFWerr]KTC. 47. A conpoSBt+on of matter congrilsd
of Claim 10 selected fromthe group consisting of

YWerr].

fornmul a:
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reagents having the
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B? is D- or L-Trp;

B* is D- or L-Lys or Hly, Achxa, Amf, Acc, Apc, Acs, Aps

B* is Thr, Ser, Val, Phe, Ile, Abu, Nic, Leu, Nva or Aib:

C! is an L-amino acid; .

A' is a lipophilic D-amino acid or a lipophilic L-(x-N-alkyl) amino

acid or L-cysteine or L-proline or substtuted derivatives thereof;
wherein the moiety is a cyclic peptide moiety having an amino terrainus of A* and
a carboxyl terminus of C* that are covalently linked: and wherein the somatostatin
receptor-binding peptide is. covalently linked to a radiolabel-binding muiety,
wherein the radxolabcl-bmdmg moiety is not covalently linked to the moieties B!,

B!, B’ B* or A of the pcpude

11, ‘The peptide of Claim 10 whercin X! is a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units. '

12.  The somatostatin receptor-binding peptide of Claim 10 whercin B!
is phenylalanine or tyrosine, B? is D-tryptophan, B? is lysine and B* is ‘threoninc
or valine. '

13.  The reagent of Claim 10 whercin the reagent further comprises a
polyvalent linking moiety covalently linked to a multiplicity of the somatostatin
receptor binding peptides and also covalently linkad to a multiplicity of radiolabel-
binding moieties to comprise a reagem for preparing a multimeric polyvalent
somatostatin receptor binding reagent, wherein the molecular weight of the
multimeric polyvalent somatostatin receptor binding reagent is less than about
20,000 daltons.

14.  The reagent of Claim 13 wherein the polyvalent linking moiety is
bis-succinimidyimethylether, 4-(2,2-dimethylacetylybenzoic acid, N-{2-(N", N'-bis(2-

- succinimidocthyl)aminoethyl)}-N*, N?-bis(2-methyl-2-mercaptopropyl)-6,9-

diazanonanamide, #ris(succinimidylethyl)amine or a derivative théreof,

15. A scintigraphic imaging agent comprising the reagent of Claim 10
radiolabeled with technetium-99m.,

16. A scintigraphic imaging agent comprising the reagent of Claim 10
radiolabeled with indium-111, gallium-67 or gallium-68. |

17. A scintigraphic imaging agcnt comprising the sematostatin receptor

binding peptide of Claim ] radiolabeled with iodine-123 or iodine-125.

AT 0 e




cycl 0. CYWer r] KVC 35 CH[ er r] CO. FFW er r ] KTFC. { BAM
cyclo.(NNCH err])FYWerr] KV. K. (BAT) cyclo.

(NNCH err])FYWerr] KV. Hcy(CH err] CO . GGC. am de)
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cyclo. (N-CH err])FYWerr] KV. Hcy(CH err] CO. (e-K). GC. ami de) | 4
cyclo.(NCH err])FYWerr]KV. Hcy(CH err] CO. Clerr] Gl err]. dé)3 JUL 1998
cyclo.(N-CH err])FYWerr] KV. Hcy(CH err] CO. CGC. ami de)
cyclo.(N-CH err])FYWerr] KV. Hcy(CH err] CO GCC. ami de)
cyclo. (N-CH err])FYWerr] KV. Hcy( CH err] CO. CGQ)

cyclo.(N-CH err])FYWerr]KV. E. { BAM545 -
CH[err]COFFV\[err]KTFC(e K).. GC. am de CH[err]COFFV\[err]KTFC derr] GC[err]
ami dc CH err] CO. YWer rA KEdiptexspaitic] 22¢ni ¢omprising the reagent of Claim (0

radiolzbeled with a cytotoxic radioisotope selected from the group consisting of
scandium-47, copper-67, gallium-72, ytth'um-90. tin-117m, samarium-153,
gadolinium-159, dysprosium-16S, holmium-166, ytterbium-173, luretium-177,
5 rthenium-186, rhenium-188, and bismuth-212, |
19. A radiotherapeutic agent comprising the somatoswmtin receptor
binding peptide of Claim 1 radiolabeled with iodine-125, iodine-131 or astatine-
131, | o
20. A complex formed by reacting the reagent of Claimm 10 with
10 technetium-99m in the presence of a reducing agent.
21. The complex of Claim 20, wherein the reduéing agent is selected
from the group consisting of a dithionite ion, a stannous ion and a ferrous jon.
22. A complex formed by labeling the reagent of Claim 10 with
technetium-99m by ligand exchange of a prereduced technetium-99m complex.
15 23. A composition of matter comprising the reagent of Claim 10 and
a stannous ion. o
24. A kit for preparing a radiopbarmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagemt of
Claim 10 and a sufficient amount of reducing agent to label the reagent with
20 techoctium-9%m. _
25. Use of the reagent of Claim 15 for preparing a medicament for
Imaging  site within 2 mammalian body by administering an cffective diagnostic
amount of the reagent and detecting the technetium-99m Iocahzzd at the site in
the mammalian body. '
25 - 26, The reagent according to Claim 10 whercm the somatostatin
receptor-binding pepride is chemically synthesized in virro.
_ 27. ‘The reagemt according to Claim 26 whercin the somatostatin
receptor-binding peptide is synthesized by solid phase peptide synthesis,
28. The reagent according to Claim 26 wherein the radiolabel-binding
30 | moiety is covaicntly linked 1o the somatostatin receptor-binding peptide during in

vitro chemical syathesis.

T




60 - and CHerr]CO. YWerr] KTCT. Cferr] GJerr].amde. 48,
radl ot herapeutic agent that is the reagent of daim3 0 ra |%ERJJ@9£EMENW SHEET
rheni um 186 or rhenium 188. 5 : 4 9. The radiol ape
radi ot herapeutic agent of Claim4 8 wherein the agent is rad ol'agajégg gpath
rhenium 186 or rhenium 188 in the presence of a reducing eht sel é
fromthe group consisting of a dithionite ion, a stannous } on amt——=an
ferrous ion. 50. A kit for prepari 2%% a radi ophar maceut i cal|_preparation.of
the 10 radi ot herapeutic agenf ¢dnprising a sealed vial contatmmg—ah
amount of the 29. The reagent according to Claim 28 wherein the radiolabel-binding

moiety is covalemly linked 1o the samatostatin rect:plor-bmdmg peptide during
sulid phase peptide synthesis.
30. The reagent of Claim 10 compnmng a radjolabel-binding moiety
5 having the formula:
C(PSP)"(”)'C(PgP)’
wherein (pgp)® is H or a thiol protecting group and (aa) is an amino acid;

or the formula:

A-CZ(B)-{CR*RY},-X
10 -
wheréin A is H, HOOC, H;NOC, (peptide)-NHOC, R%NCO, (peptide)-00C
or R%;
B is H, SH, -NHR¢, -N(R9)-{peptide), or-R%
15 X is H, SH, -NHR®, -N(R%)-(peptide) or RY;

Zis H or R% :

R, R® R® and R? are indepsndently H or lower strajght or

branchcd chain or cyclic alkyl;

Re is € 1-C, alkyl, an amino 2cid or a pepride compnsmg 2 to about
20 10 amino acids;

nis0, Ior2;

and

25 where B is -NIIR® or -N(R)-(peptide), X is SH, and nis 1 or 2;
‘where X is -NHR® or -N(R®)-(peptide). B is SH, and n is' 1 or 2;
where B is B or R, A is HOOC, H,NOC, (peptide)}-NHOC, or (peptide}-00C,
XisSH,axdnisOor 1:
where A is H or RY, then where B is SH, X is -NHR® or -N(R‘) (peptide) acd
30 . where X is SH, B is -NHR® or -N(R9-(peptide);
where X is H or R%, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-O0C
_and B is SIT; - _
. where Zis methyl, X Is methyl, A is HOOC, H,;NOC, (peptide)}-NHOC, or
{peptide)-00C, B is SH and a is O:
35 where B is Sti and X is SH, n is not 0;
and wherein the thiol moiety is in the reduced form;

or the formula:

AN




reagent of aim30 and a sufficient amount of a reducing agent to

radi ol abel the reagent with rhenium 186 or rbenium 188. 51.
conposition of matter of Claim47 radiolabeled with a radio
fromthe group consisting of gallium68, technetium99m 15
and iodine-123. 52. The conposition of matter of Cl aim47.
with a radioisotope sel ected fromtde group consisting of s

" The

SULOPT
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r
cand
i he
yt ,

copper-67, gallium72, yttrium90. tin-117m iodine-125, io
samari um 153, gadol i ni ugd 159, dyspr.osi um 165, hol mi um 166,
UEP1 BEmiIR & meyiBe -dLR at i ne - 2

11, bisnmuth-21

radi ol abel ed r

Jutetium 177, 20 r '
‘and astatine-131 to vyi :
of a conposition of maENe

nmedi cament fofralleviating a somatostatin-related dise

- HN - cysteine - (amino acid) - NH - CH, -
S O
SX

X = H or a protecting group;

(amino acid) = any amino acid:

e i

wherein

or the formula:
10 _ (CR,)E.
JNH
(CRa)a
S-(pep)*

'I\{-A-CO-peptide
(CRy),

S-(pgp)°
each R is independently H, CH, or C;H;;

‘15 wherein

| ot her apeuti c agent.
according to Claim 46 for the manufacture of a

0. ose

n an ani nal .

cach (pgp)® is independently a thiol protecting group or H;

m, n and p are independently 2 or 3;

A = lincar or cyclic lower alkyl, aryl, heterocyclyl, combinations

or substituted derivatives thereof:
20
or

/(CR‘.‘){ ) )
NH PQ-A-CH(V JNHR®
Ry GRY,

"SH SH

tach R is indepeadently H, CH, or C,H;;
m. n and p are independently 2 or 3;

wherein

30
ar substituted derivatives thereof:
-V = H or -CO-peptide;
R' = H or peptide;

AL

A = linear or cyclic lower alkyl, aryl, heterocyelyl, combinations

and wherein when V = H, R = peptide and when R® = H, V = -CO-peptide;




25 S 54 . A use accordingto O ai m 53 wherein the § [ -
human. 55. Use of a conposition of matter according to d ai WF@EﬁT SHEET
preparing a nedi canent for alleviating a somatostatin-rel ate TEease n an
1
0

animal . 56. A use according to Caimb55 wherein the animal |s{a{tBinHh: 1998
The use according to Caim55 wherein the nmedi canent conprisps|3 from
about 0.1 to about 49 ng/ kg body wei ght of the conposition of matter. 58
A pharmaceutical conposition conprigsing the radiol abel € :

radi ot herapeutic agent of Claim52 in a pharnmaceutically acceptable
carrier. - watrein 8&ch RAs GodepersientlyoH, doweraaliod rhawiagdr 105 P rrgr@ncaems-ex f or med

by reacting the [ 2agela uidifthdd with Weel aiRyIN ok @ HuRRF 4t SR R bach
n is independently 1 or 2. - :
31. The reagent of Claim 30 wherein the cysteine of the .radiolabel-
5 binding moiety having formula
| C(pgp)*-(2a)-C(pgp)®
has a protecting group of the formala |
' -CH,;-NH-CO-R
wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-.4-pyridyl, phenyl,
10 or phenyl substinuted with lower alkyl, hydroxy, lower alko;y. carboxy, or lower
alkoxycarbonyl. ' o
_ 32. The reagent of Claim 30 wherein the radiclabel-binding moiety
C(pgp)*~(a2)-C(pgp)* has the formula: . '
(E}I:SCH,NHCOCH.,
15 -HN-(EH-CO—NH-CH;-CO—NH-CH-CO—
CH,-S-CH,-NHCOCH,
33. A scintigraphic imaging égent that is the rcagent of Claim 30
radiolabeled with technetium-99m.
34. A complex formed by reacting the reagent of Claim 30 with
20 -technetium-99m in the presence of a reducing agent.
35. The complex of Claim 34, wherein the reducing agent is sclected
from the group consisting of a dithionite jon, a stannous ion and a ferrous fon.
'36. A complex fonmed by Jlatieling the reagent of Claim 30 with
technetium-99m by ligand exchange of a prereduced technetium-95m complex.
25 37. A composition of matter comprising the reagent of Claim 30 and
~ 2 stannous ion.’ _
38. A kit for preparing a radiopharmaceutical preparation, said kit
comprising a sealed vial containing a predetermined quantity of the reagent of
Claim 30 and a sufficient amount of reducing agent to label the reagent with
30. technctivm-99m. _ _
39. Use of a scintigraphic imaging agemt sccording to Claim 33 for
preparing a medicament for imaging a site within a mammalian body.

RN OB O A



60. The conplex of Caim 59 wherein the non-radioactive mef #EPLACEMENT \SREET
5 61. A conposition of matter conprising a conp] ex~foxned ny
reacting the reagent of Claim13 with a non-radi oactive netaj . Gi. ﬁ)
conposition of matter conprising a conplex formed by reacti [ h 3 L 1998
scintigraphic imaging agent of Claim15 with a non-radi oact ijvewet+al—=_E3

A conposition of matter conprising §8c9rrp| ex formed by reactfing 10 t he

scintigraphic i magi ng agent of Claim116 with a non-radi oact i ve—tfretel—~64-

A conposi tion of 4@at t The Gedgpit atdFlig ¢ NPk 30 orerdinbyhe aatitongid he

scintigraphic imagqi agent of Claim117 wiith a non-radioactive netal. 65.
A conposi ti o’l’?c‘fr?f“%éi{}g'@rp?ﬁ‘h:pl’!@i’ﬂﬁﬂg vokptized i dfffed by reacting the

radi ot her apeuti c4agenthiredgbmi Rcbinh td) QaiPPoT ARERAC kileV QorRbAktin 15

66. A conposition of matter conprising a conplex fornmed by reacting the
r adi ot her apegedptordipdivg psptidy igissmtheizegd by selidphnse pentidasynthesiset al

5 _ 42. The reagent according to Claim 40 wherein the radiolabel-binding
-moiety is covalently linked (o the somatostatin receptor-binding peptide during in
vitre chemical synthesis,
43. The reagent accofding to Claim42 wherein the fad.iolabcl-binding
moiety is covalently linked to the somatostatin receptor-binding peptide during
10 solid phasc peptide synthesis.

- 44. The reagent of Claim 30 wherein the reagent further compriscs a
polyvalent linking moicty covalently linked to a multiplicity of the somatostatin
receptor binding peptides and also covalently linked to 2 muliplicity of radiolabel-
binding moieties 0 comprise a reagent for preparing a multimeric polyvalent

15 somatostatin receptor binding reagent, ‘wherein the molecular weight of the
multimeric polyvalent somatostatin receptor binding reagent is less than about

20,000 daltons. '
45.  The reagent of Claim 44 wherein the polyvalent linking moiety is
bis-succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-{2-(N", N'-bis(2-
20 succinimidoethyl)aminoethy!) }-A® A%-bis(2-methyl-2-mercaptopropyl)-6,9-
diazanonanamide, tris(succinimidylethyl)amine rriv(z-chlomacetamidocthyl)aminc.
1,2-bis-{2-(chloroacetumido)  ethoxy)ethane,  sris(acetamidocthyl)amine,  bis-
acctamidomethyl cther, bis-acetamidoethyl ether, a,e-bis-acetyllysine, lysine or 1,8-

bis-acetamido-3,6-dioxa-octane, or a derivative (hereof.

46. A composition of matter comprising the peptide of Claim 1 sclected
from the group consisting of somatostatin receptor binding peptides having the

_ formula:

30 cyclo{N-CH;)FYWKV.Hcy
' CH.CO.EYW KTFC .amide
CH,CO.FYWKTF Hhe.amide
cvelo. CYW KVC
: CH.CO.FFW,KTFC.amide
35 CH,CO FFW. KT

. * c L M s *




67. " The reagent of C aim 10 radiol abeled with technetium99m indium 111

gallium 67 or gallium68. 68. The peptide of Caiml rad
i odi ne-123, iodine-125, 20 i odi ne- 131 or astatine-2
reagent of Claim 10 radi ol abel ed with-a radi oi sot ope setl
group consisting of scandium 47, copper-67. . gallium72.

117m iodine- 125. . odine- 131. sasmmppuar 153, gadol i num 159.

hol m um 166. vyt
Ysyclo:

etlun}177 rheni um 186, rh
bi snmut h- 212.

REPRECAENY 'SHEET

ed fromth
i 43 JalL 4

dysprosium.
ni um 188 and 25

~ —+

The peptide of

0 ;§ Erece tor bi nding ,
to Caim1l0 ar@"lf’ B %}?& %lgl oi sot ope for prepar| ng a
medi cament f oré¥ gﬁ?) pkY. am ody 71.

Cl ai m 47 radi obe¥8 DKXJTI‘%YM@Q) (frl@aq}ﬁémf .
ast ati ned211. cyclo. (N-CH;)FY'WDKV HC}'(CH;CO CMG‘CAN am.de)
cyclo. (N-CH)FYWKV Hey(CH,CO.CGC.amide)
evelo.(N-CH,)FYW XV .Hey(CH,CO.GGC. amide)
cyclo.(N-CH,)FYW,KV.Hey(CH,CO.CGC)
cyclo (N-CII)FYW,KV.E
10 CH,CO.NFFW KTFTC
CH.CO.FFW KTFC
CH.CO.FFW.KTFC.(e-K).GC.amide
CH.CO FFW KTFC.C,,GCpr-amide
CH,CO FFW KTF.Hey _
15 CH.CO. YW KTC
CH.CO.YW,KT.Hey.amide

CH,CO.YW,KT.Hhe. T(CH,0H)
H,CO. YW KTCTGGCye. amide

. CH.CO. YW .Hh
20 D-phenyl. CH,CHCO. YW KTC
CH,CO.FW KT Pen
CH.CO.EW KT Hcy.amide
CH.CO. YW KTC arnide
25 CH,CO. YW KTCT '
CH,CO. YW KTCT(CH,OH)

' CH:CO.YWKTCT.CpoGC e amide
CH.CO KTC,
and

30 CH,CO.FW.KTC.

i odi ne-131 or

47. A cowposition of matter comprising the reagent . of Chim 10

sclected from the group consisting of reagents having the formula:

clo. CYWKVC
35 CH,CO.FFW KTEC.{BAM]}

cyclo. (N-CH,)}-YWLJ(V K.{BAT}
oyclo. (N-CH,)FYW KV.Hey(CH,CO.GGC. amide)
cyclo.(N-CH,)FYW, KV Hey(CH,CO.K.(¢-K).GC.amide)
cyclo (N-CH,)FYWKV.Hey(CH.CO.(e-K).GC.amide)
40 cyclo. (N-CH,)FYWKV.Hey(CH,CO.C, ,GC,. 5. amide)
cyclo. (N-CH)FYW KV Hey(CH,CO.CGC.amide)
cyclo.(N-CH)FYW KV, Hey(CH,CO.GGC.amide)
eyclo. (N-CH,)FYW KV . Hey(CH,CO.CGC)
oclo.(N-CH;)FYWKV.E.{BAM}
45 CH.CO.FFW . KTFEC.{K).GC.amide
CH,CQ.FFW KTFC.C,_.GC, .2mide
CH,CO.YWrKTCTGGC,,,.amide



-62- 72. A conposition of matter conprising a cyclic somatostarin receptor-
bi ndi ng peptide not conprising a disulfide bond, coval ent |
bi ndi ng noiety. 73 . A scintigraphic inmaging ag¢ %é#J&EME&Tn@EET

r adi ol abel

the reagent of daim72 5 radi ol abel ed with technetium §9m 74
scintigraphic inmaging agent conprising the reagent of Cain ¥2{radjip] #4888 efl
wth indium111l, gallium 67 or gallium68. 75. A radi ot herfpg¢uti c agent :

A

conprising the reagent of Claim72 radiol abeled with a cytptoxic

radi oi sotope selected fromthe grouwp6éfonrsi sting of 10

scandi um 47,

copper-67, galjpjgum 72, yttrium90, tin-117m samarium 153,

10

15

30

.CH-CQ. YW KTCT.C, GCp.rp.amide,

48. A radiotherapeutic agent that is the rcageni of Clatm 30 radiolabeled
with rhenium-186 or rhenium-188.

49. ‘The radiolabeled radiotherapeutic agent of Claim 48 whercin the
agent is radiolabeled with rheniom-186 or rhenfum-188 in the presence of a
reducing agent selected from the group consisting of a dithionite ion, 2 stannous
ion and an ferrous ion. '

50. A kit for preparing a radiopharm_accuiical preparation of the
radiotherapeutic agent comprising a sealed vial containing an amount of the
reagent of Claim 30 and a sufficient amount of a reducing agent to radiolabel the
reagent with rhenium-186 or rheaum-188.

51. The composition of matter of Ciaim 4.7 radiolabeled with a
radioisotape sclected from the group consisting of gallium-68, tcchnetium-99m
indium-111, and jodine-123. |

52. The composition of matter of Claim47. radiolabeled with a
radioisotope sclected from the group consisting of scandium-47, copper-67,
gallium-72, ymium-90, tin-117m, lodine-125, jodine-131, samarjum-153,
gadolinium-159, dysprosium-165, hoimium-166, ytterbium-175, .Iutetiura-177,

rhenjum-186, chenium-188.- astatine-211, bismuth-212 and astatine-131 to yield 2

radiolabeled radiotherapeutic agent.

53. Use of a compositicn of matter according to Claim 26 for the
manufacture of a medicament for alleviating a .somatostatin-related discase in an
animal,

54. A use according 1o Claim 53 wherein the animal is a human.

55. Use of a composition of matter according to Claim 52 for preparing
a medicament for allcviatifxg a- somatostatin-rélated disezse in an animal.

" 56. A use according to Claim 55 whercin the animal is 2 human.
~57. The use according to Claim 55 wherein the medicament comprises
from about 0.1 to about 49 mg/ke body weight of the composition of matter.

38. A pharmaceutical composition comprising the radiolabeled
radiotherapeutic agemt of Claim 52in-a pharmaccutically acceptable carrier

* ¢ L M s *




gadol i ni um 159, dysprosium 165.. hol m um 166, ytterbium 17
rheni um 186, rhenium 188, and bi snuth-212. 76. A conpl ex

the reagent of daim72 with technerium99min the presen
agent. 15 77. A conplex formed by labeling th
72 with technetium99m by |igand exchange of a prereduced
conplex. 78. A conposition of matter conprising the reage

Ce[OoTa TedotTn
e nfygjof al m

g et LTS

nt of O arm 72 and}

[1%

a stannous ion. 79. A kit . for preparing a radi opharmaceut

cal preparation,

said kit 20 conprising a sealed vial containing a pr
quantity of the reagent of Claim72-agd a sufficient anou
agent to | abel the {)eagent Wih technetium9

edet erm ned
nt of reducing
t he reagent of

9 80. f
Caim 72 for prepal?fhg % CORRASEIORof maftes c‘?"??éﬁi"qu‘ ?’@f#?gﬁ?hqynr%mﬁﬁmml i an

body by admi nift heigoPClatth f1O0kiN @ ndhAMASHVeCmetal.

60. The complex of Claim 59 wherein the non-radioactive metal is

thenivm.

5 61. A composition of matter comprising a complex formed by reacting

the reagent of Claim 13 with a non-radiosctive metal.

62. A compoéition of matter comprising a complex formed by reacting

the scintigraphic imaging agent of Claim 15 with a non-radioactive metal.

63. A composition of matter comprising a complex formed by reacting

10 the scintigraphic irnaging agent of Claim 16 with a non-radiocactive metal.

64. A composition of matter comprising a complex formed by reacting

the scintigraphic imaging agent of Claim 17 with a non-radicactive meral.

65. A composition of matter comprising a complex formed by reacting

the radiotherapeutic agent of Claim 18 with a non-radioactive metal.

15 66. A composition of matter comprising a complex formed by reacting
the radiotherapeutic agent- of Claim 19 with a non-radioactive metal.
67. The reagent of Claim 10 radiolabeled with techoetium-99m, indium-

111, gallium-67 or gallium-68. _

68. The peptide of Claim 1 radiolabeled with iodine-123, jodine-1235,

20 iodine-131 or astatine-211.

69. The reagent of Claim 10 radiolabaled with a radioisotope selected
from the group consisting of scandium-47, copper-67, gallium-72. ytirium-90, tin-
117m, iodine-125, iodine-131, samarium-153, gadolinium-159, dysprosium-165,
holmium-166. ytterbium-175, lutetium-177, rhenivra-186, rhenium-188, and

25 . bismuth-212.

70. Use of a somatostatin receptor binding peptide according to Claim

10 and rudiclabeled with a detectable radioisotcpe for'prcpaﬁng a medicament for

inging a site within 2 mammalian body.

71. The peptide of Claim 47 radiolabeled with iodine-123, iodine-125,

30 jodine-131 or astatine-211.

= ¢ L M s % |



25 | anount of the reagent and det écti ng the technetium mLREﬁ\Iﬂtﬁ%H%LET

the site in the mamml i an body.

10

15

20

25

13 JuL 1998

- 62 -

72. A composition of matter éompn‘i:ing a cyclic somatostatin receptor-
binding peptide notl comprising 2 disulfide bond, covalently linked to a radiolabel
binding moiery. '

73. A scintigraphic imaging agent comprising the reagent of Claim 72
radiolabeled with technetium-99m. |

74. A scintigraphic imaging agent comprising the reagent of Claim 72
radiolabeled with indium-111, gallium-67 or galliurm-68.

75. A radiotherapeutic agent comprising the reagent of Claim 72
radiolabeled with & cytotoxic radicisotope selected from the group consisting of
scandium-47, copper-67, gallum72, ytrivm-90, ftin-117m, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, yiterbium-175, lutetium-177.
rhenium-186, rhenium-188, and bismuth-212.

76. A complex formed by reacting the reagent of Claim 72 with

technetium-99m in the presence of a reducing agent.

.77. A complex formed by labeling the reagent of Claim 72 with
technetium-99m by I_igand exchange of a prei—uluwd techoetium-99m complex.

78. A composition of matter comprising the reageat of Claim 72 and
a stannous ion. ' | _ '

-79. A kit for preparing a radiopharmaceutical preparation, said kit

~comprising a sealed vial containing a predetermined quantity of the reagent of

Claim 72 and a sufficient amount of reducing agent to label the reagent with
technetium-99m.

80. Use of the reagent of Claim 72 for preparing a2 medicament. for
imaging a site within 2 mammalian body by administering an effective diagnostic
amount of the reagent and detecting the technetium-99m localized at the site in

the mammalian body.



