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severa) pituitary and intestinal factors that regulate cell proliferation, cell motility, or cellular
30 secretion, including growth hormone, adrenocorticotropin hormone, prolactin, thyroid
stimulating hormone, insulin, glucagon, motilin, gastric inhibitory peptide (GIP), vasoactive
intestinal peptide (VIP), secretin, cholecystokinin, bombesin, gastrin releasing peptide (GRP),
gastrin  adrenocorticotropic hormone (ACTH), thyroid releasing hormone (TRH),

cholecystokinin (CCK), aldosterone, pancreatic polypeptide (PP), various cytokines (e.g.,
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previous bolus dose ( 175. given, but the radioligand was

admi ni st ePYBRIBYANFATE] 08 d“%}@fog?‘%sﬁr %%Jl‘b’éf’r%o‘ﬁ’é]i anpvel aMechppisps 5 of CAFAN, " These

20 data aRsiipadeial New BRbE vol. ﬂ§1q>pdam64r®7ﬂhs@ pszasarhtzedpassreeeps‘dﬂrs;@narmr ked
"Infusion 1 " in Figure 1. E P zoo2 18 Table 2. Infusion Dose 1 5

| U 15 | drapsdusHon @ﬁegtap@WS(WyWed m Octreotide-Induced Inhibition of Angiogenesis,"
15 Surgery, vol. 116, pp. 1148-52 (1994); R. Barrie er al., "Inhibition of Angiogenesis by

Somatostatin and Somatostatin-like Compounds Is Structurally Dependent,” Journal of Surgical
Research, vol. 55, pp. 446-450 (1993); and E.A. Woltering er al., "Somatostatin Analogues
Inhibit Angiogenesis in the Chick Chorioallantoic Membrane,” Journal of Surgical Research,
vol. 50, pp. 245-251 (1991).

20 Angiogenic blood vessels have SST-2 receptors at a higher density than vessels from
normal tissues. See J.C. Watson et al., "Up-Regulation of Somatostatin Receptor Subtype 2
(SST-2) mRNA Occurs During the Transformation of Human Endothelium to the Angiogenic
Phenotype,” Paper Presented at the 12th International Symposium on Regulatory Peptides,
Copenhagen, Denmark, September 1996; and J.C. Watson er al., "SST-2 Gene Expression

25 Appears During Human Angiogenesis,” Regulatory Peptides, vol. 64, p. 206 (Abstract)
(1996). Radiolabeled somatostatin analogs binding to SST-2 receptors on tumor vessels have
been used for radioimaging and radiotherapy. The tumor’s size deceases because blood vessel
growth is inhibited by the radiolabeled compound. See J.C. Reubi e al., "High Density of
Somatostatin Receptors in Veins Surrounding Human Cancer Tissue: Role in Tumor-Host

30 Interaction?,” International Journal of Cancer, vol. 56, pp. 681-88 (1994). Pathologic blood
vessel growth has also been implicated in several other disease conditions, including
retinopathy of prematurity, diabetic retinopathy, glaucoma, tumor growth, rheumatoid arthritis,
and inflammation. See Barrie er al., 1993. In fact, "'In-pentetreotide has been used to

localize areas of joints affected by rheumatoid arthritis. See P.M. Vanhagen e al.,



Amount Radioligand Delivered* (nCi)Tine fromlnitial Infusion {hr) External
Dose Accunul ation (nR/ hr) Maxinmal Ratio

(R hr/ G ) 2453. 5202. 0l . 02772924552452. 6224. 554. 80. 65950548702450. 55960 (1D
. 446169727013732. 9161251852021415. 472156. 89i 20 *Adj usted for Radi oactive
Decay. One nonth later, in "Infusion 2, the total dose was increased to
389.2 nCi. By infusion, 189.8 nC of thg radi ol i gand was gi ven over the

first 24 108..6 ' econd 24_hr

Lhive o4 NomeiesfoR Senf Thesins, T BRRERF ot sobioRiat RoadoR ol MbStmtolf
These dat Arifyi, Sh@m:tisr&iﬁwnﬁn&nam 3, @0l BERpESENted (1994fi gure 1 as the
curve | abel ed "infu5|on 2. " 3SEP 2005 19 Table 3. Infusion Dose 2 5
10 15 20 25 | AAPEIPESEn CEIBuPaé(WéﬁQ been r PORATIR FIPIRESI NG| YagRua dpthelist @gewth

(nGi)Ti rrefaf:tBPWt@F)‘?éceptor gene, kdr, while quiescent vascular cells did not express this receptor

5 gene. Both angiogenic and quiescent cells expressed the VEGF receptor gene, flr-J. See J.C.

Watson et al., "Initiation of kdr Gene Transcription is Associated with Conversion of Human

Vascular Endothelium to an Angiogenic Phenotype,” Surgical Forum, vol. 47, pp. 462-64

(1996).

Non-radiolabeled somatostatin analogs have been used to inhibit growth hormone

10 secretion by infusion from an implantable pump system to avoid intermittent growth hormone

release between injections, and to avoid the inconvenience to the patient of frequent

subcutaneous injections. See G. Hildebrandt er al., "Results of Continuous Long Term

Intravenous Application of Octreotide via an Implantable Pump System in Acromegaly

Resistent to Operative and X-ray Therapy," Acta Neurochirurgica, vol. 117, pp. 160-65

15 (1992). Thus the administration of the hormone by infusion allowed the concentration of the

hormone to remain at a constant level in the blood stream. The objective was not to increase
accumulation of the hormone inside the cells.

Infusion has also been suggested for uptake of a radiolabeled pyrimidine analog for

incorporation into the DNA during DNA synthesis when the cell is in a growth phase.

20 Pyrimidine does not bind to a cellular receptor, but instead is used as a building block for

synthesizing new DNA. Because the radiolabeled pyrimidine in the general circulation was

rapidly dehalogenated, infusion was suggested for increased uptake by solid tumors (e.g.,

breast cancer), which are known to have a slower growth rate and thus a lower percentage of

cells in a growth phase at any one time than liquid tumors (e.g., leukemia). Infusion was

25 suggested to maintain a level of radiolabeled compound in the circulation, so cells dividing at

different cycles would have access to the radioligand for incorporation into DNA during DNA

synthesis. No corresponding experimental data were given. No reference was made to

radiolabeled compounds that bind to a cellular receptor. See Bloomer et al., 1977.

30 Patent No. 5,590,656 discloses using a bolus injection of radiolabeled somatostatin to
detect and differentiate neoplastic tissues,
Patent No. 5,597,894 discloses using multi-tyrosinated somatostatin analogs given by

bolus injection or short infusion (up to 60 min) to diagnose and treat tumors with peptide-

specific surface receptors.



| nfus~on (hr) )External Dose Accunulation (nR/ hr) Maximal Ratio

(nmRIhr/ nCi)20189. 76021. 106554161801721020181 22108. 6222171 0. 6702R72318042200
2490 R4442000. 565236471836522068210144811 616666389. 22 * Adj ust ed foq 3 SEP 2002
Radi oacti ve Decay. One nonth later, a third dose was admi ni stered

i nfusion ("Infusion 3"). A dose of 301 gC was infused the first 24 hr
period. In two subsequent 24 hr periods, 25 and 21 nC were infused. The

data are presepigghibofal TahliGuidn aEnaRe W5 96 812k hcliobs RisgidM8beledo) del NE
30 labeled "I nfusion 'F%’ O A S e Sogys Tt usueonb‘§6 ’Is"gﬁé ‘10 15

20 25 30 ddrivhtirss dcﬂwemsirtafta oingl¢ ivelps Miestpn oRBxliachpry infesiely testodr 6Q mdi fori e

(R 1 e 1730808 8 Bl iS55 AT 436 26002 7013400164701 74601041 02426, 932
04l 022380233752536026350293453034031335403| 02420. 48462804727567230901791647
065349 49 Radioimaging and radiotherapy are increasingly important in 1dentifying and killing
unwanted tumor cells. The effectiveness of the radioligand depends on the concentration that
is accumulated in the target cells. Although methods have been developed 10 increase the
tumor to background ratio, few methods have actually increased the concentration of the
radioligand inside either the tumor celis or closely associated angiogenic cells. Thus, there is a

10 need for a method to increase the accumulation and retention of radioligand inside the target

cells without an increase in the destruction of normal body cells.

DISCLOSURE OF INVENTION

We have discovered that administering a radioisotopic compound by infusion over a

15 period of time greater than two hours, preferably greater than twelve hours, greatly increases
the maximum radioactivity that accumulates in the target cell.  Accumulation of the
radiolabeled compound in target tissues can be about five times higher than that resulting from

bolus injection or short infusion methods. This method enhances the tumor-to-background
radioactivity ratio by increasing the amount of radioligand accumulated inside the tumor cells.

20 This method may be used with any radiolabeled compound whose cellular uptake rate is limited
by binding to a cellular receptor or to a transport protein. Once the radiolabeled compound is
internalized, the biological half-life plays no more than a minor role in the residence time.

The primary factor governing residence time after internalization is the physical half-life of the

radioisotope.
25
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 illustrates the uptake of '"'In-pentetreotide as a function of time in a single
patient for different methods of administration.
Figure 2 illustrates the data of Figure 1 plotted on a logarithmic scale.
30 Figure 3 illustrates the binding and internalization of '*I-WOC-4a.

Figure 4 illustrates the binding and internalization of '¥I-WOC-4a.

Figure 5 illustrates the binding and internalization of I-WQC-3b.

Figure 6 illustrates the binding and internalization of "'In-pentetreotide.

Figure 7 illustrates the rate of loss of radioactivity from cells exposed to '*I-WOC-4a.

35 Figure 8 illustrates the effect of a competitor on internalized '''In-pentetreotide.



*Adj usted for Radi oactive Decay. 1 3 S EP 2002 21 Based on the
observations fromthe final bolus dose and the first two infusion doses, it
is evident that an equival ent dose admi nistered by the different r’rétﬂt&ﬂ%?ﬂﬂ?
accunul ated at very different rates. Wth a bolus injection of 178.8 nC,

t he maxi num external gamma dose rate oclgurred soon after the injection) and
decreased to about 34 nR/ hr at 24 hr |nj ection, a 24 5 hr ratio of
0.19 nR/ hr neasur.e £ d £ 885 ered. Fe Si 0 Dose
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i nes were Ber ornmed t.o ow t he uptake of a radi ol abel ed pepti de over
time in mif OPBFLAnIOBENiE yﬁ%‘gar "BH% Lines The cells included: (1) | MR 32
(ATCC No. CCL-127), a human neurobl astoma cell line with a very high

expression |l evel of somatostatin receptors (SST), predom nantly SST-2; 20
(?) SKNSH (ATCC No. HTB-11 ), a human neurobl ast oma bone marrow netastatic
cell that |acks somatostatin receptors as defined by either a binding assay
or reverse transcriptasepoi ynerase chain reaction (RTPCR); and (3) SK-R2) a
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The 1MR-32 and the SK-R2 cells express sonatostatin receptors type 2
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Peptide Finding and Internalization Assay Cells were harvested) counted
with a henocytoneter, and resuspended in binding 30 buffer (Mni mum 3 sep 900
Essential Medium (MEM, 10 mM Hepes, 0.01 % BSA). A standard assay useaE
500,000 cells in 1 nmL of binding buffer. Radioactive |Iigand al one (500, 000
cpm, or in conbination with at least 1,000-fold nolar excess (10 M

non-r adi oacti ve corrpound (to calcul ate ‘Specific binding), was added to a
final volune of 1 78" f ' t, the incubation
medi um was renoved) tt@?&?&dﬁe@e@?in@gﬂm&?% V\n{ﬁ mnks 1 3 S EP 2002
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To determine that the radioligand in fact bound to the SST-2 receptor)
experiments were conducted with cell lines IMR32) SK-R2) and SKNSH.
"‘In-pentetreotide (1 CPMcell) was used as the radioligand and octt]e;owipd@[]2
acetate as a conpetitor. The assay nmethods were as 30 described in Exanple
2. The data are presented in Table 5. ,,25 Table 5. "' In-Pentetreotide
Binding to Cells wwth and Wthout SonatoOstatin Receptors 1 3 SEP 200z
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Time (mns.) Radioligand (CPM SD)Radioligand + Unl abel ed Ligand (CPM

SD) CPM Specifically Bound (Difference) Radioligand (CPM SD)Radioligand +
Unl abel ed Ligand (CPM SD)SPM Specifically Bound (D fference) Speci§isali
Bound p' 30128 f 2883 1245128 2883 |[245350.0660152 16583 169157 16583
169450. 002180291 t 44165 t 15126291 44165 15126430. 0091440264 10487
6177338 133112 8226670.042880624 59203 204211023 97332
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det er m nede Dy MMA rofRuion WHichSt SMidr 16 3hge using current technology. Examples are

5 radioisotopes derived from Gallium, Indium, Technetium, Yurium, Ytterbium, Rhenium,
Platinum, Thallium, and Astatine, e.g., Ga, ""In, *"Tc, ®Y, %Y, '®Yb, '®Re, """Pt, *'Ti,
and *"'Ar. Radioisotopes suitable for therapeutic treatment include Auger-electron-emitting
radioisotopes, e.g. '*1, 11 1% 1] 131 Wn - TBr. and other radiolabeled halogens. The
choice of a suitable radioisotope depends on a variety of factors including the type of radiation

10 emitted, the emission energies, the distance over which energy is deposited, and the physical
half-life of the radioisotope. Preferred radioisotopes are those having a radioactive half-life
corresponding to, or longer than, the biological half-life of the receptor-dependent compound.
Preferably the radioisotope has a half-life between about 1 hour and 60 days, preferably
between 5 hours and 60 days, more preferably between 12 hours and 60 days. '*1 has an

15 advaniage over other emitters that produce high-energy gamma rays (i.e., '"In and '*'1) which
require inpatient hospitalization and isolation. '*I will allow the development of outpatient-
based treatments due to the limited amoums of radiation that escapes the body.

The term "radiolabeled somatostatin” includes, for example, '''In-DPTA-somatostatin,
PY-DOTA-somatostatin, and 'I-somatostatin,

20 The term "radiolabeled somatostatin analog” includes, for exampie, '"'In-pentetreotide
(""In-DTPA-D-Phe'-octreotide), ('In-DOTA’-D-Phe!-Tyr%)-octreotide, (*Y-DOTA!D-Phe'-
Tyr?)-octreotide, (¥Y-DOTA'-D-Phe'-Tyr®)-octreotide, '"In-DTPA-D-Phe'-RC-160, *™Tc-RC-
160, *™Tc-CPTA-RC-160, 'PI-RC-160, '®I-RC-160, ™'I-RC-160, *™Tc-octreotide, '®*Re-RC-
160, 'Pl-tyr’-octreotide, '*l-tyr’-octreotide, '*'l-tyr*-octreotide, '*I-lanreotide, '*l-lanreotide,

25 Bll-lanreotide, *Y-DOTA-lanreotide, *Y-DOTA-lanreotide, ‘'“In-DPTA-lanreotide, '"In-
DOTA-lanreotide, '"'In-DPTA-somatostatin, *Y-DOTA-somatostatin, *Y-DOTA-somatostatin,
1%].somatostatin, "'I-WOC-3, '1-WOC-3b, "'1-WOC-4a, '*I-W0OC-4a, '*1.JIC-2D, '*I-JIC-
2D, and "']-J1C-2D.

The term “cellular receptor” includes membrane-bound receptors, intracellular

30 receptors, and binding sites inside organelles, including endosomes, ribosomes, lysosomes,
mitochondria, nuclei, vesicles, endoplasmic reticulum, sarcoplasmic reticulum, and Goigi
bodies.

Infusion may be performed by any convenient route, including intravenous, oral,
intraperitoneal, intratumoral, subcutaneous, intraarterial, intramuscular, or by slow-release

35 formulation. The term "infusion" includes the use of repeated short interval bolus doses of
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In each of five successive months, a bolus injection of about 180 mCi of '"In-
30 pentetreotide (OctreoScan®, Mallinckrodt Medical, Inc., St. Louis, MO) was given. The
external gamma dose rates from radioligand accumulation in the neck tumor area were
measured immediately and 24 hr after injection. Afier the treatment of the fifth month, the
patient was monitored for radioligand uptake for an extended period--at 2, 4, and 8 days after
the injection. These data are shown below in Table 1 and are also presented in Figure 1 as the

35 lower curve labeled "Bolus Dose."”



ranging fromO0.1-100 CPM cell. After exposure, the radi oactive nmedi um was
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exposure) ''-SI-WOC-4a i nduces SST-2-dependent cytotoxicity. For eval uating
the effect of a long-term (4-week) exposure to '~I-WC-4a on SST-2
expressing cells, 1MR32 cells were exposed to either 1 CPM cell

"sl-WDC-4a, 1 CPMcell 20 '"=~1-WOC-4a with 10 Moctreotide acetate) 10b M
octreotide acetate alone, '~ alone, or "~I with octreotide acetate. Cell

viability of each treatnent group was conpared to control values after a
four -week, cryopreserved exposure. These data are shown in Figure 15.

' ~1-WOC-4a induced statistically significant cytotoxicity; however, no
cytotoxicity was seen follow ng exposure to simlar doses of '~ alone or
"'~1 with octreotide acetate. In addition, 'sl-WC-4a 25 cytotoxicity was
not inhibited by the addition of a 10, 000-fold excess of octreotide
acetate, inplying that intracellular incorporation of small anmounts of
"~1-WOC-4a may be cytotoxic to SST-2-positive cells. This cryopreserved
technique allows a | ong-term exposure to the radioligand but prevents cel
proliferation that m ght mask the radioligand s cytotoxic effects. These
studi es denonstrated that 'sl-WC-4a induced cytotoxicity in neuroblastom
30 cells that express SST-2 receptors. This inplies that ''~I-WC-4a w |
be a potential therapeutic agent for SST-2-containing tunors. Exanple 9
Cel lul ar Upt ake of Steroid Hornone 35 To follow the time of uptake of a
steroid hornone, three cell lines were incubated with a radi ol abel ed
estrogen using procedures simlar to those of Exanple 2. Three breast
cancer



1 3 SEP 2002 33 cell lines were used; MCF-7 (ATCC No. HTB-22), T-47D
(ATCC No. HTIB-133), and ZR- 751 (ATCC No. CRL-1500). The estrogen up&dfEpag)
17-a-estradiol, the najor secreted estrogen in humans. The radi oi abel ed
conpound was "~I-17-j 3-estradi ol) which was either purchased from New

Engl and Nucl ear or synthesized by the fpllow ng procedure: A 10 ml Sephadex
G5 10 colum was equilibrated for 1 hr with 0.1 MPBS. A solution was
prepared of 12.5 ~g estradi ol i uga . 25 ~cl nethanol, 50 ul

0. 05 M phosphat e buffer pH 7.5,%@'6:7% i"G\illéf(’(@liDﬁg’a%)nllol 25 ~ | of a mxture of 10
ngy chloramne-T_and 10ml 0 05 M phaosphate buffer After mxing for 40 sec,
25 W of sodi uh net abi S%Ifite 20 nglid M 0. 05 M Phosphate buffpr was added
and m xed an additional |40 & The Mokl urle Wag.then jpdded to the Sephadex

10 coj um and &l ufgdiohi riStraibiidind-|1 MifBS.| Fi ngbdy, the magip! apel ed

estradi ol was ¢l upgd,on tih ©kiderddPBS 1@08onl, 14 Laxdh6n ([70: 30 Thi standard
bi ndi ng procedyre dgscrilbedihdy) Exanpl @r2 S usesdn)excephrihhat:r pdi ol abel ed
estradi ol was i ' i ve

estradi ol as the camapetilt or 536l i ke paptides thas iniliald2g72eusl bind on
the plasnma mentirane, steroi ds bing I5 onry to rntracefrurar recgptors. Thus
no radi oactivitly on the jyenbrane shouPH hel foun Table 8 displ pys the data
fromghis expelfi mend,. Tabl e s8g, Spaci fhsg Bindi ng, @f 126 I gkdseB- et r adi ol
with Time 20 (tett+—tt+nmeh—tr (@Nﬁf- i Cr
i T-47D401506534455ZR- 75-|l 4102486533703957MCF- 71805225B84109731 2§ The data
denonstrate spgcifig bindin r all ree cell ,Lines|at, diLftergnt
densities. Thi 4—bindi ng anQQ’?‘fg’.gi odct 3?1% Was 3%1'7 Atal .ﬂgp"ggmgat | east 24
hr. These datalare simljar to the (uptake data fwr pepfide hornofjes. The
progressi ve acgumulrationf ol _tNe rgadi o] abel gd STEerol ntne thrge cell
lines is denondtrated in Figures 16A)'36R | and338C_ The rate ofﬁ

accuqail ati on ddpends on {the cell Ilinejg;Thuls infasion fherapy wofil d results
in high rates gf—accunmutatTonr—30—3grmd leiﬁf'm t eroi ds.
Exanple 1O Prelfiminary Results of |a P%ot dini¢hl Tr{al of Mnihly 780 nGCi

"*In pentetreotji de I nfus clinical firials were
conducted in t de=husrmacpaiientsouiith-—orearessive natabiat =e=tagd| ent and
synptomati c ne t he 113 SEP 202 34
somatostati n r ecEPror —Teir patrent s vere gt ver 1 romone to-srx-doses of
"I ngpent et r eobkp§fieq ThtRafibdcile ERAL hl y dose was a bolus injection of |80
rnCi. The second nonthly dose was infusion of 180 nC over 72 hr The third
nmont hly dose was infusion of 180 nCi over 24 hr. Thereafter, all nonthly
doses were infusion of 180 nC _over 24 hr. dinical benefits (as 5

evi denced by r@¥fuBeatbpaieh, inaplypien fai the og Hogs) Wakingreasgd o 8392 gRGlur B¥d i n
6 of the jLAsREUILENIAGT bfNBe (5SRO WAL ighlefloveelte) firhatd @Rt F08.Paict ichkr the
radi ggr aphi c responses (greater than 5§%reduct| on in the product of

per péhdi c¥Fe Xurotnddibhde oxg Be EiidiZdri o2 cpdt 2t ReTiogne SINgaTY ateats
tumor necgBptshsERY ETRREath Are/siBlntiRErade N/iEr RENEREEMBE i RELRNE 85 the curve
Treatmentrel ated toxicity included 2 Gade 111 platelet, Grade 11 WBC, 1
Grade | ViBesleghdnfsiop 3de 1 10 Nb on the NCI (National Cancer Institute)
grading scale. This experinent denonstrated that "'In pentetreotide at 180

nC nonthly doses was an effective and well -tol erated anti neopl asti c agent
in sone subjects with somatostatin receptor-expressing neopl asns. Exanpl e
11 15 Overview of the trial design Future clinical trials will begin wth a
nonrandom sed trial to conpare bolus to infusional adm nistration of |80
nCi "'In-pentetreotide. Up to 30 participants will be recruited from
approximately |00 patients with netastatic sotnatostatin
recept or - expressi ng neuroendocrine cancers, as defined by a positive

di agnostic 6 nCi "'In-pentetreotide 20 (Octreoscan) scan. The majority of
these patients will have al ready received octreotide and still show signs
of slow progression on the CT scan, biochem cal markers and/or clinical
synptons (performance status) weight |oss, increasing nalaise, etc.). Study
popul ation and eligibility Subjects will have conpleted a "standard of
care" therapy and still show signs of 25 progressive disease. The majority
of subjects with endocrine nmalignancies will have had at |east one year of
previ ous biotherapy with octreotide or interferon. Patients with
nonendocrine malignancies will have had "standard of care" chenotherapy or
radi ati on therapy. A subset of these patients wll have received external
beam r adi ot herapy to wei ght bearing bones and/ or cytotoxic chenotherapy. 30
Following a dosinetric "'In-pentetreotide scan and CT scans) subjects who
denonstrat e pat hol ogi c uptake of the radioi sotope in areas corresponding to

o v .. o . ' I I T r M 4 AL 12 M T 1



"‘In-pentetreotide will be given either as a rapid intravenous ("iv") bolus
or as an iv infusion over 24 or 72 hr. Each subject will serve as his or
her own control. An iv will be started and the radioactive dose 13 SEP 2002
adm ni stered either over several seconds, 24 hr, or 72 hr. Patients wll
receive iv hydration ( 100 cclhr) with,normal saline during therapy. 5 Sone
subjects will then enter the classical Phase | dose escal ation portion of
the trial. Three patients mﬁllgg vah1 d t he follow ng doses of

e pent et 1 oot doc 160, 360, 220 RGP 30 1060 And 1440 o . 1t i<
anticipated that these doses will be adm nistered as a continuous iv
infusion over_24 hr _Chiectives 10 The first trial's majior aobjective wll
be to determjpe the optlimal rate df adyg.ni stration of 180 nCi do%es of
""In-pentetreptide. Bl qod gousis dnd kbbood chemxstari es| W I 1 be afjal yzed
priorsto and Meekfiyof or 3RMﬁﬁF reattrent tp |dbmtify any toxic
effects. Nucl parp,sganni{ng paieleqgocdur ’d(‘ﬁfL'l‘y or“(“S';‘“gg“fy and] h dayls 7) 14,
and 21 after ffhe gpse tlo detsenm nd uptdke and XVt i on™FALEY.

sanpl es wi |l | [pe=coeeted—are—sto ~"—"——~———~——"~—m~——~~——~—ne«-th for 6
nont hs for asfgay @b tunor-rebated [bi onarkers. Additi onpl pheasaa $nd urine
sanples will e coIIected dally tq cal qulatp cleggance rates of ffhe
radi ol i gand. Erest—abdoftrrat and petHe—gGF—Sseanrs—tordeterae

radi &§r aphi c fesponse rlate) will be petforned prier tolthe first |land third

doses. Radi oaftive uptgke ratios (ffunog, to backg&pund) t her apeutfi c rati os
(tunmor to ki djrey)y;excretTom Tates, anmdTradjoactive nder the
mRoent gen/ hr PO v?tinel curtP®$? willl he?ralchl atel' Thel sef&M¥ trilal ' s maj or

objective wil|] be to dgterm ne the nmaxpamal ol ergéed apount of
"'In-pentetreptTde thatf can be grven. The TpITow ng dopes of
"' I n- pent et r epti-de—w-t+H-be—evaluat A L ents,—1380) 360,

540, 120, 900§ 10889) 1260 amep+1440 nCi 44 The| sanmeobl ood| coundsse cmenistries)
nucl ear scannjjng and radlographlc assegsment s as, described 25 abqve will be
performed. Shptt—at—teast—t-wo—drtig= —ﬁE+—éF&de—4v—%exrer%mgs occur)
treatment wil|l_be terninated at that | é&vel, | The #Unber| of coursegq that can
be admi nistergpd will then be deterjmn neg as fose Lipm ting. Patienqs wll be
exam ned prioff to each [(reatment and nnntn|/ for_3 monp hs fof Tow|ng

t herapy. Thei o j M i '

i ncl @di ng red
responses w |
Bi ochem cal r¢sp L by | ienbnt of |
chronmogranin A andl or 24 hr urinary 5-HLAA or ot her elevated

di sease-rel ated markers. A partial response is defined as a 50 % or greater
decrease in a TAmwstedfar RaioacyedPesay-aphi ¢ responses will be deternined by
conpd?i ng the product of the perpendicul ar tunor dianeters 35 using the
following WHO criteria: (a) Conplete response: the co ete di sappearance
of di sease; (b§neappthdpters adhighdese “QSQQWIWCCQ?EHMOM@%&E@ ).( &) dSe bl e
response. Bdleﬁél Rk@ﬂﬁﬁecﬁﬂt@lrsl ﬁ@rjpegocsafn M&b%ﬁérﬁ@ﬁ%r?@godse§§ and 8 m; 20 %
i ncrease; and (d) Progressive disease: greater than a % | ncrease. Data
Anal ysi s Whie isfased| eThe daga prsrprespiedimaEebla 4 pind @t repreasniedsindiguse i yetpe dipe t he
obje%blvehgém;qhﬁmgﬁgdy 5 as stated above. In a prelimnary trial) if the
dr under 1 nvestigation is 20% or nore effective, one or nore treatnent
successes shoul d be seen in the first fourteen patients treated, with a
confidence level of 95 % . if a success is not seen in the first fourteen
patients, the drug does not nerit further investigational use. Thus, the
sanple size for this phase 1 study shall be fourteen eval uable patients. An
additional 15 subjects will be studied after an interval analysis 10 of the
first 14 subjects. This latter group will assist in determning toxicity
and efficacy, It is anticipated that indolent neuroendocrine neoplasns wll
dom nate the first 15 slots since this popul ati on has shown t he greatest
potential of benefit. To determ ne whether bolus or continuous "'In
pentetreotide adm nistration is optinmal) areas under the 3 curves
(nRoentgen/hr vs tine) will be conpared, and half-lives cal cul ated. 15 The
optimal nethod of administration will be that method resulting in the

| argest area under the curve, with standard statistical tests to conpare
bet ween and wi thin subjects depending upon the distribution of the variance
and whet her paranetric neasures are indicated. The statistical software
package NCSS or "Nunmber Crunching Statistical Software” will be used. 20
Exanpl e 12 Accunul ati on of Radi ol abel ed Somat ostati n Anal ogs i n Angi ogenic
Cells To denDnstrate t hat radi ol abel ed somatostatin anal ogs accunul ate in

asnma




vessel s) nude mce were inplanted with SKNSH human neurobl ast oma t unor
cells lacking sonaiostatin receptors. The tunors were allowed to grﬁg/tg
about 1 cmin dianmeter) a period 25 of approximtely three to four R 2007
The mce were then injected with 50 ~C of '~I-WC 4a. The radioligand was
allowed to clear for 1 week. On Day 7 tfye m ce were scanned on a
photosensitive plate and a standard x-ray plate. The resulting photographs
were superinposed in register tgaglsOWh96Rbb&a i on of the radioligand. The
radi ol i gand was | ocalized in the tunor. Because the tunor cells did not
have recept ors=tar—sonntostatin—analogs and could pot bind the 30
radi oligand, ||t was conicl uded that themeadi pligand seen in the tuhnr ar ea
was bound by {angi ogeni c| bl aatknvesselfsm idman plmaeant al {deri ved va>cular
endothel i al cel | bwwer e jus8eidipndssay Iffwen ce] | bilegi ng ¢f teimsiomaf ost ati n
anal og, "sl-)|[ C2muomhe r &divgri'gand, drsonmat ogeamilaioranal og Ratio=~| - |11 C- 2D,
was made by slpLid™hasel pedfifie as_de@RPPbed|i iREECHPY ent No.

1ls
5,597,894. Thjs 3 peptlde anjam ng acid se nce Of the TolTpw ng:
_ Lys- n- Tyl’ _ Ly’:ﬁ‘?/ uy. A E?lf(ﬁ a\/P Dhg A—TF B L ?blc%ﬁThr - '\IQ] _l'?ﬂr -NHl . The

cells were obtained by [grow ng dl,cs ot hunhn 333 S r P 20024§§Jplacental
veing in fiba nclots tor 14 days. |{In this nethod, a fractiomn of ScSs

exhi bit an anp-eaenic—tiesponse-——These discsi and Tt) F\I I Dgl ogeni C _pr outs
are harveste nechanlcdlly and di $soci ated py voptexing. The vein|fdiscs are

t hen di scardegfd and the jendot hel1al cel s poplred._Cetrtswere trar ted,
counted with F,_hggw_{_g . _r_g_g_u_a_p_enrl d_i ?%Bi ndi ng buffer (M ni mum
Essential Medjum (MEM,| 10 n~t M ﬁ%pes 90.01] % BSA). A $tandard asfpay used
500,000 cellsfin I m of binding buffer. Ragdioactive ftigamdatomeg| (500, 000
cpm) or in cprbi-pati-on-wi-th st—2 000t fol d*Pml ar [excess (1’

non-Yadi oact i d (to cal cyl atetespecy fic Honding), was addkd to a
final vol unme { tThe termnatign of| the experiment, theTlhcubation
medi um was r cells were rij ndad thice 4P+t n Hanks 10 ballanced salt
solution (HB and t he radi oactiivityisin the celjbs determ ned usfng a
ganma countea Thi s Teviel of radi gactiVvity fFepresents tota—tbimdrjhg, which

i ncl udes bot und’and imnmter lLize fra‘}'lpi ons Speci fic Ibindi ng
was determ negd by cal cul ating thejdi ffarence in ishe | eyel s of nmeasured
radigactivityl w thout tfhe unl abel ¢d cofjpetfor mpus the radioactfvity with
t he unl abel edf-serpetit+ar—Ii5—Fo diliferdntia een fregbrane 3
intracel | ul arfl_bi ndi ng, |cells werejsubssquent!|y izncubaté¢d for 10 n at 4C
with acidifigd HBSS (pH =4-5), rlwsedi6n H S, qﬂg the|radioacti vty again
det er m ned usHrg—the—garra—count-ef—SHhree—t W preferentfally

rel eased the {fadi oactive |igand fifom t29e externaﬂssurfhce of the [tell,

renmai ni ng ragroactivity was attributedto InternglTZed|Tractions. 20 As

shomn i n Fi gurFe—3+-—the—+radotabeled—soeratost-atir—analpg-bound . tal t he
angi¥genic cdlls and tHe vast nmj ¢rityslof the raﬂsollgand was i ntfernalized
into the celll} Exanpl e [13 Radi ol abel ed Sonatostq bn Anxlog rnnt orjpi on of
Angi ogeni c 25 To—dermphist+ratet-hiat radiol abéel ed somatastatin
anal ogs inhi bt anlgi oggni ¢ Bl4dod yessels grohﬁh 1she Hufran Pl acentJal Vei n
Anglogene5|s%Ebdel was fused as degcribgd IQ*J C . \Vatsof et ar.

act ot L D~ r\n+ oF («JT1
Ul \JUIIUI.L OIC AT T IT T\ T

"Up- Regul at i ype 235( SST12) niRNA _Qoleur s
During the Trfansformatijon of Huna1 Endnthel un1tnothe Angi ogeni c

Phenagt ype, " per Presgnted at the 12%% ['ntlernat)_onal §ynp05|un1qr
Regul at ory Pelpt-des—Gapenhagenr—ben o2 30[1906: ] WAt son et

al ., "SST-2 ne ExpreSS|on Appeal s Du&lng HunanﬂAngio, i Regul at ory
Pepti des, vol 64%5p. ‘gtratt) (I99%)] ,
"Breast Canc d i erating

Neovessel G o vol . 122, pp. 508-14 (1997) Human

pl acental vei \rll\%‘%f geféhga‘f‘?#tévedp%% of 2 mmdiameter and were incorporated
into a 0.3 %fibrinogen gel. This gel was then overlaid with tissue culture
35 nedi a containing 10-20 % fetal calf serum (FCS). Under nornma
conditions) endothelial cords will begin to sprout fromthe transected cut
edge of the vein discs within six days. 1 3 S EP 2002 38 'These vein
discs were placed Into wells of three separate culture plates. One culture
pl ate, the control sanple) was allowed to grow wi t hout treatnent. Another
plate was treated with 50 pC/nlL of the radi ol abel ed somat ostatin anal og,
"*In-pentetreotide; and the third plate treated wth equival ent anounts of
"*In-Cl. The discs were then incubated for fourteen days. 5 After 14 days
the culture plates were exam ned for the nunber of wells in which
anglogenlc growt h was |n|t|ated The per cent age |n|t|at|on IS shomn in

—— ~ns * -, = o I T T e 1 o I



initiation was seen in the culture plate treated with "'In-pentetreotide.
The nol ar concentration of the radiol abel ed somatostati n anal og add'egl <P 2002
the culture plates was in the fentonolar range 10 ( 10-'S). This
concentration is 1000x or nore bel ow the concentration of unl abel ed
somatostatin anal og that is known to iBpibit angiogenesis; a concentration
of 10's Mto 10'8 M Thus any effect was due to the radi oI abel and not j ust
the presence gf,.Jjhe %9%9% 9\3& Qﬁs' Horf ! 1b&ﬁ'sy?é§é b EMEREE (P& INESh a6, it I n- T
and "'l n-pent etreoti de 18 to an efftect Auger em ssi on on angl ogenic
cel | growt bviddm chaghn Aquiesiem fdosc kdministehed HINAe diiferent irieehodsaekicomalbell ac varyect ed

to 15 the,.somat ost at,i.n anpal og. woul j heor oratedlnto Thusthe
gr eat er diéfiet"é%%teﬁ sw}ﬁ’ea P@uﬁ %i'%“?%%o&%o% Qﬁi’ ¢ THYMP RS i,galgﬁy?gf

DNA.  Usi ngcutredisgr #fter it}féﬁagﬁcl&ﬁhahﬁﬂz@heaiebﬂo mnmmﬁ&mf 24 hﬁp&pfr@ddhbrﬂgi 241 ssue
surroundi ng the di sg}sRéwas mea shown in Fig the vessel area
(i -y waX s &id thsqswdwé@g’ak ﬁossé?rheaffréﬂgﬂ@eiwe{ffit J‘Poé IpfusipR Poseadai n)

the pl at gyity gAlBdion fefe $E5 mdiNpeP @BhEfor @0day 8l CanSNAURE wab 8ectObdup @S tneai@a of
new growth. To neasure the growth rate of angiogenic vascular tissue, every

two days “hderi thy 2¢cHmulpKoRI gy Ve fbeitesal PBAUT & irgstiatiop ghsorbem Gy Khomopr dtia teer e
e A T e R R R S e

cul ture phBhesfironbienetthnd phihe yadtuéllgam lnddableeromﬁlstlrde ancbmsrrme wisgpaneined eher e
Thust® ¢ heEiiiEfs i ek HE BLEVIR PG MR Hhd O3 S R EEIED (ROAR 25
growt h e\mnnﬁuslomoamde\msraimmrfBreftames Ihigher thiainabre bipizst natg fiomethe foolus tiljection.

Ul abel echnghiatol el B0 by ATAICRAHI o8 U, Hle WAOHERSE%, N 08

r adi ol abelagenedrarkotpe c@xtsASdtodiddirt lmpmhg thahihbisystaom hadT heachmb:athnef Mimmxmmal
oo R Pl (00 R0RL R0 LR AG e Bgh ot et of
t he $:nme hunmarWpérathe ikl of vibesdnsk aas dhfsed in thi disse 24 ihs esmvmfulsnobaa2 phdaB.etBI. 1t 0

wells of t e ate cultu One cul t at.e owed to
o ow o i DG eVt s RhE i Rart e ik BT deBEe okt tebsgdient 2 BE S 6 0
35 to var;ietmuss targalermmasmdérh))e made midad)hﬂgmi psaknatiaist @20 mcam mg/h()uxslweVDC- 4a,

| gbél- Yg a‘};ﬁ e"Cd ?“E g‘j_m %aﬁfam% mportfncg C@ ém %Dﬁé aggge doseZCB)rmg hed st 24

"1 n- DPTAsr' befdre the @ataiDal) "feedBick t alechanising albelthrdra&mmpmm atin anal og (~~~0OC-4a

or JLC-2D); { r 0i soto a rrblnatl f the
7 8 abel ed S Uifad BETATE F AR G T RS SEoPd it r e DY Ehdfb

(e.q. -rIadM!iﬁndawaarpdotma- #en ;rei@oval sy degradariti, ampaitionf ort dxeretion dnceuin Imbel ed
somat ostatin anal o a @e unboun ﬂl 0i sot Oﬁ Y%e}@.ﬁ ' =~] %]nd VWOC- 4a)
The discs “W’P‘I’”‘B% o Forheth 8 WS TRPPRT  EPERG S BPEs Eh TP a
dose rangiab@lifand mei;ﬁtet}ﬁg}ihr Qoftefttfiomoingide tipetellvtil ."feldthelt nbdhesisrBaylowkd esh
media wll he aﬂ?ed% nd the discs observed until maturity. The percentage
of wells YH o 4% an angi ogeni ¢ response will be cal cul ated for

non- 2§ eat ed anHy ploadigate dah los .a sthelogarittinicSscile, 0 shben th Figereed)tand eediatiagt s
wi |l be anal 1gled W t h NO\/A 10 Alternatively, to anplify the degree of

cel | dest PALEHGFEAARATLEE BYVENEYG ‘é’li’l"ﬁ%f&tcf’\‘fle‘?‘f/areteﬁ’@e?}el n discs will be

cryoprotected ang Kpkl fen@@Nof Fephuawa@l fi oY Qbs@itiaf Forabditly e@midRitagorposur e
to the radioli Pand Freezing w inhibit cell division but will not affect
c

radi oacti vi ty. IAYBS I8y Pl B chiiuardacompqritiope T Aacorneeatien ohyadiolipandrty Bl | y

treated vein diggSwfUdenftRsifAd %ﬁ 'e%né&iéf Q€cay Aln twﬂﬁh Eiﬁ‘éj nat h?ehﬁgﬁ)?oagﬁédstth
treatnment, these vein discs wl harvest ed, washed cryopreserved

in t8sue cul t DhsicalebalElifeopft aientamgha@% @V ﬁehrhyl The Slore @é thipdecyy. limhawpe vein
discs will ¢l r freezer and stored in
liquid nit rogerﬁ&?{i {;S&r;éﬁ? s’, n’é%a?dl?sg;btfgi? Sl éh éaﬁ%ia is six times the

physi cal hal f KZ)f\ﬁhqnfnqmdiszcbronhsdoamdnumsctzd Ahe tited smddrn’nﬁ cttrVﬂeon/m'sidem'escs
wi |l be thawed nte fi br| a|n|n

allowed to gr o%%asnéfgassgé ﬁ’r?e ovoé‘!1 yi ggb \A@S%élé e8f and ﬂo &'e tdr?ge t¥€at ed
and non-tr eat eddiaiflisiseddl SFovi the bbms dn)mmn,edle aTdaasﬂexemeemvaantmgudemnmsttMt e

t hat _radi ol abel ed somatostatin analos seletlve:qy (E' '?tﬂ i, nit atlon
or pronotion of ™ hEPPHERARAINE NG 6gré*H‘i’c° %ﬁn SEECHHY &Cs AeHversd- ¢
inhibition of tunor cell growh in tunor cells with somatostatl n receptors.
Thus, for use of 25 radi ol abel ed somatostatin anal ogs in either

radi oi magi ng or radi ot herapy for angi ogeni c bl ood vessels, admnistration
by infusion will be nore effective than a bolus injection. Exanple 14
Upregul at| on of PDGF Recept ors |n Huma~ Ang| ogem c Oel I s 30 USI ng the in

e o o o o



1 3 SEP 2002 40 conducted on each sanple with pnners specific for the PDGF
A chain, B chain and the receptor using 500 ng of RNA per reaction P§EiPrEﬁﬁZS
were made according to published sequence data. RT-PCR products Wetlé

anal yzed by gel el ectrophoresis which reveal ed bands in the expected
positions for these products tn the angi ogenic explants of both the aorta
and 5 inferior vena cava) but not in their native vessel counterparts.
These resul t scygfeblEREABOIE MldiQP&pYSRER] ar%a@dgesnﬁ r DM 7ohhR CarRdd 1l 693 S
with identical results. This suggests both the PDGF A chain and B chain may
play an i npor t&nt Thest data onrespondelguiptnsi of rradipligane aeonghtatsdrier mG@giplivesed ofThi s

i ndi cates tha h U 0 t

roceptor may Be PTGy Poanintyy S ey WK EpeBnAhD e B BheBh bl
associ at ed vv| tvaret By angd Swiokd hlgﬁermhpxenmoholosf rmi’odi Bfuyios lallb\hed motenef aid wi | |
recogni ze t hat %/lt echr? qnuesb5| mlar ta th se deseg i bed in the above

exanpl es, t he®8§ole FPligand 8 oF dncGrpOifd PR AIRUBIST 58k ni stration of ot her
radi ol abel ed peptides and steroids for radiotherapy and radi oi magi ng of

tumors may be_det er m ned. 15 The conpl ete disclosures of all references
cited in this @rpe‘é‘f‘lﬂoﬂapioﬁfn ar DS SEBEy PASRIO MASr BOBHCTEY With c$38HR% . CAPKTA he
event of s@ﬁhg%dﬂﬁr W&ephdéﬁﬁﬁﬁ%dxﬁﬁh Gof Q;mé/' érpincre'a&\/\ﬁnV@;Ftaket &renP rr@cﬁ@l@Beled
speci fication shall control is clained. 1 Use of
a recept 6PMRRYPGNEENLIST ARre | Bl Btsl ea#édundiemeﬁedt héqﬁttonaityadtlwedwlw
medt gant o déearmttﬁéz or2ark{196:2P YorlgeiOPeri! GCHhY Shat RECIdef bk Mguﬁ:ab us

r adi oI abe uun Inside 3 target cells in a patient, erein

target cecﬂrhmlsaateonselredtlsedattemorthet oy fen prenersiid identfizifie by rgemms seetlg@pbmd
angi 0ge iy, &6 lday DS MOERSE hele irkidiRloscel | S exptese receptors fur the
radi ul abel ed § %o sai |l therapy conprising adm nistering a dose of

t he radi ol abel ed conpound to the 6 patient by infusion during a period
greater than two hours, whexein theg ﬁﬁﬁl thing residence tine 7 of the

radi ol abel cd commnund in the target cells is at | eapt one and one-half
(1.5)5 tinmes thbevz&oresmrdmmexstngrredldﬁbedddesorradmt@thabmﬂ@ﬂ apd inpoamctlli ines lveerd ar get
dose of | PHETTH Ry udchs aeliet BB oltribd Bipln 28 BRE o5”
claiitle~l incldimes1l, wherein the rate of i nfus| on |s approxi mately equaI
tothe’PrathcIlu [ t I t tq th s _of
radi oi abel ed c rrpolﬁn h]% Ct L“B g‘hgar 82‘[116(’92&% l&?‘ gﬁ? Slslgaas’e%rﬁglasl{ 3 |°(r31l cI aim
1 or 2, \Mnervelhm t'ehg hmgrexpdasnén lead! udi somatostatipe tecgaors ABSTY, pled@mimaortys SSTHA; about
30 I t he preccdi i ~ | ai ere|n
309872 g GpnOICESNGL IR | Duail, SRl oo oA, ol By S
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Ve o ghoraSPor (§TR) R SERsh el ad i Gpre S Rt BRI e
pl atzd et -.darieyive goraith .h CeBCharyere bmbmecyﬁbmhhamccv(mm deSNNE}BSdrIfF@h
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angi ot ensg B7°U1}nﬁddfalc&)'mélﬂ$}ftihbll§®biiﬁs pEME icelelindshsul i n, gl ueagon, prolactin,
grow h 6 hornaorte, gunadntroPin, thyrotrorin-rel easi ng hornone, growth
hor none-r el eas ; 2 ~z 7 gonadotropi n-rel easing

hor none, cort |ﬁ%tg?4d%%wggf%g1sﬁl?t%zﬁ§?ég interl eukl ns, nmerfcrons, 8

crartsfetrtn) substance P, neuronedin. neunt ci LSi n) ncur~rpepttde Y)
opi ui ds and derglksavsre Jwarvesigd.gcoumied oWith @nagmRsytometen, and \fgsuspen ai"rrB’dl‘dt“B

clai g6 Qufity (M’fh‘%ﬁh rEs%hﬂ M&ﬁtﬁﬂt(ﬂ'iit\ﬂeﬁﬂﬁﬁﬁfleﬂé?m 0P% BSh)2 RQERENGRQY- 1

9. Ause as clained in claim®6 7, Wwhereto said receptor-derendcnt
pepti de iused 500,606 ¢edls aw il amli of tamgo@lffer |Rgdioactivsdigand eloag (A98,009 cpinki ext ing,

e L, SRR 8B PO i, SIS0 0O N g

and J1C Z@ICUI]alel@eCIﬂc bding), wisadddetito mfiohlavqhn@e mf mm. veheheiqmntmiicm of the
sunmi ost ati n tc t 1 as cl aj 9 or
O opepra, Yl FRAGR ik remiontd wt URE g SRk Re Rt BafRed (7

claim9 or 10, V\/nereto sa|d somat ost ati n anal og |s WOC-3b. 1 14. A use as
claimed in any one of clains 6 to 13. wherrin said radi oi sotope has a half
life 2 betwezn about 1 hour and about 60 days. 1 15. A use as clained in
any one of clainms 6 to 14, wherein paid radi oi sotope has a half-life 2
between shout 2 hours and about 60 days 1 16 A use as cI a| med |n any one
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1 3 SEP 2002 43 1 19. 1 20. A use as clainmed in any one of clainms 6 to 17,
whrrcin said tadiuisotope is '~5! A use as clained in any one of cI gpgﬂﬁz
to 17, wherein said radioisotope is "'I. r 21. A use as claitnesi
6, wherein said radtol abel ed cxt rrpound is selectes fromthe 2 group
consi sting of "'1ln-pezitetreotide ("' 33 DTPA- D- Phe' -actreutidc))

"I n-bOTA"-D Phe' 3 Tyr3)-oareoude, ('""Y-DOTA-D-Plm - Tyr ) - uct r eot sde,

Y_ DOR%Alil%c?a Pslgﬁ S'O]-'FYI%E:?SI?E%)R%% l}ﬁjee(.jad%a(;nv1t¥L ??@T eﬁ‘%g?: m%neq 5%@16%3% 5
3 | - RC- 6@hter. ~Thif devst tof eﬂiﬁoade.'ny repl‘E&nis*tGi-all lnﬁ&hhg wh’i.e}i Wk ludesChiciie afembeane-
‘~l-rye’ -ugl}tm{je otlde otidc, nreuti dc)

[
2121 e oOve etglizeg frasiierk g peaife FERemaS Pesiee B eacy g gegiierence
| atueott df the le&éﬁoﬂﬁ&@de@%cﬁ@%ﬂi , witholth gﬂﬁbéle@&b@@&h&@mnus the radioacnvity
"I n- DPTA- somat ostattn) 8 "Y-DOTA-sonat ostat i n) DOTA—somat ostatin)
2 | %unatléblhavﬂlﬁbeledscoymms) '~ -WOC-3b) 9 "'I|-WJC-4a, "'I-WOC~a,
"I-TICzD, "'1-JICG2D. a~sd " t-J1L-2D. 1 22. A uec as clainmed in any one
of the pr ecedi’hgdxfﬂeamrm,e batweereimembeanel and dhivatdioat duhdidg s s«bllpwaduliséiquemly

actutnulato sof t rs. sril t he gr.oup co tin

endocr i né"™® ?Iﬁ‘ﬂof n’é‘l"hﬁbr?’au(g[)w@} @89 'eégg’éﬁ]gﬁ% 45\/9”2568 EeH&?’uﬁ'BCP\}

| ynphomashdisasaibity @@Iui dbtefhgine @eargcme(ymﬁa)a @afkr OSMte el dtal whdhPreferentially
astrocyt arras gl i oguc, .nmenin | osnas, carcingid tumors, 5 islet cell tunors,

renal celTFlegsss dhe, sdipactivecligand fromy teeejernah quiice F e el Ssmeiping Jadipactivity A yse
ax @i Meghsi firB¥d 96 nibrhalfedinBrichs ¢ qﬂéﬁeramgdaaed Sdsher W4l BbrALEHe£ 9epOUNd
is 2 ""'1n-pentetreotiJe, 1 ZA. A use as clained in any one of claisn. 1 to
17, wher éh%défareacer%ﬁw«fe@ﬂhﬂo@ra&m@a&ﬁ%w&wwz@ fractiops\\OC- 4a. 1 25. A uxe as
claimed in any unc of clains 1 to 17, wherein Sais! radiol abel ed cnnpuund
is " 3'|-WOC 4aligdnd Hndirg awna’snaﬁlzcaiomdaiﬁanmoy obfieeof clainms | to 17,
wherein said radi ul ahel ed conpuund is 2 '~I-WOC-3b. t 27. A use as cl ai ned

'n any one of ’Fﬂeatlirffé?s fbr h@anaEindmgafnelnﬂer%ﬁﬂzdnd’naﬂdr@hrﬁl}@kcﬁdsnﬁghma Qidndhra-Bssdy
" Sl - sonat ost at P 2002 1 7Z8. A use as clained in any one of

the pre~:TBehpds eé?’&ieiirsabo\’/ﬁ'uer@] Faddoactive, Ligan Ak FUBPEYIORD HSO UTETe | SOMAREIAMRI at ed

tn twor fHelobs msepRfdr@fiafly 81k 1H8SP0LN Gapfrst THIfift s&ieE W teRpe¥infeHiséa 3
endocri ne 5 ncreati c tunors, carcinuids, paraganglinm

pheochr o 39 cAs thahwats| ¢xapspd Ry aﬂ@h&aaflcfphwa@; Pgrieds . qf|mefemp toufRg h).-

euci norrammamwhé@awms répRRRbd gl 1emia)er>l YERNOTRS Jad1iRArdE aﬁ%af RAWOO! east
carci nonas, car cCl nonas, [ i onas, ast rocyt unas, and 6 nel anomas.

| 29. A (e 'é Vﬁ@%ﬂﬁed‘ Jf WOGrgb.oaBd of Tnepenierrgotisy t JTho gunlghelede rompssijcy was

radi ol ahed@doidétLRANAVOE-4 A8 WEELHLAE chultidy RMEER| AILOPRIeFSlY Smatbsidfin A
use a., clainmed in any one of clannx 23 taq 5 wherein said radi ol abel ed

conp%@md gnalogs that GaR, P&t‘@d'ep 0 2nkiBh spasific- actikigy @a?ro&%ém*aoléé‘m’ still reigip high yse
as cl ai rraqonoglcaeuw@mdqf:cegioalbmamgafﬁrﬁzy?(ﬁd wheRy. nwast-gp %@W@b?hm the

conmpound i s accunul ated in _endocrine tunor cells. 1 32. use as clainmed
in any on@m¢ FiregaesEng Yathssis wheWOGI B and WS-t desrribed) '@oyp%uﬁél‘elz No.
conpri sess gof g64, pt or - dependent steroid bound to a radioisotope. 1 33. A use
as claimed in claim32, wher el n said receptor-dependent steroid is

sclec:ted fro ’Pthe r|5|n [ Ogens t OSI,er. " erone,
gl ucocort i cos?g Cmgf '}L“érf)" erg?]legt ‘ifé ganc] \%@? 4\73% ﬁvvgée"‘ﬁpng’gé

t her @6f. 3b,34hd 'Aln;lmteaﬁoﬁﬂeanadiﬁdbe!éd Cdlﬁ}iwhds%) pvdsamen i B)@luds 3, 4, 5, and 6
recept or - dependent er0|d ~ estra

one gf cl ¥ ’%}5 ‘to 4d ‘G\HB igAte, tha ;1 ge ?"a’lﬂ‘?"@l f‘?ﬂ’ﬁé"sﬁﬁg aaglﬂ%ﬁ fort rﬁfefr Cei]“lfét ween

about 1 hmaepta@dnameﬂ 0b& ﬁhays»nmmaﬁmalAbmaﬁg ascusligd BE48-7D haty. OBRnificat! ai Ns
32 to 35, wherei rg r adi oi sot ope has a half-life 2 between about 5 hours

and about frB‘fS‘OB%IS} tota ipactiity (30-Zpge ) Welp FRSIPPRted iRfo Biselds ¢l ains 32 to 36,
wherein said radi oi sotope has a half-life 2 between about 12 hours and
about 60 days. 1 3 SEP2002 45 1 38. A use ~s clainmed ~n any one of

claims 32 to 37, wherein said radioisotope is selected i i i s~ W va ae ny
i eau~- mWi W2 from the group consisting of Ga, In) le) Y, Y, Yb, Re)
[, I, 1, ~"1, 1, 3 and "Br. 1 39. Ause as clainmed ire any one of clains 32

to 3%, wherein said radioisotope is ~z'l 1 40. r~ use as clainmed in any one
of clains 32 to 39) wherein said radiol abel ed conmpound is 2
"zSl-17-~i-estradiul. 1 41. Ause a,~ clainmed in arty tine of clainms 32 to
40, wherein said radiol abel cd cunpvuud is 2 accuntulatr,~l m breast cancer
cells. 1 4Z. A use as clained in any nne of clains 1 to 4, wherein said
target cells are auKigenic 2 cells. 1 43. A use as clainmed in claim42)
wherein said radi ol abel ed curnpound conprises a Z radi oi sotope bound to a
group con5|st|ng of sonatostatln) sonatostatln analogs vascular 3
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1 3 SEP 2002 4fi 1 49. A use as clained in a~~y one of clainms 4:1 to 4R,

WirrCn sail radioisotope has a half-1tfe 2 bCtwxn about 1 hour and about
60 days. 1 50. A use as clained in any one of clains 43 to 49, wherieaffp-1007
t adi ot sotope has a halt-life 2 betweengbout 5 hours and about 60 days. 1

51. A use as clained in any one of clainms 43 to ~0, wherein said

radi oi sotope has a half-life 2 betwgGamplegut |2 hours and about 60 days. 1
52. A use as cl ained |n any one of clainms 43 to 52, whereat said

radi oi aotopc i f clainms 17 to 20. t 53. A use as
clainmed in anﬁlgﬁgmg Zﬂ figss g*g%om & ein said radiol abel ed conpound
is Zas ~i~fined its an one of clainms 21, 23, 24, 25. 26, and 27. 1 54. A
u, e as cl ai ma@ell Hmaﬁ"l?“do?féa}'o‘ledt!]‘%‘ie? were apadeseribsd in Jorample 2. s BYIB-32aetilowereC) ed
compout ubydSuci for bs 1 i 2Pwdle-20 (1 Cpdias %fd&isﬁécf‘ﬁfee LT Cerk Rere
preccdlrf cta alnct) fturther cunté)rlsm e step o 2 ing raof oacr|V|ry
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15 SKNSH

Total Binding (CPM + SD) 861 + 30 775 £ 107 87 + 114

Specific Binding (CPM) 0 0 0

20
As seen in Table 5, no specific binding was detected with the SKNSH cells, which lack
somatostatin receptors. However, in the IMR-32 cells, significant levels of specific binding
were observed on the cell membrane and inside the cells. Specific membrane binding was also
observed in the SK-R2 cells (genetically engineered to overproduce the SST-2 membrane

25 receptor). In the SK-R2 cell line, 95% of binding was associated with the plasma membrane,
and relatively less internalization of ligand occurred. Scatchard plot analysis revealed an
apparent dissociation constant (a measure of the affinity of the binding between the ligand and
the receptor) of 1x10° M to 4 x 10° M for the SK-R2 and IMR-32 cells respectively, which is
in the range expected for these receptor-ligand interactions.

30 This experiment demonstrated that (a) the binding of somatostatin analogs to their
receptors and subsequent internalization is specific for cells expressing the somatostatin
receptor; and (b) internalization requires other cellular components (probably signal
transduction elements not seen in the genetically engineered cells), and is not an intrinsic

function of the membrane receptor alone.
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To determine the intracellular movement of the labeled somatostatin analogs, IMR-32

cells were incubated in T-150 cell culiure flasks containing Minimum Essential Medium with

20 L-glutamine and non-essential amino acids for varying periods of time with the radioligands

IB].WOC-4a, '“l-somatostatin, and '"'In-pentetreotide. The cells were washed twice in media

at 4°C and resuspended in cold isotonic sucrose. The labeled cells were passed through a ball-

bearing homogenizer three times to disrupt cell membranes while leaving approximately 95%

of the cell nuclei intact, according to the method of Balch et al., Arch. Biochem. Biophys.,

25 vol. 240, p. 413 (1985). The cell homogenate was mixed with Percoll to give a final

concentration of 0.292% Percoll and spun at 20,400 rpm in a Beckman 40.2 rotor for 45 min

to generate a density gradient.  Density marker beads (Pharmacia) were used to indicate

density levels in the tube. The contents of the tube were fractionated in an ISCO Density

Gradient Fractionator.  The resulting tubes were assayed for content of radiolabeled

30 somatostatin or analogs, DNA to indicate nuclei, protein, the plasma membrane marker 5'-

nucleotidase, and the lysosome marker N-acetylglucosaminidase. The usual assumption was

made that the radioactivity measured in fractions rich in a certain cell component was in fact

associated with that component; e.g., the radioactivity measured in a fraction rich in plasma
membrane was due to association of the radiolabeled compound with the plasma membrane.

35 The data are presented in Figures 9A-C, 10A-C, and 11A-C. The density distribution

is represented by the triangles in the figures. Nuclear fractions were found in the density
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timing for mterna ization and translocation for ''In-pentetreotide was similar to that of '*I-
WOC-4a.

Figure 10, however, indicates that 1iming for the movement of native '*I-somatostatin

was different. As early as 1 hr, Figure 10A, there was both membrane binding and small

15 amounts of nuclear binding. By 4 hr, Figure 10B, the plasma membrane binding appeared to

have peaked and the nuclear fraction was dissipating. By 24 hr, Figure 10C, this very short-

lived radiolabeled peptide (biologic half-life of 1 10 2 min) was completely gone from the
cultured cells, and essentially no plasma membrane or nuclear binding was seen.

The time for a radiolabeled compound to become internalized is a function of the cell-

20 receptor type, the particular compound, and the particular radioisotope.

Example 7
Binding of Somatostatin to Nuclear DNA
To demonstrate that somatostatin or an analog binds to genetic material, DNA was
25 extracted from cells that had been incubated with the radjoligand 'In-pentetreotide, and
analyzed for radioactivity.

Triplicate T-75 flasks containing IMR-32 and SKNSH cells which had been incubated
overnight with '"'In-pentetreotide as in Example 2 were used for DNA extraction. Cells were
removed from the culture surface using a sterile rubber policeman. The suspended cells were

30 washed three times in cold Dulbecco’s phosphate buffered saline and processed through a DNA
extraction procedure according to the vendor’s directions (GenomicPrep® cells and Tissue
DNA Isolation Kit, Pharmacia Biotech, Piscataway, NJ). The cells were incubated in the Cell
Lysis Solution of the DNA isolation kit at 37°C for 10 minutes. Next, 3 ul of the Rnase
Solution was added to the cell lysate, followed by thorough mixing and incubation at 37°C for
35 1 hour. The samples were cooled to room temperature, and 200 pl of the Protein Precipitation

Solution were added. Following vortexing, the contents of each tube were centrifuged at
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determined by spectrometry at 260 nm. One hundred microgram (100 pg) quantities of each
treatment were transferred to radioactive counting vials, and the amount of radioactivity
5 associated with each was measured in a Beckman 5500 gamma counter. The data, as presented
in Table 6, were obtained as counts per minute (cpm). The differences between radioactivity
measured in cells incubated solely with radioligand and in cells incubated with both radioligand
and unlabeled ligand were statistically analyzed using ANOVA. The rate of accumulation of

"n-pentetreotide on DNA of IMR-32 cells is shown in Figure 12.
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each flask was treated with proteinase-K' (Lite Technologies, Gaithersburg, MD) for 1 hour at

37°C. The enzyme-treated DNA was then reprecipitated with ethanol and sodium acetate,
washed with cold ethanol, and redissolved in DNA hydration solution. The concentration was
5 determined by spectrophotometry at 260 nm. One hundred microgram (100 ug) of protease-
treated DNA and an equal quantity of untreated DNA were transferred to radioactive counting
vials and the amount of radioactivity measured in a Beckman 5500 gamma counter, as
described above. The data, as presented in Table 7 and Figure 13, were obtained as counts

per minute (cpm).

10
Table 7: "'In-Pentetreotide Binding to Cellular DNAY
IMR-32 CELLS SKNSH CELLS
Protease Treated Untreated Protease Treated Untreated
Experiment (CPM) (CPM) (CPM) {CPM)
15 1 10,276 11,512 122 316
2 9.564 10,122 412 318
3 12,648 14,566 208 220
Mean + S.D. 10,829 = 1614 12,066 + 2273 247 + 149 285 x 56
20 " Numbers represent the counts per minute {CPM) for 100ug samples of DNA for each cell type in three rephcate

experiments.

As shown by Tables 6 and 7, a substantial amount of ''In-pentetreotide associated with
25 the cellular DNA of IMR-32 cells, whereas virtually none bound to the DNA of the SKNSH
cells. As discussed above in Example 4, the SKNSH cells do not have somatostatin receptors

type 2, and did not internalize the radiolabeled somatostatin analogs.

Surprisingly, the '"'In-pentetreotide bound to the DNA of IMR-32 cells was resistant to
the effects of the nonspecific proteinase-K. Overall, the protease treatment removed only 10-

30 13% of total bound CPM, showing that the association of the radioligand with DNA was not
due to binding to nonspecific proteins such as histones.

The kinetics of radioligand binding to the DNA was comparable to that seen for the
intracellular movement in IMR-32. Thus, the rate of intracellular transduction of the
radioligand was roughly equal to the rate of DNA binding.

35
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oxicity of

WOC-4a was synthesized by solid-phase synthesis techniques as described previously in

Example'2 and Patent No. 5,597,894. IMR-32 human neuroblastoma cells (ATCC #CCL-127,

5 American Type Culure Collection, Rockville, MD), which have been previously shown to
express SST-2 receptors, and PANC-1 human pancreatic epithelial carcinoma cells (ATCC
#CRL-1469), which are SST-2-negative, were maintained in culture at 37°C in humidified air

with 5% CO,. IMR-32 cells were cultured in Eagle’s Minimum Essential Medium (MEM)

with Earle’s salts (Gibco, Grand Island, NY) and supplemented with non-essential amino acids,

10 15% feta] bovine serum (Gibco, Grand Island, NY), and an antibiotic-antimycotic agent
(Gibco, Grand Island, NY). PANC-1 cells were cultured in Dulbecco’s modified Eagle’s
medium (Gibco, Grand Island, NY), which was supplemented with 10% fetal calf serum and
an antibiotic-antimycotic solution. Both cell lines were passaged once a week using 0.25%
trypsin and 1 mM EDTA.

15 For short-term cytotoxicity experiments, cells were harvested, washed, and seeded in
96-well cell culture clusters (Costar, Cambridge, MA) at a density of 5 x 10° cells/well. In the
short-term, dose-ranging experiments, cells were incubated in binding buffer (MEM, 10 mM
HEPES, 0.01% BSA). '“I-WOC-4a was added to the appropriate wells in concentrations
ranging from 0.1-100 CPM/cell. Afier exposure, the radioactive medium was replaced with

20 culture medium and the cells were maintained for an additional five days. Viability was
analyzed by a 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyitetrazolium bromide (MTT) enzymatic
cell viability assay as described in R.F. Hussain ef al., "A New Af)proach for Measurement of
Cytotoxicity Using Colorimetric Assay,” Journal of Immunological Methods, vol. 160, p. 89
(1993). Colorimetric results were then analyzed using a microplate reader (Dynatech MR 500,

25 Dynatech Labs, Chantilly, VA). Results were expressed in optical density (OD).

In the long-term exposure experiments, seven T75 flasks (Corning, Cambridge, MA)
were seeded with 25 million IMR-32 cells. The cells were incubated for 48 hr at 37°C in a
5% CO./95% air humidified atmosphere and exposed to one of the following: control media
(binding buffer); 1 CPM/cell '®I-WOC-4a; 1 CPM/cell '"“I-WOC-4a with 10® M octreotide

30 acetate (Novartis Pharmaceuticals, East Hanover, NJ); 1 CPM/cell '] alone; 1 CPM/cell '*1
with 10°M octreotide acetate; or 10®M octreotide acetate alone. Cells were then harvested,
washed three times with fresh culture medium, and cryopreserved for 4 weeks at -85°C in 1
ml of 90% culture medium and 10% DMSO (Sigma, St. Louis, MO). After cryopreservation,
cells were rapidly thawed, and viability was assessed with trypan blue exclusion (n=3/group).

35  The remainder of the cells were replated in 96-well plates (n=21/group) (Costar, Cambridge,
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viability of IMR-32 and PANC-1 cells was determined. Mean cell viability (+SD) was

calculated and the dose effect analyzed by analysis of variance (ANOVA). Student’s t-tests
were used when viability was compared for a single drug concentration between the two cell
types. In the long-term exposure group, mean cell viability (+SD) was calculated for each
treatment group and compared to those of the control group by ANOVA (p <0.05).

When IMR-32 cells were incubated for 48 hr with 1-WQC-4a at doses ranging from
0.1-100 CPM/cell, there was a dose-dependent decrease in cell viability, as measured by the
MTT assay. '*I-WOC-4a induced a 33% decrease in cell viability at a dose of 1 CPM/cell
and an 87% decrease in cell viability at a dose of 100 CPM/cell (Figure 14). These
differences were statistically different by ANOVA (p<.05). However, when the SST-2
negative cell line (PANC-1) was exposed to the same concentrations of '“I-WOC-4a, no
statistically significant difference in cell viability between control and any treatment group
(n=21 per group) was found as shown in Figure 14. These results indicate that following a
short-term (48hr) exposure, '*I-WOC-4a induces SST-2-dependent cytotoxicity.

For evaluating the effect of a long-term (4-week) exposure to '*I-WOC-4a on SST-2
expressing cells, IMR-32 cells were exposed to either 1 CPM/cell '*]-WOC-4a, 1 CPM/cell
1¥1-WOC-4a with 10° M octreotide acetate, 10° M ocireotide acetate alone, '*1 alone, or '¥]
with octreotide acetate. Cell viability of each treatment group was compared to control values
after a four-week, cryopreserved exposure. These data are shown in Figure 15. '*]-WOC-4a
induced statistically significant cytotoxicity; however, no cytotoxicity was seen following
exposure to similar doses of '*I alone or '] with octreotide acetate. In addition, '*I-WOC-4a
cytotoxicity was not inhibited by the addition of a 10,000-fold excess of octreotide acetate,
implying that intracellular incorporation of small amounts of '?I-WOC-4a may be cytotoxic to
SST-2-positive cells.  This cryopreserved technique allows a long-term exposure to the
radioligand but prevents cell proliferation that might mask the radioligand’s cytotoxic effects.

These studies demonstrated that 'SI-WOC-4a induced cytotoxicity in neuroblastoma
cells that express SST-2 receptors. This implies that ™]-WOC-4a will be a potential

therapeutic agent for SST-2-containing tumors.

Example 9
Cellular Uptake of Steroid Hormone
To follow the time of uptake of a steroid hormone, three cell lines were incubated with

a radiolabeled estrogen using procedures similar to those of Example 2. Three breast cancer
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in humans. The radiolabeled compound was '*1-17-B-estradiol, which was either purchased
from New England Nuclear or synthesized by the following procedure: A 10 m} Sephadex G-
5 10 column was equilibrated for 1 hr with 0.1 M PBS. A solution was prepared of 12.5 pg
estradiol conjugate (BL-43), 25 ul methanol, 50 ul 0.05 M phosphate buffer pH 7.5, 3 mCi
Na'*1, and 25 ul of a mixtre of 10 mg chloramine-T and 10ml 0.05 M phosphate buffer.
After mixing for 40 sec, 25 pl of sodium metabisulfite 20 mg/10 ml 0.05 M Phosphate buffer
was added and mixed an additional 40 sec. The mixwre was then added to the Sephadex
10 column and eluted first with 0.1 M PBS. Finally, the radiolabeled estradiol was eluted with
0.1 M PBS and 1,4 Dioxane (70:30).
The standard binding procedure described in Example 2 was used except that
radiolabeled estradiol was used as the ligand with 1000x excess non-radioactive estradiol as the
competitor. Unlike peptides that initially must bind on the plasma membrane, steroids bind

15 only to intracellular receptors. Thus no radioactivity on the membrane should be found. Table

8 displays the data from this experiment.

Table 8: Specific Binding of 125 1-17-B-estradiol with Time

1 Hr 4 Hr 24 Hr 48 Hr
20 Cell Line (CPM) (CPM) (CPM) (CPM)
T-47D 401 506 532 455
ZR-75-1 4102 4865 3370 3057
MCF-7 1605 2253 4109 731
25 The data demonstrate specific binding for all three cell lines at different densities. This

binding and radioactivity was maintained for at least 24 hr. These data are similar to the
uptake data for peptide hormones. The progressive accumulation of the radiolabeled steroid in
the three cell lines is demonstrated in Figures 16A, 16B, and 16C. The rate of accumulation
depends on the cell line. Thus infusion therapy would results in high rates of accumulation

30 and retention of radiolabeled steroids.

Example 10
Preliminary Results of a Pilot Clinical Trial of Monthly 180 mCi '"In-pentetreotide
Infusions
35 For six months, pilot clinical trials were conducted in ten human patients with

progressive metastatic indolent and symptomatic neuroendocrine cancers expressing the
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infusion of 180 mCi over 72 hr The third monthly dose was infusion of 180 mCi over 24 hr.
Thereafter, all monthly doses were infusion of 180 mCi over 24 hr. Clinical benefits (as

5 evidenced by reduced pain, weight gain, reduced malaise, etc.) occurred in 6 of the 10
neuroendocrine (carcinoid/islet cell) patients. Partial radiographic responses (greater than 50%
reduction in the product of perpendicular tumor diameters) occurred in 2 patients, and
significant tumor necrosis developed in 7 of the 10 neuroendocrine patients.  Treatment-
related toxicity included 2 Grade Il platelet, 1 Grade 11 WBC, 1 Grade 1 WBC and 2 Grade 1

10 Hb on the NCI (National Cancer Institute) grading scale. This experiment demonstrated that
""In pentetreotide at 180 mCi monthly doses was an effective and well-tolerated antineoplastic

agent in some subjects with somatostatin receptor-expressing neoplasms.

Example 11
15 Overview of the trial design
Future clinical trials will begin with a nonrandomised trial to compare bolus to
infusional administration of 180 mCi ''In-pentetreotide. Up to 30 participants will be
recruited from approximately 100 patients with metastatic somatostatin receptor-expressing
neuroendocrine cancers, as defined by a positive diagnostic 6 mCi ''In-pentetreotide

20 (Octreoscan®) scan. The majority of these patients will have already received octreotide and
still show signs of slow progression on the CT scan, biochemical markers and/or clinical
symptoms (performance status, weight Joss, increasing malaise, etc.).

Study population and eligibiliry
Subjects will have completed a “standard of care" therapy and still show signs of

25 progressive disease. The majority of subjects with endocrine malignancies will have had at
least one year of previous biotherapy with octreotide or interferon. Patients with non-
endocrine malignancies will have had "standard of care” chemotherapy or radiation therapy. A
subset of these patients will have received external beam radiotherapy to weight bearing bones
and/or cytotoxic chemotherapy.

30 Following a dosimetric "'In-pentetreotide scan and CT scans, subjects who demonstrate
pathologic uptake of the radioisotope in areas corresponding to sites of metastatic disease will
be eligible for the trial. After the bolus and infusional doses, responding subjects will be
eligible to continue receiving monthly treatments until the disease progression or regression
warrants stopping this therapy.

35 Intervention
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Data Analysis

The sample size for the phase 1 pilot study is determined by the objective of this study

5 as stated above. In a preliminary trial, if the drug under investigation is 20% or more

effective, one or more treatment successes should be seen in the first fourteen patiemts treated,

with a confidence level of 95%. If a success is not seen in the first fourteen patients, the drug

does not merit further investigational use. Thus, the sample size for this phase 1 study shall be

fourteen evaluable patients. An additional 15 subjects will be studied after an interval analysis

10 of the first 14 subjects. This latter group will assist in determining toxicity and efficacy. It is

anticipated that indolent neuroendocrine neoplasms will dominate the first 15 slots since this
population has shown the greatest potential of benefit.

To determine whether bolus or continuous ''In pentetreotide administration is optimal,

areas under the 3 curves (mRoentgen/hr vs time) will be compared, and half-lives calculated.

15 The optimal method of administration will be that method resulting in the largest area under

the curve, with standard statistical tests to compare between and within subjects depending

upon the distribution of the variance and whether parametric measures are indicated. The

statistical software package NCSS or “Number Crunching Statistical Software” will be used.

20 Example 12

Accumulation of Radiolabeled Somatostatin Analogs in Angiogenic Cells

To demonstrate that radiolabeled somatostatin analogs accumulate in angiogenic blood
vessels, nude mice were implanted with SKNSH human neuroblastoma tumor cells lacking
somatostatin receptors. The tumors were allowed 10 grow to about 1 cm in diameter, a period

25 of approximately three to four weeks. The mice were then injected with 50 uCi of '*I-WOC-
4a. The radioligand was allowed to clear for 1 week. On Day 7 the mice were scanned on a
photosensitive plate and a standard x-ray plate. The resulting photographs were superimposed
in register to allow localization of the radioligand. The radioligand was localized in the tumor.
Because the tumor cells did not have receptors for somatostatin analogs and could not bind the

30 radioligand, it was concluded that the radioligand seen in the tumor area was bound by
angiogenic blood vessels.

Human placental-derived vascular endothelial cells were used to assay for cell binding
of the somatostatin analog, '*1-JIC-2D. The radioligand, a somatostatin analog, '*1-JIC-2D,
was made by solid phase peptide synthesis as described in U.S. Patent No. 5,597,894. This

35 peptide has an amino acid sequence of the following: b-Lys-p-Tyr-p-Lys-p-Tyr-p-Lys~[Cys-
Phe-p-Trp-Lys-Thr-Cys}-Thr-NH,. The cells were obtained by growing discs of human
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dissociated by vorexing. The vein discs are then discarded and the endothelial cells pooled.
Cells were harvested, counted with a hemocytometer, and resuspended in binding buffer
5 (Minimum Essential Medium (MEM), 10 mM Hepes, 0.01% BSA). A standard assay used
500,000 cells in 1 ml of binding buffer. Radioactive ligand alone (500,000 cpm), or in
combination with at least 1,000-fold molar excess (10° M) non-radioactive compound (1o
calculate specific binding), was added to a final volume of 1 ml. At the termination of the
experiment, the incubation medium was removed, the cells were rinsed twice with Hanks
10 balanced salt solution (HBSS), and the radioactivity in the cells determined vsing a gamma
counter. This level of radioactivity represents total binding, which includes both membrane-
bound and internalized fractions. Specific binding was determined by calculating the difference

in the levels of measured radioactivity without the unlabeled competitor minus the radioactivity

with the unlabeled competitor.

15 To differentiate between membrane and intracellular binding, cells were subsequently
incubated for 10 min at 4°C with acidified HBSS (pH=4-5), rinsed in HBSS, and the
radioactivity again determined using the gamma counter. Since the acid wash preferentially
released the radioactive ligand from the external surface of the cell, remaining radioactivity

was attributed to internalized fractions.

20 As shown in Figure 17, the radiolabeled somatostatin analog bound to the angiogenic

cells and the vast majority of the radioligand was internalized into the cell.

Example 13
Radiolabeled Somatostatin Analog Inhibition of Angiogenic Cell Growth
25 To demonstrate that radiolabeled somatostatin analogs inhibit angiogenic blood vessel
growth, the Human Placental Vein Angiogenesis Model was used as described in J.C. Watson
et al., "Up-Regulation of Somatostatin Receptor Subtype 2 (SST-2) mRNA Occurs During the
Transformation of Human Endothelium to the Angiogenic Phenotype,” Paper Presented at the
12th International Symposium on Regulatory Peptides, Copenhagen, Denmark, September
30 1996; J.C. Watson er al., "SST-2 Gene Expression Appears During Human Angiogenesis,”
Regulatory Peptides, vol. 64, p. 206 (Abstract) (1996); and J.C. Watson et al., "Breast Cancer
Increases Initiation of Angiogenesis Without Accelerating Neovessel Growth Rate,” Surgery,
vol. 122, pp. 508-14 (1997). Human placental veins were cut into discs of 2 mm diameter and
were incorporated into a 0.3% fibrinogen gel. This gel was then overlaid with tissue culture
35 media containing 10-20 % fetal calf serum (FCS). Under normal conditions, endothelial cords

will begin to sprout from the transected cut edge of the vein discs within six days.
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with 50 «Ci/mL of the radiolabeled somatostatin analog, '"In-pentetreotide: and the third plate
treated with equivalent amounts of ""In-Cl. The discs were then incubated for fourteen days.
After 14 days the culture plates were examined for the number of wells in which angiogenic
growth was initiated. The percentage initiation is shown in Figure 18. The % initiation seen
in both treated culture plates was substantially less than the conmtrol plate. The lowest %
initiation was seen in the culture plate treated with "'In-pentetreotide. The molar concentration
of the radiolabeled somatostatin analog added to the culture plates was in the femtomolar range
(10'%). This concentration is 1000x or more below the concentration of unlabeled somatostatin
analog that is known to inhibit angiogenesis; a concentration of 10° M to 10® M. Thus any
effect was due to the radiolabel and not just the presence of the somatostatin analog. Any
difference between the "'In-Cl and ''In-pentetreotide is due 10 an effect of Auger emission on
angiogenic cell growth through Auger effect on the DNA. Only the radiolabel connected to
the somatostatin analog would be incorporated into the DNA. Thus the greater decrease is due
to this incorporation and the Auger emission on DNA.

Using a digital image analyzer, the mean area of the sprouting tissue surrounding the
discs was measured. As shown in Figure 19, the vessel area (mm?) was also substantially less
in both ireated culture plates. Again, the plate treated with the '"'In-pentetreotide showed the
least area of new growth.

To measure the growth rate of angiogenic vascular tissue, every two days during the
14-day incubation period, the length of sprouts were measured. The growth rate as measured
by mm/day for all three culture plates is given in Figure 20. Again, the growth rate in the two
treated culture plates is substantially below that of the control. However, there is no difference
in the growth rate between the two treated samples.

Thus, the radiolabeled somatostatin analog inhibited angiogenic vascular growth even at
concentrations far Jower than that required for the unlabeled analog to inhibit angjogenic
growth. This indicates that the gamma emission causes some inhibition and the Auger
emission by the radiolabeled analog caused additional inhibition. The most effective inhibition

was the radiolabeled analog, which included both effect of gamma and Auger emission.

Other somatostatin analogs will be tested using the same human placental vascular
discs. These discs will be placed into wells of two separate culture plates. One culture plate
will be allowed 10 grow to maturity without treatment. The other culture plate will be exposed
10 various treatments: (1) radiolabeled somatostatin analog (**1-WOC-4a, *'1-WOC-4a, '"In-
DPTA-WOC-4a, "In-DPTA-JIC-2D, '¥]-JIC-2D, or dual labelled "'In-DPTA-'*I-WOC-4a or
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"n-DPTA-'#1-JIC-2D,); (2) cold, unlabeled somatostaun analog (WOC-4a or JIC-2D); (3)

radioisotope alone ('®1 or P'1); (4) a combination of the radiolabeled somatostatin analog and
its corresponding unlabeled analog (e.g., '*1-WQOC-4a and WOC-4a); or (5) a combination of
the cold, unlabeled somatostatin analog and the unbound radioisotope (e.g., 1 and WOC-4a).

5 The discs will be incubated for three days with the analog present in a dose ranging from 10 to
1,000,000 counts per well. After three days fresh media will be added and the discs observed
until maturity. The percentage of wells that initiate an angiogenic response will be calculated
for non-treated and treaied wells. The results from the different treatments will be analyzed
with ANOVA.

10 Alternatively, to amplify the degree of cell destruction caused by the radioactivity, the
vein discs will be cryoprotected and kept frozen in liquid nitrogen after a three day exposure to
the radioligand. Freezing will inhibit cell division but will not affect radioactivity. Another
set of plates will be constructed with identically treated vein discs but no radiation source. At
the end of three days of treatment, these vein discs will be bharvested., washed, and

15 cryopreserved in tissue culture media containing 10% dimethylsulfoxide (DMSO). These vein
discs will be cryopreserved in a controlled-rate freezer and stored in liquid nitrogen for 2
months, or for a period that is six times the physical half-life of the radioisotope used. At this
time, the vein discs will be thawed and re-planted in fibrinogen gel-containing wells and
allowed to grow as described above. After two weeks of growth, the treated and non-ireated

20 wells will be compared.

These experiments demonstrate that radiolabeled somatostatin analogs will selectively

inhibit initiation or promotion of the human angiogenic response in a manner similar 1o
inhibition of tumor cell growth in tumor cells with somatostatin receptors. Thus, for use of

25 radiolabeled somatostatin analogs in either radioimaging or radiotherapy for angiogenic blood

vessels, administration by infusion will be more effective than a bolus injection.

Example 14
Upregulation of PDGF Receptors in Human Angiogenic Cells
30 Using the in virro human placental vein angiogenesis model described above, we
substituted discs taken from human vascular endothelium from aorta and inferior vena cava to
assay for presence of platelet-derived growth factor (PDGF) and its receptor. A similar
angiogenic response was seen in fourteen days of incubating the 2 mm discs in a 0.3% fibrin
clot, supplemented with fetal bovine serum. RNA was extracted from inferior vena cava and
35 aorta that was obtained from organ donors and from the tissue-matched angiogenic explants

cultured as above. Reverse transcription polymerase chain reactions (RT-PCR) were then
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conducted on each sample with primers specific for the PDGF A chain, B chain and the

receptor using 500 ng of RNA per reaction. Primers were made according to published
sequence data. RT-PCR products were analyzed by gel electrophoresis which revealed bands
in the expected positions for these products in the angiogenic explants of both the aorta and
5 inferior vena cava, but not in their native vessel counterparts. These results were repeated in
blood vessel samples from three patients with identical resuits. This suggests both the PDGF
A chain and B chain may play an important role in the regulation of the angiogenic response.
This indicates that radiotherapy directed toward this growth factor or its recepior may be

effective in limiting development of angiogenesis associated with tumor growth.

10
A person of ordinary skill in the art will recognize that by technigues similar to those
described in the above examples, the efficacy of bolus versus infusion administration of other
radiolabeled peptides and steroids for radiotherapy and radioimaging of tumors may be
determined.
15

The complete disclosures of all references cited in this specification are hereby
incorporated by reference. In the event of an otherwise irreconcilable conflict, however, the

present specification shall control.
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What is clanned.

1. Use of a receptor-dependent radiolabeled compound for the manutacture of a

medicament for use in a therapy for selectively accurnulating said radiolabeled compound inside
target cells in a patient, wherein the target cells are selected from the group consisting of tumor
cells and angiogenic cells, and wherein the target cells express receprors for the radiolubeted
compound, said therapy comprising admimstering a dose of the radiolabeled cormpound to the
patient by infusion during a period greater than two hours, wherein the resulting residence time
of the radiolabeled compound in the target cells is at least one and one-half (1.5) times the
residence tme of the radiolabeled compound in the target cells that would result from a bolus

admunistration of the samne total dose of the same radiolabeled compound to the patient.

>

A use as claimed in clam 1, wherein the rate of infusion is appruximately equal to the

rate of cellular uptake and translocation to the nucleus of the radiolabeled compound by the
target cells,

3. A use as claimed in claim 1 or 2, wherein the period of infusion is bctween about 4

hours and about 30 days.

4, A use as claimed in any onc of the preceding claims, wherein the period of infusion is

between about 24 hours and about § days.

5. A use as claimed in any one of the preceding claims, wherein said target cells are tumor

cells.

6. A use as claimed m any one of the preceding claims, wherein said radiolabeled

compound comprises a receptor-dependent peptide bound to a radioisotope.
7. A use as claimed in claim 6. wherein said receptor-dependent peptide is selected from
the group consisting of nerve growth factor, fibroblast growth factor, epidermal growth factor,
platelet-derived growth factor, cholecystokinin, vasoactive intestinal peptide, gastrin-releasing
peptide. leukemia inhibitory factor, somatostatin, -uxytocin, bombesin, calcitonin, arginine
vasopressin, angiotensin I1, atrial natriuretic peptide. insulin, glucagon, prolactin, growth

honmmone, gonadotropin, thyrotropin-releasing hormone, growth hormone-rcieasing bormone,
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gonadotropin-releasing hormone, corticotropin-releasing hormone, interleukins, interferons,
&

transfernn, substance P, neuromedin, neurotensin, ncuropepude Y, opioids and derivatives and
9 analogs thereof.

1 8. A use as claimed in claim 6 or 7, wherem sald receptor-dependent peptide is
2 somatostann.

| 9. A usc as claimed in claim 6 or 7, wherein said receptor-dependent peptide is a
2 sorpatostatin analop,

i 10, A use as claimed in claim 9, wherein said somatostatin analog is selected from the
2

group consisting of octreotide, pentetrentide, vapreotide, lanreotide, WOC-3, WOC-3b WOC-
3 4a, and JIC-2D.

1 11. A use as claimed in claim 9 or 10, wherein said somatostatin analoy is pentetreotide.
] 12. A use as claimed in claim 9 or 10, wherein said somatostatin analog is WOC-4a.

1 13. A use as claimed in claim 9 or 10, wherein said somatostatin analog is WOC-3b.

! 14,

A use as claimed in any one of claims 6 to 13, wherein said radioisotope has a half-life
2 between about 1 hour and about 60 days.

1 15. A use as claimed in any one of claims 6 to 14, wherein said radioisotope has a half-life

2 hetween about 2 hours and about 60 days.

1 16. A use as claimed in any one of claims 6 to 15, wherein said radioisotope has a half-life

2 between sbout 12 hours and about 60 days.

| 17. A use as claimed in any ope of clauns 6 to 16, wherein said radioisotope is selected
2 from the group consisting of “'Ga, '"'In, ™ Tc, ™Y, ®Y, '**Yb, MRe, 1, ', 7], ¥, Y,
3 and "Br.

1 18.

A use as claimed m any one of claims 6 to 17, wherein said radivisotope is ''In.
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1 20, A use as claimed in any one of claims 6 to 17, wherein said radioisotope is “*'1.
l 21. A use as claimed in claim 6, wherein said radiolabeled compound is selected from the
o

group consisting of "'In-pentetreotide ('''Tu-DTPA-D-Phe'-actrectide), (""'In-DOTA"-D-Phe'-
Tyr)-oareoude, (MY-DOTA®-D-Phic'-Tyr')-octreonde,  (¥Y-DOTA"D-Phe'-Tyr")-octreotide,
"'"[0-DTPA-D-Phe'-RC-160, ™ Tc-RC-160. *™Tc-CPTA-RC-160, "1-RC-160, 'Z]-RC-160,
“'I-RC-160, "™ Tc-uctreotide. "™Re-RC-160, Pltyr-octreotide, '®1-tyr-octreotide, ™I-tyr’
octreotide, ‘Zl-lanreotide, "®l-lapreatide, “'I-lanreotide, *Y-DOTA-lanreotide, *Y-DOTA-

lanreotide, '"'In-DPTA-lanreotide, '"[n-DOTA-lanreotide, '''In-DPTA-somatostatin,

¥Y.DOTA-somatostatin, *®Y-DOT A-somatostatin, '*'I-somatostatin, *'1-WOC-3, '"P1-WOC-3b,
H1-WOCH4a, "“1-WOCHa, *P1-JIC-2D, "M-JIC-2D. and ®'-NC-2D.

O o =N ™ w»n AW

22. A use as claimcd in any onc of the preceding claims, wherein said radiolabeled

compound is accuinulated in cells of tumors selected from the group consisting of endocrine
tuglors, melanomas, breast carcinomas, Merkel cell tumors, lymphomas, small cell Jung

carcinomas, gastrointestinal tumors, astrocytomas, gliomas, meningiomas, carcinoid tumors,

w L)

islet cell tumors, renal cell carcinomas, nevroblastomas, and pheochromocytomas.

| 23. A usc as claimed in any one of claims 1 w {8, wherein said radiolabeled compound is

2 " n-pentetreotide.

1 24, A use as claimed in any one of claims 1 w0 17,

wherein said radiolabeled compound is
2 31-W0C-4a.

1 25, A use as claimed in any one of clams | o0 17,

wherein said radiolabeled compound is
2 B1-WO0OCa.

1 26. A use as claimed in any one of clains | to 17,

wherein said radivlabeled compound is
2 'S1-WOC-3h.

1 27. A use as claimed in any one of claims 1 to 17,

wherein said radiolabeled compound 15
2 '“I-somalostatn,
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L 29. A use as claumed in any one of claims 23 to 28, wherein said radiolaheled cormpound is
2 accumulated in neuroblastoma cells.
1 30.

A use as claimed in any one of clauns 23 to 28, wherein said radiolabeled compound is

2 accumulated n small cell-lung carcinoma cells.

t k) A usc as claimed in any one of claims 23 to 28, wherein said radiolabeled compound is

2 accumulated in endocrine tumor cells,

1 32. A use as claimed in any ope of claims ] (0 5, wherein said radiviabeled compound

compriscs a receptor-dependent steroid bound to a radioisotope.

1 3a. A use as claimed in claim 32, wherein said receptor-dependent steroid is sclected from

2 the group comprising estrogen, testosterone, progesterone,

glucocorticosieriods,
3 mineralocorticoids, and derivatives and analogs thereof.

1 4. A use as claimed in claun 33, wherein said receptor-dependent steroid is estradiol.

l 3s. A use as claiimed in any one of claims 32 to 34, wherein said radioisotope bas a half-life

2 between about 1 hour and about 60 days.

1 36. A usc as claimed 1n any one of claims 32 to 35, wherein said radioisotope has a half-life

between about 5 hours and about 60 days.

! 37. A use us claimed in any one of claims 32 t0 36, wherein said radioisotope has a half-life

2 between about 12 hours and about 60 days.
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1 57. A mcthod for selectively accumulating a receptor-dependent radiolabeled compound
inside target cells in a patient, wherein the target cells are selected from the group consisting of
tumor cclls and angiogenic cells, and wherein the target cells expresy receptors for the

radiolabeled compound, comprising «dministering a dose of the radiolabeled compound to the

of the radiolabeled compound in the target cells is at Jeast one and oge-half (1.5) times the

2
3
4
5 patient by infusion during a period greater than two hours, wherein the resulting residence time
6
7 residence time of the radiolabeled compound in the-target cells that would result from a bolus
&

administration of the same total dose of the same radiolabeled compound to the patient.



