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MULTI - TYROSI NATED SOVATOSTATI N ANALOGS Background of

t he_l nvention Thi's invention relates to the di agnosis and 5
treatment of tumors having peptide-specific surface ‘receptors.

Despite the adv A3, di agnosi s and treatnent of cancer,

remains the nost re |aETe and effective Iong-ternltreatnentﬁg?ﬂg%%%yn7
.types of cancer. The success 10 of surgery is limted by precise and

conpl ete preoperative or intraoperative |ocalization of tunors, an

i npreci se and i nconpl ete assessnent of the dikease occurs in 20%to 40%
of cancer cases. Wil e various preoperative imging techni ques are

avail abl e, the 15 sensitivity of these techniques is proportional to tunor
size. [or exanple, the lower limt of resolutlon in CT scanning is 0.8
cmto 1.0 cm  Supersel ect i NELE 2 : P MIAJIOES | n tunor

| ocal i zation, but requires hlghly experlenced techni cal expertise. Tunor
20 | ocal i zati on t echni ques whi ch do not rer on |nag|no such as

percut aneous transhepatic port al 2RSHIS ] inve #?), have been used
successfully to regional I'shis ihveatiza Bébiteé urmtﬂwaliagnaaﬁ.s andet ect ed
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assessment of nod&PCBBEPEPvity.or negativity and nmay not detect
mul ticentric tunors. Despite Yhenagvanees ain \Wadgmosis| andl treatment ot s,

e opor it CLan BlalboRoXLub GOAY rarfh St eBle LY. 2UT0080 Ynd Ut¥abtivl 1

‘intraoperative tu ola resec ggressi ve
i ntraoperative | od@PEzEerBntreatnent QfnfomehEYPRFt 8L CANNRAYN -nafThen syPccess

ul trasound, pajpabifOBurgery is limited by precise and complete

preoperative or intraoperative localization of tumors, an
imprecise and incomplete assessment of the disease occurs
in 20% to 40% of cancer cases. While various
preoperative imaging techniques are available, the

15 sensitivity of these techniques is proportional to tumor
size. For example, the lower limit of resolution in CT
scanning is 0.8 cm to 1.0 cm. Superselective angiography
is more successful in tumor localization, but requires
highly experienced technical expertise. Tumor

20 localization techniques which do not rely on imaging,
such as percutaneous transhepatic portal venous sampling
(PTPVS), have been used successfully to regionally
localize small functional tumors undetected by other
methods. Still, these tumor localization methods are

25 limited. For example, PTPVS does not routinely allow the
individual assessment of nodal positivity or negativity
and may not detect multicentric tumors.

When preoperative tumor localization fails, the
- clinician must next resort to exploratory surgery
30 combined with intraoperative tumor localization and

. resection. Aggressive intraoperative localization is
accomplished with a combination of ultrasound, palpation,
and endoscopic or laparoscopic techniques. While these



and*endoscopi ¢ or | aparoscopic techniques. Wile these WO
96/ 39161 PCT/ US96/ 08437
- 2- techni ques allow the detection of small tunors undetected by

‘aval | abl e preoperative-localization techniques,

tunors outsi de of
nor bi

smal |
undet ect ed. Mbreover,

‘the organs mspeg}oegqﬂﬁm remai n ‘yctr)bsyslomm
‘resulting from eX ratory surgery increases as nore tissue is

di st ur bed.
non- endocri ne tunors,
somat ostatin receptors have been identified 20-and cloned

i ncl udi ng both endocri ne and
Fi ve human
Expressi on of

A variety of cancers,
express somatostatin receptors.

these five receptor su varies, with,tiss Somat ost
receptor subtype © gg&g?p?%g@ﬁduﬁhQ§tﬁF &0 9a?$ ??X 1?3“5? P?gﬁg Qﬂ%les
1A and | B provi deby svatidablefpxespanatiivei docatipation teshniguesenspalbot h
normal and tunor ums¥8Soutsi®e of the organs inspected may'Femaih

Somat ostatin Rece%néﬁg f‘?gb&ypeMExEresm %rblﬁgggpfﬁu%ing fFOEslug Nor mal

Human Ti ssue

Subt ype 5 explor&tbryecsurgery inéreases as m@ X iss®iBl is Yanmada et
al., Proc. Natl. A§afurbea.Cortex SST3, SST5 Sci. USA, 89:251- 255,
1992; Rohrer et al., Proc._ Natl. Acad.

Sci. USA, 90:4196-4200, Pogpriety pfcpancers, dgpiudipg) bo e, and
supra Lung non-efi@dérine tumorsghexpressasonatsagtratiib reteptors.

SST1 Yamagdyg! ndhan S4dfostatin receptors have been identified

Expression of these five receptor subtypes
Somatostatin receptor subtype
Tables
1A and 1B provide a summary of somatostatin receptor
expression in both normal and tumor tissues.

10 and cloned.
varies with tissue types.
2 is expressed on a wide variety of tumor types.

15 TIABLE 1A
tost 14 Subtype sion
m___mal_mn Tissue
Normal
Human Receptor
20 Tissue Subtype - Reference
Frontal 88T2, SST1, | Yamada et al., Proc. Natl. Acad.
Cortex SST3, SSTS Sci. UsSA, 89:251~-2585, 1992;
: Rohrer et al., Proc. Natl. Acad.
Sci. Usa, 2224196é4200, 1993
Liver SST2 (low) Yamada et al., supra
Lung SST1 Rohrer et al., supra
25 | Stomach SST1 Yamada et al., supra
Intgstine SST1 Yamada et al., supra
| (jeJunum)
Pancreas SST1, SST3 | Yamada et al., supra
Colon SST1 (low) Yamada et al., supra
SST2 (low)
30 | Kidney SST2 Yamada et al., supra




| nt €sti ne SST1 Yamada et al., supra (j ej unum Pancr eas

SST1, SST3 Yamada et al., supra Col on SST1 (I ow) Yamada et
al ., supra SST2 (low) 230 Kidney SST2 Yarmada et al .,
.supra WD 96/ 39161
PCT/ US96/ 08437  wo 9639161 _ - 3- . PCT/US96/08437
TABLE 1B Somat ostati n Recept or Subtype Expression
in Human Tunor Tissue Human 5 Tunor Recept or Ti ssue
Subt ype Ref er ence Lung SST2 Patel et al.,
Bi ochem Bi ophys. ~ Res. Confuh.< 198: 605-612, 1994
Carcinoid SST2, SST1, Patel et al., supr ST3 | nsul i noma SST3
Reubi et al. , Cancer Res., 54: 3455- 3459, 1994
10 ACIH SST1, SST2goRaubi : biédleion CLL
SST2 Patel et al., su inNeuthan Tu iss Pat el et al .,
supra bl astoma 15 Breast SST2 Patel et al., supra
Col on - SST1 H Yamadf et al., Prdc. Natl. Acad.
Sci. USA, 89:25 -:SSﬁ‘ﬁs%J _ @%pqmg SST2 Yanada et al., supra
‘Pituitary SSTZ, |SShig bi fet'g typa UP'[a Prol ackbhp@rence
Lung S8T2 Patel et al., Biochem. Biophys.
. Res. Commun., %g§=605-612, 1994
Carcinoid S8T2, SST1, | Patel et al., supra
SST3
Insulinoma | SST3 Reubi et al., Cancer Res.,
24:3455~-3459, 1994
10 | ACTH SS8T1i, SST2 Reubi et al., supra
Secreting '
CLL S55T2 Patel et al., supra
Neuro- SST2 Patel et al., supra
blastoma
15 | Breast SST2 Patel et al., supra
Colon SST1 Yamada et al., Proc. Natl. Acad.
‘Sci. USA, 3;2:251-255, 1992
Hepatoma 88T2 Yamada et al., supra
Pituitary {8ST2, SST3 | Reubi et al., supra
Prolactino
20 | ma
Pituitary SST2, SST1, | Patel et al., supra; Reubi
Adenoma SST3 et al., supra
Meningioma | SST2 Patel et al., supre

Endogenously produced somatostatin inhibits
25 release of several pituitary and intestinal factors that
regulate cell proliferation, cell motility, and/or

- secretion including growth hormone, adrenocorticotropin
hormone, prolactin, thyroid stimulating hormone, insulin,
. glucagon, motilin, gastric inhibitory peptide (GIP),

30 vasocactive intestinal peptide (VIP), secretin,
cholecystokinin, bombesin, gastrin releasing peptide
(GRP), gastrin, adrenocorticotropic hormone (ACTH),



20 *ma Pituitary SST2, SST1, Patel et al., supra; Reubi Adenoma
SST3 et al., supra Meni ngi oma SST2 Patel et al., supra
Endogenously produced somatostatin inhibits 25 rel ease of several pituitary
and intestinal factors that regul ate cell proliferation, cell notility,
and/ or secr et wybehtsl Udi ng growt h hornone, adrenocorti cotr oRichusosnsasr
hor none, prolactin, thyroid stinulating hornone, insulin, gl ucagon,
notilin, gastric inhibitory peptide (G P), 30 vasoactive intestinal peptide
(VIP), secretin, chol ecyst oki ni n, bonbesin, gastrin rel easing peptide
(GRP), gastrin, adrenocorticotropic hornone” (ACTH), WD 96/ 39161
PCT/ US96/ 08437 i izl T, si ng
hor none ( TRH), chdbyEedsd, %ﬁ%%?%i?%&%‘fmne ST .e‘r:lg%]é‘?o%ér#(%'g'tiﬁc (BLRT

pol ypepti de (PP), ajfioskerene, pancxeaticipolypsptide (FR)or faytekdnesyr owt h

factors (e.g., (RNgU§T iRtelONking AGirtierfeeons) Pravéwt Fectors 1a8dg. p
vasoacti ve am nesl?&,gpg. ageroto | 3 S%_vernal of these cgoa tors.are
inplicated in reg it e hAL I %%*ﬁ ! WSIW i%%, X 'wéPP as in
tumor cell prol 5f mescachive amines (mithst Serotonrin) oxHavNeralcRt Sheael at es

proliferation of FackBksasfe Bhplitdted irf Yegidatich it ivtmadl ceall s,

oLt the b gL ORIkLelog! 49V oo oo Bl off) Wil

Somat ost ati n- 14 ( snffprapetasrasis: atFor 2xamples)GRP stimulateswo pri nci pal

forms of native Z@R&Q%ﬁ&{bn%ﬂ%&&dls a@xdlﬁaﬁﬂ%%'@cir&ém%ﬂe having the
- r -

"D No D). The M sbiRbRiidE fENIS GO RRe FRa P T T¥eration, b7 Hirper T
vertebrate speci ebrogchiiahaepithelisk cells, and is an autocrine growth
| factor in small cell lung carcinoma.
Somatostatin-14 (S-14) and somatostatin-28 (5-28)
are the two principal forms of native somatostatin. S-14
15 is a l1l4-amino acid peptide having the sequence
Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Llys-Thr-Phe~Thr-Ser-Cys
(SEQ ID NO:1). The amino acid segquence of S-14 is highly
conserved among vertebrate species. S-14 has a cyclic
molecular structure stabilized by a disulfide bond
20 between Cys; and Cys;, (the cysteines at positions 3 and
14 from the N-terminus) and by hydrogen and hydrophobic
bonds. Four amino acids within the ring structure of
sonmatostatin, Phe,-Trpg-Lysg~Thr;o (SEQ ID NO:2), are
primarily responsible for receptor binding and biological
25 activity, while the residues Trpg-Lysg are predominate in
receptor binding. 85-28 is a 28-amino acid peptide and
contains the amino acid seguence of 5-14 with an
additional 14 amino acids extending from the N-terminus.
The structural differences in S-14 and S-28 influence the
30 relative degrees of inhibitory activity on the biological
functions regulated by somatostatin.

A variety of somatostatin peptide analogs have
been produced by elimination of amino acids that are not
absolutely required for activity and/or substitution of

35 the native L-amino acids with the corresponding D-amino




mol ecul ar structure stabilized by a disulfide bond 20 between Cys[err] and

Cys[err] (the cysteines at positions 3 and 14 fromthe N-term nus) and
by hydrogen and hydrophobi c bonds. Four amino acids within the ring
'structure of somatostatin, Phe[err]-Trp[err]-Lys[err]-Thr[err] (SEQ ID

‘NC: 2), are Prwvs®EAdi¥ responsi ble for receptor binding and bipehREédls725
Eactivi ty, while the residues Trp[err]-Lys[err] are predom nate in

receptor binding. S-28 is a 28-am no acid peptide and contai ns the -am no
aci d sequence of S-14 with an additional 14 am no acids extending from
the N-term nus. The structural di fferenc,'e§ ™M S-14 and S- 28 i nfl uence

the 30 relative de I_nhi tory actlv onthe |oIo

functions regul at §yi§8ﬂ§1¢83t g'h? sone eg\ vﬁ??g g’?ﬁﬁgggt atin
pepti de anal ogs hagsing, bmeneppo'dmiecresemﬂorrmqamshsothamnﬂtia@ ds that
are not absol UlRmitb8EELtIRY dfé Bfigatt! LodBHEOFeSIBEARnEe (dO D-RImigd t he

native L-am no aC|ds a h the corres

PCT/ US96/ 08437 atP ePERHE 2 9%%3‘1"2‘0@9 SF ?ﬁ%@%lﬁha%g\?y%%%ﬂ:gnger
acting, nore posemomnt;gep@tmagmlcsg Patirectidei acetatepmhich has theue i n
part to the resista@ias Qéi@-%ce aC| ds to enzynme degradation. For

le, th t e at t h h
the © Camino aci doBhReEE  PRETIRhE Tk AR %vﬁ%%ﬂm%@ﬁﬁ%%' “t8E0
ID NO. 3), is 435t o700t times moxe natent than native somataostating -
i nhibition of growphibieieh 6! §A&kn %@k@i&s&&l mﬂ&mﬁﬁet aC

rerr]-Nal - Cyalty PYBLREELE, Sopst %Pstrﬁmq%epepﬁ%” (8BRS NHIRE Ehe ;¢ 20
to 50 tinmes nore poinotachdnsequénse somatostatin. The use of
T Pvery Dnort DAYl SLRORGELS RS A NRTCE0S e D) S R0
| ocal i zati on ' 20 to 50 times more potent than native somatostat n.
The use of somatostatin analogs in diagnosis and
15 therapy is limited by the relatively short half-life of
these analogs in vivo. Moreover, tumor localization
techniques using detectably labeled somatostatin analogs
are limited by the amount of detectable label that can be
associated with each analog, the strength of the signal
20 generated per analog molecule, and the sensitivity of
available label detection techniques. There is a clear
need in the field for both diagnostic and therapeutic
‘methods which allow for highly specific and sensitive
identification of tumor cells, as well as less invasive
25 cancer therapy regimens.

ar h
It .has been discovered that somatostatin peptide
analogs can be modified by the addition of N-terminal
amino acid extensions without impairing the ability of
- 30 the compound to bind to somatostatin receptors. The
N-terminal extensions can be linear or branched, and can
. be formulated to include multiple L-, D-, or '
desamino-tyrosine residues.



techni ques using detectably | abel ed somat ostatin anal ogs are limted by

.t he anbunt of detectable |abel that can be associ ated with each anal og,
ithe_strength of the signal 20 generated per anal og nol ecul e, and the
%senS|t|V|ty of avai | abl e | abel detection techniques. There is a clear
;need in the fielqyo, th diagnostic and therapeutic nethodﬁcﬁmgg
allow for highly specific and sensitive I dentification of tunor

‘as well as less invasive 25 cancer therapy regi nens.

Summary of the Invention It has been di scovered that

somat ostatin peptide anal ogs can be nDdiTi%d'by the addition of

N-term nal am no acid extensions w alri the abilit 0 the
conmpound to bind to sonat%%‘f%ﬁ‘f’rf‘qr}gdeé’@ls{ on %tgfﬁsnﬁ'ﬁ%gﬁgng? ns
can be linear or romposdtionsdfounthe diagnosis anddtreatmenticef diseases |-,

D-, or desam nosdadcinited weEhJYEF aberrant exprgggﬁéﬁgéﬁla somatostatin
PCT/ US96/ 08437
Accordingly, the iTRASAYOE, (Pebr ar RN ho T 43 incfﬁﬁﬁﬁgl?’f?m?tfjtﬂ“ Phied

di agnosi s and t Bedflanhor () degulatsble by somatostiatinh(€¢ly. arsmamegaly) .

expression of a somatostatin receptor (e g., cancer), or (2) increased
production of a 5 factor{s) requl at t ost
acronegal y) . frf T$h & SPS5: ct hé Y‘?r:'&eirﬂq %#@&Fﬁr 8 CIRM und
of the fornula: of the formula: a) (Y)[err]P,
b) (Y)[err]Al a-Y-P, or 10 ' p, C) (Y)[err]
(Vlerr] o e
b) (Y),~Ala-¥-P, oOr
10 c) (Y)q[:=x]qr1§x

(W)l X1gy”/
wherein P is a somatostatin peptide analog which binds to
a somatostatin receptor,
15 Y is D-tyrosine, L-tyrosine, or desamino-tyrosine,
n is an integer from 1 to 32, inclusive,
each q, independently, is.an integer from 1 to 32,
inclusive, and each s, independently, is an integer from
1 to 32, inclusive, where q and s can be the same or
20 different, and
X has the formula
D=-NH,~CH (CH,) ,NH,~-CO,H or
| L~NH,~CH (CH, ) NH,=CO,H, |
wherein m is an integer from 1 to 10, inclusive.
25 Preferably, P is of the formula:
a) Cys-Tyr-D-Trp-Lys-Val-Cys~Thr-NH,;
b) Cys-Phe-D-Trp-Lys-Thr-Cys~Thr-NH,; or
¢) Cys=-Tyr-D-Trp-Lys-Thr-Cys~Thr{ol).
In other preferred embodiments, X is lysine.
30 Preferably, the compound contains at least one halogen



wherein P is a somatostatin peptide anal og which binds to a somatostatin

‘receptor, 15 Y is Dtyrosine, L-tyrosine, or desam no-tyrosine, nis an
integer from1l to 32, inclusive, each g, independently, is an integer
from1l to 32, i nclusive, and each s, independently, is an integer from

1 to 32, |nclu5| sAbRie g and s can bethe sanme or 20 differ
has the fornul a Wos i %Iﬂsg%ﬂ‘l

D-NHerr]-CH(CH err])[err]NH err]-CJerr]H or

L-NH[ err]-CH(CH err])[err]NH err]-CJ err]H, wherein mis an integer from

1 to 10, inclusive. 25 Preferably, P7is of the fornula: a)
s-Tyr-D- Tr p- Lys- Val s-Thr-NH.err]; b

gs PKe DTrB Lgs atap_ &nﬂr > @ ,ingr (Y) :I.E)the formula above) of the

Cys- Tyr.- D- Tr p- LyscGhpe@yd. Tirxefigrably, the haléogemtdtom peradiedctive.

embodi ments, X i's | yST N6 pydPePeaacesipdundd by BAL"Er COHk Hmifad:cast 0N
hal ogen VWO 96/ 3%&3;

PCT/ US96/ 08437 @) D-Tyr- TYr'D‘TrP'LYS‘ValﬁYS'm “Mam bound to a
tyrosine (Y in 5hb)fmymo-amﬁ-m-ohup-ngsﬁmm&s-mmgbl y, the
hal ogen atomis r@ili_ @ﬂ:.tlulg.n- -cys-Ty?LBT-Q é:.qugtu%gs_ \Lg-ﬂgne of the

fornul ae: a) D- yr-Cys

Tyr-D Tyr-Cys- Phedb ﬁg’: T
Tyr-Al a-D Tyr - (yse)'yb-’ryfﬁmw-um BrPthm-r'h]p-Lys-dpr—ch-'mr-NHz,
Tyr-D-Tyr-Cys-Tyrgf- Trp-Lys-Val Cys-Thr-NHerr], e)
DTyr-Tyr-Tyr-ll%TH fyrphe D Tr p- Lys- Thr - Cys- Thr-NH[err] or

Lys

D-Tyr/ \LYs

D-Tyn
15 f.ys/

r
Lys -D-Phe-Cys-Phe-D-Trp—Lys-Thr-—C}s—Thr-NHz

20 D-Tyr’ \

25 The comﬁounds of the invention can be admixed with

a pharmaceutically acceptable carrier to make a
'~ pharmaceutical composition.
The compounds of the invention can be used to

detect in vivo a tumor expressing a somatostatin receptor

30 by: 1) administering to a patient an amount of a
radiolabeled compound of the invention effective to bind
somatostatin receptors on cancerous cells in the patient,
and 2) detecting radiation emitted by the radiolabeled
compound bound to the cancerous cells.

35 The compounds of the invention can also be used to
diagnose a condition associéted with aberrant expression

- of a somatostatin receptor and the production of a

biochemical marker (e.g., cancers such as gastrinoma),
by: a) administering to a patient an amount of a



[err] 25 The conpounds of the invention can be adm xed with a
.pharmaceutically acceptable carrier to make a phar maceuti cal

conposi tion. The conpounds of the invention can be used to
detect in vivo a tunor expressing a somatostatin receptor 30 by: 1)

admi ni stering towddabiggnt an anount of a radi ol abel ed conpQERsuseénds
I nvention effective to bind somatostatin receptors on cancerous cells in

t he patient, and 2) detecting radiation emtted by the radiol abel ed
conmpound bound to the cancerous cells. 35 The conmpounds of the
I nvention can al so be used to di agnose a~cdrdi tion associated with

aberrant expr essi Oézn orfla e RR! B0 @t ok A" NinBEAL ol deiliellon
bi ochem cal marker . g., cancers such as gastrinoma) by: .
adnini stering to ®bHa ﬂéﬁﬂm&ﬁ%mr&r sassociated witlp w%m@rtmn;
PCT/ US96/ 08;1?7 ~ and 2) determining a level of fth&b_i.ocheﬁWW]ﬁ‘r t he

i nvention effectivy | e 0 [
associated with saﬁ& d‘l’ d(?‘(#negl ta%%?:p&_g‘g%%#%ht&&ner" rff? ﬁ?%ggéﬁ%% %@ﬁé’ e to
bi ocheni cal mar Rera levalo@fcdhespiechemisat markeroprefueed RIARK B
relative to 5 a |aieinisitraitdohi 6f helé cedmpBinasr apaedtésase Nin thd devel

g??cﬂlesr# E:Zf | (r)rgr (szeré{lﬁé}%g{qi\%%ﬂtggi?ﬁg%@g%eo&ﬁqg%g elrrﬁ%lﬂn%ér h??f prior to
adni ni stration of hirehemicad,Barker i Rriowituadpdndptratipnief dherssoci at ed
W th : compound) is indicative of a condition associated with :

10 aberrant expression of a somatostatin receptor and/or is
controllable by administration of somatostatin or
somatostatin analog.

The compounds of the invention can also be used to
treat a patient having a condition associated with

15 aberrant expression of a somatostatin receptor (e.g.,
‘cancer), by administering to the patient an amount of a
compound of the invention effective to bind somatostatin
receptors of cells aberrantly expressing said receptors.

The compounds of the invention can also be used to

20 treat a patient having a condition associated with
aberrantly increased production of a factor(s)
regulatable by somatostatin by administering to the
patient a therapeutically effective amount of a compound
of the invention (e.g., acromegaly).

25 The compounds of the invention are alsc useful for
diagnosing in vitro a tumor associated with aberrant
expression of a somatostatin receptor by: a) obtaining
from a patient a sample of tissue suspected of aberrantly
expressing a somatostatin receptor; b) contacting the

30 sample with a detectably labeled compound of the
invention to allow binding of the compound to
somatostatin receptors of the sample; and c) measuring
binding of the label to the sample. A level of label
binding to the sample significantly greater than (e.g.,

35 more than twice) a level of label binding to a negative



10 &berrant expression of a somatostatin receptor and/or is controll abl e
Iby adm ni stration of somatostatin or somat ost ati n anal og. The
.corrpounds of the invention can also be used to treat a patient having a
jcondi tion associated with 15 aberrant expression of a somatostatin receptor
(e.g., canceryyg gaidegdslm ni stering to the patient an anount ofpdusoensess
;corrpound of the invention effective to bind somatostatin receptors o
cells aberrantly expressing said receptors. The conpounds of the
i nvention can also be used to 20 treat a patient having a condition
associated wth aberrantly increased pro‘du%t"r on of a factor(s)

regul at abl e by somatqstatin_b mn| er|n th pat

t herapeutically eﬁ°§'&r s&ﬁ‘ﬁ%ﬁt %fl ‘%n(?% g’?”?’ﬁ ?R/creiﬁ'? w('."e
acronegal y). 25 aberranthexvmpeMﬂ)fa tarmatestatinnrecerton oiruﬁi@ for
di agnosing in vitrpaﬁetnu;rror associ ated with aberrant expression of a

somat ostatin receptor ) obt g t S sue
suspect-ed of aberrantly ?eﬁg ghgo%a?g}lﬁé}?nfe%}é% gﬂB%?‘hga H)é
contacting the sodﬁatmtenm tin ﬁi@ét%cﬁmw maseanempam

invention to all OWdaie‘iﬂ:bﬂgwﬁ&chhﬁani)t Qdminie&ai-ﬂﬁgam a rmﬁw:ﬂr anof

the sanple; and c) _nea ur|n f_ the . A level
of | abel bi ndi r?&'qu& gaﬁﬁ?é"@%‘f °a°ﬁ'}1ﬂ°§>‘“ gt{éﬁ ‘ﬁertaé?od' 35 nore
than tw ce) a Ievslff@rcﬂiarsembhmdr@onat@mat meptors on CADCEYRBL61
PCT/ US96/ 08437  cells in the patient, and 2) deteBting rad®idtidn eidted S

I ndi cative of ggteﬁ; 3> O &age%%% ias po%% b%%deégrﬁﬁolgﬂé&ér

somatostatin r ne aspect the
i nvention feature§ed-1ﬁet hod for 5 detecting in situ a tunor expressing a

somatostatin recept or phigdotherohepect)) théninvaition Eehtutelohi A8thod
amount of a radi olahel3d ,GAURAUNY QlndKidd L¥Lc38tea with aberrant
expression of a somatostatin receptor and the production
15 of a biochemical marker (e.g., cancers such as
neuroendocrine tumors and gastrinomas, and conditions
such as acromegaly). This diagnostic method involves:
a) administering to a patient an amount of a compound of
the invention effective to inhibit production of a
20 biochemical marker associated with said condition; and
2) determining a level of the biochemical marker produced
after administration of the compound relative to a level
of the biochemical marker produced prior to
adnministration of the compound. A decrease in the level
25 of the biochemical marker (relative to the level of
biochemical marker prior to administration of the
compound) is indicative of a condition associated with
aberrant expression of a somatostatin receptor.



effective to bind somatostatin receptors on cancerous cells in the
‘patient, and 2) detecting radiation emtted 10 by the radi ol abel ed conpound
bound to the cancerous cells. I n anot her aspect, the
invention features a nethod - for dlagn03|ng a condition aSSOCIated W th
~aberrant expr godeRbepf @ somatostatin receptor and the prodyyed, JOf
a bi ochem cal narker ?% cancers such as neur oendocri ne tunDrs an
gastri nomas, and condltlons such as acronegaly). This diagnostic method
I nvol ves: a) admnistering to a patient an anount of a conpound of

the invention effective to inhibit productroﬁoof a 20 blochen1cal mar ker

associated wth said con I on;, .and ermni |._of

bi ochem cal marker produgt"d dt(helreiasg& m@? ngfvoer{’q% 8a§: %gfethod
relative to a | evelor dianosdngi iuhettrzla ramiosr apsgqﬁ%’eeld pntdr abgrrant

bi ochen cal M Kers L e oL he i CoiEFLre WD LIt o 1o
adni ni stration of & hé’ taif,’\é'ﬁﬁogﬁ‘a'f ?quﬁtﬁn%aﬁ 58"'3?"’ °€‘oﬁ€§§"f%r§u§?§§%e§t ed
with aberrans expabesirentdy expvessing & isomatospabin receptor;

96/ 39161 b) contacting the sanple with BCAetE8£ARDY Jabeled

- 10 - | n anat her ect nven |on

for diagnosing in SATR PﬁﬁBF 8L %9 {hﬁj éBEr%%ﬁ?iiowegaﬁE§§g|8ﬁ of a
‘somatostati n recepthe compoundi hoosmtostati)'n ubpaphong of then sexplent and
sanpl e of tissue smbe@m? af 18be1 rwtﬂmcm‘er 82StHE PalSlRPEhad!l i N

receptor; hgconta ting,t eXFinR%EF*R# S&eiﬁc %L%%Iab Ied ignpound

according to t
sonat ost ati n r ecemigmd fitankdysgnedter ehhim a dpvddt ettbilgdmg émela of

b g 1 he | aiplpdasthacdcie g d st e |55 10
'negatlcg controlg§§WﬁF§ & ﬁ&?@a&? §“P6ﬁ6F1°n ot '8 somatestatin
' receptor in said patient.
15 As used herein, "somatostatin analog® or
"somatostatin peptide analog" means a structural
derivative of native somatostatin and which binds a
somatostatin receptor with at least about 5% of the
avidity and/or affinity of native somatostatin. Analogs
20 include both somatostatin antagonists and agonists. In
general, somatostatin peptide amalogs: 1) contain the
amino acid sequence Cys-X,-D-Trp-Lys-X,~Cys-Thr, or a
D-amino acid substituted (i.e., any of the amino acids
can be D- rather than L-) derivative thereof, wherein X;
25 is preferably Phe or Tyr, and X, is preferably Thr or
Val; and 2) range from about 1,000 Da to 15,000 Da in
molecular weight.
. As used herein, by "halogen” or "halogen atom"®
means fluorine, chlorine, bromine, iodine, or astatine.
30 As used herein, "“aberrant expression of a
somatostatin receptor" means somatostatin receptor
expression on the surface of a specific normal cell type,
at a level significantly greater than a surface
expression level normally associated with that specific
35 normal cell type. For example, tumors characterized as




associ ated with aberrant expression of a somatostatin receptor in said
patient. 15 As used herein, "somatostatin anal og" or

"somat ostati n peptide anal og" neans a structural derivative of native
somat ostatin and which binds a somatostatin receptor with at | east about
5% of the aviwologssigd/ or affinity of native somatostatin. AjprRRSeesis7

I ncl ude both sonmatostatin antagoni sts and agoni sts. In gener al ,
somatostatin peptide anal ogs: 1) contain the am no acid sequence
Cys-Xerr]-D Trp-Lys-X[err]-Cys-Thr, or a D-amno acid substituted (i.e.
, any of the am no acids can be D rathér than L-) derivative thereof,

wherein X err] 25 erabl e o ~and X er ' | r or
Val ; and 2) range r?erug%i)g%gé?migOggeﬁé?%fgaf%%sﬁag?ﬁ;&éﬁg{%g ate?el%/e\e‘%ght.
As used herein, byin khasgthe cells 06 neunshlastopashave| ydrigher devedi ne,
brom ne, iodine, Qf vmatbBLat$h receptorsiuirFadehipi-8ssiohctianithe

expression of a somatostatip_rec r'..means_s tpstatin recept
expressi on on the &ra %sg?eaggﬁléc‘?‘ﬁ% r%}erré‘leufgggg§§ 2 was acfe i avel
signi ficantly gPedherrangncellypprfece expysssionomancoerurckhroygh a
associ ated w th t RairiesgCofi fiedhandém® | suic! last ¥pereg@latiénde, tunors

characteri zed as . 96/ 39161 . . .
PCT/ US96/ 08437 transcr:.p%?on éng @ranslat:.on of T&c.].e:l.c a%’é%r ‘foadsjtngnas

aberrant|y expresscyakastatini neceptonsy pp-regulakiont of surfacef a
neur obl ast ona havgresengitichfVahd/or dowittiigalhbion 6£Ceeeaptant!l f ace

Gortved. 5 Aos?: AboragRELlR phaTE LGNS IntRERBEKERELEE D7D "% oy
of mechani sms such as up-Asgfest heredn, "biechewmicad merkexd meansiati on of
nucl ei ¢ aci d encogidithone, SPEPL L& Al hFotEGEP IR thep- beELdGi ¢ sifbstanicace
presentation, and/aosrso%g%-ecriegﬂ:ﬁté.osnpgéiffccﬁgiggical phenomenon (e.d.,
‘ cell proliferation, cell motility, tumor metastasis) or
15 cell type (e.g., neuroendocrine cell, endocrine cell,
tumor cell).

As used herein, "a condition associated with
aberrantly increased production of a factor regulatable
by somatostatin® means a condition characterized by

20 production of a somatostatin regulatable factor(s) which
production is significantly greater than production of
that same factor in the absence of the condition.
Acromegaly, which is associated with over production of
the somatostatin-regulatable factor, growth hormone and

25 insulin-like growth factor-l, is an example of such a
condition.

As used herein, ¥factor regulatable by
somatostatin® means any hormone, peptide, protein, or
other biological substance which is decreased or

30 inhibited in its expression and/or secretion in the

- presence of somatostatin. Examples of
somatostatin-regulatable factors include, but are not
- linited to, growth hormone, adrenocorticotropin hormone
(ACTH) , prolactin, thyroid stimulating hormone, insulin,
35 glucagon, motilin, gastric inhibitory peptide (GIP),



10 degradation and/or increased internalization. As used herein,
."bi ochem cal marker" neans a hor none, peptide, protein, or other

bi ol ogi cal substance associated with a specific biological phenonenon
(e. 9., cell proliferation, cell notility, tunmor netastasis) or 15 cell

type (e.g., neur qpélpeidine cell, endocrine cell, tunor cel |l )por/usos/ns4sr
As used herein, "a condition associated with aberrantly increased

production of a factor regul atable by somatostatin” nmeans a condition
characterized by 20 production of a somatostatin regul atable factor(s)
whi ch production is significantly greatér 12h3n producti on of t hat

sane factor in th ofs It 1 Q0. 0 ich is
associated with O\G}'ea?é%%?&g%gt ﬁgﬁgﬁmtéﬁgﬁatq{sﬁ?zf E%%ﬁ%abl e factor,

growt h hornone andboleacysfokinin|(CCFbwiberkaaiay. - thyreid releaing of such a
condi tion. hormdhel STRENSI £ldostdrmrie) cyaoklinesble. gy,

somat ostati n" nea n Lapne : q§| pr ' t her, bi ol ogi cal

subst ance whi chéi ;isnai%ﬁi%% gﬁﬁ% g;e&%?tt%%sgé?(%‘gteé%{?ﬁ;dnd/or

secretion in the ep gr J (ERERPE ST actor

ﬁomat ost at ijn- regul @iem))s Gasteis, iawd Lg&s‘::ﬂilﬁ r@leaélmg peptidd q€RP9. growt h
ornone, adrenocorticotr . ti

stinmul ati ng hornone, i nsﬁ% E,JL% 0 %&g on%?ﬁﬁ%gsfrg?galg%ﬁ?%ﬁ Onﬁ/ans

peptide (G P), a composipioncapppepriate for administration to a patient

PCT/ US96/ :38437 L fo(rqus))e in a method of dniagnosislap-trea;tmmaﬂ ive

i ntestinal peptjde : c J i

il e vt

interleukins, in , ign r o]

factor (EGF), ner varegithientt bECaOfonditidi-agsocdatedi withkubetaaintly

rel easing pepti de {((Fehsea proguctiod ot ¥ Fadtol PeouPkEHBES B ' ©2

conposi tion" nean i
somatostatin or aberrant expression of a somatostatin

15 receptor, particularly a tumor having receptors which can
be bound by the multi-tyrosinated peptide administered.
One advantage of the invention is that multiple
radioisotopic atoms can be bound to a single
multi-tyrosinated somatostatin analog (i.e., a compound
20 of the invention). Upon binding of a somatostatin
receptor, these multi-labeled analogs deliver a plurality
of radioisotopes (of the same or different elements
and/or of the same or different energy levels) to a
single receptor, thus providing a more potent radiation
25 dose to the site for therapy and a stronger radioactive
signal for diagnostic radiolocalization technigques having
increased sensitivity.
Another advantage of the invention is that
multi-tyrosinated somatostatin analogs have increased
30 half-lives in vivo relative to conventional somatostatin
analogs, are resistant to enzymatic degradation, and have
increased blood-brain barrier penetration.
Another advantage of the invention is that
halogenated multi-tyrosinated somatostatin analogs

35 irreversibly bind somatostatin receptors, thus allowing



a conposition appropriate for admnistration to a patient for use in a

nmet hod of diagnosis or treatnent. 10 As used herein,
"therapeutically effective anmount™ means an anount of a conposition
effective in the treatment of a condition associated with aberrantly

i ncreased produc{ioeneiss @ factor regul atable by somat ost at i peQiysedsdasANt
expression of a somatostatin 15 receptor, particularly a tunor having
receptors which can be bound by the nulti-tyrosinated peptide

adm ni st er ed. One advantage of the invention is that nultiple
radi oi sotopic atons can be bound to a singe13 ~nulti-tyrosinated

somat ostatin anal o | .e. . a.C oynd of the_igventiop). Upon, b nding of
a somatostatin %@ﬁﬁ@?’ ofh gﬁ“ﬁu?ﬁ?;‘?gat?e‘fegd aaﬁﬁf‘g&ﬁ g%??v@?r’f%l urality
of radi.oi sot opes @slatiiyesfoereversibly-hindinghnemadogs.and/ or of the sane
ortdi Iferg_ntt_energy |eve|?&hét1ﬁ ﬁatur%}snﬂhté é&G&h@Eé&eds t&w?:uar QAviveéhBfon rr?_re -
pot ent radiation ose to the site # rapy..and.a stronger radioactive
signal -for di agnogalg i’ngBPSE‘a"ﬁ zgf%%l{ee%iﬁ’tyfégghgﬁfﬁﬁwg&”hccftga d
sensitivity. 5 preferradoenbediments dthensofi,handnframi theiclainrg.

mul ti-tyrosinated somatostatin anal ogs have increased 30 half-lives in vivo

relative to conventional somatostafin resi,stant to
enzymati c degradation, and have——= SVAREE|

Horcacivmmeimvie cim-ii ot er
penetration. _ ~ AhiysherlZedy amreagraphs t showine iicosomatostatin
hal ogenat ed nul ti dedeptioRabadasagotestad iforamaltade semhtbavLES {Bigi nd

sonatostatin rece rs h oW 6/ 3 1
PCT/ US96/ 08437 153wkl g 8, ana W°°'?‘B\1/\g1’-gg' i’égm'éscﬁe&} &F 2

bound anal og o#@r cemposise epmeepFind 1D) shomingethe relative hingimg ng
anal ogs. affdnieiekCatUnative hobtbEtaqanh Qbpbhesinideds) ,0Woc-24 | |
be appar ent fron1%% 6%%5'QWQQQeg?fcﬁééﬁdéN}S%Lnt gamonds), and lanreotide

(open triangles).

_ Detaile escriptio

15 Multi-tyrosinated somatostatin analogs of the
invention bind to somatostatin receptors with
substantially the same affinity as native somatostatin.
The multi-tyrosinated somatostatin analogs can be
modified by halogenation of the tyrosine residues of the

20 compound. Such halogenated analogs of the invention bind
somatostatin receptors with such high affinity that the
binding is nearly irreversible under physiological
conditions. The multi-tyrosinated analogs of the
invention can be further modified by detectable labeling,

25 e.g. by binding a radioisotope (e.q., 1251, 127y, 123f,
1297, 1311) to the tyrosine residues and/or binding of
other compounds (e.g., a fluorochrome such as a
fluorescein) to a lysine residue of the analog,
particularly an analog having a branched N-terminal

30 extension containing lysines.

The multi-tyrosinated somatostatin analogs and

halogenated derivatives thereof can be used in a variety
of diagnostic and therapeutic methods. Exemplary uses of



5 preferred enbodi nents thereof, and fromthe cl ains.

. Brief Description of the Draw ngs Figs. 1A-D are graphs show ng
the sonmatostatin receptor binding curves for native sonmatostatin (Fig.
1A7, WOC-2A (Fig. 1B), and WOC-3B (Fig. 1C), as well as a 10 conposite
curve (Fig. 1D) ¢pQékdier the rel ative binding affinities of poriNR8437
somatostatin (open squares), WOC 2A (closed circles), WOC 3B (open

di anonds), and | anreotide (open triangles).

Det ai | ed Description 15 NUItl-tyr03|nated somat ost ati n anal ogs of

t he f:c_nvention bind to somatostatin recept S wth substantially the
sane affinity as tive somat ost.at t tostatin
anal ogs can be %ﬁﬁd???i%é%fﬁ oéger]'r?gtepggggf%egﬁl% rl?gﬁ?nggl %ﬁgg of the
20 conpound. Suchbe3P¥genat ed anal ogs of the invention blnd somat ostatin
receptors with such high affinity that the binding is nearly
irreversi bl e under 1d ) _ at ed

anal ogs of the Syl IR Her—tour T ed- Dy o pT e T abel i ng,
25 e.g. by blndlngnxgnhﬁmmlsotope (e g., [err]l, [err]l, [err]l, [err]l,
[err]l) to the §ygQsi ne pPAKigS ; SHHaENt0 of Pt heons cexsoniated

(e.g., a fluorochrone suc
analog, particul arly &= extensi on
cont ai ni ng |ysines. ' eisALoRak i*tostatln anal ogs
and hal ogenat ed deri V%levmmaetfﬁ&smdaa mdasﬁaaiuaanaggs canf be

di agnosti c and therapepti ¢, met hods r 6/ 39161
PCT/ US96/ 08437 used €6 giagnose coééﬁiﬁBkg Xséﬁﬁi?ﬁgd with aber¥éh®

10 expression of a somatostatin receptor and concomitant
production of a biochemical marker. If administration of
the multi-tyrosinated analog results in a decrease in
biochemical marker levels relative to the biochemical
marker level prior to analog administration, then the

15 patient has a condition associated with aberrant
expression of a somatostatin receptor. The
multi-tyrosinated analog -can be unmodified or modified by
halogenation. Preferably, the analog is halogenated and
non~-radioactive.

20 Multi-tyrosinated somatostatin analogs and
halogenated derivatives thereof can also be used to treat
patients having a condition associated with aberrant
expression of a somatostatin receptor and/or aberrantly
increased production of a factor(s) regulatable by

25 somatostatin. The analog administered in this
therapeutic method can be modified or unmodified.
Preferably the analog is halogenated and non~-radioactive.



t he-anal ogs of the invention are briefly summarized bel ow. Sunmmary

-of diagnostic and therapeutic nmethods of the I nvention 5 |

Di agnosi s and treatnent of conditions associated wi t h aberrant
somat ostatin receptor expression and production of a biochem cal
mar ker wolgadigi ti -tyrosi nated somat ostatin anal ogs Car}f:li‘ﬁjsgwos!ds%ed
to di agnose conditions associated wth aberrant 10 expression of a
‘'somatostatin receptor and concom t ant production of a bi ochem cal

mar ker. |If adm nistration of the nulti-tyrosinated analog results in a
decrease in bi ochem cal marker |evels rel B ive to the bi ochem ca

mar ker | evel prio# to anal.oq ac
condi tion associ at&8 wi t FE3HELS
receptqQr. The mul ti -t pecePRor ceXpres DX nodi fi ed by
hal ogenation. Preferabl YRaHh.BlﬂBéiQ& dérivammab@dtaadmuumfmm ve.

20 Mul ti-tyros ..sqnmat.ost at i.n Q

derivatives there ?mﬁtﬂg%. 4}833 Pg Fﬁ #ngenfiﬁﬁ %ﬁf% 9%%8 gg the
condition assod ade'deﬂiwm ddagnosisx pEetumors ohich @xpressat i n r ecept or
and/ or aberrant | ygomat&st£EEE dticptorsl. ONTRESE & dtic mREnoakabhA By 25

somatostatin. The_anal o dn1 i stered |n hIS era utlc hod can be
nodi fied or unmd???gﬁrg a ref &Pl aﬁﬁl %‘btlfs cﬁ’a é.’ﬁ'atv
non-r adi oacti ve. The i\m W@gﬂ_agnostlc methods involve

PCg / :JS%{ 08437 adm:.?istr?tion of radiolabeled- mdﬁtt-tyrod;hatted Enamagsl S

Radi ol abel od d | BAPEVRRPLY § o 97 .1 FoEnAbe Lopred Randd BB 2 ) ogs

of the invention dekegtionf ithe Is@matostatin receptor-expressing tissue
by in vivo imaging techniques known in the art (e.gq.,
nuclear medicine scintigraphic methods).

The in situ diagnostic methods involve

15 administration of radiolabeled multi-tyrosinated analog,
preferably a 125I-radiolabeled analog immediately prior
to, or during, surgical removal of the tumor. The tissue
expressing somatostatin receptors is detected directly in
the patient during surgery, and tissue having a

20 significant amount of bound radiolabel is excised.

The in vitro diagnostic method is performed on,
for example, a tissue biopsy sample by contacting the
sample with detectably labeled multi-tyrosinated analog.

In general, binding of the analog to a tissue at a

25 level greater than negative control levels (e.g., levels
of analog binding to normal tissue (in vivo) or a
saturated normal tissue sample (in vitro) is indicative
of a tumor associated with aberrant expression of a
somatostatin receptor. Patients having somatostatin

30 receptor-expressing tumors, as determined by the methods
described above or by conventional diagnostic methods,
can be treated using a radiolabeled multi-tyrosinated

. somatostatin analog, preferably a 1311~ radiolabeled
analog, of the invention.



5 detection and di agnosis of tunors which express somatostatin
receptors. These di agnostic net hods can be performed: 1) in vivo;, 2) in
fsitu, or 3) in vitro. The in vivo diagnostic nethods involve
‘admi ni stration of radiolabeled multi-tyrosinated analog, 10 preferably a
[err]l- or [err]{gddbfthabel ed anal og, and detection of the prqiRbsS i N

‘receptor-expressing tissue by in vivo imagi ng techni ques known i n the
art (e.g., nucl ear medi ci ne scintigraphic nethods). The in
situ diagnostic nethods involve 15 adm nistration of radi ol abel ed

mul ti-tyrosinated anal og, preferably a re?‘F]T radi ol abel ed anal og

| mredi ately prior . r. The
tissue expr essi ng sonarggdt Lé’tfl %r ece!"% o!é??é \%cttg% %?‘rqae% in t he

patient during suﬁg@ﬁyosﬁﬁﬁiﬂl%M@Fﬁgd&sgglbﬁéniﬂ|Q%"’rﬁ11aﬁ’6&ﬁ?'-of5bound
radi ol abel is exc gaﬁéral descriptidi®f thel byAtHesiw aitid mo@diEiedtion of

performed on. - ec kB SHAIBLS . of tyt.g WGRLIBR (TR st adEkhidal ®

sanple with detec yr05| na anal o
general, binding of the anal og to a tlssue at a 25 Ievel great er than

negative contro$ key A EG Htioh . tissue
(in vivo) or a saturat.ﬁ],‘c& %ﬁmﬂéﬁé&s&h&t %&agilnve
of a tunor associated wit aberran? expre55| on of somat os%atl

receptor. Patient Wé?ﬁﬁg°§o‘ﬁh@obﬂ‘é&ﬂﬁ#%ocﬁﬁcbﬁtbﬁsﬂﬁ%%Fﬁg mmapsacaé
determ ned by thegseghbfds, orCEi?Sd‘émh&il&BOtbf the bymird \eiid eegueflcagnestic

net hods, can b reat ro

somat ost ati n anal %g,& §?e$dyg%+'£ E&éac[ err &Egé?g%i#ﬁi % %‘g,gtaFi?he
i nventi on. 10 peptide amalogs jor other somatostatin pept:l.de analogs
PCT/ US96/ 08437  known in the art (see, for examplé, -the somatostatkach of

t hese uses for nu o] S t I S
detail below. A %Isé%aﬁégg%]ggeld t:ino(rit%g.f R?’#g% :?%?W%l?gsogg ?5' ?fbn of
Application WO 91/0114 (199 ); EP Published
Application No. 0 505 680 Al (1992); EP Published

15 Application No. 0 363 589 A2 (1990); EP Application No. 0
203 031 A2 (1986); EP Published Application No.
0588754A1; U.S. Patent No. 4,904,642 (1990); U.S. Patent
No. 4,871,717 (1989); U.S. Patent No. 4,853,371 (1989);
U.S. Patent No. 4,725,577 (1988); U.S. Patent No.

20 4,684,620 (1987); U.S. Patent No. 4,650,787 (1987); U.S.
Patent No. 4,603,120 (1886); U.S. Patent No. 4,585,755
(1986); U.S. Patent No. 4,522,813 (1985); U.S. Patent No.
4,486,415 (1984); U.S. Patent No. 4,485,101 (1984); U.S.
Patent No. 4,435,385 (1984); U.S. Patent No. 4,395,403

25 (1983); U.S. Patent No. 4,369,179 (1983); U.S. Patent No.
4,360,516 (1982); U.S. Patent No. 4,358,439 (1982); U.S.
Patent No. 4,328,214 (1982); U.S. Patent No. 4,316,890
(1982); U.S. Patent No. 4,310,518 (1982); U.S. Patent No.
4,291,022 (1981); U.S. Patent No. 4,238,481 (1980); U.S.

30 Patent No. 4,235,886 (1980); U.S. Patent No. 4,224,190
(1980); U.S. Patent No. 4,211,693 (1980); U.S. Patent No.
4,190,648 (1980); U.S. Patent No. 4,146,612 (1979); U.S.
Patent No. 4,133,782 (1979); Van Binst et al., Peptide
Res., 5:8 (1992); Prevost et al., Cancer Res., 52:893



t he anal ogs of the invention will be first described. 5 Synt hesi s of

mul ti-tyrosinated somatostatin anal ogs The formula of the

mul ti-tyrosinated somatostatin anal ogs of the invention can be based
upon the am no acid sequence, or a derivative of the amno acid
sequence, of WwOYsthed variety of commercially available so jsky710
pepti de anal ogs or other somatostatin peptide anal ogs known in the art
(see, for exanple, the somatostatin anal ogs described in PCT Application
WD 91/ 09056 (1991); PCT Application WD 91/0114 (1991); EP Published
Application No. 0 505 680 Al (1992); EP Publ}3ied 15 Application No. 0 363
589 A2 (1990); EP | cat.i .0 03 031 dnasER Pull i ghed
Application No. (éggég'fﬁﬁ%% Iggtle{%f'rﬁ%.a ﬁ%% %6’)9; gﬁ %E Pat ent
No. 4,871, 717 (19408993 achtahiwvhtich 2are5incorporaiss) herein By Pat ent No.

4,725,577 (1988); rkleerema ot No. 20 4,684,620 (1987); U.S. Patent No.
2850787 (1987). U5 " b % 183 (4SRRIl e gbibledl v
4,486, 415 (19845 ; Noteorminakly extenfingssopatestetin peptide amalogs sach
£ 425,288 (1000 ol Bl st kil s Molbeutlsh il
4, 358, 439 (1982) PP &ither A difisag, sxﬂfgféﬁilflig%‘z%’?"’ﬁ"éﬁ %at ent No.
4, 316, 890 ( 198apymeptricallantbrenchedspeptide (exdgmsian.s. Adkhoughnehe
4,291,022 (1981); tbta Maileed MO tytodlhetBesididd)in Une NleFalinal No.
4,235, 886 (193& eU S.sPat entn No. 4, %%4 19% . (]S?g%a's u,S. Pat ent.nNo.
4,211, 693 (198t : SEEENSIND GAn YRTY, 1F CRHLRIRS Alipast t¥o SYFRRINR,.
4,146, 612 (1979) ; res8lues, puafiaraldy atlleast thivey Jyrogimenresiduesal .,
Pept i de Res., noBe(gf@farabie st edstafour EBf¢sEine resiated)3even
WO 96/ 39161 7 US96/,08437
S 17 - more preferably at least eight tyrosine residues, and can
contain up to 32 tyrosine residues or more.

15 N-terminally extended, multi-tyrosinated
somatostatin analogs of the invention are of the general
formula: ’

a) (Y) n41®P,
b) (Y),~Ala-Y-P, or
20 c) (Y) 4l X];.R
' X-P
(VgL X173
where a) P is a somatostatin peptide analog which binds
to a somatostatin receptor; b) Y is D-tyrosine,

25 L-tyrosine, or desamino~tyrosine; c) n is an integer from
1 to 32, inclusive, preferably 1 to 16, inclusive, more
preferably 1 to 3, inclusive; d) each g, independently,
is an integer from 1 to 32, inclusive, preferably 1 to
16, inclusive, more preferably 1 to 4, inclusive; and e)

30 each s, independently, is an integer from 1 to 32,

- inclusive, preferably 1 to 16, inclusive, more preferably
1 to 4, inclusive; where g and s can be the same or
different; and £) X is of the formula

D-NH,~CH(CH,) ,NH,~CO,H or
35 L~NH,~CH(CH,) ,NH,~CO,H,



(1992); and Bachem California 1993-1994 Catal og 94-95 (1993), each of

whi ch are incorporated herein by ref erence.) The

‘conposi tions of the invention are generated by 5 Nterminally extending
isomat ost ati n pepti de anal ogs such as those exenplified above. The
‘N-term nal extengy be either a linear, symetrically q;cqﬁfsgrg&“ r
‘asymmetrically b?zﬁ%ﬁggﬁpept | de extension. Although the total nunber 7gf
tyrosine residues in the NNtermnal 10 extension can vary, it contains at

| east two tyrosine resi dues, preferably at | east three tyrosine

resi dues, nmore preferably at |east four ~t$Ro3ine residues, even nor e

preferably at IeasW e?:'%?xte?nt %%Oéljxnﬁxéeef%flﬁ%m q_ngf’cw in%@i(}fﬁeq up to 32

tyrosi ne residues term nal Ty ekt'en
nul ti-tyrosinated somRrefenablyanthegsomatoskatin, analeg 4PE in the

g)ener?ly)[ f ]orAI mul $:ogmu1a dgscrihed above is of tBpe fonﬁuﬁ)a:E %r][ P, |

err a- Y- P, or c err

where a) P is a séfatost ﬁ%‘%ﬁ?ﬁ'&éﬁ%ﬁ‘é‘%‘%ﬁn‘%ﬁﬁ?z to a

somat ostatin reBeptor; b)(a deripativesoficlLANREQTIDE")si ne, or

desam no-tyrosi ne;p)C) N iGysibnielbedep~iF@orhr-cdyd-ans2Nni, NCl usi ve,
preferably 1 to 16, incl U(SI \éie .m);ﬁ_e Pref%ao%%’i 1 to Lngl usi ve; d)
each g, independently, § dexdve ?’gﬁe? f PO eSfFeF'ﬁE? sf V& pref erably
1to 16, inclugdve, mP¥sIyePrRppyLystTho-Cysrdhrd{oke; and e) 30 each s,

i ndependently, is an integeladhriVitivbOoBloctredtide /autatlycferably 1 to
16, inclusive, re pref%

t he sane or 18; fferent; %ﬁ%}iﬁ%l tggoéh? Ih"g“ %)’%ﬁ&%&sgﬁg{:gdqsgﬁa gséa%rinbe

D- NH[ er r] - CH( CH enppgsr tRHpind |sapgtostialtiior receptors and act as

L-NH err] - CH ( CH gomnhtbbeatiNt&iddtdrOagionliBts or antagoni@tiSciflpé

PCT/ US96/ 08437 - esaed in vitro using methods well known in the art
(see, for example, O’Dorisio, M. S. et al., Cell Growth

15 and Differentiation, 5:1-8, 1994). The activities of the

analogs in such in vitro assays are predictive of the
activities of the analogs in vivo.

=3 . 1 | RTE nte CATln analogs

The multi-~tyrosinated somatostatin analogs can be

20 modified by covalent binding of a non-radioactive halogen
atom (e.g., fluorine, chlorine, bromine, iodine, or
astatine), a fluorochrome, or a radioisotope (preferably
a radioisotope of halogen) to a tyrosine residue of the
analog’ 8 N-terminal extension.

25 Where the multi-tyrosinated somatostatin analog is
modified by binding of a non-radioactive halogen atom to
a tyrosine residue of the N-terminal extension, the
halogen is preferably iodine. Halogenatéd analogs of the
invention contain a halogen covalently bound to at least

30 one tyrosine residue and preferably to multiple tyrosine
residues in each molecule. Preferably about one-half,
more preferably about three-fourths, most preferably all
of the tyrosine residues in the N-terminal extension of
the analog are bound to a radiocactive or non-radioactive

ey 0 u



- 18 - wherein mis an integer from1l to 10, inclusive.

Preferably, the somatostatin analog "P" in the formul a descri bed above
is of the fornul a: a) Cys-Tyr-D-Trp-Lys-Val -Cys-Thr-NH err] 5

(a derivative of LANREOTIDE[err]); b)

Cys- Phe- D- Tr p- L\go 8é016yS- Thr-NH err] (a derivati ve[!l,e.?. 6/08437
octreotide acetate) ; or O Cys-Tyr-D- Trp-Lys- Thr-Cys-Thr ’“F3

(a derivative of octreotide acetate). 10 The ability of the

mul ti-tyrosinated somatostatin anal ogs to bind somatostatin receptors
and act as sonmat ostatin receptor agoni stsi®r-ant agoni sts can be

Sburisio, M o Biiapen Teers fiei-Falihantred ritionn o, e 1RpeREERE)

The activities of cahehaveammbgsgedw halfirlivesi rebabive ko moga@éeétuve of
t he aCt'V't'essgﬁaﬁgﬁtéiﬁﬁcﬁﬁhldbéU Vﬂulti-haiﬁﬁ@ﬁéﬁéﬁ'dﬁ&l@bs can also

[ ti-t t ed t Qst at | |t te
sommt ostatin anal BEScarpsaeod Ktk iiatn, barties pentRation Fejatite Lo
non-r adi oact i ved huhng@iqfled sonatastptinf pnalogs; Ealndenatienodngreasedi ne,
2 of a0t ope of ' hae el EERLETE, %?gﬂlﬁ‘é‘&?éhey e L e o=
N-t er m nal Ioext ensglﬁ gg’%taln a&j\ﬁfelp@nf PR ?VBB’S eﬁ'atag'd %ﬁﬁi‘ﬁsﬁfr n
analog is modi Bdl, b3S R ITUTIRE F198510R- r Yethods i Kax halngemagdom t o a

tyrosine residue ﬁépﬁ'ﬂ!’e&\"iﬁé Rl mmnihoehetém@t (séha,l Cﬂﬁnelxampnaterabl y
i odi ne. Hal oge naI QQS . of h q__a ogen _

coval ently bo ?51' §F 1 Safloyiyunoassay Prererably t
mul tiple tyrosi ne__ﬂem.ﬂu&m!&mﬁaﬁdbeﬂ?'éﬁ) Pr@im yB)about one- haI f,

nore preferably about thipae- inamtiheyraaﬁﬁawaefm%&taﬂn an@iodd ot hesi ne

residues in the N;term hal extensi t a ound to a
radi oactive or noi® Yﬁ’ar%b%t?%eb dOeQ:ectably Pgbgfeéo%%"n ing a

fluorochrome to an amine residue of the analog. For

15 example, the fluorochrome (e.g., fluorescein
isothiocyanate) can be specifically bound to lysine
residues of the analog. Multi~fluorescinated
somatostatin analogs, particularly multi-tyrosinated
analogs having multiple lysines (e.g., in a branched

20 N-terminal extension) are useful in detecting surface
expression of somatostatin receptors in a variety of
diagnostic and research reagent applications. For
example, where the multi~fluorescinated analog is
incubated with a mixed population of cells, and a cell

25 subpopulation of somatostatin receptor-expressing cells
isolated by FACS (fluorescent-activated cell sorting)
using methods well known in the art.

Radioisotopes for radiolabeling the

multi-tyrosinated somatostatin analogs of the invention

30 include any radioisotope that can be covalently bound to
a tyrosine residue of the analog. The radioisotopes can
be selected from radioisotopes which emit either beta or

- gamma radiation, preferably gamma radiation. 1In

addition, or alternatively, the multityrosinated

35 somatostatin analogs can be modified to contain chelating
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- 19 - hal ogen atom Milti-hal ogenated anal ogs of the invention can
have prol onged half-lives relative to unnodified somat ost ati n anal ogs.
Mul ti - hal ogenat ed anal ogs can al so have enhanced bl ood-brain barrier
‘penetration rel alg/erdofsy © unnodi fied somatostatin anal ogs. Hal '

| ncr eases the nolecule' s lipophilicity, which in turn enhances

bl ood-brain barrier penetration (Banks et al., Brain Res. Bul |
15:287-292 (1985)). Methods for hal ogenati ng pepti des are well known in
the art (see, for exanple, 10 Parker, Radi 61 #Rufioassay of Biol ogically

Active Conpound reptice I ), t e

mul ti-tyrosinated é%?ﬁsos%%%i'n%a?’%@% ' t%a?% ?%vgiﬁ??%}? cl<";1""r1mibeed B

det ect abl y | abel edl¥ging xepigue(s) eof jfhe@nadeg -t oThA SheIRtING FQVPF t he
anal og. For 15 exaggi &henh®ef hoQieiéd AE doht@rin BhytobLssevdriety of

| sot hi ocyanate) ¢ . LfLca b t S| res) t he
anal og. Multi-fl u%‘aéf%l%?%hfek, é%‘rv'r%t%ésj{%]ilﬁ' aﬁaﬁgg%?mba‘??fﬁjﬁif

mul ti-tyrosi nat 8d Yttenhivggsrheniwa, ror (thaldiupsi(feg. (elg. G 3 BPanched
20 N-term nal ext é%ipen) 168y, uddpd) i n detecting surface expressi on of

somatostatin receptors i varj.et el 1 [ c
applications. For exa%?%t,’e v}#’éar é’“ﬁl%& ﬁ#??ﬁlﬁ%ir %s‘%gﬂ:gfg§%gﬁag%éﬁ?§%

i ncubated with a modifiedpbyaatbackrent|of a yadigisetores puafiss bl i on of
somat ostati n receptfaicisRtopesNgrecthdse havitigihefadiodd€ive half-life

(fluorescent -agt,i vat el l..sQrrin ysin th in the
art. &hao‘%’ﬁge(#’gbgéﬁ o#bf g%fo}%ﬂizi %&qﬁhe&% %44?4-3{%’\%39 nat ed
somat ost ati n anal ptfoflifreofnthat aralcl) used. dMoxayPretexallM.o e hat can
be coval ently bounthdi®isotapkyi®sa NFadivistitopel ofha BADdGen ativh (e.g., a

oo of sotopes car ragfilgBRbERLBF FLAILIRE 2B ORE MEbERED ol Chni™
al ternatively, theashatine),oBpra:p¥etIrakinmforadirisetepef dodipe nB¥PRi ed
to contain chehst intfre preferably 123r, 124y, 1257 1297 op 1317, preferably
the radioisotope has a half-life of from 1 hour to 60
days, preferably from 5 hours to 10 days, more preferably
from 12 hours to B days.
The specific analog and radiolabel is selected
20 according to the diagnostic or therapeutic method used,
whether the diagnostic method is performed in vivo,
in situ, or in vitro, the suspected location of the tumor
(e.g., liver, lung, pancreas, brain), the metabolism of
the analog selected, and the method used to detect bound
25 radiolabeled analog. For example, where the diagnostic
method is performed in situ (i.e., the radiolabel is
detected directly in the patient’s tissues during
surgery), lower level energy isotopes are preferred,
especially those isotopes emitting beta or gamma photons
30 at energy levels less than about 300 kev, preferably less
than abut 150 kev, more preferably less than 50 kev. The
preferred radiolabel for in situ diagnosis is 1251, 1If
the radiolabel is detected by nuclear medicine
scintigraphy (i.e., nuclear medicine scanning), 1231 is a
35 preferred radiolabel. Where the analog is to be used as
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- 20 - ~groups that, for exanple, can be covalently bonded to | ysi ne
resi due(s) of the anal og. The chel ating groups can then be nodified to
contain any of a variety of radi oi sotopes, such as gallium indium
technetium rhenium or thallium(e.g., I, [err]

[err] Tc, [err]Yb ?erﬂfg%) Were the nultl-tyr05|nategk§b&&&p
somatostatin analog is nodi fied by attachnent of a radioi sotope,

pref erabl e radi oi sotopes are those having a radioactive half-life 10
corresponding to, or longer than, the biol ogetat hal f-1ife of the anal og

used. More preferably, the radl oi sqt ope _i,s_a radioi sgpope of hal ogen
atom (e.g., a RafherapeRhis o@eﬂ'uo%gadéﬂFBFFw ) 'orgB n@’,‘gi%ﬁllné €and
astatine), nore ppréferbéd radiuvlabedat.ope of iodine, even 15 nore

preferably [err]l, [err] 'Ra [i‘éﬁ&%u&eﬁﬂ%] c%é’roé Q%{e] kn@éﬁ{:%ﬁbﬂn %.H@ at

radi oi sot ope has a haI f-I rom

referably from
5 hours to 10 daydea r%nﬁr%\f’é‘?séﬂ}ey ha"iF‘Foﬁ'r eovalently 63/%“11’3
The specific amnal rpgddalisotopel alitHenes thel nnnecﬂ-ﬁﬁr@sirmthmg;dmtblseatm

di agnost i c_or the&ﬁQiH{; St 18 wited \'?le £YRBLIAS f&geiairéaan% Gr8bgod i s

performed in vivo e suspecte Iocatlon o t he

t unor (e.g., | PR, be| % 5?’ﬁ}" abgut pheghirdof; the (e
anal og sel ect ed ayrrloshne maés’mﬂhassedarhecl?ed-abayt aboutn corith-hraddi ,0 meired ed

anal og. For exanp t%}%mg._r tﬂg% hNagl U
(i.e., the radiol gﬁ etecte | recflt?g?n e pat&%frra?ﬁ ftalzl'sl:!‘sugs
during sur gt? yFh ﬂﬁm?smaére in; $hgplisterningl.extension of the

especially those analogen-emdunmg;dom aradgaﬁmattpﬂmt ORadidlabededr gy
| evel s | ess than g._é‘gp tqu Qc_alt I‘fé%qi lgon:[:ganev nor e
preferably less t an ev. pre erre r%’é"‘ e In situ
di agnosis is [errf Fpitiple r?w%saﬁ%e&bepupé betactingly “\ﬂ?&P@ar engdircP¥e
scintigraphy (i.ebindimgeaf reiiiciisctopesntongpltiplte ]ﬁynasmeBi'epﬁ.dhesr ed
radi ol abel . Wiy eah 8o Bl A8 g J£° upf éS etho?halogen radioisotopes per
tyrosine residue, thus delivering multiple radioisotope .
atoms to a single somatostatin receptor. Because
mono-halogenated tyrosine is generally more stable than
di~halogenated tyrosine, multi-tyrosinated somatostatin
20 analogs that contain mono-halogenated tyrosine residues
are preferred. Analogs having 1) multiple tyrosine
residues and 2) up to two halogen radioisotopic atoms
bound to each tyrosine provide a high signal-to-noise
ratio for use in detection methods, as well as a potent
25 radiotherapeutic agents for cancer therapies. Methods
for radiolabeling peptides are well known in the art.

aceu ositio ntainin b ted
somatostatin analogs
Pharmaceutical compositions containing a
30 multi-tyrosinated analog suitable for use in the
diagnostic and therapeutic methods of the invention are
prepared according to methods well known in the art. 1In
general, the pharmaceutical compositions are injectable
formulations containing at least one multi-tyrosinatead
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- 21 - a therapeutic (e.qg., in radiotherapy), [err]l and [err]l are
preferred radi ol abel s. . Radi ol abel ed anal ogs of the invention

‘wi || have at | east one tyrosine having a covalently bound 5

radi oi sot ope. Wh mul ti-tyrosinated somatostatin anal %ﬁgggﬁa&@

mul tiple tyrosi n?‘?gasdi;gﬂes, t he anal og can be radi ol abel ed such that P
about one-third of the tyrosi ne residues, preferably about one-half,

nor e preferably about three-fourths, nost preferably all of 10 the
tyrosine residues in the N-term nal extensio®2of the anal og are bound to

h di oi . Radi.ol l.ed 115 ' | I
can contain  miIH S ATE 2arAR Ad Y PRRAREECTARTL e ANY O

bi ndi ng of radi oi RAPEF-t 0Thel PhprRagentigaldyr ascaptable earyisr RRIPRg of
Upl to ItWO hg! ogen arxﬁfdldar&qbepﬁﬁoﬁﬂrin_tﬁelyra&ad,nanaessd_aeleém awowgahgng
mul ti pl e radi oi sotope togs_to_a Sin SO tatkin. I to ecause
nono- hal ogenat ed t‘i’_’?(?éﬁcrtl‘e%f’scgégﬁe?gl%e %ooﬁlétes?%t)gém%ﬁﬁﬁtra I -’ha 8genat ed
tyrosi ne, nultB- diagnaskicdosokherapentic methed vged: hand cthe anglog to
nono- hal ogenat ed e QEmifisterddes are preferred. Anal ogs having 1)

LS Lot e ooy ) B BEbdBALAE b SRS Sl
det ecti on net hods anedagelin sbespharmageutticaldiconpesibioniis Apfficiept to
hagy o o, Ao o, o Stodte bk o Sacien of-Bre namy o0 T
go(rana'fl (r)s"t atin aﬁg?&;ﬁ%%iive ko ggﬁﬁa#mmﬁog%a%égngggﬁhﬁ% %b ining a 30
mul ti -tyrosi nat ed targiedgds tiisgpee fIweqific dospges and aghbkvaryand

t herapeutic net hodccirdihg tBV88iréfdl Faf-torsPiRRAGAING CEINE Widgnbatit! beds

wel | known in the t%retr‘apleﬂtic method used, the multi-tyrosinated analog
used (e.g., specific activity, somatostatin receptor

15 binding affinity and avidity, molecular weight, number of

' radioisotopic atoms bound to the analog), the route of
administration, the condition to be treated, and
patient-specific variables such as age, weight, and
severity of disease. For example, the routes of

20 excretion of radiolabeled analogs affect efficacy in
localizing small tumors, especially in the upper abdomen.
In general, analogs radiolabeled with 1231, 1251, or 1311
are excreted primarily through the biliary tract anq,
subsequently, the gut.

25 Guidance for dosages appropriate for the specific
diagnostic and therapeutic methods of the invention is
provided in the description of each method provided
below. Specific dosages of multi-tyrosinated analogs can
be based upon dosages for conventional somatostatin

30 analogs such as LANREOTIDE™ and octreotide acetate (see,
for example, EP O 588 754, published March 23, 1994).
Where the analog is to be administered to mimic wild-type
somatostatin levels, the analog is administered to
achieve circulating levels of picograms to nanograms.

35 Dosage amounts for multi-tyrosinated somatostatin analogs




gerreral , the pharnmaceutical conpositions are injectable formul ati ons

~containing at |east one multi-tyrosinated WO 96/ 39161

~ PCT/ US96/ 08437 - 22 - somatostatin

~anal og and a pharmaceutically acceptabl e carrier. The pharmaceutically
accept abl e carriygg ogis10€ any carrier known in the art, andptpusshogated
accordi ng to such factors as the route of admnistration, the 5
di agnostic or therapeutic method used, and the analog to be '
adm ni st er ed. | n-general, the concentration of multi-tyrosinated
anal og in the pharmaceutical conposition is ’s'hf'f icient to deliver in a

singl e dose an am)unt of tﬁg@% .'1?5"% g Lﬁ ége%ﬁﬂd"qu&o coRVBhESsMd1 N

receptors on the es an

var
according to sevesematmmisn |&1@199isn§u9h‘§°d‘|'-13@ it yo ko if’ﬁe?‘“& é‘ﬁ‘?}’c
met hod used, the ﬁ&'iédeﬁ Htﬁﬁd&@n@draaabgsotopweub(m@n-wnanc activity,

somatostatin receptor it ec r
nunber . of r adi FE?H ‘%id(ﬁi% b‘éﬁ g"?ﬁe ana ogagha]{qy %?e %?éﬂﬂe
admi ni stration,5 taéfhvhm tangh axo alYédﬁ-itxapﬁdth%rmﬂtl'ﬁ'qu g8cppatogs

variabl es such asféﬁesoﬂﬂdﬂﬁatiaﬂd-ecep%afeyIixyd,c&r ehtfeemrﬁea nanpplifet he
routes of 20 excre |on]So_rad|%£a eled aﬂalggs af f ect efflcacy I n

| ocal i zi ng smal | gy Upper abdonen. ener al ,
anal ogs radi ol abel ed w tﬁh{%eph?m?@@m}m@f qomppELt °n§r€fe"k’é? ’é ORari |y

through the bili aginté&setaii Gonpoundes ¢guaadiyion o gite 25

Qui dance for a ropr sp agpestic and

t herapeutic me’t@ gng*'E?%oDﬁlﬁ%e%e[‘{ %%.A,HQSS eif%f\-”%:adn % "t ﬁ% description of
each nethod pr ow pbarmacentisal mom&:ieasag%sc@tm tGompRuRds, §Ped

anal ogs can Pavtde tmwbm@gmb%meoasﬁmm witm el 2ondiBlon

exanie, S‘éﬁ“oaégé 9ohe TR cie o Rosg Pabify g hponti, 'O

anti-inflammatories, etc.). Where the multi-tyrosinated

15 analog is radiolabeled, the pharmaceutical composition
can additionally contain compounds to increase analog
stability, e.g., by inhibiting autoradiolysis. Such
compounds include free radical scavengers such as
ascorbic acid, benzoic acid, 2,5-dihydroxybenzoic acid.

20 Autoradiolysis can also be prevented by dilution, i.e.,
storage of the radiolabeled analogs at lower
concentrations.

ost al

25 The multi-tyrosinated somatostatin analogs of the
invention can be used in the diagnosis of conditions
associated with conditione associated with aberrant
expression of a somatostatin receptor and/or aberrant
production of a somatostatin-regulatable factor. These

30 two general classes of conditions are not exclusive one
from another. For example, various endocrine cancers are
associated with aberrant production of
somatostatin-regulatable factors and with aberrant
somatostatin receptor expression. Conversely, aberrant



Wiefe the analog is to be adnministered to mmc wld-type somatostatin

| evel s, the analog is admnistered to achieve circulating | evels of

‘pi cograns to nanograns. 35 Dosage anounts for nulti-tyrosinated

somat ost ati n anal ogs . WD 96/ 39161
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| ower than those required for conventional somat ostati n anal ogs due to
the ability to bind multiple hal ogen atons and radi oi sotopes to the
N-t er m nal extension of the nulti- tyrosinated anal ogs, the relative 5
affinity and/or avidity of the multi -tyrosTr%ﬁe"d anal ogs for

somatostatin r eceB}_-Q&ﬁ%%:E&g/ JF a l%%mgr&gﬁgﬁgﬂn haddldtable £8Etor doces not

mul ti-tyrosinated® ana arnpceut | ca ngEOSI t|ons of the
i nvention can BEReSFATELHAGTIIRANY addi epptitipns, @ssgciared. vitRsi nat ed
anal ogs. For exangberraht somatostatiaurecsptérexpridssioncan contain
conpounds to = provide Gghiyelsale YA 3Eh ekl Nt on

g conpounds, anti -1 nfTanma

to be treated (e.g., pain-rerrevin ories,
etc.). \Were thePrefuction of gafagter xegulatakle Xy semptpehatine

phar maceut i cal coffietude Giny conditddfli thapatter ud dynpeoaneticn 60 a
ncrease anal 00 goud @Ol rRcliaatlia b PhBLLL b QLGB FiSanttEn
COprOUI’]dS i ncl ude ree radil Cca caver.lgers sSucC as ascorpl c acid, enzol C
aci d, 2, 5-di hydr o9yeaten|than: productignoefidthat Hamec £ackpEoiRctPR event ed by

dilution, i.e., abSéRcaost dhe Ronddtliohabekedmyleal ofSsath! ovhditions
concentrations., . S ) | g
mul ti-tyrosina oedm‘ﬂ%%g%%{s at'i %%ﬁ%%g%’t'zsﬂéw%ﬁrﬁ@%rt i -tyrosinated

somat ost ati n anal §ematestatdn regplakabde fagtors dnedude ang hHoXEORRJ s of
condi'ti ons asspepbidel, \pridtein)doki 68hefSPISldyiva1pirbaaber¥Riéh is

decreased or inhibited in its expression and/or secretion
in the presence of somatostatin.. Examples of

15 somatostatin-regulatable factors include growth hormone,
adrenocorticotropin hormone (ACTH), prolactin, thyroid
stimulating hormone, insulin, glucagon, motilin, gastric
inhibitory peptide (GIP), vasoactive intestinal peptide
(VIP), secretin, cholecystokinin (CCK), bombesin, thyroid

20 releasing hormone (TRH), aldosterone, cytokines (e.g.,
interleukins, interferons), growth factors (e.qg.,
epidermal growth factor, neuronal growth factor),
gastrin, pancreatic polypeptide (PP), and gastrin
releasing peptide (GRP).

25 Conditions associated with aberrant expression of
a somatostatin receptor are also amenable to diagnosis
and therapy using the multi-tyrosinated somatostatin
analogs of the invention. Conditions associated with
aberrant expression of a somatostatin receptor include

30 any condition where a specific cell type expresses a
somatostatin receptor at a level significantly greater
than an expression level normally associated with that
specific cell type. Exemplary conditions which
aberrantly express somatostatin receptors include various

35 types of solid or non-solid tumors and endocrine tumors.



expfession of a somatostatin receptor and/or aberrant production of a
somat ost atin-regul atabl e factor. These 30 two general classes of conditions

are_not excl usive one from another. For exanple, various endocrine
cancers are associ ated wi th aberrant production of

somat ost ati n-regwbadksise factors and with aberrant somat ost gkirisssiziat Of
expression. Conversely, aberrant WO 96/ 39161

PCT/ US96/ 08437 - 24 - production of a
somat ostatin regul atabl e factor does not necessarily acconpany all
conditions associated with aberrant sormtd%statin receptor expre55| on.

Condi ti ons associ ed vm t h errant ncre sed,. 5 uct i,0 fact or
regul at abl e by so un‘o&'gl %& %(ﬂjﬁ%ﬁ (ﬁ%al’ggt gf’.e%%%d
product.i on of a acwﬁbimsm ithner égmeat:&gnemcab;dﬁ Ritudkary spgers: cant ly
greater than prodeght:dl Hervitis sg@tehatibrs ) Bfin tukb¥ejChbraast he

condi ti on. Exanpl d r

sar coi dosi s. S%?f’h?cg St a%ﬁ%’%g‘ E}.xh?@%l, é&-&@@é’ %uﬁnéi}%gekgﬁg} ﬁg?‘rqf‘gé‘ys'
peptide, proteifh, qvtmimesﬁimaggt@aptptm (#elaniicy pangseptiged or
inhibited inits %ﬁﬁlomﬁi@d"tﬁhﬁectétgpﬂ broﬂdhiUl@aﬂﬁr@&Qﬂﬁe of

sonat ost ati n. Exa s of 1 tatins I ata fact

growt h hor m)ne %f% oﬂ% ?‘ E 316?% ('A I%l%mafdl g&??h&g#%yrm d
stimul ating hor nof®.9s mmnﬁomgémm |and Hegdaking lymphema) i ory
peptide (A P), vaﬁ&ﬁf&éﬂ&bdm&n&&speat de cardi¥idia, vapomkin,

o1 dost er one. |t oRTERrENE * Yrkeabih éﬁ%émmﬂ easé?%spﬁﬁ%%ﬁg% factors
(e.g., epi der reastpingma f meophrnvaﬁmagm'ﬂm SHMOT'S) ; RRXVIUS
pancreatic pol ypepfdttnm thitorsaé.g3st hetirobldsicdiis gl ivaati de (GRP). 25
T ons 2SS0 S ML UGl B SURAFPPGRY, Printtdva HELISLEddermar

receptor are al so afen
tumors, meningioma, astrocytoma); bone tumors (e.g.,

15 osteogenic sarcoma, Ewing’s sarcoma); and metastases
thereof. Additional somatostatin receptor-expressing
tumors are described by Krenning et al., Europ. Nuc.
Med., 20:716-731, 1993. The diagnostic methods of the
invention can thus be used to identify any primary,

20 multicentric, or metastatic tumor which expresses a
somatostatin receptof.

In general, the multi-tyrosinated somatostatin
analog is selected according to a variety of factors such
as the diagnostic method used, the ability of the analog

25 to accumulate in a targeted, defined cell population,
e.g., a specific affected cell type(s), tissue(s), or
organ(s), the half-life of the analog, and the analog’s
binding affinity and/or avidity to a somatostatin
receptor.

30 The diagnostic methods of the invention can be
used to identify a primary, somatostatin
receptor-expressing tumor; to identify metastases of such
tumors; as a screen for relapse (i.e., renewed tumor
growth) in a patient; or as a routine screen for



and*t herapy using the nulti-tyrosinated somatostatin anal ogs of the

I nvention. Conditions associated with aberrant expression of a
‘somptostatin receptor include 30 any condition where a specific cell type
‘expresses a somatostatin receptor at a level significantly greater
‘than an expressi gfigbgivgdy normal ly associated with that speci pé-frussdiobas7
type. Exenplary conditions which aberrantly express somatostatin
receptors include various 35 types of solid or non-solid tunors and
endocrine tunors. WD 96/ 39161
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non-radioactive) multi-tyrosinated somatostatin analog
upon the amount of a biochemical marker.

15 The analog administered for diagnosis is
preferably a non-radioactive multi-tyrosinated
somatostatin analog, more preferably a non-radioactive
halogenated multi-tyrosinated somatostatin analog. The
amount of analog administered can vary according to a

20 variety of factors including the biological activity and
half~life of the analog selected, the type and suspected
location of the tumor, and patient dependent variables
including size, weight, and tumor load. The specific
amount administered is generally from about 0.1 pg to

25 1,000 ug, preferably about 1 ng to 500 pg, more
preferably about 1 pg to 200 pg, normally about 100 ug.
The amount administered will increase with increasing
molecular weight of the multi-tyrosinated analog
administered.

30 The biochemical marker can be any hormone,
peptide, protein, or other biological product associated
with a specific cell type (e.g., endocrine cell, tumor
cell) or biological phenomenon (e.g., cell proliferation,
cell motility, tumor metastasis). The biochemical marker



as fhe di agnostic nmethod used, the ability of the analog 25 to accunul ate

In a targeted, defined cell population, e.g., a specific affected cell
type(s), tissue(s), or organ(s), the half-life of the analog, and the
anal og' s binding affinity and/or avidity to a somatostatin receptor.
30 The di a@wsbied net hods of the invention can be US ef-1/6596/08437
identify a primary, somatostatin receptor-expressing tunor; to identify
nmet ast ases of such tunors; as a screen for relapse (i.e., renewed tunor
growh) in a patient; or as a routine screen_for WO 96/ 39161
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atren C i
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(i.e., non-radi oacti ve) yrosi nat ed 'S¢ tatin anal og upon
the anount of a bpPderbemicrl manker after adminighrabinn ’F € nistered for
di agnosis is pheleiabyyosimited athalagt indicatés - thato theaicohdition is
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activity and hekeferably] the dutalcagesdhcehadbibdiseniigad madkerspieched
least about a 20% decrease, more preferably about 30%,
even more preferably about 50%. Reduction of biochemical
15 marker levels in response to multi-tyrosinated
somatostatin analog administration indicates that, for
example, the analogs will bind to the tumor cell surfaces
for preoperative or intraoperative detection and/or the
analogs will be efficacious in treatment of the
20 condition, (e.g., biochemical marker productioh is
controllable by somatostatin or somatostatin analog
administration).
For example, a blood sample (control sample) is
ocbtained from a patient having a gaétrinoma and the
25 amount of gastrin determined using methods well known in
the art. An injectable formulation containing about
100 ug to 200 ug of a multi-tyrosinated somatostatin
analog is administered to the patient. The analog can be
administered by parenteral injection, preferably by
30 intravenous injection. A second blood sample is obtained
from the patient as early as 30 sec after analog
administration, usually about 10 min after
administration, up to about 30 min to 1 hr after
administration, normally no more than 2 hrs after
35 administration. The biochemical marker can be detected



| ocation of the tunor, and patient dependent vari ables I ncl udi ng si ze,
wei ght, and tunor | oad. The specific anount adm nistered is generally
fromabout 0.1 pg to 25 1,000.[err]g, preferably about 1 ng to 500 [err]g,
.nore preferably about 1 [err]g to 200 [err]g, normally about 100 [err]g.
The anmpount adm niyd egdgss | | i ncrease with increasing mol ec UpctrusbEhsiss
of the multi-tyrosinated anal og adm ni stered. 30 The bi ochem cal
mar ker can be any hor none, peptide, protein, or other biological product
associ at ed with a specific cell type (e._g endocrine cell, tunor

cell) or biological phenonenon (e.g., cell” ?Bllferatlon cel | motility,

tunor nmetastasis) ., 449 QLaG85"bEgba "Pdvil’s are zer an&V%EEf§¥H§%t d cell
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to multi-tyrosinate tostatin analo es that,
for exanpl e, tH@V&ﬁ§FB§s will bind to the tunor cell surfaces for

preoperative or intraopermi iatotiercekanple)d Woritiol blabal sgapleé lis be
efficacious in tr%ikﬁiﬂ&a°£raﬂ patient suspected of having acromegaly.
The amount of growth hormone (GH) and/or insulin-like
15 growth factor-1 (IGF-1) present in the control sample is
determined according to methods well known in the art.
About 100 pg of a multi-tyrosinated somatostatin analog
is administered by intravenous injection to the patient
and a second blood sample obtained about 30 min after
20 administration. The amount of GH and/or IGF-1 in the
second blood sample is determined and compared to the
amount of GH and/or IGF-l1 in the control sample. If the
amount of GH and/or IGF-1 in the second sample is
significantly lower than the amount of GH and/or IGF-1 in
25 the control sample, then the patient’s condition is
amenable to treatment with mmlti-tyrosinated somatostatin
analogs.

oS i cepto
30 Radiolabeled multi-tyrosinated peptide analogs can
be used in a method for preoperative detection and
localization of a tumor expressing a somatostatin
receptor. Tumors amenable to detection using the
radiolabeled analogs of the invention can be identified
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somat ost ati n anal 0Q
Therefore, it may be desirable to perform the

15 pre-operative tumor localization method of the invention
even when diagnostic methods to detect production of
somatostatin-regulatable factors provides negative
results. Binding of a multi-tyrosinated analog is
sufficient to identify tumors that express somatostatin

20 receptors. _

In general, precperative diagnosis is accomplished
by administering a radiolabeled multi-tyrosinated
somatostatin analog, preferably a radiolabeled,
halogenated multi-tyrosinated somatostatin analog, to the

25 patient by parenteral injection, preferably by
intravenous injection. Selection of the specific
multi-tyrosinated analog and the specific radiolabel will
vary according to a variety of factors including the type
and location of the tumor to be detected, and the

30 radiolabel detection technique used. Preferably the
radiolabel is a gamma-emitting radioisotope, more

preferably a radioisotope of iodine, even more preferably
123
L.

The appropriate dosage of the labeled
35 multi-tyrosinated somatostatin analogs will vary



I's adm ni stered by intravenous injection to the patient and a second

bl ood sanpl e obtai ned about 30 min after 20 adm nistration. The anount of
GH and/or 1G-1 in the second bl ood sanple is determ ned and conpared to
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'GE and/or |G| ‘wadshsaeecond sanple is significantly | ower Pblgﬁ]g,g,dgg-,
ramount of GH and/or I1G~1 in 25 the control sanple, then the patient's
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: with a gamma-emitting radioisotope, analog binding is

‘normally detected by SPECT. For example, the amount of

radioactivity administered in a single dose can have an
15 activity of about 10 uci to 50 mCi, preferably about

100 uCi to 25 mCi, more preferably about 500 uci to

20 mCi, normally about 1 mCi to 10 mCi, usually about

10 mCi.

Following administration of the radiolabeled

20 multi-tyrosinated somatostatin analog, the somatostatin

receptor-expressing tumors can be detected as early as

1 min after administration, preferably about 60 min after

administration, more preferably about 1 hr after

administration, up to 12 hr to 96 hr, and as long as 2 to
25 3 weeks or more after administration.

In general, detection of somatostatin receptor-
expressing tumors is performed after allowing a
sufficient time for clearance of unbound or non-
specifically bound radiolabeled multi-tyrosinated analog.

30 Clearance of unbound and/or non-specifically bound analog
decreases the radioactive signal associated with normal
tissue, thus providing an increased signal-to-noise ratio
(i.e., radiolabel bound to tumor tissue versus normal
{background) tissue). Therefore, detection of bound,

35 radiolabeled multi-tyrosinated analog is preferably



Therefore, it may be desirable to performthe 15 pre-operative tunor

| ocal i zati on nethod of the invention even when di agnostic nethods to

det ect production of somat ostati n-regul atabl e factors provi des negative
results. Binding of a multi-tyrosinated analog is - sufficient to identify
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analog is radiol abeled ; o1ed multi-tyrosinated analog at a level
significantly higher than a level of binding of the

15 radiolabeled analog by normal tissue. The tumor/normal
tissue ratio of distribution of the radiolabeled analog
will generally be about 2:1, preferably about 3:1, more
preferably about 4:1, and can be up to 6:1 to 12:1 or
higher.

20 The tumor can also be detected by the
identification of tissue in which the radiolabeled analog
accumulates over time. As discussed above, detection of
radiolabeled analog binding is preferably performed after
allowing clearance of unbound or non-specifically bound

25 analogs from normal tissue. Tissue having higher levels
of radiolabel associated at a later time point relative
to an earlier time point (e.g., 36 hrs versus 12 hrs) is
identified as somatostatin receptor expressing cancerous
tissue. After the somatostatin receptor-expressing tumor

30 has been identified, the tumor can be removed by surgery.
Alternatively, or in addition, the patient can be treated
by administration of unlabeled or radiolabeled
multi-tyrosinated somatostatin analogs, or using
conventional therapeutic methods.



with a gamma-enitting radi oi sotope, analog binding is normal |y detected
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singl e dose can have an 15 activity of about 10 [err]C to 50 nCi,
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20 nCi, normal |y yabeydorgh NC to 10 nO usual |y about 10 Ciperru ”
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receptor-expressi Q@;hiSEHE GPlgRSsOS UdTEaRd BrifhéMEive imaging
techniques as described above, or by using conventional
15 diagnostic methods.

In general, intraoperative tumor detection is
accomplished by administering a radiolabeled
multi~tyrosinated somatostatin analog to the patient by
parenteral injection, preferably by intravenous

20 injection, and detection of bound radiolabel in situ..
Where the general location of the tumor is known (e.g.,
preoperative diagnosis indicated that the tumor(s) was in
a specific organ), the radiolabeled analog can be
injected directly into the involved site. Tissue

25 associated with aberrant expression of somatostatin
receptors are identified as tissue having increased
radiolabeled analog binding relative to radiolabeled
analog binding to normal tissue. Binding of the
radiolabeled analogs to the tumor can be detected as

30 early as 1 min after injection and can continue to be
monitored until the conclusion of surgery (normally 1 hr
to 8 hrs after injection).

Selection of the specific multi-tyrosinated analog
and the specific radiolabel will vary according to a

35 variety of factors including the type and location of the
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| ocal i zation of tayBurding taNskepal! faotErs Vintividihg €hel PAdESTAHEE and
| dentification ofyfinDn 1ot 8sba3Rst R ISiRt St Vin analog used, the type
and location of tumor to be detected, and various
15 patient-dependent factors such as the extent of disease
{({e.g., size and number of tumors) or other concomitant
medical conditions. A suitable dose for injection is an
amount effective to bind the cancerous tissue and enable
detection of the radiolabel using a hand-held probe. The
20 specific amount of radiolabeled multi- tyrosinated
somatostatin analog administered for intraoperative tumor
detection is from about 10 uCi to 100 mCi, preferably
from about 100 uCi to 50 mCi, more preferably from about
500 uci to 40 mCi, usually from about 1 mci to 10 mCi,
25 normally less than 2 mCi. In general, about 0.01 mg to
100 mg, normally about 0.1 mg to 1.0 mg (1 x 10° -
1 x 10% cells) of radiolabeled tumor tissue per gram of
total tissue produces a level of radiation sufficient to
~ trigger the hand-held detector. The radiolabeled
30 multi-tyrosinated analog can be administered during
surgery, or as early as 30 min, normally as early as
about 1 hr to 2 hrs before surgery.
As discussed in the preoperative diagnostic method
- described above, detection of bound analog is preferably
35 performed after clearance of unbound or non-specifically



conventional radiographic tunor |ocalization techniques. Tunors anenabl e
to intraoperative detection nethod of the 10 invention can be identified by

;determning if the tunor produces a somatostatin-regul atable factor, by
‘determining if the tunor binds a nulti-tyrosinated anal og using the

‘di agnosti c assaywassspigoper ative i magi ng t echni ques as des Gigrifigsauasy e,
or by“using conventional 15 diagnostic methods. I n general,

i ntraoperative tunor detection is acconpl i shed by administering a

r adi ol abel ed nmul ti-tyrosinated somatostatin analog to the patient by
parenteral injection, preferably by int raven%‘ﬂs 20 injection, and detection
of bound radi ol abgbuha §h I\ﬂ%‘éreihﬂf Qf&@i éwl%ﬂf ghe tunor is

known (e.g., preo ve di agnosi s in ted that the t S) s in
a speC|(f|€cJ or gan)erE a‘a (ﬁ%‘ffg&@_&daﬁsyﬁ ai;f"b"és e ﬁu’eétﬁ‘ﬁ ?e%%vay into
t he invol ved Si t ehr8) suapet@ sexErali dayd (etg. aberdays tex r dags))nonfweeks
somat ostatin FGEELEC &mfﬁf‘sx‘[x%%ltohf | effo gﬁ +fabe 1 Viehd & £€ i

radi ol abel ed anal og Ing relative tor ana |nd| nrb to
normal tissue. i ﬁﬁFﬁ@ %’?WeSSWdFWSEeV%% dpntdddedoush Egt r can be
detected as 30 eapf;oper&tineldﬂaqubstmpemétnmdeaéhdnﬂbeaoabovee to be

it duntil t ' h ft
rgrlec?rgn) o Qﬁtf&%&*ﬁ% qiag%ﬁgéggégﬁéf?&g [ -tyr05| a?eernZI ogr
and the specific PERiniskeatipn jof zddi EEBB%Il’F%dth}a?eiﬁdeF?-Egy of factors
I ncl udi ng t he typetyaosihaiced iamaleky.t he WO 96/ 39161

'gg/egtsgg/ Ogﬁg7t e radi ol é‘b%f‘ 8gt %’(‘:‘% %erylcest ef(? nFﬁégdﬁE%dtioé’*j%r a tﬂd
radiol abel is a 93PBRFEIHIEIN age YarhakBOWR tith Fheaarsi soP e, ?ﬁo‘%/
preferably a gamBeens ;008 B4 diimcorpopated isexralnr by Trefierbnecaply a
radi oi sotope of |QdiBPind®S] PUSHLERREYDLIE £ detection of beta-emitting
radioisotopes. Suitable hand-held devices for detection
15 of gamma-emitting radioisotopes are described in U.S.
Patent Nos. 4,801,803, 4,889,991, and 5,070,878,
incorporated herein by reference. Additional radiation
detection devices can be used as necessary. Radiation
probes can be used as part of an endoscope, laparoscope,
20 bronchoscope, or other specific instrument. During in
' situ detection, normal tissue which does not bind the
radiolabeled multi-tyrosinated analog is used as a
"reference" (negative control) tissue. Detection of
gamma counts greater than a pre—-selected number of counts
25 (e.g., the sgquare root of at least two standard
deviations, preferably at least three standard
deviations) over background (e.g., above the mean
reference tissue counts) is indicative of a tissue which
has bound the radiclabeled analog by virtue of having an
30 increased number of somatostatin receptors. The
radiolabeled tissue is then resected and the detection
method continued until all detectable radiolabeled tissue
 is removed.
For example, where the patient has a gastrinoma
35 10 xCi to 1 mCi of 125I-multi-tyrosinated somatostatin



Lower | evel energy radioisotopes are preferred radi ol abel s, especially
r adi oi sot opes exhi biting photon em ssion energy |levels |ess than about
300. kev, preferably | ess than about 150 kev. 10 The appropriate
dosage of the radiol abel ed mul ti-tyrosinated somatostatin anal ogs w | |

vary accor di nwgggaegyeral factors including the radiol abel agerusosbdisr
mul ti-tyrosinated somatostatin anal og used, the type and | ocation of

tunor to be detected, and various ‘15 patient-dependent factors such as the
extent of disease (e.g., size and nunber of tunors) or other concomtant
nmedi cal conditions. A suitable dose for infe¥®i®n is an anount effective

to bind the cance i n tl h .ol abel

usi ng a hand- hel d&ﬂ#(f)%%.fﬁ_higx%%egegg | 8"3%%%&0%“@%a%§@ghwl ti-
tyrosi nat ed sofbtained ilp sidoyithnrnhandrield gamma AREECLEr v eCRMMD
detection is fronobstitdeifedtdion Gs perfobmédrévds they efaticrdlag, stbhachabout

100 [err]C to 50 ' r rab f 0 1G 40 nCi
usual |y from abou?‘q%%im)'t %r%%ﬁ%l, bédnéﬁga#%le_ssgataﬁaﬁ e%o.olsm%%l
general , about %0.bawed megenteryy Q9loner Rhadderndiver.,1 kigneys; . thygeid, x
10[err] - 1 X REAFE 'dnd ddrde.0f cubdeghahtly klid @utddtoruaspsiigenéa of

total tissue prodyce I | of Jradiali fd Ll ent ri e
hand- hel d det ect g{;& %’hsgcarna:éi%& %8&? eghg%i anfj}?'?% t'ys(r:dal%&nc&tig’g“aﬁgl (L)’gggéﬁ&g‘ed
adm ni st ered dur i fgunts fxoyean agiagengareferency tissueyor FAMME GAURES |y as
about 1 hr to 2 hasrhsf ara wmayé:o €0 secon% #&i@?cmﬁd 11% abéut a 5
preoperative diag [QI.P %EEI of s
analog is pre e‘fa%ﬁg?/&g(g per y’qg ea??%%?%%‘?a‘ﬁ%%o %tuen o&g’geo;ruggggdand
non- speci fi cal | y the control wnigscesdeglates both the average and the
_'?ﬁT/ U5_96{ 08437  standard dte_viat_ion of this si a4 When ghauaamﬂlaaLog-
us, intraoperative detegtion is referably rformed several hours
(o'5, 6 hre'to AeteStasiia Passea oubk; tiages wlth gpia, poupbeoupegtsr o
weeks than the square root of three standard deviations above
15 the mean reference tissue counts a "siren" is activated.
The hand-held gamma detector can be used in the scan mode
to identify single foci of increased counts for

resection.

ative n a ogis of s ab t
20 expressing somatostatin receptors
Diagnosis of tumors that aberrantly express
somatostatin receptors can be determined by binding of
detectably labeled multi-tyrosinated somatostatin analogs
to a tissue sample in vitro. First, a sample of tissue
25 is obtained from a patient suspected of having a tumor
that aberrantly expresses a somatostatin receptor. The
tissue sample can be prepared for incubation with the
detectably labeled analog according to a variety of
methods well known in the art. For example, the tissue
30 can be separated in_to a single cell suspension and the
single cells bound to a solid support (e.g., a well of a
nmicroliter plate). Alternatively, the cells in the
tissue sample are lysed and a protein fraction primarily
composed of cell surface membrane proteins prepared



aft-er adm nistration. Mreover, where the somatostatin 5
receptor-expressing tunor was identified using the preoperative

di agnosti c_net hod descri bed above, i ntraoperative di agnosis can be
perfornmed w thout adm ni stration of additional radiolabeled nmulti-
tyrosi nat ed anal @4 oA8i61 Met hods and devi ces for the det egrhmbeesisr
beta- and gamma-radi ation are well known in the art. U S Patent No.
5,008, 546, incorporated herein by reference, descri bes a probe suitable
for detection of beta-emtting radi oi sotgopes. Suitable hand-hel d devices
for detection 15 of ganmma-enitting radioi Sot¥bés are described in U S

Patent Nos. 4. 801,803 4 P8 2nofl xoRduf Fhe art! [6PDBRLBISOURI bY

reference. AdditiShalr . ect|on devices can _be used as
necessary. Radi atfehl GrowtdhandcBAfferentintion,8:15f {A22RYbscope,
| apar oscope, 20 bronchosgRgetissudidmipipde theni facubated wilr mng in

situ detection, noryal. ti Leh _ ' |

mul ti-tyrosinat ed‘gﬁﬁ%f%%b]rs}g li%?\eggegsmgfgf %?%%%ceyj 5 ‘r?%tgtg?égi@ﬁ%‘i'
tissue. Detect iSonpoéferakjyman hadggenated areltitiarosipatedcruried: nibber of
COU][ltS t2)|5 (eigl- ) 'E%@?tﬁél%tlré)%ieﬁ %nt&:ﬁﬁ%_ﬁd\&dﬁatbé&adin reesptdr aan
preferably at |eas ree stan i of Qo

above the mean SFEYR & ‘}elggg’égecgﬁ%?is%’f] sqfl.}ﬁ%i&c&\ae'?% \‘;'gﬁgé jé Tl sséj%l %ﬁ ch
has bound the radany Adrtectahis dgbp) knevncinfthey Aty RReSEraRLY dhsed

number of sonat ostRkéFodIcHY @rSa FAGiolabell OlwiHuecthei detectabléciabel

Fadi ol abel od (osis & F{konnslRe) #168PbLOKEE 1 the BrprdFred fiha.

pati ent has a gasWhérerthesietpctablpciabel 1is@ xdipdabpl, nthei -t yrosi nat ed

somat ost atin detectad¥®@a¥R16is preferably a radioisotope of iodine,

rﬁjﬁgsgg28§ﬁ§7and“%%ﬁnﬁ¥%§ﬁﬁﬁﬂéy'1251- COmpetiné,3§niabeled?“gdmltb§FhEhﬁCted
) receptor ligand is added to determine specific binding to

15 receptors. The amount of unlabeled analog incubated with
the samples is in increasing amounts up to levels in
excess of that required to bind the somatostatin
receptors in the control sample, preferably about 10-fold
excess, more preferably about 100-fold excess. Incubation

20 is carried out for a time sufficient to allow competitive
binding of the labeled and unlabeled analogs to the
somatostatin receptor in the samples.

After incubation, unbound material is removed from
the sample by washing and the bound label detected.

25 Where the detectable label is a radiolabel, detection can
be accomplished with a scintillation counter. 1If the
level of detectable label bound to the test sample is
significantly higher than the level of detectable label
bound to the negative sample, and the binding of labeled

30 peptide is competitively inhibited by unlabeled peptide,
then the tissue sample expresses a somatostatin receptor.
The assay results indicate whether 1) the patient is
amenable to diagnostic scanning, 2) the patient’s tumor
is amenable to treatment with the multi- tyrosinated

35 somatostatin analogs of the invention, and 3) the



obtained in situ with a hand-held gamma detector. Ganma count detection
is performed over the pancreas, stonach, duodenum proximal, md and
distal small bowel, small 5 bowel nesentery, colon, bladder, I|iver,

ki dneys, thyroid, heart and aorta. Subsequently the detector is sw tched
to a scanni ng Mgeetsaks al | ows "squel chi ng" of background C Qe pfuSodids®dP an
adj acent reference tissue. Gamma counts during a 1 second to 60 second -
period, normally about a 5 10 second period, are determ ned over a
reference tissue and the control unit cal culates both the average and

t he standard devi ati on of thi S si gnal 'W%’n'the garma detector is
passed over tissue qh ter gre root of

t hree standard de‘?ﬁ%ﬁ% gn rf“?’é#“rr ?]élstlg‘gs Scounts a
"siren" is aCtIVEEIEQPPeratﬁH@ mtboﬁél deseribediakoMenrr can be used in the
scan node to identify single foci of increased counts for resection.
Post operative (i XRr essi ng
somatostatin rece S &uerr ant |y
express 2

RONRALOE Agad.ogsn be determ ned by bi ndi ng of

det elct ably | abgl ed rrultlphtieﬁtgasaﬁr@oraab@&aatianaaeémd tfed tWwith tissue
sarrpeln vitro. f al ne roma patlent
suspect ed of haw@é%?ht%}%%%ﬁ g%?ﬁ?ﬁ;@ﬂ >$ esses a sonmatostatin
receptor. The qus*mss -@esaﬂasébww@r fapd/orc abgonditi®n h t he
det ect abl y | abel egbstitil sdtech G aberiant &abrdisic of anBbhiadsst&tin known

in the art. For exa t ssue n be separa dlnoasinglecell
suspensi on and t er%tgqrn%%> %gesgﬁﬂg%f @“Srblls%a? (e.g., a well
of a m cr oliot e:ulfmaﬂaorosadrxa@eﬁascmtqstam @analogsn tRetlent$ shaminginpl e
are |lysed and a g cHditici aneRableNBs! t¥eatmértRALH( LAk afhlogddfGhe

menbr ane proteins red /39161
PCT/ US96/ 08437 inVertion can be identmet? using the diagnostic methods

described above, although this is not a necessary
prerequisite for the methods of treatment described

15 herein. The method of treatment of the invention can be
implemented as a primary therapy or as a follow-up
therapy after surgery (e.g., after tumor resection).

Multi-tyrosinated somatostatin analogs for

administration as therapeutic agents can be unlabeled,

20 halogenated, fluorescinated, or radiolabeled. The
selection of the specific analog is dependent upon the
condition to be treated. For example, where the
condition is associated only with aberrantly increased
production of a somatostatin-regulatable factor (e.g.,

25 acromegaly, sarcoidosis), the analog is preferably an
unlabeled multi-tyrosinated somatostatin analog, more
preferably a halogenated multi-tyrosinated somatostatin
analog. Where the patient has a condition associated
with aberrant expression of a somatostatin receptor

30 (e.g., a tumor), the analog is preferably a radiolabeled
multi-tyrosinated somatostatin analog, more preferably a
radiolabeled halogenated analog, even more preferably a
1297. or 13lr-radiolabeled multi-tyrosinated somatostatin
analog. Where a radiolabeled multi-tyrosinated analog is



- 36 - according to nethods known in the art (O Dorisio et al., Cel |
G owmh and Differentiation, 5:1-8 (1994)). The tissue sanple is
‘then incubated with a detectably | abeled nulti-tyrosinated somatostatin
anal og, 5 preferably a hal ogenated nmulti-tyrosi nated anal og. A ti ssue
sanpl e whi ch conigégseis® Somatostatin receptor can serve as prrifkeddside
control. The detectable | abel can be any detectable | abel known in the
art, preferably a fluorochrone or a radiol abel. Were the detectable

| abel 10 is a fluorochrome, fluorescein is_t:pae _preferred | abel. Wher e
the detectable | abel is a radiol abel, the detectabl e | abel is preferably

a radioi sotope of ,5@4i NEhe peptiide Raff Beabh¥el&i Hust praGRetbny, unl abel ed,
somat ostatin rece ' ' ]

for Tijgand i s added to determ ne _specific binding to
15 receptors. The® ?’ﬁt’fﬁ‘%tﬁﬂ'aﬁelged 2R aPB P r?ﬁﬂfalbéf"%ﬁh t he sanpl es
is in increasing admimistrgtiom. evels in excess of that required to bind

th tostati 4 s | t
e sonatostatin rece@ﬁgrﬁugg%lég%ﬁﬂgﬁ)@d_ égﬁg{;&tﬁﬁi oy ani be

10-fold excess, _npre prefer excess. |Incubation 20 is

carried out for®a2fphel d i @Y CORVENE Foutes Preferably B¥ the
| abel ed and unl abpheenterdlodgniectiba in theotam xifi an dagptbable t he

sanpl es. d | un ' [ m
t he sanpl e by washi ng and _the u abel  deiected. “25 ere the detectable
ﬁolﬂ{@x{ dﬂ%ﬁ%’ﬂahgﬁ?nﬁ bﬂé@%ﬁﬁi%&%’os\ﬁ/@aﬁ&a D%ﬁ&'lé#é)
| abel is a radiol %Bl?l'ifbt*@cﬁd&% gheredpby CRgh &4 90 t ARa
scintillation coubhtraverdoushenfusliiencbfo80 deireticalsioemiabel Thoeund to t he
test sanple i $ 4 ;m} | Bese dgtect abl e | abel
bound to the ﬁlé%a?ﬁ%gmé Ierdaé:r?g ?Egaglandl ng?ﬁq%l génsgépe ide is
conpetitively i nh?@f%@%%la&b@eﬂeﬁﬁpﬁﬂe, or Fﬁ-&ﬁ"t Redt 7 UL Al e
expresses a sonat angibdgraphecejntraartefbal ams dntravenbasi ndgion®l whet her 1)
the patient Is = oRgROBH QridlrtieBIRAEL! & JEB Ul dr oyl BRaBObLER thd UTO"

is amenable to treatnment w e nmulti- ti/r05| ate 5 sonmtostatin
anal ogs of the i ntWne¥on The,Fowte RE administratignydsigegected according
PCT/ US96/ 0843745 to the tumor site, the affinity and specificity of the

analog, the half-life of the multi-tyrosinated analog,
the half~-life of a radiolabel bound to the analog, and
other factors appreciated by one of ordinary skill in the
art.

20 Dosages used in the therapeutic method of the
invention will vary depending upon a variety of factors
such as the specific condition to be treated, the
radiolabel and multi-tyrosinated somatostatin analog
used, and patient variables such as size, weight, and the

25 severity of disease (e.g., tumor size and tumor load).
The amount of multi-tyrosinated somatostatin analog for
administration can be determined by calculating the
amount of radiolabeled analog delivered to the target
using the in vivo diagnostic method described above.

30 Methods for calculating dosages using dosimetric
techniques are routine and well known in the art (see,
for example, Fisher et al., Cancer, 73:905-911, 1994).

In general, the specific dosage delivered is from about
0.1 pg/kg to 500 ug/kg, preferably about 1 ng/kg to
35 250 ug/kg, normally about 200 ng/kg of multi-tyrosinated



- 37 - patient's condition can be nonitored using the preoperative
nmet hods descri bed above. Ther apeutic adm nistration of
multi-tyrosinated somatostatin anal ogs 5 Patients having a
condition associated with aberrantly increased production of a

somat ost ati n-r egub@badike factor and/or a condition associ at egdrisbdlosas7
aberrant expression of a somatostatin receptor can be treated by

adm nistration of 10 nulti-tyrosinated somatostatin anal ogs. Patients
havi ng a condition anenable to treatnent w th the anal ogs of the

I nvention can be |dent|f|ed usi ng the dlagnég%lc met hods descri bed

above, al though tﬁ(”f&ﬁ?sﬂ gsar | f ds of
treatnent describ ereln. E%%e rret‘iylhedr oglﬁe l%# is 9 éalfan}\sl%inét?on can
be i.npl ement edthes apakagngaR PRepdBinistered, atol msage rapmr%\yirm taer
surgery (e.g., aftslidactivitgseft fpom.about 0.1 ucCilyligt tot oonCH e body

sonat ostatin anal t . an be
unl abel-ed, 20 haI }#t?e(?reff%%%ggm n&%&g{‘ ﬁ%ﬁ%log eP&a?ﬂa%&f

sel ection of tRe i @oaﬁapygfpsa?al-apm I #Civkg to 15mFifksh hsibe
treated. For exam@ightwheGenefally,cthélitotil iamountoofamadtdrtyrosinated

aberrantly | nor e4aftheostHltiihig g a%BefsvlH O 3 WlpkigohaLable Al o

(e.g., 25 acrone sar coi dosI's
unl abel ed nul ti - t3RWE Q0% IMCokat s?ﬁ?l’l‘F:‘a’nd’R@alﬂifr about, 180 Gl |t 5

hal ogenat ed mul titt8o00siciat ed somat ostatin anal og. Where the patient has

a condition asgoci at ed fc.baet.ﬁf p

receptor 30 (gag a tun%?%ﬂ ﬁe a a?’? tﬁé {:ﬁg?éﬁgb(?gna ra |o%§Ea

mul ti -t yr osi nat e MIIHOIINGathe AR¥EDS, omeb jachenigs) ymarkerrww%ded
hal ogenat ed anal qathem mam&aﬁe(ar&y, & sonatoskhtifi~regulatable

S0 abe'ed o BBl WS AR il Sasctlishide T 2
) -tyrosinated samatostatin analogs as described

15 ahove, or by using conventional radiographic techniques.
The dosage of multi-tyrosinated somatostatin analog can
then be adjusted as appropriate, e.g., for therapy with
non-radioactive multi-tyrosinated analogs (i.e.,
unmodified or modified, e.g., by halogenation) or for

20 therapy with incremental doses of radiolabeled analogs of
the invention.

esis of si = ti-tvro ted somatosta
analogs
Six exemplary multi-tyrosinated somatostatin
25 analogs were synthesized. The formulas of these analogs
are shown in Table 2.
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- 38 - used, the peptide can be | abeled just prior to

adm nistration, e.g., 24 hr or |less before adm ni strati on.

Thé nmulti-tyrosinated somatostatin anal ogs can be 5 administered by any
conventional rouygessngf erably by parenteral injection in tperdssosst an
i nj ectabl e sol ution or suspension. The nulti-tyrosinated anal ogs can
al so be adm ni stered by infusion, e.g., an i ntravenous infusion of 30
mnto 60 mn. The 10 nulti-tyrosinated sonat8statin anal ogs can be
adm ni stered at or near the tunor site, e.gTﬁ using an angi-ogr aphi c
intraarterial or intravenous regional catheter inserted into a vein or
artery that feeds,the tumof. Theproutejof adm nistration is selected
according 15 to the tunpr sitp, thelaffinlty and specificity of the

anal og, the half-fife of the pulti-}yrosipated fanal og, the half-life o
a radiol abel bound to the analog, ajpd Dt her ff act ors appreci ated by one
~of ordinary skifl Jin the aft. 20 Dosfages used in the therapeut
~nmethod of the @ jfnvent{ion wi|l vary depepding Jupon a varietygof factors
such as the spegific copditiop to b treajed, tje radi ol abpl and

mul ti-tyrosinatddjsomat pstati h anal pg Usgnd, Jand patient vggiabl es such
as size, weightg and the 25 spverit}y of djs®asqg (e.g., tunmor §ize and tum
| oad) . The affoyint of {nul ti{tyros|nated| s@inatfostatin anal for

adm ni stration gap be dgterm phedrby| cal cuj afing the anmount }, of
radi ol abel ed an@l ¢g del {vered|t& thp targpf® |using the in Mivo di agnost
nmet hod descri be bove. | 3¢ Mef hédds fogecal BRI atfi ng dosages ysyng dosinetr
techni ques are go tine an& well Eknown% n [h& arft (see, f grZexanpl e,

Fi sher et al., &apcey, Y3H05%

Carboxy Terminus o

19¢4). 1|5 Inf general, the Kpecific

Rt

dosage deliveref iis<rom Foout| § 15po/ kp® o [500 [err] g/ kg,Bpreferably
about 1 ng/kg tf 355?50 & o/ /g, ho®al | hfabdut 200 ngl/ kglak
mul ti-tyrosinatgd| § © 1 Q fn o
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- 39 - somat ost ati n anal og. V\here the anal og i s radi ol abel ed, t he

anal og can be adm ni stered at a dosage range having a r adi oact i vi ty of
fromabout 0.1 [err]Ci/kg to 50 nCi/kg body wei ght, preferably about 1.

[err]G/kg to 25yplkAdd; Pody S weight, nore preferably about kg
to 15 nCi/kg bog‘;/v 6\?/efght Cenerally, the total anobunt of Rerlbindert

mul ti-tyrosinated sonmat ostatin analog delivered in a single dose is from
about 100 nC to 2,000 nCi, normally about 150 nCi to 1,500 nC. 10
The efficacy of the therapy can be assessed 4y = nonitoring the |levels of

Sommtostat | n-regul at abl o Bachy 88 the TAFA-AYreednaked: ASHtoRR iR BRISERe
nulti-Lyrosinateddesnmihndeﬁbaweamabog:epardésny|t§abtﬂ®gabomeptnnlbye®sing
commtostatin anal SNy IBA Peagatyrene 0BT ML dBEuathl! A9 o
t herapy with %"‘f 9’&5%?311? J# %@?&Hﬁ%ﬁlﬁg 3@' ?:;yrgge res:{n
unnmodi fied or ﬁbd(ﬁdvnnchgpheMQpchalGgenht(bng o .5 mele)einphheit h
iSnC: ﬁrre_nt al fdosescﬁofﬁig Q&p%ﬁt wasl g ﬂﬁttzé% in te xf[é%t‘éﬁﬁfoho’eessel of an
Sx exempl ary” mil F RS GRRpc, bEPELOE, FrPOiea A, S R PEREY FRosi zed.
The fornul as of tpectormdthsyfollowingsheartion keydle Bteps: (1)

methylene chloride; (2) 33% trifluoroacetic acid in

10 methylene chloride (two times for 1 hr and 25 min each);
(3) methylene chloride; (4) ethanol; (5) methylene
chloride; (6) 10% triethylamine in chloroform. The same
reaction cycle steps were used in the production of each
of the analogs described above.

15 The WOC—-2A analog was prepared by first stirring

" the neutralized resin with Boc~O-benzyl-threonine and
diisopropylcarbodiimide (1.5 mmole each) in methylene
chloride for 1 h. The resulting amino acid resin was
cycled through steps (1) to (6) in the above wash

20 program. The following amino acids (1.5 mmole) each were
then coupled successively by the same procedure:
Boc~S—-methylbenzyl~Cys, Boc-Val,
Boc~N-benzyloxycarbonyl~lysine, Boc-D-Trp,
Boc~O~-dichlorobenzyl-Tyr, and Boc-S-methylbenzyl-Cys, and

25 Boc~0-dichlorobenzyl-D-Tyr. After washing and drying,

" the completed resin having bound Boc-0-Dichlorocbenzyl-D-
tyrosine-S-methylbenzyl-cysteine-O-dichlorobenzyl-
tyrosine-D-tryptophan-N-benzyloxycarbonyl-lysine-valine-~-
S-methylbenzyl—-cysteine-threonine weighed 1.78 g.

30 WOC-2A analog was released from the resin (1.78 g,
0.5 mmole) by mixing the amino acid resin with anisole
(5 ml), dithiothreitol (100 mg) and anhydrous hydrogen
fluoride (35 ml) at 0°C and stirred for 45 min. Excess
hydrogen fluoride was evaporated rapidly under a stream
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- 41 - Each of the nmulti-tyrosinated sonmatostatin anal ogs

descri bed above wgg§odegiaared by reacting a neutralized PCT/US96/08437
benzhydryl am ne- pol ystyrene resin with activated am no aci ds.

Speci fically, benzhydryl am ne-pol ystyrene resin 5 (Advanced Chenilech,
Inc.) (1.2 g, 0.5 mmole) in the chloride ion formwas placed in the
reaction vessel of an Advanced Cheniech'p%%tTde synt hesi zer programmed

chlori ber (2, 33t AP Fexbgaf Al 8 SypAfRE(n rostdeibelifies |

for 1 hr and 25 nityresing D-trypYophannlvsinecvpbinercystaingnanol ; (5)

net hyl ene chl oildeonfifie-Nap t (wor-2n) apepeide midcipitated aha wasked
with ether.

5 The crude peptide was then dissolved in 500 ml of
90% acetic acid to which was added a concentrated
solution of I,/MeOH until a permanent brown color was
observed. Excess I, was removed by addition of ascorbic
acid and the solution evaporated to a small volume which

10 is applied to a column (2.5 x 90 cm) of Sephadex G-25
which is eluted with 50% AcOH. Fractions containing a
major component as determined by UV absorption and thin
layer chromatography were then pooled, evaporated to a
small volume and applied to a column (1.5 x 70 cm) of

15 Vydac octadecylsilane silica (10-15 um). The analog was
eluted with a linear gradient of acetonitrile in 0.1%
trifluoroacetic acid in water. Fractions were examined
by thin layer chromatography and analytical high
performance liquid chromatography and pooled to give

20 maximum purity. Repeated lyophilization of the solution
from water yielded the desired product as a white, fluffy
powder. The product was homogeneous as determined by
high-pressure liquid chromatography (HPLC) and TLC.
Amino acid analysis of an acid hydrolysate and MALD MS

25 confirmed the composition of the octapeptide.

The WOC-2B analog was prepared by first stirring
the neutralized resin with Boc-O-benzyl-threonine and
diisopropylcarbodiimide (1.5 mmole each) in methylene
chloride for 1 h. The resulting amino acid resin was

30 cycled through steps (1) to (6) in the above wash '
program. The following amino acids (1.5 mmole) each were
then coupled successively by the same procedure:
Boc-S-methylbenzyl~Cys, Boc-O-benzyl-Thr,
Boc-N~benzyloxycarbonyl-lysine, Boc-D-Trp, Boc-Phe,

35 Boc-S-methylbenzyl-Cys, Boc-0O-dichlorobenzyl-D-Tyr, and,



reaction cycle steps were used in the production of each of the anal ogs

descri bed above. 15 The WOC- 2A anal og was prepared by first stirring
the, neutralized resin with Boc-O benzyl -threoni ne and
di i sopropyl carbodiimde (1.5 mol e each) in nethyl ene chloride for 1 h.

The resulting anwo®easiell resi n was cycled through steps (1) gcarniddbosadr
t he above wash 20 program The following amno acids (1.5 mmpl e) each were

t hen coupl ed successively by the sanme procedure: Boc- S- net hyl benzyl - Cys,
Boc- Vval , Boc- N- benzyl oxycar bonyl - | ysi ne, Boc-D- Trp,
Boc- O di chl or obenzyl - Tyr, and Boc- S- et hyl'be’h%y'r Cys, and 25

Boc- O-di chl or obe%é‘% %"B‘lﬁt i o gﬁswg aﬂftgfﬁé’lﬂﬁng ahﬁed@ﬂlﬁetéﬂe

resin having bou
tyrosi ne- S- met hyl ‘B@Pﬁ’ﬁt‘t@'ﬁ%ﬁiﬁ’eh@’apghPBFBBePﬂ?TQ"diehlorOhenzyl-
t yr osi ne- D-t r ypt opyds Mhéaordioniveabensgyl ~-bysyres ifd-+S+@ethybenzyl~

S-nmethyl b I h %

vvarsre re%/eaggéyfronﬁﬁéﬁ%%}%ll}gam}'g-ﬁw QI-benzPr egé% 0 aC| d
resin with ani ol %YSInﬁ'?ThﬁnzY&WGPﬁiéﬁrﬁTm% l?ﬁj')sz-r‘r&Y& E%PUQ‘S

hydr ogen f 1 uorbelezy Pehrrdgniale Weighddsiivseg. for 45 mn. Excess

hydrogen fl uoride was evaaer%egnéfﬁ Ut Yadel 5%?/ B@§’§}%ﬁ3‘f’i" (1,\9@ g,

96/ 39161

- 42 - of dry0r tRRRAS Ay Wixdegcthei aninp 130k inaain withnanisole
tyrosijne-l}trypt opthant) ydithicthretteYys(to00eny) and raimydroubliydtdgen 2A) g
pepti de preci b 2] cr ptide
‘was then di sso dﬁ%ﬁ%"ﬁ%‘%ﬁ.) atV\’B/Eaceﬁl%tzé%S tf(?rv\ﬁlscﬁgﬁ ﬂg‘g %&

concentr at ed s‘bYQquﬁF dfluqrdde) wascrraperated Mi&nungesm gbreamas

oblse[ved Excessté;f]I Q?F;} rvaa&dg%amad b¥eadsyél Do- @ | dth oéfhé-—a”?zt ge

sol uti on evaporated to appl i.e

x 90 cm of Sepha®&X prﬁi %a@ﬁnigem uﬁwl‘wa?.?rggl% ERF—?BB{?
containing a cysteine-threonine-NHz) (WOC-2B) peptide precipitated and

15 washed with ether.
The crude peptide was then dissolved in 500 ml of

90% acetic acid to which was added a concentrated
solution of I,/MeOH until a permanent brown color was
observed. Excess I, was removed by addition of ascorbic

20 acid and the solution evaporated to a small volume which
is applied to a column (2.5 x 90 cm) of Sephadex G-25
which is eluted with 50% AcOH. Fractions containing a
major component as determined by UV absorption and thin
layer chromatography were then pooled, evaporated to a

25 small volume and applied to a column (1.5 x 70 cm) of
Vydac octadecylsilane silica (10-15 gm). The analog was
eluted with a linear gradient of acetonitrile in 0.1%
trifluorocacetic acid in water. PFractions were examined
by thin layer chromatography and analytical high

30 performance liquid chromatography and pooled to give
maximum purity. Repeated lyophilization of the solution
from water yielded the desired product as a white, fluffy
powder. The product was homogeneous as determined by
high-pressure liquid chromatography [HPLC] and TLC.



maj or conponent as determnined by UV absorption and thin | ayer

chromat ography were then pool ed, evaporated to a smal | vol unme and
applied to a colum (1.5 x 70 cm of 15 VWdac octadecyl silane silica (10-15
[err]m. The anal og was eluted with a linear gradient of acetonitrile in
0.1% trifluoraseddefsaaci d in water. Fractions were exan ned porniddedsid™

| ayer chromat ography and anal ytical high performance |iquid

chromat ography and pool ed to give 20 maxi mum purity. Repeated

| yophilization of the solution fromwater, yi el ded the desired product as
a white, fluffy povvder The product was h‘b¥mgeneous ‘as determ ned by

hi gh-pressure i g@h9ns g@%@%}é %%PLQ)aéM olysa@@ RQaefhflp s ysi s

of an acid hydrol ysate onfilrne e Co S|t|on of the

oct apepti de. confirmed thensoxpos SB REsths PnaRePN 9L st stirring
the neutralized resi n Wi u'hecheDi.bemdsiﬂu-alandneendtyrosme-cysteine-

di i sopropyl car bod n} rﬂl%}r Q

The rgsulo%l| ng am% resf?yﬁgﬁg& hg an{w Ste(mh So;‘

the above wash 8 gmnawq Maso R RE2EAR rgim @hﬁaﬁsyre

t hen coupl ed succbenzhpd:yym:tﬂee-pma.ystyrenedmﬁn desibrdb8dmabbyebeitly| - q/s

B Ob | -Th r oc- Phe, 35
Boc- S ot hyl benzyPS E\é %**Wﬂl ?*%bgﬁ?y 3 %%‘*h‘?ﬂ““@ o

96/ 39161 mmole each) in methyl ;f'@g4 -h. The
- 43 - Boc- O ﬂeshlbinq)eam;do apid gesin mmm aydledy thgoughesteps
conpl eted resi b O, h .
tyrosi ne-0-di :ﬁf ?ngﬁ%y q“Bﬁtg‘sﬁ r‘lagbg hg%ﬁpﬁﬂzd@ﬁcribed above. The
cyst ei ne- phenyl al R %"—’%ﬂ‘-’lr%ﬁ?p ymjﬁ yWeresthen coupled
| ysi ne- 0- benzyl -tbueoassnb;ﬁ.—mmmyﬂxhesagb p:yecedm-c} benzyl t hr eoni ne
wei ghed 1.78 g. —C 0g ﬁgs‘, £/ eased fromthe resin (1.78
g, 0. 5 mol e)ng %1?(?%“ Egh B e£S| 'n with anisole

~N-ben. loxycarhonyl-lys ne, Boc-D~Trp,

15 Boc-0O-dichlorobenzyl-Tyr, Boc-S-methylbenzyl-Cys,
Boc-0O-dichlorobenzyl-D-Tyr, Boc-Ala, and
Boc-O-dichlorobenzyl-Tyr. After washing and drying, the
resulting Boc-O-dichlorobenzyl-tyrosine-alanine-
O~dichlorobenzyl-D-tyrosine~S-methybenzyl-cysteine-

20 dichlorobenzyl-tyrosine-D-tryptophan-N-benzyloxycarbonyl-

' lysine-valine-S-methybenzyl-cysteine-0O-benzyl-threonine-
benzhydrylamine peptide resin weighed 2.1 g.

The amino acid resin was then subjected to HF
cleavage and I, cyclization as described above. Column

25 purification as described yielded the cyclic(tyrosine-~
alanine-D-tyrosine-cysteine-tyrosine-D-tryptophan-
lysine-valine-cysteine~threonine) (WOC-34) compound.
WOC-3 was homogeneous as determined by HPLC and TLC.
Amino acid analysis of an acid hydrolysate and MALD MS

30 confirmed the composition of the WOC-3A peptide.

The cyclic(tyrosine-D-tyrosine-cysteine-
tyrosine-D-tryptophan-lysine-valine-cysteine-threonine)
(WOC~3B) analog was prepared by stirring the neutralizged
benzhydrylamine-polystyrene resin described above with

35 Boc-0O-benzyl-threonine and diisopropylcarbodiimide



(5 M), dithiothreitol (100 ng) and anhydrous hydrogen 10 fluoride (35 m)

at 0C and stirred for 45 mn. Excess hydr ogen fl uori de was evapor at ed
rapi dly under a stream of dry nitrogen and free
cyclic-(tyrosine-D-tyrosine-

cyst ei ne- phenyl ajyagshsist>- t r ypt ophan- | ysi ne-t hr eoni ne-
cysteine-threonine-NH err]) (WOC-2B) peptide precipitated and fgr,\/\l/lggﬁ%sa”
with ether. The crude peptide was then dissolved in 500 m of
90% acetic acid to which was added a concentrat ed sol ution of

I[err]/MeQH until a permanent br own coI or WP = observed. Excess I[err]

was renoved by adgjt bi. ¢ n ol.uti ev ated to
a small vol une wh 'né OTIGI“"’lczl's ap%?'ﬁ ént %Jé?m ]ft}g‘ds §8r é{: a@éé hadex
G 25 whi ch i s xesukeing tﬂm@@/@%@]{eﬂ%c‘ﬂ% e sysiadnghrough n%"f-%i’s

conponent as det e[y resl (B) Ww &haowséhoprmhﬁ RidBoribedyaboe8! OMMROJr aphy

were then pool ed, Qﬂﬁ | mm
(1.5 x+70 cm of £61. @teaq\hgec ¥S|I nes |ca?%831 B?L €€n§' éa‘ynalog
was eluted ® tW%F#ﬁ%lYgPXd ﬁts%‘PeaB’é‘? epdunas e in 0. 1%
trifluoroacetic oSoc-S-metdiyibenkydsCysSBo@+FalXant ned by thin |ayer

bool ed 1o grve - EogrnensAoxdbiindy by T Had- DR, O Lo L on
from water vyiel d&PQﬁ%mmebSPém%m?Y’ae %P‘Vvl’fﬁt@WHﬁthl-%mder The
product was honmogsssm+aithldtobeAbPEEDOYyr, dnd Bog~esaliicRlbrobénkzyl-Tyr.
(F:’rC]Z'rI';) @gg?ggﬁg;o[ 'fftCAr %%hllh% and drying ’ éﬁ% ga_qii:%l_géid riﬁ’?‘ﬂ a8

anal ysis of an acubjeghes toaHE cheawig® aml I, cyclirabion as clegmuibedn of

the nonapepti de. ahove. cColulepurification as described yielded the
cyclic(tyrosine-al anj ne D'It%r 03| e-cyst ei ne-

tyrosi ne-D-trypt P8 Phe- cystei ne-threonine) 5 (WOC-3A) anal og
was prepared by snﬁrqsmn;ﬂQMstnéuerEYrqsihe-Dﬁnmxntp@hyhanine pol ystyrene
resin describgg alyshedvial ine-Bpst&lRerEntedtiafR)Ni(Wocatg) compound.
d||sopropylcartxxudénégawas homogeneous as determined by HPLC and TLC.
Amino acid analysis of an acid hydrolysate and MALD MS
confirmed the composition of the WOC-3B peptide.
The cyclic D-tyrosine-

20 (tyrosine-tyrosine-D-tyrosine-cysteine-
phenylalanine-D-tryptophan-lysine-threonine-
cysteine-threonine) (WOC-4) analog was prepared by
stirring the neutralized benzhydrylamine-polystyrene
resin described above with Boc-O-benzyl-threonine and

25 diisopropylcarbodiimide (1.5 mmole each) in methylene
chloride for 1 h. The resulting amino acid resin was
then cycled through steps (1) to (6) in the wash program
described above. The following amino acids (1.5 mmole
each) were then coupled successively by the same

30 procedure: Boc-S-methylbenzyl-Cys, Boc-0O-benzyl-Thr,
Boc~N-benzyloxycarbonyl-lysine, Boc-D-Trp, Boc-Phe,
Boc=S-methylbenzyl-Cys, Boc-0O-dichlorobenzyl-D-Tyr,
Boc-0-dichlorobenzyl-Tyr, Boc=O~dichlorobenzyl-Tyr, and
Boc~0O-dichlorobenzyl-D-Tyr. After washing and drying,

35 the amino acid resin was subjected to HF cleavage and I,



(1.5 nole each) in nethylene chloride for 1 h. The resulting amino acid
resin was then cycled through steps 10 (1) to (6) in the wash program

descri bed above. The following amno acids (1.5 muol e each) were then
coupl ed successively by the same procedure: Boc- S- net hyl benzyl - Cys,
Boc- Vval , Boc- Ky ﬁg}%y sioxycar bonyl -1ysine, Boc-D-Trp, 15

Boc- O- d| chl or obenzy yr, Boc-S-net hyl benzyl - Cys, PCT/USHGI08437

Boc- O di chl orobenzyl - D- Tyr, Boc-Al a, and Boc- O-di chl or obenzyl - Tyr. After
washi ng and drying, the resul ti ng Boc- O di chl or obenzyl -t yrosi ne-al ani ne-
O-di chl or obenzyl - D-t yr osi ne- S- net hybenzyl - cy4€etne- 20

di chl orobenzyl - tyr osi t rypt ophan- | oxyc onyl -
| ysi ne-val i ne- S- it Wgéﬁ%?n g’i ?%?%e%ﬁ%vef hrg%:ﬁ _purifoié:war ?Fam’ ne
peptide resin wei glmribgdgylelded the cmqmm@gimfmqsm t hen '

subjected to HF o%iﬂégﬁ-%éiﬁé-f&ys%éﬁ giu é‘fax?ﬂ?&lniﬁ'irp%%u&n-
Col um 25 purlflcatls as. descyi bed yi'el ded_the ¢

cli Si neé-
al ani ne- D-t yr osi neY sHhteomRe TR S Ina by pARtne) &sog"‘ peptide
| ysi ne-val i ne- c§streisin- wascoeleased \f2OuE Ahecvepinnby HF cle@vageasand I,

homogeneous as delRicTiR8EioN dfldestiivEd: Coldith PuPle foatiidny/ §sS Of an

aci d hydrol ysate d flrrredthe 03|t|on f t e WOC: 3A
pepti de. d MB%??CY 1‘%???)‘? B Béfq‘ng stermined
tyrosi ne- D-t r ypt oplyaHPLsand-ThCi nAmin @icid- ahabymlslec)f an (amg 3B) anal og

was prepared by stygrolgsate AvdiMAln 8 conth énﬁ‘y&ié”éﬁﬂﬂ&ﬂ%‘iohsbﬂ
resin described a%%ve vmgtsh féeBoc Obenzfloflt hrﬁgonl ne and

di i sopropyl car bBdWON4ePeprt WO 96/ 39161
PCT/ US96/ 08437 The cyclic[ (D-tyrosine)g—(1¥8ine),~ (1.5 mole
each) in methylen 19@&9}5 9.51 yinel- h. The resulting amno acid resin was

above. The. throu%&%eggem@%ﬂg@@mpn SR eR RSP A ARt haaeee
. eine~-threonine] (WOC-8) peptide was prepared by stirrlnq

15 the neutralized resin described above with
Boc-0O-benzyl-threonine and diisopropylcarbodiimide
(0.75 mmole each) in methylene chloride for 1 h and the
resulting amino acid resin is then cycled through steps
{1) to (6) in the above wash program. The following

20 amino acids (0.75 mmole) were then coupled successively
by the same procedure. Boc~S-methylbenzyl-Cys,
Boc—obhenzyl-mhr, Boc-N-benzyloxycarbonyl-l1ysine,
Boc~-D-Trp, Boc-Phe, and Boc~S-methylbenzyl-Cys, Boc-D-Phe
and Bis-Boc-Lys. The resin was then deprotected,

25 neutralized and coupled with Boc~Tyr (6 mmole) and DIC
(6 mmole) in the presence of 1-hydroxybenzotriazole
(6 mmole). After washing and drying, the completed
(Boc-D-tyrosine) g~ (lysine) 4~ (lysine) ,~lysine~-
D~phenylalanine-S-methybenzyl-cysteine-

30 phenylalanine~D-tryptophan-N-benzyloxycarbonyl-lysine~Boc
-0-benzyl-Thr-S-methybenzyl-cysteine-O-benzyl-threonine~b
enzhydrylamine resin weighed 1.53 g.

The WOC-8 was released from the resin by HPF
cleavage and I, cyclization as described. Column

35 purification yielded homogeneous WOC-8 as determined by



5 successively by the same procedure: Boc- S- net hyl benzyl - Cys, Boc- Val,

Boc- N- benzyl oxycar bonyl -1 ysi ne, Boc-D Trp, Boc- O di chl or obenzyl - Tyr,
Boc- S- et hyl benzyl - Cys, Boc- O di chl or obenzyl - D- Tyr, and

‘Boc- O-di chl orobenzyl - Tyr. 10 After washing and drying, the am no aci d resin
‘was subj ect edyp9eddisr! €avage and I[err] cyclization as desChipRdesn
above. Columm purification as described yielded the cycli c(tyr05| néwf_]}
tyrosi ne- cystel ne-tyrosi ne- D-trypt ophan- 15

| ysi ne-val i ne-cyst ei ne-threoni ne) (WOC- 3B) corrpound WOC- 3B was

honbgeneous as deternmined by HPLC and TLC~ 47 mrino acid anal ysis of an

aci d hydrol ysate nfir Qs tion o h

pept i de. %M@% bgngypog{:r:ﬁg ar@ys%rgg %I an aCIS ﬁy&rd\%rsa?te
(tyrosine-tyrosi m@mﬁmmémedethe composition of the Woc-8

phenyl al ani ne- D- tgagtiigehan- | ysi ne-t hr eoni ne- cystei ne-threonine) (WOC-4)

anal og was prepared by S |rr| t.he_neutyrali,zed

benzhydryl am ne- pol yst yr%ﬁe %gﬁ’ﬁ" SE %8ddﬁﬁ‘5¥;§’5&?’h above, multiple
Boc- O benzyl -t Br ézxmsémmsaduessgpnolpqlmqmmahedea@:ltaenhtm in
met hyl ene chl qs¢ dad %romjatl?bst;ﬂ&anﬁ&iééé‘.g %é&y%bﬂnéeié&d@és can hen
cycl ed through s&ap he wash Q_Eoogk{? esc I be bove. The
fol | owi ng am no (f?(d(l%i ana 8307’13 WP ARER BoGYPR ’§b‘c‘?: ively by
t he same 30 pr ocmhimmwabmwxwim Oybﬁhwcomund

‘Boc- N-benzyl oxycaideay. - MtiertatBoe1l; e diiatdatatin analogs can be

Boc- S- net hyl benz s.B - O di chl,orobenzyl -
‘Boc- O di chl org'@ ryifl c BtgP eﬁ?d? Ymﬁ/%ﬂ'l&ﬁ& fashion (i.e.,
Boc- O di chl or oberthd J\ﬁr'liy.lhlesf e andas himgcthen £ admpilag ab8Vet areamotno aci d

bj ect HF I
Igg% [‘JS‘S’%‘/S OZZ 31760 dafhall . aGyai0eca ity | hfididnea Nzé:eminax\oe érgigcfigsn as

descri bed above. <83 ¢ BRAGucega by Hsing combinaticog ?ifeFHéd Y?E‘e
cyclic(Dtyrosi ndenivatiive, N%-Boc,N°~FMOC-Lys. This lysine derivative

15 can be deprotected either at the N position by TFaA
treatment, or at the N€¢ position by treatment with
piperidine/DMF solutions. Thus virtually any combination
of tyrosine residues can be added to the N-terminus to
produce symmetrically or asymmetrically the branching

20 chains.

Rad:.olabel:.ng of the multl-tyros:lnated
somatostatin analogs can be accomplished by a variety of
25 radiolabeling protocols well known in the art.
Radiciodination of WOC-2A, WOC-3A, WOC-3B, WOC-4,
and WOC-8 was accomplished by first adding 0.5 M
potassium/sodium phosphate buffer, pH 7.0 (0.1 ml) to a
12 x 75 m polypropylene tube containing 1 mci of 1251
30 sodium iodide (10 pl) and mixing. Subsequently, 5 ug of
a multi-tyrosinated somatostatin analog and 100 ul of
0.05 M potassium/sodium phosphate buffer, pH 7.0 were
added to the mixture and the solution again mixed.
Immediately thereafter, 5.7 pg of chloramine T (10 ul)



t yrosi ne- D-t yr osi ne- cyst ei ne- phenyl al ani ne- D-t rypt ophan-

| ysi ne-t hreoni ne-cysteine-threonine) (WOC-4) peptide 5 resin was rel eased
fromthe resin by HF cleavage and I[err] cyclization as descri bed.

Col um purification as descri bed yi el ded honogenous WOC-4 conpound as
det erm ned by wibéaoggld TLC. Amino acid analysis of an acid perusesnsast
hydr ol ysate and MAID M5 confirned the conposition of the 10 WOC-4 pepti de.
The cyclic[ (D-tyrosine)[err]-(lysine)[err] (lysine)[err]-Ilysine-

cyst ei ne- phenyl al ani ne- D-t rypt ophan- | ysi ne-t hreoni ne-cyst

ei ne-threoni ne] (WOC-8) peptide was prepar é'd4By'sti rring 15 the neutralized

resin descri bed a fﬁﬂﬂ%ﬂ
di i sopropyl carbodiitm (?%EH 8 %& 8 each ﬁe ch?rorl (?e for 1 h
and the resul t iR ﬁo"ﬁﬁl terninated; hméﬁd&?jéwéogf R outth @& eps (1)

to (6) in the abouwtadxdsupEiteaprodhsl).ol [Bashngtep mmmmm 75 mmol e)

were then coupl ed puceaashygly o &afsaﬁfaeﬁjagfm BRASAYE mixing. Thirty

Boc- S- net hyl benzyl™-
Boc- N- benzy| oxyﬁaﬁﬁ?}ﬂﬂsl #5teE the tljﬂpr of pediymanetahisulfite,
Boc- S-net hyl benzyl2.@yml Bgcelobbe 1njéuﬁkﬁleshaﬁ§nL§a'uﬂ'fﬂmﬁ§lm (5a)t han

deprotected, 25 ngyligsaly SSQFEde%&f Rl it BRCed ot Yestid D

(6 mmole) in the presence 0 enzotri azo Af ter
washi ng and drying, the rﬁﬂpe'? co1 Bl yiMdiipeye| ;?orﬁ- ne)
[err]- (lysine) [Miﬂ.]foh.-ylsluass) w& ;&wwm wﬁtﬁ-srmil}dmrmﬁ ethahelpe- 30
phenyl al ani ne tr, ysi

- 0- benzyl - Thr-g0 aiq("l}'t'i'benz | - st ei ne% %% Phreonl ne- sed W enztﬁ‘ydryl am ne
resin wei ghed 1. 5329 wl 3¢ HPLC Fyritied 8%§-re?%s@?qf? miEthre| Wapy
HF cl eavage anapplded] téythis adonirhande thel 86TumiGraswathed wiithcati on

yi el ded homgeneous nOGrSxfc YA F P belblr. e go1uniP iR 1HA81

subseguently washed with 5 ml of 0.05 M acetic acid. The

15 labeled analog was eluted with 5 ml of 96% ethanol. The
final eluate was collected in a 13 x 100 mm non-HSA
coated polypropylene tube. The percént of the total
radioactivity recovered for each eluate was counted with
a radioisotope calibrater under a gentle stream of

20 nitrogen at 40°C. The dried radiolabeled analog was
reconstituted in 115 ul of 100 mM potassium phosphate,
pH 6.9:methanol (40:60), and incubated at 40°C for 15 min
with intermittent vortexing to ensure complete
reconstitution. The redissolved, labeled material was

25 centrifuged for two minutes to remove any remaining -
particulate matter.

The radiolabeled analogs were then further
purified by high pressure liquid chromatography (HPLC).
The HPLC system was first equilibrated with 100 mM

30 potassium phosphate, pH 6.9:methanol:water (20:30:50) for
18 min at 1.0 ml/min. The reconstituted radiolabeled
analog was loaded onto the column and purified at a flow
rate of 1.0 ml/mn for 20 min. The initial mobile phase
conditions were held for 1 min after sample injections,

35 then changed to 100 mM potassium phosphate,




HPLC and TLC. Amino acid anal ysis of an acid hydrol ysate and MALD MS

confirnmed the conposition of the WOC-8 pepti de. As i s evident
framthe description above, nmultiple 5 tyrosine residues can be
i ncorporated at the N-term nus of the somatostatin anal ogs. The tyrosine

resi dues can w6 ogsli{gd to the analog so as to forma symretr
branching structure, as exenplified by the conpound WOC- 8. b&?}ugysmaw
Al ternatively, the somatostatin anal ogs can be 10 Ntermnally extended in

an asymretrical fashion (i.e., the variables g and s in the fornula
above are not equal). Asymetrically brad¥®hed N-terni nal ext ensi ons
can be produced &tUSI n nbi na}i ons of the | ﬁiivge de | vat i

N err]-Boc, Nerr] hapal S (40:6%): WY A 1§rﬁﬁ r%‘t’e&led

ei t her  at t he Na wegwl tcdoddebyedFin 13 tx e00vount Hsarcaateaepbq.n:rc}pﬂma i on by
treatment with eggeri %aefwfoéemiﬁ%f B $rabtibhVwad ol on
of tyrosine residues add ed#eg the rmnus to g

symet ki cal ly or aaiﬂ#é’gls lfﬂ"%ﬁﬁ‘hl sgatagraes £ BV Gna

Radi ci odi nat i o& o:fadﬂmé.svmcpe,édemm wAGe ProceSSe@Band rew@irded asingOC- 8
mul ti-tyrosinat e@u&ﬁxﬁmﬂmtm@mto aphy Man&jét B¥aldred Ofmkhe

mul ti-tyrosinated ﬁﬁg};tostgﬂé cﬁg ca be accon i shed b g variety
of 25 radi ol abel EWF451SCoBEPE H‘a alog was evaporate

Radi oi odi nati on dfo APgn2&s YN 349° @\Mtﬁbam:using a agentine- Blowvof

acconpl i shed by fjs di ngnd &d@a PR AT 0E U pIEBEIG GufilderT PH

7.0 (0.1 mM) to Ienetube contalnn
[err](l 30 sz)dfl'ﬂm’ﬁﬁ}ldﬂf@ (”Tﬁ f%? '}/{)ﬂ?‘ﬁ@/ in 250 mk BEQ 2 g‘f&i‘y‘[err]g of
a multi-tyrosi natohloxddet anaoi 05 oM ad et o Gaid) [Ehe]dma):[og sélutioy was

oS T o nem e ey N Solafhan ity 0 H i o
chloramine T (10 l{Ig;,I.ﬂxr-FV filter coatgd geithy 2% HSA and flush w:lth
PCT/ US96/ 08437 0.8% sodium chloride. This technique allowed rapid
15 separation of the specific radiolabeled specimen peak
from unwanted waste.
An aliguot of this filter-sterilized compound was
incubated in soybean casein digest at 35°C for up to
14 days and thioglycolate media at 22°C for up to 14 days
20 to test for bacterial growth. Endotoxin testing was
performed using the E-Toxate kit (Sigma, St. Louis, MO).
Solutions that demonstrated no bacterial growth at 48
hours and showed no detectable endotoxin were considered
safe for human use.
25 All specimen activity (uCi) was measured in a dose
calibrator at least 30 minutes prior to intravenous
injection. Radiolabeled peptide was injected through a
peripheral arm vein in a free-flowing intravenous line.
One week after labeling, only 30% of the 131I-labeled
30 multi-tyrosinated peptides WOC-3A and WOC-3B compounds
stored in saline had degraded.



- 48 - was added to the solution and 60 seconds |ater the reaction
was term nated by addition of 57 [err]g of netabisulfite (100 [err]l).
Each step was continually bounced-m xed to ensure rapid and proper
m xing. Thirty 5 seconds after the addition of sodi um net abi sulfite,

2.0 mM of 0.005%gehi bl e human serum al bum n (HSA) in 0%1‘)&15?%&!5
acid was added t?‘? gﬁ?"gact i on vessel . A SEP- PAK C- col'um

(M 1ipore Corporation, MIford, Mass) was sterilized with 5 nl of 70%
et hanol, 10 activated with 5 ml of 2- propanol, and rinsed with 12.5 m
of HPLC purified water. The reaction nixt ures®es appli-ed to this col um
and the colum was, wa he h : Yry water. The col um

was t hen subs e ettt iR LECeRLOE. 2 , an , ical ackiviky o
| abel ed anal og vvasﬁaused W|th 5 m of 96% et hanol The fi nal el uate was

collected in a 13 x 100 @wmmﬁﬁ%eurssﬂ@ebﬁapwnouhenmwe The
percent of the tot djoactivity recovered ch el ua s counted
W th a radi oi sc@bﬁg Eéﬁl ﬁ'g)teﬁ\’/tt}r%'érexﬁ’ &5ﬁ?fe %‘ﬁ rﬁotﬂa%%‘ﬁ‘ ogen at
40C. The dri ed Padiecepbored(3SER2)y was usedcinnsonatoshatiin resepsor] 1 of
100 nM pot aSSI um maaahatsssayspH Thed TiRERABEL 1€ AR ma iditd inaguiat ed at

feconstitution. THEmEal.emreRtlal nadia (HBL Suri erenied Wb H8NC . o
two minutes tor em&-angctmm ptal beviheuserumnekQlU/ml penicillimhe
radi ol abel ed anal a@9 pgy# ggbl_;ipwﬁgarn andPHbhésSchtnaNialiney asgdse | iquid
chromat ogr aphy HEL&%__ T LC S%‘%&%{ X_@gflrst e%(u?lllbr ted vmth 100
nmM 30 potassi u HLed © G R4t £7 918 nmin
at 1.0 mM/mn. Th&oOr onEPESUt%an MCAa b6l M EDTPanaJ ol was | oaded onto the
colum and purifi Qdmg&cap{:,g,gmanoi atlgoomlngcﬁ | &% fg:u pefjuii . The initial
T et o S BhR B Sivheiir el bl G5 Qhegti ons: 39
] concentration of x 10 cells/ml. Cell membranes were
15 prepared according to the method of O/Dorisio, M. S.
et al., Cell Growth and Differentiation, 5:1-8, 1994.
Membrane fractions were prepared by differential
centrifugation and the membranes resuspended in buffer
and stored at ~-80° for receptor binding studies.
20 Binding assays were carried out according to the
' method of O’Dorisio et al., supra. Briefly, somatostatin
receptor binding assays were performed in media
containing 50 mM HEPES, 10 mM CaCl,, 5 mM MgCl,, 50 ng/ml
bacitracin, 200 KIU/ml Aprotinin, 0.02 upug/ml PMSF and
25 0.5% bovine serum albumin. Specific binding of both
125I-mn1ti-tyrosinated somatostatin analogs and
1257-native somatostatin (S-14) were determined.
IMR32 membrane fractions (100-150 ug) were incubated with
0.015 pM 1251-multi-tyrosinated analog or
30 125y.gomatostatin with or without increasing
concentrations of unlabeled ligand in a shaking,
temperature controlled water-bath (17°C) for 30 minutes.
The reaction was terminated by centrifugation at 11,000 x
G for 3 minutes. Supernatant fluid was aspirated and the
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- 49 - pH 6. 9: net hanol (40:60) over 2 min. Fractions of 0.2 nl wer e
coldected in 13 x 100 mm HSA- coat ed pol ypropyl ene tubes. The
radi oactivity of each fraction was counted in a radi oi sotope calibrater.

Chr omat ogr ans f ogyddésaid S radi oi sotope detectors were pr ocess&ir,aﬂqm
recorded usi ng M LLENI UM err] 2010 Chronat ography Manager So tvvare.“%e

purified nonoi odinated [err]-I1 | abel ed anal og was evapor at ed to dryness
in a 40[err]C waterbath using a gentle flow of nitrogen. The dried,
purified, and radiol abel ed anal og 10 resi due3has reconstituted in 2.0 m of

0. 9% sodi um chl oride and, 0.0 aceti.¢c _aci.d, The anal.oq sol uti.qn

t hen passed thrbuﬁﬁ&é°7%€%$+H§ M&uﬁ i h‘éga?‘gfﬂi %?%rpeaue%l ITE?% e ekt
coated .with 2% HSA oruma | epunr&err th 0. 9% sodi um chloride. This techni que
al l oned rapid 15 separ at ispecetié eisdig fuds 'clicilakelcds spgoti@n peak

from unwant ed was An al Lguot af {hi I -steghlized
conmpound was iégﬁgﬁf%’ac? nb%tgfoe%a%‘%g eFHadPég'éép%fiéjg{ e‘ri § gh or up to
14 days and thifogbyesence ofdt #MunlabelefCligand) h@@i@%ay;mlﬁ-brﬂ-b}&t

for bacterial grogh8so&idheisiidorstahitad ( éandpﬂié%ﬁdvalshﬁﬂbhbeoﬁ-'roxate

kit (Sigma, St. LQui MO) . ol utions t denonstrated bacteri al
grow h at 48 hgg?éiﬁ%ogjs%%ﬁ/\e@mﬁ’g)t JETE eé"'@ﬁ’& g??ﬂgvﬁgg&?zonsi der ed
safe for human useoncentrations. qfl unjebeded neptide \in [acompetikd¥yeneasured
in a dose cal | biAdDhg adulvsi Fnd3CalchlheedPak Ohg (D ddkiputieeile

- |
injection. Radiol abel ed peptid s_inected through a eri ral _arm
veinin a frecejL-OfOI ‘ggﬂfg”?% P‘tﬁﬁo%ﬁ% %&% Eﬂeﬁ’\%%s&ﬁ M%@F’ﬁﬁﬁ °§n| y
30% of the [err]|Munseh cand(Rodbarid,t funsonat Bdd pegt ialos \ADBI3IABiAche@e, 3B
compounds St or g8y iF26049\° 100,088 #d@9fied by McPheat®RR,38164., .
PCT/ US96/ 08437

of Pharm. Meth., 14:213-228, 1985. The results of these

assays with WOC-2A, WOC-2B, WOC-3A, WOC-3B, WOC-4, and
15 WOC-8 are shown in Table 3. Binding curves for native

somatostatin, WOC-2A, and WOC-3B are shown in Figs. 2aA,

2B, and 2C, respectively. Fig. 2D is a graph of a

composite curve showing relative affinities of nati_ve'

somatostatin, WOC~2A, and WOC-3B, and the commercially
20 available somatostatin analog LANREOTIDE®.



- 50 - Somat ost atin receptor binding and biol ogical activity

assays The human neurobl astoma cell |ine | MR32 (ATCC CCL
127), which expresses type 2 somatostatin 5 receptors (SSTR2), was used in
somat ostatin receptor bi ndi ng assays. The | MR32 cells were naintained in
-mnimal essenti a d’ﬁ%gﬂ( MEM suppl enented with 15% heat-in

fetal bovine serum Um penicillin, 100 [err]g/n streptomycin and

nonesgentlal am no acids. 10 Cultured cells were harvested in a buffer
cont ai ni ng 20 MM HEPES, 2 mM MgCl[err], 5 nmM EDTA, 1 nM
2- mer capt oet hanol, 150 mM NaCl, and 50 [er'r']iﬁrﬁ

phenyl met hyl sul f onyl fl uori de (PVMSF), (pH a concentration of 1 x
10[err] cells/m. Cell nenbranes were 15 d according to the nethod

of ODOI‘ISiO, M et cu., Sett—Fronttr—artd IdLIUH B 1-

1994. Merbr anef fractions were pre)ar edGI:i[yrelﬂl%?entl Sopa P?T-?‘ny% rln
and t he nenbranes| resuspended i n buf M ed a ? ng
receptor binding ptudies. 20 Blndlng assays wer ¢ anes)
according to the nethod of Q Dori$io—et—adr—r—&tpra- Bt )

sorr;at _os_tatig0 mVlr EsoRatostatin ngC assfyps 46eteoped f :n:sw)yd ||ro.rzadrtao 15
cont ai ni ng EPES Ca 1[e Olerr] i -5a.ng/
bacitracin, 200 K Qi Emlln Q]AQ #‘"’1' ' R E g.
serum al bumi n. Spnwoéi-nabl ndi ng- of buhsa +[0r5$| €Tul ti 4t5.73sknBt 84

somatostatin angl p [err]T-native sonmptostatin wer e
det er m ned. Négésﬁgfbrane-L+ae++fﬁ&—%&@@—&é@—feﬁﬁ}giihéfl retiated
with 0.015 pM [ wockBanul ti-tyrosi .06 %nakoy ¢(2) 30 }[1e93] k- 8Bt ostatifh

with or without ifgrea BNg conceng ratl.0Rs ;0f U belecijf4gang_5g a

shaking,  tenpef ~-S—or—30—mrrutes:
The reaction was [wogtaated by centrilfugation—at 11, 000|&.0 G for 3
m nut es. SupernataﬂacLBU|d was asplr*aﬁqsagdoggg (6) 0.69 % 0.42

10 * Number of samples tested for GH release.

Exposure of IMR-32 membranes to radiolabeled
somatostatin analog WOC-3A resulted in high levels of
total binding. When membranes having bound radiolabeled
WOC-3A were incubated in the presence of a 10,000-fold

15 excess of unlabeled WOC-3A or native somatostatin, no
radioactivity was displaced. These results indicate that
halogenated, multi-tyrosinated analogs bind somatostatin
receptors in an irreversible (or nearly irreversible)
manner, and imply that these somatostatin analogs can be

20 internalized into the cell.

The multi-tyrosinated somatostatin analogs were
also tested for their ability to inhibit release of
growth hormone (GH) from acutely dispersed rat pituitary
cells, which express SSTR2. Pituitaries from adult

25 Charles River CD male rats (Wilmington, MA) housed under
controlled conditions (lights on from 0500-1900 hrs),
were dispersed and cultured using aseptic technique as
previously described with modifications (Hoefer et al.,
Mol. cell Endocrinol., 35:229, (1984); Ben-Jonathan
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- 51 - radi oactivity of bound ligand in the pellet quantified in a
ganma counter. Speci fic binding was cal cul ated using the

di fference between total and non-specific (in the 5 presence of 1 [err]M
unl abel ed | i gandyobémdsing. Equilibrium di ssoci ati on const anpgrdécsisl)

and t he nmaxi mal nunber of bi nding sites (B[err]) were determ ned using
seven concentrations of unlabel ed peptide in a conpetitive bi ndi ng
curve and cal cul ated using a conputerized 1% nonl i near | east squares fit to
t he mass-1 aw equati on of Munson and Rodb Pdf Munson, P.J. et al., Anal

Bi ochem , 107:, 239 y fi P n, imah of
Pharm Meth. , 14:%‘%%}228143;1:8%@? %ﬁ"é@‘gish‘l 1@%?4%%2%%59 as“s’%sﬁm th WOC- 2A,
VOG- 2B,. WOC- 3A, W3R, Rpdogringlogy, i@ #0-c (3RBRN-i n Table 3. Binding
curves for native soriaticfilyt, pituitaZiesawerd\@emivest Exomodncapitated

2A, 2B, and 29&#5?,59@95:5.8{?%&; &bd- tidh iplated’ #Ma 0k ficonLAEM 0N ilopi@UT Ve
affirn_ti 2 an

showi ng rel ative es of npative ,sonatostatin - 2A, - 3B,
and the conmer 8i A9iptidlatirn pial seonkaining 2 BhaPoddL DE[err].
WO 96/ 39161 (Worthington Biochemicals, Freehol@CTRIFOiN OSdérile—-
- 52 - ! —Ringer Wb

£ilt d Krebs-R te buff 1 ted
GH rel ease * Soerxr.gt ostgtfn nger . nate butter supp e<n||e éerr] nM
Recept or Bi ndi ng with 1% bovine serum albumin, 14 mM glucose, mcq:it -
menbr anes) Eagle medium (MEM) vitamin solution and MEM anminal acids)

10 (CGibco Laboratories, Grand Island, NY) (KRBGA). All
glassware was siliconized as described by Sayers et al.,
Endocrinology, 88:1063, (1971). The pituitafy fragments
were incubated in a water bath for 35 min at 37°C with
agitation. The vial contents were then poured into a

15 scintillation vial containing 2 ml 0.1% DNase (Sigma
Chemical Co., St. Louis, MO) in KRBGA and incubated for
2 min at 37°C with agitation. After incubation the
tissue was decanted into a 15 ml centrifuge tube and
allowed to settle. The medium was discarded, and the

20 pituitary sections were washed 3 times with 1 ml fresh
KRBGA. The cells were dispersed in 2 ml 0.05% LBI (lima
bean trypsin inhibitor, Worthington Biochemicals) by
gently drawing the fragments into and expelling them out
of a siliconized, fire-polished Pasteur pipette.

25 Dispersed cells were filtered through a 630 um diameter
Nylon mesh (Tetko, Elmsford, NY) into a fresh 15 ml
centrifuge tube. An additional 2 ml of 0.05% LBI
solution was used to rinse the first tube and was
transferred to the second tube with filtering.

30 The dispersed cells were further diluted with
approximately 15 ml sterile-filtered Dulbecco’s modified
Eagle medium (GIBCO), supplemented with 2.5% fetal calf

. serunm {GIBCO), 3% horse serum (GIBCO), 10% fresh rat
serun (stored on ice for no longer than 1 h) from the

35 pituitary donors, 1% MEM non-essential amino acids



Somat ost atin 0.46 0.04 (18)* 0.23 0.15 LANREOTI DE[ err]

0.40 0.10 (3) 1.05 0.51 WOC- 2A 4.84 0.58 (7)
5.73 0.22 5 WOC-2B -- 1.2 WOC- 3A
0.96 0.01 (2 1.93 0.35 WOC- 3B 0. 66 0.06 (8)
1.14 0.28 Vi¥o 6139 PeSs8ei08437
2.46 0.69 (6) 0. 69 0. 42 10 * Nunber of sanpl es tested for

rel ease. Exposure of | MR-32 nmenbranes to radiol abel ed
somatostatin anal og WOC-3A resulted in high Levels of total binding.

When nenbranes havi ng bound radiol abeled ~ WIFSA wer e i ncubat ed in the

ggﬁ;eggeaﬂ na oo q%rgngbaégl Vi géiJ%b? gi#?i resJ@"?:sg I ndi cate

t hat hal ogenat d30,080P: P/mi; EHiﬁ)e-d Fhel Ggilﬁﬂ‘ﬁ%F%cHﬁ}tr@?t intp a 50 m1
receptors in an i roan@~pobtoméd gl lextractionsfbask withrandeatrgeand i nply

that these somato n r e cell.

‘The nulti-tyrosi ngttighlhgona%%?%ﬁ (%g\to%gswr‘:ﬁ Qaﬁéﬁﬁ'&ﬁ teeg:teg(; for their
ability to inhi®i(appresisately 2,Q)0R.0006eABAPETRitHSMNIut 8PF di spersed
rat pituitary eahhamlympwtaxmew ashikey Bftzwmooes:efmenpae}uhu%

Charl es R ver S 0 u
conditions (Ii ght %mcé)\g%%é%%d %oc?{é;tggvv%%ge 'SP erse é %?uréd
usi ng aseptic tecmﬁ)queThe platad nedls yeyesvpintaingd HWH’PE&Pfﬁns

(Hoefer et al., melfBtm €ald lﬁﬂﬂmrﬂm atmodphérd, of ¥ mirBanalsgacdan
WO 96/ 39161 PCT/ US96/ 08437

- B3 - et a? atlvg?ﬁgd nzy “133"2!3 (1983); and Hei man et al.,
Endocrinol ogy, 116: 410, I(nlpg'gparation for a hormone challenge, the cells

were washed 3 times with medium 199 (GIBCO) to remove old
medium and floating cells. Each dose of somatostatin or
analog (diluted in siliconized test tubes) was tested in
15 the presence of 1 nM GRF(1-29)NH, in triplicate wells in
a total volume of 1 ml medium 199 containing 1% BSA
(fraction V; Sigma). After 3 h at 37°C in an air/carbon
dioxide atmosphere (95/5%), the medium was removed and
stored at -20°C until assayed for hormone content. ICgz,'s
20 (a concentration that provides half-maximal inhibition of
CH release) were calculated using the computer program
SigmaPlot (Jandel Scientific, San Rafael, CA).
The results of the GH release inhibition assays
are shown in Table 3. All multi-tyrosinated somatostatin
25 analogs tested inhibited GH release. The direct
correlation between somatostatin receptor binding and
inhibition of growth hormone release between somatostatin
receptor binding and inhibition of growth hormone release
is discussed in Rayner, Mol. Pharmacol., 43:838-844,
30 1993.
The above data demonstrate that multi-tyrosinated
peptide analogs not only bind to somatostatin receptors,
but also retain the biological activity of somatostatin.



Bri ef | y, pituitaries were renoved from decapitated rats, sectioned, and

then placed in a siliconized, liquid 5 scintillation vial containing 2 m
0.2% trypsin (Worthington Biochem cals, Freehold, NJ) in sterile-
filtered Krebs-Ri nger bicarbonate buffer suppl enented with 1% bovi ne
serum al bum n, {owbhksikicose, nodified Eagl e nedi um (MEM

solution and MEM am no acids 10 (G bco Laboratories, Gand Islan

(KRB&) . Al gl assware was siliconized as described by Sayers et al.
Endocri nol ogy, 88:1063, (1971). The pitui tar fragments were i ncubat ed
in a water bath for 35 min at 37Cwth ~a8 ation. The vial contents were

then poured into se (Si gna
Cheni cal Co., St. Frreat 37C

with agitation. mnltncubatlon the tlssue was decant ed into a 15 ni
centrifuge tube and al¢ e @ 716-yehrl-61d TWRi t&@ didle \WHadtosedl #eth and the

20 pituitary sec S Wt The
cells were di speltb %Pﬁgégﬁwgggg%iﬁé% °I} ;ngia#lf‘ %3? Cet?]lyor
Wor t hi ngt on Bi écmcxagrswgm JEAtundenwentng rﬁghtrugnenlmm@mmd
expel I'ing them outntensabeacneinbenerapﬂ wiftn MQ';E&BedgEﬁﬁéBUFHﬁ ldease?5

D spersed cells re r nete Nyl on nesh
(Tet ko, El nmsfor d’n gggiyghgﬁy%%&%%e[ ?r Q‘ﬁé tub An addi t.i onal °
2 m of 0.05% LBI Insleakeﬁlqsh pentetregtide  (GCTEREQRCAN®)s scamy shawed was
transferred to tlmwi Q&dtﬁﬂbﬁs%ﬁf’oﬁgﬂ&ﬁ ibdkh 3dng fieldsThesdlemnsed

cells were fu Wit r Qxi mat el rije-filtered
Dul becco' s m)ébfl d’s fl ngﬁ?lﬁﬁaﬁ)%'%(ﬂa ?&éﬁﬁgmgﬂt %‘agw‘i?’f‘ef"?% fetal
cal f serum (GIOBED@Ptié% agetete et2Amy/@agQOfirstradninistaered bysdhmee

(stored on ice f%paeahemgeépaééa :’.Lniacéirdi@ ke 38bBe&uéhrely donors, 1% MEM

E(C)Z[I]'/ Eggg?géils?am Jggsg.ered by continuous su%cu apgous infusion by

battery-operated pump. The patient tolerated this

15 therapy well and initially had a 25% decrease in his
tumor volume. Over the ensuing several months the
patient’s tumors progressed despite this therapy.

The octreotide acetate therapy was terminated and
one week later the patient again underwent:

20 1llyn-pentetreotide (Octreoscan®) scanning. This scan
showed that HC had developed approximately 15 brain
metastasis and that his lung tumor continued to scan
positive. No other additional sites of metastases were
discovered.

25 After careful consideration and consultation with
the patient’s local medical doctor and his local medical
oncologist, it was decided that this patient had
exhausted all conventional treatment options. Because
the patient’s tumor bound radiolabeled somatostatin

30 analogs as determined by the 11lI-pentetreotide scan,
therapy with radiolabeled somatostatin analogs can be
efficacious as these analogs would deliver the

. radioactivity directly to the tumor. Compassionate-need
use of radiolabeled somatostatin analogs was initiated

35 immediately.




(@ BCO, gentanycin (10 ng/m; Sigma) and nystatin (10,000 U n;

A BCO. The cells were poured into a 50 m round- bott omed gl ass
extraction flask with a large di anet er opening, counted with a
hemacytonmeter 5 (approximtely 2,000,000 cells per pituitary), and
random y pl ated sity of 200,000 cells per well (Co-s r
24; Rochester Scia%(r)]tl ?&(} Co., Rochester, NY). The pl ated ceI+‘glt’l\;\/eé‘g?,gﬁ[".’a
mai nt ai ned i n Dul becco's mediumin a hum dified at nosphere of 95%air
and 5% CJ err] 10 at 37[err]C for 4 days to 5 days. I'n
preparation for a hornone challenge the cel$6 - were washed 3 tines with

medi um 199 (@ BCO) to re v medi um de _dase of
somat ostatin or anal o at¥ﬁ°§’r’r‘f'%°g‘¥ﬁfé‘a b%xﬁl ﬁbeg’ ed in
15 the presence owag nad lle-’QEB; e it bnndinqu#-Q;e&@ﬂﬁ@lmtﬁn a total

volume of 1 nl negeddp é@:?s%ﬁalﬁﬁd&dl%sBaéscnﬁéd dBdvall Va Paten) of AFder 3

h at 37[err]Cin a di_oxi nospher 95 the nmedi um
was renoved and %St éé @a‘? n%[ agﬁt?# e(goéqﬂxa%&f’ﬁﬁne content.
Iderr]'s 20 (a5 cEniendswoodn 'Dﬂataqsir dtsdstenalitmnmmbmtnn of

GH rel ease) were eaheabaéed:és-im t h%aﬁ@.ﬁﬁﬂiaéie@rm—%ﬁ wasSigjeBkes (Jandel
Scientific, San Raf sult.s, of the GHrel ease

i nhi bi tion assays~® nif, W%‘%ﬁ?ﬁh 3 £ ghgrmﬂ?? Rptics i nat ed
somat ost atin 25 abapdistrimitsibn df Fhectadipblabelat coiipowd were

correl ation betmeaglégﬂaégﬁteuTﬁbrﬁﬁﬁg&?gBrghgdt{ggﬁgu;atid g bition of
Dot bit 1 on of Y oRRERUPGHER 1o SRae1aBa18q wet Sl e, srmpsiiafpfy 301
Phar macol ., 43:83808641. 30 1993. The above data dennnstrate t hat
mul ti-tyrosinated pep&vbieoamal;%ﬁ eoticor 4, BnED é@m&swabi-@a, the
receptors, but Liené é}#41 thgggagag agt|V|t ﬁgngtosggéﬁgkn
WO 96/ 39161 ¥ §43% g
- 55 - Exanpl uswgm Itheadtch GRESTs camers has all rasaalnumac camera.
15 In addition, whole body radiation counts were obtained to
calculate whole-body loss of radioisotope over the three
day period. These studies indicated that a dose of
1,500 mCi can provide: a tumoricidal radiation therapy
dose, yet be within normal tissue tolerance for radiation
20 exposure for all tissues except bone marrow. Bone marrow
would receive in excess of 450 rads (a dose requiring
bone marrow transplantation in 50% of patients). Thus,
in preparation for bone marrow transplantation, the
patient underwent bone marrow harvest to provide cells
25 for reinfusion after WOC-3 therapy and sufficient
clearance of the radioclabeled analog from the patient's
circulation.
The patient was given 1,610 mCi of a radiolabeled
somatostatin analog preparation by intravenous infusion
30 over a one hour period. The analog preparation contained
582 mCi, 758 mCi WOC=-3A, and 221 mCi WOC-3B. To prevent
the accumulation of excreted 131 analog in the gut, a
Dobhoff tube was placed in the duodenum. The tube was
flushed with 500 cc/hr of Go-Lytely®. During the entire
35 time of the Go-Lytely® administration, the patient was



pat i ent ' HC is a 75-year-old white nmal e di agnosed with

br onchi ol oal veol ar carcinoma of the Iung approximately 5 four years ago.
HC underwent a right upperl obectony and i nt ensi ve chenot herapy with
mul ti pl e agents. H s di sease was progressive through these treatnents.
An [err]In-1 aked ggbopgnt et reoti de (OCTREOSCAN[err]) scan showgdy s95/os43
mul tiple tunors throughout both lung fields. Based on 10 this fi ncfU
patient was placed on subcut aneous octreoti de acetate (2 ng/ day) f| rst
adm ni stered by three separately spaced i n+ect i ons and subsequently
admi ni stered by continuous subcutaneous infu8f/on by battery- operat ed

punp. The patient erated t 15 ther.a I niti.al I d,a 25%
decrease in his tj‘?hﬁﬁ? %IT#E ﬂﬁ?‘ ﬁ'@%éﬁ\l\ﬁf’nﬁmég%‘*%’r ]1¥D ﬁg
patient's tunors pidygresthe ch@im yaster apyrapidly as possiblectreoti de
acetate therapy WeRibetréaohét R car®ied etk he!ehe ikalll Cehtadabd

Shoved ¢ hat HC natPRLBLRNE . %f%ﬁ%??;ﬁ%b JCERRLEL ades Y 0l 2 AT
his |ung tunor Todepdudkined xoom in apoéspﬂatedl\se@tim afddhe bospitples of
met astases were AifbeSA¥CErRsk 1251 as extriidtdid FRionf thecalsi Weing ion and

consul tati.on vm'th P, d S

medi cal oncol ogi Ef'&gﬁ %i‘?%t 31 ded%?%%ggt ﬂ?gﬂpgmh gt@r ex%ggst ed
al | conventional Peraeneel miiahion sxpogyre washeopkinuawsly memdtorednd
radi ol abel ed sonmey@thapérscih P isitetarsiet th sedté%ﬁ duisiana Nuclear

anal bgs’can bd s REFRERERy, nocrlY, Rbetind, 516’ Shfrtieln RLRAE '
radi oactivity dirpersonuel isafetyvor. Conpassi onat e- need use of

radi ol abel ed somat ost ati gignah@eSreBFowing e GdhiniG¥PAL 26K 9F the

V\0526/ 3916l radiolabeled somatostatin analog, C11:_l/1éJ Spga /108{}:?;8 total

body counts had decreased to levels allowing a nuclear
15 medicine scan of his brain. Counts in his chest as this
point were still too high to allow scanning.

' Subsequently, the patient developed a cardiac
arrhythmia (premature:atrial contractions with a rapid
ventricular response) and required digitalization. The

20 patient was transferred to the medical intensive care
unit and was subsequently shown to have had a myocardial
infarction by enzymes and EKG changes. His medical
history included two significant myocardial infarctions,
the most recent of which was approximately five months

25 prior to this therapy. On the seventh day following 131I
somatostatin analog, the patient experienced a lethal
cardiac arrhythmia and expired. An autopsy was performed
seven days after injection and normal/tumor tissue
harvested for determination of the number of mCi of 1311

30 in each gram of tissue. 1In addition, a standard autopsy

. protocol for histology was performed. Biopsies from
brain, muscle, and thyroid were subjected to

. autoradiography to allow exposure of silver grains by
131y.yoc3. silver grain deposition was observed in brain,

35 indicating that the 131I-WoCc3 penetrated the blood-brain



The nul ti-tyrosinated somatostatin anal og WOC 3A was radi ol abel ed and

its binding to somatostatin receptors was tested as descri bed above. A
batch of [err]] WOC-3A (1.6 nCi) was nmade (1so-Tex Corporation, 5

Fri endswood, TX) and its sterility and pyrogenicity tested at |so-Tex.
Radi ol abel ed WOC~pd\osisdier Nj ect ed i ntravenously and the phar ngemdogBdsss S
and bi odi stribution of the radi ol abel ed conpound were cal cul ated. The
tunmor/normal tissue ratio of 10 distribution of radiol abel ed WOC- 3A was
approximtely 3:1 to 6:1. Follownglnjectlon of 1.6 nC of
[err]l WOC 3A, the pati ent underwent t hr e?® days of nucl ear nedicine

scanni ng usi ng ande %é?' vvergaé ¥Bbh ?s %@%sﬁm&ain 15 In

addi ti on, whole boyr ation |ne Iculate

whol e- body | oss ofthﬁaiﬁr shebjeasg \nat th’éeFHPée n m‘t‘:%ﬁ/lﬁrerl s IAEEE st udies
indi cated that a ¢bservationlindirates thatptthz-tocs tluualizatﬂadn riadi at i on

LNor 3D o005 ¥bellE- bbbl 1O U cdriaHEak WERR Kadhil-cfddipisOn 20

exposure for all tTSsuées S@g bon one narrow receive -
in excess of 459 expsessiemsel reopatastgtin reeeP¥RXFow transpl antation in
50% of patients). Thus, erdss Eﬁ.ﬁﬂ&h@ﬁi &b dutiopayn showed ow/ ééﬁwlmbmhh:yn,

D or o T (P UERMED! abRBER I ANE e péé*”‘*"r’%aﬁe Sprife ¥

an
r adi ol abel ed anal BB“‘PFBn‘Pfh%f%aﬁq °ss°arE| censis The
patient was gi venmgpbapdial hifsrctidins ahdl evlldenwn:m c:su:m:entanal og
preparation byygn Y, fcé’:i‘@' 0g
preparation condtJ a%ﬁgd%aaé%fain%? ﬂgfa%%thﬁvw;:“ an czetz)?fl Qg.gnIf TO

prevent the acCaRaPER1 RAYRa e‘?&reé‘i’-é&"fs 19% a?n%‘l‘?}’g qngam é‘YgSP""*é”“ was
Dobhof f tube was pliscederedi he duodenum The tube was flushed with 500

cc/hr of Go-Lytely[err]. s hd@mhhCprEid rae‘.uﬁ%tél};e ?% +E%&Fe L&ite@rﬂre”]
adm nistration, the patient was é’ 5
PCT/ US96/ 08437 distinct from one another and the ratio of mCi/gm of
15 tissue in brain tumor/normal brain was 12:1. No
significant radioactivity was found in the heart. The
diffuse nature of the patient’s miliary lung tumors made
it very difficult to differentiate normal lung from
tumor-containing lung. Thus, determination of
20 tumor/normal tissue ratios in the lung were impossible.
Subsequently, tumor and normal tissue specimens
were examined by autoradiography. Significant amounts of
radioactivity were associated within the brain tumor and
a limited amount of radioactivity was distributed within
25 normal brain tissue. Although these results cannot be
attributed solely to the multi-tyrosinated analogs due to
the presence of LANREOTIDE™ in the injected preparation,
the ratios of tumor to normal tissue binding are
consistent with pre-operative scanning diagnostics using
30 WOC-3A alone.
Other embodiments of the invention are within the
following clainms.



- 57 - sitting on a toilet designed to continuously flush to dilute
the radi oactive waste as rapidly as possible. This treatnent was carried
out-at the Medical Center of Loui siana at New Oleans (Charity Hospital)
ina 5 lead-lined roomin an isolated section of the hospital. Ai r bor ne
free [err]l as emigsgdhfgd fromthe air using a charcoal filtepclfsddnsasr
series wwth a UHEPA filter. All personnel radi ati on exposure was

cont i nuously nonitored wi th personal dosinmeters. The State of Louisiana
Nucl ear 10 Regul atory Agency supplied two observers to ensure per sonnel
safety. Si x days followi ng the ad®® it stration of the _
radi ol abel ed sonat ost ati g. apal og., the tient's total body counts had
decreased to levels all o&f‘ﬁg i\sn ar%’ﬁno%bs'nedi ci ne scan of his brain.
Counts in his chest as thrs A eonpaungehaving g formniyselechad from theng.
Subsequent 'y, t hegisdg Qfangigtqh-,gpgdga cardi ac arrhythm a (premature
atrial contractions vgt h a rapi ventri c%r response) and required
digitaltzation. The 20 patient was traff er r¥dntFr he nedical intensive
care unit af®d was subsequently showl)t o H¥)g-Add-¥—Py&nd di al

hi story included two

infarction by enzynmes and EKG changes. dyi s | e X]

significant nyocardial infarctions, the nost %ce‘ﬁt‘l\o«f\ Wy ch was
approximately five nonths 25 prior to this therap_z. On t event h day
following [err]l somat ost ati n anal og, thd¥)gl | €X], erienced a | et hal

cardiac arrhythm a and ewRéréfih P\ i @omatéztalehf ﬁé?@ﬂied atrm‘@qv?ﬁbh f
or determination o

The nunber of 100 BEH o 1 SAPReRsEaEHR Ferf RIS soue. I n addi tion. a
standard aut opsy ¥ ipibttymssine, brtyvosigenoser desaninmettyBpsiness from
xposure of S 1V o A ne e e e oogRogy 1 on was
observed in brai ne,a%'j '-’r'no‘i’@./?ﬁel‘?& Pﬁi}'t:ﬁﬁ ?’érf‘} e—'!ﬁ%rrﬁg'nét Egt gg'the

bl ood-brain inclusive,

15 each s, independently, is an integer from 1 to 32,
inclusive, where q and s can be the same or different,
and | '

X is of the formula
, D~NH,-CH(CH,) ,NH,-CO,H or

20 1~NH,-CH (CH,) ;NH,~CO,H,

wherein m is an integer from 1 to 10, inclusive.

2. The compound according to claim 1, wherein P
is selected from the group consisting of:
a) Cys-Tyr-D-Trp-lys-Val-Cys-Thr-NH,,
25 b) Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,, and
c) Cys-Tyr-D-Trp-Lys—-Thr-Cys~Thr(ol).

3. The compound according to claim 1, wherein X
is lysine.

4. The compound according to claim 1, wherein

v 30 the compound comprises a halogen atom bound to a
D-tyrosine, L-tyrosine, or desamino-tyrosine of the
compound.

* [ L M S *
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- 58 - barrier. Silver grain deposition was al so observed in

thyroid, but was not observed in nuscle. This |ater observation

i ndi cates that [err] | -WOC3 | ocalization is ti ssue-specific and

correlates with ¢ gipecific 5 expression of somatostatin o a?
Gross findi ngs at a opsy showed a severe coronary artery di'sease W -11
"stove pipe" coronary arteries, a nunber of ol d cardiac scars consi stent
with old nyocardi al infar ctions and evi dence of a recent 10

sub- endocardi al infarction. No evi dence of~=s®@ri fi cant cerebral edema or

evi dence of other organ dysfupction was di_ sgqver
normal brain and brain t ﬁors%r% ‘} cceor &9 ﬁ%tc*ﬁi(ﬂn‘ldne’ha?ﬁ%?ﬁer and
the ratio of nti/gaidfhakogen aton dsbraﬂnoaqhnv¢norna| brain was 12:1. No

significant radioactivity was found in the heart. The di ffuse nature of
the patient's mliary lung tu L S, nade itvr h
differentiate normal lund*fro RRRING. ;Zi; %werezn
determ nation of 88iduradioashive haiggenratmosm 1ﬁ?>'bsswlbl e.
Subsequent |y, tgind3igand normal tissue speci nens were exam ned by

aut or adi ogr aphy. Significant anounts of radi oactivity were associ at ed
within the brain tunor and a limted amount of radioactivity was

distributed within 25 noral Arcéompaunt having kofgimuelessekanhed fromnkbe be
attributed solely gulgrecﬁ’gigﬁn{qybgsr nat ed anal ogs due to t he presence

of LANREOTI DE[ err rFSE éyé- "TEl _& Jﬁl’a[ ), he atios of tunor to
Q

normal tissue bind! & scanni ng
di agnostics usi ngmem%QwePhe-Dﬂrp'LYﬂTlm-%mnMis of the

invention are iy tB) r'rff'-%la-ﬂ-@y&abyﬂgrﬁabn@rp-Lys-Va1-@5-&9&9@&239161
PCT/ US96/ 08437 d) '.l'yr-D-'I'yr-0ys-Tyr-D-Trp-Lys-Val—ch-Thr-NH2,

e) D-Tyr-Tyr-Tyr-D-Tyr—Cys—Phe-D—Trp-Lys-Thr—Cys-Thr-NH,,

£) D-'.l'yr\
Lys
15 D-Tyf/
Lys
D-Tyxr
\Lys
D'TYI',
20
ys-D~Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,
D-Tyr
\Lys
p-Tyr’ \ |
25 Lys

D-Tyﬁ>q§///

D-Tyr.

8. The compound according to claim 7, further
30 comprising a halogen atom bound to a tyrosine residue.

* c L N S *



- 59 - What is clained is: | 1. A compound having a

formul a selected fromthe group consi sting of:

a) - (Y) [err]P, 5 b) (Y)[err]-Ala-Y-P, and

c) (V) [err] _ _ _ (Y) [err] _
wherein P is a sqipéspoiedt i N peptide anal og which 10 binds to a wqiRbasdt i n
Teceptor; Yis Dtyrosine, L-tyrosine, or desam no-tyrosine; nis an
integer from1l to 32, inclusive; each g, independently, is an integer
from1l to 32, i nclusive, 15 each s, independently, is an integer froml
to 32, i ncl usi ve, where g and s can be TH} Sane or different, and

Xis of the formula . . .
D-NH err] - CH(CH err]) [ er PINH F% 1CTRAPH ACSPE9ing to claim 8, vhereln

L- NH err] - CH ( CH Ere | Yyxcsine\pesiapecip cpelected £xemy Ehg @FPYPan int eger
from1 to 10, inceesisting of L-tyrosire, Dfyrcimpouafdaqesawing to claim

1, wherein P i fed fromthe group consisting of: a)
i

Cys- Tyr-D-Tr p- Ly S-Thr-NH err] 25 b)

Cys- Phe-D- Tr p- Lys-Thr-Cys-Thr-NH err], and c)
Cys- Tyr - D-Tr p- Isys- Thr - Cyse Thrfitd )compound accordifyg td lelioisquwteretanr di ng

to claim1l1, wherefln. IS XSlhes: . 4. The conpound accordi ng
to claim1, mheré%é?éiyﬁﬁégégbé%gﬁnésc%%%%?%&%?zf'halogen atom bound to a

D-tyrosine, L-tyrosine, or desam no-tyrosine of the conpound.
11. The compound according to claim 9, wherein

said radioactive halcgen atom is selected from the group
consisting of: 123y, 124y 1257 1297 gapq 131y,

10 12. A pharmaceutical composition comprising:
a compound according to claim 1; and
a pharmaceutically acceptable carrier.

13. A method for diagnosing in vitro a tumor
associated with aberrant expression of a somatostatin
15 receptor, said method comprising the steps of:
obtaining a sample of tissue from a patient, said
tissue suspected of aberrantly expressing a somatostatin
receptor; _
contacting said sample with a compound according
20 to claim 1, wherein said compound is detectably labeled
and said contacting allowing binding of the compound to
somatostatin receptors of the sample; and
detecting a level of binding of the label to said
sample;
25 wherein a level of binding of the label to said
sample significantly greater than a level of binding to a
. negative control sample is indicative of a tumor
associated with aberrant expression of a somatostatin
receptor in said patient.

AR ORY R 0
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- 60 - 5. The conpound according to claim4, wherein sai d
hal ogen atomis radi oacti ve. 6. The conpound according to
claimb5, wherein sai d radi oactive hal ogen atomis [err]l, [err]l,
[err]l [err]l ogoogadigy ]! 7. A conpound havi ng gerfdngdolblasy
sel ected fromthe group consi sting of: a)

D Tyr-Cys-Tyr-D-Trp-Lys-Val -Cys-Thr-NH err],

Tyr-D Tyr- Cys- Phe- D- Tr p- Lys- Thr - Cys- Thr - NH e'y* 10 c)

Tyr-Al a-D Tyr-Cys-Tyr-D Tr p- Lys- Val - Cys- Thr err],

Tyr-D-Tyr-Cys-Tyr-D- Trp-Lys-Val -Cys-Thr-NH err],

D Tyr-Tyr-Tyr-D- Tyr- Cys- Phe- D- Tr p- Lys- Thr - Cys- Thr - NH[ er r], f) D Tyr
Lys 15, D Tyr Lys D Tyr Lys
D-Tyr 20 Lys- D- Phe- Cys- Phe- D Tr p- Lys- Thr - Cys- Thr-NH err]
D Tyr Lys 25 D Tyr Lys D Tyr.
) ' NATIVE SOMATOSTATIN (SS14)
6.7} 2, A
125|.SOMATOSTATIN
‘BOUND 41
(x 10" cpm)
23r
U-'-lL 1 :: 1 b { L 1 13 1 q
0 11 10 9 8 7 6
FIG. 1A -LOG [M] UNLABELED PEPTIDE
WOC-2A
®
67 - r
- 125, 50MATOSTATIN
BOUND 41}
(x 10 cpm)
2.7r
3 U-? de e 2 2 " 1 " d
0 11 18 8 8 7 6

FIG. 1B -LOG [M] UNLABELED PEPTIDE
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8. The conpound according to claim?7, further 30 conprising a hal ogen atom

bound to a tyrosine residue. WO 96/ 39161

PCT# US96/ 08437 - 61 - 9. The
conpound according to claim8, wherein the tyrosine residue is selected
fromthe group waesmieating of L-tyrosine, D-tyrosine, and degg¥Rssnses7

t yrosi ne. 5 ~ 10. The conmpound according to claim8, whereln
sai d hal ogen atomis radi oactive. 11. The conpound according to
claim9, wherein sai d radioactive hal ogen atomis selected fromthe
group consisting of: [err]l, [err]l, [err%b [err]l, and [err]l. 10
12. A pharnmaceutical conposition conpri sing: 2 a conpound
according to claim1l1; and a pharmaceutically acceptable carrier
13. A nethod for diagnosing in vitro a tunor associ ated wi th aberrant
expression of a somatostatin 15 receptor, said nethod conprising the steps
of : obtaining a sanple of tissue froma patient, said tissue
suspected of aberrantly expressing a somatostatin receptor;

contacting said sanple with a conpound according 20 to claim 1, wherein
said conpound i s detectably |abel ed and sai d cont WOGBBI | owi ng bi ndi ng

of the conpound to somatostatin receprl'm—m—‘l-h'e-sa'rrp'l-e,—arm
detecting a | evel of binding of the | abel t?Efaid

6.7

47t
125, SOMATOSTATIN
BOUND .
x103cpm) [
I

0 M 10 9 8 7 6
-LOG [M] UNLABELED PEPTIDE

FIG. 1C

COMPOSITE CURVE
1.0} B
=]
fm]
08¢
06}
125 gOMATOSTATIN
BOUND i
- (x 103 cpm)
.2t
' pol————
D 11 10 9 8 7 6

-LOG [M] UNLABELED PEPTIDE

FIG. 1D
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s-'.a.rr'p'l e; 25, wherein a |l evel of binding of the |Iabel to said RTmP cops

rsanple si 'gnli ficantly greater ithan a |level of binding to a negative
conkrol sanple is indicative of a tumor associ ated wi th aberrant dros8g 8-
expressiion of a somatostatin receptor in said patient.
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