PEPTI DES The present invention relates to somatostatin peptides, process
for their production, pharmaceutical preparations containing themand their
usé as a radi opharmaceutical, e.g. for radiotherapy of somatostatin
receptor positive tunors. Radiotherapy of tunors wi th radioactive conpounds
has the advantages of selectively targeting tunors and their netastases,
thus limting the radiation dose to normal tissue. A radiotherapeutic agent
shoul d have a fast accunulation and high rgtention at the target organs,
e.g. tunor, and a fast clearance fromthe circulation to limt the whole
body radi ati on dose. A radiotherapeutic agent based on a chel ated

r adi onet al Sr?%ﬂd%?ﬁkso be thernodynami cally and/or kinetically stable

agai nst loss of the radionetal, A radiotherapeutic agent being adm ni stered
repeat edly shettd—ret be i mmunogenic. GB- A- 2, 225,579 di scl oses somatostatin
pepti des bearing at | east one chelating group which can be radiol abell ed

for in vivo diggpeskbst aitvehbebAPLdlldtesabl! dGitol0atrid R 1808PPIUlesar €
capabl e of bi dlgg to %gﬁﬁ&%étathm{ecggtgrs 33%. expr essed gr..

over expr esse %{;:‘/ S rRESTICTA P s (A LACERE 1A T FFRB5A 1t CRREAUHAG 586%1 i n
pepti des conpnsithgin wee @fcai sadionherpasewolraly - ecdr bingy rpdiatherapyePit i ng
group attachesbnia®okbetin treicepbalr positdver bufiodd. neans of a spacer group.
However, even though the presence of a bifunctional chelating group

(oct adent at e) d of a spacer group lead_{o the inprovengnt of certain
broper ti e ofRATERESHRY Gty B UGHEE. TeALIartives PPRPOUTEo HB8I Fitg need f or

a radi ophar meshaniceges i seflect freely rprgetingprtupersi asd thedti vetastases, hi gh
target/ ki dneyeHuat I 9mi ©ikg Hhal 28aidEonadbaé i € néemali fiddie ki gneys. It has -
now been f ound 4ihal squpl.ast atin. DepthdeR.ge discloged DALl BA L&l nign
conpri si ng a TOHGFURCTT ohalc DOTA (31,47, 1071 ét r&- g
azacycl ododecesitention At (hee tapgeletdrgansr 09 - Coumght cdndiiar £agt yclearance
from the circulation to limit the whole body radiation dose. A
radiotherapeutic agent based on a chelated radiometal should also
be thermodynamically and/or kinetically stable against loss of the
radiometal. A radiotherapeutic agent being administered

repeatedly should not be immunogenic.

GB-A-2,225,579 discloses somatostatin peptides bearing at least
one chelating group which can be radiolabelled for in vivo
diagnostic and therapeutic applications. These compounds are
capable of binding to somatostatin receptors, e.g. expressed or -
overexpressed by tumors or metastases. EP-A2-607,103 describes
somatostatin peptides comprising a bifunctional polyvaminopoly-
carboxylic acid chelating group attached to their terminal amino
group by means of a spacer group. However, even though the
presence of a bifunctional chelating group (octadentate) and of a
spacer group lead to the improvement of certain properties of the
resulting conjugate, there is still a compelling need for a
radiopharmaceutical with further improved properties, particularly
a high target/kidney ratio to minimize the radiation dose in the
kidneys. '

It has now been found that somatostatin peptides as disclosed
hereinafter comprising a monofunctional DOTA (1,4,7,10-tetra-
azacyclododecane-1,4,7,10-tetraacetic acid) conjugated directly,
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2 i.e. in the absence of a spacer group, to the term nal am no group of the
sogmat ostatin peptides have inproved properties. Particularly they have an

i mproved tunor/kidney ratio hence a | ower radiation dose delivered to the
ki dneys. According to the invention thege is provided a conpound of formula
| [err] wherein Mis a cation and Ais Phe or Tyr, in free form salt form
or conplexed with a radionuclide. As it will be appreciated, each bond
[err] connectiirgy Annthe cihsengeort 4 srelger DO otauthe dirswdnad pareine ggoup
et hyl ene. dV\hecrf Aties sBiigs odtat i RepépticiesDhaty Dipriovedcerapuritdest formul adl
corresponds t t [ o onds to
[ Tyr[err]]-oc %&ﬁ&:ﬁggﬂﬂethe\@hﬁg‘(édxﬁ 1;;%%0"&&!6\‘2&%9/%9&#? r%ttgﬁyﬂésrzg%%f orm ng
cation for a keWeBoXPRichaR desa WSQaF‘érﬁheoﬂuéﬁéy%qw val ent of a
pol yval ent cation, for exanpl e an al kali netal .ion such as sodium
POt aSSi UM OF g hBShis U5 AheOk nPBSUH kb8 A PRV HEY | P RonBBERAUWES Of
formula I may, alsci exist e.g. inthe formof an internal salt when Mis H+
or in the forfR¥™8ctd addition salts. Acid addition salts include e.g.
salts obtained by addition of an organic, polyneric or inorganic acid, for
exanpl e chl or hydr at e, ?M
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wherein

M is a cation and

A is Phe or Tyr,

in free form, salt form or complexed with a radionuclide.

As it will be appreciated, each bond | 1 connectlng 2 nltrogen
atoms in the DOTA formula above represents ethylene.

When A is Phe, the peptide moiety of the compound of formula I
corresponds to octreotide. When A is Tyr, the peptide moiety
corresponds to [Tyrll-octreotide.

A is preferably Tyr. .

M may be H' or any salt forming cation for a carboxy group, e.g. a
monovalent or one equivalent of a polyvalent catlon, for example
an alkali metal ion such as sodium, potassium or a substituted or
unsubstituted ammonium ion. '

Compounds of formula I may also exist e.g. in the form of an
internal salt when M is H* or in the form of acid addition salts.
Acid addition salts include e.g. salts obtained by addition of an
organic, polymeric or inorganic acid, for example chlorhydrate,
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3 acetate, trifluoroacetate or lactate. By radionuclide is neant -an [err]-
o, [err]-emtting nuclide or a nuclide with Auger-e-cascades. Suitable
nuclides include e.g. [err]Cu, [err]Cu or a radiol anthanide, particularly
[err]Y, [err]La, [err]Th, [err]Er, [erg]Sm [err]Lu, [err]Dy, [err]Ho or
[err]Yb, nore preferably [err]Th and 90Y, nost preferably [err]y The
present invention also includes a process for the production of the
conpounds of a¢etrahs, atriflimpaceyabe qr d@gtatieby anal ogy to known net hods.
The conpounds of fornmula I may be produced for exanple as follows: a)

&
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renoving at Least..one_protecti r Which_LS: Qr:ese ' (o]
formul a | in13 r%ﬁdélgpgag%%ér n%s 6"?%? %P%M%S o%%?ab%%%ﬂfﬁioﬁg bong  t
pepti de unitWithduger-eaaseadesi Mui§akie cldssielnghuds §-8onotWsin U OF
prot ect ed oraupgdidlaatRanfds,mpapdithkamyh &Y, o Lahe M Tont &Emi nJSthe  BOMA

group, - wher gk t ImH?rgIdevsggpqng bReBFibId, oL LAl st emdse i prkeaably aci d
sequence of ;oo mul a I's obtained, and stage a) of the process is then
optionally effected, or c) |inking together DOTA and the desired

somat ostatin peptide in protected or unprotected formin such a way that
thet _92I oup dg&hat_l%ésream Mﬁ‘lﬂi%nf hxed ?ﬁlhhester;sﬁdwssaﬁa‘mmm pupdaétidme
pepti de, an e a) is: the y 0 W S

DOTA- pept i de°§a@?€h§ 0%“9811%(?718 noo% %@%ﬁggéqiu'er@]é&g@}g% At Eﬁog‘)ﬁc%rﬁy Ighggc etroei n
t he mer capt oknewymetdpds heThy soppauRds ot formuly T may #"6%‘? cgg k%rpr oduce
a conpound oéxérfplallaz Folhowdri ch the 2 Cys radicals are joined by an S-S
bridge, and recovering the conpounds of fornula |I thus obtained in free

form in salt formor inc | exed for it h a_radi gnugl i.de
reactions nma$ bESBPYERE &F &ggﬁﬁa?‘lfg?rﬁn@?#%ﬁ%&ﬁ%lc@ 1%. Brgg%tgté{gl\érgl bed
in the foll owi ngosrowpd &f. formula dedir pyotegred form, or

b) linking together by an amide bond two peptide units, one of
them containing at least one amino alcohol in protected or
unprotected form and the other of them containing the DOTA
group, - wherein the amide bond is in such a way that the
desired amino acid sequence of formula I is obtained, and
stage a) of the process is then optionally effected, or

c) linking together DOTA and the desired somatostatin peptide in
protected or unprotected form in such a way that the group
derived from DOTA is fixed on the terminal amino group of the
peptide, and stage a) is then optionally effected or,

d) oxidising a DOTA-peptide having the amino acid sequence as
stated in formula I wherein the mercapto groups of the Cys
radicals exist in free form so as to produce a compound of
formula I in which the 2 Cys radicals are joined by an S-S-
bridge,

and recovering the compounds of formula I thus obtained in free

form, in salt form or in complexed form with a radionuclide.

The above reactions may be effected in analogy with known methods,
e.g. as described in the following examples. Where desired, in '
these reactions, protecting groups which are suitable for use in
peptides or for the DOTA chelating group may be used for
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these reactions, protecting groups which are suitable for use in peptides
orgfor the DOTA chel ating group may be used for 4 functional groups

whi ch do not participate in the reaction. The term protecting group nay

al so include a polyner resin having fungtional groups. DOTA may be used in
process step (c) in the free acid form as an anhydride or as an activated
ester, e.g. wth N hydroxysuccinimde. The conpl exation with the

radi onucl i de fvRFthende FrouREdwhich SonPPEnpRitdiciPate nindder yanekicn  fhe

met hods knowterm phetertinge ggoup yinaye at ko nhncluden aopal yedd res i Guend naf
formula I wt 1 W kN | 1,0 Lde. e J he
conpl exat i on %’fﬁf Eg#é]h glorrp g)’(g%&fc% ngﬁ%éeg?é?gpng%lg&%%sttﬁbt &gf i re _
radi onucl i de-§fe8l 8FH + P8 %’Ffaé’én’g’gﬂl ® OF ASnPBr 2EAVRLEE PREN 6 Err] to
120[err] C, nutd Frieydrcedylspctinimig@i®.t o 100[err] C. Wien the conplexation is
performed at a tenperature [err] 100[err] C, it may be effected in an

For o o " HgC SRR FABIYAGR VI hC bl T OB Bl B U 58
i s 90Y, pref &STPETaLNS(id arAgrdance Withopetbeds) kpeyn fhihghevle st Bled
reacti ons nmayeaeByndiantungohpl&tdd compoundlasf dorflula Ahwizhoa dsal: tyiatding

metal contampat Q0 r&§ g,fagli Y1estilled de-ionized water, ultrapure
reagents, no carrier-added radioactivity etc. are used to reduce the

effects of trace netal. The conpounds of fornmula I, when conplexed with a
r adi onucl i de Prefkrably piwer covplexatdlonacfi the yungouplexed lcorpbund afsef ul as a

radi o- phar megedhigal With the rduidnuelliaealidding! seIuHlostabtted Q&AL OF
positive tumyg and, (Bl 33 3368 oo 'Wadh568 & ! BPEALAh§SEfom 80 to
100° C. When the complexation is performed at a temperature
2 100° C, it may be effected in an autoclave. The complexation
under heating may conveniently be carried out for a short time
period, e.g. from 10 to 20 minutes. When the radionuclide is %Y,
preferred *°Y-yielding salt is *°YCl,.

The above mentioned reactions may conveniently be effected under
conditions avoiding trace metal contamination. Preferably

distilled de-ionized water, ultrapure reagents, no carrier-added
radiocactivity etc. are used to reduce the effects of trace metal.

The compounds of formula I, when complexed with a radionuclide,
_exhibit pharmaceutical activity and are therefore useful as a
radio- pharmaceutical for the in vivo treatment of somatostatin
receptor positive tumors and metastases as indicated by standard
tests.

In particular, the compounds of formula I possess affinity for
somatostatin receptors which can be assessed in vitro in binding
assays performed as disclosed by J.C. Reubi, Life SC.'36, 1829
(1985) and by C. Bruns et al. in Biochem. J., 265, 39 (1990).

It is observed that the compounds of formula I, e.g. a compound of
formula I complexed with %°Y or '®Tb, bind with a good affinity and
specificity to somatostatin receptors with pK, values of from
about 8.0 to 10.0.
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In particular, the conpounds of formula |I possess affinity for somatostatin
regceptors which can be assessed in vitro in binding assays perforned as

di scl osed by J.C. Reubi, Life Sc. 36, 1829 (1985) and by C. Bruns et al. in
Bi ochem J., 265, 39 (1990). It is obsé&ved that the conpounds of formula
|, e.g. a conpound of forrrula I conpl exed with [err]Y or [err]Tb, bind with
a good affrnrt and. s ecrfrc L gonal %Eceptors W th gerr]

val ues of frGRTRARA ?)%) in Q d2 lqaﬁynﬁpesam%ﬁqﬁﬁ EHtt h

hi gh affini tyebepmaatewraued r:mce‘ptocsrtwqoroessk&:r panaregtid coumor AEULS):
pancreatic tygDhased |p'i(1 bE §25 18 opKi uQ:ingg (gzstl'lier‘?Lé&reotlde as spec1f1c
[[err]I][Tyr%% ocC r ) a € crf and ég%h%§ agp 1 5. @
somat ost at i n“F8E&pt o “?888 % 1 3 5R"H r*as%aelr Pﬁ‘él e
sonmat ost at i n1ig@ tl'fha§ spnoke aeedpﬁnqrreﬁbr— &O@t@srtér-up XeceEptpre by
affinity of bherestydeaxpdcgoapmindsooB.fornula | for sonatostatin-receptors
can al so be shown by in vivo testing, according to standard test net hods,
e.g. as disclosed %P GB- A2, 225, 519. For exa one trlég’ t he
conpound of ERGnpFEESY 9Esthe SogRipRed fOMPeHB a‘?:% t2oh Pthours
fol |l owi ng i . pomarpsmtiionraceptalss canfabsq der Fpwn o imi vévbesesitiggan

exocrine pangegstding ¢80k taddard [t@EE]m&l‘Ycﬁs% Dl g. LWBE1bSed R GB-A-2
sonatostatln§5sc§§§oréﬁ95|tlv t upor rea sggnlflcantl

SOl 05t a1 I NZhBSER O KROSLLLLE d VIR MOGRRS SLAD LhgditiVol Somne 2
tissues, e.ggivestheigaifieart iturgroaeewmlasione? rf}owysoéob/}ngg ByP% | D/ g
i s meant them@é@terdrage af déde dfnpepatedintadmieat bedringdan eepiriget i Ssue.
Not only doeg %o?xarg)'s% . 9@6"%%/%4 Pé? r& aﬂutﬁ; 'éHn%%’o%EQtPrbh' gh
t unor / ki dney ratlo ut 0 a hi %h t unor / I an tunor/1enu one
narrOMIbelngIFﬁﬁﬁF?EHP°§§tlve tumor whereas significantly less radioactivity

is accumulated in somatostatin receptor positive normal tissues,

e.g. in the pancreas it amounts 1.52 = 0.08 %ID/g. By % ID/g is

meant the percentage of the injected radiocactivity dose per

g tissue. Not only does Compound of Example 2 provide 24 hours

after injection a high tumor/kidney ratio but also a high

tumor/liver and tumor/femur ratio. Bone marrow being regarded as

the most radiosensitive organ, the low radiocactivity accumulated

in bones is particularly advantageous.

The compounds of formula I complexed with a radionuclide have an
antiproliferative effect on tumor cells bearing somatostatin
receptors, e.g. as indicated in nude mice tests.

AR42J rat pancreatic tumor cells are trypsinized and 1x10’ tumor
cells (in 0.2 ml) are injected subcutaneously into both flanks of
nude mice. When tumors have reached a significant volume of 0.1
to 2 ml animals are randomized into control and treatment groups.
Control animals, receive either an uncomplexed compound of
formula I or the corresponding cold complexed compound of

formula I by i.p. injections at doses corresponding to the highest
dose of the treatment groups. Doses from 0.8 mCi up to 40
mCi/kg/100 pl are given per mouse. The size of the tumors is
determined with a caliper. To calculate the tumor volume in ml
the equation "volume (ellipsoid) = length x depth x height x 0.52"
is used. For statistical calculations Student's t-test is
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t he nost radi osensitive organ, the |ow radioactivity accunul ated in bones

I s; particularly advant ageous. The conpounds of formula | conplexed with a
radi onucl i de have an antiproliferative effect on tunor cells bearing
somatostatin receptors, e.g. as indicated in nude mce tests. AR42J rat
pancreatic tunor cells are trypsinized and 1x[err] tunor cells (in 0.2 m)
are injected subcutaneously into both flanks of nude m ce. Wen tunors have
reached a si gapriliednt Tw|thés 6£sD. ltnapsient tumaralsbrinkagendgonpbsexvadt o

contr o: ang t4 Edriment @éaumdl Eaidt Qrow@hnbd Sdelagedi F6r &i'vf:.h&éelw uponda
unconpl exed c, n ; . I r ol d.c XK
conpound of f%%:éa%%lyé#&% ?Fu %}(E:Et iggﬁogfaﬁé&%gg%?ge%pogai gg&lfo t é:he

hi ghest dose TARHRE SFRUR WEH oTRRLE INBEYE st IB OBt B with, a Yolgme

mCi / kg/ 100 [ eleddliagetimes eboper severs day$heThe murviivaheratenofsthe tesagedi ned
with a calipefroupd §8! € {8 chhe1§ Uiire¥gbg™® in nl the equation "vol ume

(ellipsoid) = length x depth x height x 0.52" is used. For statistical
calculations Student's t-test is 6 apgl ied. In this test, transient
tumor shri nka¥i@iilaropespliad agpt ertained \wern Jipatingr mife ath YRES deganiad f or

two weeks upajtiherskigobr tapidsi, cat g omamimatripecannipomad 6f dmallpkel?. luny
contrast the E.olwg&g%gnpgtm&/eﬂf GRS tunor growth with a vol une
i n days. The surviva

doubling tinme about seve “rate of the treated groups is
significantly increased. Simlar results are obtained when treating mce or
rats beari ng Axdeedinglyr imypeseries) . ofimspeaific arciabbemmathves embodimgnts], ung
cancer, wth 4eenOf idoehtRbR Lsd\provdadd! y, in a series of specific or
al ternative enbodi ments, the present invention also provides:
1. Use of a compound of formula I complexed with a radionuclide,

or a pharmaceutically acceptable salt thereof, as a

radiopharmaceutical for jin vivo treatment of somatostatin

receptor positive tumors and metastases.

2. A method for in vivo treatment of somatostatin positive tumors
and metastases, e.g. for treating invasiveness of such tumors
or symptoms associated with such tumor growth, in a subject in
need of such treatment which comprises administering to said
subject a therapeutically effective amount of a compound of
formula I complexed with a radionuclide or a pharmaceutically
acceptable salt thereof.

3. Use of'a compound of formula I or a pharmaceutically acceptable
salt thereof in the manufacture of a radiopharmaceutical
composition.

Dosages employed in practising the radiotherapeutic use of the
present invention will of course vary depending e.g. on the
particular condition to be treated, for example the known
radiosensitivity of the tumor type, the volume of the tumor and
the therapy desired. In general, the dose is calculated on the
basis of radiocactivity distribution to each organ and on observed
target uptake. A P-emitting complex of formula I may be
administered at several time points e.g. over a period of 1 to

3 weeks or longer. An indicated dosage range is of from 5 to
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1. Use of a conpound of formula | conplexed with a radionuclide, or a
pharmaceutical |y acceptable salt thereof, as a radi opharmaceutical for in
vivo treatnent of somatostatin receptor positive tunors and netastases. 2.
A nmethod for in vivo treatnent of somapostatin positive tunors and

net astases, e.g. for treating invasiveness of such tunors or synptons
associated with such tunor gromh, in a subject in need of such treatnent
whi ch conpri 3@& wed sembeund iafg foomela I sopptexed wikhr apeutidc &Pl y effective
amount of a teEMpRINgatiodilided &.£0Mt &tetflTh ! the higheanueldidecoivity

phar rraceuticga{j‘ij/ec%%ﬁ%;é%%ﬁ@ t gipaegpf. 3. Use of a conpound of fornula I

or a pharmaceutt eptable salt thereof in the manufacture of a
radi ophar naceutical conposition. Dosages enployed in practising the:
radi ot her aperité compeundis téfe formedatl iqompieked with actadinnusd idergavidrendi ng
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. unor p e volune. o . e therapy
desired. |n YRTAE PR dode f"é @3‘? c{h% 85 b?’??%ghggs%s o¥1°?l§d?(£)act ivity
di stri buti onsuspensélngr JErevamaYonled ke pdpinbstpned paurrtageugly|P¥nitting
conpl ex of fonsaHidn, B8y. heh daFusich esfedoatosey erial. Dependicignbs the.sideer a

period of 1 ¢ . i ndis _ .S s f
Do o o R Rs ARk pébdiicebets dp°adbat MPRepigleluom o

I . g. o1
radi onucl i detumoxy siftgy ; ¢80 o Py BEAPTIPE & EakhgHeR- r@ﬁgo‘&%’fﬁ}ﬁ"y Fange bei ng
preferred foadhirisitéired Thepeareddynils difvidednddses. conpl exed with a
radi onucl i de may be adm ni stered by any conventional route, in particular

Tumors which may be treated with Compounds of formula I complexed
with a radionuclide are e.g. pituitary, gastro-enteropancreatic,
carcinoids, central nervous system, breast, prostatic, ovarian or
colonic tumours, small cell lung cancer, paragangliomas, kidney
cancer, ékin cancer, neuroblastomas, pheochromocytomas, medullary
thyroid carcinomas, myelomas, lymphomas, Hodgking and non-Hodgkins
disease, bene tumors and metastases thereof.

Excretion of the radiocactive compounds essentially takes place
through the kidneys. Further protection of the kidneys from
radioactivity accumulation may be achieved by administration of
lysine or arginine or an amino acid solution having a high content
of lysine and/or arginine, e.g. a commercially available amino
acid solution such as Vamina® 18EF or Synthamin®-14 or -10, prior
to the injection of or together with the complexed compound of
formula I.

Compounds of formula I complexed with a radionuclide may exist in
free acid form or as pharmaceutically acceptable salts which
exhibit the same order of activity as the complexes in free acid
form.

Compound of Example 1 complexed with Y is preferred.
According to a further aspect of the invention, there is provided

a pharmaceutical composition comprising a compound of formula I or
a compound of formula I complexed with a radionuclide, or a



i ntravenously, e.g. in the formof injectable solutions or suspensions.
They nmay al so be adm ni stered advantageously by infusion, e.g. an infusion
of 30 to 60 nmin. Depending on the site of the tunmor, they may be

adm ni stered as close as possible to thg tunor site, e.g. by neans of a
catheter. They may al so be administered repeatedly in divided doses. Tunors
whi ch may be treated with Conpounds of fornula |I conplexed with a

radi onucl i de phaemaceutimallyt acyeptgdder sabmttéwe@‘paﬁcrmatélercmth resed or
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stabilizer may conveniently be used in a weight ratio of

1'000 - 10'000 : 1, preferably 4000 - 7000 : 1 to the uncomplexed
compound of formula I. The pharmaceutical compositions may
comprise further additives, e.g. an agent to adjust the pH between
7.2 and 7.4, e.g. Na or ammonium acetate or Na,HPO,. Preferably
the stabilizer is added to the uncomplexed compound of formula I
and the complexation with the radionuclide is performed in the
presence of the stabilizer, either at room temperature or,
preferably, at a temperature of from 60 to 120°C. The complexation
may conveniently be performed under air free conditions, e.g.
under N, or Ar. Further stabilizer may be added to the composition
after complexation.

Compounds of formula I complexed with a radionuclide may also be
used in the treatment of autoimmune or inflammatory disorders
exhibiting somatostatin receptors, e.g. rheumatoid arthritis.

According to a further embodiment of the invention, the compounds
of formula I complexed with a radionuclide may be employed as
adjunct or adjuvant to cytostatic therapy, e.g. in combination
with a cytostatic agent, preferably a cytostatic agent which
enhances the radiotherapy effects by acting as a radiosensitizer.
Examples of suitable cytostatic or radiosensitizing agents include
e.g. cisplatin, 5-fiﬁorouracil, cyclophosphamide and doxorubicin.



8 pharmaceutically acceptable salt thereof, together with one or nore
pharmaceutical |y acceptable carriers or diluents therefor. Such
conpositions may be manufactured in conventional nmanner. According to a
preferred enbodi nent of the invention, ¢ he pharnaceutical conpositions-
based on a compound of formula | conplexed with a radionuclide further
conprise a stabilizer, e.g, a free radical scavenger, which inhibits

aut or adi ol ysit® 8fcexdansepvith the doyegwming abhe BRYeEANY iBVentifn pyevides
serum al bum de, a agetorflurtheriagpeceti nol , gentisic acid or a derivative

t hereof, or an amno acid infusion solution, e.g. as used for parenteral
protein feeding referably free fromelectrolyte and glucpse, for exanple
a commerci al Py é\fg‘?"'ﬁ%?a g°§n§‘?ﬁ?ﬂ'€?ds?’f‘ﬁ"(&5\t&51§u’éﬁc O BPEt it H PRI r] KE
Nephro. Ascor bi tneagiyenespref arymptomyhassacipbed rsvthrspchorwear grewphbeinused
in a Wlei ghg ratiiOstQ:fjel':;ctO@ﬁ neécﬂ'o?oguéh Isritebat A e R8Bhod 7&?_Q>r:isésto t he
unconpl exed co . . phar [ ns_may
conprise furt hg?%g-lsgﬁgégér%g %.algnllgggjeeg{k tagaggf%%tﬁ%{ehgﬂ%eﬁfm%%nal 2 and
7.4, e.g. Na orcmmduﬁﬁamq@ 6rC?’Eﬁ’]rﬁ’iedPWéFJéraamaﬁlPﬂ\éc%’f%i°P-’i 2er is
added to the unphamiarentdicallnowedeptalbls mhlexrebf camll ) eacseqdekdrugn Wit h

the radionucli dgbse Rkl O58FS dddohliCaPis SRBstante WM ng! 8Diyidtat gl t her at
roomtenperature or, preferably, at a tenperature of from60 to 120[err]C.

The conpl exati Ry conveniently be perforned under air free conditions,
e.g. under N2 or Ar. Further stabilizer may be added to the conposition

after conpl exat j OftherG@eReUA dSon®ink0ish!) @& . lg.cANplEXEdrWuk8 in radiaging! i de

com et | b oig i
oxhi bi 11 ng. somat B iAepLFEIGHRT br L e ENREe Plrad bt P Bl BBk CT

a further enbodP#shiCOMPiIRARLGHBRLIAING (3 PhasHRCRIHASadf CPOBRRILAOR conpl exed
W th a radi onuctomterizingbe enounddofisfamijulact csmdddixedawithd @ cytostatic

therapy, e.g. ipa@Uici3hbosr a pharmaceutically acceptable salt thereof and
' further including at least one pharmaceutical composition
comprising a cytostatic agent.

The cytostatic agent may be used in any amount known to be an
effective cytostatic or radiosensitizing amount. The cytostatic
agent may be added concomitantly or at a sequenced regimen with
the radiopharmaceutical of formula I.

The following examples are illustrative of the invention. All
temperatures are in °C. Following abbreviations are employed:

Fmoc = © 9-fluorenylmethoxycarbonyl

Boc = , tert-butoxycarbonyl

DOTA = 1,4,7,10-tetra-azacyclododecane-1,4,7,10-
tetraacetic acid

DMF = dimethyl formamide

Octreotide =

) 1
H-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-ol
EXAMPLE 1: '



-

with a cytostatic agent, preferably a cytostatic agent which enhances the
radi ot herapy effects by acting as a radi osensitizer. Exanples of suitable
cytostatic or radi osensitizing agents include e.g. cisplatin,
5-fluorouracil, cyclophospham de and dapgor ubi ci n. 9 In accordance with
the foregoing, the present invention provides in a yet further aspect: 4. A
nmet hod for treating somatostatin receptor positive tunor invasiveness or
synpt onms associ ated with such tunm®H growth, in a subject in need of such
treatment which nmethod conprises &dmnistering to said subject an effective
anount of a) a conpound of fornul <%onplexed with a radionuclide or a
phar maceutical |y acceptabl e thereqi{and b) second drug subst ance, said

second drug substance being a cyt ob{pn'r'q,ég ht . ’x‘g “%-'rhr-c}s Thr-ol
conbination, e.g. a kit, for use IEMG g urmr Vaki veness or synpt ons

associated with tunor gromﬁh, sai d| conmbi ngtgon |nclud|ng a pharmaceuti cal
conposi tion conprising a conpound ofyfor, la | conmplexed with a

radi onuclide or a pharmaceutical |y accepi™gbl e salt thereof and further
including at |east one phar ppeegticeidl conpGWition conprising a cytostatic
agent. The cytostatic agent may||be used injany amount known to be an
effective cytostatic or radiosedsitizing aﬁuuﬂt The cytostatic agent may
be added concomtantly or at a sequenced régi men with the

radi opharmaceutical of formula |I. The foll 8% ng exanples are illustrative
of the invention. Al tenperatures are in [err]C Follow ng abbreviations
are enpl oyed: Fnoc = 9-fl uor enyl nmet hoxycar bonyl

6 g of DOTAX2H,0 (free acid), is dissolved in 50 ml of water (pH
~ 3.7). After diluting with 60 ml of DMF, 1 g of N-hydroxy-
succinimide, 2.7 g of N,N-dicyclohexylcarbodiimide (DCCI) and 3 g
of [Tyr?,e-Boc-Lys®]-octreotide is added immediately. The reaction
is kept at room temperature for 72 hours under continuous
stirring. The e-Lys® protected compound is isolated by
purificatien on a silica gel 60 column using methylene
chloride/methanol/acetic acid 50% (9/1/0.125) as mobile phase.

Subsequent cleavage of the Lys® protecting group with
trifluoroacetic acid (TFA, 100%) over a period of 10 minutes at
room temperature and purification on a silica gel 60 column
(mobile phase: methylene chloride/methanol/acetic acid 50% (7/3/1
to 7/5/2)) and on a RP18-HPLC column, using
water/acetonitrile/acetic acid 1% as buffer system, results in a
pure and homogenous title compound in its acetate salt form.
FAB-MH': 1421 [a]®, = -14.75° (95 % AcOH; ¢ = 0.52)

EXAMPLE 2: Y labelled compound of Example 1

The °°Y labelled CHELATE is prepared by adding 20 nl of sy

(1.2 mCi, 0.04 M HCl) to 20 upL of 50 uM compound of Example 1
{0.15 M NH,0Ac, 0.3 % BSA, pH 4.5). This solution is incubated at
100° for 15 minutes. An aliquot is removed and diluted with

4 mM DTPA (pH 4.5) before being analyzed by C18 reverse phase HPLC
to ascertain the amount of free unchelated °°Y in the reaction
mixture (as indicated by the presence of [**YDTPA]?*). The



A}

Boc tert - but oxycar bonyl DOTA =
1,4,7,10-tetra-azacycl ododecane-1,4,7,10- tetraacetic aci d DIVF =
di met hyl f or mam de QOctreoti de = H DPhe- Cys- Phe- DTr p- Lys- Thr - Cys- Thr - ol
Exampl e 1: 10 [err] 6 g of [err] (fr&® acid), is dissolved in 50 m of
water (pH ~ 3. 7) After diIuting with 60 m of DIVF 1 g of N-hydroxy-
succi ni m de, g:hof N, N-di Q ohe I ca Q_Odl i m éﬂ and _3 of
[[err]]- octre’Eﬁqlt? FOLG éﬂ‘n 9rge'z;ct%l |"sh%€5f’d‘é‘?e‘? shmlate
tenperature fig klzxehmmblmrsd:ebleom |41wu§'I‘BA| 4 nig compaurel bfsEramgle 1,
protected corgouNd)i svésQl ¥e@dnbiaypWeribgati on on a silica gel 60 colum
usi ng net hyl ene chl ori de/ net hanol /acetic acid 50% (9/1/0.125) as nobile
phase. Subsequent cl eavag\ of the Lys[err] protecting group with
trifluoroacetFEAMEEEJ3{ TFA Y-10b%d Lo clompoped ol Fsmmpderd nut es at room
tenperature and purification on a silica gel 60 colum (nobile phase:

met hyl ene chlofy g/ gRtf1an0hyf 36EL16 AUGa50 157/143%19133\&%&)15 ?peﬁ"l 3)

RP18- HPLC col um, usl ng. wat er%acet on| tri I'eg/acetl c_acl r sysfem

results in a pitle®ind Mo RgRABES 3% ExemRLeph AR 240 vk %fcet t‘@ss‘aq:’c Blor m
FAB- MH+: 142004 MeHE]) 22 heatdd 75] er vial 9fp¥)6lAc Bihuites: it B2ho EDiAdPwELEr

[err]Y |dalge| |k%i1ﬁ°”’@ﬁé'%éﬁ;ltgg r%ﬁxtlloﬁhes[&i:fdt‘éd:_leéeiltnﬁd éﬂ?@HELéﬁTLEIéIS
Fé???&ﬂeco%o%?%?‘ 3 g %"ﬁ Fgr ‘gﬁg'\’%}- ggﬁtegﬁsg ’![Sl)elrn %‘; forzd
solution is |qﬂymgaggada&nfu51on solution an 'stored at amblent temperature for

long term.

The Proteinsteril® KE Nephro amino acid solution comprises:

11.4 g/1 Leu, 9.63 g/l Lys, 9.53 g/l Val, 7.76 g/l Phe,

7.52 g/1 Ile, 6.78 g/1 Thr, 6.59 g/1 Met, 4.9 g/1 His and

2.91 g/1 Trp.

EXAMPLE 43
OH

=0

L— K

[N N] ;‘l: DPhe—Cys ~Phe-DTrp-Lys-Thr- CYS -Thr-ol

N N
/LN
HO— |(l:— CH, ?Hz
o c|:=o
OH

The title compound is obtained by repeating the procedure of
Example 1 but using e€-Boc- Lyss-octreotz.de
MS (Ion Spray): 1403 (M-H)

EXAMPLE 5: Y labelled compound of Example 4

The labelling procedure of Example 2 is repeated, thus yielding
the %Y chelate.
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100[err] for 15 mnutes. An aliquot is renoved and diluted with 4 nM DTPA
(pH 4.5) before being anal yzed by Cl18 reverse phase HPLC to ascertain the
anount of free unchelated 90Y in the reaction nixture (as indicated by the
presence of [[err]][err]). The radiggchem cal purity is typically >99.5
% and the produced chelate is kinetically stable in 4 nM DTPA (4 nM
conpound of Exanple 1, pH 4.5) over a seven day period. EXAMPLE 3:

90Y- | abel | ed EEAMRIRLES of *IThadpbelled xpmpennd | ofpfExemple M ®¥cdr bi ¢ acid, 0.15
M ammoni um agréal&odllling. Srocdiurer bf | Bxeimplendy £ompeadeal uddeal &vip and 120

11 of 90Y ( ' . 04 9 . k i.al May sina.
boi li ng wat eg?%gghédﬂfﬁégrggiﬁ%ésﬁksga%t P%?l:%gdélﬁ?%a\élﬁ t 5'{'”2; rﬁk Q’vﬁrﬂﬁgé:ét her
0.23 M ascor bi & &hedakfid 0.15 M [err] or Proteinsteril[err] KE Nephro am no
acid infusion solution and stored at anbient tenperature for long term The
Proteinsteril[err] KE Nephro am no acid solution conprises: 11.4 g/l Leu,
9.63 g/l Lys, 9.53 g/l Vval, 7.76 g/l Phe, 7.52 g/l Ile, 6.78 g/l Thr, 6.59
g/l Met, 4.9 g/l Hs and 2.91 g/| Trp. EXAMPLE 4: [err] The title conpound
i s obtained by repeating the procedure of Exanple 1 but using
e-Boc-Lys5-octreotide. M5 (lon Spray): 1403 (MH EXAMPLE 5: [err]Y

| abel | ed conmpound of Exanple 4 The | abelling procedure of Exanple 2 is
repeated, thus yielding the [err]Y chel ate.
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12 EXAMPLE 6: [err]Th | abelled conpound of Exanple 1 orWﬁ—ﬁg\
procedure of Exanple 2 is repeated using a [err]Tb yieldin

the 90Y yielding salt, thus giving the [err]Tb chel ate. (ﬂm" ‘“mammﬁl
repl acenent sheet 13 CLAIM5S 1. A conpoaund of formula | [erry wherers

Is a cation, A is Tyr, in free form salt formor conplexed wth a
radi onuclide. 2. A conpound according to claiml1, wherein_the conpound is

conpl exed wi tOLATIMBE]Y. 3. A conpound according to claim1, vvherel n the
conpound is conplexed with [err]Tbh. 4. A conpound accor di n aced
the precedi ng, l@bﬂﬁowro%' BoMuifa . 5. Use of a corrpound I m
according to claiml conplexed with a radionuclide or accordi

3 or 4, or a pharmaceutically acceptable salt thereof, as a

radi opharmaceutical. 6. Use @ a conpound of fornula | according to claim
1 or a pharnaceutically accep _alg,l e salt thereof, in the manufacture of a

r adi ophar naceuti cal conpositi on 14 7. A process for conplexing with a
radi onucl i de a conpound of f Hccordl whi ch process
conprises reacting the conpou ofNjor:ﬁu-Inahel— tAtrre Lysathr owetCict-ale
|
/I_J\
MO— C—CH, ‘ H,
) ' c|:=o
oM
whe:ein

M is a cation and
A is Phe or Tyr,
in free form, salt form or complexed with a radionuclide.

2. A compound according to claim 1 wherein A is Tyr.

3. A compound according to claim 1 or 2 wherein the compound is
complexed with %Y.

4. A compound according to claim 1 or 2 wherein the compound is
complexed with 1%Tb. '

5. A compound according to any one of the preceding claims wherein
M is H'. '

6. Use of a compound of formula I according to claim 1 complexed
with a radionuclide, or a pharmaceutically acceptable salt
thereof, as a radiopharmaceutical.

7. Use according to claim 6, as a radiopharmaceutical for treating
somatostatin receptor positive tumors and metastases.

8. Use of a compound of formula I according to claim 1 or a
pharmaceutically‘acceptable salt thereof, in the manufacture of
a radiopharmaceutical composition.



yi el di ng conpound at a tenperature from60 to 120[err]C optionally in the
presence of a stabilizer. 8. A pharnaceutical conposition conﬂ“l rulluull " I“|
conpound of forrmula | optionally conplexed with a radi onucli dét W 10g 1
to any one of clains 1 to 4, or a pharmaceutically acceptable salt thereof,

together with one or nore pharnmaceutically acceptable carriers or diluents

therefor. 9. A conposition accordi n.gL.to claim8, conprising a_stabillzer
sel ect ed frofh th@hFrBapeeiAls CPREPDIC1OB, GATRY IRHRGNE, © efatogula I
retinol, genti dar-oadifigoto aanyebheadf datilmer oo Bndraa phamaceotiicablwti on.

10. tA.”‘e[ apeut] &peaBi Daldign tiaei»e&f,e edaeftﬁéﬁ_twit%dgaaa%@t&&&té n receptor
positive tunor 1.nvasi veness or s associate A u r , sai
conbi nation i né?}tiﬂ“ﬁﬁeﬁtbmegé%?%%@ecgﬁﬁﬁﬁ’ﬁ S g&#‘rﬂﬁ%sr[r% egeg%ﬂbound of
formula | according to any one of clains 1 to 4, conplexed with a

radi onucl i dej @ra @&oRbakiBLeH tdceakiinaacepllaihes sednpribeng cdadind ohal Iher
I ncl udi ng at | eatfarbitineeghar maceuti cal conposition conprising a cytostatic
! .

agent. 11. At apeﬁ?l ¢ conbination for use in treating sonatostatin

receptor positive tunor invasiveness or synptons associated with tunor

growt h, sai diT@idonpbshtismacedirding frhalrineld cdlerebnpus tstebkitbreyr iisi ng

a compound of fouBdeas! fégﬁqzrh‘é' BYots® GREi8REnSTof IRirih dlkBnite, CQEBbNRT
ide o a511

with a radi onuc r arnaceuti cal.ly acceptabl e.salt, th
further includi#ganrsht a&e&téﬁf'ﬁta}cd'r?yﬁﬁv? n%er$vﬁ%éﬁec%}h?ree%{fe’g%nﬁg%f ne

and/ or ar gi ni neamin®. apidheelyydeni.c conbi nati on according to claim 11,
wherein the amno acid is |lysine.

12.A process for complexing with a radionuclide a compound of
formula I according to claim 1, which process comprises -
'reacting the compound of formula I with a radionuclide-yielding
compound at a temperature from 60 to 120°C optionally in the
presence of a stabilizer.

13.A therapeutic combination for use in treating tumor
invasiveness or symptoms associated with tumor growth, said
combination including a pharmaceutical composition comprising a
compound of formula I complexed with a radionuclide or a
pharmaceutically acceptable salt thereof and further including
at least one pharmaceutical composition comprising a cytostatic
agent.
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