WD 2004/ 082722 PCTI EP2004/ 050329 Radi opharmaceuticals for cancer diagnosis
and treatnent The instant invention relates to a pharnaceutical conposition
conprising a pharmaceutical carrier and an effective anmount of a substance
P anal ogue conjugate with 1-(1, 3carboxy-

propyl) - 4, 7WOQRE®E2BLXxy et hyl ) - 1, 4, 7, 10-t et r aazacycl odo®eEER0EBHEPat or
DOTA®Y), 1-(1, 2-

car boxyet hyl)-4,7, 10- (carboxynet hyl )-1, 4,7, 10-tetraazacydododecane (chel at or
DOTASA) or 1,4,7,10-tetraazaacycl o-dodecane-1,4,7,10-tetra-acetic acid

(chel ator DOTA), that are la- belled with suitable radi onuclides; the use
thereof for targeting and treatnent of brain tunors or the use of
correspondi ng | abel |l ed substance P conjugates for targeting and treatnent of
brain tunors; substance P anal ogue conjugates with DOTAGA, DOTASA or DOTA,
that are labelled with suitable radionuclides; and substance P anal ogue
conjugates with DOTAGA, DOTASA or DOTA and their t-butylesters. Substance P
Is a naturally occurring 11-am no acid neuropeptide and bel ongs to the
famly of bioactive neuropeptides known as the tachykinins (Payan (1989)
Ann. Rev. Med. 40, 341]. The ami no acid sequence of this undecapeptide was
identified as H ApQicpRitakds fr BhQfdagid=iladdtreddndai€7- Phe- G y9- Leu 10- Met' - NHZ.
In WO 92/18536 is described a nethod for detecting and | ocalizing tissues,
having neur oki - nipfiGed AMEL) il SESREOLSines GRS IR SydthblloiK! T eceptors in
the body of a warmpio e'é T nga berng, B'%g“a m Ol sidr‘_’a?lon of a

conposi tion, corrpﬁ"?'laﬁ%% PUFEPY S %br?‘a’r# e Agargwilh 139%t ance P and

anal ogue deri vat i P hAFAGEEE 8¢ HeR =2y B e PFREUPIRI'M e | receptors,
and by then assayPiRyveht’ [U(FPayraler g 10 pErppetitpRee @ o PPREMNt i on relates to
a method for the otHéHpeerdcsiotderareridn - tevp-ageisioridphaper DPTiwdRgelee. g. gl i omm,
smal | cell | ung c&aiedeth saiigble erichisides; the}ise Uejepfifpniarogita apd treatmantefiginitumers | n

Bi oconj ugat e Chenprt2083f copspg@ling i8heletsutisineg § prnjngaiss for tankting @od tpatment € peci fi ¢

radi o-1 abel | ed pephindess; fugtand P agomis toh@ates WIODOTHCA NUTABDS S0TA that 4 €S T OF
application as r aabdldaptiatiea@blididephEsubsidis P andsgup@iightshagh @Tazaconj ugates wit h
vari ous chel at i ngpomksesbbesandihed touysitsl oned, but the conbi nati on of substance
P and its anal ogues with DOTA or DOTAGA is not described and there is no

hint to treatment sQfaded Bl fab/eiyBosring 1laRind 4 SeufoiBa@anh ARk L@@ afmign) U- gat es.
of bioactive neuropeplides known as the tachykinins [Payan (1989) Ann. Rev.Med. 40, 341].
The amino acid sequence of this undecapeptide was identified as H-Arg"-Pro®Lys*-Pm*-
Gin®-GIn®-Phe’-Phe’Gly*-Leu*-Met"-NH,,

In WO 92/18536 is described a method for detecting and localizing tissues, having neurcki-
nine 1 (NK1) receptors, such as tumors with NKK1 recaptors in the body of a warm-blooded
living being, by administration of a composition, comprising a labelled smail peptide, e.g.
substance P and analogue derivatives having a selective affinity to neurokinine 1 receplors,
and by then assaying that fiving being. Furthermore the invention relates to a method for the
therapeutic treatment of malignant tumors, e.g. glioma, small cell lung cancer and others.

J. Fichna et al. summarize in Bioconjugate Chem. 2003, pages 3 to 17 synthesis of targel-
spedific radio-labelled peptides for diagnostic imaging and possibilities for application as ra-
diopharmaceuticals. Various peptides and conjugates with various chelating molecules are
mentioned, but the combination of substance P and its analogues with DOTA or DOTAGA is
not described and there is no hint to treatment of brain tumors with this radio-labelled conju-
gates.



WO 2004/ 082722 PCT/ EP2004/ 050329 -2 The prochel ator (ester) and chel ator
(acid) DOTA 1,4,7,10-tetraazaacycl o-dodecane-1,4,7- tris(acetic acid-t-butyl
ester)-10-acetic acid is described in Chem Eur. J. 1999, 5 No. 7, Seiten
1974-1981. Successful studies on |oco-regional regulatory peptide receptor
targeting with a diffusible so- matostatin anal ogue

"' | n/ BOY- | 2812840831 D- Phe' - Tyractreoti de (DOTATOC), a PCAGPRMOE | ed
sanost ati ne based conjugate, showed for the first tine in vivo in human
brain tu- nors patients that DOTATOC has high affinity binding to SSTR-2
(somatostatin subtype 2 receptor) in the | ow nanonol ar range, which has
been reported by A Mello at al (1999) in din. Cancer Res. 5, 1025-1033.
Furthernore S. Hofer at al report in Swiss Med. Wekly 2001, 131: 640-644
the effect of diffusible brachytherapy (dBT) using the locally injected
stabl e radl oconj ugate W 4abel ed- DOTA- D- Phe' - Tyr' -octroofi de (DOTATCC) for
managi ng synptomatic |ow grade gilonmas. In WO 02/ 24235 is described the
preparation of 1-(1-carboxy-3-carbo-terd.: butoxypropyl)-
4,7,10{carbo-tert-butoxy-nmethyl)-1,4,7,10-tetraazacycl ododecane (prochel ator

DOTAGA),  whi ch |s|.e% g]gr era‘.?or%‘??bbﬂ%ﬁ f effegt or 7Rl ecul es and
N b

1- (1, 3-carboxy-pr
t ebaazacycl ododerg'gée/ a‘f’l‘fe Sd'fﬁg’beg o“f“ﬁ%ﬁ"&"{j’ ‘| es are proposed

peptides such as OUFTHEGt PBde or CCK, Whl ch are coupled to the N-terminus of
t hese bioactive peptides. Conjugates with substance P have al so been

menti oned, but h&yeesibiudieyaa eprresinabypatliaterieptiod reperior [ggelingnitepgiudifeised. Sai d

conj ugat es may be metpdiptd spataduadl it Fir-abeledeHOBA BRI - Bie’sctibelide (BRFAIOQiagdostic (' "1 n,

Bi 1Ga) and i nt er n&bsledaehogativd besedydaiugtte, showgd ok thedigt timoin sivo i(1B@ad plaintulu) . The
publication is f OGS gfiend mat@OTATEO bk Bligh afuitghirieg t6 ESTR-2{s@maOMip siGp@k 2S Such as
DOTATCC, whi ch pr aiép@gin e B@hsh@oled raiObntch fagbei repbrld BMOMae fibigiBeeph abi [ i ty. The
treatment of Drai Rin. daH@DHeS 5, 16269033 Glrindd RS, HollePet 8 RbortMRYMsd A ey t  WaS
surprisingly foungegh At esb-B@ tnNfect of R EEPH A ra?;y(ﬂ%@!isﬁéﬁﬁsiﬂwjeéuda' n tunmors and

can be applied f @t substance P
and anal ogues the%%ﬁiﬁ%bﬁ&igﬁ%ﬂ%%@?dDﬁA@i%BﬁT %?Dr%l'%mand that said

m
COI’]] ugates are I’TLlC)f'Ip

In WO 02/24235 is described the preparation of 1-(1-carboxy-3-carbo-tert.-butoxypropyl)-
4,7,10{carbo-tert.-butoxy-meihyi}-1,4,7,10-tetraazacyclododecane (prochelator DOTAGA),
which is used to prepare conjugates of effector molecules and 1-(1,3-carbaxy-propyl)-4,7,10-
(carboxy-methyl)-1,4,7,10-tetraazacyclododecane (chelator DOTAGA). As effector molecu-
les are proposed peptides such as octreotide or CCK, which are coupled to the N-terminus
of these bioactive peptides. Conjugates with substance P have also been mentioned, but
have not prepared and therafore not exemplified. Said conjugates may be labelled with
radio-nuclides for both diagnastic (*"In, *™Ga) and internal radio-therapeutic applications
(®Y, ""Lu). The publication is focused on octreotide and octreotate conjugates such as
DOTATOC, which provide a befter labelling yield and a high stabiiity. The treatment of brain
tumors , e.g. gliomas, is not mentioned.

It was surprisingly found that the NK-1 receptar is expressed in brain tumors and can be
applied for binding radiolabelled conjugates based on substance P and analogues thereof
with chelfators DOTAGA, DOTASA or DOTA and that said conjugates are much mare
effective than DOTATOC, radiolabelled substance P, substance P and analogues and
saporin, and other small radiolabelled peptides with or without chelating agent in targeting
and {rgatment of tumars, especially brain tumors, a.g. gliomas. It was also surprisingly found
that metal complex formation is achieved within short time and that the complexes possess a
higher chemical stability, thus avoiding contamination of tissue or body fluids with free radio-
nuclides. Substance P based radicHabelied conjugales show an unexpected high serum half-



effective than DOTATCC, radiol abelled substance P, substance P and anal ogues
and saporin, and other snmall radiol abelled peptides with or w thout
chelating agent in targeting and treatnment of tunors, especially brain
tunors, e.wo2gitiermas. |t was al so surprisingly found thaicetedssemp! ex
formation is achieved within short tine and that the conpl exes possess a

hi gher chem cal stability, thus avoiding contam nation of tissue or body
fluids with free radi o- nuclides. Substance P based radio-I|abelled

conj ugat es show an unexpected hi gh serum half WO 2004/ 082722

PCT/ EP2004/ 115111329 -3 life tinme sufficient for application as internal
radi o- di agnosti cs and radi o-therapeutics. Serum stability of conjugates on
t he basis of substance P anal ogues is even increased wi thout decreasing the
binding affinity to NKI receptor to an undesired extent. In sone cases the
binding affinity is even inproved when using substance P anal ogues. It was
also found that nethionin in the I I-pasitron is oxidation sensitive
(radlolysis) after labelling (formng a sulfoxide) and that said oxidation

can be suppressedjfL sLﬁd%hﬁ&Eé}%a{EFEJ\hQ&i Bhicono Rt 1 QK- Atk i@ &nmher eby the

binding affinity ¢ ubst ant al e I gt al ned or even roved with
further am no acisﬁgdrpye_o ?ﬂ?&tﬁseoﬁtths? b?S)r%o Ubesgg:ﬁgg?ag’ﬂuégé's ‘I’:ye"s"écreﬁseeﬁ'(':"@g&?lt was al so
surprisingly fourfeFeEHE e SUHeeEm¥ B N5 BRI P AT e&ﬁ'&'l"\qsé‘ae B figat es are
capabl e to diffudBeragfigitsis @ e TPy vPRMTNGFUOEPIES T APPIUEY hvas epainpt el | nests or
satel lite | esi ongnsthign it hatl-rediieyis oigptioh eensittieiradioysistkfteripbelipg (baired. A first obj ect
of the inventi on sisxidej dd s esiddkidatiorChambedupplesseton e@doipg hatrcbnieoynj ugat es of
substance P and rancielitieDineBY tRbinkisy af@ vinB@sthrdily BdrinRidt dva

Chel at or - R Ar @' - RhsdwiSrbeQminGdisdabdtenthees.RibaceFsyBsr Hal--Mt 11- NH2 and
compri sing. CoMP Qg Ahnd O Melihol e desdh o abeiish cAhishdt b fhuse XXX X | X

L 0f - ~ o~ —~—
C 1"~ HK X0 X, 81 | inishatih ard infitrald Rurror B edCo¥ satenitS Tosiaris so triat thdy sadBs’
detected and treated.

A first object of the invention is the use of radio-nuclide labslied conjugates of substance P
and a chelator molacute, having the abbreviation

Chelator-R-Arg'- Pro®-Lys*-Pro*-Gin®-Gin®-Phe’-Phe®-Gly*-Leu'%-Met"'-NH, and comprising
compaunds of formuia |

E ]mzﬂ ) o

wherein

R is -CHzG(O}-, -CH(COH)GHCH-C(O)- or -CH(COzH)CH-C(0)-,

or an analogue of formula | with at least one of the subsequent modifications in the amino
acld sequence of substance P;

a) replacement of Met" by -NH-CH(CH;CHz-502-CHs)-C(O)- (Met(02)"), -NH-CH{CHCH,-
SO-CHa-C(O)- (Met(0)'), or -NH-CH[CH{CH3)CH;CHA)}-C(C)- {lle™"),

b) replacement of Leu™ by -NH-CH[CH(CH3)CH;CHa)-C(O)- {18™),

o) replacement of Gly® by -N(CH3)-CHz-C(O)- {Sar®),

d) replacement of Phe” ar Phe® or both Phe’ and Phe® by residue of formulae



C. x O, x_Zxx xc.N+/ \cxcgx wherein

Ris -CH -C(O-, -CH(CO2H) CH2CH2- C(O) -

or -CH (CO2H)CHrC(O)-, or an anal ogue of formula | with at | east one of the

subsequent nodifications in the am no

repl acenent of Metl1ll by -NH CH(CHLCHr SO CH3) - C(O) -
or - NH CH[ CH( CH3) CHZCHa) - C( OPCT(HER&4)050328)

SO- CH3) - C('®D-2044s220) 11) ,

replacenent of LeulO by -NH CH CH(CH3) CH2CH3)-C(O (I1el0),

of Ay by -N(CH3)-CHrC(O) - (Sar), d)

aci d sequence of substance P: a)
(Met (OS1), - NH CH( CHzCHr

c)

Phee or

repl acenent

repl acenent of Phe' or bot h

Phil and Phes by residue of formulae WD 2004/ 052722 PCT/ EP2004/ 050329 -4- H
H H- -\ Jam -NN (2-Nal73), ff~ O _ MV~ (Pheglyra) (Cha 3), e)
repl acenent of Lys3 by residue of formulae (Om, NH (Arg), or HzN~NH NH, f)

truncation of 1 to 5 am no acids of the sequence Arg' -
replacenment of 1 to 5 ami no acids of the sequence

or Q)
Arg' -Pro3-Lys3-Pro' -An5 by -N(CH) -

ZzT

8

ZI

(Z_Th i7'8) i

Pro'-Lys3-Pro 4-G n5,

o
63 (3-BzThi"®),

H \j_'
—N
{1-Nal™®),

) replacement of Lys® by tesidue of formulae

o
——H\)L_
E {Arg®), or

H,N“"NH

_n\/ﬁ"

NH,

(om?),

f) truncation of 1 to 5 amino acids of the sequence Arg'- Pro®Lys®Pro*-GIn®, or
g) replacement of 1 to 5 amino acids of the sequence Arg'- Pro®-Lys®-Pro*-GIn® by -N{CHa)-

CHC(0)- (Sar),



CH3-C(0)- (Sar), WD 2004/082722 PCTI EP2004/ 050329 -5 and wherein the
conjugate is labelled with a radio-nuclide selected fromthe group
consisting of Actinium 225, Bisnut-212, Bisnmut-213, Lead-203, Copper- 64,
Copper - 6 AwoGabd/ise66, Gallium 67, Gallium 68, Lutetiunpdgfprobiigdosss 111,
I ndi um 113, Yttrium 86 and Yttrium 90, Dyprosiunl62, Dysprosium 165,
Dysprosium 167, Hol m um 166, Praseodym um 142, Pra- seodym um 143,
Promet hi um 149, and Terbi um 149, as active ingredient in
radi o- phar maceuti cal or radio-diagnostic formul ations for targeting or
treating brain tunors, especially gliornas. When Rin fornula | attached to
the tetraazamacrocyclic residue is -CH -C(O-, it is abbre- viated as
chetator DOTA; when R In fornmula | attached to the tetraazamacrocyclic
residue is -CH(CO2H) CH2ZCH C(O -, it is abbreviated as chel ator DOTAG and
when Rin fornula | attached to the tetraazacyclic residue is
-CH(CO2H) CHC(O -, it is abbreviated ag.chel ator DOTASA. Wen the carboxylic
groups in the chelator noieties are esterified, for exanple wth t-butanol
then the residueg are nanmed prachel ator . The prochel ators can be used for
conveni ent coupﬁ"%%_'t%grﬂggu"{u? c?ésg%dﬁ?‘f'%%rag'S'In?CEFEQ%eﬁtggﬁog‘ RERESPE"Rabel 1ing in
the context of t%Hf "'W"Fﬁ?gﬁ{gi"ﬁ'ﬁur%s(ﬁ'ﬁ'ﬁﬂfli ??B'F??gcc’f"?ﬁés“r%ﬁﬂi’““()‘?fu‘é?"i‘"ﬁéﬁ't o the
carboxylic gr oUFEusdCHTEd seaiuad 7GAELB ! 1 RtvrcHa Miivoee md ¥tridpéd.  wher eby
ani ons i n the rdreyvmds Plecresigh 165, Dysareeium &§3 Hptradh-166) PasetymdaneePrai t h t he
val ence of the neddahiun-0n, Praveihich 1 @red sathstiant ial ly ne- tal (111) or netal (11)
i ons. The abbr eisadicOrgeaibts R chaib-ParmBlich i it -RFIAR oAiaibas [eiR @y B @i ned in the
follow ng: Mt ( Qeatih$oraifEhdl, RRicAG wRMLS OXi de; Met (02) is nethionine-sul fone;
lie is Isoleucine; Saris sarcosine; 2-Thi is 3-(2-thienyl)-alanine; 3-BzThi
is 3-(3-benzot hien | anine; 2-Nal is 3-(2-naphthyl)-alani- ne; 1-Nal is
3- (1- napht hyl ) - avﬁ'lf#}ﬁ'e?mﬁ'{gt%lbhsegtr" 8}90 eXy -céﬁl'%rﬁ%% %‘?géhfﬂgx”éf'sé?b&l‘_ni ne; Omis
onithi- ne; and Vﬁﬁ&gjigj‘?"gDBWéWP [RETHR | afaphed o i iefasramadocs figeRiisient of the
i nvention, the rESPATECRCOn P BPHaPES TeeR@qHSA sneMetyr@ye! | n a furt her
preferred enmbodi*fERt" ™tredTi Y AL seti@nte eyt §Feia | corresponds to
f or mul ae DOTASA. When the carboxylic groups in the chelator moieties are esterified, for example

with t-butanol, then the residues are named procheiator. The prochelators can be used for

convenient coupling to peptides during solid phase synthesis.

Labelling in the context of this invention means binding the radionuclide to the carboxylic
groups and nitrogen atoms of the chelator residue, whereby anions in the radionuclide salts
are replaced in accordance with the vaience of the metal ion, which are substantially me-
tai(lil} or metal(ll) ions.

The abbreviations used for modifying amino acids are explained in the following: Met(Q) is
methionine-sulfoxide; Met(C:) is methionine-sulfone; lle is iscleucine; Sar Is sarcosine; 2-Thi
is 3-(2-thienyl}-alanine; 3-BzThi is 3-(3-benzothienyl}-alanine; 2-Nal is 3-(2-naphthyl}-alani-
ne; 1-Nal is 3-{1-naphthyi}-alanine; Cha is cyclohexyl-alanine; A is arginine; Om is omithi-
ne; and Phegly is phenylglycin.

in a preferred embodiment of the invention, the residue R in formula | means -CH-C(O)-.

In a further preferred embodiment, the amino acid sequence in formula | coresponds to formulae
a) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Phe-Gly-Leu-Met-NH,

b) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Phe-Gly-Leu-Met{Oz)-NH:,
¢) Arg-Pro-Lys-Pro-Gin-GIn-Phe-Phe-Sar-Leu-Met-NH,,
d) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Gly-Leu-Met-NH,



a) Arg-Pro-Lys-Pro-G n-G n-Phe-Phe-d y-Leu-Met-NH2, b)

Ar g- Pro-Lys-Pro-G n- G n-Phe- Phe-Q3d y- Leu- Met (Q2) - NH2, ¢)

Ar g- Pro- Lys- Pro- @ n-d n- Phe- Phe- Sar - Leu- Met - NH2, d)

Ar g- Pro-Lys-Pro-d n-d n-Phe-Thi -d y- Leu- Met - NH2, WD 2004/ 082722

PCTI EP2004W02083827226 €) Arg-Pr -Lys-Pro- G n-d n- Thi - PIRETEPRORGEL3REt - NH2, f)
Ar g- Pro- Lys-Pro-d n-d n- Phe- PheSar - Leu- Met (Q2) - NH2, Q)

Arg-Pro-Lys-Pro-G n-G n-Phe-Thi -3 y-Leu-Met (Q2)-NH2, h)

Arg- Pro-Lys-Pro-A@ n-G n-Thl - Phe- G y- Leu- Met (02) - NH2, 1)

Ar g- Pro-Lys-Pro- G n-d n-Phe-Thi - Sar - Leu- Met (O2} NH2, )

Ar g- Pro- Lys-Pro-d n-d n-Thi - Phe- Sar - Leu- Met - NH2, k)

Ar g- Pro-Lys-Pro-G n-d n-Thl - Phe- Sar - Lou- Met (02) - NH2 1)
Arg-Pro-Lys-Pro-Grl -G n-Thi-Thi Sar-Leu-Met-NH2, m

Arg- Pro-Lys-Pro-G n-G n-Thi - Thi Sar - Leu- Met (Q2) - NH2, n)

Arg-Pro-Lys-Pro-A@ n-A@n-Thi-Thi-Gy- Leu Met - NH2, a)

Arg- Po-Lys-Pro-@ n-A n-Thi-Thi -d y- Lel? I\/Et(02} NH2. I n another preferred
enbodi ment, the conpounds of fornmula | conprise in the 11-position of the
nat ural substance P sequence a nethioninsul fone residue of formula

- NH CH( CH2CH2-  SGRveiostys-rg-@y-Gin-TtiBhe-Shidevd®t- N net hi oni n residue. 1t was found
t hat the net hi onifagres ysdesi-@n-PhpPase-LiuMet-dat | onl s easier oxidized in air

and especially d;é“rgﬁgo LtyQ,G;O g,@ggbgeﬂg,y%%@mw th radionuclides, which | eads
to inconsistent f|pnal nconsi st ency can be avoi ded when usi ng

met hi oni nsul f one "%t me'?iﬁg'?)?!" %Mf“&ﬁlyheu MRS er preferred substance P
anal ogue conj ugatéadre-Lfsdrorif-Gp-Ahe-ThSapkpa-Met@NH: ch t he glycin residue in
position 9 of theap@tbuysFo-aubshencsrBusagdence i s repl aced by a sarcasm

residue of for m,lj,@g Q;Qé}n%lg;g@,mmmer preferred substance P

anal ogue conj ugate o f far % s one it whi ch t he phenyl - el ani ne residue
in the 7- or 8- pddMt P&ﬁs () th'lzf';ar 8‘%’“ I'Eins of the natural substance P
sequen- m) Arg-Pro-Lys-Pro-GIn-Gin-Thi Thi-Sar-Leu-Mel(Og)-NHa

n) Arg-Pro-Lys-Pro-GIn-Gin-Thi-Thi-Gly-Leu-Met-NH,,
0) Arg-Pro-Lys-Pro-Gin-Gin-Thi-Thi-Gly-Leu-Met{O;)-NH,.

In anather preferred embodimant, the compounds of formula | comprise in the 11-position of
the natural substance P sequence a methioninsulfone residue of formula -NH-CH(CH,CH,-
S0:-GH;3)-C{O})- instead of a methionin residue. It was found that the methionin residue is
prone to oxidation/is easler oxidized in air and especielly during the labelling process with
radionuclides, which leads to inconsistent final products, Inconsistency can be avoided when
using methioninsulfone instaad of methionin,

Another preferred substance P analogue conjugate of formula | is one in which the glycin
residue in position 9 of the natural substance P sequence Is replaced by a sarcosin residue
of formula -N{CHs)-CHz-C{O)-.

Another preferred substance P analogue conjugate of formula | is one in which the phenyl-
alanine residue in the 7- or B-position or in both posttions of the natural substance P sequen-
ce Is replaced by a 3-(2-thienyl)-alanine residue of formula



ce Is replaced by a 3-(2-thienyl)-alanine residue of fornula -11 WO

2004/ 082722 PCT/ EP2004/ 050329 -7 Anot her preferred substance P anal ogue
conjugate of formula | is one in which the phenyl- alanine residue in the
8-position of the natural substance P sequence is replaced by a 3-(2-

t hl enyl }al anine and the glycin residue in position 9 is repl aced b{ a

sar cosi ne masiodues2722Anot her preferred substance P anal j e of
formula | is one In which the nethio- nin residue in the 11-position of the
nat ural substance P sequence is replaced by a rnethio- ninsul fone residue,
and t he phenyl al anine residue In the 8-position of the natural substance P
sequence is replaced by a 3-(2-thienyl}al anine residue, or the glycin
residue In position 9 is replaced by a sarcosine residue. Substance P

anal ogue conjugates of forrmula I, which are nodified in the 8-position as
des- cribed before, show a nuch better serumstability or a | ower peptidase
sensibility, respecti- vely. Substance P anal ogue conjugates of formula I,
which are nodified in the 7-, 8-, 9- agd/or 11-position as described before,
show al so a satisfying to high binding'affinity to NK-1 receptor conpared
to natural substance P, as it can be detected w th autoradiography in
measuring the 1C, values, which may be fromO0.1 to 50, preferably fromO0.5
to 20 and nore phethespreiispdsufsiarse? anaigous qonivi@e of oz ixppg ipwhish thé eed enbodi nent
the ami no aci d sedpriedves@udinthefBppsiven obihd natgre subsiapdTsebsenteds rfpiaradty 8¢2- a)

Ar g- Pr o- Lys- Pr o- GhisnyiGilarinefahiheldipa réslays-inl peditior\dbd répBish bitdRarcosine residue.

b) Ar g- Pro- Lys- Pm @ n- G n- Phe- Phe- Sar - Leu- Met - NH2, c¢)

Ar g- Pro- Lys- Pro- %ﬁﬁ&n@&ﬁﬁsgﬁgPgalygué-&hﬁ:gmmmhscﬂaln which the methio-

2; g E;r? L;)sls Prpgogqmesﬁxe'}u Etﬂ;h'i .%’OE he }oé@e ya'lJraﬂﬂEsMﬁ:L N )k replac:fd by a methio-
PRSI, frcvin. i v o e

Ar g- Pro-Lys- Pro- M°h > Th h ?\}85[ ¢ P

Ar g- Pr o- Lys- Pr o- G RERE4FY PREHH P éear-Leu Met (02) - NH2

Substance P analogue conjugates of formuta |, which are modified in the B-position as des-
cribed before, show a much better sarum stabliity or a lower peptidase sensibility, respecti-
valy. Substance P analogue conjugates of formula |, which are modified in the 7-, 8-, 9-
and/or 11-position as described before, show also a satisfying to high binding affinity to NK-1
receptor compared to natural substance P, as # can be detected with autoradiography in
measuring the |Cg values, which may be from 0.1 to 50, preferably from 0.5 to 20 and more
preferably from 0.7 to 10.

In a more preferred embodiment the amine acid sequence in formula | corresponds to formulae
a) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-Gly-Leu-Met{Oz)-NH;,

b) Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Sar-Leu-Met-NH,,

¢) Arg-Pro-Lys-Pro-Gin-Gln-Phe-Thi-Gly-Leu-Met-NH,, .

d) Arg-Pro-Lys-Pro-Gin-Gin-Thi-Phe-Gly-Leu-Met-NHs,

e) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-Sar-Leu-Met(O2)-NH,,

f) Arg-Pro-Lys-Pro-Gln-Gin-Phe-Thi-Gly-Leu-Met{O,}-NH,,

g) Arg-Pro-Lys-Pro-GIn-GIn-Thi-Thi-Gly-Leuw-Met-NH,, or

h) Arg-Pro-Lys-Pro-GIn-Gln-Phe-Thi-Sar-Leu-Met{02)}-NH,.

In a particularly preferred embodiment the amino acid sequence in formula | corresponds to
formulae

a) Arg-Pro-Lys-Pro-Gin-Gln-Phe-FPhe-Sar-Leu-Met{O,)-NHz, o

b} Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Gly-Leu-Met{O,)-NH,,



In a particularly preferred enbodi mrent the am no acid sequence In formula I
corresponds to fornul ae a)

Ar g- Pro- Lys- Pro- @ n- A n- Phe- Phe- Sar - Leu- Met (02) - NH2, or b)

Ar g- Pro-Lys-Pro-d n-d n-Phe-Thi -d y- Leu- Met (02) - NH2, WO 2004/ 082722

PCT/ EP2004AA59®208827228 si nce these conpounds show an out BEEREAMIPSE3RP dat i on
and serumstability as well as a very high binding affinity, which is
conpar abl e or even higher than with natural substance P se- quence. The
conjugates of formula | and the preferred radi oconjugates nentioned before,
having either chel ators DOTAGA, DOTASA or DOTA bound to the am no term nus
are useful for diagnostic investigations using conventional scintigraphy
with Indiurn-111 | abell ed substance P or anal ogues or using positron

em ssion tonography with the tracers Gallium68, Gallium 66, Yttrium 86 or
Copper-64. The di agnostic peptide vector can either be applied |oco-re-
gionally or systemcally. For therapeutic treatment the conjugates of
formula | and the anal ogue conjugates fen- tioned before with either

chel ators DOTAGA, DOTASA or DOTA can be labelled for exanple wth

al pha-emtting i sotopes, e.g. Bisnuth-213, Actinium 225, and the

beta-em tters Yt tsncatmee cStboamchdwiat @tstending dkidafion afsethgabiitaspectaely t he | nventi on
provi des a net hodnighbindngsfgBt whidis ddparabie dr eNdDiigher thhroBdaiv@listbgardd P sel reat i Ng brai n
tunors and the sagueld.ite | esions thereof in a host afflicted with brain
tunors, e.g. gli omas in admnistrating to the host at |east one conpound

of formula I or t%mmulgandﬂ%maaraémnt Pkhadebiergpeci al |y useful
(n the detection ggat ?@&mm o ol talnﬂusw fig;and satellite

| esions thereof. An E) rapeutic or
di agnostic net hOd noshc nveg[iF’aﬂ?nsusmgcgnventlonq H ﬁ%/w%h lnadiuré\-(?'la'l.?abeledﬁgba%r treating brain

tunors and the sa'f‘gf"la'f’%”‘és Sk ?"Pfg?”é?g‘f'g'?pwwﬁhtmf;a"l’f BRY S8 Tsi ng
admi ni stering to % WEHPPRS Craerfiblg depposimeniersrereai e PPl P2eY i ve anount of a

radi o- nuclide | afeply Eeystes¥t ance P conjugate of fornmula | or an anal ogue
t her eof .
For therapeutic treatment the conjugates of formula | and the analogue conjugates men-

tioned before with either chelators DOTAGA, DOTASA or DOTA can be labeiled for example
with alpha-emitting isolopes, e.g. Bismuth-213, Actinium-225, and the beta-emitters Yitrium-
90 and Lutetium-177.

Another aspect of the invention provides a method of targeting brain tumors, localizing or
treating brain tumors and the sateilite lesions thereof in a host afflicted with brain tumors,
e.g. gliomas, in administrating {o the host at least one compound of formula 1 or an analogue
of formula |. The method is especially useful in the detection and therapeutic treatment of
brain tumors and satellite lesions thereof.

An object of the invention is also a therapeutic or diagnostic method for targefing brain tu-
mors, localizing or freating brain tumers and the satellite lesions thersof in a mammal com-
prising administering to & mammal in need of such therapy, an effective amount of a radio-
nuclide tabelled substance P conjugate of formula | or an analogue thereof.

Another object of the invention is a method of delivering a radio-nuclide labelled substance P
conjugate of formula | or an analogue thereof to a host, comprising administering to a host a
radio-nudide labelled substance P conjugate of formula | or an analogue thereof, to diagno-
se or to treat human brain tumors.

A further object of the invention is the use of a radio-nuclide labelled substance P conjugate
of formula | or an analogue thereof for the manufacture of a medicament useful for the de-



Anot her object of the invention is a nmethod of delivering a radio-nuclide

| abel | ed substance P conjugate of formula | or an anal ogue thereof to a
host, conprising adm nistering to a host a radio-nuclide |abelled substance
P conjugaﬂﬁoawug%?ﬂﬁla | or an anal ogue thereof, to di agf§T/EROGOSHRt 1 eat
human brain tunors. A further object of the invention is the use of a
radi o- nucl i de | abel | ed substance P conjugate of formula |I or an anal ogue

t hereof for the manufacture of a nedicament useful for the de WD 2004/ 082722
PCTI EP2004/ 050329 -9 tection and therapeutic treatnent of brain tunors and
satellite lesions thereof in a mammal, such as a human; and a radi o- nuclide
| abel | ed substance P conjugate of formula 1 or an ana- |ogue thereof for use
in nmedical therapy. A further object of the invention are conjugates of
substance P or substance P anal ogues and a chel ator nol ecul e, whereby
substance P conjugate has the abbreviation

Chel ator-R-Arg' -Prot-Lys3-Pro-d n5-d n-Phe' - Phea-d y- LeulO- Met h' - NH2 and
conpri ses conpounds of formula I xo,ex,c\ r4 [/ x \ II// (_\ xx~w1 RII
0~-xX, L4" C' XesioXdnd thedpelic t¥atihf o 54h thmorsdReda@it edfonk ﬁereogx'lé hnfder

- CH( CI)ZH) CH2 CH2- g(c@sa hQr'Elan. a%_g %gml@'atpﬁeg);dbstanu IS &m&%@ onJn'm(Jlgr%n rEat R i's - CH’
C(O -, when the 91Hte%%%rsamm%|m he substance sequence,
analogue of formiPa I with a FeasT Ene of the subsequent nDdlflcatlons in

the amino acid sequence of substance P:
A further object of the invention are conjugates of substance P or substance P analogues

and a chelator molecule, whereby substance P conjugate has the abbreviation
Chelator-R-Arg - Pro?-Lys®-Pro®. Gin®-Gin®-Phe’-Phe®-Gly®-Leu'-Mst"-NH, and comprisas
compounds of formuta |

aHSCH,

I VU
e [+ \)\5\}& oY ;ﬁiﬂ(m

E j A ()

m,eu,c/ \__l \cn,co,u

wherein

R i -CHz-C(D)-, -CH(CO,H)CHZCHo-C(O}- or -CH(CO;H)CH-C(O)-, with the proviso that R is
-CH-C({O)-, when the conjugate comprises the substance P sequence,

and an analogue of formula | with at least one of the subsequent modifications in the amino
acid sequence of substance P:

a) replacement of Met" by -NH-CH(CH2CHz-502-CH}-C(O)- (Met(02)'™), -NH-CH{CH,CHa-
S0-CH)}-C(O) (Me{0)'™), or -NH-CH[CH(CH2)CHCHa)-C(O)- (lle™),

b} replacement of Leu™ by -NH-CH{CH(CHa)CH2CH3}-C(O)- (lle*®),

¢) replacement of Gly® by -N{CH;)-CHC{O)- (Sar®),

d) replacement of Phe” or Phe® or both Phe” and Phe® by residue of formulae



a) replacenent of Met" by -NH CH(CH2CHr SOCH3)-C(O - (Met(02)"),

-NH CH(CH2CH, - SO CHs)-C(O - (Met (O "), or -NH CH CH(CH3) CH2CH3)-C( O) -
(lie"), b) replacenent of Lou" by -NH CH CH(CH3) CH2CH3} C(O - (11e10), «c¢)
repl acenent of Ay9 by -N(CH3)-CHr C(O)- (Sar), d) replacenment of Phe' or Phe
or both Phevoatd/o8i7ees by residue of fornul ae WO 2004/ 08LT/ER2004/050329

PCT/ EP2004/ 050329 -10- HQ _ (2-Thins) I $ s (3-BzThirs), Hp N-N,
(2-Nal's), /...,/ (1-Nal's), -N _HQNVJ (Phegly's) (Cha's), e)

repl acenent ofLys3 by residue of formulae -N Nr~ (Ar9"), or H2ZN}tNH NH f)
truncation of 1 to 5 am no acids of the sequence Arg'- Pro3-Lys'-Pro-G ns,
or g) replacenent of 1 to 5 am no acids of the sequence Arg' -
Pro'-Lys3-Pro'-Gns by -N(CH3)- CHrC(O- (San), WD 2004/082722

PCT/ EP2004/ 050329 -11 and wherein the conjugates are unl abelled or |abelled
with a radionuclide selected fromthe group consisting of Actinium 225,

Bi snut - 212, Bisnut-213, Lead 203, Copper-64, Copper- 67, Gallium 66,

Gal lium 67, Gallium68, Lutetium 177, THdi um 111, indium 113, Yttrium 86

Q
\/J_ —
(2-Thi"®), &3 (3-BzThi™®),
Z/ /3
o]
N

(2-Nal™®), {1-Nal’®),

{Phegly™®), b {Cha™),

@) replacement of Lys® by residue of formulae

f) runcation of 1 to 5 amino aclds of the sequence Arg'- Pro®-Lys®-Pro*-GIn®, or
g) replacement of 1 to 5 amino acids of the sequence Arg'- Pro®Lys’-Pro*-GIn® by -N(CH3)-
CHC(0)- (Sar),



and Yttrium g0, Dyprosiunl62, Dysprosium 165, Dysprosium 167, Hol m um 166,
Praseody- mum' 142, Praseodym um 143, Pronethium 149, and Ter bi um 149;
i ncluding preferred enbodi nents of the anal ogues as nentioned before. Still
a further 96 W04083722% he i nvention |Is a conposition conpri sCngrtayo®iszd east
one pharmaceu- tical carrier and (b) at |east one conjugate of a substance P
or an anal ogue of substance P and a chel ator nol ecul e, whereby substance P
conj ugate has the abbreviation
Chel ator-R-Arg' - Pro-Lys' - Pro- G ns- G ns-Phe' - Phe-d y- Leut O MeO - NHZ and
conprises conpounds of formula I | p p o NOFHCNI Xn ~x \ r4 cN,sckK/ N
N(lI). /N\ ,x NNXOEMC c""OM wherein Ris -CHC(O) -,
- CH( CO2H) CH2CH2-C(O) - or -CH(CO2H)CH, C(O)-. with the proviso that Ris
-CHZ-C(O -, when the conjugate conprises the substance P sequence, and an
anal ogue of formula | with at | east one of the subsequent nodifications in
the am no acid sequence of substance Py;a) replacenent of Met" by
- NH- CH( CH2CHr SQz- CH3) - C(O) (I\/Et(02)" -NH CH(CHZCHr SO CH3)-C(O) -
(Met(O"), or -NH CH ! e Iacerrent of Leu' O by
- NH- CH[ CH( CH3) CHZ *6 sfffa’e jsbel “ci‘a"eg'ﬁl o Q’?F%E’H%"'”ng
-N( CH3) - CHr C( O) - 9(05%1?0)18'3 "ta!)°f -215fBIPHE13. brad %ﬂ%:é?ms'rﬁ“b@?wwhe and Phe
by residue of f orfmfaien-$40>00047 98@7@2 LTG0 105 0ga9 113, Yiumgs | k V) L

and Ytirium-90, Dyprosium162, Dysprosium 165, Dysprosium 167, Holmium-166, Praseody-

mium-142, Praseodymium-143, Promethium-148, and Terbium-149;

including preferred embodiments of the analogues as mentioned before.

Stilt a further object of the invention Is a composition comprising (a) at least one pharmaceu-
tical carrier and (b) at least one conjugate of a substance P or an analogue of substance P
and a chelator molecule, whereby substance P conjugate has the abbreviation
Chelator-R-Arg - Pro®-Lys?-Pro*-GIn®-GIn®-Phe’-Phe -Gly*-Leu*"-Met""-NH; and comprises
compounds of formuia |

E :' E | .

wherein

R is -CHz-C(O}-, -CH{CO;HYCH,CHa-C(O)- ar -CH(COH)CHZC(O)-, with the provigo that R Is
~CH,-C(Q)-, when the conjugate comprises the substance P sequence,

and an analogue of formula | with at Jeast one of the subsequent medifications in the amino
acid sequence of substance P:

a) replacement of Met'" by -NH-CH{CH,CHzS0,-CH;)-C{O)- (Met(C2)""), -NH-CH(CH,CH--
SO-CHyFC(O)- (Mat{O)'), or -NH-CH[CH{CH3)CH,CH3)-C{O)- (lle™),

b) replacement of Leu™® by -NH-CH[CH(CHa)CH,CH;)}-G(0)- (lie'),

c) replacement of Gly® by -N{CHz}-CH=C(O)- (Sar?),

d) replacement of Phe” or Phe® or bath Phe’ and Phe® by residue of formulae



NV -H(2-Thi'e) (3-BzThi's), HL - -N N (2-NaP5), (1-Nal 73), -N- IL-
-N (Phegly'") (Cha'.e), e) replacenent of Lys' by residue of fornulae H 4
N-N, JL_ NH (Arg'), or \3/ (GB), HBN'4NH NH f) truncation of | to 5

am no acids of the sequence Arg'-Pro t-Lys3-Pro -d@n5, or g) replacenent of
1 to 5 am neoaai4ms27ef t he sequence Arg' - Pro'-Lys3-Pro PGriaB2doy050849CH3) -
CH2-C(O - (Sar), and wherein the conjugates are |labelled wth a radi onuclide
selected fromthe group con- sisting of Actinium225, Bisnmut-212,

Bi smut - 213, Lead- 203, Copper-64, Copper-67, Gallium WO 2004/ 082722

PCT/ EP2004/ 050329 -13 66, Gllium67, Gallium 68, Lutetium 177, |ndium 911,
I ndium 113, Yttrium86 and Yttrium 90, Dyprosiunl62, Dysprosium 165,
Dysprosi um 167, Hol mi um 166, Praseodym um 142, Praseodym um 143,
Pronet hi um 149, and Ter bi um 149; i ncluding preferred enbodi nents of the

anal ogues as nentioned before. The invention includes the pharmaceutically

acceptabl e salts and conpl exes of the radio-
12 -

0

A \/L
_n\/ﬁ_ R
>, s  (2-Thi), ® (3-BzThi'®),
ZAQ

—N\;L_ —H\/ﬂ*

)
wt
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s

Oe {2-Nal™®, OQ (1-Nal"®),

.....

@ (Preghy™, b (cra’™)

e) replacement of Lys® by residue of formulae

H 0
—N
e SN
E (Arg?), or ? (Orn),
A

H,N NH

2 2

f) truncation of 1 to 5 amino aclds of the sequence Arg’- Pro®Lys®Pro*-GIn®, or

g) replacement of 1 to 5 amino acids of the sequence Arg'- Pro®-Lys®-Pro*-GIn® by -N(CHs)-
CH-C{O}- (Sar),

and wherein the conjugates are fabelled with a radionuclide selected from the group con-
sisting of Actinium-225, Bismut-212, Bismut-213, Lead-203, Copper-64, Copper-67, Galtium-



nucl i de | abell ed conjugates of fornula |I and the anal ogues thereof, and of
the unl abell ed conjugates of formula |I and the anal ogues thereof. Salts may
be formed frominorganic or organic acids. Exanples of suitable inorganic
acids are hydrochloric acid, hydrofluoric acid, hydrobromc acid,

hydr oi odi c vag2ed4/0820d2f uri ¢ acid and boric acid. Exanpl esPGIEBRMN4/EBI2® or gani c
acids are acetic add, trifluoroacetic acid, formc acid, oxalic acid,

mal oni ¢ acid, succinic acid, tartaric acid, maleic acid, fumaric acid,

met hanesul fonic acid, trifluoronethanesulfonic acid, benzoic acid, glycolic
acid, lactic add, citric acid and mandelic acid. Salts may be formed from

i norgani ¢ or organi c bases, such as al kaline netal hydroxides, and
hydr oxi des from ammoni a, hydroxyet hyl am ne, hydrazi ne, nethyl am ne,
ethylam ne, trinmethylamne, tri- ethylam ne, ethylenedi anm ne,

hydr oxyet hyl am ne, norphol | ne, piperazine and guanidine. The radionuclide

| abel | ed conj ugates may be used in pharnaceutical fornulations as pow ders
(mcroni zed particles), granules, suspéhsions or solutions, or they may be
conbi ned together with other pharnaceutically acceptable |ngredients in
adm xi ng t he conp@neatitrss?. Gatieh-a8 btetiom&Y.[ingiuf-f 1h.didiym-¢iis\jibes-86 dna Mirurmnd t hen filling
capsul es, conpose#, TyopsiueicaPpdpesivr GEPyREsign 160 Holgioh-166 Pekadymiae-142pr epar i ng
transder mal pat chespodgOmPBEEEhad@miahetedipm-pio) | S or troches, or suspend or
di ssol ve them i n gdsikd prfeledk@odifdals brine BHAGquesStISRMAGILORS, €l 1 Xirs and syrups.
Coatings may be applied after conpression to formpills. Pharmaceutically

accept abl e i ngr edigplSioRhdetRb J,hamgmuy a2 e A o bifBE-OF T OF MUl L o
and may be for examplg, bk ok B8 D L8 el st Uiy PO YITET S,

sol vents, excipi eglo%us o fgmulalanadq’eadab%sgsrme%& tant s be§owe§ftmer|1n|on and fl avouring
agents, coating nmaterials $¥ adj uvants,

en
antim crobi al agefite8e a8} Qﬁ?‘ﬁﬁ)‘is?é‘f"%ue NG 20y ?ﬁ’/'?i‘fcg?”gamd’ﬁdd"ﬂ‘ﬁ’f'%g? carriers for
the various for nu'l'yﬁt?'i’%'ﬁa?‘&/@%’@“"’ﬂ‘i’é"'?‘%?%ﬁ??f"iaﬂ% Erempisiol siPladpE ance P
conj ugat es of f or FASF e acetingey tifivpepcetic atiafPralg ardsoxdligdei.tmglenirecid, fucgi addad t r eat ment  of
brain tunors may Béreadeimplpicacs fumetic Brid, resthanesuifaripesifiririicometeenesidniapelyy be sel ect ed
fromthe group cobmiolsbddmiycaifacid, laeic 4cidicitria sciiRwiusndelp edideSattnimebeifamted aar t er i al r out e,
t he intra- cutanefs ifo@aticerorgbriiv@asd bt MR OISl iydroddes, ant lygox@issdbm r out e, t he
buccal route, theadnhis aEfogalykaiie, MiD=RE) BdiyRBize/igiadiie iniRdHd /050329 - 14

ethylamine, ethylenediamine, hydroxyethylamine, morpholine, piperazine and guanidine.

The radionuciide labelled conjugates may be used in pharmacsitical formulations as pow-
ders (micronized particles), granules, suspensions or solutions, or they may be combined
together with other pharmaceutically acceptable ingredients in admixing the components
and optionally finely divide them, and then filling capsules, composed for example from hard
or soft gelatine, preparing transdermal patches, compressing tablets, pills or troches, or
suspend or dissolve them in carriers for solutions, suspensions, elixirs and syrups. Coatings
may be applied after compression to form pills.

Pharmaceutically acceptable ingredients are wall known for the various types of formulation
and may be for example binders such as natural or synthetic polymers, solvents, excipients,
lubricanis, surfactants, sweetening and flavouring agents, coating materials, preservatives,
dyes, thickeners, adjuvants, antimicrobial agents, stabilizers, osmo-regulators, and other
carriers for the various formulation types.

The radionuclide labelled substance P conjugates of formula | and their analogues for targe-
ting and treatment of brain tumors may be administered by every known route and may be
selected from the group consisting of the Intravenous route, the intraarterial route, the intra-
cutaneus route, the subcutaneous route, the oral route, the buccal route, the intramuscular



route, the anal route, the transdermal route, the intradermal route, the
intrathecal route and the like. In one preferred enbodi nent, the
pharmaceutical carrier is a liquid and the pharmaceutical conposition is in
the formof a suspension, emulsion and preferably a solution. Exanples for
|'i qui d car rweraedms®@nat er, al cohols such as ethanol, gl PCEEBR04/80829y| ene
glycol, 1liquid polyethylene glycols, triacetin and oils, which nmay be used
al one or in conbination of at |east two conponents. The anobunt of a

radi onuclide | abelled conjugate in the fornul ati on substantially depends on
type of fornulation and desired dosages during adm nistration tinme periods.
The anobunt may be fromO0.01 to 40 percent by weight, preferably fromO0.1 to
25 percent by weight, and nore preferably fromO0.5 to 15 percent by weight,
referred to the pharmaceutical composi- tion. Liquid pharmaceuti cal
conpositions, which are sterile solutions or suspensions can be utili- zed
for Intramuscuslar, intrathecal, intratracheal, epidural, intraperitoneal or
subcut aneaus injections. Sterile solut'fons can al so be admnini stered

I ntravenously. The conjugatess may be prepared as a sterile slid
conposi ti on whi chropyne bel reblegimdtnggechaioqute Shesyswierae duté, the nFathgeiadiieatd the time of
adm ni stration usitmegesterile water, saline, or other appropriate sterile
injectable nmedium Particularly preferred is the |local injection of

di ffusi bl e pepti dg ovgricRddSmioBmdCindkh@HacABaiRbrk BPiquid Ad thd Warkdadieat i on for

| oco-regi onal appldmp@hidn@h the idRork BleRRBY SR IBE LN EkiGRN o boRtichN) €cted ei ther Into
a stereotactically inplanted ventricular catheter or into a capsule from

which a cat het er teﬁig@zfmteﬂtm& WU SR etta& fmt,, Guhggaet| on cavity

(al so called por rC|aIIy

avai | abl e capsul egf‘”'gﬁ“jf Per?é’f"g frge ‘“a"&l of Wht'f’g@?}'bf e°”"ﬁ’mf”'i'?8

non-resect ed mai n®{ETHBP GPREEEs, the tip of the catheter has to be centered
into the puta- tive mdportion of the tunor which can normally be achi eved
usi ng a 3-di mensi &heamroustotaralierucideebelietcopeanimtheigmyspetsehsintijly depegdsiohpor t ant t o
wai t at | east one erpffompptierfant datiiddosgoep dwipa@dmjristratipnditme pevigde freeauiiet er | nserti on
and the first appmadafangrptiod0 mreehehy weight, mrelawibly fdm O 1e2s perei heveipb endback f 1 ow

al ong t he out si de mos prifirelydat drt Bher@taywebit aamantdiethd rargetuticglicingosi- nt 0 t he

subar achnoi d, subddar al ,

Liquid pharmaceutical compositions, which are sterile solutions or suspensions can be utili-
zed for intramuscuslar, intrathecal, intratracheal, epidural, intraperitoneal or subcutaneaus
injections. Sterile solutions can also be administered intravenously. The conjugatess may be
prepared as a sterile solid composition which may be dissolved or suspended (diffused) at
the time of administration using sterle water, saline, or other appropriate sterile injectable
medium.

Particularly preferred is the local injection of diffusible peptide vectors to be used according
to the invention for loco-regional application. The radiopharmaceutical is injected elther into
a stersotactically implanted ventricular catheter or into a capsule from which a catheter Jeads
to the tumor cenler or into the resection cavity (also called port-a-cath-device). A number of
differant, commercially available capsules and catheters can be used for this purpose.

In non-resected main tumor masses, the tip of the catheter has to be cenlered inlo the puta-
tive midportion of the tumar which can normaily ba achieved using a 3-dimensional stereo-
tactic planning system. It is important to wait at least one day, preferably a few days, bel-
ween catheter insertion and the first application in order to control the problem of back flow
along the outside of the catheter away from the target site into the subarachnoid, subdural,
epidural or subcutaneous space. This phenomenon can further be reduced by fowering the



epi dural or subcutaneous space. This phenonmenon can further be reduced by

| owering the WD 2004/ 082722 PCTI EP2004/ 050329 -15 elevated intracrania
pressure using osnodiuretics and hi gh dose dexanet hasone prior to
application of the radi opharmaceutical. In solid non-resected cases, a slow
i nfusi on tWQRMWHYELE2Z s used taki ng advantage of an i nf ugCoEPIOMNEsOsdeat al | ows
continuous infusion of a volune of 5-1 O over a tine period of 1-2 hours.
This technique is distinct fromthe so called "convection enhanced
delivery" of macronol ecules into brain parenchynma that uses even sl ower

i nfusion velocities to allow sone penetration of |arge nol ecul es that do not
diffuse due to their size. The conjugates used according to the invention
are virtually small drugs (1-2 kDaltons) and display highly diffusive
properties. Diffusion across |arge areas of a tunor, even across the corpus
callosumto the other hem sphere, has been repeatedly observed within 30

m nutes following a bolus injection of 2-3 mM of the radi opharnmaceuti cal
used according to the invention. The rd#i onuclide |abelled substance P

conj ugat es and anal ogues t hereof can be used alone or in conbination with
ot her phar maceut i eahtbdjntracniplpessgenssd @ndigrstics dnghigh hee aesethapdne giondi nati ons wth
ot her phar nmaceut i emplichiign dibd edicghatradiicdl MAS nogrefebtdorekes @adid@tn on of two or nore
conpo- nents (e. gtectifjle is@fed PRgEANagd dBan[hub@dingthatfonwddohtR@thinidéBvn t 0 a person
of skill in the atdums&8dori &6 aifcpkdda & QBhHE MRS A 7ok Aedo act i ve conpound
are adm ni stered @hedBnvbdknCindla dbilddf of AdcloMiiBues BTN Prendfitlinki Qal  or

preferabl y Syner95@&4.09,?@"&%.&%“&9%aﬁawamgpetnmmeagmms&saérment e.g. tar-

getl ng and treat onmas n t t
phar maceut i cal OSIu?togelrszen?n to:rg'uugates Lg%aomrgngtogfe |r|venE|)ong Wnlgsnbap stance P

conj ugat es and ang §ifdle t?'ﬁ’@PdedB‘f'ayﬁL&V%' EVeLERRT BEEP T 88 B Fent ei t her
singly or inac E‘P{t“é‘*l"la“%‘ﬁet"&'?‘ﬁf“}'\ "t NB° GET MRTTPRRTS: BeP BT B xi ns, o her
t her apeuti ¢ agent 8°sg5yed wigipeiputes 'P"P‘Hﬁg bolus HiBTiR9 @ 27 ¢ §iF disehaFratical
i Mmunosuppr essi ve usgtsprrdpgothgnertemce- i nduci ng agents, potenti- ators and
side-effect relieving agents. Particularly preferred side-effect relieving
agents are those Thesabuybiidd labelgd soBta@s B tonigates ahdangiio®s theebden insd @dne 2 host .
Pref erred i nNTuNOS up{besEtiol Eth otfeg@brinGatiddiy latichaubsEredNb 5088 of chibGABRON ( Mer ck
Sharp and Dohne, VsterP@inateutciPactve cofidbGlds 2 fixad combination of two o more compo-

nents (e.g. kit of parts) are prepared as already known to a person of skill in the art, and the

said conjugates and any other active compound are administared at an interval that allows

cammon, additional or preferably synergistic effect for brain tumor and/or treatment, e.g. tar-

geting and freatment of gliomas.

In any treatment regimen, the pharmaceuticat compositions of the radionuclide Iabelled sub-
stance P conjugates and analogues thereof may be administered to a patient either singiy or
in @ cockiail containing two or more targeted toxins, other therapeutic agents or composi-
tions, including for example immunosuppressive agents, tolerance-inducing agents, potentl-
ators and side-effect relieving agents. Particularly preferred sids-effect relisving agents are
thosa useful in suppressing allergic reactions of a host. Preferred immunosuppressive
agents include prednisone, DECADRON (Merck, Sharp and Dohme, West Point, Pa.), cyclo-
phosphamide, cyclosporine, 6-mercaptopurine, methotrexate, azathioprine and gamma glo-
bulin or their combination. Preferred potentiators include monensin, ammonium chloride,
perhexiline, verapamil amantadine and chloroguine. All of these agents are administered in
generally-accepted efficacious dose ranges.

Optimal dosages to be administered may be determined by those skilled in the art, and will
vary with the particular target and compound in use, the strength of the preparation, the mo-
de of administration, and the advancement of the disease condition, Additional factors de-



phospham de, cycl osporine, 6-neroaptopurine, nethotrexate, azathioprine and
gamma gl o- bulin or their conbination. Preferred potentiators include
nonensin, anmoni um chloride, perhexiline, verapam | amantadine and

chl oroquine. Al of these agents are adm nistered in generally-accepted
ef fi caci ouwoimseosezages. Optinmal dosages to be adni ni stREEEPALKPSHE

determ ned by those skilled in the art, and will vary with the particul ar
target and conpound in use, the strength of the preparation, the no- de of
adm ni stration, and the advancenent of the disease condition. Additional
factors de WD 2004/082722 PCTI EP2004/ 050329 -16 pendi ng on the subject
being treated, including subject age, weight gender, diet and tine of

adm nistration, will result in a need to adjust dosages for this special
pur pose. Adm nistration of the conjugates and optionally additional
pharmaceutical agents may be effected continu- ously or intermttently. In
the treatnent, an appropriate dosage IeveI w Il generally be about 0.001 to
50 ng/ kg pa- tient body wei ght per day *Whi ch can be administered In si ngl e
or multiple doses. Pref erablg/ the dosage level will be about 0.005 to
about 25 ngl kg peledlasr hesiPabes opterk iagrion subjpelage. wriotjwender SeERHiT 10 ngl kg per
day, and even nostEmipiaPe pihisiulin aved ie adgst dpspaesdor b epatial Pureprg /AgRiEPN day.  The
subst ance P conj wjd weugatesne ogigatysddiide placrfacegtion agedamay becifotedroditude | abel | ed
conj ugat es of substcanewsitdyand anal ogues thereof are prepared in known
manner follow ng standard solid phase synthesis (SPPS) in a common side
chain protected fiphdBedBentisiihdonbie dRigh @vel Wieridki§ be Dok 0.0k Saigh¢ AN Of synt hesi s.
Solid phase peptIﬂﬁbo%mtgn%hazwﬁcﬁE’P@admm{an@‘sﬁ dr in@e Qsds. r%map Appl i ed

Bi osystens Model Adlodbv@hin tItouodBRRibdu38 meng s e?y%o?e%FefeHﬁJa@&tuow exanpl e Fnoc
(9-fluorenemet hoxy ﬁﬁ%h%)é er ys;ndgvte I%\étpregljg@yago%%ggmp‘ @é’gcrs and met hods

foll owed are well known'in ear a nore precise Iption it is

referred to" Fluo t hoxycar bon e _So ase t- hesis:
General Synthesis h%"ﬁ’% 98‘?/’5 a{es 'Xg ?512“ ’%%&h?ad'??”q"%gaf’&c? e ¥° e Synthesis: A
prac- tical approHth™e by E‘a"’?!{fsﬁ@?e‘ffﬂﬁ"'%"ﬁrad Rnpwn mepgn °é€"F‘EISta"”i’ 8‘? mation Press

Ltd. Oxford , K)hase fyn_t%lgy‘SPPS) in a common side chain protected form as usually being the pre-
ferred verston of synthesis.

Salid phase peptide synthesis (SPPS) may be carried out on an Applied Biosysterns Model
431 A or 432 A Peptide synthesizer using for example Fmoc (9-fluorenemethoxycarbanyl)
strategy. The general principies and methods followed are well known in the art. For a more
precise description it is referred to * Fluoranemethoxycarbonyl-polyamide solid phase synt-
hesis: General Synthesis and Development” — Chapter 3 in “Solid peptide Synthesis: A prac-
tical approach” by E. Atherton and R.C. Sheppard, Information Press Lid. Oxford , U.K.
{1989).

The obtained undecapeptides (substance P or analogues) are coupled for example with the
prochelators DOTAGA('BU),, DOTASA({'Bu), or DOTA({'Bu)s. Alter cleavage from the resin
and aptional deprotection the products may be purifiad by preparative HPLC to a purity
higher than 99,5%.

The obtained substance P conjugates and analogue conjugates may be iabelied with radio-
nuciides in knawn manner optionally with or after deprotection to form the carboxylic acid
groups bound to the tetraazacydlic residue. Labelling may be carried out in agueous solution
in contacting the deprotected conjugate with radicnuclide salts from inorganic or organic
acids such as halogenides (chlorides, bromides, icdides), sulfates, nitrates, sulfonates such
as phenyl- or toluyl sulfonate, formiates, acetates, benzoate or oxalates.



The obt ai ned undecapepti des (substance P or anal ogues) are coupled for
exanple with the prochelators DOTAGA(Bu)., DOTASA(' Bu)4 or DOTA(' Bu),

After cleavage fromthe resin and optional deprotection the products may be
purified by preparative HPLC to a purity higher than 99,5% The obtained
subst ance conj ugat es and anal ogue conjugates may be |abelled w th radio-
nucl i des | rW‘RﬁQ?xMﬂﬂng‘rﬁnner optionally with or after depr of eHEPYRYEB P or m t he
carboxylic acid groups bound to the tetraazacyclic residue. Labelling may
be carried out in aqueous solution in contacting the deprotected conjugate
wi th radionuclide wits frominorganic or organic acids such as hal ogeni des
(chlorides, brom des, iodides), sulfates, nitrates, sulfonates such as
phenyl - or toluyl sulfonate, form ates, acetates, benzoate or oxal ates. WO
2004/ 082722 PCT/ EP2004/ 050329 The invention is further illustrated in the
foll ow ng exanpl es, where synthesis and application of substance P

conj ugat es, anal ogues thereof and radionuclide | abelled conjugates of sub-
stance P and anal ogues thereof is descrjbed in nore detail. A) Preparation
of substance P conjugates and substance P anal ogue conjugates a) Gener al

preparation procedure hesis As alr ment | oned earlier,
pepti des are synt H&&t® t@d'sgﬁerﬁ'”sg?ﬁd '“c?}/ vk hefer?ﬂ'ﬁ‘a%’ta?dﬂpé (f noc =

9- Fl uor enyl met hox?fé‘ﬁftﬁf?ﬁf?'ﬂugat"?d‘“a%ﬁ?‘ aF a7y ﬁ%FF“‘*%l‘i?i‘"ﬂ‘;'@%“fsPﬂ nk ani de MBHA
re- sin is used. ¥HE FSYTAHEEP Geriols PerrdR fif*Bh a semi aut omatic peptide

synt hesi zer from RI NK Engl neerl ng, Bubendorf SW| tzerl and. This synthesizer
i's equipped W th ArPepamst - eonims geibangiag #esam noaci ds are
purchased from No %erm% R ]‘d' g@eg\s Swi tzer- | and. All other

reagents are purchase omasc?é‘%%fwnﬂ‘ogsé%&% gg|d | logdl ng of

gener al 1 ECIUI va ent g OXyH on)% achl vek?er alarnd amide
0.7 mml e/g resi ven 10 Lhe reactor. by (DMF) is added

to the reactor and'¥ 'ﬁm%ﬁ'%%}ﬁs's 4 QﬁP“’"’i"g°’}ﬁ5ﬁ’U"i”8Ea“f Bt %'B'W'?WBT‘ FMSg of the resin.
After renoving t hEEHIMG-EHendonh Bufreriand THOY e iS5 IPPaguit reor wrdeil@eP*dur i ng 2
m nutes. To the pFoBYEwRE|TMecpintapdsien purchaseion veiiechar AS BB Mpe™ @i ne in DWVF is
added within 5 m AeftAlgther ES@W@WWF‘F'H’G&“&P@W%P‘Ichfrﬁwﬁﬁ@nﬁl the resin. This
step is re- peated once within 5 mnutes and then again but within 12
m nutes. After th ingenpﬂlﬂ@g{l}ﬂa‘n@j Riiklagide MBHA resin with a theorstical loading of 0.7 mmolefg

resin is given to the reactor. Dimethylformamide (DMF) is added to the reactor and is shaken

for 15 minutes to allow swelling of the resin. After removing the solvent, again a portion of

DMF is added during 2 minutes. To the pre-swelled resin, a solufion of 20% piperidine in

DMF is added within § minutes to remove tha fmoc-protection from the resin. This step is re-

peated once within 5 minutes and then again but within 12 minutes. After this procedure, the

solid phase is washed twice for 0.5 minutes with DMF and cnce again for 1 min with DMF.

The piperidine solutions and the DMF solutions of the last three washings are collected and

filled with ethanal {FtOH) to 500 ml. From this solution an aliquot is taken to determine the

amount of removed fmoc-protecting groups spectrophotometrically. Therefore, the absorp-

tion of the solution at 300 nm is determined and the original fmoc-amount Is calculated.

Before coupling the fmoc-amino acid derivative to tha solid phase, the resin is washed twice
for 2 minutes with N-methyl-pyrolidinone (NMP). Meanwhile, 3 equivalents of the fmoc-pro-
tected aminoacid derivative together with 3.3 equivalents of 1-hydroxybenzotriazole and 3.3
equivalents of N,N'-diisopropylcarbodiimide are dissolved in NMP and incubated for 46 mi-
nutes. Then, this coupling solutiort is added to the solid phase and the pH is adjusted to a
value of 7-8 by adding about 5 equivalents of N,N-diisopropylethylamine {DIPEA). The reac-
tion is incubated for 90 minutes under gentie shaking. After the reaction sclution is removed,
the solid phase is washed twice with DMF for 1 minute. The reaction is controlled performing
a Kaiser-test: About 10 beads of the solid phase are washed 5 times with ethanol. 20 g phe-
not in 10 ml ethanol are mixed with 1m! of a solution of 1ml 0.01 M KCN in 49 m! pyridine.



solid phase is washed twice for 0-5 mnutes with DV and once again for 1
mn with DM. The piperidine solutions and the DVMF sol utions of the | ast
three washings are collected and Idled with ethanol (EtOH) to 500 m . From
this solution an aliquot Is taken to determ ne the anount of renoved

f noc- pr ot egig fgyerps spectrophotonetrical ly. Ther ef orBGT/EFE042056X9 p- ti on
of the solution at 300 nmis determ ned and the original fnbcanount is

cal cul ated. Before coupling the fnocam no acid derivative to the solid
phase, the resin is washed twice for 2 mnutes with N nethyl-pyrolidinone
(NWP). Meanwhile, 3 equivalents of the fnoc-pro- tected am noacid derivative
together with 3.3 equival ents of 1-hydroxybenzotrlazole and 3.3 equivalents
of N, N -diisopropyl carbodiimde are dissolved in NVWP and i ncubated for 45

m - nutes. Then, this coupling solution is added to the solid phase and the
pH is adjusted to a value of 7-8 by adding about 5 equival ents of

N, N- di i sopropyl ethylam ne (DI PEA). The reac- tion is incubated for 90

m nut es under gentle shaking. After thé&-reaction solution is renoved, the
solid phase is washed twice with DMF for 1 minute. The reaction is

control | ed perf orsiprghis Bituéareaaid th Bstieads Rlpoetty ©Q: dnesadsn ®fooyhe sol i d phase are
washed 5 tinmes W fidfyafie WAt kthand Ghedbedad®s heR@ifor 10minkies 14185 *€bllkavasak are m xed with |
m of a sol ution gficath refdinnibly #Qelamivb &lehdnd. N 49 nl pyri di ne. WO 2004/ 082722

PCT/ EP2004/ 050329 -18 50 pi of this mxture are added to the beads foll owed

by 10 pi of a Sol i) o ore® R Gming/dbid! BY HokiRGnde Atk dedllare GLOARG! - The beads are

heated for 10 m nytes tngrbu9‘5ith'ar§ il Deads lrhrﬂl tﬁaltzaq s&gﬂr_ﬁ;&énr}l ng free am no
iy n,g%dofg he Tl ;_stp m no ~ada, ERESTRTT owi ng fnoc-am no
P SRR AP PR but with a slightly different tine

functions. After ar?“?rénri
aci ds are coupl ed®i*®
program The synthesizer is therefore pro- grammed as described in the

following table: Ste er at CesmtidRe petRepetitiorss | Timegming ricalect @ote| lect waste 1 DVF
2 22 Piperidin/DM[2 5 Yes PMPiperidid/DVF 1D Yes 4 DVMH 2 0.5 Yes

2 Piparidin/DMF 2 5 Yes

3 Piperidin/DMF 1 9 Yes

4 DMF 2 05 Yes

5 DMF 1 1 Yes

6 NMP 2 2

7 Reaction 1 90

8 DMF 2 1

All amino acids are used as N-terminal fmoc-protected derivatives. Lysine is used with tert -
butexycarbonyl (Boc) protecting group on the side chain amino function. Arginine is used
with 2,2 4,6,7-pentamathyldibydro-benzofuran-5-sufonyl {Pbf) protection of the side chain. Iif
the peptide synthesis is parformed in a single reactor, Kaiser test is performed after coupling
of each amino acid. If Kaiser test indicates remaining free amino functions, the coupling of
the amino acid is repeated.

After building of the whole desired peptide sequence, the solid phase Is washed & times with
isopropanal followad by 5 times washing with disthyl ether, each for 1 minute. For 5 min, a
constant air stream is drying the solid phase.

b) Coupling with prochelator DOTAGA{'Bu), and DOTA('Bu),

The prochelator DOTAGA('Bu), is synthesized as deseribed in WO 02/24235 (H.R. Mécke st
al). DOTA{'Bu); is purchased at Macrocyclics Inc., Dallas, USA. Prior coupling the prochela-
tor, the N-terminal fmoc-protection is removed from the resin bound peptides. Therefore, it Is
swelled for 15 minutes in DMF, washed again for 2 minutes with DMF and treated then twice
with a solution of 20% piperidin in DMF for § minutes. Then, the solid phase Is treated anc-
ther 12 minutes with this solution and washed twice for 0.5 minutes with DMF and for ano-




SDWI Il Yes 6 NW 2 2 7 Reaction 1 90 8 DWW 2 1 All amno acids are used
as N-termnal fnoc-protected derivatives. Lysine is used with tert. -

but oxycer bonyl (Boo) protecting group on the side chain am no function.
Arginine is used wth 2,2, 4,6, 7-pentanet hyl di hydr o- benzof ur an5-sul f onyl
(Pbf) prot a0 zoomosaf22t he side chain. If the peptide synPCGEEPMI4S03Er f or ned
in a single reactor, Kaiser test is perfornmed after coupling of each am no
acid. If Kaiser test indicates remaining free am no functions, the coupling
of the amno acid is repeated. After building of the whole desired peptide
sequence, the solid phase Is washed 5 tinmes with isopropanol followed by 5
times washing with diethyl ether, each for 1 mnute. For 5 mn, a constant
air streamis drying the solid phase. b) Coupling with orochel ator
DOTAGACBU), and DOTAPBu), The prochel ator DOTAGA(Bu), is synthesized as
described in WD 02/24235 (HR Macke at al). DOTA( Bu)3 is purchased at
Macrocyclics Inc., Dallas, USA. Prior coupllng the prochela- tor, the
N-term nal frnoc-protection is renoved ‘f¥om the resin bound peptldes
Therefore, It Is swelled for 15 mnutes in DMF, washed again for 2 m nutes
wi th DVF and tr eab&aineergsn ‘T“U\P’ﬁ:e“eW“l“’hf"’&’@@Pﬁ‘f"i‘tﬁ?ﬁmﬁ‘ﬁam(fw;ﬂ%r| din in DV for
5 m nutes. Then, P\evagihpsiag cqitviatio detegnine the eppterdof depgrd imopgipursi2 m nutes with this
sol ution and washed twice for 0.5 minutes with DVF and for ano WD

2004/ 082722 PCT/ EPRQQW#OBBSEB0r and  cpbn@ientsiti M b@bedg@atat - MINNNDIME.  The sol uti on
from the piperi di amétyeairmetitoraiehhidyaaiupdd dmedven pMBlfd namakifsags are col | ect ed
to determne the GRR SBnsOS cqihiBR\RAPER B GadEiihERution  ThR HadidhdbiishtisS  Of

Prochel ator and 1adaed@ﬂma4@éoﬁraﬁa§eamaﬁ&&InI@waﬁ%meannelmnh@elaacrN NNN-tet-
ramet hyl ur oni um nexah bHAEAPNISRAR.R Lk u)d[nagoﬁemaréa%Vﬁgmac&nD'VF and

i ncubated for 45 m%é‘%‘&h&eﬂ over% Aéerremobmg%he%&n I Vtﬁa ?E%hase(?swag dPE'A are added to

the solution. Thi solid phase and

after 2 m nut es, Hlbﬁl-aé‘ mfnq?sh mesw1th lforr(::fanol an Ctgnn wit Tt élager‘or‘lmlnu

It is dried then in an air stream for 10 minutes.

c) Deprotection, cleavage and purification

The solid phasa is given to a syringe equipped with a frit, A sclution of 91% trifluoroacetic
acid (TFA), 5% thioanisole, 3% water and 1% friisopropylsilane is added and the syringe is
agitated for 1 h. The solution is then poured to a palypropylene tube. To this solution Is ad-
ded a mixture of 50% diisopropylether and 50% petrolether. For 30 min the tube is cooled at
—20°C. The precipitation is collected by centrifugation of the tube at 1006 g for 5 minutes
and the solvent is decantad. Meanwhile, the solid phase in the syringe Is treated again with
the upper depratection solution for 2 h. The deprotection solution is added to the already
achievad precipitation and the solid is diluted with this. After ancther 3 h of deprotection, the
crude product is precipitated again, cooled, cenirifuged and separated from the solvent by
decantation. The crude product is kept then at a vacuum {<100 mbar) over night to remove
the remaining solvents.

The crude product is dissalved in a mixture of acetonitrile : water = 1 : 1 and purified by pre-
parativa HPLC on a Macherey-Nagel VP Nucleasil 100-5C18, 21x250 mm. The preformed
aluent gradient is the following: A = acetonitrile, B = 0,1% triflucroacetic acid {TFA) in water;
flow = 15 ml/min; 0 min, 15% A; 25 min, 50% A; 26 min, 100% A; 28 min, 100% A; 30 min,
15% A. The main peak is collected and evaporated to dryness. it is analyzed by analyticat
HPLC and mass spactroscopy {MALDI-TOF-MS). A Macheray-Nagel CC250/4 Nucleosi
120-3C18 column is used for analytical separation, using the follwing eluent gradient: A =
acetonitrile, B = 0.1% TFA in water; flow = 0.75 mi/min; 0 min, 90% A; 20 min, 40% A; 23
min, 0% A; 24 min, 0% A; 27 min, 80% A.




needed, adjusted to a value between 7 and 8 by addi ng sone nore DI PEA. The
reaction mxture is shaked over night. After renoving the solution, the
solid phase is washed twice with DW for 2 mnutes, 5 tinmes with

i sopropanol and 5 tinmes with diethyl ether for 1 minute. It is dried then
in an air sXOomas®2:2 10 ninutes. c) Deorotection, cleavBGEERMASHR2PTi cati on
The solid phase is given to a syringe equipped with a frk. A solution of 91
%trifuoroacetic acid (TFA), 5% thioanisole, 3% water and 1 %
triisopropylsilane is added and the syringe is agitated for I h. The
solution is then poured to a pol ypropyl ene tube. To this solution Is ad- ded
a mxture of 50% dii sopropyl ether and 50% petrol ether. For 30 mn the tube
is cooled at -20"C. The precipitation is collected by centrifugation of the
tube at 1006 g for 5 mnutes and the solvent is decanted. Meanwhile, the
solid phase in the syringe Is treated again with the upper deprotection
solution for 2 h. The deprotection solution is added to the already

achi eved precipitation and the solid i diluted with this. After another 3 h
of deprotection, the crude product is precipitated again, cooled,
centrifuged and sBpalHmcerpFBH? t@es0l vent by decantation. The crude
product is kept then at a vacuum (<100 nbar) over night to renove the

remai ni ng solvents. The nude prg gcuc/_%dl ssolved in a mxture of
8

pHICHCH,-CLD)

acetonitdle : water=1 : 1 and pur L¥i ed py pre- parative HPLC on a

Macher ey- Nagel VPPHIGEA ea%ieresid90- 5C1 x250 mA1 The preformed el uent
gradient is the follow ng: A —"e;qcefmf‘tcrckul e, B=0.1%triftuoroacetic acid
(TFA) in water, flow =15 mM/mn; O mn, 15%A; 25 mn, 50% A, 26 mn, 100%
A, 28 min, 100% A; 30 min, 15%A. The main peak is col I ected and evaporat ed
to dryness. It is anal yzed by,.t,ap |g HPLC and nass spectroscopy

(MALDI - TOF- MS). A Macherey- Nage ﬁjﬁ Nucl eosil 120-3C18 columm is used
for anal yti cal seB‘%Tf*éﬁfﬁ"W‘dE?m ng_f he_fol Fwing eluent gradient A =
acetonitrile, 0.1% TFA i nwaaf &ry NJow = 0.75 m/min; O min, 90%A;, 20
mn, 40% A, 23 mn, 0%A;, 24 min, 0%A;, 27 min, 90%A. VO 2004/ 082722

PCT/ EP2004/ 050329 -20- The foll owi ng conj ugates are prepared:
Example A1:

DOTAGA-Arg'-Pro?-Lys™Pro*-GIn®-GIn®-Phe’-Phe-Gly*-Leu *-Met''-NH,
DOTAGA-Substance P; CeHizsNz0zS, calculated (m/z): 1806.1, found 1807.2; Ry: 28.8.

Example A2;

DOTA-Arg'-Pro%Lys®-Pro*-Gin®-GIn®-Phe’-Phe -Gly*-Leu""-Met(0,)"-NH.
DOTA-Met(05)'"]-Substance P: CrgH1xN202»S, talculated (miz): 1766.9, found 1766.2; Re:
26.0.

Example A3:

DOTA-Arg -Pro%Lys*-Pro*-GIn*-GIn®-Phe’-Phe®-Sar’-Leu"-Mst''-NH,
DOTA-[Ser’]-Substance P: CeH32aN202S, calculated (m/z): 1748.9, found 1748.5; Ry:
28.03.

Example Ad:

DOTA-Arg-Pro®-Lys*-Pro*-GIn®.GInt-Phe’-Thi’-Gly*-Leu’-Mat"-NH,
DOTA-[Thi"]-Substance P: Cr7H;2aNzzOx'S,, calculated {miz): 1740.9, found 1740.7; R¢:
27.87.



HQ CH Q n, CHCO. H~CH, Cx, . C~O. DOTAGA neans a residue CN x] , and N" xC C

X, \1~/ \CN,cO N HC CN,Q f\ CN,.GON DOTA neans a residue Cx N~ .

HO, CH C v \CN,C G N Exanple Al:

DOTAGA- Arg' -Prot - Lys' - Pmid- A ns- d n- Phe' - Phe' - G y- LeulO- Met " - NH2

DOTAGA- Subs¥@p@e/082722CQHI 2NnOr S, cal cul ated (m z): 1806. RCTEBWBHOIPI7. 2; H, :
29.8. Exanple A2: DOTA-Arg' -Prot-Lys'-Pro4-A ns-An'-Phe'-Phe-Ay'-Leu

10- Met (02)t' -NH2 DOTA-[ Met (Q2) "] - Substance P: CrHLnN\N22022S, cal cul at ed
(mz): 1766.9, found 1766.2; R : 26.0. Exanole A3:

DOTA- Arg' - Pro%.ys' - Pro4- @ ns- d n- Phe' - Phe- Ser-Leu 10- Met"-NH2

DOTA- [ Sar ] Subst ance P: CnHLnNMOnSS, cal culated (mz): 1748.9, found 1748.5;
R : 28.03. Exanple A4: DOTA-Arg 1-Prot-Lys'-Pmd-d ns-G | n-Phe'-Thi-d
y-Leu 10-Met'-N H2 DOTA-(Thi]-Substance P: C, H12<NI On52, cal culated (nifz):
1740.9, found 1740.7; R, : 27.87. WD 2004/082722 PCTI EP2004/ 050329 -21-
Exanpl e A5: DOTA-Arg' -Pro2-Lys'-Pmd-G n-g n-Thi'-Phe-d y-Leull-Met'-NHZ
DOTA- [ f hi 3] - Subst ance P: CnH, ~N2202S2, *tal cul ated (m z): 1740.9, found

1740.6; Rr: 27.66.
Example A5:

DOTA-Arg-Pro®Lys*-Pro®-Gin®-GIn®-Thi’-Phe®-Gly*-Lau'-Met*-NH.
DOTA-[Thi%-Substance P: GrrHxzaNx0xSs, calculated (miz): 1740.9, found 1740.6; R
27 .66.

Example AG:

DOTA-Arg -Pro®Lys®Pro*-GIn-GIn®-Phe’-Phe®-Sar’-Leu™-Mat{02)''-NH,
DOTA-[Sar®, Mel(0;)""}-Substance P: CeHimN202S, calculated (miz): 1780.9, found
1780.1; Ry 25.34.

Example A7:

DOTA-Arg-Pro-Lys-Pro*-GIn®-GIn®-Phe - Thi®-Gly*-Lou "*-Met(O.)-NH,

DOTA-[Thi®, Met(0;}""]-Substance P: Cr;H12aN»025,, calculatad (m/z): 1772.9, found
1772.7; R 25.34.

Example A8:

DOTA-Arg-Pro®Lys®-Pro’-GIn®-Gin®-Phe’-Thi*-Sar’-Leu"®-Mat"!-NH,

DOTA-[Thi®, Sar’}-Substance P; CrgH1zsN2OxS2. calculated (miz): 1754.9, found 1754.9; Re
26.70.

Example AS;

DOTA-Arg'-Pro®-Lys®-Pro*-GIn®-GIn®- Thi’-Thi®-Gly*-Leu-Met"'-NH,

DOTA-[Th", Thi%]-Substance P: CzsHi2N30xSs, calculated (miz): 1746.8, found 1746.4; Ry
27.29.

B} Preparation of radionuclide labelied conjugates

Genearal procedure
For *Y-/'""In-DOTAGA-Substance P: To a sterile 30 pg aliquot of the chelator-peptide con-

Jugate in water is added an aqueous 30 mCi ®YCls-solution or 0.5 mGi '"InCl;-solution and
filled up to 500 pl with sterile 0.4 M NaOAc-Buffer (pH 5). This solution is heated for 30 mi-
nutes o 95°C and cooled to rcom temperature for 15 minutes. The solution is diluted to 1 ml
with physiclogical NaCl-solution. A sampie of it is controlied on the radio-HPLC for determi-
ning the content of non-bound radionuclide. Using ®Y-DOTAGA-Substance P, it was found
that a minor amount of the oxidation product ®Y-DOTAGA-[Met{0)"]-Substance P is for-
med. Analytical HPLC is carried out as described under example A(c).



Exanpl e A6: DOTA-Arg' -Pro-Lys'-Pro4-3 nkd nkPhe'-Phe-Sar-LeulO-Met (O )"-NH
DOTA-[ Sar, Met(02)"] Substance P: OwH m\NzzZzQzZS, cal culated (mz): 1780.9,
found 1780.1; Rr: 25.34. Exanple A7:
DOTA-Arg' -Pro' -Lys' -Pro4-d n-d n-Phe' -ThP -3 y-LeulO- Met (QZ)"-NHZ DOTA-[ Thi,
Met (02) "] - Substance P: CnH, 24N220 S2, calculated (mz): 1772.9, found
1772.7; RoWHR0B4I82R%anpl e A8: PCT/EP2004/050329
DOTA- Arg' - Pro2-Lys-Prot-d n' - d n-Phe' - Thi - Bar g- Ceut a- Met r- NHZ DOTA-[ Thi
Sar] - Subst ance P: CrH, zsN2aOwnS2, cal culated (mz): 1754.9, found 1754.9; R :
26. 70. Exanpl e A9:
DOTA- Arg' - PnR2-Lys-Pro-A@ n-A@n-Thi'-Thi-A y-Leui O Met' -NH2 DOTA-[Thi ",
Thi J- Subst ance P: C76H, ZZNnQ20S3, cal culated (nfz): 1746.8, found 1746. 4;
Rr: 27.29. B) Preparation of radionuclide |abelled confuoates General
procedure For 801'-/"'1n-DOTAGA- Substance P: To a sterile 30 pg aliquot of
the chel ator-peptide con- jugate in water is added an aqueous 30 nC
O0YG3-solution or 0.5 nC "'In(3rsolutign and filled up to 500 pi with
sterile 0.4 M NaQAo-Buffer (pH 5). This solution is heated for 30 m - nutes
to 95C and cooled to roomtenperature for 15 mnutes. The solution is
diluted to 1 mM wth physiological NaCl-solution. A sanple of it is
control l ed on theT“?fﬁ'B‘f"@-'alglﬁ‘lt'@def'%?“e‘tF@'t"@?‘%?@pr?ﬁa’ﬁ‘{j the content of non-bound
radi onucl i de. Using 0Y-DOTAGA- Substance P, it was found that a m nor anount
of the oxidation Bt BOY- DOTAGA-[ Met (O) "] -Substance P is for- ned.
Anal yti cal HPLC i‘$m-beirchéd-Folitys'ds -désil-ihi @tk®-giides - Meiaipl e A(c). WD
2004/ 082722 PCT/ EPROOMGHED348: p: - 22

CaoH:2sINN2202S caleulated (miz); 1916,81, found: 1917.6 (M+RY", Ry 29.80.

Example B2:
®y.DOTAGA-AG'-Pro’-Lys*-Pro*-GIn*-Gin®-Phe’-Phe®-Gly*-Leu™"-Met""-NH
®Y.DOTAGA-Substance P

Example B3:
Min-DOTA-Ar -Pro*-Lys®-Pro*-Gin®-GIn®-Phe’-Phe’-Gly*-Leu "-Met(02)"'-NH;
"Min-DOTA-Met(O,)"']-Substance P

Example B4:
"n-DOTA-Arg -Pro?-Lys®-Pro*-GIn®-GIn®-Pha’-Phe®-Sar*-Leu'-Met"*-NH;
"Mp-DOTA-[Sar’l-Substance P

Example B5:
"M n-DOTA-Arg -Pro-Lys®-Fro*-GIn®-GIn®-Phe”-Thit-Gly*-Leu'-Met"'-NH,
1 (n.DOTA-[Thi*]-Substance P

Example BE:
Mn-DOTA-Arg -Pro®-Lys*-Pro*-GIn®-GIn®.Thi’-Phe®-Gly®-Leu-Met''-NH,
Mn-DOTA-[Thi®|-Substance P

Example B7:
"n-DOTA-AG -Pro®Lys®-Pro*-GIn®-GIn®-Phe’-Phe®-Sar’-Leu-Met(O,)"-NH,
"Min-DOTA-[Sar’, Met(O4)""]-Substance P

Example B8:
0. DOTA-Arg*-Pro?-Lys® Pro*-Gin®-Gin®-Phe’-Thi*-Gly®-Leu*-Met(02)"-NH;
"in-DOTA-[Thi®, Met(0,)""]-Substance P



The foll ow ng radionuclide |abelled conjugates are prepared: Exanple 61:

| n- DOTAGA- Arg' - Pro' -Lys3-Pro"-d n3-d ne-Phe' - Phe6-G yn-Leu 10- Met " - NH2

11' | n- DOTAGA- Subst ance P: Ce2H, m nNnOr S cal cul ated (mz): 1916, 81, found:

1917.6 (MrH)', R1: 29.80. Exanple B2: BOY- DOTAGA-Arg' -Pro-Lys3-Pro-QG
n' - G ns- PhwoRketi8¥2Leul0- Met " - NHz  80Y- DOTAGA- Subst anc @O ERMMHIFELE3:
11 n- DOTA- Arg' -Pro' -Lys3-Pro-Ad n3-d ns- Phe7-Phe3-A@ y' -Leu' D- Met (QZ) " - NH3
"I n-DOTA-[ Met (Q2) " J- Substance P Exanple 64: "'

| n- DOTA- Arg' -Pro' -Lys3-Pro-d n' - @ nkPhe' - Phe' Sar 3- Leu' O Met " - NHz

"'| n- DOTA- [ Sar 3J- Subst ance P Exanple 65: "'

| n- DOTA- Arg' - Pro' -Lys3- Pro4-d n- G na- Phe7-Thi k3@ y9- Leu' D- Met ' - NHz

111 n- DOTA{ f hi J- Subst ance P Exanple 66: "'

| n- DOTA- Arg' - Pro' -Lys3- Pro- GLn6- G n- Thi 7- Phee- @ y- Leul0- Met 1- NH2

i 1.1 n-DOTA-[ Thi ] - Subst ance P Exanple 137: ™'

| n- DOTA- Arg' - Pro' -Lys3-Pro-Q n-d n-Phe, .- Phe3Sar 3- Leu' O- Met (QZ) " - NHz

"' n- DOTA-[ Sara, Met (Q2)1J- Subst ance PZBExarrpI e 68: "'

| n- DOTA- Arg' - Prot -Lys3- Pro-d nkd ne- Phe7-Thi 3-d y- Leul0- Met (O, ) " - NHz

"' In-DOTA-[Thi 3, Met(Q2)"]-Substance P WO 2004/ 082722 PCT/ EP2004/ 050329
-23- Example BO:

"Min-DOTA-Arg*-Pro-Lys®-Pro*-GIn®-Gin®-Phe’-Thi’-Sar’-Leu™*-Met"'-NH,
"Min-DOTAThi®, Sar’)-Substance P

Example B10:
""'In-DOTA-Arg'-Pro%Lys’-Pro*-GIn®-GIn®-Thi’-Thi®-Gly®-Leu™-Met"-NH;
"In.DOTA-[ThY", Thi®}-Substance P

Example B11: Labelling protocol

The general procedure as described under B} is repeated at 50 °C and binding of *°YCly is
detected after defined reaction times. From the result in the following table can be seen that
the reaction can be considered as complete after about 15 minutes.

Reaction time (min) | Labelling yleld (%)
2 73.276
3 80.975
5 89.996
10 97.666
15 99.423
20 99.567
30 99.660
60 99.709

C) Application examples

Example €1: General obsarvations

The radionudide substance P conjugates and analogues thereof being undeca-peptides are
prapared following standard solid phase synthesis (SPPS) in a common side-chain protect-
ted form and the obtained peptide coupled to the prochelator DOTAGA{BU),. After cleavage
and following deprotection DOTAGA-Substance P and analogues are purified by preparative
HPLC to a purity higher than 95%. The cbtainaed substance P and analcgue conjugates are
sterilized and thereafter labeled with a radionuclide salt as mentioned above, .. ""MinCl,
{18 MBgq per application) for imaging and *YCl, (37 MBa/ug DOTAGA-Substance P) using
for example 0.4M sodium acetate buffer adjusted to pH 5.0 containing ascorbic acid
(2¢/10ml) and 2,5-dihydroxy benzoic acid (370 mg/19 ml).



Exanmple B9: ™'
| n- DOTA- Arg' - Prot-Lys3-Pro-d n3-d n-Phe' -Thi - Sar - Leul0- Met " - NHz
1111 n- DOTA-[fhi, Sar9J- Substance P Exanple BID: 111 n- DOTA- Arg
1-Prot-Lys3-Pro4-@n' -An-Thi'-Thi-Ay-Leu 10-Met"-NHz "' 1 n-DOTA-[rhi 7,
Thi J- Subst wiocaso40sER2anpl e B11: Label | ing protocol The gaMd@/ER20H0§B2Uure as
descri bed under B) is repeated at 50 C and binding of BOYCI3 is detected
after defined reaction tines. Fromthe result in the follow ng table can be
seen that the reaction can be considered as conplete after about 15
m nutes. Reaction tine (mn) Labelling yield (%9 2 73.276 3 80.975 5
89.996 10 97.666 15 99.423 20 99.567 30 99.660 60 99.709 O
Application exanpl es Exanple C: GCeneral observations The radionuclide
substance P conjugates and anal ogues thereof being undeca-peptides are
prepared follow ng standard solid phase synthesis (SPPS) in a conmon
side-chain protect- ted formand the qgt_ai ned peptide coupled to the
prochel at or DOTAGA(1Bu)4. After cleavage and follow ng deprotection
DOTAGA- Subst ance P and anal ogues are purified by preparative HPLC to a
purity hi gher thali® 98U PR %5pYiymfed %BW&WE@“@‘D%‘F&‘“%%?&B@@@ conj ugates are
sterilized and t HCBRPBAT 9onesate Medpdiing WeldeersHieh sePR feMpRs s %I0endds nent i oned
above, e.g. "' | nQ!8C95E)L Bt }BLF hzashod i i plictivdy mihor | magi ng and 90YCI 3 (37
MBqg/ pg DOTAGA- Subst ance P) using

During the labelling process a second peak is identified on the HPLC chromatogram which is

identified as **Y/"?In-DOTAGA-[Met{0)"'}-Substance P as a praduct of radiolysis during the

labelling process. Unfortunately this derivative showes a binding affinity to NK1 receptors by

a factor 11 lower than the non-oxidized substance. Even by an addition of a large amount of

an reducing agent, e.g. ascorbic acid to the buffer, the unwanted oxidation can not be sup-

pressed completely. On the other skde the synthesized derivative *Y/ " in-DOTAGA-or

DOTA-[Sar® Met(0,)"')-Substance P show an extremely higher affinity than the sulfoxide-

derivatives {less than a factor of 2 lower than the native sequence). Thus it underlines that

Met{O-) at position 11 of the peptide sequence can be introduced without a significant loss

of affinity and eliminates the eventually upcoming oxidation problems.

Further stability test by in vitro experiments incubating ¥Y-DOTAGA-Substance P in diffe-
rent CSF {carbospinal fluid) aspirates from patients are executed. A significant difference in
degradation of the radiopeptide comrelating with the “quatity” of the CSF probe can be de-
monstrated. If the aspirate s colourless and of a clear aspect {does not contain blood), the
labelled conjugate is stable for several hours, while in aspirates with a visible blood serum
contamination, the substance is complately degraded within Sh.

This enzymatic degradation is also of high impact in patients, as seen in different wrine
samplas from 0 to 24 h p.i. and CSF aspirates 1 week p.l. All samples show the same two
radioactive metabolites as in the in vitro experiment with serum contaminated CSF probes.
The quantification of the radioactivily in the uring alsc indicates a very fast wash-out of the
applied *Y bound on metabolites of DOTAGA-Substanca P,

Example C2: Stability test {radionuclide transfer to campetetive chelator DTPA)
®y.DOTAGA-substance P Is dissclved in water at pH 7 and admixed with a 10° excess of
diethylenatriamine penta-acetic acid (DTPA). The amount of intact radicnuclide is determin-
ed after certain time periods. The results, indicating the high stability, are given in the follow-
ing table.



for exanple 0.4M sodium acetate buffer adjusted to pH 5.0 contai ning
ascorbic acid (2g/10OM) and 2,5-di hydroxy benzoic acid (370 ng/19 m ). WO
2004/ 082722 PCT/ EP2004/ 050329 -24 The labelling can al so be perforned with
2'3Bi, a very promsing alpha emtter available from a Ac-225/Bi-213
generator. The labelling yields are in the sane range as_ f Y- nd I n-
111 (>95% WA9p+88p12213 has a short half-life time of orﬁ?%o%og‘%z%uri ng the
| abel i ng process a second peak is ldentified on the HPLC chronmat ogram whi ch
Is identified as 80Y/" ' In-DOTAGA-[ Met (O "] Substance P as a product of
radiolysis during the |labelling process. Unfortunately this derivative
showes a binding affinity to NKI receptors by a factor 11 |ower than the
non- oxi di zed substance. Even by an addition of a |arge anmount of an
reduci ng agent, e.g. ascorbic acid to the buffer, the unwanted oxidation can
not be sup- pressed conpletely. On the other side the synthesized derivative
8Y/ "' I n- DOTAGA-or DOTA-[Sar Met(02)" ]-Substance P show an extrenely higher
affinity than the suffoxlde- derivativgs (less than a factor of 2 lower than
the native sequence). Thus it underlines that Met(02) at position 11 of the
pepti de sequence can be introduced without a significant loss of affinity
and elimnates the eventual |y upcHMMPg [§FAEKEYN probl ens. Further stability
test by in vitro experinents in¢ubdting WJEPTFAGASubstance Pin diffe- rent
CSF (cerbospinal fluid) aspirates—fromipali®Bhts are executed. A significant
difference in degradation of thet%didpeft®de lcorrelating with the
"quality" of the CSF probe can be-&e€ ungeo?%f d. If the aspirate is

(

. 874 .
col ourl ess and of a dear aspect —{dees ot ¢8hidi n bl ood), the labelled

conjugate is stahle several hours, while in aspirates with a visible
bl ood serum con%ﬁ%’%’i”%t%mpﬁgs%"ﬂﬁé% i s conpl etelé degr aded within 5h.

, UbSt ance

This enzymatic degt &45t PBH TR IPUgeyt it AerRBEEr YT Bhl%S, as seen in
di fferent urine a5 Bect pRisffpp™ipe] afpyretsingmg periods, Fhe teutts. gttt es 1 week p. i .
Al | sanpl es show haprestabiigel the Regifiedsebeianepfopiupae: preghapipine fpllewnggllei n the in vitro
experiment with serum contam nated CSF probes. The quantification of the

radi oactivity in {hee@y| ’ﬁﬁ-ﬁmgﬂﬁihﬂdt(ogﬂ]%st&céﬁery‘lnmeGA\mﬁibncﬂltlﬁ of the
appl i ed 80Y bound|on net dbebdtadmsd®, eé(ORNPFASABuh ST atfeOORA-Substance P
(intact parts+SEM) (Intact partstSEM)

0 1.0040.2 1.0040.2

1 0.9310.01 0.79:0.01

2 0.82+0.01 0.5410.07

4 0.6910.02 0.29:0.14

) 0.560.07 0.15:0.10

8 0.4740.04 0.08+0.08

24 0.1610.10 0.000.,00

Example C4: Binding affinity to NK-1 receptors

In vitro autoradiography is performed with tumer tissue expressing NK1 receptors. The used
radioligand is “#1-Bolton-Hunter-SP. Displacement experiments are performed on successi-
ve sections with the various compounds listed in the Table given in cancentrations ranging
from 0.1 nM to 1'000 nM. 1C, values are calculated from 10 radiolabeled distinct substance
P analogues and compared to natural SP. Tha resulls are given in the following tabie.



Exanple C2: Stability test (radionuclide transfer to conpetetive chel ator
DTPA) 80Y- DOTAGA- substance P Is dissolved in water at pH 7 and adm xed with
a 10 excess of diethylenetriam ne penta-acetic acid (DTPA). The anount of
intact radionuclide is determn- ed after certain time periods. The results,
i ndi cati ngwotreodmisgfhzst ability, are given in the fol | owPGTHP2004§50329 WO

2004/ 082722 PCTI EP2004/ 050329 -25 Tine (h) Intact part (%9 O 100 73 99. 361
168 98.483 234 96.030 405 97.185 Exanple C3: Metabolic blood serum
stability ""Y | abell ed conpounds as nentioned in the table are contacted

wi th blood serumand the anount of intact parts is determ ned after certain
time periods. The results, indicating the higher stability of the nodified
substance P conjugate, are given in the following table. Time (h)

"' n- DOTAGA-[ Thia, Met(Q2)"]Substance P '"I n- DOTAGA- Subst ance P
"'1n-DOTA-[ Thia, Met(02)"]Substance P "'l n-DOTA- Substance P (I ntact
partsSEM (Intact parts3SEM 0 1.000.2 1.001-0.2 1 0.930.01 0.790.01 2
0.820.01 0.540.07 4 0.690.02 0.2930.1%" 6 0.560.07 0.150.10 8 0.470.04
0.080.08 24 0.160.10_0.000.00

Substance IC50£SEM (mean value)

Substance P 2.7+0.22
"|n.DOTAGA-Substance P 11

"Min-DOTAGA-[MET{O}"'}-Substance P 9.8£1.00
"MIn-DOTA{MET{O)""}-Substance P 3.55:0.45
" [n-DOTA{Sar’)-Substance P 3.20£0.30
"In-DOTA-[Thi®-Substance P 7.30£2.00
""In-DOTA-[Thi"}-Substance P 9.40£1.60
"in-DOTA- Sar®, MET(02)'"]-Substance P 2.00+0.00
"n-DOTA-{ ThE, MET(O.)!'}-Substance P 0.78:+0.03
"n-DOTA-[Thi®, Sar®}-Substance P 3.40:0.40
Yin-DOTA-ThI’, Thi%¥}-Substance P 7.70£0.70

Example C5: Receptor autoradiography in primary brain tumors comparing the sometostatin
and the neurokinin-1 (NK-1) targeling system

An immunohistochemical study of representative cases of primary gliomas conducted, show
that the distinction between tumor infiltrated brain tissue and normal brain is, in marny in-
stances, virtually impossible because of the background expression of somatostatin recap-
tors on normat brain tissue. Despite this observation, In-111 DOTATOC scintigrams show
confinement of the injected radiopharmakan fo the tumor compariment as visualized on MRI.
This might best be explained by the chaotic structure of the extracellular tissue architecture
within the fumor and the infiltrated brain as compared to non-infittrated brain tissue. Bakay
has shown in his publication {Brain 1970, 93, 693-698) that the extracellular space can make
up 20-40% of a given volume of brain tumor tissue as comparad to normal brain which con-
tains about 5% of extracellular space. Physically speaking, a tumor utilizes the available
energy to proliferate and infilirate, and not to maximize the order of the malscutar architect-
ture as normal brain tissue does (law of entropia). It has been described the consistent and
high expression of neurokinin-1 receptors in glioblastomas, but also in low- and intermadiate
grade gliomas, Accordingly a comparative autoradiographic study between the somatosta-
tinyDOTATOC and the substance P/NK-1 system has been conducted in order {o define the
best targsting compounds for locoregional therapy in brain turors. With cne single excep-
tion of an ependymoma, the expression of NK-1 receptors is at least equivalent or higher in
mast gliomas of grades 11-1V. The results teach that the substance P/NK-1 system can te-
place the somatostatin/DOTATOC sysism easily yielding superior responses due to a clearly
more favourable tumor to brain background ratio.



Exarrpl e C4 Bi nd| ng aff| n|ty to NK-l receptors In vitro autoradiography is
performed with tunor tissue expressing NK1 receptors. The used radioligand
is'~l-Bolton-Hunter-SP. D splacenment experinments are performed on successi -
ve sections with the various conpounds listed in the Table given in

concentr at womwos/@argeng from 0.1 nMto 1'000 nM | C vaarErerssesed cul at ed
from 10 radi ol abel ed di stinct substance P anal ogues and conpared to natural
SP. The results are given in the follow ng table. W 2004/ 082722

PCT/ EP2004/ 050329 -28 Substance | C50SEM (nean val ue) Substance P 2.70. 22
"' n- DOTAGA- Substance P 1.1 "'In-DOTAGA-[ MET(O) "] - Substance P 9.81. 00

"I n-DOTA-[ MET(QZ) " ]-SubstanceP 3.554.45 "'|n-DOTA-[ Sar J- Substance P
3.200.30 "'In-DOTA-[Thi a] Substance P 7.302.00 "' In-DOTA-[rhir]-Substance
P 9.4011.60 "' I n-DOTA-[ Sara, MET(OS'] Substance P 2.000.00 "'In-DOTA-[ Thi,
MET(0a) "] - Substance P 0.780.03 "'In-DOTA-[Thla, Sar]Substanoe P 3.400. 40

"*In-DOTA-[rhir, Thl]-Substance P 7.700.70 Exanple C5: Receptor
aut or adi ography in primary brain tunor§-conparing the somatostatin and the
neurokinin-1 (NK-1) targeting system An i mmunohi st ochem cal study of
representative cdewe@: Pist Sugawity “GgPeToPRBboRAetred, show that the
di stinction betwdethe folowr@rsubitante H pliot sulde ¢lcalgss aithitiofsy Seeidiogsady fyavomal brain is, in
many i n- st ances, casubsabta P kuyathanfpasshudal; @1 decah 82p @ blodudds @ kgsround expr essi on
of somatostatin r@eapen duQénds Ritedid APdabids @iirsl trdaimSS bHfan, JESddel R L Ni S
observation, |n-I1gd gQQTo&TrG&‘cﬂ&ﬁhﬂLds&Emmﬁﬂ@é’%omﬁﬁmrdcﬁ}ﬁ.&?pv‘As Pkt he i nj ected
radi ophar mekon t rdufehich 4N Tve SRR, & Befibea ééeswaﬁhh% bdn o Qﬂhe . This m ght
best be expl ai ned, &A% HAM lifiary b &bt Sot ienbiforE ddkd ifdGRb: sHJear tissue
architecture this is a non-controlled pilot study, it had to be relied on the results of the only randomized

targe glioma trial executed and published more than 20 years ago (Walker et al, 1980, N

Engt J Med). In cases with biopsy alone, average survival is around 9 weeks without fusther

treatment. In the 4 cases of this pilot study, all patients survived at least 2 months and up to

S months, and in a special case even show a remarkable partial response. In the resected 5

cases followed by internat radionuclide conjugate brachytherapy, overall survival appeared

to be longer than expected which Is in the range between 14 and 26 months. According to

the only large randomized trial of 1970s which serves as historiceal control, resection alone

would have led to an expected survival of about 4 months, and resection plus an external

beam radiotherapy to & mean survival of ahout 9.5 months. Quite remarkably, all survival

numbers are located on the right of these expected values on the time axis which can be

taken as strong indication that the conjugate Y-90DOTAGA subslance P is certainly more

efficfent than a pure water solution.

This interpretation of the data is further supporied by an impressive paﬁial response (case
W.M.} which is obtained in a non-resectable lefi-sided thalamic glioblastoma, using *Y-
DOTAGA-Substance P monotherapy and where a volume reduction of over 80% of the
glioblastoma was observed. A key question in local glioma therapy is whether one can
achieve to reach infiltrating tumor cell nests or satellite lesion. In an lluminating case with
"Min-DOTAGA-Substance P, diffusibility is shown in a 4 cm distant sateliite lesion that beco-
mes visible following intracavitary injection into there section cavity. Despite good labelling,
the satellite lesion could not be contralled with Y-90 substance P. This case proves that
aven if the target can be labelled, a radionuclide with a narrower range would have been
much more likely to eradicate this lesion. In contrast the presently alpha-emitters {pm range)
and narrow range beta-emitters (e.g. Lu-177, 1-2 mm) should prove superior in the treat-
ment of invasive tumor cell clusters. The presently used dissipative Y-80 (range 3-6 mm) is
maore suitable for bulky lesions.



within the tunor and the infiltrated brain as conpared to non-infiltrated
brain tissue. Bakay has shown in his publication (Brain 1970, 93, 693-698)
that the extracellul ar space can make up 20-40% of a given volunme of brain
tunor ti ssgeuE®szurpared to normal brain which con- tai mRibE0b4/690f
extracel lul ar space. Physically speaking, a tunor utilizes the avail able
energy to proliferate and infiltrate, and not to naxi mze the order of the
nol ecul ar architect- ture as normal brain tissue does (law of entropia). It
has been described the consistent and high expression of neurokinln-1
receptors in glioblastomas, but also in low and internediate grade
gliomas. Accordingly a conparative autoradi ographic study between the

somat ost a- tinl DOTATOC and t he substance P/ NK-1 system has been conducted in
order to define the best targeting conpounds for |ocoregional therapy in
brain tunors. Wth one single excep- tion of an ependynoma, the expression
of NK-1 receptors is at |east equivalegt or higher in nost glionmas of
grades I1-1V. The results teach that the substance P/NK-1 system can re-

pl ace the somat ost atin/ DOTATOC system easily yielding superior responses due
to a clearly n2Et avour abl e tunor to brain background ratio. WO

2004/ 082722 PCT/ EP2004/ 050329 -27 Exanple C6: Pilot Study with

"' Y- DOTAGA- Substilalire ef rdaioinycisiz lahatert codjugatedpésubstantediandigrhaadp sitlecie @avidg pi | ot st udy, 4
cases with bi opsn:asdr@a®@nf ol | owed by " 0Y- DOTA- GA- Substance P (treatnent) are
included; all cas@soididd!rREEP-PRF-cRlEEHRNBY.CL Q6RO NHI TR tsmpiddger € open
surgery is not degnkdsadw.gable as a first treatment option, and 5 cases
with open gross total resection and subsequent radi onuclide conjugate
brachytherapy. As a third group which can serve as a control, 5 advanced
cases that had been treated by the so cal - ed standard reginmens with
virtually no therapeutic option left & we included. Since this is a
non-control led pilot study, it h o] ba | b he results of the only
random zed |arge glrona t F ej§??E éggopubhrsﬁﬁ "nore than 20 years ago
(Wal ker at al, 19807\ ,Eth? es wi t4bi opsy al one, average
survival is around meek t how further treat nment. “ the 4 cases of
this pilot study,, s survived at |east 2 monthé and up to 9
nonths, and in a specr 8§§e even show a remarkabl e partial response. In

t he resected 5

wherein

R is -CHx>C(0)-, -CH(COZH)CH;CH-C{0)- or -CH(CO;H)CH,-C(O)-,

or an analogue of formula | with at least one of the subseguent modiﬁéaﬁons in the amino
acid sequence of substance P:

a) replacement of Met" by -NH-CH(CH.CH=S0x-CHy)-C(O)- (Mat(C2)"), -NH-CH(CHCH_-
SO-CH3)-C(0)- (Met{O)™), or -NH-CHICH{CH3)CH2CHa)}-C(Q)- (le™),

b) replacement of Leu™ by -NH-CHICH(CH3)CHCH3)-C(O)- (lie™),

¢) replacement of Gly® by -N{CH3)-CHz-C(Q)- (Sar®),

d) replacement of Phe” or Phe® or both Phe’ and Phe® by residue of formutae

_n\/ﬁ_
- e
@s (2-Thi”), &5 (S-BZThiu).
P



cases followed by internal radionuclide conjugate brachytherapy, overal
survival appeared to be longer than expected which is in the range between
14 and 26 _nont hs. _According to the only |arge random zed trial of 1970s

whi ch serWOSMYO8T22 o1 cal control, resection alone wouPETEBS4NEE2% 0 an
expected survival of about 4 nonths, and resection plus an external beam
radi otherapy to a nean survival of about 9.5 nonths. Quite renmarkably, al
survival nunbers are |l ocated on the right of these expected val ues on the
time axis which can be taken as strong Indication that the conjugate

Y- 90DOTAGA substance P is certainly nore efficient than a pure water
solution. This Interpretation of the data is further supported by an

i npressive partial response (case WM) which is obtained In a
non-resectable | eft-sided thalam c glioblastom, using DY- DOTAGASubstance P
nonot her apy and where a vol une reduction of over 80% of the glioblastom
was observed. A key question in |ocal -¢g¢i oma therapy is whether one can
achieve to reach infiltrating tunor cell nests or satellite lesion. In an
illumnating case with "'Iln-DOTAGA- Substance P, diiffusibility is shown in
a 4 cmdistant satellite 4esion that beﬁg%/&gs visible foll ow ng
Intracavitary Injectfﬂnﬁ%ﬁ%o there sectiow'cavity. Despite good | abelling,
the satellite I esion cguld not be contrjoll ed with Y-90 substance P. This
case proves that event griset) f@ eyl af@kied, a radionuclide with a
narrower range woul d havwesbesni nuch nere kely to eradicate this |esion.
In contrast the presently al pha-emtters (pmrange) and narrow range
beta-emtters (e.g. Lu-177, 1-2 mr) should prove superior in the treat- nment
of invasive tunor cell dusters. The presently used dissipative Y-90 (range
3% nm) is nore suitable r bul ky Lesios. WO 2004/ 052722 PCT/ EP2004/ 050329
-zs- Clainms: 1. Use of rfadi o-nuclide | abelled conjugates of substance P and

a chel ator nol ecul e, hag®ng FhR*abbr evtati qoha™),
Chelator-R-Arg' - Prot - L@r 0 -Adn5-dn e' -Phe-Q@y' -LeulO- Met"-NH2 and
conprising conpounds of formula I

a) replacement of Lys® by residue of formulae

e =
S e ¥

(Arg®), or (O™,
H N~ NH NH,

f) truncation of 1 to 5 amino acids of the sequence Arg'- Pro®-Lys®-Pro*-Gin®, or

g) replacement of 1 to 5 amino acids of the sequence Arg'- Pro%Lys®-Pro*-Gin® by -N{CHa)-
CHz-C(0}- (Sar),

and wherein the conjugats is labelled with a radio-nuclide selected from the group consisting
of Actinium-225, Bismut-212, Bismut-213, Lead-203, Copper-64, Copper-67, Gallium-68,
Gallium-87, Gallium-68, Lutetium-177, Indium-111, Inditm-113, Yitrium-86 and Yitrium-90,
Dyprosium162, Dysprosium 165, Dysprosium 187, Holmium-166, Praseodymium-142, Pra-
seodymium-143, Promethium-148, and Terbium-149,

for the manufacture of radiopharmaceutical formulations for treating brain turnors, especially gliomas.



ya ~ql -J. -\ NOdOO) j X11, NNOAN' C2 NaoO0O), N XNwerein R
Is -CHrC(O-, -CH (c02H) CH2CH2-C(O - or -CH(CO2H)cHrc(O -, or an anal ogue of
formula | with at | east one of the subsequent nodifications in the am no

aci d sequeWW@2"¥8218st ance P: a) replacenent of Met" by FPCT/EP2004/050329

- NH CH( CH2CHr SOrCH3) - C(O) - (Met (02)"), -NH CH(CH2CH2- SO CH3)-C(O -
(Met(O"), or -NHCH CH(CH3)CH2CH3)-C(O) - (Ile"), b) replacenent of LeulO by
-NH CH CH(CH3) CH2CH3} C(O) - (1 1e'0), <c) replacenent of Gy by
-N(CH3)-CH C(O) - (Sar), d) replacenent of Phe7 or Phe8 or both Phe' and Phe

by residue of formulae -N V~-g (a-rni"), | s (3-ezrni'4), WO 20041082722
PCT/ EP2004/ 050329 -29- NN (2-Nal'.a), i i |I (1-Nat's), i 0O -N, H -N\
(Phegly's) ~- (Cha"A),

.30 -

2. Use according to claim 1, wherein the aming acid sequence in formula | corre=ponds fo
formulae

a} Arg-Pro-Lys-Pro-Gin-Gin-Fhe-Phe-Gly-Leu-Meat-NH;,

b) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phea-Gly-Leu-tdet{O,)-NH.,
) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-Sar-Leu-Met-NHz,

d) Arg-Pro-Lys-Pro-Gln-Gln-Phe-Thi-Cly-Leu-Met-NH3,

e) Arg-Pro-Lys-Pro-Gin-GIn-Thi-Phe-Gly-Leu-Met-NH,,

f} Arg-Pro-Lys-Pro-Gln-Gin-Phe-Phe-Sar-Leu-Met{O;)-NH,
g) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Gly-Leu-Met{O2)-NH,,
h) Arg-Pro-Lys-Pro-Gin-Gin-Thi-Phe-Gly-Leu-Met(O2)-NH;,
i) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Sar-Leu-Met{O2)-NH,
]) Arg-Pro-Lys-Pro-Glin-Gin-Thi-Phe-Sar-Leu-Met-NHg,

k) Arg-Pro-Lys-Pro-GIn-Gin-Thi-Phe-Sar-Leu-Met(O2)}-NHz
1} Arg-Pro-Lys-Pro-GIn-Gin-Thi-Thi-Sar-Leu-Met-NH,

m} Arg-Pro-Lys-Pro-Gin-Gin-Thi-Thi-Sar-Leu-Met{O)-NHz,
) Arg-Pro-Lys-Pro-Gin-Gln-Thi-Thi-Gly-Leu-Met-NH,,

0) Arg-Pro-Lys-Pro-GIn-GIn-Thi-Thi-Gly-Leu-Met{O2)-NH,.

3. Use according to claim 1, wherein the compounds of formuta | comprise in the 11-position
of the natural substance P sequence a methioninsulfone residue of farmula -NH-
CH{CH,CH»-S0C2-CH;3}-C(0)- instead of a methionin residue.

4. Use according to claim 1, wherein the glycin residue in position 9 of the natural substance
P sequence is replaced by a sarcosin residue of formula -N(CH3)}-CH»-C(Q}-.

5. Use according to claim 1, wherein the phenylalanine residue in the 7- or 8-position or in
both said positions of the natural substance P sequence is replaced by a 3-(2-thienyi)-ala-
nine residue of formula



i e) replacenent of Lys3 by residue of formulae H QHL(0 QQ -N " JL~ NH
(Arg3), or )v (On3), HNNHNH f) truncation of 1 to 5 amno acids of the
sequence Arg'- Pro -Lys3-Pro4-dns, or g) replacenent of | to 5 am no acids
of the sequence Arg' -Prot-Lys3-Pro-Gns by -N(CH3)- CHTC(O - (Sar), and
wherein the conjugate is |abelled wst.n a radi o-nuclide selected fromthe
group consisting of Actinium 225, Bisnut-212, Bisnut-213, Lead-203,
Copper - 64, Copper-67, Gllium66, Gllium67, Gallium68, Lutetium 177,

I ndi um 111, Indium 113, Yttrium86 and Yttrium 90, Dyprosium 62,

Dyspr 0si um l%ﬂ%sgwsi um 167, Hol mi um 166, Praseodym um 142, Pra-

seodym um 143, Pr t hi um 149, and Terbi um 149, for the manufacture of

r aoi ophar maceut i cal* | ations for treating brain tunors, especially
gliomas. WD 2004/ 0827 CT/ EP20( M 050329 -30 2. Use according to claim1,
wherein the am no aci gquence in fornmula | corresponds to fornulae a)

.4rg-Pro-Lys-Pro-A n-Q3 n-Phe-Phe-d y-Leu-Mt-NH2, b)

Ar g- Pro-Lys- Pro- d n-d n- Phe- Phe-Qd y- Leu- Met (02) - NH2, c¢)

Arg- Pro-Lys- Pro d n- Ph eu- Met - NH2, d

A o Pr o1 90 f Q2 oHEErolh BRcpen VRN eS R tg-postion ofhe natu-

Ar g- Pr Ofdlynﬂ:stanoe Psequdnoee i§inepldthed btk B-(2-¢hienytalahine and dhe glycin residue in po-

Ar g- Pr oghysg B P r-Leu-Met (02)-NH2, Q)

Ar g- Pro- ;hg ’ r"%?%eﬁ?g“%?@gﬁﬁg- égy Leu- Met (02) - NH2,  h)

Ar g- Pro- Lys- Pro-d n-d n-Thi - Phe- d y- Leu- Met (02} NH2,
7. Use according to claim 1, wherein the methionin residus in the 11-position of the natural
substance P sequence is replaced by a methioninsulfone residue, and the phanylalanine
residue in the 8-position of the natural substance P sequence is replaced by a 3-(2-thienyl}-
alanine residue, or the glycin residue in position 9 Is replaced by a sarcosine residue.

. 8. Use according to claim 1, wherein the amino acid sequence in formula | carresponds to
formulae -

a) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Phe-Gly-Leu-Met{O,)}-NH,,
b) Arg-Pro-Lys-Pro-Gin-Gln-Phe-Phe-Sar-L eu-Met-NH,,

¢} Arg-Pro-Lys-Pro-Gin-GIn-Phe-Thi-Gly-Leu-Met-NH,,

d} Arg-Pro-Lys-Pro-Gin-Gln-Thi-Phe-Gly-Leu-Met-NHa,

* @) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-Sar-Leu-Mel{O,)-NH,,
f) Arg-Pro-Lys-Pro-Gln-Glin-Phe-Thi-Gly-Leu-Met(O,)-NHa,
g) Arg-Pro-Lys-Pro-GIn-Gln-Thi-Thi-Gly-Leu-Met-NH,, or
h} Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Sar-Leu-Met(O2)-NH.

8. Use according to claim 1, wherein the amino acid sequence in formula | corresponds o
formulae
a) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-Sar-Leu-Met{O2}-NH,, or

b) Arg-Pro-Lys-Pro-Gln-Gin-Phe-Thi-Gly-Leu-Met{O2)-NH..

10.  Use of the compound of formula | or an analogue thereof according to claim 1 for
the manufacture of a medicament for treating brain tumors and the satellite
lesions thereof in a host afflicted with brain tumors, especially gliomas.



i) Arg-Pro-Lys-Pro-d n-Qd n-Phe-Thi-Sar-Leu-Mt (02)-NH2, |)

Ar g- Pro-Lys-Pro-d n-d n-Thi - Phe- Sar - Leu- Met - NH2, k)

Arg- Pro-Lys-Pro-Gd n-d n-Thi - Phe- Sar - Leu- Met (02} NH2 1)
Arg-Pro-Lys-Pro-A@ n-A n-TM Thi - Sar - Leu- Met - NH2, m)

Ar g- Pro- Lys- Pro- @ n- @ n- Thi - Thi - Sar - Leu-3®kt (02) - NH2, n)
Arg-Pro-Lys-Pro-A@ n-d@ n-Thi-Thi -d y-Leu- Met-NH2, 0)

Arg- Pro-Lys-Pro-Gn-G n-Thi-Thi-Gdy-Leu- Mt (02} NH2. 3. Use according to

cl ai n_the c s, of for n the 1 ogitiqgn of
the nbtur AP dplRon e BRRis LlslaRe bl Bk ne@ ik iy dhengbobe i - s
CH( CH2CHr Sﬁcﬁic[iﬁg@b@)amﬂrfst thadnarfufactureton b erddicarsit i reating braid tamogs dhdiige t O
claim1l, mh t he gl n residue in position 9 of the natural substance
P sequencea\ é%'%é%%? '0 adMAMEE, 1 residue of formula - N CH3)-CH C(O)-. 5.
Use according to claim11, wherein the phenylal anine residue in the 7- or
8-position or in both said positions of the natural substance P sequence is
replaced by a 3-(2-thienyl)-ala- nine residue of formula -31- S. Use
according to claim1l1, wherein the phenylal anine residue in the 6-position of
the natu- ral substance P sequence is replaced by a 3-(2-thienyl)-alanine
and the glycin residue in po- sition 9 is replaced by a sarcosine residue.
7. Use according to claim 1, wherein the nmethionin residue in the

11- posi4.iue8 obh ridenubliae Wbaled stbdknbélP CBnjifafecst (PGS 1 bSan slogéeetlerB¥t dccording 1o

Met Ni ORGHSULE tﬂé‘ﬁ\aﬁu‘i‘a’%{u%a rraRarhéHe pheBVJhé‘hé’céEﬁ&?andﬁﬁe?ép@Mi% leStmER Bt &aiﬁ%\dﬂ on

of t he ﬁ@hwu" tﬁér@&(ﬁ?a arﬁﬁgu&gg&aﬁﬁ;p aced by a 3-(2-thienyl)- alanine
or [

re5|due I'n residue’ in position 9 is replaced by a sarcosine
reS|due 6. Use accordlng to cla|n11 wherein the am no acid sequence in

fA?{g £ Lyg%ﬂ%ﬁ%’ﬁbgﬁgﬁé PHﬁl‘dlogEe@% ﬁ/%el?tgléinﬁﬁ%xle, Blpereby substance P

Ar g- Pro- Lys- Pro- G n- G n- Phe- Phe- Sar-Leu Met - NH2, c¢)
Ar g- Pr @otjygaterhastheabprgvigten Thi - G y- Leu- Met - NH2,

Chelator-R-Arg- Pro%-Lys*-Pro*-Gin®-Gin-Phe’-Phe’-Gly*- Leu’“-Met"-NHz and comprises

compounds of formula |

: o :
™ H °

Ko,CHC s \/ﬁ‘u = ek CH,SCH;

N\, A\ \l\ o>,

C £ ™ 0!

" R,n/krm

Wﬁ“-.ﬁ/ CH,TOH
wherein

R is -CHz-C{O)-, ~CH(COzH)CH,CH-C(O)- or -CH(COH)CHz-C(O)-, with the proviso that R is
" .CHLC{(0}-, when the canjugate comprises the substance P sequence,



d) Arg-Pro-Lys-Pro-G n-G n-Thl-Phe-d y-Leu-Met-NHx, a)

Ar g- Pro- Lys- Pro- G n-d n- Phe- Phe- Sar - Leu- Met (2} NH2, f)i

Ar g=Pr o- Lys- Pro- G n- G n-Phe-Thi -d y- Leu- Met (2} NH2, Q)

Arg-Pro-L G n-Thi-Thi -3 y-Leu- Met NH2i or h) <

Ar g- Pro- L)ﬁo E{Edgm ﬂzG n- Phe- Thi - Sar - Leu- Met (Q2) - NH2. 9. CglEgé?:oéera?S% to
claim1, wherein the am no acid sequence in formula | corresponds to

formul ae a) Arg-Pro-Lys-Pro-QG n-d n-Phe-Phe-Sar-Leu- Met (2} NH2. or b)
Arg-Pro-Lys-Pro-Ad n-d n-Phe-Thl -3 y-Leu- Met (Q2) - NH2. 10. Use of the conpound
of formula | or an anal ogue thereof according to claiml for the

manuf acture of a nedi canent for treating brain tunors and the satellite

| esions thereof in a host afflicted with brain tunors, especially glionas.
-32- 11. Use of a radio-nuclide | abelled substance P conjugate of fornula I
or an anal ogue thereof according to claim1l1l for the manufacture of a

nmedi canent for treating brain tunors ang the satellite |egions thereof in a
manmal . 12. Use of a radio-nuclide | abéllTed substance P conjugate of fornula
| or an anal ogue there-of according to claim1 for the manufacture of a
medi canment for t leed agaelease pidnmdaidih fershpret e eubtepientimedicationsfo the=giom t unors  and
satellite | esi onsciddaermedfsitgtame fPmnmal , such as a human. 13. Conj ugates of
subst ance E analh@giﬁr;namdfmvmpeir&]mﬁm CRMsecH e ovihenay-nsdhgtiance P

conj ugat e has t heoaipe®yi@ioP o AERER EHéMchto-u i

Prot-Lys3-Pro-G ps: G n\ﬁﬂgumfh@y\i‘_ﬁg,x&akﬁeg,ﬁc%g "RI) Rz and conpri ses

conpounds of for I rgpacemegﬂ f]ts1y @ Ncm)—c rC(O)'( o), wher ei n
o) replacernent of Phe” or Phe® or both Phe” and Phe® by residue of formulze



Ris -CH2-C(O -, -CH(CO2H)CH2CH2-C(O or -CH CO2H)CH C(O) -, with the proviso
that Ris -CH C(O-, when the conjugate conprises the substance P sequence,
WO 2004/ 082722 PCT/ EP2004/ 050329 -33 and an anal ogue of forrrul al with at

| east one of .th sequent nodifications in the am no

subst ance ¥ 2 F%’gfacerrent of Met" by - NI—l-CI-l(CI—lZCI—lrSOr ?‘ﬂ%ﬂ%t(ozy')
- NH CH(CH2CH2- SO-CH3)-C(O - (Met(O "), or -NH CH CH( CH3) CH2CH3) -

(lie"), b) replacenent of LeulO by -NH CH CH(CH3) CH2CH3) - C( O - (11e10) c)
repl acenent of Ay9 by -N(CH3)-CH C(O) - (Sar9), d) replacenent of Phel or
Phe9 or both Ph& and Phe9 by residue of formulae Q NO O N H nss | \
(3-BZThirs), (2-Thris), S. -NN\ I /\~\ (2-NalT.8), i i I (1-Nalr.e) O
(Phegl yl e) (Cha7S). WD 2004/ 082722 PCTI EP2004/ 050329 -34 e) repl acenent of
Lys' by residue of fornrulae HH\/) HQ N NH (Arg3), or (Om),

.34 -

. &) replacement of Lys® by residue of formulae

H D
——N\/!__
; H e
NH

(Arg®), or @m?),

HNSNH NH,

f) truncation of 1 to 5 amino acids of the sequence Arg'- Pro®-Lys>Pro*-Gin®, or

g) replacement of 1 to 5 amino acids of the sequence Arg'- Pra*Lys*-Pro*-Gin® by -N{CHa)»
CHL-C{O)- (Sar), '
and wherein the conjugates are unlabelled or labelled with a radio-nuclide selected from the
group consisting of Actinium-225, Bismut-212, Bismut-213, Lead-203, Copper-64, Copper-
67, Gallium-66, Gallium-67, Gallium-68, Lutetium-177, Indium-111, Indium-113, Yitrium-86
and Yitrium-80, Dyprosium162, Dysprosium 165, Dysprosium 167, Holmium-166, '
Praseodymium-142, Praseodymium-143, Promethium-149, and Terbium-149.



H2NANH NH x f) truncation of 1 to 5 am no acids of the sequence

Arg' -Prot-Lys'-Pro -A@n5, or g) replacenent of 1 to 5 am no acids of the
sequence Arg'- Prot-Lys'-Pro4-An' by -N(CH3)- CHzC(O) - (Sar), and wherein

t he conjugates are unl abelled or |abell Wth a radio-nuclide selected from
the group consisting of Actinium 225, Bisnut-212, Bisnut-213, Lead-203,
Copper-64, Copper- 67, Gllium66, Gllium67, Gllium66,.Lutetium 177,

I ndi um 111, Indium 113, Yttrium86 and Yttrium 90, Dypr05| uml62, Dysprosium
165, lﬁyspﬂ@§DHQﬁI6$ ofiolSHPEIRLEE, P Pﬂéé@gé?ﬁlanﬁleChPﬂa§@Gdynlun}l43

Promet hi um 149, and Ter bi um 149 -35- U. Ccnjugates of substance P

anal O&I‘Qi@ and a chel ator _nolecul] e, whereby the conjugate has the

abbr e WEGMQFSP}’RI-% QCF‘? gate shae toenakhsetiafelorhel- G yo-

Leu' - Xu-NH2 and conprises conpounds of fornula Il Eo CW wherein Ris

REceifan BRI A S SRRt 0)
(0) - Lewl-gt)-NHp) andreenpt {aes ChonpoindeHEF Formala) IT (11911) and an

anal ogue of formula T with at | east one of the subsequent nodifications in
the am no acid sequence a) replacenent of LeulO by :
- NH CH( CH( CH3) CH2CH3) - C(0) - (ti el0)

i
> mx_ S m

whezrein

R is -CH;-C(0Q)~, -CH(COH)CH:CH,-C{0)~- oz =CH(CO:H)CH:-
C(0) and

X ig ~NH-CH(CH;CH;-80,-CH3)-C(0)- (Mat (02)%), -Nu-

CH (CH,CH,-S0-CH;) -C (0) - (Met (0} '), or -NH-CH[CH (CHs)CH,CH3]-C(0O)-

(Ile'l),

and an analogus of formula I with at least one of the
subsequent modifications in the amino acid sequence

a) replacement of Leu'® by -NH~CH{CH(CHj)CHzCHs)=C(0)~
(11!,

b) replacement of Gly’ by -N{CH;)-CH;-C(0)- (Sar®),

¢) replacement of Fhe’ or Phe® ox both Pha’ and Phe® by
residue of formulae



b) replacenment of Ay by -N (CH3) -CH2_C (0) - (Sara) , c) replacenent of
Phe7 or Phew or both Pbs7 and Phe by residue of formulae 36 Rjai ' . )
c,.roaP~, -nomL O (Pna9Vv'). t ( Wl 10 d) replacenent of Lya3 by residue
of formulae Inrg'). or (om, 15 e) truncation of 1 to 5 am no acids of the
sequence Argl-Pro2-Lys3-Pro-An5, or f)- rgplacenent of 1 to 5 am no acids
of the sequence Argl-Prot-Lys3' Pro9~@n5 by -N (CH3) -CH2-C (0) - (Sar) |,
and wherein the conjugates are unlabelled or 20 labelled with a

radi o-nuclide selected fromthe group consist,jng,of Actinum 225,

Bi smut - 212, Bisnmut- 213, Lead-203, Copper-64= r-67, Gallium 66,

Gl lium67, Gllium68, Lutethjyumal77, Indium111% 1 -37- Indium 113,
Yttrium 86 and Yttrium 90, Dy Stum 162, Dyspro 165, ﬁysprosiun}167,
Hol m um 166, Praseodymi um - 142, -_E@eqziwﬁbum 14 on@®™Mid 149,  and
I

Terbi um 149. |5. The conjugate of i m % wher ei is -NHCH
(CH2Cve-S02-CvB) -C (0) - (Met (02)1I"') 16. A conposition conprising (a) at
| east one pharmaceutical carrier and (b) at |east one of the conjugates

according to
o]

~—H-\.)_

—N
- oo

g

N RS
@ (Phegty™) b (cra,

¢ d) replacement of Lys® by residue of formulae

— - L
e X

| 3 Z"l (omh,

15 e¢) truncation of 1 to 5 amino acids of the sequence
Arg*~Pro®-Lys’-Pro!-6in®, ox

£) replacement of 1 to 5 amino acids of the gequence
Arg*-Pro®-Lys® Pro'~Gin® by -N(CH,)-CH;~C(Q)- (Sar),

and wherein the conjugates are unlabelled or
20 labelled wlth a =radio-nuclide selected from the
group consisting of Actinum-225, RBismut-212, Bismut-
213, Lead~203, Copper-64, Copper-67, Gallium=66,
Gallium-67, Gallium-68, Lutetium~-177, Indiem-111,



any of clainms 13 to 15. 11. The conjugate of claim 14 or 15 for targeting or
treating brain tunors, especially glioms. 18. The conjugate of claim 14 or
15 for loco-regional application thereof to the tunmor center or into the
resection cavity of a host. 19. e of radio-nuclide | abelled conjugates
according to claim 11} or 15~ &/ the manufacture of radi ophar maceuti cal or
radi o-di agnostic formulations for targeting or treating brain tunors,
especially glionas.

Indium-113, Yttrlum=-86 and Yttrium-90, Dyspresium-
162, Dysprosium=-165, Dysprosium-167, Holmium-1686,

Prasecdymium~142, Praseodymium-143, Promethium=1489,
and Terbium-148.

Is. The conjugate of claim (i wherein

X is -NH-CH(CHiCHz~S0;~CHs)~C(0)~ (Met (G2)™).

16. A composition comprising (a) at least one pharmaceutical
carrier and (b) at least one of the conjugates according to

any of claims 13 to \5S.

1. The conijugate of claim Vi or \5 for targeting or treating

brain tumors, especially gliomas.

18. The conjugate of claim 14 or 16 for loco-regional
application thereof to the tumor center or into the

resection cavity of a host.

19. Use of radio-nuclide labelled conjugates according to claim
i4 or I8 for the manufacture of radiopharmaceutical or
radico-diagnostic formulations for targeting or treating

brain tumors, especially gliomas.



