WO 2004/ 082722 PCT/ EP2004/ 050329 Radi ophar maceuti cal s
for cancer diagnosis and treatnent The instant
wonvamsan rel ates to a pharnmaceuti cal conposi PCOMP2004/050329
conprising a pharmaceutical carrier and an effective
anount of a substance P anal ogue conjugate with
1- (1, 3-carboxy-
propyl)-4,7,10-(carboxynethyl)-1,4,7,10-tetraazacycl od
odecane (chel ator DOTAGY), 1-(1, 2-
car boxyet hyl )-4,7, 10-(carboxynethyl)-1,4,7,10-tetraaza
cycl ododecane (chel ator DOTASA) or
1,4,7,10-tetraazaacycl o-dodecane-1, 4,7, 10-tetra-acetic
acid (chelator DOTA), that are la- belled with
sui tabl e radi onuclides; the use thereof for targeting
and treatnment of brain tunors or the use of
correspondi ng | abel | ed substance P conjugates for
targeting and treatnment of brain tunors; substance P
anal ofeerPERiceRyatiier cfceriiapioAiagd reh@PASA or DOTA, t hat
are |abelled with suitable radionuclides; and
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Furthernore the Thvention felates to a nethod for the
therapeutic treatnment of malignant tunors, e.g. _
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not described and there is no hint to treatment of brain tumors with this radio-labelled conju-
gates.



The prochel ator (ester) and chel ator (acid) DOTA
1,4,7,10-tetraazaacycl o-dodecane-1,4,7.. tris(acetic
weaceim/os2haput yl ester)-10-acetic acid i s descri bedTiER2004/050329
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 "' 1n/90Y-| abel ed- DOTA- D- Phe' - Tyra-octreoti de
(DOTATCOC), a radio- |abelled sanostatine based

conj ugate, showed for the first tine in vivo in human
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binding to SSTR-2 (somatostatin subtype 2 receptor)
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hi gher chem cal stability, thus avoiding contam nation

of tissue or body fluids with free radi o- nucli des.
weubwioazee P based radi o-| abel |l ed conjugat es sROWER2004/050329

unexpected high serum half WD 2004/ 082722

PCT/ EP2004/ 050329 -3 life tinme sufficient for

application as internal radio-diagnostics and

radi o-t herapeutics. Serum stability of conjugates on

the basis of substance P anal ogues is even increased

wi t hout decreasing the binding affinity to NK

receptor to an undesired extent. In sonme cases the

bi nding affinity is even inproved when usi ng substance

P anal ogues. It was also found that nethionin in the

11-position is oxidation serfsitive (radiolysis) after

| abelling (formng a sulfoxide) and that said

oxi datfife tyre softriantivearsligpipr @ S@e radindirgd@lia endmagio et ftuie Sunby

met hi emiinstbii@aeon ikekiet yubiidne: lnfiehlLd ¢ eadh fnbrbdsédywiteoan

subst a&teiasﬂnb thy bnhﬁg B b L 1RREbtoPH 2B MERired bHERT IRVAHE caMdlifd

furthehsd gﬁ"rﬂﬂs &gl ﬂirgv@mr@&gﬂ@éﬂss%nde aFaIl?)Gue§ Y Qéstaggﬁlﬁd Ret

SequeRLhionin |r¥ ewaﬁo ALY, i atoh s |v§, ys @HI i orming a
subst @Lp:gx%e) anth ??saQqua ! ;antf]e Exarjressé in felplaJt:g %at |1'Jn§ngy eg

capabl e

infil{ ?th'?"'"s fﬂ’ﬁ’d"ﬁer%béfhf" bipgig FLtgpn Sg%f{a%t v bf '@a"]taé‘;@,‘?‘lﬁﬁ‘@” so
t hat {TREYPd ilyiurRs amippepihiepiasemeals i the puasianers seerep ftyes @B ect
of t h&RripiRel fPrddgt suiptapds 8 basedradisflabeliagiiotiopiercels cehablé tg Biiis¢ ed
conj ugiet Einigifatiog grigdntilBatectemaPeell gesielor satafileddsiantsop thatee@uibee,
havi ngetéclaganaiieevi ati on Chel ator-R-Arg' - Pro2
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wherein

R is -CH»-C(0)-, -C(COzH)CH,CH»-C(0)- or -C{CO2H)CH2-C(0)-,

or 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(CH,CH2-SO5-CH3)-C(O)- (Met(O2)"), -NH-CH(CH,CH,-
S0-CH3)-C(0)- (Met(0)"), or -NH-CH[CH(CH3)CH,CHs)-C(O)- (lle™),

b) replacement of Leu™ by -NH-CH[CH(CH3)CH,CH3)-C(O)- (lle™®),

c) replacement of Gly® by -N(CH3)-CH,-C(O)- (Sar®),

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



Ris -CH2-C(O) -, -C(CO2H) CH2CH2-C(O - or

-C(CO2H) CH2-C(O) -, or an anal ogue of formula | with at
woOeeasoszne of the subsequent nodifications in PO®ERRIOMOS0329

aci d sequence of substance P. a) replacenent of Met"

by - NH CH( CH2CH2- SO2- CH3) - C(O) - (Met (02) 11),

-NH CH(CH2CH2- SO CH3)-C(O) - (Met (O "), or

-NH CH CH(CH3) CH2CH3) - C(O) - (I1le"), b) replacenent of

LeulO by -NH CH CH(CH3) CH2CH3)-C(O)- (Ile'0) «¢)

repl acenent of Ay9 by -N(CH3)-CH2-C(O) - (Sar9), d)

repl acenent of Phe7 or Phe8 or both Phe7 and Phe8 by

resi due of fornulae WO 2004/ 082722 PCT/ EP2004/ 050329

-4 H -N H(2-Thi78) (3-BzThi78), H-N~ - N

(2-Nal'7,8), i i (1-Nal7.8),4\cON Ho -N

(Phegly7.8), (Cha7.8), e) replacenent of Lys3 by

residue of formulae HO HQNH (Arg3), or (On3),

H2N,),-NH NH, f) truncation of 1 to 5 am no acids of

the sequence Arg' - Proa-Lys3tPrpa-dn5, or Q)

repl acenentyof o1 to 5 am no at¥ds of the sequence

Arg' - Proa-tys3Pro"-Gn5 by - N - CH2-C(O - (Sar),
VD' 2004] 082722_PCT| ER2AR4/ 050329 (rmems
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© (Phegly™®), b (Cha’®),

e) replacement of Lys® by residue of formulae

_u\/ﬁ’_ o
-

NH (Arg®), or {ornd),

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(CHs)-
CH,-C(O)- (Sar),



-5 and wherein the conjugate is |labelled with a
radi o-nuclide selected fromthe group consisting of
wacbidrosenre 225, Bi snut-212, Bi snut-213, Lead- 20BCT/EP2004/050329

Copper - 64, Copper-67, Gllium66, Gallium 67,

Gl lium68, Lutetium 177, Indium 111, |ndium 113,

Yttrium86 and Yttrium 90, Dyprosiunl62, Dysprosium

165, Dysprosium 167, Hol m um 166, Praseodynm um 142,

Pra- seodym um 143, Pronethi um 149, and Ter bi um 149,

as active ingredient in radio-pharmaceutical or

radi o-di agnostic formul ations for targeting or

treating brain tunors, especially gliomas. Wien R in

formula | attached to the tetraazamacrocyclic residue

is -CH2-C(O)-, it is abbre--%viated as chel at or DOTA;

when Rin fornmula | attached to the

t et r aadaheRT breopridgiies kiglEd dithe radg-nuchEEBOR H)aHER Glddr isedng |,

it i sofabbuegisatiedi-as sehebiat ed-20 Hoptafs4, edppbreheMiviRed N

f or mubatiul-67, &bitiuecd & Gethi@- 117N Q1B 1, RAFARY, Fhdub-s6 £5 vBBod S
C( C%H}o%ﬁﬁb@})msmﬂ 155 bﬁprémmr‘l@vlho@rtuﬁQG@%a Q&hﬁ% QA{Z Pra-

DOTAS& oq, RN J;}&ne%m@%h?&buﬂr Q4IPS 1N the chel ator

noi et ut anol ,
I 5 ea%tlvgﬂlg%dgﬁqn%d rplmarma’ceu IC% or rach) dﬂgrlo% f: %?nulablaﬁséor targetmg or

t hen
pr ochLﬁag orra'gluré'gﬁe%ec'a[@é%’asf or conveni ent coupling to

peptides during solid phase synthesis. Labelling in

t he cHRPE&R PG apcked forfip detraramacrarestiaTesidps i@HFRION, lhie abbre-

r adi oYitiRd|ap ehelater §OTA hep Bintiomulel! pttachedyip thellpSaagimekraaycliclr@ @i

at ons-G(HOH) BraCliTéd)-ait ipabbrevis el bBglatoNDETASE;andBWhErONIS foinfliat he

r adi oateekd tole siebhiagclic REi®e rs&pd:caﬁ)enlz d(®)-, Ri6 SBleGAAGEn WA N

t he vabeBE evhe theaBoxiIBdrélbs ih B bhel M it S EosiSith Qnsirmae%rﬂ glly
me-  t @dhboahdi, 1K thﬁ@&o@és(a;e ndmeki 9rgr§|elatc;r hl'ﬁe @&pera%ys cQﬂHaE ng§fo used

for nmpdje i . y e |.al ned
foll ovvlmng%ltJlé/gotl qua&de@% ﬂlgfshl c‘))ﬁas SquOXI de Met (02) is

met hi oagl ne- is isoleucine;, Sar is

|l e
sar cos) erllllgg in % cf:P]text ofihg lnéent(o mfaﬁ? térﬂsw t)'ne rac' oatﬁ:l cﬁé) thegarl@zy‘ml is
3. ( 3- %%Jﬁszaa? Wrogeﬁlﬂojls }haﬂlﬁlﬁgres%leNQPreqygmons in the radionuclide salts
3- ( 2 ?ﬁ%\rﬂ‘flﬁcwq Tcogilar&ﬁwlth thq é’a}lenqg_om mejaljon, which are substantially me-
3- ( 1-‘AdippbrtmisipkY ions| ani ne; Cha is cycl ohexyl -al ani ne; Arg
is arginine; On is ornithi- ne; and Phegly is
p henythg bbp@iidlions Lised Br nbighEAring deice H@Q@Elf@ﬂithe@rﬁlovﬁrﬁﬁﬂet(o Yis
I nv e NhdtdRine-dultRad: R&(0Y tdehetorinBsdiroie T s RolduciRBSHPR sarcosine: 2-Thi
.Q( @hlenyl ]aﬁnnﬁ :; lﬂﬁt‘ i@? 3- bg'rz&lfle%% a%qn é‘f@a‘?gh a;}hthyl) a‘gm
am nqleaﬁ\Haqs 3?'@ qg{bﬁt%%laA ng hQ %ohexy, alanlne Rrglsér:a)r%mmeso}n % ornithi-

for

mFJ;I T_Phe MBS n- Phe- Phe- A y-Leu- Met - NH2, b)
Arg-Pro Lys Pro- d n- G n- Phe- Phe- d y- Leu- Met (02) - NH2,
c)  Ar'yE Bt srbedbpegtoii{avention. tmesidmhRio Geula | pegosvBH-CIHR,  d)
Ar g- Pro-Lys-Pro-d n-Qd n-Phe-Thi -3 y- Leu- Met - NH2,

In a further preferred embadiment, the amino acid sequence in formula | corresponds 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(O2)-NHs,
¢) Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phe-Sar-Leu-Met-NH,,
d) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Thi-Gly-Leu-Met-NHa,



WD 2004/ 082722 PCT/ EP2004/ 050329 -6 e)

Arg- Pro-Lys-Pro-d n-d n-Thi - Phe-Q3 y- Leu- Met - NH2, f)
woang4msTRLys- Pr o- G n- G n- Phe- Phe- Sar - Leu- Met ( ORETMEIP2004/050329

9)

Arg- Pro-Lys-Pro-d n-G n-Phe-Thi - Q@ y- Leu- Met (02) - NH2,

h)

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

)

Ar g- Pro-Lys- Pro-d n- Q@ n- Phe- Thi - Sar - Leu- Met (02) - NH2,

j) Arg-Pro-Lys-Pro-d n-d n-Thi-Phe-Sar-Leu- Mt -NH2, k)

Ar g- Pro-Lys-Pro-d n-d n-Thi - Phe- Sar - Leu- Met (02) - NH2

) Arg-Pro-Lys-Pro-d n-d n-Thi-Thi-Sar-Leu-Mt-NH, nm

Ar g- Pro- Lys- Pro-d n- d n- Thi-*Thi - Sar - Leu- Met (02) - NH2,

n) Arg-Pro-Lys-Pro-A@ n-d n-Thi-Thi-dy-Leu-Mt-NH2, 0)

Arg- Pro-Lys-Pro-d n-d n-Thi - Thi -3 y- Leu- Met (02) - NH2.

I N anetAeto-iys-eb-encadhieradieomaing, t he conpounds of

f or MubArglero QRS- &5 8in bR Ad18- A BRSIN, On of  the natural
subst f%'l(r:gep P sequence a_ mnet hi oni Asul f one resi due of
a

for muP’a™ my%%('ww%we%@)ﬁﬁ@ - instead of a
met hi BrAvaflesiretGle-CniThi-Pie@y-eole@NHat t he met hi oni n
r esi dyergPs-Lysphoihecit-heOKisHALIRAG)-Fn.caSi er oxidized in
air aﬁg,g_gégggpyoaél ‘?('“'ﬂﬁ”f“'g%%gg“?&etmbel ling process with

radi onucl | des ch 0 I rconsistent final

pr odubPEPorEEHEN P EEe-Seue-HeCavti ded when usi ng
met hi ofvp-AsisiPer@n-¢GmBt-Bash-ah-viethi oni n.  Anot her

pr ef enyRbSUbBLRNGH - H.ARALOOUEGRA) ugate of fornula |

is one,in which.the /cin residue in position 9 of
t he ngf\ {?%é yss%%%'f"g]ﬁgg'lr%%E%'éed'ﬂ"@HWé is replaced by a

sar c o9 -Frayuen-Claf hifitrEhriduaiet PINBEA3) - CH2- C(O) - .
Anot her preferred substance P anal ogue conj ugate of
f or mulh anolherip@ferdd @miporim kne bombdueds @AY 1 conidisd MitHa e 1-pdRikdh du e
i Nt hige rAturalBbsBnop O Sdalidn @M mdthioriBuibHa teldia R @drhdiL NS cabHERE
Ay

- ~ pr ation/S'e ized indir speciall n abelling progess wit
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ycarf? be.ayoid e
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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(CH3)-CHz-C(O)-.

Another preferred substance P analogue conjugate of formula | is one in which the phenyl-
alanine residue in the 7- or 8-position or in both positions of the natural substance P sequen-
ce is replaced by a 3-(2-thienyl)-alanine residue of formula



al anine residue in the 8-position of the natura

subst ance P sequence is replaced by a 3-(2-
wohb@rgte2al ani ne and the glycin residue i n poBCTIE®2009/050329

is replaced by a sarcosine residue. Another preferred

substance P anal ogue conjugate of formula | is one in

which the nmethio- nin residue in the 11-position of

the natural substance P sequence is replaced by a

met hi o- ni nsul fone residue, and the phenyl al ani ne

residue in the 8-position of the natural substance P

sequence is replaced by a 3-(2-thienyl)-al ani ne

residue, or the glycin residue in position 9 is

repl aced by a sarcosine residue. Substance P anal ogue

conjugates of formula I, whi’ch are nodified in the

8-position as des- cribed before, show a nuch better

serumstability or a | ower peptidase sensibility,

I es peéiother pretelrad subSerosi fGERe Bnjadae bO@He: | GORY iMgHRh &S prafy-

f or mukianink resitd in@d 8-aseBon Rl dalu@QudsBnct B &qubnoe is¥splaced by é:"sqg/ or

11- po&leﬁyl)-@%ma&d%gwnl oT=Te lrb;ﬁgltgﬁ §ic re?gl:gé%yglsﬁc%sn% residue.
satisfying to high blndlnga |n| y to Not-1 Treceptor

[ be d d
Smorﬁag\‘r%gertpgf Lpe%tslﬂgtg?ﬁ Pc'anqogue cog §utF bf ﬁo&mudalﬂ 8 orfe%mbe/ta? et eCt €

whi ¢ nm re?c[u%m {h? gl dao ltB ?EthF aat%subsﬁﬁn@fé?cawvs qe[flqg?ﬁ pa 51et|@n<b 20
and nﬁl?sgl oneﬁ?slglr e?ngma Verfyiaﬁrllﬁeoesn;}uetnﬁhef@)osmprnof e pppyrabsubstance
pr ef ef PR EFEBETARIT3-@-thienyirptning regide.dr thratyciemgidge in position 9
f or nuis gripcedyesaspsmdiduet 0 f or mul ae  a)
Ar g- Pro-Lys-Pro-d n- Q3 n- Phe- Phe- Q3 y- Leu- Met (02) - NH2,
b) Ar gubinceH Ay Segh Bnjughtes-ofbrivaPhenicPie meafib b6 - MMaikon NHEs
c) Ar gibddb&lord, Yiow Pheh Qﬁ@t’s@rﬁ‘sta@h@or-gnbver p)fd'age%gnsiMﬁytl Te!
d) Ar @y Ruskahdt $ 2R @n uga@s Qf'fommla I, m@h odited VE!%
%Ar g- Pgn@/br'-‘lYﬁosnP dnQs cnbe Jflorep Q%w also a sz—§ q“ylng lFoqug Indl fF n?ty to NK=1

A?‘ g_ :::ptonr ic%m:%ed \tlo n@tural sd)stancif freas.llLﬁan bﬁeifdidéuh %{agigp herHz
Ar g BrG- Lyg: ﬁ?ef) EPHTRPHTOPR; loFfiPTefaby QS0 andiapre or
eferably fro 0 7 to 10

Awg Pro- Lys- Pro- @ n-d n- Phe- Thi - Sar - Leu- Met (02) - NH2.

I n a pamers rreirad dmpodmeatihe pmiechcid sodedemEniuld |REre@BAIND foriad

S equen ée-PiothysfRorGnsblarHe-Pocely-espeagdsiHi, 0 f or nul ae a)

Ar g- R g Y S gsPdifinerdrRe. 2060 Mgmoar - Leu- Met (02) - NH2,
or

b
Arg- P%A’g VB R e SRR Qv - Leu- Met (02) - NH2,
WO 2002682 F2-Gbcsly-BE2eO4L056G8%0. -8 since these
C 0P GUIAYESro SREW-GHG IR Phaicnge@gindat | on and serum

st abig drd-¥o-BS P8I ciBRe-Fhi-¥E Y-Met(0) NH,
g) Arg-Pro-Lys-Pro-GIn-GlIn-Thi-Thi-Gly-Leu-Met-NH,, or
h) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Th i-Sar-Leu-Met{O,)-NH,.

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

a) Arg-Pro-Lys—Pro-GIn-GIn—Phe—Phe-Sar—Leu-Met(Og)-NHg, or
b) Arg-Pro-Lys—Pro-GIn-GIn-Phe-Thi-GIy—Leu-Met(Og)-NHg,



hi gh binding affinity, which is conparable or even

hi gher than with natural substance P se- quence. The
woam4wgzes of formula | and the preferred PCT/EP2004/050329

radi oconj ugat es nentioned before, having either

chel at ors DOTAGA, DOTASA or DOTA bound to the am no

term nus are useful for diagnostic investigations

usi ng conventional scintigraphy with Indium 111

| abel | ed substance P or anal ogues or using positron

em ssi on tonography with the tracers Gallium 68

Gl lium 66, Yttrium 86 or Copper-64. The di aghostic

pepti de vector can either be applied | oco-re- gionally

or system cally. For therapeutic treatnent the

conj ugates of formula | and® he anal ogue conjugates

men- tioned before wth either chel ators DOTAGA,

DOTASA or DOTA can be | abelled for exanple wth

al phasieaintse fomgounds efio® peiistatiingloxidBioS #1d bdmz&Biity as well as a very

Act i nhighoin@&5finita Rict i t8mRRbIR0r@ M hibHer tan Wihinbtirk! BostSE: FARd

Lut et udie.177. Anot her aspect of the invention provides

a method of targeting brain tunnrs IocaI|Z|ng or

t rhg?eg@gon}agaégg fot‘n%m rE hgrér?feraa radl%o:ﬂnjkﬁ?tes mﬁr?t'f"ﬁ Selfogenr%w:@

9I i 0 ngllttler trdols n| st YRS P BoupHe e tesgpinup asisplu 8’h e
aﬁa"st&?f“"ﬁﬁ%??*mﬁ uging| mfw?"t'%ﬁ SCVeEIPBITHR IndiyyT- 111 lgheked Fuistgnce

Th e n%?’ﬁi‘ﬂffg‘ie§°’ EUP BB empsiqpdeapaitehy with thierceie@ation-$8o@aliamd

t her afSeXifimeBeriGoprerfidiihe danostispeptide vedterm@n ethe beckosiat i@btel t €

| esi o¥msaly preyseoifaly. An obj ect of the invention is also a

t herapeutic or diagnostic nethod for targeting brain

t U-  NAF iBerapbubEihtinght thkofpigatbs cBBrnLIA &n@tﬁ@dnﬂog&éwﬂfg§es%g the
sat el ohdd Befdrsith RS cleRBS B@fAGlA rbo"i‘AéI\BopB@ilA e abeﬁerd ko

adm Nk itng isotofbs nia an efaremitfers -
o, Bl 0o T 8L L AL ="

substance P conjugate of formula I or an anal ogue

t hereof . Anot her object of the invention is a nethod
of delPURERPHY" & PaRPPaeRs P metkediobifsestiodtin &imers togaticng op

conj UGHPE BB R flegatelitadesiopsiherspfdr adguieided eithéan tumors.a
host ,s-SceippseinAdmigstatiior tie Bistet lbaspn¢ @mgpukieStrma@a | or an analogue

r adi czf fanglh | The mbtidd @lebredhiisuddss th#hia a@ecldn e@mjerdgbatc @esbent of

f or mukad tdmoe BndastelBN@b@@drRort her eof , to di agno- se or to
treat human brain tunors. A further object of the

I NV et o Be ihvBRorHSfo cher?peutl@g'ldg nQéd&Léthqg: forJ taq%e?ng braln tu-
su bStn@QQ&algngcoplwat'fﬁg a'glftumcgst and tge nyilte Iesmas tEereop in zi mirlrgnélf%m for

t her
the. depestisisiFad0sn s st pitrricn 3sers mn depron
and 1 Hcé re aaﬁee e(}sul%? aTCF E g{nwﬁtof fgpuli)lpéqnﬁnatomgrgof -and
satellite | esions thereof in a mamal,
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-nuclide 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-



such as a human; and a radi o-nuclide |abelled
substance P conjugate of formula I or an ana- | ogue
wohew@mst72b or use in nmedi cal therapy. A further PODjER2H04/050329

of the invention are conjugates of substance P or

substance P anal ogues and a chel ator nol ecul e,

wher eby substance P conjugate has the abbreviation

Chel ator-R- Arg' - Pro2

-Lys3-Pro4- @ n5-d n- Phe7- Phe8-d y9- Leu70- Met ' 1- NH2 and

conprises conmpounds of formulal HNO12 1 ~p OHO

NHNdAd~-N NHHHMpNHOCHQ /RNHII CO0,,- O%

0 CH-SCH ~ NN7 NHHNI CNNHLNH HO CH C ,N

CH, COH wherein Ris -CH2-C(O -, -C(CO2H) CH2CH2-C( O -
-C(CRH) CH2-C(O) -, with t9he proviso that Ris

-CH2-C(O -, when the conjugate conprises the substance

P sequeme e thabiduid Reafida b @ireE afakond idiods inblebe i addamh@ast

one Ofsucﬁ gh% ﬁk@%ﬂwﬁmnum%&ie@éagéta%$’ cbrﬂlgété‘l#fom IWPan aAL id

sequeq mgreof%u@%q@&su@ra p) replacenent of Met" by
- NH- CH - (I\/Et(02)")

-NH-CH so CHS)
- NH- O °f 6@2 s T el oyl e o
Leul0?® “asfelaPté?VB ")
repl a&é%ﬁB-A@%Pré PRyCIn” ﬁwahé)*’hﬁqz g Byt fefsawd)compds)es
r epl acereinds cbPrmiie7 or Phe or both Phe7 and Phe8 by
resi due of fornmul ae WO 2004/ 082722 PCT/ EP2004/ 050329

-10 HO

2%,
Ny Y Zo
HooHe \ r7 \.)LN X CHS, d cHscH,/
N N = 0P NH,
;|

wherein

R is -CH2-C(0)-, -C(CO,H)CH,CH,-C(O)- or -C{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 1 with at least one of the subsequent modifications in the amino
acid sequence of substance P:

a) replacement of Met" by -NH-CH(CH,CH-S0,-CH,)-C(0)- (Met(O2)'"), -NH-CH(CHCH,-
S0-CH3)-C(0)- (Met(0)"), or -NH-CH[CH(CH3)CH2CH3)-C(0)- (lle™),

b) replacement of Leu'™ by -NH-CH[CH(CH,)CH,CH3)-C(0)- (lle™®),

c) replacement of Gly® by -N{CHs;)-CH,-C(O)- (Sar®),

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



oH - N~s (2-Thi7-8), (3-BzThi78), Ho HO-N> -N

0 (2-Nal"), (1-Nal7,8, NOO- ~- N~ (Phegly''8),
wOChEmsBR2 e€) replacenment of Lys3 by residue 8ET/EP2004/050329
formulae HO NA\\Il~~ HQ-NNH (Arg3), 3 or (On),

H2N-J, NH NH2 f) truncation of 1 to 5 am no acids of

t he sequence Argl- Pro2 -Lys3-Pro4-dn5, or Q)

repl acenent of 1 to 5 ami no acids of the sequence
Argl- Prot-Lys3-Pro 4-An5 by -N(CH3)- CH2-C( O -

(Sar), WO 2004/082722 PCT/ EP2004/ 050329 -11 and
wherein the conjugates are unlabelled or |abelled with
a radionuclide selected fromthe group consisting of
Actinium 225, Bisnut-212, Bisnmut-213, Lead- 203,

Copper - 64, Copper- 67, Gl li'em 66, Gallium 67,

Gl lium 68, Lutetium 177, Indium 111, Indium 113,
Yttrium86 and Yttrium 90, Dyprosiunl62, Dysprosium
165, Dysprosium 167, Holm 16 Praseody- m um 142,
Praseodym um 143, Pronet hi um 9, and Ter bi um 149;

i ncl udi ng”pr rred enbodi nent s—o he anal ogues as
ment i oned bef & St i fur j g&Led, the
invention is a c@nposition co -@ ng (a) at |east one
phar maceu-

H Q

H o] —N\)I;
—N\)l_

....

e) replacement of Lys® by residue of formulae

H o
N \/l_ ) 5
HP (Arg®), or ? (Orn®),

N
H,N A

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

g) replacement of 1 to 5 amino acids of the sequence Arg'- Pro*Lys®-Pro*-GIn® by -N(CHs)-
CH2-C(O)- (Sar),



tical carrier and (b) at |east one conjugate of a

substance P or an anal ogue of substance P and a
wohedsmszn2 nol ecul e, wher eby substance P conj ugaCe/ERa84/050329

t he abbreviation

Chel ator-R-Argl - Prot-Lys3-Pro4- A3 ns-d ns-Phe' - Phee-d y

9- LeulO- Met 11- NH2 and conprises conpounds of fornula

I 0O HN1 OOHOHO NHNN (" N NHNHOQCHCRz

N\ CH \ CH SCHT, HHo~ OHOTf \ 1T t I NNNI\I

O-NH, (I/f C N~ wherein Ris -CH2-C(O) -,

- C(CO2H) CH2CH2- C(O) - or -C(C2H)CH2-C(O -, with the

proviso that Ris -CH2-C(O-, when the conjugate

conpri ses the substance P sequence, and an anal ogue of

formula | with at |east one1of the subsequent

nodi fications in the amno acid sequence of substance

P. a) aﬁdﬂﬁér@r@t@d’@ﬁﬂgm&f areMBbkiiba & Yabelled with a radionudlide selected from the

- NH- CEKJ g&%nlm 'B%@-M‘Z dlMZ@IDZ&aH ﬂ(% » Copper-64, Copper-

B NH- Gal alum%(g).ntetlu& I}%t I(m@n]ﬂr) 1nd19nq '113 Yitrium-86

- NH Ol %g% aseog - f
Leul0 g% g 4
r §g| a@é‘%é??t PrEEe %3

romﬁtﬂ -5y, @ bE’(]- 9; (Sar), d)
r epl alevfgRprefgfed F’TP@C?"“’O oz aloges I Feiorh

resi due of fornul ae WD 2004/ 082722 PCT/ EP2004/ 050329

- 12- still2 fugiher ebje€t 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 formula |

00
. o
HO,CH, c\ / \ s \)L 3 oy ° GH,SCH;
/ B \ 0P NH,
7 o
{1,
“°°"°/ \__/ CH,COH

wherein

R is ~CH4-C(0)-, -C{CO,H)CH2CH2-C(0)- or -C(CQO,H)CH,-C(O)-~, with the proviso that R is

-CH,-C(0)-, 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(CH;CH;-S0,-CHs)-C(0)- (Met(O2)'"), -NH-CH(CH,CH.-
S0-CH3)-C(O)- (Met(0)"), ar -NH-CH[CH(CH3)CHCH3)-C(0)- (lle™),

b) replacement of Leu™ by -NH-CH[CH(CH3)CH,CH3)-C(O)- (lle'),

o) replacement of Gly® by -N(CHa)-CH,-C(Q)- (Sar®),

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



HN~}L S s (2-Thi'.e), I \ (3-B.Thi-8), i HO HO
-N> -N(2-Nal 8), (1-Nal78), -HO JI- -N
wWORhE®I8Y228), (Cha78), e€) replacenent of Lys3POY/EP2004/050329
residue of formulae HOV] HQ-NNH (Arg3), 3 or
(Orn), H2N-NH NH, f) truncation of | to 5 am no acids
of the sequence Arg' - Prot-Lys3-Pro4-dn5, or Q)
repl acenent of I to 5 ami no acids of the sequence
Arg' - Prot-Lys3-Pro4-G n5 by -N(CH3)- CH2-C(O) - (Sar),
and wherein the conjugates are labelled with a
radi onucl i de selected fromthe group con- sisting of
Actinium 225, Bisnut-212, Bisnut-213, Lead- 203,
Copper - 64, Copper-67, Gllium W 2004/082722
PCT/ EP2004/ 050329 -13 66, Gallium 67, Gallium 68,
Lutetium 177, Indium 111, Indium 113, Yttrium 86 and
Yttrium 90, Dyprosiunl62, Dysprosium 165, Dysprosium

167, Hol m um 166, Praseodymium , Praseodym um 143,
Promet hi um 149,0 and Ter bi um 149; including preferred
enbodinenF§M&L}Fhe anal ogues as i oned before. The
i nvention includes_t herphar maceuty | lae-ppgept abl e
salts and conpl eXeg of the radi uclide | abel | ed

conjugates of fortfula I and the anal ogues thereof, and
of the unl abelled

......

.......

e) replacement of Lys® by residue of formulae

H O
H? (Arg®), or ? (Orn®),

N
H N/gNH

2 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(CHj)-
CHa-C(O)- (Sar),

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



conjugates of forrmula |I and the anal ogues thereof.

Salts may be forned frominorganic or organic acids.
waxenpiszr2 of suitabl e i norgani c aci ds are hydr eciiE®2(08/050329

acid, hydrofluoric acid, hydrobrom c acid, hydroiodic

acid, sulfuric acid and boric acid. Exanples of

sui tabl e organic acids are acetic acid,

trifluoroacetic acid, formc acid, oxalic acid,

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

acid, fumaric acid, nethanesul fonic acid,

trifluoronethanesul fonic acid, benzoic acid, glycolic

acid, lactic acid, citric acid and nmandelic acid.

Salts may be fornmed frominorganic or organic bases,

such as al kaline netal hydrdki des, and hydroxi des from

ammoni a, hydroxyet hyl am ne, hydrazi ne, nethyl am ne,

et hyl &nicaem-6t,IGeimeiten )y Ltetim-Me, indiufii41, Rdid/ 18 Vitdd@+86 and Yitrium-

et hy| emeghioaithBe pyshydlimany Blshshm B MRImilF DI BRLdbdBium-142,

pi per amiB@maRdiadtiehibintin AR, and TdRmi@li onucl i de [abel | ed

conj u@ié&nﬁ@ prikERd Ql%oc'}ﬁﬁ‘eﬁtg oflfd a&ﬂ%%&% igrleg éelforef. or mul ati ons

as pow ders (mcronized par gr anul es,
suspeqa&gglrgélfo#u ions, or th%é may be combi ned

t oget her W L ot her” PRaEr NECEHTT RIS oy cxwliea g radi-

i ngr e 8°ERPRTerkeRe iR A the srepeseirest and Aidheapttelshal |y
fi nel §PHIXPP @ PURSARC tha pgloguprdfierep $afty mry beferped fiowm inorganic or
conpo8ertichests Esammiepdf evitdole @prodnia paiis arg hydmeifotic agie: Ihattofluae, acid,

pr e pahydriyonic sgid dghertodadcid paltuddpes and SRIIdESEShpRE of sdkHietgsnic

pi | | sadks ark BEGRES iriflBbacets BEPBRAE a6, oxdiic SEDhI@Ric bR acid,
carri erdsic f@r mafefd kdld, fu@Lis acidﬁ#@ﬁ@ﬁﬁ&nﬁ%@@d, triﬁll)rioﬁgtrra%s@‘a'_ﬂ: acid,

SYT UPBenzofe@@d, biRAI acid TBc 228, oA Rld afPnAbehielio GATRLAS RIQR O
form I%nl illm%aniéz> oha'fa%gagégslu&gL éll&lin@%&g p}dl%)?t!eg a#drﬁ ro%?és%@ng S
are m§J1J1oB|Ia(,m?Mye h(?arminte,n\edr \éig'er | gty%mitné{ Etﬁ?am%e, Hi ot rLLI ngt 'I- on
and ngymm%eeﬁmmgé%nplé %lﬁaeﬁé SHER a8 NRPheare §f

synt heti°c  por e e BEiyehteine ggriofeeReredne adgyspifieeant s,
surfactants, sweetening and flavouring agents, coating
mat er {"&ragionugidesahslied eonipggiesmay bejysedsn pharfyaceikieshieqmglations as pow-

adj uvéarm(gicronizad deritiesk griiuled. susrgesivhsr soiiticad prittieg @ay$e combined

0S IMD- together vl @irespharaireluticiliyedeptab@angiedi@ts $1 afi@ikingtifa @ompadtehtO US

f or nuérabptieralytiyey@side teheand Bahintiguspkiid Rothpakee ol KRR ihstaNCce
P co nj)rld@t_@&lﬁﬁe, eEpafing frdmtemhall patahad] cclhlﬂ@éslﬁg @Eﬂ@é 2 Hr@r%chgs(,)gr
tar _ge$usﬂehorbgdisﬁm tHeh GAFER: so@:tiong E@beﬂsu;ny gRirssanc{;@rXps%Ftings
adm nj.3ekatla it EXSLYon NgNG" Oute and may be” select ed

fromthe group consisting of the intravenous route,
the intraarterial route, the intra- cutaneus route,
the sUBCHEHREGTEPPHLIPERdeqE w5t kapwniestip wrioup hees pfipipulgfion
r out e:?nd fnﬁyé)e foh%XfW§%emsgf1 a%urz@myt@gr?ylmrs, solvents, excipients,
PCT/ EPP60a/c0Bempgweeateting apgiaroaing pdaws, eaatinh mpterigls.@resetvhizes,
t r ansdtes; thigenersgrdivents, biltiiciolet #oargkestatidersyosrod-requlatola@ind other
i nt r adehigetal thervaratsgoramdon thpdte | i ke. I n one preferred
enbodi nent, the pharmaceutical carrier is a liquid and
t he pﬂafa&aﬁ@&glébgl@(ll 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



conposition is in the formof a suspension, emnulsion

and preferably a solution. Exanples for |iquid
woandiosz@2are wat er, al cohol s such as et hanol , PCT/EP2004/050329

gl ycerol, propylene glycol, [|iquid polyethylene

glycols, triacetin and oils, which may be used al one

or in conbination of at |east two conponents. The

anmount of a radionuclide | abelled conjugate in the

formul ati on substantially depends on type of

formul ati on and desired dosages during adm nistration

time periods. The anmount may be from0.01 to 40

percent by weight, preferably from0.1 to 25 percent

by weight, and nore preferably fromO0.5 to 15 percent

by weight, referred to the pharnmaceutical conposi -

tion. Liquid pharnmaceutical conpositions, which are

st eri lrdte @ atidl oG8 Te BlnsBIHSIPRR SheOSdeBrRNoURShd Hiiathdcal roti@ Ghal OF

i ntramdseusl ar, intrathecal, intratracheal, epidural,

i ntraperitoneal or subcutaneaus injections. Sterile

SOl Ut SorGia o8GR AMILRLAL AL LA LAYRIME] eI

conj ugoatpgsii%n igﬂ%e orem ofg)sru%cpr%!ne,emu?%n an %rt 1‘eraI es lst‘ !

conposSi tron WAl ¢h Ty P ELGT0 &Y PSP AR ed

(diffused) at the time of adm nistration using

steri F& ferpiquidsatfiersige walgy alcgiioly gch e FPsp#hicaiehPropteas dhred

i nj ectiglglPdvethyiend plypals. ripeglintainccald. eiridhyrayreafed plpredr in mbitation of

| ocal ailesptérotcpramnegth. di f f usi bl e peptide vectors to be

used according to the invention for |oco-regional

ap pli a &_t&rﬁfht of Ifé@orﬁ@l&ﬂléﬂ&)lb}ﬂﬁ{m&@ihl th@a Rlulatos s&sﬁ’dnﬁﬁﬁd@ﬂnds on

ei t hekypd Jﬁfo%ul_aﬂ)n laRERALAG L&ﬁrlglaymiﬁiém,omggio%.eﬁg LG ar

1(:: gt ?ﬁtngibqum b.&ttgﬁ)%ergeqlp)§ M rllfto &%fﬁiﬂy‘ﬁ@‘h &hto ?5 p%r%&nho?_tmgght, l rglagg

L0, ! Db IR Bl e f
commerci ally avail abl e capsul es and cat heters can be
used for this purpose. In non-resected main tunor
mas s e a4 RREMEcPY§cahompopiong: Wiidh e elprietsel¢ions o ywensierscae i
i Nt o Ed¥dor pramsscusta. intsathetat iplestrachaginepigfiralt ifrapetitene® pr svihitanbrug an
nor malknjegtionseStegits ladlutione chn Elisd b gdndnisi8redl intraednsuUsRITEd cogg@ése Bay be
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cat hetygdiund. NSertion and the first application in order
to control the problem of back flow along the outside
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radi opharnmaceutical. In solid non-resected cases, a
S| OW inéd+ede@ét main tumor masses, the tip of the catheter has to be centered into the puta-

tive midportion of the tumor which can normally be achieved using a 3-dimensional stereo-

s el

tactic planning system. It is important to wait at least one day, preferably a few days, bet-

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 lowering the



techni que i s used taking advantage of an infusion punp

that allows continuous infusion of a volune of 5-1Q0m
wovew/@2ene period of 1-2 hours. This techni QRETIER2004/050329

distinct fromthe so called "convection enhanced

delivery" of macronol ecul es into brain parenchyma that

uses even slower infusion velocities to allow sone

penetration of |arge nolecules that do not diffuse

due to their size. The conjugates used according to

the invention are virtually small drugs (1-2

kDal tons) and display highly diffusive properties.

Di ffusion across large areas of a tunor, even across

the corpus callosumto the other hem sphere, has been

repeatedly observed within-80 mnutes follow ng a

bolus injection of 2-3 m of the radi opharnaceuti cal
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side-effect relieving agents are those useful in
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strength of the preparation, the no- de of

adm ni stration, and the advancenent of e di sease

condi tqp%?f%ofa%ﬁ’t‘i t:ie 8 'qistefeg E:fyd)F gete(g%ined by those stkitl]ed in%e 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-



WO 2004/ 082722 PCT/ EP2004/ 050329 -16 pendi ng on the
subj ect being treated, including subject age, weight,
wqgemd®s?272eli et and tinme of administration, w | PCTER2004/050329
in a need to adjust dosages for this special purpose.
Adm ni stration of the conjugates and optionally
addi tional pharmaceutical agents may be effected
continu- ously or intermttently. In the treatnment, an
appropriate dosage level will generally be about 0.001
to 50 ng/ kg pa- tient body wei ght per day which can be
adm nistered in single or nultiple doses. Preferably,
t he dosage |l evel will be about 0.005 to about 25 ng/kg
per day, nore preferably about 0.01 to about 10 ny/kg
per day, and even nost prefdfably about 0.05 to about
1 ng/ kg per day. The substance P conjugates,
anal ogunéisg o bve Eudjed: baiuB Gkatel) @xclicag bubiBdl o wdght| ;38 dic€fhd time of
conj UgdiiSatar wil S4ulbia b AREE adisi@hdeaRAhiOG R 8Rhist 3o f
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phase gy Blifesitemy ( SPPS) in a comon sid
protected form as usuaIIy be| ng the pre- ferred

vers megeatmextnanhe§| S, dSol | phase peptide synthesis
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A Pr agreqldGaths sppRioach” by E. Atherton an
Sheppard, Information Press Ltd. Oxford , U. K
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conj ugabes nmay be labelled with radio- nuclides in

known manner optionally with or aft er depr ot ect ion to

form 'th &ta%@rr LPIQ&%LAU&GS @&stg ce Iggroa uaBﬁues are cou ledq‘or gxraw?leevath 861:

t et ra

b TR
c o nj ugat '°”Wd?pf?teft'ﬁ?jtf’%°ﬁ‘ﬁ‘é’fs|’"6’éb°§‘a‘[|ﬁ‘fd§’y PPR3TVP H%Fg‘%ﬂﬂ”éy or
or gaﬁlgee’thé‘bgigaé such as hal ogeni des (chlori des,
brom des, iodides), sulfates, nitrates, sulfonates
such The obtained substance P conjugates and analogue conjugates may be labelled with radio-

nuclides in known manner optionally with or after deprotection to form the carboxylic acid
groups bound to the tetraazacyclic residue. Labelling may be carried out in aqueous solution
in contacting the deprotected conjugate with radionuclide salts from inorganic or organic
acids such as halogenides (chlorides, bromides, iodides), sulfates, nitrates, sulfonates such
as phenyl- or toluyl sulfonate, formiates, acetates, benzoate or oxalates.



as phenyl- or toluyl sulfonate, form ates, acetates,
benzoate or oxal ates. WO 2004/ 082722 PCT/ EP2004/ 050329
woRjodsezr2e nvention is further illustrated in tRET/EP2004/050329
foll ow ng exanpl es, where synthesis and application
of substance P conjugates, anal ogues thereof and
radi onucl i de | abel | ed conjugates of sub- stance P and
anal ogues thereof is described in nore detail. A
Preparati on of substance P conjugates and substance P
anal ogue conjugates a) General preparation procedure
for peptide synthesis As already nentioned earlier,
pepti des are synthesized on a solid phase using
fnoc-strategy (fnoc = 9-Fl uorenyl met hoxycar bonyl). To
achieve N-term nal am des, Rink amde MBHA re- sin is
used. The synthesis is perfornmed on a sem autonatic
pept i dee igydbihasing @bstrdida@imeRidhg eﬁﬁigésnﬁﬁr@ EyA@esis m@%@%f
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N-net hyl - pyrolidinone (NWP). Meanwhile, 3 equivalents
of t hBefdraxHing It fmot-eiiio@td @Matvea G cbiidldhde Mitlrdsh @ whapgratiker
Wit h Br BmiGshit MR Af-Byrddinode YL MRYWIR Qv AZRhEma.- 3- 3
equi Vak&inkhsodah adhlalVe fogétﬂempf QQM\IIa%ﬁ\g &9 md}o%g%ﬁé{os and_:li

di ss o!eq\é@emenﬂs Qf NWFO%&IcérELSl%%Q F{g gs I\(/)ed lnzltlﬁlP and lr]cubgl r 45 mlh en,

t hi
t hlespgl—‘]'?eg enggsco pm S Iu?on is a%deg

and
e soh &ase and the pH is adjusted to a

value of 7-8 bél addlng about 5 equwalents of N,N-diisopropylethylamine (DIPEA). The reac-
tion is incubated for 30 minutes under gentle shaking. After the reaction solution 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-
nol in 10 ml ethancl are mixed with 1m! of a salution of 1ml 0.01 M KCN in 49 ml pyridine.



val ue of 7-8 by addi ng about 5 equival ents of
N, N- di i sopropyl ethyl am ne (DI PEA). The reac- tion is
wonoeubazee for 90 m nutes under gentl e shaki ngPCAMEP2I04/050329

the reaction solution is renoved,

washed twice with DVF for
control |l ed perform ng
of the solid phase are washed 5 tines with ethanol.

1 m nut

a Kai ser-test:

the solid phase is

e.

The reaction is
About 10 beads

20

g phe- nol in 10 m ethanol are mxed with 1 m of a
solution of I mM 0.01 MKCN in 49 m pyridine. WO
2004/ 082722 PCT/ EP2004/ 050329 -18 50 pl of this

m xture are added to the beads followed by 10 pl

solution of 500 g
beads are heated for
i ndi cate remai nning free am no functi ons.

ni nhydrine in 10 m et hanol.
10 m nutes to 95 C. Bl ue beads
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et her \’Ni ha @ 4187 pepemethyigihyggtbenzofytars-sgiopy (AL peptection of the side chain. If

the peptide synthesis is performed 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.

Asfter building of the whole desired peptide sequence, the solid phase is washed 5 times with
isopropanol followed by 5 times washing with diethyl 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)s

The prochelator DOTAGA('Bu), is synthesized as described in WO 02/24235 {H.R. Méacke et
al). DOTA('Bu); is purchased at Macrocyelics 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 & solution of 20% piperidin in DMF for 5 minutes. Then, the salid phase is treated ano-
ther 12 minutes with this solution and washed twice for 0.5 minutes with DMF and for ano-



constant air streamis drying the solid phase. b)
Coupling wth prochel at or DOTAGA(Bu) 4 and DOTA(tBU) 3

woheo4pszehel at or DOTAGA(Bu) 4 is synt hesi zed asPCT/EP2004/050329

described in WD 02/24235 (HHR Macke et al).

DOTA(tBu) 3 is purchased at Macrocyclics Inc., Dallas,
USA. Prior coupling the prochela- tor, the N-term nal
froc-protection is renoved fromthe resin bound

pepti des. Therefore, it is swelled for 15 mnutes in
DMF, washed again for 2 mnutes with DMF and treated
then twice wth a solution of 20% piperidin in DW
for 5 mnutes. Then, the solid phase is treated ano-
ther 12 mnutes with this solution and washed tw ce
for 0.5 mnutes with DVF and®for ano WD 2004/ 082722
PCT/ EP2004/ 050329 -19 ther mnute again with DMF. The
sol ut ittermifufe@gaintviiteDyF Tre Edutkinifrort the@deriBnieSmaA endiife @llowing
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decantation. The crude product is kept then at a
vacuum (<100 nbar) over night to renbve the renmaining
weabumsrr2 The crude product is dissolved i n aPaTAEP08/050329
of acetonitrile : water =1 : 1 and purified by pre-
parative HPLC on a Macherey-Nagel VP Nucl eosil
100-5C18, 21x250 mm The preforned eluent gradient is
the following: A = acetonitrile, B=0.1 %
trifluoroacetic acid (TFA) in water; flow = 15
Mm/mn, Omn, 15%A; 25 mn, 50%A; 26 mn, 100% A;
28 mn, 100% A, 30 min, 15%A. The nmain peak is

coll ected and evaporated to dryness. It is analyzed by
anal ytical HPLC and mass spectroscopy (MALDI - TOF- MB) .
A Macher ey- Nagel CC250/4 Nucbeosil 120-3Cl8 columm is
used for analytical separation, using the follw ng

el uentrhgsiaghgesmfugatebarspre@e@t onitrile, B = 0.1 % TFA in
water; flow = 0.75 mM/mn; O mn, 90%A;, 20 mn, 40%
A, 23 mn, 0%A, 24 min, 0%A, 27 min, 90%A W
2004/ 082722 PCT/ EP20T4N050329+=2@- The fol | owi ng

CONj UGBt nkrea RE®PAr e[E:l: HO TH, O ~, GHI( CO, H) CH, CHyC( O
DOTAGA neans a residue € nd N HOCH, Cz \ CH, CO, H

HO, CHC J- OCHyC(O - "N*N Acfreans a residue CN N

HO, CH C\_J \CHCO H Exanple A : DOTAGA-Arg' -Pro2

- Lys3- Pro4- d n5- G n6- Phe7- PheB- 3 y9- Leu' )-Met"- NH2
DOTAGA- Subst ance P*“CB2H128M22022S, cal cul ated (m z):
1806. botA und ck8R7. 2;‘161947 9.8. Exanple A2:
DOTA- Arg' - Pro2 -Lys3-Fr o4< n5-G |

n6- Phe7- Phe8- d y9- &l %’i“(‘ 02) " - NH2

DOTA-[ Met (02) "] - Subst ance P: C79H126N22022S,

cal cukgteda(m z): 1766.9, found 1766.2; Rl: 26.0.

Exanp &r -Arg'-Pro®Lys*-Pro*-GIn®-Gin®-Phe’-Phe’-Gly®-Leu"-Met''-NH,
DOTAGA-Substance P: CgH12sN2022S, calculated (m/z): 1808.1, found 1807.2; Ry 29.8.

Example A2:

DOTA-Arg'-Pro®Lys®-Pro*-GIn5-GIn®-Phe’-Phe®-Gly®-Leu'®-Met(O2)"'-NH,
DOTA-[Met(O,)""]-Substance P: CzgHi25N202S, calculated (m/z): 1766.9, found 1766.2; Ry:
26.0.

Example A3:

DOTA-Arg"-Pro’Lys®-Pro*-GIn®-GIn®-Phe’-Phe®-Sar®-Leu*-Met''-NH,
DOTA-[Sar’]-Substance P: CgyH12aN2202S, calculated {(m/z): 1748.9, found 1748.5; Ry
28.03.

Example A4:

DOTA-Arg'-Pro?-Lys®Pro*-GIn®-GIn®-Phe’-Thi®-Gly®-Leu"-Met"'-NH,
DOTA-[Thi®]-Substance P: C77H12aN2020S,, calculated (m/z): 1740.9, found 1740.7; Ry
27.87.



DOTA-Arg' -Pro2 -Lys3-Pro4-dGd
n5- A ne- Phe7- Phe8- Sar 9- Leule- Met " - NH2

WO/ gBae 9] - Subst ance P: CBOH128N22022S, cal cBCatEe2004/050329
(mz): 1748.9, found 1748.5; Rl: 28.03. Exanple A4:
DOTA- Arg' - Pro2- Lys3- Pro4- d n5- G n6- Phe7- Thi e-d y9- Leu
10- Met"-NH2 DOTA-[ Thi 8] - Substance P: C77H124N22CQ20S2,
calculated (mMz): 1740.9, found 1740.7; Rl: 27.87. WO
2004/ 082722 PCT/ EP2004/ 050329 -21- Exanpl e A5:
DOTA-Arg' -Prot-Lys3-Pro4-G |1 ns-G 1 ns-Th
i'-Phee-dy9-Leu i O Met"-NH2 DOTA-[ Thi s] - Subst ance P:
C77H124N22Q20S2, calculated (nmz): 1740.9, found
1740.6; Rf: 27.66. Exanple AG6:
DOTA- Arg' - Prot - Lys3-Pro4-d -2i-
n5- G ns- Phe7- Phe" - Sar 9- Leut O Met (Q2) "-NH2 DOTA-[ Sar 9,
Met ( OZ)amble S11bst ance P: CBOH128N22(22S, cal cul at ed
(m z) :DO?";DZ&QPQ)?-LygaWdIn5-ér¥-$IQ’=P]aéa-GB‘-L_:eu1Q§et1aIQH2 Exalr:rpl e Afl:
DOTA- Ao, . QbadnieS3c A0 0GR, Dl &ﬁz):ﬁ’ﬂ%&?&ﬂm 17208 %9 Leu
10- Met,{ £P) " - NH2 DOTA- [ 'Thi *,” Met (O2) "] - Subst ance’ P:
C77H124N22Q22S2, calculated (mz): 1772.9, found
1772.7; Rf; 25.34. Exanple A8:
DOTA- o8 ot - Lys3-Pro4-G n5-G | ns-Phe7-Th
i " - SaP§IAY P VB o RpESIDRR AR F 9 L ou " BgK®Y MBubst ance P;
C7 8H1 PONRISTRED:) "I Sttistensr BitCot{lpf-8) calculafes fm/4: 17§0@Livveld
1754. 9780.RfR: 25.326. 70. Exanpl e A9:
DOTA- Arg' - Pro2-Lys3-Pro4-Ad n5-d ns-ThF-Thi"-d y9-Leu
10- MetexambiRy: DOTA- [ Thl 7, Thi "] - Subst ance P:
C75H1 BBHRRIRASS s pRabAAlAbRt M, @b el 3@, T ound
1746. 60TﬁEﬁ' i, Me%gz')@-gubstg%e EE?QQ&&LB}?&&J@J@@Q:‘ 19;&%9]0%9 e
| abel g, coniigat es

Example A8:

DOTA-Arg'-Pro*Lys®-Pro*-GIn®-GIn®-Phe’-Thit-Sar®-Leu ™ -Met''-NH,

DOTA-[Thi®, Sar®]-Substance P: Cz5H126N2020S,, calculated (m/z): 1754.9, found 1754.9; R¢:
26.70.

Example A9:

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

DOTA-[Thi", Thi®|-Substance P: Ci5H122N2204S3, calculated (m/z): 1746.8, found 1746.4; R;:
27.29.

B) Preparation of radionuclide labelied conjugates

General 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 mGCi ®YCls-solution or 0.5 mCi **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 to 95°C and cooled to room temperature for 15 minutes. The solution is diluted to 1 ml
with physiological NaCl-solution. A sample of it is controlled on the radio-HPLG 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(O)"']-Substance P is for-
med. Analytical HPLC is carried out as described under example A(c).



General procedure For 90Y-/"i | n- DOTAGA- Subst ance P:
To a sterile 30 pg aliquot of the chel ator-peptide
woam4/g8egate in water i s added an aqueous 30 NECT/EP2004/050329
9YCl 3-solution or 0.5 nCi "' Ind 3-solution and
filled up to 500 pl with sterile 0.4 M NaOAc-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 I m wth physiol ogi cal
NaCl -sol ution. A sanple of it is controlled on the
radi o- HPLC for determ - ning the content of non-bound
radi onucl i de. Using 90Y- DOTAGA- Substance P, it was
found that a m nor anmount of the oxidation product
90Y- DOTAGA- [ Met (O "] - Subst arfee P is for- ned.
Anal ytical HPLC is carried out as described under
exanpl e A(c). WO 2004/ 082722 PCT/ EP2004/ 050329 -22
The f ahd iwming eadibradlivdsddieh j:odj@gale%?@[lrép@r@hzconj ugates are
prepared: Exanple Bl: "'

| n- DOEAGA: &Y. 9' - Pro2- Lys3- Pr o4- GI ns- @ ns- Phe' - Phe3-d y-
Leu 1 T g nce P |

C82H, 2 %‘%g" 5’18%"? '%" ("r‘% &’_‘Lg% M1 NY% ound:
1917.6 9. 80 Exanpl e B2:

0Y- DOFH '”’%ogs cEL (i 3151 G 176 (), R 2080

ns- A n6- Phe' - Phes- d y9- Leul0- Met " - NH2

90Y- DERAgBE2Subst ance P Exanple B3: 11

| n- DOPAPATAGA-AGH RS’ LY 3-dRe-0-FGb ' wBe" Gly nsu'Rie" .niPhes - A y9- L
eu 10¥Wbo(ACRplbktadd? 1" | N- DOTA- [ Met (Q2) 1i ] - Subst ance P
Exanple B4: 11 | n-DOTA-Arg 1-Pro2- LysS- Pro4-d

n5- G BEmbbE/ - Phes Sar 9- Leu 10 Met "

ik NSRSl RS0
is-d 3}% DLeu t( . I n- DOTA- [ Thi s] - Subst ance P

Exanple B6: 11' In DOTA-Arg

1- Pr o2®EY%%: Pr o4- @ n5- G n6- Thi ' - Phes-d y9- Leu to- Met'
1- NH2'"'In-DOTA-Arg"-Pro*Lys®Pro*-GIn®-GIn®-Phe’-Phe®-Sar’-Leu-Met'-NH,

""In-DOTA-[Sar’]-Substance P

Example B5:
"In-DOTA-Arg"-ProLys®-Pro*-GIn®-GIn®-Phe’-Thi®-Gly*-Leu™-Met"'-NH,
"n-DOTA-[Thi®|-Substance P

Example B6:
"MIn-DOTA-Arg"-Pro®Lys*Pro*-GIn®-GIn®-Thi’-Phe®-Gly*-Leu™-Met"-NH,
"In-DOTA-[Thi®|-Substance P

Example B7:
111In-DOTA—Arg1-F‘roz-Lysa-Pro“—Gln5-Glns-Phe7-Ph(38-Sar9-Leu1°-Met(02)11-NH2
"In-DOTA-[Sar®, Met(O,)""}-Substance P

Example B8:
"In-DOTA-Arg'-Pro®Lys®-Pro®-GIn®-GIn®-Phe’-Thit-Gly®-Leu-Met(O,)"-NH,
"In-DOTA-[Thi®, Met(0,)"]-Substance P



"' 1 n- DOTA-[ Thi s] - Subst ance P Exanple B7: "'

| n- DOTA- Arg' - Pro2-Lys3- Pro4-d ns-d n6- Phe' - Phes- Sar 9- L
weunl@/okett O2) 11-NH2  1.. | n-DOTA-[ Sar 9, PCT/EP2004/050329

Met (Q2) 11] - Subst ance P Exanple B8: 111

I n- DOTA- Arg' - Pro2-Lys3-Pro4-G3 ns-G |

n6- Ph(r)"' -This-Ad y9-LeulO-Met (2)" 1-NH 2 11’

I n- DOTA-[ Thi 8, Met (Q2) 17] - Subst ance P WD 2004/ 082722

PCT/ EP2004/ 050329 -23- Exanple B9: ™' _

I n- DOTA- Arg' - Prot -Lys3- Pro4- G n5- d n6- Phe7- Thi e- Sar 9- L

eulO- Met 11-NH2 "' I n-DOTA-[ Thi 8, Sar9j - Substance P
Exanpl e B10: "' _ _

I n- DOTA- Arg' - Prot-Lys3-Pro4-Ad n5-A ne-Thi'-Thie-G3y9-L
eu "-Met" -NH2 "' In-DOTA-["Phi 7, Thi 8] -Substance P

Exanpl e 1311: Labelling protocol The general procedure
as described under B) is repeated at 50 C and bi nding
of 90WGhdehs detected after defined reaction tines.
From t'ivedresg i pe it f.ohdayiriisl 2l g0 a0, be seen

that “{heThaackl a6 be considered as conplete after
about 15 m nutes. Reaction tinme (mn) Labelling yield

(9% xa% % 6 3 80.975 5 89.996 10 97.666 15

99. 423 9. 567 , 30 99. 660,60 99.709 C) |

Appl i ¢ AET O & ShpIte e Erafipra™ B -Cydandfea-Nbbser vat i ons
1| s

n-DOTA-[Thi’, Thi®]-Substance P

Example B11: Labelling protocol

The general procedure as described under B) is repeated at 50 °C and binding of ®YCl 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.

Reagtion time (min) | Labelling yield (%)
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 C1: General observations

The radionuclide substance P conjugates and analogues thereof being undeca-peptides are
prepared 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 obtained substance P and analogue conjugates are
sterilized and thereafter labeled with a radionuclide salt as mentioned above, e.g. ""InCl,
(18 MBq per application) for imaging and **YCl, (37 MBg/pug DOTAGA-Substance P) using
for example 0.4M sodium acetate buffer adjusted to pH 5.0 containing ascorbic acid
(29/10ml} and 2,5-dihydroxy benzoic acid (370 mg/19 ml).



The radi onucl i de substance P conjugates and anal ogues
t hereof bei ng undeca-peptides are prepared foll ow ng
weoetendard2sol i d phase synthesis (SPPS) in a CORODMP2004/050329
side-chain protect- ted formand the obtained peptide
coupled to the prochel ator DOTAGA(' Bu)4. After
cl eavage and follow ng deprotecti on DOTAGA- Subst ance
P and anal ogues are purified by preparative HPLC to a
purity higher than 95% The obtai ned substance P and
anal ogue conjugates are sterilized and thereafter
| abel ed wth a radionuclide salt as nentioned above,
e.g. I" Ind3 (18 MBq per application) for imging
and 90YClI 3 (37 MBg/ pg DOTAGA- Substance P) using for
exanpl e 0.4M sodi um acetate-#Buffer adjusted to pH 5.0
containing ascorbic acid (2g/10m) and 2, 5-di hydr oxy
benzoiTee leveliind c{n 3Fbepgifothd wih )°Bi, MWery 200idh QB Raletdier available from
PCT/ ER202:4B058@29ator -TRAabbitg yibi@Relid theRgndGage Rkcs Rod2Rd In-

per f orimeebsW, §uieiZBRR o snék nEifeYmP& HWsSAY al pha emitter
avai l able from a Ac-225/Bi-213 generator. The

| abel l.LII{I]I th%llal% |II'%% %r & IecQ) qtlp qus lc?emleedo QQSPLﬁc r 2
I - 11 1 <h rr ?ma[o?r?%wwcr e
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a pr odueduciggraggng elp-gtcyriie apid @u'relbwrgr thérawarled baktion ¢ag nqhbeaCES S .
Unf or rassed cehgletdyh®rahechiber sidathd syhesheovegativa il imelargGA-or
af f i NDOYA-BD° \NKD.)' |- eDERicOF Sioddyh ext@mdlaighdd Bfinkylthdn MeBifoxdalan
t he nadivaes (HsZted a TSt DWeBhan EY ﬁenvekquu@lee) i tida@ e Ofat a
| ar ge M&W%sn&ﬂ 11 e Je&gyééhdatg:e e g&ﬁtvodtﬁedgntho@ég?rr IE 1 \Gos8C! d

Lo therhf LRk lxmlrragﬁhémmgkgﬂong &Eangﬁblcan not b€ sup-

pressed conpl et el e ot e syntheS|zed
deri v - DOTAGA- 0

Vet ( %@if@%@’é é’$° %"egrﬂe&{xf"a%aﬂé%(t rDéﬂ%‘FA YORTgpreyn diffe-

af finf [FRPsRIREVI G prrssiTRrRRatianis e e tued: é‘s"g'('ﬁcéf%%ﬁetef'?aﬁ‘ a
facto f’egfff'a"“?‘ of trfioPertrigsomelptias Wi the \nealits ofbReGHE erpbe caithade-i t
under Mprsieated tiftfrespirdidts CORpssatd ofrohtapnee (ddsk ngfontaln @oqaepé | de
Seque hestedoenivgdirgs stale Foogiurceithursviwbila dlaépirdesSitrgNisbie 80 kerdnDS S
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oxi dation problens. Further stability test by in vitro

exper km%atlh %HMn i3 & Q% nl;HI A%er%*l Q&E&rhca‘ﬁregnt !rere
di ff esam'i)l@tﬂ'ﬁom %':24 g 8 e:!ng 9§POASP rgtes 1. W{e(la’f( f i. )AII sagﬁ? fsﬁlow%e same?wo

8:;:‘ Z Ei g’act@% %etzfeu)ﬁ?eﬁ as’in t e dn v1tro e ?nmant with sFrPrg Fog?rp P]aéed\&Slf ;Hob{esh e
‘qual i y“a”t Of9e the(ﬁffa Y"%”B@ VaHAIB EYieRes 2 st ragr i thy

the a®Bief aY Buqden Eﬁ?bﬁ'Lﬁs PPOIAOsPoe 8- cl ear aspect (does
not contain blood), the |abelled conjugate is stable
for skeeerel2: Haiy st (radinnliclle iramsfarsrbmm@k®s chalktbridTEA) Vi Si bl e
bl 00d*6BITUARA-sLOOaMEETTE iAbNe®R watér BIOH S URISHRALRE Rithi a3 0° excess of
conpl edugleyerialmgy padedetdhddib™®ABthe amount of intact radionudiide is determin-

ed after certain time periods. The results, indicating the high stability, are given in the follow-

ing table.



This enzymatic degradation is also of high inpact in
patients, as seen in different urine sanples fromO
woaoRdstr2p. i . and CSF aspirates 1 week p.i. Al PCsamrpioess0329
show the sane two radioactive netabolites as in the
in vitro experinment wth serum contam nated CSF
probes. The quantification of the radioactivity in
the urine also indicates a very fast wash-out of the
appl i ed 90Y bound on netabolites of DOTAGA- Subst ance
P. Exanple C2: Stability test (radionuclide transfer
to conpetetive chel ator DTPA) 90Y- DOTAGA- subst ance P
is dissolved in water at pH 7 and adm xed with a 105
excess of diethylenetriam ne penta-acetic acid
(DTPA). The anmpbunt of intactstadionuclide is determn-
ed after certain tine periods. The results, indicating
the high stability, & rehmg'thxe ,nt;apparﬂi foll ow ing
tabl e. WO 2004/ 082722 PCJ/I EPRO044H50329 -25 Tine (h)
Intact part (%r)) ¢ IO 78 9@as01| 168 98.483 234
98. 030 405 97.185 Exangg e st abol i ¢ bl ood serum
stability "'Y | abel | ¢d Gonpopnds o35 ntioned in the
tabl e are contacted W Tl opd Ggssumiand t he anount
of intact parts is determned after certain tine
per i og&mpd teemé@siIdbibsa serin@bigat i Ng the higher stability
of t h@Y@géJ&%urﬁyg%ﬂ%ﬁn Pe %quré'lcgﬁt % n\J/meng he

the fQ‘lllOlulQWlt tpgr%@dgtér lnedgFerge R en s %lgSﬁl mcligatmgthe

Met ( 02). "
" taﬁ'f%o?’}\e mcM??d(sﬁ)it?nci gwwgieﬁ@ger}-y the following table.
"' | n- Substance P (Intact partsSEM (I ntact

parts s,gm)e (lo 1" 0PRYASA-THDBE(0R "T-StbsBnc@ B (. '0id-DOTACBButBEnce B
0. 820./01 0. 540 POTAANE M8 IBRLsBNRG0. | 14"In-BOTD-BEBR P
0. 150.l10 (Intact parts+SEM) (Intact parts+SEM)

0 1.00£0.2 1.0010.2

1 0.93+0.01 0.79£0.01

2 0.82+0.01 0.5410.07

4 0.69+0.02 0.2910.14

6 0.56+0.07 0.15+0.10

8 0.47+0.04 0.08+0.08

24 0.16+0.10 0.00£0.00

Example C4: Binding affinity to NK-1 receptors

In vitro autoradiography is performed with tumor tissue expressing NK1 receptors. The used
radioligand is "®I-Bolton-Hunter-SP. Displacement experiments are performed on successi-
ve sections with the various compounds listed in the Table given in concentrations ranging
from 0.1 nM to 1'000 nM. ICs, values are calculated from 10 radiolabeled distinct substance
P analogues and compared to natural SP. The results are given in the following table.
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PCT/ EP2004/ 050329
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from0.1 nMto 1' 000 nM
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SP. The results are

WD 2004/ 082722

-26 Substance | C50SEM (nean val ue)
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and conpared to natural

P 2.70.22

| C50 val ues ar

"*'| n- DOTAGA- [ MET(O) "] - Subst ance P 9.81.00

"' n- DOTA
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| MPOS gralte BeuRREAURR 1 gelid §sPACKIr ound expressi on of
somatostatin recap- tors on normal brain tissue.
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show "et8yfiptHdiprenivess fumprtinitrited joraio tissek ancidinepraarisniakan int 0

t he t eienoss. wirigalpiapdssihierbecagss ofitie SaskdrduzagbreslonRbmatosthitirdsap-
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t he edhinatee df tid igéctel ladidphmaRdnGd thd t@fok sbhBartment as visualized on MR,
This might best be explained by the chaotic structure of the extracellular tissue architecture
within the tumor and the infiltrated brain as compared to non-infilirated 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 compared to normal brain which con-

tains about 5% of extracellular space. Physically speaking, a tumor utilizes the available
energy to proliferate and infiltrate, and not to maximize the order of the molecular 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 intermediate
grade gliomas. Accordingly a comparative autoradiographic study between the somatosta-
tin/DOTATOC and the substance P/NK-1 system has been conducted in order to define the
best targeting compounds for locoregional therapy in brain tumors. With one single excep-
tion of an ependymoma, the expression of NK-1 receptors is at least equivalent or higher in
most gliomas of grades II-IV. The results teach that the substance P/NK-1 system can re-
place the somatostatin/DOTATOG system easily yielding superior responses due to a clearly
more favourable tumor to brain background ratio.
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of neurokinin-1 receptors in glioblastoms, but also
in low and internediate gr@ade gliomas. Accordingly a
conpar ati ve autoradi ographi c study between the
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ment of invasive tumar cell clusters. The presently used dissipative Y-90 (range 3-6 mm) is
more suitable for bulky lesions.



the only large random zed trial of 1970s which serves
as historical control, resection alone would have |ed
woao@nszrpect ed survival of about 4 nonths, an#CT/EP2004/050329
resection plus an external beamradiotherapy to a
mean survival of about 9.5 nonths. Quite remarkably,
all survival nunbers are |located on the right of
t hese expected values 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 inpressive partia
response (case WM) which is obtained in a
non-resectable | eft-sided tieal am c gliobl astoma, using
90Y- DOTAGA- Subst ance P nonot herapy and where a vol une
r eductgesen: of over 80% of the glioblastoma was
observed. A key question in |ocal gliona therapy is

Whet NEr;, QRe.qf A Bk Féd%onﬁ?aﬁegpfrs%&% nﬁ tha Irfen:'atainkolé&letr%%r

cel | nhes S0 satelli1te Tesion um nati ng

T8 | GA- i f bi |
case WA, nat ki DOTAGH Substance, B ALl islol ity i o

mes vicdMBIEsF BB ng i ntracavitary injection into
there section cavity. Despite good |abelling, the
satellite |l esion could not be controlled with Y-90
substance P. This case prowes.tQal ven if the target
can be | abelled, a radio cﬁfgﬁ Wi ¥ e\gyarrower range
woul d have been rm X i Kekyy ta e adieat e this

| esi on. H“lm\m;»r rgse y al phaoném tters (pm
range) d n oW ran e bet'a-emtters (e.g. Lu-177,
1-2 a& rOwe superior in the treat- nent of

i nvasi ve™ '@e-bl clusters. The presently used

di ssipative Y-90 (range 3-6 MM is nore suitable for
bul ky | esi ons. WD 2004/ 082722 PCT/ EP2004/ 050329 - 28-
Cl ai mgvherdn  Use of radi o-nuclide | abelled conjugates of
subst &iceHiZ(@nNECR:R¢reCHALHN- orreiCeditteC(Ohavi ng  t he
abbr et @ataha®gueGH@h@d | @fth-dReaAr ofjé of the subsequent modifications in the amino
Pr 02- Lyé3q/2h0 drs(oktthe € N6- Phe7- Phe8- A y9- Leui O Met " - NH2
and CQpBidssheRgr M AN NALENEER, PE-56,HTRIOR (het bL) N -6l 61,0 O
JO b dNod) (dof), o ENCH B Fd0)- §ue1h L NA,

b) replacement of Leu'® by -NH-GH[CH({CH3)CH.CHa)-C(0)- (lle'?),

c) replacement of Gly® by -N(CH3)-CH3-C(0)- (Sar®),

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

S

—N -".
. T,  (3-BzThi"™®),
e



(", \IxI NHO HOCH Q! 1 RRNv NCO CH SCH,/ p

NH, "~ NNNHHN CN NH NNH HO CH, C~ U\CH OO H
wohewn@ms2R i s - CH2- C(O) -, - C( CO2H) CH2CH2- C( O) - POT/EP2004/050329

-C(C2H) CH2-C(O) -, or an anal ogue of fornmula | with at

| east one of the subsequent nodifications in the am no

aci d sequence of substance P: a) replacenent of Met"

by - NH CH( CH2CH2- SO2-CH3) -C(O) - (Met (02)"),

-NH CH(CH2CH2- SO-CH3)-C(O - (Met(O "), or

-NH CH CH(CH3) CH2CH3) - C(O) - (lie"), b) replacenent of

Leui by -NH CH CH(CH3)CH2CH3)-C(O - (110), «¢)

repl acenent of Ay9 by -N(CH3)-CH2-C(O - (Sar9), d)

repl acenent of Phe7 or Phe8 or both Phe7 and Phe8 by

residue of formulae _ HO20 - H- (2-Thi7.8) | \ S

(3-BzThi 7.8), WD 2004/ 082722 PCT/ EP2004/ 050329 -29 0

HH-N -N (2-Nal7 a), (1-Na|7'$2), NO-N

H

b "~

© (Phegly”®), b (Cha™),

e) replacement of Lys® by residue of formulae

H o)
E (Arg®), or ? (Orn?),
H,N /kNH

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{CH,)-
CH,-C(O)- (Sar),

and wherein the conjugate 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-66,
Gallium-67, Gallium-68, Lutetium-177, Indium-111, Indium-113, Yttrium-86 and Yttrium-20,
Dyprosium162, Dysprosium 165, Dysprosium 167, Holmium-166, Praseodymium-142, Pra-
seodymium-143, Promethium-149, and Terbium-149,

as active ingredient in radiopharmaceutical or radio-diagnostic formulations for targeting or
treating brain tumors, especially gliomas.



\ (Phegly78), (Cha7,e), O e) replacenent of Lys3 by
residue of formulae HONHO -N(AQg), or (On3),
WOl NH a f) truncation of | to 5 am noPaTiE®#300a050329
the sequence Arg' - Prot-Lys3-Pro4-d n5, or Q)
repl acenent of 1 to 5 am no acids of the sequence
Arg' - Prot-Lys3-Pro4-Gns by -N(CH3)- CH2-C(O - (Sar),
and wherein the conjugate is labelled with a
radi o- nucl i de sel ected fromthe group consisting of
Actinium 225, Bisnut-212, Bisnut-213, Lead- 203,
Copper - 64, Copper-67, Gllium66, Gllium67,
Gallium 68, Lutetium 177, Indium 111, |ndium 113,
Yttrium86 and Yttrium 90, Dyprosiunml62, Dysprosium
165, Dysprosium 167, Hol m umei66, Praseodym um 142,
Pra- seodym um 143, Pronethi um 149, and Ter bi um 149,
as actol e adsdidiy @zl wheidin fhaghind 2pda§UaRS B ktkrhuR@bor&bonds to
r adi o-fm@,gnosti c fornul ati ons for targeting or

treat ing, B Ak BrolhBRHe.r Qd r@éthb( gI i omas. WO
2004/ %829722 PCT/ EP200 4/ 5 Use according to

cl ai m™1" g@%bylsgi"r?'"ﬁ{‘éph%?ﬁer%' Lé‘t'i"?ﬁ(ogg'azuence in formla I
corr esﬁp%m'tt%% Bro-Cinéitnefiné-Bre-Sar)Leu-Met-NH,,
Ar g- Prapard-pr5-t v -clal ditFisk-firi- ableeumlaﬁmﬁ y- Leu- Met - NH2, D)

Ar = he- P Leu- Met (02) - NH2,
% rP%#M‘?'\;’FE%S%" 'J?‘?JEHE‘TB“E eySareEJLeu I(\/Et)NHZ d)

o - PRGIRRLI oo ePH Py e PRASMICE. Leu- NBL- N2, &)
Ar g- PropArd-RreLyePo-GGlam-FGh-Thi-Gilr euRiag,BHy,- Leu- Met - NH2,

h) Arg-Pro-Lys-Pro-Gln-Gln-Thi-Phe-Gly-Leu-Met{O,)-NHj,

i) Arg-Pro-Lys-Pro-Gin-Gln-Phe-Thi-Sar-Leu-Met(O2)-NH,,

J) Arg-Pro-Lys-Pro-GIn-GIn-Thi-Phe-Sar-Leu-Met-NH,

k) Arg-Pro-Lys-Pro-GIn-Gin-Thi-Phe-Sar-Leu-Met(O,)-NH,

1) Arg-Pro-Lys-Pro-Gln-GIn-Thi-Thi-Sar-Leu-Met-NH,,

m) Arg-Pro-Lys-Pro-GIn-GIn-Thi-Thi-Sar-Leu-Met(O,)-NH,,

n) Arg-Pro-Lys-Pro-GIn-GIn-Thi-Thi-Gly-Leu-Met-NH,,

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

3. Use according to claim 1, wherein 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,-CH;)-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(O)-.

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-thienyl)-ala-
nine residue of formula



f)
Ar g- Pro-Lys-Pro-d n- Q@ n- Phe- Phe- Sar - Leu- Met (02) - NH2,

WQ)2004/082722 PCT/EP2004/050329
Arg- Pro-Lys-Pro-d n-Q n-Phe-Thi - @ y- Leu- Met (02) - NH2,
h)
Arg- Pro-Lys-Pro-d n-Q3 n-Thi - Phe- Q3 y- Leu- Met (02) - NH2,
)

Ar g- Pro- Lys- Pro-d n- @ n- Phe- Thi - Sar - Leu- Met (02) - NH2,
J) Arg-Pro-Lys-Pro-G n-d n-Thi-Phe-Sar - Leu- Met - NH2i k)
Arg- Pro-Lys-Pro-d n-Qd n-Thi - Phe- Sar - Leu- Met (02) - NH2

) Arg-Pro-Lys-Pro-A@ n-d n-Thi-Thi-Sar-Leu-Met-NH2, m
Arg- Pro-Lys-Pro-d n-Q n-Thi - Thi - Sar - Leu- Met (02) - NH2,

n) Arg-Pro-Lys-Pro-Q n-d n--Bhi - Thi -d y- Leu- Met - NH2, 0)
Arg-Pro-Lys-Pro-d@ n-A@ n-Thi-Thi -3 y-Leu- Met (02) - NH2.

3. Use according to claim1, wherein the conpounds of
formula | edmigse in the 11-position of the natural
substance P sefuence a nethioni nsul fone residue of
formula - NH -S02-CH3)-C(O) - instead of a
nmet hi oni n resW&e according to claima1,
wherein the glycin residue in position 9 of the

nat ural substance P sequence is replaced by a

sar c08iYse gcevgding loclaiof!, iherpimibd renylBln@EIB}iduEHhe Bp&ition of the natuls e
accor ¢i wugptah® Petaadnma idreplandtiey €3-Q-tHiehg-alpdie Ay tal giéd rBRiue in po-

r esi deion b @ replved B s@tosifer@@ed. t i on or in both said
positions of the natural substance P sequence is

re pl ae Qlée A@%rdﬁg clg g A tm’%r@WA r)e'th%k @resuﬂ!; ﬂ @ne qﬁp%E l‘i%hlgf thgtw%al
form Llﬂstm %QQJ%ACQ@ Zlgc%d kP v\ggﬁ?ngugone reﬁl 329d the %er]ylalanme 6

Use a‘l:’eg’g)ue in the os on oftﬁe rr%ural ' substance P sequen elsr P

reSI qanlnere I Ug 4 a@l I’er{ e | p iti %gr a (i SCI'ﬁdS %qefb(gglgwee P
sequeTEe €M SpTHYEY HY 5 ogtign S s ?ﬂ?’[e) 5S8R eTEe and
the glycin residue in po- sition 9 is replaced by a
sar co%iUFAcropiss deim 1. hereiistee antre eddpangyct infomhia| aawenonds to
wher eformuehe net hi onin residue in the 11-position of

t he natAwrPal-Lys-Bobis-CRRePHRGB-EgUeNEENH, S I epl aced by a

met hi @mgnﬁﬂ_yi @@@Inbﬁﬁhmg%r%%&m phenyl al ani ne
tion of the natural substance P

resid

sequeﬁgg JrosLysre glgglég’hebm “&'8:¥S i enyl ) - al ani ne
resi didére PCSTLYTFI’T%G‘Q*PVEF'ﬁh?%sheva@NHm position 9 is

r epl aoad A yePrs an-GaShd e bR EdudidD,)81,, Use according to

c! i 1 pMORIA] DB AT0uARI G AEAUENCE I formla |

corresponds to or
g) Arg-Pro-Lys- Pro GIn-Gin- Thl Thl Gly Leu-Met-NH,, or

h) Arg-Pro-Lys-Pro-Gin-Gin-Phe-Thi-Sar-Leu-Met(O,)-NH,.

9. Use according to claim 1, wherein the amino acid sequence in formula | corresponds to
formulae

a) Arg-Pro-L.ys-Pro-GIn-Gin-Phe-Phe-Sar-Leu-Met(Q)-NH,, or

b) Arg-Pro-Lys-Pro-GIn-Gin-Phe-Thi-Gly-Leu-Met(Oz)-NH..

10. A method of targeting brain tumors, localizing or treating brain tumors and the satellite
lesions thereof in a host afflicted with brain tumers, e.g. gliomas, in administrating to the host
at least one compound of formula I or an analogue of a compound of formula I.



a)
Ar g- Pro-Lys-Pro-d n-Qd n- Phe- Phe- Q3 y- Leu- Met (02) - NH2,
WO 200arog222 o- Lys- Pro- G n- G n- Phe- Phe- Sar - Leu- MePERIER2008/)50329
Arg- Pro-Lys-Pro-d n-d n-Phe-Thi -3 y-Leu- Met-NH2, d)
Arg- Pro-Lys-Pro-d n-d n-Thi - Phe- 3 y- Leu- Met - NH2, e)
Ar g- Pro-Lys-Pro-d n- Q@ n- Phe- Phe- Sar - Leu- Met (02) - NH2,
f)
Arg- Pro-Lys-Pro-d n-Q n-Phe-Thi - Q@ y- Leu- Met (02) - NH2
g) Arg-Pro-Lys-Pro-@ n-d n-Thi-Thi -3 y-Leu-Mt-NH2, or
h)
Ar g- Pro-Lys- Pro-d n-d n- Phe- Thi - Sar - Leu- Met (02) - NH2.
9. Use according to claim1, wherein the am no acid
sequence in formula | corresponds to fornulae a)
Ar g- Pro-Lys-Pro-d n- Q@ n- Phe- Phe- Sar - Leu- Met (02) - NH2,
or b)
Ar g- PrOA nypeliic ordabmstitneinoPlBardetkgbigh XimbE %%&G%At]n%
10. Atufﬁ&t; Qﬁ@we Q;te"lte%lg'g thbr&gm QFanhn%l ctoH an%dm#nn%&ﬁé; tl’) g;ng}lgnap r
treat k”m&d QFSQC'h B‘efta&rga fefﬁ C g(f oqxa %E\S C|l élabe Ied su%stancerbsconu

ther eggte chBrmﬁla h(r)gntana ue ther
gliomas, 1n admnis ratlng to the host at Ieast one

compound of formula | or an anal ogue of a conpound of

f or nui'a’ MW “oteing gt redieptp P P 0BUSESf gl o, A
t her apBYIP bergnf tod hegly pROSTTSInGadiaibtirivetto f brst atratiogrediderpgelipysat- n

t unor gancd Ryepidete pifgmuiar otap eralbdupggerddf.ain - t unors and t he
satellite lesions thereof in a mammual conpri sing

adm nis U ol digiotnOolid 1488183 Salstanck A cARRE obrmSAIGhanlRRER Mbe- AN
ef f eCbrity@e mbrsbke o0f maicdrdfl LRNS G H&le%tlolw Qrka@'le a&ghcﬁéé%ht%n ce
P co nbr!aln turgo'?J #Ad &tellltfe Q&JF.L‘!hé‘eo} in ermaﬁlmal %m:ﬁ Qeg]H t her eof 12.
A met hod of dellverlng a radlo nucl i q abel | ed

subst@pg momﬁﬁgé or an anal ogue

t here ”%Stancep w"ﬁ”ﬁa 3?‘?{"?1’1%?8?' AUt tBe’%?f Host
a rad?%m”m%ﬁrﬁ¥m¥abelled sub- stance P conjugate of
formula | or an anal ogue thereof. 13. Use of a

r adi olntrskgatsRof subBd Rehaleouds gndarrbstatoPmatag g, wipssbyesusfance P

f or nugcaiudete ogs thepbbgemgtbogue t here- of for the manufacture
of a PedbanE o™ usEfraHcinf-@ie-Pidienetled e et iMer-Nrghd comprises

t her apeptuhe ofidr@tinent of brain tunors and satellite

| esions thereof in an manmal, such as a human. 14. A
radi o-nuclide |abelled substance P conjugate of
formula | or an anal ogue there fo use in nedica

t herapy. 15. Cbnjugates of thﬁﬁ analogues and a
chel at or nol ecul e,

HO,CH,C \)L cH sc“
% \

[: :] j? " b .

H,N NH

H°°”"/\_/ CH,CO,H

wherein
Ris -CH-C(O)-, -C(CO:H)CH,CH,-G(0)- or -C(CO,H)CH,-C(O)-, with the proviso that R is
-CH2-C(O)-, when the conjugate comprises the substance P sequence,



conj ugate has the abbreviation Chelator-R Argl- Pr02

- Lys3- Pro4- d n5- @ n6- Phe7- Phe8-d y9- Leul0- Met e- NH2 and
woan@rosses conpounds of formula | H N O N | OPOT®PRI04/050329

NHNHE NO O\C R/ N N~ACN 11C- Ol N( / g OHOCH C

\Wp CH,SCH CNN p NH, NHI * JI H() ,yl \CH,

co,HHO CH CNNCO wherein Ris -CH2-C(O) -,

- C(CO2H) CH2CH2- C(O) - or -C(C2H)CH2-C(O -, with the

proviso that Ris -CH2-C(O-, when the conjugate

conpri ses the substance P sequence, WD 2004/082722

PCT/ EP2004/ 050329 -33 and an anal ogue of fornula I

with at | east one of the subsequent nodifications in

the amino acid sequence of substance P:. a)

repl acenent of Met" by - NH GB CH2CH2- SO2- CH3) - C( O) -

(Met(02)"), -NHCHCH2CH2- SO-CH3)-C(O - (Met(O") or

- NH- ClehdGhlérGlolRi Gttt WithGf 1€ds-ond df ih€Subsequdnt mbd@ipdiare @ 18 Brhinco f

Leul0 abysequiblide Ghlielic&H3) CH2CH3) - C(O) - (I 1e10), «¢)

repl agaBRRmeRLs hﬁ%?-r@ﬁ/c NG, iR o%l@(o )1(),5@1-%}1(0@&!-12-

repl a%e!aﬁ;;.h%oef<mﬁp>a,or%!% @EHZEQ5.E<O-U.9K and PneB by

resi dlé)q'ep?aceme%ro eu“ab?-N =CH[CH(CH3)CHzCH5)-C(0)- (lle™),

¢) replacement of Gly® by -N(CHa)-CH,-C(0)- (Sar®),
d) replacement of Phe” or Phe® or both Phe” and Phe® by residue of formulae

H 9 _N\a/u_
—¥R \)_ -

= @-Thi’®), &\S (3-BzThi"®),
Z/)

.....

© (Phegly’™), b (Cha™),



"N~ s (2-Thi 78),
(2-Nal7, e),

(1-Nal78),
WIRMBZINO82722 PCT/ EP2004/ 050329

6s (3-BzThi78), 0O HH-N N CO
-N~ H (Phegly78), (Cha7'8),

-34 e) repl aCEmMPNi04/050329
HL NNH(Arg), or

of Lys3 by residue of fornul ae
(On3), H2N-NH NH a

f) truncation of 1 to 5 am no

acids of the sequence Arg'-

Prot-Lys3-Pro4-GnS, or Q)

repl acenent of |
Arg' -

Prot-Lys3-Pro4-3 nS by -N(CH3) -

to 5 am no acids of the sequence
CH2-C(O) - (Sar),

and wherein the conjugates are unl abelled or |abelled

with a radio-nuclide selected fromthe group

consi sting of Actinium225, Bisnmut-212, Bisnut-213,
Lead- 203, Copper-64, Copper- 67, Gallium 66,
Gllium67, Gllium68, Lutétium 177, Indium 111

I ndi um 113, Yttrium 86

and Yttrium 90, Dyprosiunl62,

Dyspr esépatamd bf,Ly=Dy spiaesih orudd 7, Hol m um 166,

Praseodym um 142, Prase
and Terbium 149. 16. A
| east one_phar
conj ugat e of
and a chel at o

conj ugat e haatihe a bre
Pro' - Lys3- Prg4- a neg

ubst ance

ceuti cal

—N
nol ecul e,

odym um 143, Pronet hi um 149,
conposition conprising (a) at
carrier and (b) at |east one

or an anal ogue of substance P
mhé?éby substance P

IM&?|MW-RN9-

d y9-Leu

Py

VI

70- Met " - NH2"arltl conprlses Ngompounds of fornula |

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(CHs)-
CH,-C(0)- (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, Yttrium-86
and Yitrium-90, Dyprosium162, Dysprosium 165, Dysprosium 167, Holmium-166,
Praseodymium-142, Prasecdymium-143, Promethium-149, and Terbium-149.

16. A composition comprising {a) at least one pharmaceutical carrier and (b) at least one
conjugate of 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 formula |
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2004/ 082722 PCT/ EP2004/ 050329 -35- wherein R is
-CH2-C(O -, -C(CO2H) CH2CH2-C(O - or -C(C2H) CH2-C(O) -,
wWth the proviso that Ris -CH2-C(O-, when the
conj ugate conpri ses the substance P sequence, and an
anal ogue of formula | with at | east one of the
subsequent nodifications in the amno acid sequence
of substance P: a) replacenent of Met" by
- NH CH( CH2CH2- SO2- CH3) - C(O) - (Met (02) "),
-NH CH(CH2CH2- SO-CH3)-C(O - (Met(O ™) or
-NH CH CH(CH3) CH2CH3) - C( O --3611e"), b) replacenent of
Leul0 by -NH CH CH(CH3) CH2CH3)-C(O) - (ll1el0) «c¢)
repl agesment of A y9 by -N(CH3)-CH2-C(O - (Sar), d)
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acid sequence of substance P:
a) replacement of Met"' by -NH-CH(CH:CH,-SO2-CH3)-C(0)- (Met(02)""), -NH-CH(CH,CHa-
S0-CH3)-C(0)- (Met(0)"), or -NH-CH[CH(CH3)CH,CH,)-C(0)- (lle™),
b) replacement of L.eu™ by -NH-CH[CH(CH3)CH,CHa)-C(O)- (lle™),
c) replacement of Gly® by -N(CH;)-CH,-C(O)- (Sar®),
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d) replacement of Phe” or Phe® or both Phe” and Phe® by residue of formulae
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HO-N -N/I (2-Nal78), -Nal7.11), NO NO -
(Phegly7.8), (Cha78), WD 2004/082722 PCT/ EP2004/ 050329
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truncation of 1 to 5 am no acids of the sequence Arg'-
Prot-Lys3-Pro4-G@nS, or g) replacenent of 1 to 5 am no
aci ds of the sequence Argl- Prot-Lys3-Pro4-QdnS by
-N(CH3)- CH2-C(O) - (Sar), and wherein the conjugates
are | abelled with a radio-nuclide selected fromthe
group con- sisting of Actinium225, Bisnut-212,
Bi smut - 213, Lead-203, Copper-64, Copper-67, Gallium
66, Gl lium67, Gllium68, Lutetium177, |Indium 111,
Indium 113, Yttrium 86 and “¥étrium 90, Dyprosiunl62,
Dysprosi um 165, Dysprosium 167, Hol m um 166,
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and Ter bi um 149.
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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(CH)-
CH,-C(0)- (Sar),

and wherein the conjugates are labelled with a radio-nuclide selected from the group con-
sisting 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, Ytirium-86 and Yttrium-
90, Dyprosium162, Dysprosium 165, Dysprosium 167, Holmium-166, Prasecdymium-142,
Praseodymium-143, Promethium-149, and Terbium-149.



