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of this conpound. Surprisingly, the present invention overcones many of the
above noted problens. The present so invention concerns at |east one
corposi tion having a radionuclide conplexed with a nmacrocyclic

am nophosphoni ¢ acid, such as EP 0 408 701 B1
1,4,7,10-tetraazacyc|ododecane-1,4,7,10-tetranethy|enephosphonic acid or
Its physiologically acceptable salt, which conposition causes m ni mal
darmage to normal tissue when admnistgred in the nethod of the invention.
Sur prigingly, the present conplek i% re effective at a lower ligand to
metal nolar ratio than has been kno reviously in the art. 55

Particyl arly, this invention c re conpogg)t i on which conprises a
conpl ex having (1) a macrocyclic| anj nophosphoni ¢ aci d, contai ning
1,4,7,10-tetraazacycl ododecane ag the crocyclic noiety, or a phys-
iologically acceptabl e salt therg&ofY rein the nitrogen and phosphorous
are interconnected by an al kyl ené or substituted al kyl ene radi cal of the
fornmul as 3 EP 0 408 701 B1 5
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phosphoni bevingfroinyich earhan atomsrand ichysiologitelly iaergrtitiesaity oBthe agidheadicalt: @ndsn inie, with
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from t A® ?‘?\‘Ut quﬂalturgdrg ?ls 6‘”“&%8 ctwag’cfrtg%y efqr a[gcychc moleties
raai onue! BCES SR ngést R s = e ifperde
wher ei n tﬁe"fbgm 'wﬁﬁ'co eoél |on is therapeutically effective.
Particularly preferred are crocycllc nnletles of Formula (1) where X and

Y are/hydrogen and n is 1. pQu 1LL¥_D$ epred are a certain macrocyclic
am nophosphoni ¢ acid of the strwctjure 2 rr] (rr)

[err] 25 err% ﬁyereln substituents A,

B, C and D are independently ﬁggrogen hydracar % radlcals having from 1-8

30 carbon atons, or a noiety he forﬁula
[err] G5 [err] Y Y
[err] 40 and physiol ogical |y g CeALahLa]sgrfg of the acid radicals,
wherein: X, Y and n are as defined before; X' and Y' are independently
hydrogen, nmethyl or ethyl radicals; n" is 2 or 3, with the proviso that at
| east  t wowkstein; shkstitenty AgBrC S0hBtarq (reeneadenty 'afdwa@s pretsecerbon: pecals Riving fgmolp.
The pr &% efakoq a??ﬁ‘ér%é;?l?f%@*ﬁﬁﬁ?‘i@ﬂhosphom c 45 acid is
1,4,7,10-tetraazacycl ododecane-1, 4, 7, 10-t et r anet hyl enephosphoni ¢ aci d
(DOTMP). The co sition can be adpministered as a formulgtiaon with suitable
phar maceuti cal | cceptable carrierg.\ The present |nvent|3p ncl udes the
t he conpl ex, sition or fornulagi n descri bed herein pr use in
‘conbi nati on ne nmore ot her Iﬂfpo#kugs gat {or
radi ati on sourde$ [whi'ch assi’st in {tRefapy of cdlciflc tu “telief of
bone pain . 50 Certain conposifops containing these | exes have
beef~f ound usef fer therapy of calcjfic tumors in ani e
adnminigdration of the therapeutic conposi tions can be palllatlve to the
animal, for exanple by alleviating pain and/or inhibiting tunor growth
and/ or caansliphypiaiagigally asceptable fsalts ofrihe cidi redicas, wilereiny X0\ ang ntareeas dsfined before; X' and
Y' are independently hydrogen, methyl or ethyl radicals; n' is 2 or 3, with the proviso that at least two of
said nitrogen substituents is a phosphorus-containing group. The preferred macrocyclic aminophosphonic
45 acid is 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetramethylenephosphonic acid (DOTMP). The composition
can be administered as a formulation with suitable pharmaceutically acceptable carriers. The present
invention includes the the complex, composition or formulation described herein for use in combination with
one or mors other agents, drugs, ireatments and/or radiation sources which assist in therapy of calcific
tumors or relief of bone pain .
§0 Certain composifions containing these complexes have been found useful for therapy of calcific tumors
in animals. The administration of the therapeutic compositions can be palliative to the animal, for example
by alleviating pain and/or inhibiting tumor growth and/or causing regression of tumors and/or destroying the
tumors. As will be more fully discussed later, the properties of the radionuclide, of the macrocyclic
aminophosphonic acid and of the complex formed therefrom are important considerations in determining
85 the effectiveness of any particular composition employed for such treatment.
In addition, the present invention also includes formulations having at least one of the radionuclide(s)
complexed with at least one of the macrocyciic aminophosphonic acids as defined above, especiaily those
macrocyclic aminophosphonic acids of Formula (ll), and a pharmaceutically acceptabie carrier, excipient or
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tunors. As will be nore fully discussed |later, the properties of the
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antifoams, sorbitol, and sugars are all useful suspending agents.
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55 treatment of calcific tumors. The combinations can be complexed as herein described by complexing them

simultaneously, mixing two separately complexed radionuclides, or administering two different complexed
radionuclides sequentially. it may be possible to achieve the same beneficial results of high delivery of the
radionuclide to the area of the tumor, but with little soft tissue damage, by administering the ligand and the
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The following examples are included to aid in the understanding of the invention but are not to be
construed as limiting the invention. :
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Eanpl ottt b, E o] £ ar ot 88ated us;
3 Kidney 0.4

Spleen 0.006

Muscle 03

Blood 0.07

! Ligand to Ho Molar Ratio of apbroximately 1.5

50

Cl to give a
5 and Lu-177
ng 't he

Example 3: Preparation and Buodlstnbutlon of Sm-DOTMP, Sm-153-DOTMP, Ho-DOTMP and Ho-166-

DOTMP

56

A quantity of 14.56 mg of the ligand of Example B was placed in a vial and dissolved in 760 uL of water
and 5 UL of 50 percent NaOH. A volume of 1100 1L of Sm solution (0.3 mM Sm in 0.1N HCl) which was
spiked with Sm-153, was placed in a separate vial and 10 uL of the ligand solution was added. The pH of
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radi oi sotopes of Ytterbium 175 (Yb-175) and Lutetium 177 (Lu-177) are
prepared. 35 Preparation of Final Products Exanple 1: Preparation and
Bi odi stri bution of Sm DOTMP and Sm Eﬁ%w 'Iihe | i gand of Exanple A (22
ng) was dissolved in 878 [err] of distl ter and 15 [[err] of 50

percent 40 NaOH. A volume of 15 [err] of this solution was transferred to a

vial cont aipd B&kutidn Wasladi®diedSt® 58 lubthd RBOH Qn 1H8Mofaidn WasOpaddda Hhrbughid bﬁﬂcc%ﬁnhnsz
[err] of Srgodtaiding i 8GRI of catiol @xdhehgeassir BbpHabiex® t@s froM Flhﬁﬂni&&a)Nﬁél 3 as a
amount—of SBmplexINE: AP SXperdnt by R8tioR @kdhETYE cASmategraphyti ned by i on

exchange chr omabioge aphyoo whotHoysorkiche®.6amM tHolib I0ON KCNEachnwa3Ospibed @ith Bo-366/TIvRs
with a | sgateded b arsdparatervial and 20atl @ tief abaypigend svbtial wasladded. e pif) victhdsamtiory was
rats were addjusioftd 7-8 usiigcNaQthang thepsoluftion, easciaysed ttiiveugh i2rglagti eothmng contalrd@ 1.Semk pf
of the Sm 4Btiegcixehangsrresie SophakexdC-8h by Phdrmacip).t Thp lamoust of HoTdsea qomplex wes deteslined
bet ween 150° b\ 8° pa@nipypationgechprggehrematpgiprbyt i on. After 2 hours the rats were
killed by cer 9reap Daviey sisarareowgsdto GF‘@%@& fas dfve dae thaninigeted with 109 aiL ohthe sytiogs

in each ¥ Ef‘é'b%%b°¥?eY'%Pm"rY@B "E@ ?f‘ }fol‘&&? 22“0? ﬁ‘ttf‘? f"a? Pfdﬁe‘i‘,'ﬁ'h ﬁf‘%‘rz
coupl ed to r&?“’ﬁﬁ[‘ efilieg), g %@ }‘]
in 100 [errf E"“°?1 '°¥> F%i‘@ ng,’ %"r‘ N °8P éqn%“ §"?5V6§’ e
each ti ssu were comp F.]stamclarx:ls o@er termine t%
o e I&sej%‘ e;oq?qe%ﬁ o8l o Tw % ; L blecad g Hikags sl
data poi nt. ol 8 FH% bt e afeRegS B da%c% N SEVERAL T SSUES
FOR Sm DOTNP[ er r] 5 TABLE (il Ti. ssue

% Dose Bone ' 58.1 Liver 0.06 10
Ki dne v p Muscl e
0.1 &%I od % INJECTED DOSE ﬁﬁs%ﬂgg@ FQR qu«mngpxg&qw&‘é;#”

approxi mately 1.5] Exanpl gis&we Preparfati on “asel Biodidtributi ®n of Ho-|DOTMP
and Ho-166- DOTMP PU The Tggand of HBxanple ;%O(ZZ ng)j{ was di §§o| ved Ijn 878
[err] of distill efwat-eir—ane—ibt-orrt—oi—b8—percontl-NaOH—~Avotlurelof 30
[err] of this solltion weldver 1 ansf erlr ed t o ®&8%vi al cdnt ai ni rR31191 5 nL Jof Ho

solution®(0.6 MMHo in OK,QN,YHCI spl ked WItd’_lggZ [err]] of Ho(ﬂ@G tracgqr). The-
pH was adjusted tp—T7=8 ualTlgﬁ\lau—l gra—ttre—anoumt—ofHo—foumnt—as—a—qonpl ex
was greater than P9 maLr‘ﬁﬂ'Ee as detdqrinined DY ion edchange

chromat ogr aphy. This yi emdsstb a sol ti on coMoai ning |0.6 nMdé2 wth g |igand
to rretalaorml ar rafTo of gpufoxTnatgry 1. 5., Sprague [Daw ey Jars Wer & al | oned
to acclimate for Li#e-days-éhen—»-m-eet—ed wth-100-ULL of the Ho-solution
descri bed above via a tail vein. The rats wei ghed between 150 and 200 g at

the time of |nject|on
di sl ocat i orE*apRie 4jPepaat
was detegmn

:%“%ﬂfg% Wc, ;@A%@?

After_

2 hours the rats mere kllled by cervi cal

. d ,‘ P P each 30 tlssue
atlon coun E
!H% %6 ‘t”s fu"f?"’ié’b’js 'er
'8

st andards i

an! |on was a
or or gan. 5% A ﬁtwdaﬁs LBl wad eera{nxsgssa
TABLE | 14006 | l\ﬁawg%% dmeratw EMEE&% s fﬁpamemmw h75 L of the solution

described above via a tail vein. The rat weighed 155 g at the time of injection. After 2 hours the rat was
killed by cervical dislocation and dissected. The amount of radioactivity in each tissue was determined by
counting in a Nal scintillation counter coupled to a multichannel analyzer, The counts in each tissue were
compared to the counts in 175 L standards in order to determine the percentage of the dose in each

% tissue or organ. The percent of the injected dose in several tissues are given in Table 1V.

50

65
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Ti ssue . % Dose 4 Bone

57 Liver 0. 07 Ki dney 0.4 45

Spl-een 0. 008 0.3 Bl ood

0.07 Ligand to Ho Mol ar Ratio of a%@?géqmt%‘y 1.5 50 Exanmpl e 3:

Preparati on and Bi odi stribution of Sm DOTMP, Sm 153- DOTMP, Ho- DOTMP and

Ho- 166- DOTMP 55 A quantity of 14.5 e ligand of Exanple B was

placed in a vial and di ssol ved |n 760 errivhof water and 5 [err] of 50

percent NaOH. A vol ung—e+— et ef—~-0—3—makhSmin 0.1 N

HC ) which was spiked v«NE@ﬁ‘)lf'!Pos ()\égv%ﬁ%éé?‘f”ﬁﬁ@“@éﬁgﬁ vial and 10

[err] of the ligand spl utionTivsas addegr_‘ The pH wfpodd EP Q 408 701 Bl the
f

sol uti on was adj ustedrto /-SBusl g NagA—and—the totrTom way passed through
3 plastic columms conftaining % ol ofl cation ex ange-resiyg (Sephadex[err]
C- 25 from Pharnaci a) .| The ambwet of Snhas a conpd.@& was detgrmined to be 99
percent by cation exchange ogr gphy. A vol of TIO0O0[lerr] of Ho
solutieh (0.6 nM Ho ijp—6- “"CIBL#@YB%% Am&sp:{c%éggm%h He—3446, was 5
placed in a separate pi al_ar¥Pes0 [err]| of t hlopmRalester gand dJol ution was
added. The pH of the jsol uthm,spg@s adj Usted to 7- (BogJSI ng NaOj and t he

sol uti on was passed tjroogh asticcotumTts—comtarg— 9 nl of cation
exchange resin (Sephaldex (‘-Qé‘o % om Phar maci a) he anpunt. off Ho as a

conpl egs was det er m ned! tigant & @Pme@ ratie ot apprpximaibly 88 exchange chr omat ogr aphy.
Sprague Dawl ey rats wet®uas indwsdlieéroveaeiodiawiathgrobad babkgvaendlays t hen i nj ect ed
with 100 [err] of the solutions 10 described above via a tail vein. The
rats wei ghed between 150 and 200 g at the tinme of injection. After 2 hours

the *6bs BRI Posskiby afatiotistBlion bRlLARAMPURd LLiADEAMPIET € t aken, wei ghed
and the ambunt of radioactivity determ ned by counting in a Nal

scintillati ane figandbicExampiel [Bl (€5)8 ng) wasilsbiveal it pe3alL ¢ iatined Gater AideB 0BT Dercéht
each ti ssNsOMVANelude BPE Ltbf this dolutonOoml rbitsferrad thQ@Gial ehtaining t & rd.aof Us sdiutioro@awM t O

det er m neld ih@.1NHCE epiited gidh @11l iohias- 11D $racer)rThe pBilwas adjsted tT-8 osigehROHTEneg the@mowam t
of t he 2 nffelat feehddasse complexewasrel8 percegiuysiom exchdrige chromatggrepty. This Fieltddea élition The

nunber s r egptaising BB MM bu withes ligges! to fneB! melarsatioof apeeximalglyit®t . TABLE |11 20
% | NJECTED [Sexague| Rawisy\miravereT pligmed-© gockmatsoipp/iive) fiayathemdnjeetedipty 180g4yef the Lu
Sm solutions described abo‘fqovi%ﬁé vein. The rats weighed between 1505and 200 g at the time of injection. 64
Li ver After 2 hours the rats werg) killed by cervical dislocation and di yesiey- 5@ amount of radioactivity in each
Ki dney 30 tissue was determined by u@t@g in a Nal scintiflation counter cp ??l :g hannel analyzer. The
0. 04 counts were compare: to n 100 ul standards in order ete, e percentage of the dose
0.22 so in each tissue or organ. e pergaa 8f ] mjected dose in several t;ssB Q‘e given in Table V. The
f
0.17 Exarrpﬁmberi mpﬁsgnﬁéhreaaﬁ%% ° 8? s? ri'buti on of Gd- DOTMP and
Gd- 159, POTMP 35 The |igand of Exanppge® (14.5 ng) was placed in a vial
and dissolved in 760 [err] of vvat er and 5 [err] of 50 percent NaOH A
vol une of 1000 [err] pf—td \s" S—rmiv-Col—n HNHEH) WhICh cont ai ned
tr aU % INJECTED DOSE IN SEVERAL TISSUES FOR Lu-DOTMP
A Tissue % Dose
| Bone 54
Liver ' 0.08
Kidney 0.3
45 Spleen 0.006
Muscle 0.04
Blood 0.08

50 ! Ligand to Lu molar ratio of approximately 1.5

Example 6: Preparation and Biodistribution of Y-DOTMP and Y-80-DOTMP

55 To the solution of Y and Y-90 prepared in Example F was added 200 1| (0.0266 moles) of DOTMP from
Example B in water and the pH of the solution adjusted to 7.5 using 50 percent NaOH and 1N NaOH. The
‘percent of the Y as a complex was determined by cation exchange chromatography to be >99 percent. This
yielded a solution with a ligand to metal molar ratio of approximately 1.7.
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guantities of Gd-1 59, was: placed in a separate vial and 15 [err] of the

| i gand sol uti on was added. The pH of the solution was adjusted to 7-8 using
NaOH and the anobunt of Gd as a conplex was d term ned to be 40 >99 percent
by cati on exchange chromat ography. E\Pgrﬁoﬁaﬂb E)awl ey rat was allowed to
acclimate for five days then injected wth 175 [err] of the solution

descri bed abogrﬁag\d %a@le)r' %té wi rglﬂowexng éﬁiﬂ d&éﬁh& iﬂfect&&qﬂ'rtﬂ 'Ifﬂau.lpf)f the Y
i njection. AfkRE d?sc §ov5 s rtﬁltvewaﬁre& c%&embeﬁ@&nvisﬁ%d sHoS 2 @R ttiadr AjeEtion.
di ssected. AhBe RIRLAY ra& wereaﬂree%%weah Hislbdatiéhodnll disteeBH ErnRMoHELI4IBaRIAY 1 ¥ach
count i ng i Risghe MRS dStBAmol lbly EbiraRy QLK REINtNRIR lcatel Qouplodtd & infuliHaN®) adiy3dry TR .
The coungs chihtsSMCéach 11i8$id Owadd tompaaDa Rl céutst iA €150 QiLNtandbrBs In/ brdretor determine the
st andar ds iparcertaberof e infkele@ HoeWedch Gsspe6ratyah.caihe partent bidhlinddted dbse MCBverdl SsSues
or organ. TEhagiyaeinCrbk VOThé henbersjretdsend trd@saadernt S exsgreatiatd paksues are given in
Table V. 50 55 EP O 408 701 B1 TABLE |V % | NJECTED DOSE | N SEVERAL

TI SSUES FOR Gd-DOTMP[ err] 5 TABLE Vi Ti ssue

% Dose Beone 50 Liver 0.08
Ki dney | % INJEGTED DRIRESS BEVERAL TISSUES FOR Y-DOYRBE [Det ect ed*
Muscl e 6—68—Btood .06 [err]

Ligand to Gd nolar ratijo of appl@®mmtely 1.5 * cofifP¥® in thd spleen were

bel ow background backgrjound 20 donénpl e 5: |Preparat Bdn and Bijodi stri bution
of Lu-DATMP and Lu-177-[DOTVP—TH e gand of [Exanpr e (I5.8 ng) was

di ssolved in 963 [err] St - =yard rcent NaOH A
volume of 15 [err] of tfis sol uKideay was trdnsferred3%0 a vi all] containing

1.5 nL of Lu solution (0.3 MM Lgyedq 0.1 N mCI- spi kegpyw th 2 [lerr] of Lu-177
trac»ar) wpThe pH was adj ' 25 of Lu

found as a conpl ex was [>99 per cMii®®hy | on dxchange ®Hr omat ogrlaphy. This
yi el ded a sol ution contfai ni ng OBoed™ Lu W ffh a Iigamd to netgl nolar ratio
of approximately 1.5. T W-EY CowedTO accli mate for
five days then injected uft grp%m?'gt'%”ﬁ?pp‘%mmpﬁ "ol utions described above

via a tasl vein. The rats wei ghed bet ween 150 and 200 g at the tine of

|

I njection. After 2 hours the rats were killed by cervical dislocation and
‘di ssect ed. Enmeplef{tiempargtive) adi oactivity in each 30 tissue was determ ned by
counting in a NaI scr ntillation counter coupled t o a_nul tichannel anawg/zer
The coup?té sldwe l’,’ (FR2lpieing Pg‘:'t'-rﬂé Y798 gAfption g?fe%(?vd; 'a‘g"("a’hﬂfar‘ﬂg of YF°6 % dh
-determ en M §
of the inj Lg"%q %@ {17 ¢ gg E? 'a \L mae) oLip! Eg%{g;‘m py r"i'
r epr esent t‘ ylene r’?m ramethyl %gi?omc aci P) solution where tpon
% | 1% of 50 perlcent NaOH. To this
;I-ABLE V %l f lﬂ'r The pHP oidfie resulting
Yo Dose BeNgoution was 75 and the percent of the i—b&fﬁdiex was determmed by cation exchan matog-
Ki dney raphy to be >89 percent. This Yielded P solution with a ligand to metal molar ratio of approxi LI? $71:3
0. 006 Muscl e sprague Dawiey rats were allowed Qo @éclimate for eight days then injected with 150 uL of the Y
solutions described above via a tail vein. The rats weighed between 150 and 200 g at the time of injection.
\-f After 2 hours the rats were killed by cervical dislocation. Tissues were taken, weighed and the amount of
40 radioactivity in each tissue was determined by counting in a Nal scintillation counter coupled to a
multichannel analyzer. The counts in each tissue were compared to the counts in 150 uL standards in order
to determine the percentage of the injected dose in each tissue or organ. The percent of the injected dose
in several tissues are given in Table W. The numbers represent the average of 5 rats per data point.

50
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Bl ood . *0.09 50 Ligand to Lu nol ar
rati o of approximately 1.5 Exanple 6: Preparation and Bi odi stribution of

Y- BPOTMP and Y-90- DOTMP 55 To 'Bé}e i&é)uti i of Y and Y-90 prepared in
Exanpl e F was added 200 [err] (O. 68 T‘Esé) of DOTMP from Exanple B in
wat er and the pH of the solution adjusted to 7.5 using 50 percent NaOH and
1 N NaOH. The percent of the Y as a cogp|ew Was determnmi ned by cation
exchange chromat ography to be >99 percent. This yielded a solution with a
[i gan\d/t o netal nol ar pe++o—of C{BJI oxtrate 32 - 408 701 B1
Sprague Dawl ey Tats wdr% MECTFRBOPE NRRYERRLTISSYES FOR YEPTMRIVE t hen i nj ect ed
with 150 [err] of the]|Y sol utinssedescri bpd above,pdsa a tai| vein. The rats
wei ghed between 150 aqd—200"g ar ;['ne TT of 1T eCI oM AT TEr 2 hours the

rats were killed by cdrvical dir€%cation hnd disselted  Thel anount of

radi oactivity in each |tissue waserdet erm npd by co0082ing in p Nal
scintillation counter fcoupled ldhefp MUTTT Channel agapyzer. e 5 counts in
each ti"dsue were conpgregd—te—the—eeurts—p—1bo—ferr—standards in order to

determ ne the percentdge of theP'ehj ected Hose in @8th tissup or organ. The
percent of the injectgd dose imussigeveral t|ssues apgsgiven ip Table VI. The

nunbers represent the rats pEr data LT TAB'_E VI 10 %

| NJECTED DOSE | N SEVERAL_TL SSIE®ER Y- MP_Tiss i : %
Dose Bdhe ' Ligand to Y md3 rali& oflsppreximately 123 0.06 Ki dney
0. 35 Spl een 0.01 20 Muscl e
0. 31 Bl ood 0.12 [err] Ligand to Y nolar ratio of

appr.oxi MagrRér¥ arbné Exenpies X Eak &)W (Conparative) To a vial containing 0.5 nL of
Y- 90~$gj ution (prepared by the irradiation of 1 ng of [err] followed by 30
di ssol uti pampl ZiCdhpdrdtile)t 0 gi ve a final volume of 0.5 nmL) was added 1.5 niL
of water to give a 8.86 x [err] nolar solution of Y containing tracer Y-90.
To 2 L (1. & methdd)sibilantd it ppdvioldiy gsed,clompastinnsvveege prelshestl cb@nihge canjplekds. d Bo- X
10- 4 nol e)53owith] sRGhl ednimeraiatie divailpbia @hesbhaaicedcldy | vehich pdeosnb fvontaic tiec alklighe[DmtaEd

sol uti @h bdtegee thgpitagantand Hiepiespiarusistomg fehichllinkegelis reblyiteddmihg piegent tidaedir ed up
upon addition of 50 [err] of 50 -percent NaOH To this solution was added 40
[err] (5.04 x [err] nole) nore of 1.26M EDTMP sol ution. The pH of the
resulting 35 solution was 7.5 and theXpercent of the Y as a conpl ex was

det ermined by cation exchange chronht gy raphy to be >99 percent. This

yi el de® a solution with a Ii ganH nef %@F’é? rati o of approxi mately 123.
Sprague Dawl ey rats were allowed tolaécllimate for eight days then injected
with 150 [err] of the Y solutions d&sé&r ped above via a tail vein. The rats
wei ghed between 150 and 200 g at the*ti‘me of injection. After 2 hours the
rats wgye Killed by cervical dislocation. Tissues were taken, weighed and

the anount ahe M HodbiaiadaliZalidnt of Smit158aE Fatd oS e bMBosHiBRLWAY daRFIRE FOMEduslY | N
a Nal sci ¢dstribbditThe Digdhas! e linclute biBylerkiiphddphiviic ati€ (MDF) @hd Hyodkybtheldinedipdsghoriét S
in gg%: h tacks (BER®R)r ehictonqatkied at @-GHa@OsiRUENE & NP-CRIM, (@HPO: B4 linkbgs,d Sespattialycier
to er npwnphesplateY Blewtichgentdfs & PrO-AOalclinkaged; aiid swidadiphasalidte §0F3 wbich contains g din.
The peraefPHofinkegr: Meta] complarpshbthese ligands are known skeletal agents. For example, Tc complexes of

MDP, HEDP, and PYP have been used commercially as diagnostic bone agents. However, these ligands

were inadequate for selectively delivering Sm-163 fo the skeletal system as exemplified by the large

fraction of the radioactivity found in the liver and/or biood.

Table Z shows the biolocalization of Sm-153 in rats two hours after injection and the results represent
45 the percent of injected dose in tissue.

TABLE Z

50 % Dose In Sm-153 MDP Sm-153 HEDP Sm-153 PYP Sm-153 IDP

Bone 2 2 2 0.6
Liver 85 35 73 36

Blood 0.23 13 ' 0.23 0.04

The numbers given in Table Z for Sm-153-MDP, Sm-153-HEDP, Sm-153-PYP and Sm-153-IDP
represent the average of the results of five, five, three and three rats, respectively.
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in several tissues are given in Table W The nunbers represent the average
of 5 rats per data point. 45 50 55 13 EP 0408 701 Bl TABLE W % | NJECTED

DOSE | N SEVERAL Tl SSUES FOR Y- EDTMPLagr, e % Dose
Bone 30 Liver EB JAOS-%?%{ 0.09 10
Ki dney 0. 30 Spl een 0.01 Muscle

0. 58 Bl 00d gxample 7: Preparation of Sm-DOTMP: of BlolDOFIMP Kit Uing’ HERESAufierat | 0 Of

approxi mat €Ty IZ3 (1here are no Exanples X and Y.) 20 Exanple Z

( Conparat i ve) Aloxnvasdiibh GdN-!E’:hWrb@éthiIﬂpdréi&bwp&emareswbryb atse (HEPES)N(Siga ™i Obegnical
wer e prepar@d $obduisi MONGt @ogHp bieX.4% wad piSparedl 230.00661 st ¢il DETMPTBEC prapared by
avai | abl & plissglptget.Tma h.084 x\ii4aimold of RATMECOM 11 814385 mhof AN NgDibrido bach kibspeen2l® mL
bet ween t heservim vidlgeas Blaeedt0R80 RO IR oroles ot POTMP (olition fand BAR adeofi0sIM HERRS buffeq n
the pr esentsolutiong Fafh serym vial was then placed in a dry ice/acetone bath until the llﬁngql Whs fyozgm anplthen
two hour biRACRE I3 Yigisi Fereze, PrvamAppargiup ﬁ"qf'yﬂ’% WP'EIP gﬂVﬂ@eaqemmnomﬁsasm@v white
det er m ned pé.’g"'%r"é\‘ﬂecﬂﬂ olythe serim igls. e‘-‘ef_ Fitjwera dhe 8, Rarestpnd sealed "V crimping.
met hyl entfi p m 18 e fay Btef' Risseie ™ 9He B %@l"d‘ioneﬂ‘f"ﬁmﬁ'ﬁ%m T "?f'e) in
(HEDP) whi c tain a [err] and a [err] | i nkage, respectively;

pyr ophosph G P h kage: di phosphat e

(| DP) whi Caéxg ; X F)ecg\@ﬂ . 10-DO e %g éf%Pof t hese

i gands are Kawms keheh @Hs:ﬁél @txsfo-ﬁmp. wbmqu fn &m%%%néaa 1966 ot el
and PYP havfsdis S‘d‘inlé&d:l&@nﬁ?@ﬁoﬂ'o@ thk YosBffing HoSRRtRRed it W3OS A8 Rl porcedtQNEH Rat was
these | i gangdmpmtavas Beistmedlshgl calion SRnBrgb icNBhdtodiahi el >89 p&stBand 53 to the

skel etal syst gimilary, £8.6 /Mol dabiticdcot BYCH (Be« 10aF\ epifed it IH8N66) fin 6. M€ HCIAks A2ad tovdnb W
found in thwee kiis\Wescribettih ExantifleOn (The PHF the festifity/ \slutibhewdsi 78 Sdahd Fobdontsh HOfthat was
Sm 1638 i n rcampletedova darersinad Gsing caivh @gdharga comaatodiaphy euel>9% peregit.esent 45 t he
percent of injected dose in ti ssue. TABLE Z % Dose In Sm 153 MDOP  Sm 153

HEDP Sm Recaistitgt ibgq'mgf Sm-HEPES—DOWP Kits 21
2 0.6 Liver
36 Bl ood A kit from ftzample 8 was treategiL 4ith 6.0 mL of SmCl; 03 230"‘M spiked wnthOSrQy,]lsas in Om\bHCI

nunbers i VIER PHPf fheypsulting Fﬂ‘r‘"°$ﬁ‘?’1§§ anbe pS'ﬁ?“leBth?-ll§DF’s appmplers was,fsterpined using
Sm 153- 1 DP ¥ Pé%!‘é ’ﬁ%‘a‘a%ﬁ" s of

three rat S @gélg § rats were aq:we to acc umate %or five days tLen miectec* \v/v%i 1(5 l?gf tﬁg %m
olutio scn||be a¥0ve via a tail vein. The rats weighed between 150 and 200 g at the time of injection.
After 2 hours the rats were killed by cervical dislocation. Tissues were taken, weighed and the amount of
so radioactivity in each tissue was determined by counting in a Nal scintillation counter coupled to a
multichannel analyzer. The counts in sach tissue were compared to the counts in 100 iLL standards in order
to determine the percentage of the injected dose in each tissue or organ. The percent of the injected dose

in several tissues are given in Table VIl. The numbers represent the average of 3 rats per data point.

35 TABLE VI
% INJECTED DOSE IN SEVERAL TISSUES FOR Sm-DOTMP/HEPES BUFFER
g Tissue % Dose '
40 Bone 58
Liver 0.06
Kidney - 0.29
45 Spleen 0.01
Muscle 0.18
Blood 0.06

50

Example 10:-Preparation of Sm-DOTMP Kits Using Bicarbonate Buffer

A 0.008M solution of DOTMP at pH 6.66 was prepared by adding 141.5 mg (2.25 x 10-4 mole) of
DOTMP to 9 mL of 1N NaOH and diluting to 25 mL final volume. A 0.4M solution of sodium bicarbonate
(NaHCOz) was prepared by dissolving 8.4 g of NaHCO; in 250 mL of water. Kits were prepared by adding
3.0 mbL of NaHCO; soiution and 0.300 mL of DOTMP solution to each of seven 10 mL serum vials and

~treating them as described in Example 7 to give the final kit containing a white dry solid. These kits were
formulated to receive 6.0 mL of SmCla (3 x 10~*M) in 0.1N HCI which would give a ligand to metal ratio of

55
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14 EP0408701 Bl Exampl‘€é 7: Preparation of Sm DOTMP or Ho-DOTMP Kit Using
HEPES Buffer A 0.1M sol ution of

N- 2- hydr oxyet hyl pi perazi ne-N - 2-et c acid (HEPES) (Sigma[err]
Chem cal Co., St. Louis, M) at aéppl_pﬁﬁél%ﬁpg{ was prepared. A 0.0066M

sol ution of DOTMP was prepared by 5 dissolving 68.2 ng (1.084 x 10-4
[err]nol eysq@f DOTMP in 16.4285 nL of 1 N NaOH Into each of seven 10 nmi
serumvials was placed 0.600 nL (3.96 nole) of DOTMP solution and 3.00 nL
of 0.\tK HEREBlebUf Aezbnsttotiontahd Biodifntionse SKDOTME] Kitwbising BiestbopsteBetr i n a dry

i ce/ acetone bath until the liquid was frozen and then placed in a Virtis
Freeze DOr yerA dpar Beuple A0 @rniregied with B.8 ImLah S@Ch [ix $aTtM spikedodtinSontsalis 04N HEl.dr y
whi t e powdes pH of theheeslingtsolptionfwas B85 grd wan agliustedsto 7127 by dheradition i 168 wivet TN Nefdhh

st opper ed Teteprepakeiche BY a8 o sopPiey was| determipad; wsing Q%OWF@"Q%?W%@GM 9 bree’@& ve

6rr1_of eP?'PPé’F [err] (3 x [err] nole) or HoCI3(6x1 er] |n0

HCl . q_ npl ?g{?g"jéeceévg?rsb{zh ‘té%’? a'P?WB‘P *%?F%'ttmﬂw ‘FWEPES
B ff 7 utions {f

St A aé" s °”'°Lé’19£§ r‘ﬁ* e égrgrm 4 :;’ér;%sz The
resu' t I ngm'r:r Hnta 9? 5!.[" or i S in O

conpl e USHHSm ﬁﬁ&@e&‘r rd%FT&FhQ Mfté’m Sod’¢

per cent,s ﬁl se%elr@ﬁdsues o 5;\, ifTabid r’maqmmesrs kdtakdnt 6 averabl o @.rars]pe.saaralﬁa%ﬂ: W th
Ho-166) in 0.1N HCl was nmade to one of the kits described in Exanple 7. The

pH of the resulting solution was 7.5 gneigWie percent of Ho that was 20
conpl exed was determ ned using cation exchange chromat ography to be >97

ot ;ﬁ;tzm tEX?fE' °L % INJECTED OSE IN SEVERN TISSUES FOF < B@fﬁ?@?&ﬁ@ﬁ AT g’: ESIT'VP

spi ked with Sm 153) i n 0. 1NTiEGe. 25 The p-l of the r%digse i ng sol utli on was.
7.5 and the percpgnt of t he &‘33},@5 a corrprek was deterrggned using dation
eXChange chr onat vy apny +o—pe 99 pex eent Spl ague wV‘d"eﬁa'f'wre al | owed
to acclimate for{five days t4¥8h injected With 100 [ePP] of the S solutions
descriBtd above pia a tail wakey. The rats|wei ghed beb.geen 150 and 200 g at
the tinme of injeftiom 7-\TT€§ e TOUT S THE Tars were K 1reu by TeTVi cal

di sl ocation. Ti spues—were 12 F=Ya MYV =YA nhnrl bnd-the anptint-of 30 _radi oacti vi ty
in each tissue was determ nMeBbe count i ngfin a Nal s@8htill ationjcounter
coupled,to a mulfichannel agghyzer. The cpunts In eaghy t1ssue wefe conpared

to the counts i n~386—terri—steandards—+n-order—to—determe—the—percent age
of the injected db Ui S/m alar ratat aPRpXmatelylS The percent of the i nj ect ed
dose in several tissues are given in Table VII. The nunbers represent the

average of 3 rats per data point. 35

TABLE ¥ | BXsmbbl] E@tparafnSEDONMEKiVESAY ExbbssBabsS FOR Sm DOTMP/ HEPES BUFFER

Ti ssue % Dose Bone

58 Liver A 0.009M solution of DOTMP was prepared ag)de3¢ribké mrﬁggmple 10 except more NaOH was added

0.29 45 such that the final solution was pH 10.86. Kils| wergprepared by adding 0.300 mL of DOTMP solution and). 01
gﬂe 0.700 mL of 1.0N NaOH solution to each of(jivg 40 Bilolum vials and treating them as described in

o 06 5¢ Egeﬁ{;l‘ﬁ ;39 jve %gé ariac frines «oie dore ww'tw?fggoffewea@r Boerae BBMLEr A
0. 009M soPTth Bt phichsvesd give 2 ?"86%1‘?‘8‘6‘ B9 hltiing 141.5 ng (2. 25 x
; ns utln g}d é’&r.' nbutlga » ms ing %chgs Ba2§a 'd Phosphé Ir ure.
- S
8.4 9 g [ewk]t frb.rr eaéﬂpme wss trs@resr,.m Ki It orer,ersrwr)@rwqpma @rﬂ%ma) in 0.1N HCI
and 0.6 mL of SmCls (3 x 10~*M spiked with Sm-153) in 0.1N HCI. The pH of the resulting solution was
between 10 and 11. The pH was adjusted to 7.79 by the addition of 0.200 mL of 1.05M phosphate buffer
~ {pH 7.49). The percent of the Sm as a complex was determined using cation exchange chromatography to
be >99 percent. _
50 Sprague Dawiey rats were allowed to acclimate for five days then injected with 100 1L of the Sm
solutions described above via a tail vein. The rats weighed between 150 and 200 g af the time of injection.
After 2 hours the rats were killed by cervical dislocation. Tissues were taken, weighed and the amount of
radioactivity in each tissue was determined by counting in a Nal scintillation counter coupled to .a
multichannel analyzer. The counts in each tissue were compared to the counts in 100 1L standards in order

s5 to determine the percentage of the injected dose in each tissue or organ. The percent of the injected dose
in several tissues are given in Table IX. The numbers represent the average of 5 rats per data point.
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3.0 nmL of [err] solutien and 0.300 nL of DOTMP solution to each of seven 10
nm. serumvials and treating themas described in Exanple 7 to give the
fimal kit containing a white dry solid. The kits were fornulated to
receive 6.0 mL of [err] (3 x [err] ﬁr ?Peﬂoi HCl which woul d give a
ligand to nmetal ratio of 15 EP O 408 701 B1 1.5:1 . Exanple 11:
Reconstitution and Biodistribution of SBQ@NP Kits Usi ng Bi carbonate
Buffer 5 A kit fromExarrpIe 10 was treated with 6.0 of [err] (3 x
10[ erx} spi ked wit h—Sra 1531/ e ——TFhe—pH—ef—+ sol ution
was 6.55 and was adj JVECTER DPSEN BGVERAL TISSHES F%SGTDOQU'PT’%W%”&?E N NaOH.
The percgnt of the)Sm as a comgiwex was det érm ned usp/ngoseatlon exg¢hange
chromat ogr aphy to =99 Tperctent . —Sprague § By Tats re alrtoweqg to
acclimate for five|days then | n%m‘prl with 3100 [err]l ol- the Sm10

sol utions described above via Wetal | vein. [The rats w@i8§hed bet wegn 150 and

200 g at the time df 1 njeciiOoRyndy ter 2 hou|rs the ratgeere killed by
cervi cal i sl ocat i ga—H , ' pf
radi oactivity in edch tissue ®eee"det erni ned by counti 843in a Nal
scintillation countjer coupl eth,gyea mul ti chajnnel anal ypgg. The counts in
each tissue were cqmpared—to tfie counts T {[f00—{erTi BL mdards—Tmjorder to
determ ne t he perce.nLa.g.e_o.f._.t.Eé“Pm ected ddse. in each tigsue or_gdgan. The

per cent &f the I nj ec'tlégindioSer mdar ratin oappweximbtely 1§sues are given in Table

VII1. The nunbers represent the average of 3 rats per data polnt. TABLE
VIl 20 % | NJECTED DOSE | N SEVERAL Tl SSUES FOR

Sm DOTMP[ er gxhib CARRENETOR of 1ML Re-DOTMP Kits : % Dose Bone

65 Lrver 0.07 25 _ _

Ki dney A 0.009M solution of DOTMP at pH 6.66 waslprjakede8 described in Example 10 except more NaOH
0. 01 Muscl ewas added such that the final solution was at pH 10.18.(XitS @ere prepared by adding 1.800 mL of DOTMP
.Bl ood solution and 2.100 mL of 1N NaOH solufibn(Qd edch ph ivebive @0 81 senivavials. These viafs were then

appr oxi nat etrepted a5 dg¥ribegxia riykracld 7: to Bive ke firal ity coftailiail WFvhG, tdntsdlid.gTHEse Kitsswere
Base A 025009Mulsiet ta foeivedB.0 MUTK/ HoGn® x0T i mhich wenicaiwcer igansido matalratiornd il 6110
except nore NaOH was added such that the f| nal solution was pH 10.66. Kits
wer e prepar2ampg 13 ',m-t'al& Bigdisgsibutionrpf\ie fO0H M8d 0. 700 ml of 1. ON

NaOH sol ution to ea of fi s and rea,t e as
descri bed | ﬁdﬁl't frem '7"”(36 wl'.fh ? %’“ % {6 Wgﬁ t"\‘Rﬂ ) Hc'
;Sﬁl i)leTTﬂ(él e\xg'iern:ofﬁmm as 8com i v«{as eterg\:n%ad usi gca f‘ll'%ug? %;r

rve a llg IOO

Reconst i tutio r@d&é lfébvBQ'rétL 'Wold |bv$U& thac&?Q%JXFf’oJ%vL %a}!sih&gfnﬁéﬁ@%ﬁh RS G Wﬂe Sm
Phosphat & Biffidak déseribed abdye tlala thi Do isa%eeod/\g bifthatinfe of inj
[err] (3ssX Akl £héus fﬁ@ 'rﬁi@deer 164 @Tbe% dlél&a(sm 1i¥edd thkéh, B d%hd kRl Fni)ur(t 3f X
10[err] spidkdshctmts fin S8nLisdle whs QetdiMirnall by dditing Hn of Nauhgb.rﬁm tbud@r oUWk BN
Was bet weemuliehannél adalyzer] gy ddbhts\irbathttisbidivaeb doMpared @ thdyeolriein A0l $téndares inQrddO0
gdél 05Nb pérarmine aliecpelshthgs of (tti@hihjectediSose ihleechiissw@@n brgaf. Thé1per&im @ ShednjGutsdjaiossX
was t er mimeayeraisissugs era igivemin Fatgd X.le natecratregnitichaverage &6 rat9Borgatapaintt . soO
Sprague ®awl ey rats were allowed to acclimate for five days then injected
wth 100 [err] of the Smsol utions descABe&Xabove via a tail vein. The
rats wei ghed between 150 and 200 g at the tinme of injection. After 2 hours

the rats were kill ¢deDnseerpiotsk dseVErARITISSOES FOR SIBBBTMRIFHOSRKATE | Wei ghed
and the anount of fadroactTvi b_ig eacthtTgsuewasdeterned U)T tount | ng
in a Nal®scintillation counter®ipled ta % Dose

: Bone 60

Liver _ 0.12

50 Kidney . 0.35

Spleen 0.08

Muscle 0.21

Blood ' 0.04

55 1 Ligand to Ho molar ratio of approximately 1.5
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mul ti channel anal yzer. The counts in each tissue were conpared-to-the
counts in 100 [err] standards in order 55 to determ ne the permnta e of

the injected dose in each tissue or Oﬂq%?z%i The percent of thef ”ﬁﬂﬁé!gﬂﬂg%’”“,
. st

in several tissues are given in T& % Be nunbers represent;
of 5 rats per data point. 16 EP 0 408 701 Bl TABLE I X % | NJECTED
SEVERAL TgaWES FOR Sm DOTMP[ er r ]/ PHOSPHATE 5

gigs ﬁlﬂiér Claims for the follawing Contracting sﬁé@%ﬁ%gé‘fﬁgﬁ DE, FR, GB, IT, LI, LU, NL, SE

Ki dney 1. A composition which comprises a complE ﬂalingl?!') & ®acrocyclic aminophosphonic acid, containing
0. 03 Myscl e 1,4,7,10-tetraazacyclododecane as the macrocyciié-radwety3lo0® physiologically acceptable salt thereof,
0.11 15 wherein the nitrogénl £ PhbspidroaE BidMtdttonhiadtel By @f alkyns OXsubRitutld)alkters rhdicpl e
14: Prepar alboi @efoahutal 8 n. Ho- DOTMP Kits 20 A 0. 009M sol ution of DOTMP at pH
6. 66 was prepared as described in Exanple 10 except nore NaOH was added
such that the final solution was at, pH 10.19. Kits were prepared by addi ng
1.800 mL of DOTMP solution and 2.1Q0 gL of 1N NaOH solution to each of
twelve 20 nL serumvials. These vial s{wele then treated as described in
Exanple 7 to give the final kits cgntaining a V\,h'g)e, dry solid. These kits
were 25 formulated to receive 18.0{nL of j[err] (© x 10[err] which woul d
give a ligand to netal ratio of 1. -1 anpl e 15: Reconstitution and

Bi odi st%i bution of 18 nL Ho-DOTMP Kit¥ Af kit from Exanple 14 was treated
with 18.0 mL of [err] (6 x 10[ spiked wi/tR Ho-166) in 0.1N HCl. 30 The
solution was then treated with 0.6 nL of 1.05M phosphate buffer (pH 7.49)

whi ch brouglebiftsc i viQMRadedndén drogkn, AR HarbBiy!, bR pnoMic a5 nfdrSaihn Rlic@s
det ermned WaingGrorpd-b em&x&%ﬁ@%&%ﬁhg%&we t:att’s’tbe 18 % R&iaRNdnd nSPRAJUE
Dawl ey rat s wiethe plibOWRGhBOnAC Bdch XBing Yntly bb itéQard@isSor lalkianti tdin@Rd 1 ghdvW étfanyl 00
[err] of theth&maafoh dlompa (e Gastldhél raalotucmie\of Bmat 58,a6d-159 ctild 166, Tilvet 77, ait-80 ovebghed
bet ween 150 125énd?00 g at the tinme of injection. 35 After 2 hours the rats
wer e Ki | | ed whareia thevesoltihg aimpbsitioa tsi timmapedicaliy etiectiveer e t aken, wei ghed and t he
anmount 20f radi oactivity in each tissue was determ ned by counting in a Nal
scintill a&i dhe coownsition ot Gaipl lewhetein dXaandY aré vdeegeredndarit-yzer . The counts in
each tissue were conpared to the counts in 100 [err] standards in order to
det er ni ne>t Ao GePRoSiHNagfeClaim 1 198 Glai e mbereig dise Masfoevaliichaninapesahasic asidghas therhe
percent of fHEYhj ected dose in several tissues are given in Table X. The
nunber & represent the average of 5 rats per data point. 40 TABLE X %
| NJECTED DCSE | N SEVERAL TI SSUENZCR Ho- DOTMP[,eg r ] / PHOSPHATE 45

0 se

Ti ssue ne
60 Liver Ny 0.12 K dney
0. 35 Spl een : 0. 08 scl €11)
0. 21 Bl ood- 0.04
27
(s B l__l N\
’ 40

wherein: substifuents A, B, C and D are independently hydrogen, a hydrocarbon radicai having from 1-8
carbon atoms, or a moiety of the formula

45
X X X'
i ' I _ i
‘l’ coew C~4—PO3Hz , o C— OH;
: {
s0 Y Y %n
' n n n'

or a physiologically acceptable salt of such an acid radical, wherein: X, Y and n are as defined in Claim
65 1 or Claim 2; X' and Y’ are independently hydrogen, methyl or ethyl; and n' is 2 or 3, with the proviso
that at lsast two of said nitrogen substituents is a phosphorus-containing group.
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[err]Ligand to Ho nolar ratio of approximately 1.5 17 EP 0 408 701 Bl
Clains Clains for the following Contracting States: AT, BE, FI | |”II|
I T,. LI, LU N, SE 1. A conposition WhICh conprises a conple

macrocycl i ¢ am nophosphonic acid, c 0,408 n@

1,4,7,10-tetraazacycl ododecane as the nacrocycllc noi ety, or

physi ol ogi cl Ly, SERAR & Salh S eheal ﬁh%&b&cﬁch%mmbsnm%%ﬁ s 147,10

h h
gaglsgag ggst Aitah [ 94%55%9%% 1636traet E4MRorit) acRitP & bhysidioS L&x,&:mesau .

15 5. The composition of any one of the preceding claims vRSréin the radfasucdens Gat1sund Y al’ e

i ndependgntly hydrogen, hydroxyl, carboxyl, phosphonic, or hydrocarbon

radi cal s 206, The Béhvdosiflonlot GRImLt, &, $ﬁr4bﬂﬁreattmdlaﬂd|d@h)&m ﬂiaogl cal ly acceptable
salts of the acid radicals; and nis 1-3, with the proviso that when n>1,
each X and % mhy cdmpobitich of Glaien B2, Dor 0vhblemrtnedidnudide ishe-1%.and Y of any ot her
carbon atom and (2) at |east one radionuclide of Sm 153, Gd-159, Ho- 166,
Lu-177, Ye 98 e ¥imposifids,of Slaith 1133 @ridrwhelein theefsdnmﬁlﬁglsé@ﬁ%m tionis
therapeutlcally effective. 25 2. The conposition of Claim1 wherein X and Y
are hydroge® dhelcemposition of Glaimrh 2. T enfydgichRafadignueidaistor’®®r C ai m 2, wherein
t he macrocyclic am noPhos honi ¢ acid has the st 30 Alferr] 40 :

wher ei n: subttne ﬁ‘é?ﬂ°§' ioq of a'"tf Artio"r e, “F‘ﬁfé‘fi‘éwa'gﬁtsl hydr ogen, a
hydr ocar Bon ‘{ ?{il com%\éént% in trjc(ajs.qéelfo% g ?tabl?eo Q)r Qc}mlr@fatio% to &n Q}%Si Werﬁnﬁm tl:j:j F']fosltlon
jol

formul a 45

ams a com x as clgimed in an e of the ceadin laums and wherein tﬁJ hc@ is
ﬁ“zf':'a:gaz?:' U B ] A 54 o oty
hydrbgrén msthy or ethyl and n' is 2 or 3, with the provi so .that at | east

two of sali d42)ith %ﬁaosﬁ.u,b%t iCHalhne Nl SwHefsinathB HafidAGENES! S B&saEEAFoRrth N pBseMfin ad Gmount
EP O 408 701 Rintaining at least 0.2 mCi per kilogram of ‘bodyCweidht offéaid animél. 4. The conposi tion
of Claim3 wherein the macrocyclic am nophosphonic acid is 1, 4,7, 10-

t et r aazacy chadme eaagositich, of any, dhe-of thé pacaeiing ylaiprseyhbres hedigare o cidignuglideamolar ratio is at
physi ol ogs cal llsasticcept abl e salt. 5. The conposition of any one of the
preceding cl ai ms wherein the radionuclide is Gd-159. 6. The composition of
Caiml, 2,18 Toe campesitionef flaimhts wheteingpriligriddte radignusfigermolps ratio is from 1:1 to 3:1.

15. The composition of Claim 13 wherein the ligand to radionuclide molar ratio is from 1:1 to 1.5:1.

30
16. A pharmaceutical formulation which comprises the composition as claimed in any one of Claims 1 to

10, together with a pharmaceuhcally acceptable carrier.

17. A pharmacsutical formulation of Claim 16 wherein the formulation having the complex and a buffer
35 present is frozen in a kit form, and which frozen formulation Is later thawed prior 1o use.

18. The use of a composition as claimed in Claim 1 in the preparation of a medicament for the therapeutic
treatment of an animal having one or more calcific tumor or bone pain.

" 40 19. A process for preparing a composition as claimed in Claim 1, which comprises reacting a radionuclide
of Sm-153, Gd-159, Ho-168, Lu-177, Y-90 or Yb-175 with the macrocyclic aminophosphonic acid as
defined in any one of the preceding claims, in water at a controlled pH.

20. The process of Claim 19 which comprises reacting 1.4,7,10-tetraazacyclododecane-1,4,7,10-
45 tetramethyienephosphonic acid or a physiologically acceptable sait with Sm-153, in water at a
controlled pH.

21. The process of Claim 19 for preparing a composition which comprises reacting 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetramethylenephosphonic acid or a physnologlcally acceptable salt with
50 Gd-159, in water at a controlled pH.

22. The process of Claim 19 for preparing a composition which comprises reacting 1.4,7,10-
tetraazacyclododecane-1,4,7,10-tetramethylenephosphonic acid or a physiologically acceptable salt with
Ho-166, in water at a controlled pH. '
55
23. The process of Claim 19 for preparing a composition which comprises reacting 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetramethylenephosphonic acid or a physiologically acceptable salt with
Lu-177, in water at a controlled pH.
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7. The conposition of aim1, 2, 3 or 4 wherein the radionuclide j

Lu-177. 10 8. The conposition of Caiml, 2, 3 or 4 wherein tm““j@luln““m“‘ '.
LT

radi onuclide is Yb-175. 9. The conposit.i f Claiml1, 2, 3 orl®
the radi onuclide is Ho-166. 10. T[%iﬁ#p@gi% on of Jaiml, 2, 3 or 4

wherein the radionuclide is Y-90. 15 11. A sterile conposition in dosage
form sui t 3plige f Qbce@dMB: NE@IRT ab1 BP drépafy ANEcdRHosHUACIWRIET doRiBride® MBARhG | MY, 10-
contai ns a G&ERaEytiodcieSdnsth AR J0-tohtaradityisnshosdhorid WRidlk 8 pRRioRGicAll, 8écaBtaidShit with
wher ein t he vbads, Gnweidriafifcdnbollpd ggent in the conposition dose in an anount
containing at |east 0.02 nC per kilogramof body weight of said aninmal. 20
12. The cegsmbsi pross aff Chimi Mo 1fbr virepadrign at b@npositiino which | @epiises deadsige M4m0 i S
present in aswrasscystiodecant-a.47i1 riptrartetiyisaedhodphéhicnaCld op e physiologicalin pecetatioshit with
wei ght of sate9. iameteedt a cdBrollddeHconposi ti on of any one of the preceding -
clainms wherein the ligand to radionuclide nolar ratio is at 26 | east
1:1. 14. e Kidenthesireduglion gfa comppsition 8s ¢lpimeddin anyt ane of Clgapd ta 1. eompridingrmeang|tor '
nol ar %t i o opréaififg, papgratply; &) macrecyclicsamingphosplnrisoasids Fagmpiey fas definem in Plalmdr #1dn2 t he
ligand to ra&fonrriidq iegslefinsf dp Glaimi b gueh fhap fey sejd macrecyslic) amiggphqsphonje acid and
phar maceut i COFAIHNPALS BIPAGIPIR UsdRrT desad fEmro8ifosi ti on as clai med in
any one Og‘l?_gnsif'ob eJml}o%m %onh?&ﬁ%%?gt?é\‘fé h a pharmaceutically acceptable

carrier15 arnacedti ca I mu 1on of Claim16 wherein the

Formul ati pn NAVIBG0! (Hepafi SrspedftdinPerBbtivl Eompss ich | teothstisbd BZdRRY Hifla 2
kit form am&i@cﬁﬁ ﬁ%’%ﬁm %yggia’i?amm %,i%%%ﬁ" oy oo ey UL
The use of ZnofeBRPS bhyRBiogSallf | BéctRBle | it hardof inetdih 8 Enittige® Bhd tph&¥Bndrdus Sare

medi cament firfidrconkiRtsli Bp bR EIRNEN 6r SubititddRIkYIend radiddl & e Tenuldavi Nng one or nore
cal Gifbc tunor or bone pain. 40 19. A process for preparing a conposition

as claimed in Caim1, which conprises reacting a radionuclide of Sm 153,
&d- 159, Ho-166, Lu-177, Y-90 or Yb-A75 with the macrocyclic am nophosphonic
acid as defined in any one of the pgreeeding clainms, in water at a
controlled pH 20. The process of ¢lalm
1,4,7, ¥-tetraazacycl ododecane- 1, ¢
acid or a physiologically acceptable Tal
controlled pH 21. The process of _
.which conprises reacting 1,4,7,10-
tetraazacycl ododecane-1, 4, 7, 10-t et ranet y?enephosphonic acid or a
physioﬁbgically acceptable salt with 50 &d- 159, in water at a

control | ed Ribeeig:Ac anliNeard nGEHB RGN hyéofHnThybibxft HarByE Bdsbiic For HOERA0A Fa8ials
whi ch conpr ingfgy HofPfb b&%ﬁaﬁn? anll%hysio%gically acceptable salts of the acid radicals; and n is 1-3,

t et r aazacy chaglthd Breiss hdt wher! niQ sdcf i AT LY |18 RRIRBAS B & irfereAtGiorh thd X 8nd Y of any
physi ob0gi Catnbrcatof @BMAWKNER2S# |Idastvdnb Radldaa St 882G @ 1599k0- PeeC QU7 OF-best YBH.
55 23. The pvscess of Caim19 for preparing a conposition which conprises
reacting 1,4,7,10- tetraazacycl ododecane-1, 4,7, 10-tetranet hyl enephosphoni c
aci d or a2 phyesprodesgofcidirh y whereie Xtanth i ered@tirbgeniabdin su- 177, in water at a
cont»ol l ed pH 19 EP 0 408 701 81 * C L M
S * 4 3.THbe preeseedfSlaim 10r Glpim 2| ghdrein the magragyclispminophespionic adidias\iiei sihcture
conprises reacting 1, 4,7, 10-

.tetraazacycl ododecane-1,4,7, 10t etr anet hyl enepf}‘osphoni-c acid or a

‘physi ol ogically acceptable salt tf;—¥bﬁ75/n water at a controlled pH
45 ) N N‘— )

| N N —
50 B/-L._.l o

wherein: substituents A, B, C 'and D are independently hydrogen, a hydrocarbon radical having from 1-8
carbon atoms, or a moiety of the formula :

19 which conprises reacting

5 {Bt r anet hyi enephosphoni c
with Sm 153, in water at a
ailm 9 for preparing a conposition

(11)

55
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5 25. The process of Claim 19 for preparing a conposition __
reacting 1,4,7,610- tetraazacycl ododecane-1, 4,7, 10-tetranet hymmmimﬂliﬁ l“l
acid or a physiologically accept ablfpég{,é.,dqié Y-90, in water

controlled pH 26. A kit for the production of a conmposition as clainmed in
any one of Clainms 1 to 10, conprising neans for to cont ai ni ng
separately a macrocyclic am nophosphonic acid conplex as defined in Claiml
and a radionuclidejfasydefined in Cairhl) such that the said magrocyclic
am nbphosphoni ¢ aci|X &nd radi onucl i de]y be nixed prior to u;ge to formthe
said conposition. ¢l hilms for the foll ¢winjg Contracting Statg: {E$ 15 1. A
process & or prep 473) Cﬂ@i{apeutlca-l—l-m PO3He conpegi t ldng '@H;process
conprises reacting|(L} a macrocyclic 1:7[ ophosphom c acid, XOlpt i ni ng

1,4,7,10-tetraazacycf gdodecane as thelrmpgrocyclic noiety, or} g
physi ol ogically acceptawl e salt theredf, |yherein the nitrogep ajpdn?
phosphor ous are |nterconnected by an aIkerne or substituted aIkerne

radi cal "of t&f smo ?"b i rlad | re nd§ é? i"“% q'?g“
i

f 1-8 ' lh g;pepviso
rgglmcal S; car §%B provi sogg% 8& ﬁg lé[’ch X and Y may be

the sang a& Grr d ttssserat t:tam efe “ﬁl. 3a$m her aGar oM 2% /M
with (2)5 at t&hte%ﬁlgcz‘élaﬁodéé’éﬂb QQ‘#Q 3 3s%%mni udjo';gnopj‘;fggg:@aﬁiy aaécUthb?J salt. V- 90

or Yb- 175. 2. The process of a| m 1 V\,herel n X and are hydrogen and n is
1. 40 3. 4 herhab@eeessf @ ofd ammpaecsmng@:aaﬁmr&emm@bdacwdbe appocyclic

am nophosphoni ¢ acid has the structure [err] 45

[er™¥ 5@ 6. The process of Claim 1, 2, 3 or 4 wherein the radjomuiclide isB@+163.n: substituents A, B,
C and D are independently hydrogen, a hydrocarbon radical having from1-8
car bon at ofys,The progessrofi Gaing 102, 3toh ¢ whasinrthe zadRuciide i§ &y-177. EP 0408701 BI

* C L M S * 6 [err] 10 or a physiologically acceptable
salt of su®h Thanprraesse ol Giaknda?. 3 onhwheseinthe yadioqucideds Mo-4%5¢ as defined in daim 1
or a2, X and Y' -are independently hydro met hyl or ethyl; and n' is
2 or 3, vm?hTf'?t@”‘f:ﬁ%@l@%’“t’t%ﬁ%fWP%%{%E{'ef%"'f?? e’s'?atl"?]’‘?ﬁsrtrogen substltuents is

o RS s o Eon o SRl S T 2 vherelr
I
Lﬁ;glaglz go;?/'gllaﬁfg gr%&%@ gf a]nﬁ%he ijt{? %f ?%TE'L"";{ a%&l mQIué) rfﬁ)tneo QE Cofqgrmulﬁ Q{‘
CI arp bfXoly weidht o
7

tt% com osntl n
}

clai ms V\here'c&nﬁ ﬂoJ&b@éﬂQHQan cdntain
2, 3 or 4 wherein the radionuclide 1S Sm 153. N The process o]

3 or 4 whe1®ithe pro€bss FtigAUE whél6in S radibndclide in Blosadé RmP s indn adodnt %nlamu% at 3
or 4 whey ei n idakt®.2 ACHpeikilédraml 6f body Wéight dtsaid2himd. The process of Claim1, 2, 3
or 4 wherein the radionuclide is Ho-166.
13. The process of any one of the preceding claims wherein the ligand to radionuclide molar ratio is at
least 1:1.
40 14. The process of Claim 13 wherein the ligand to radionuclide molar ratio is from 1:1 to 3:1.

15. The process of Claim 13 wherein the ligand to radionuclide molar ratio is from 1:1 to 1.5:1.

. 16. A process as claimed in any one of the preceding claims, wherain the composition also comprises a
45 pharmacsutically acceptable carrier.

17. A process as claimed in any one of the preceding claims, and including the steps of incorporating a
buffer into the composition, and freezing the composition in a kit form.

50 18. A process as claimed in any one of the preceding claims, whersin the reaction is catried out in water at
a controlled pH.

19. The process of Claim 18 which comprises reacting 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetramethylenephosphonic acid or a physiologically acceptable salt with Sm-153, in water at a
55 controlled pH.

20. The process of Claim 18, which comprises reacting 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetramethylenephosphonic acid or a physiologically acceptable salt with Gd-159, in water at a controlled

21



10. The process of Clai‘ns 1 2, *3 ore 4 wherein the radionuclide is Y-90. 30

11. The process of any one of the preceding clains, and includf

of. formul ati ng the conposition in _dosage faorm suitable for adnllmmmnllﬁm"”!"
to an animal, wherein the radi onuGFi%#8 @1 Rlesent in the conposftion dode °

in an anount containing at |east 0.02 nCl per kilogram of body wei ght of

said animal ., 12. The process of C aim 11 wherein the radionuclide in dosage
formis prespe'nt in an anount containing at 35 | east 0.2 nCi per

Ki | ogram gf, 1ho ol Wt cliin Si8i MR BBMprisel3 rebbiRg PT9F A6 Strdakaciibbodeas A 138
precedi Ng ChalabinyHBErRbehokitSeid briashgsididgichif Hoaipiabib sSHEniRPloabe, rdldid? ol ScotfollbEast
1:1. 4@ 14puThe process of Caim 13 wherein the |ligand to radionuclide

nolar ratiois froml:1 to 3:1. 15. The process of Caim 13 wherein the

| i gand t 022 adé Oproambs (e Cmimarigr adhich ednplised Mehdtihg t 04,1,1GteftaazdbGclodddeparASI0aS
clai ned i n aswgmethvdenephobdhenip ackt @ chi phgsiadgivallymccoptablp ealtwitiie-1T% impwrtar i aocontediied
conprises apib pharmaceutical |y acceptable carrier. 17. A process as
clainmee in any one of the preceding clains, and including the steps of
i.ncor por a3 rThe aPreress eaf Claimo 18h evhish nprmPrisas orpacting d1.4.7.teiraegacyginsiodasaned<h 4 10on
in a kit forgiemetyleneghosphonis aidars physiclqgigpliyeageapiabla sgit W LIFS: inweates et eniraied

e
clainms, whePHin the reaction is carried out in water at a controlled pH

19. The p 0GeSS of Claim. 18 which conprises reacti
1, 4,7, 0. $4o,1P, 70 °§ g:]g e dfte Mic ?"%&“t [g’;f‘?" fﬁ%%‘ 5 %ﬁg canel & 7% a
physi ol ogi c%" égéygé(s:%éﬁ gﬂ) rgc S‘Qf?r WP yﬁ‘b'gqﬁa% ,°°’? %B%wa é"(rrat g@ﬁ'aég' éﬁt a &rtted”
controll ed . 20. The process of Claim 18, which conprises reacting

1,4, 7, 10- 36etaid 3k HoYprdaDABR GG Rpdsititn 4s chlined ik bfyARE b di4iRS ¢ RIS RIHPRdING AshsioPr a
Phy$+0bOgi CabrdiainirdCseparbei!| £n§&b£,c|w drfindpRbsdroRic dcld MRk a8 ldefned G (Cisith 11€4ha2el

EP O 408 703}adRBAuciide as defined in Claim 1, such that the s#id maérocydic aninophosphbnic2dcid e
process of Cddwhettideliiay bathhigdd phi6H TP ideI@Brmi ha Gdid Edinposition.

1,4,7,10-tetraazacycl ododecane-1, 4, 7, 10- tetranet hyl enephosphonic acid or a
physi ol ogPatedtanspdicbept abl e salt with Ho-166, in water at a controlled 5

pH. 222 TPatentanspaiche fiif fajenderVertiggssidatani ATORE IGHs BE, FRCABIT, i) LU, NL, SE
1,4,7,10-tetraazacycl ododecane-1, 4,7, 10- tetranet hyl enephosphonic acid or a
physi ol ogl-cZisapmensetzivigawelshss ginen {ipmmex yofaBh.7der jayfwaish d} eine makioensliscis |1 19H.

10 23. The priewsyclagecamialsidip makpoyslipane ﬁi"E%‘rfgtF'P'seé%e Argiagphpspfnsdure oder ein physio-
L4, 70 o e T VNSO Tt e o
physi of%gi c 8PPy ereAyleaAde subgttvieion HkvipgreqtAsr Fampelat er at a controlled pH.
15 24. The process of Claim 18, which conprises reacting
1,4,7,10-tetraazacycl ododecane- 1, 4, ,%0- t et r amet hyl enephosphonic acid or a

physi ol ogically acceptable salt wifh ¥-90, in water at a controlled pH 25.
A kit for the production of a conppsitioh as clajpjred in any one of Clains 1
~to 10, conprising nmeans for 20 T ng sebﬂfately a macrocyclic

am nophosphoni ¢ acid conpl ex as de inqd fn CGaiml and a radionuclide as
defjned in daim1l, such that the gai crocyclic am nophosphonic acid and
radronucli de may be mixed prior to \usé t nf Orm the said conposition

Pat ent anspriche 26 PatentansprUche fU 'fol gende Vertragsstaaten: AT, BE,
CH DE, FR GB, IT, U LU N, SE 1. Zusamensetzung, wel che ei nen Konpl ex

~unfaft, der wesint weindtY gnabhingia goneininderc Yessprsiolre Hydioxy!-, Carkgxyl-, Phosphon- oder Kohlen-

wasserstoffreste mit 1 bis 18 Kohlenstoffatomen und physiologisch annehmbare Salze der S#urereste
sind und n = 1 - 3 ist, mit der MaBgabe da8, falis n > 1, jedes X und Y gleich oder verschieden sein

45 kann von dem X und Y irgendeines andersn Kohienstoffatoms, und (2) wenigstens ein Radionuklid von
Sm-153, Gd-159, Ho-166, Lu-177, Y-90 oder Yb-175, und wobei die erhaltene Zusammensetzung
therapeutisch wirksam ist.

2. Zusammensetzung nach Anspruch 1, worin X und Y Wasserstoff sind und n = 1 ist.
50
3. Zusammensetzung nach Anspruch 1 oder Anspruch 2, worin die makrocyclische Aminophosphonséure
die Struktur besitzt:
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Tet’ raazacycl odecan als di e rmakroéycli‘sche Einheit entha
Ani nophosphonsaure oder ein physio- |ogisch annehnbar es Sal z h Ilm mLm "“"III'
der, Stickstoff und Phosphor mitei na:}%eé Xﬁz&ulggen Si nd 30

Al kyl en- oder substituierten Al kyle ¢ rmel :

40 worin: X und Y unabhangi g vonei nander \Wasser stoff-, Hydr oxyl -

Car boxyl -, Phosphon- oder Kohl en- wasserstoffreste mt 1 bis 18

Kohl enst of f at omen und physi ol ogi ich annehnbare Salze der Saurereste sind
und n\&=1 - 3 Ist, nmt der I\/aIBgab%naﬁ,—La-l. 1, jedes X und Y gleich
oder verschl eden sein 45 kann em X{u Y |rgendel nes anderen

Kohl enstof fat ons, und (2) weni gstens.¥®in Radl KI | n Sm 153, Gd- 159,
Ho- 16B, Lu-177, Y-90 oder Yb-175, jund wobei die}ferhaltene Zusammenset zung

t herapeuti sch wirksamist. 2. Zus set zu nach Anspruch 1, worin X und
Y Wasserstoff sind und n = 1 ist. . Zus nset zung nach Anspruch 1
oder Anspruch 2, worin die makrocg |s he Am no sphonsaure di e Struktur

besl tzt: 85 22 EP 0 408 701 BI c L M S A
C LN N2 worin die Substituenten A, B, C ur nd D unabhan vonei nani der

sind: \Msser st¥iip diecSukstisnter MB<G upd D upabhing "?‘@af‘d sind! ?B%Tt%g'f‘d?f"ﬁ’fwﬁ?@ﬁ
oder el ne Ei nh%‘f“f"sﬂ’é'l“FBIKHQS?"S‘E@WBP"%HE‘E)FUE% a9 PP ni ert sind: )( und Y

unabhangl vonei nander \Wasserstoff, thhyl oder Ethyl sind und n' = 2 odor
3 ist, nm't der Maorgabe, da menlgstens di eser Stickstof f ubst dt uent en
el ne phosphorhaltige ppe sind. 30 4. amenset zung nach qu uch 3,
worin die makrocycli Am nophosphonsadré 1,4,7,1 O-Tetraa-

zacycl odecan-1, 4, 7 _1D-4 &t r hyl enphos S~Uu or physi

annehwbar,gs Sal z hie i§§6ﬁ5 Yusa tzugg Cﬁog%ﬁEHId r

vor her gehenden Anspr ﬁg , worn des Radi lid &d-i 59 Est.

Zusammenset ung nach ruch 1, 2, 3 od@ar , woni n des Radlonu it 1i 53

st. 7. Zusammensetrung dth Anspruch 1, 2, 'R odor 4, worin das Radl onuklld
Lu-i1177 ist. 40 8. Zusanmmensetzung nach Anspruch 1, 2, 3 oder 4, worm das
Radi onukizd Yhode7&n plusiologisch ZonshmbasescSalzsaioy oinescSiurarestes: werp: X, Y gnd nsmweﬁ"smuch‘
worin das RadieseUAfisPrct defigiert sindso< und)Y upsbBingigesasinenden Wassersioftiet gf' g Ethyl sin
3 oder 4, wori¥ddhs™ RagrepAurl M dgr daBgabe. daf yenigstens2wpi; 4'°e'*°'z§‘§5 Wg@geﬂmgeiqe
fUr die Appli kRtesriprhalide GEvara i er ge5| gnet er Dosierungsform worin die

A A R
C e

in el ner I\/Enge n'i1s i ogranm
Kor per gew cht & eses Tieres enthalt.

_ 5. Zusammenssetzung nach einem der vorhergehenden Anspriiche, worin das Radionuklid Gd-159 ist.
35 :
6. Zusammensetzung nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Sm-153 ist.

L 7. Zusammensetzung nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Lu-177 ist.

4 8. Zusammensetzung nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Yb-175 ist.
9. Zusammensetzung nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Ho-166 ist.

10. Zusammensetzung nach Anspnjch 1, 2, 3 oder 4, worin das Radionuklid Y-80 ist.
45 '
11. Sterile Zusammensetzung in fir die Applikation bei einem Tier geeigneter Dosierungsform, worin die

Zusammensetzung einen Komplex, wie in einem der vorhergehenden Anspriiche beansprucht, enthiit

und worin das Radionuklid in der Zusammensetzungsdosis in einer Menge vorhanden ist, welche

wenigstens 0,02 mCi pro Kilogramm K&rpergewicht dieses Tieres enthilt. '
50 o :

12. Zusammensetzung nach Anspruch 11, worin das Radionuklid in Dosierungsform in einer Menge

vorhanden ist, welche wenigstens 0,2 mCi pro Kilogramm K&rpergewicht dieses Tieres enthéit.

13. Zusammensstzung nach einem der vorhergehenden Ansprﬂche, worin das Molverhéltnis Ligand-zu-
55 Radionuklid wenigstens 1 : 1 ist.

14, Zusammensetzung nach Anspruch 13, worin das Molverhiltnis Ligand-zu-Radionuklid von 1 : 1 bis 3 :
1ist.
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12. Zusamenset zung nach Anspruch 11, worin das Radi onukl | din
Dosi erungsformin einer Menge vor handen I st, wel che weni gst egﬂ!ﬂ!ﬁ“mm‘“lm‘
Ki | ogr anm Kér per gewi cht di eses Tieres ent h~ It. 13. Zusammens

ei nem der vor her gehenden Anspr Uch&P Q408 ¥PIBS Mol ver hal tni s Ugand- zu- 55

Radi onukl id wenigstens 1 : 1 ist. 14. Zusammenset zung nach Anspruch 13,

worin das i%&pe?ﬁe&znﬁnéth Qﬁé}%cﬁ% a%jn' &Q%,vérﬁlaltxg gg;nd z;!l Rgﬁléhug\id vgnljl {sbis %g

L nsE
Zusahwensetzung nach Anspruch 13, worin das Mol verhaltnis

Li gand- zusgiasgibmiattilidche EQRuibrung, wilche die Fusammenbetzud wid h%fngﬁzoepkdsﬁu%% 1 bis 10

FOr Mul i 1 UNGroandfrhisHl Sudbintred it BINGR BRGZ4MEch héhmibBref TGRS, ANSPr Qche 1 bi s
10 5 beansprucht, zusammen mt ei nem pharmazeuti sch annehnbaren Trager

untfalt. 17.phEWasditsersl EormGIRRING QECHLANSRICANG, AR bicARGRGsthg, Walche\Bén Konthle? und
For mul i er unginenvelbheieskanPifieimpliesistU mdeiskr ngdfiorer@n Nistrrben snarliégnf vaei diasegéfetens i N
el ner gef r orfemasierkagt spiitar vor dep Anwending aviodlait wild.ese gef rorene Formul i erung
spat er iwor der Anwendung aufgetaut wird. 10 18. Verwendung einer
Zusanmens & Merwgndung esinien) Zpgaaynenrsiung, [yie ifis firsaeeh 1 hpanspieit. peirdst Episialitio cines
Ar znei i t t elAszpipyttels; T gin dherapeiisahe EbandiungspipRs TiRese Mpfeainen| Qe @enrerg dalkhidende
oder nehr er SURAPIEBY | KIRSHERSCHRARSP Batoder Knochenschrrerzen hat. 15 1
Ver f ahr en %UJ Herste Iun e| ner Zusarmensetzung .
“beanspruichf Yo SWBS EAnsply Lﬁ;ﬁgfgb%é T )
Gd- 159. Ho- etzu vo ";L 9 ?-1 mit

. ! l‘oc sc en Aml 0 e. Wi IIL v %l%ﬁééﬁ Lﬁ’ﬁ %’3 deflmert in .
Am nophosphqpgalft, ,}t " der vorherge enden”Anspr e rert, in
Wasser bei e| nem trof |erte H 20 20. Verfahren nach Anspruch 19, '

wel theg, dbg \)Jnﬁ,eénzfuagmsgn.cﬂné “Zaucﬂé; d€ U SAZRE Vén AL RATrdazdoydlodddart- £4,7, Rrtetra-
et hyl enphosiiigRASHISMoRERE oBbGifes [RYSHIcHsAD barenERIRCSHIRIS InfNSPaby ASwadsbr bei
Sm 153 in V\&ﬁ.s.arko.h@u.e@h@amhmm rollterten pHunfalt. 21. Verfahren nach
Anspruch 19 zur Herstellung ei ner Zusammenset zung, wel ches di e Urset zung
von 25 21, Medshrenlfdel dhspael &6 2ol Helsiailing binek, Zusdrimdnedtzungreweichbse dip Mospiaog sour e
oder ebkmes plyiiodeumrzagtiodacand 7 10heamethBarphasshonsiure(uiien §i9es physlalogissh dpeshm-
el nem kont r diaien Splzes -1 frVaser tpheineperontpgiean aasieBAnspruch 19 zur
Herstellu ei ner Zusarmenset zun wel ches di e Unset zung von

ﬁg msHE P es

ko t\4I:" 7l rng}efF d"pa;gt;g' °’§trei'"f‘%ﬁ'f‘%{ SP%%“T of ﬁ'"%g@é'fm%?ﬂ‘ 2onehey;
hysi ol ogi s - m
Eo%t IroI"‘T ?larté’ﬁ" gﬁqﬁrﬂ"goss%wﬁfé?'f a'l'ﬁ’"éﬁ' 'ﬂ?ﬁ? ° r"ﬂ‘@%j 19 zur Herstellung

ei ner Zus etz q (a[ns etzu
Anspru iner ense olches die Umsetzung vo
14,7, 10- TeEn gﬁéf b ﬂr % 3 E ﬁﬂm r%ua% G S e i 2
phy5| ol ogi sq)gmﬁ m[;q a,r,:gg, ﬂ

kontrolJerten p atE!I Ver ahren nac nspruch 19 zur Herstellung
ei ner ZUSWR&%ZM&Q Ané’bﬁ)cﬁh@szundH@rstumﬁ@Tsﬁé}nﬂjséfﬂﬂensetzung welches die Umsetzung von

1, 4, 7, 10- Tetilsr0daeisakapdssmd,«F,10.tb@mbhjidnpRopHoYS50RDEHAE BREY Iy EibIBgiQf GinndhimA €S
phySI _ol 0Qi S GareR BHIL3 Mit YBAUTE i Wikkher ®8i aiffein kiirofligrenipA k@S er bel  ei nem

kontrol | i erten pH unfaBt. 40 25. Verfahren nach Anspruch 19 zur

" Her st ekd u2fy Veifahean nécts Anspaiel 99 zunfersteliohg kieer Zisamrudmseiung nepiochemdie Umsetzung von

1. 4, 7, 10- Tetirda2deyaskasgaasacandl &7, 1P-tsbgmethylenphnsphopsdarepdrios pinemphysiclegisstl aannabimn e s
physi ol ogi s®hren Aeizasmit ol ie Wasser bebeinem tonyollpgen pH wfeBer bei ei nem
kontrollierten pH unfaft. 28. Kit zur Herstellung ei ner Zusamenset zun

Wi e in eifMitqur Haste anw fuwem@tzs%ﬂ% FUE’PR’" der Anspriiche 1 bis 10 beansprucht,

45 umfassend Mittel zur getrennten Aufbewahrung sines makrocyclischen Aminophosphonsiure-Komple-
xes, wie in Anspruch 1 definiert, und eines Radionuklids, wie in Anspruch 1 definiert, derart, daB diese
makrocyclische Aminophosphonséure und dieses Radionuklid vor der Anwendung zur Bildung dieser
Zusammensetzung vermischt werden kdnnen.

50 Patentanspriiche fiir folgenden Vertragsstaat : ES

1. Verfahren zur Herstellung einer therapeutisch wirksamen Zusammensetzung, wobsei das Verfahren die

Umsetzung umfaBt von (1) einer makrocyclischen, 1,4,7,10-Tetraazacyclodecan als die makrocyclische

Einheit enthaitenden Aminophosphons3ure oder eines physiologisch annehmbaren Salz hiervon, worin

55 der Stickstoff und Phosphor miteinander verbunden sind durch einen Alkylen- oder substituierten
Alkylenrest der Formel:
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46 unf assend Mttel zur getrennten Auf bewahrung ei nes makraocvcel i

Am nophosphonsaur e- Konpl e- xes, wie in Anspruch 1 definiert, i& %ﬁlﬂﬁ'{tﬂl“'

Radi onukl ids, wie in Anspruch 1 definiert erart, daB di ese

Ami nophosphon5| ure und di eses Radi GRUKMETYHT der Anwendung zur Bl | dung

di eser Zusammenset zung verm scht werden k6nnen.. 50 Patentanspr(che fUr

fol genden Vertragsstaat: ES 1. Verfahren zur Hersteliung m ner

t her apeuti sch wi rksanmen Zusanmenset zung, bei das Verfahren die Unsetzung

unf ast® von (1) einer makrocyclischeq, ? 417, 10- Tetraazacycl odecan als die

makrocycli sche Einheit enthaitendenjAmino hosphonﬁt)ure odor eines

physi ol ggi sch annehnbaren Sal z hi eryon, ron 55 der Stickstoff und

Phosphor nitei nander verbunden sindldurlch jei nen Al kyl en- oder

substituierten Al kylenrest der Formg : 24 1 1111111111112121212 11 111

Il EP O 408 701 BEl L c7 tl) 5" Iy 10 rn: X und Y unabhangig

vonei nander Wasserstoff-, Hydroxyl-, Carboxyl-, Phosphon- oder Kohl en-

wasserstoffreste mt 1 bis 18 Kohl enst of fat onen und physi ol ogi sch

annehnbar e Saicd® Xjund spapphiingig (vensinerder VMasperstoft-, Hydroxgh-) b°x¥h PthE‘P"NBHB éﬁ'&’“‘

daB, falls n“9“£"’%: §"‘)4 Bl 48 o “é\"f&‘P“Bﬁ Fd 9'@’19'3 Wcé Hj 'ﬁsﬂzaen‘i'f" ?%9;
I ad

und Y irgend inaad 5L - 3/t hﬁ’§ ren 8" versh seln

Radi onukl i d n" von Bte'?fa%"re ‘g‘"d
Ver f ahr &n nadh ﬁf'r'ls r’uch vvor’l ] X sserstoff SI nd und n = 1 ist.

Ver f ahren ﬂa%ﬁéﬁ%p‘ &cﬂi%u&qe@%ﬁqa& gem&p&ddmgghe_ pRkrocyclische

Ani nophosp onsgure esitzt

r I N vertdiren3fich Ansciaruch 1 oder Anspruch 2, worin die makrocyclische AminobhodfHohd3u@i dle
Sub’s{ﬂ t went eswékturBesitet: UNd D unabhangi g vonei nander sind: Wasserstoff, ein

Kohl enwasser- stoffrest mt 1 - 8 Kohl enstoffatorren oder e| ne Ei nhelt der

Fornmel 35 4,.0a C COOX PO3H2
oder -C OH n A ~¢~~~~n

n i 45 oder ein physiol ogi sch anrk\rrb res oI ch eines Saurerestes,
worin: ® Yund nwe in Anspruch 1 er ruch2def|n|ert sind; X und
Y' unabhangi g vonei nander Wasser gt of der (gghyl sind und n' = 2
oder 3 ist, mt der MaBgabe, daB jweni gstens z i dieser

Sti ckstof f substituenten el ne phos"'FTd? hal ti uppe sind. 50 4. Verfahren

nach An%jpr uch 3, worin die makr Ische lA hosphonsaure

1,4,7, 10-Tetraazacycl ode- can- 1 , 7, T6= arret yl enphosphonst ure oder ein
physi ol ogi sch annehnbares Sal z hi ervon ist. 5. Verfahre'n nach ei nem der

vor her gehend r kL - W A 6 KoL en
A B T e Pt

: 35

o X X X!
St ] ] |
0 (]: COQH ’ c PO3H2 oder o ' OH
i [ f
Y Y Y
n In i a’
45

oder ein physiologisch annehmbares Salz solch eines Sdursrestes, worin: X, Y und n wie in Anspruch 1
oder Anspruch 2 definiert sind; X' und Y' unabhéingig voneinander Wasserstoff, Methyl oder Ethyl sind
und n' = 2 oder 3 ist, mit der MaBgabe, daB wenigstens zwei dieser Stickstoffsubstituenten eine
phosphorhaltige Gruppe sind.
"50 .
4. Verfahren nach Anspruch 3, worin die makrocyclische Aminophosphonséure 1,4,7,10-Teiraazacyclode-
can-1,4,7,10-tetramethylenphosphons#ure oder ein physiologisch annehmbares Salz hiervon ist.

8. Verfahren nach einem der vorhergshenden Anspriiche, worin das Radionuklid Gd-159 ist.
5
8. Verfahren nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Sm-153 ist.

7. Verfahren nach Anspruch 1, 2, 3 oder 4, worin das Radionuklid Lu-177 ist.
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7. Verfahren nach Anspruch 1, 2,* 3 oder 4, worin das Radionuklid L“

ist. 25 EP 0 408 701 Bl o e | | ||||||“| |
Ver f ahren nach Anspruch 1, 2, 3 odE% 4 829{ 'bq das Radi onuklid e s %
9. Verfahren nach Anspruch 1, 2, 3 Jete , Worin das Radi onuklid Ho-166

ist. 5 10. Verfahren nach Anspruch 1, 2, 3 odor 4, worin das Radi onuklid

Y-90 ist. 8?'1Ver§ﬁlre; AdLh ARsphRR 7, £ 5 B84 Rdrin ey RRBRAEEIEB ihnspr Uche und
ei nschliefend die Stufe der Formulierung der Zusanmensetzung in flr die

Appl ikat i o) Qstanh RRMARigRIch 952 B 98& ewdan Fbemadpaxfionmeswar i n das Radl onukl i d
I n der Zusammenset zungsdosi s in einer Menge vorhanden ist, welche

weni gst ensieD véth@khach Anspruch pr D 3 lildr agwaimdad®edpaukicb V& ist di eses Ti eres
enthalt. 12. Verfahren nach Anspruch 11, worin das Radionukild in

Dosi er ungsfionerfahmen @kchesineiviedeg eorheygdhentide Anspeiche vl qinsehlighend distSiyie dey, FParmylierung, o
Ki | ogr anm K6peefusemwhnerisetzutd d dlis diy Aprillsatien bef Ainem Tiey gepignale Dogigpnaffonh HRi Btfem
der vor her geRediataldid Fusemeensajsyriapogis i ainsr Vienom yerhanpen ist, welche wenigstens 0,02 mGi

Li gand- u- Ragiiodflegamm Hompraevicht dipres Tieregenthdt: 14 vier f ahren nach Anspruch 13,
worin das Ml verhal tnis Ligand-zu-Radi onukl.id von 1: 1 bis 3: 1 ist. .20

15" Vor oo erie el ordlig Rt pibsioh i ofr oo Uhancst .

Li gand- zu- RalPEIRIIENEReRT §if MO PO Hfjiogramm KOrpgrapuight dipge: er?a ren nach ei nem der

h hepd . Wl bihBinldi LyaRd- jonu
vor her genepns %“rfaﬁrgﬁ gra%c%c;?n%g,n&g%rﬁsr o ARTERAL? GhdrHih ML B! haRd- ARRRdonuilg

phar rrazéutlsg' ; rage 5 17. Vertahren nach ei nem der

vor her gehenden nspr%ﬁ{é und einschlielend die Stufen der Ei ngabe eines
Puffers i ndigrhids AAETRRSRICR 48 GvoH Shs VbR yahtPAu-RAIBAIKNEEE @ 1 2 BRG :itnstei ner
Kit-Form 18. Verfahren nach einem der vorhergehenden AnsprUche, worin die
Reakt+0p i18. &R nitRiAnsHinith 13 kdhi daIMdvemEieNs LigahdlzwRaddigalidwob 1wit ibid. 1,530 ig9.
Ver fahren nach Anspruch 18, wel ches die Unsetzung von
1, 4, 7, 10- Tt Ve@ih@6 ywadhoditsera der Mpdhergehbiideh enspelicherprotiny die rfubampsneatzyng) weiteghiieginem
el nes physi obephseitiscranedtnibaner ird@alupméadt. i t Sm 153 | n WAsser bei einem
kontrollierten pH unfa~t. 35 20. Verfahren nach Anspruch 18, welches die
Unset zugsg o Nerlahwn Rach(inbest dep orhergphandercinspriighesing eingghlje@end glie Stufen der Eingabe eines
met hyl enphos piisrssia die ussmsiensatzyegsund réioesn G ZUSHNTRETRRAS BrSIRY TR i ¢t
&- gfgc;]f‘l&%;gh@gg,gcg 5T 2y bR o Sl 4 150 o626
1,4,7, 1%— Tet FY9'IgIGR P 8%’8’5&% A% 10-tetra- 40 net hyl enphosphonsaur e
oder eiftes Lol ogi,sch _ann : , ) | | 1084tREM

- ahean daehoAns rungg? fglieg Niie-Gthdotaingvdn 147, 166Rriddac Edn-1067 1084tR€
kontrolli e}gg)% E%ﬁf%;ur derge%re q:h\%rﬁbgﬂap nbihsdafer CdhizeS mit'6h-$53ER WhsBer bei

orl B ecan-1,4,7,1

Unset zung vog.ni'g' oﬂm LRARgacyclo O-tetra-
met hyl enphosp'honsaure oder el nes physi ol ogi sch annehnbaren Sal zes mt

Lu-177 b 20A58%dhrel SlactRnspruch 8, Welbhds QY Urdehauly YoRn 40t ourstraeBicyciakideanMen, 7, Bheten
nach ANnspr uchhethPlenphBdphidiagurél iofer Léiee tphibiibgléei annehmbaren Salzes mit Gd-159 in Wasser bei
1, 4,7, 10- Tet cnaw aswolioBdepaomtbsd, 7, 10-t et ra- net hyl enphosphonsaur e oder

ei nes physi ol ogi sch annehnbaren Sal zes mt Yb-175 in WAsser bei einem -
kont'rel | i ezt anariabidn inatraBtspruS01R delchisrdeatimssteungaedn 1% 19r et pazacyclodReancifsi 10t
Urset zumg vomehyldnphosbBoriSéure ader oaines | Rbviiclegisch) aanetmigapant 3aizeq mit Ho-166 in Wasser bel
met hyl enphos pivemsentrelierigeiebl vefafles physi ol ogi sch annehnbaren Sal zes nmit Y-90
I n Wasser bei einemkontrollierten pH unfaet. 5s 25 _Kit zur Her l.un
ei ner ZusatRmvadabren Jaeh Avgprach 1 aelbss "dﬂe?m?-ﬁgifﬁ he*4! ngaaffﬁyégmﬁﬁgﬁﬁgf
unf assend M {Telyienrhpsp %‘ls?'ﬁﬁ r‘?ﬁ‘n""ﬁﬁf%‘éﬁ%ﬂs G MR AR YL M Ehen
Ani noph&s phof28T FtRUgHSP gH umiatt.

23. Verfahren nach Anspruch 18, welches die Umsetzung von 1,4,7,10-Tetraazacyclodecan-1.4,7,10-tetra-
methylenphosphonsidure oder eines physiologisch annehmbaren Salzes mit Yb-175 in Wasser bei
sinem kontrollierten pH umfaBt.

50
24. Verfahren nach Anspruch 18, weiches die Umsetzung von 1,4,7,10-Tetraazacyclodecan-1,4,7,10-tetra-

methylénphosphonsiure oder eines physiologisch annehmbaren Salzes mit Y-80 in Wasser bei sinem
kontrollierten pH umfaBt.

55 25. Kit zur Herstellung einer Zusammensetzung, wie in einem der Ansprliiche 1 bis 10 beansprucht,
umfassend Mittel zur getrennten Aufbewahrung eines makrocyclischen Aminophosphonséure-Komple-
xes, wie in Anspruch 1 definiert, und eines Radionuklids, wie in Anspruch 1 definiert, derart, daB diese
makrocyclische Aminophosphons3ure und dieses Radionuklid vor der Anwendung zur Bildung dieser
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Xxes, wie in Anspruch 1-definiert, und eines Radionuklids, wie in
definiert, derart, daB di ese nmakrocyclische Am nophosphonsaur,gum@ﬂ\im&mml|“|
Radi onukl id vor der Anwendung zur Bildung di eser 26 EP O 4 i
Zusammenset zung ver ni scht wer den k6ERAAOBRGY&di cat | ons Revendi cati ons pour
| es Etets contractants sulvants: AT, BE, CH, DE, FR, G3, IT, Li, LU NL, SE
5 1. Conposi thﬁ’éamﬂ\%hse&ﬁ’@%ﬁ.{i&m%&ﬂmns.e’ qui contient: a) un acide

am nophosphoni que nacrocycl i que, comportant un cycle

1, 4, BA0- t Gidvartiatiyid 0dod~ca- ne en tant quo fragnment nmacrocyclique, ou un
sel physi ol RELAHIGIBRY pail FRERD tontctahts!stivams : AF, BE, 6A, i, PARSS, f, BIZQJ, LEse de
phosphorg 6tant relids par des radi caux al kyl dne, substituds ou non, de 10
fornmul e 15(4, 26mgteinsn dunebaihdne urlcdipleXe, lqBilodteatnt ent chacun, i nddpendanment,
un atome d' hydr4#gahneide bifingthosphchiday eHatrseiciRue, B pbodtiud codle P A.DSPEGSRzEMN Eodotsta-
radi cal hydr ocafeberiént qosipagmisatmiaceeyclique, @ it seinphgsicksyiqhemdnd aceeptakisUd"untelgacidelLies
aci de salifid deorfesgdiaxote het Sleophogphore citanh reliésc pa plea lvhdicawe tikyléne asubstitiés bulnod, de2 6
chaque Xmoet chalguwieY pouvant, quand n est sup6rieur a 1, Ore identiques
aux X et YIliUs a nWnporte quel autre atonme de carbone ou difflrents de
ces Xet Y, et b) au nolns un radi onucl 6i de choisi parm Sm1l 53, Gd-1 59,
Ho-1 66, Lu-1 77, Y-90 et Yb-1 75,214 conposition r6sultante pr 6sent ant une
efficaciti thé6rapeutique. 30 2. Co‘rrp sition conforme & | a_revendication 1,
dans laglfelle X et Y reprdsent @ges—at onmes d' hydr ogene(Iét n vaut 1. 3
Conmposition conforne & la revenflicatipn 1 ou 2, dans laquelle |'acide

am nophosphoni que macrocycli- gue Ere ente la structure suivante: 35 A

C 40r 45 dans |aquelle |les substiitBafts A B, C et D reprdsentent chacun,

i nd2péndgmrent, un atonme d' hydrov gbmé® un radlcal hydrocarbon4 conportant
de 1 8 atones de carbone, ou un fragment de formule 50 -C-,7a2 QU 27

I 1111111 1HI I | gadsl leduehd Klét ¥ kepldsordmnt Chadbh infBden&limnttint, WA atdtle d'FyABEEHR! u GlotiRd
salifie de fagaydiekys icarbogle huaBsphoniiué,aipt radidal hyd¥acarfor@t compériaatnde 1 @8 atomes de
definitions | ndiathase Su GA YEoupea adiddVsaliidi dxafagonphisidigiqdemert acbptable, le pivals @at1ans,
chacun, #ndepermbiaqwephst chagusa¥ goevatt hyadd @gdsh eupddeund [réve ddentifibh pheX @t Y liés 2
6t hyl e, et n' weiingerte qRel@utreGatomendescarbGmcaudidférpots dei cosof #tY, edeux desdits
substituants plkieymoiagun @eisnugifiderehsisppagmi Gime153 a5, ket Judidp dLoh¥ispifor es.

la composition résultante présentant une efficacité thérapeutique.

30 2. Composition conforme & la revendication 1, dans laquelle X et Y représentent des atomes d'hydrogéne
et nvaut 1.

3. Composition conforme 2 la revendication 1 ou 2, dans laquelie I'acide aminophosphonique macrocycli-
que présente la structure suivante:
35

AL C

]

—y N
= | | o

dans laquelle les substituants A, B, C et D représentent chacun, indépendamment, un atome d'hydro-
géne, un radical hydrocarboné comportant de 1 & 8 atomes de carbone, ou un fragment de formuie

50 :
X X X! :
i } {
-y C+—C0cE , (= F03%2 ou —_C = 0B
&5 \l] \I \[ }
I Y T
n o n'

27



5. 4. Corrp05|t|on conforns & | a‘revendication 3, dans |aquell )
am nophosphoni que macrocycli que est I "aci de G“J]“ﬂmlm‘“““””“l ,
1,4,7,10-t6traazacycl odod6cane-1, 4 10- tltranﬁthylbnephospho ums o+
de ses sels physi ol ogi quenent acce'%ﬂg b s. Composition conforns a

| " une des revendications pr ecedent es, dans Iaquelle |. e radi onucl ei de est

Gd- 159. 6. &gté?nf‘ac?&%faﬂ r&i@{ﬁg:l Fhysi %axg&lﬂh&ﬂta&%&a&e %, ¥ ePH afanu mtlons
| aquel I'e 10 Rt v ropldRAFRAE b i G SHRhARHS i
revendt cat | Qfhydroge &wn%roﬂem%tﬂya%eétm ben VRO bEARE i RSe hiad rZZm
Conposi ti on dasditk SuFugdts| placEsBiEHYd iaforlot @Bzot, siert deygréupeglarbspﬁosauel le Te

radl onucl ei de est Yb-175. 9. Conposition conforne a |la revendication 1,2,3
ou 4, dans. | Goeripeditior chiforimadi @ nevehdidathe & SfansHaqublietl'acidd) arhidophbphgnifb triabmcyclique
confornme a leat Iaidenich, T wtétanzatyclododéSaned,442,10-tkiraséthyddnephbspborliqpe readiuo riacdee isele
est Y-90. 1lphysidogmoendnt ancemdbiesi | e sous forme posol ogi que convenabl e pour
8tre admnistr~e & un aninmal, la conposi- tion contenant un conpl exe d~fl ni
dans | '"ung& disopesitio coifaree iddiure gas~eventiqatiang prégddentes, densi lesvelle| I radienusi§ide gst Gd-
trouvant, da® |a dose de conposition, en une quantit6 correspondant h une
activite d au moins 0,02 nC par kil ogramme de poids corporel dudlt ani mal .

12. Conpo&i t$oBReL iR FHVarEe & 1 'a"ef"é%?ftﬂ %1?‘1 bﬂaffiaqqu'a#’sraq"%{wwq et Prg-183

Corr e fonartemRoth S RISt Fe N7 JetetiE e Ao RO D o1 s 30
cor por el gudi o p%nforf.;a.@gm&e&hm%amg{sr%u ol G888 &£ YPAL cat i ons

prec~dent €s, aque 978 rapport aire i gand au radl onucl dl de

vaut au npi rb%mi:és?tron Shiotte ai;qm%éamam S, 9£r{§‘i‘aqﬁeﬂla‘rb é&&fﬁ&dh&éﬁ HQWeel 3, dans
| aqitef g Te rapport nolaire du |igand au radi onucliw de vaut de 1/1 & 3/1.

15.  Conpod. tGomMPoshidR EatidiRe &\al ravehd@daBett, 2.8 duos) dehd 1aqGke %o rhdidhu@didelest ©9¢.appor t
nolaire du ligand au radi onucl 6i- de vaut de 1/1 a 1,5/1. 40 16.

For mul at i on qolhposas ewdie e fapdé paoibgiguertbnveinbleGouries iadmitistrée Arninanimel, I cbmposie
des revendi diat coteparkt va cdBplexecdéfin idadsclivee tlesarewndicationsaindcédentes.aet de ptiiatpiciide 1Ige
phar maes e. Ypuvaitodans landdse de pbropositione en Lepu@attitinéoprespendant] 2nunecagtivité] idien rrioos 0,08,
dans | aquel InCt par kilggrammerre roisls eespase! dydit apimal 5 un agent tanpon et qui est
congel 6e, dans un necessaire, la fornmulation congele 6tant ult~rieurenent
degel ~e alarfiomgosition goniqring Ias'%ée"e'ﬂﬁ'a‘“Eﬂﬁ | s fpavale lecradipnyelpitg smtrouve, feRs aforee | o
revendi cat i BRSPS, AR UneAUBTIE RArERPPNIAN & U1 2% X2y Moifs Odard prrddiogrpmme.fleraida
t h6r ap&Ut i qt?@'pﬁ“"'lﬂ‘fd'h?ﬂ"??érl souffrant d' une ou de plusieurs tumeurs

gg‘lrrglofs: talnofljl %gﬁﬁ?sﬁlon co%or %d?ulf'lllg(F Ei@ig ?e%?n jcal OTS p%ﬁéidgrqtgsc %gn% |Qe |Per|e R‘Qp{p@% én%Pa Une
r~agir un radronuclti olsi parm Sm 153, d- 159 Ho 166 Lu-177, Y-90
et Yb- 17544, Bbfbostin @&n‘fd?’rﬁe 8 @%&%W@H%%qﬂaﬁ ﬁé)& | nfbikfre G@Maﬂ& a&'f%@.ﬁndcté#ne
des revendi ¢glaeBs 1 RE@FODeNt es, dens de |'eau et un pH r~gl
Proced6 de preparatlon d' une conposition, conf orrre ala revendl catlon 19
qui’, COWDO'W. @ompositivh torftPmé Aild evendiddlibn’ 13] Qarls'laGéld @ rapport molaire du ligand au radionucléi-

1, 47 10- t 6ideaazacychagad6bcane- 1, 4, 7, 10-t et r anet hyl Anephosphoni que, ou |
de ses«28 C L S EP 0 408 701 Bi sels physiol ogi quenent

accept abl s FounpiationchharBrarebE@ie qdiagestieritunb 'compesition eontarme?-'une géserevendications 1 4 10,
conjointement avec un véhicule acceptable en pharmacie.

17. Formulation pharmacsutique conforme 2 la revendication 16, dans laquelle se trouvent le complexe et
45 un agent tampon et qui est congelée, dans un nécessaire, la formulation congelée étant ulténeurement
dégelée avant d'stre utilisée.

18. Emploi d'une composition, conforme 3 la revendication 1, dans la préparation d'un médicament destiné
au traitement thérapeutique d'un animal souffrant d'une ou de plusieurs tumeurs calcifiantes ou
§0 douleurs osseuses.

19. Procédé de préparation d'une composition conforme & Ia revendication 1, qui comporte le fait de faire

réagir un radionucléide, choisi parmi Sm-153, Gd-159, Ho-166, Lu-177, Y-80 et Yb-175, avec un acide

} aminophosphonigue macrocyclique défini dans I'une des revendications précédentes, dans de l'eau et
55 2 un pH réglé.

20. Procédé de préparation d'une composition, conforme 2 la revendication 19, qui comporte le fait de faire
réagir de l'acide 1,4,7,10-tétraazacyclododécane-1,4,7,10-tétraméthylénephosphonique, ou l'un de ses
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21° Pr dcede de preparat+ion d' une conposition, confornme a la rgg ﬂ\ m
19, qui conporte le fait de faire reagir de |'acide ﬂm“ m “Hm!“\!“
1, 4,7, 10-tetraazacycl ododecane- 1, 4, 7, 10- t et r anbt hyl enephosphonrque, 'ou 'l ' un

de ses 5 sel s” physi ol ogi quenmentER@ 4@hTUHBLs, avec du Gd- 159, dans de
|"eau et a un pHregle. 22. Procdd6 de preparation d' une conposition,

conforme & la revendjcation 19 | CcO te.le- fal faire.rdagir de

| " aci de 1,4, 7,%8 ‘ésf°i°§'ﬁﬁeé'b°{}t(ﬁ°8‘%%agy%g‘r'leecigﬁgﬂ’, 1%31%'1{ %tllregﬂﬁtéﬁelpgﬁee%éﬁosphoni que,
SOV A 531,%.5“9 sma-oreﬁ&%w@ a5 Svendiohfin @Uou bl 10 A28 il6
|"eau et a un I 5eql 04 j‘ 7 4026 traazdd &dﬁd SnePll SR E aln@iy! eEib;Spﬂéﬁ!Gﬂ%Q&!l FnOd®, ses

conforme & | a LEVeNdGildidit abdeptaids, 262 al18s, ld8nsf Rirbauda LR bR Bglécagi r de

| *acide 1, 4,7, 1606t raazacycl oé)odecane- 1,4,7,10-tetranbt hyl enephosphoni que,
ou |'un de $£5p5@kS dPhrsekAbPGirdLeRBdRiiorn 66hRih@ b laasvendicstsh 18iqui conpdis lo dtkitrds faife
| eau et & un BigirOlaBide i1,87,1R6traaRicoaRBsca®- Tt B0étaMShyléréphasghotiquep 0 I'dni denses

conforme A | a der\physhiogatsntant dcBeptatylas, acemrriodiot186, Idensfdail'eauckb d bimbhl efglé6agi r de

| " aci de 394,7,10-tetraazacyc|ododecane-1,4,7,10-tetranﬁthy|enephosPhqnigue,
ou |'un de 2BsPresbédpprymraibodingrempostion cenéqynab lasavendication 1§yavippmpprs fe daif de fairg
| ' eau et a un mpagirddglacide 25.7,1PiEtradeiyclotiodd p@p%r’r-btf’rteiﬁf{ﬁthwﬂypmwgw o Phfun de ses

conforme a | a selswhyaiblogigueneant acoeptablep. axeg Ayl &7 densyds f'qau gba pnuph &alsg reagi r
174, 7" 0.8 @t Poeted 4 e e composten e iy i 19 ymesrnle o,
I e éﬁ%ﬂ?‘ﬁaﬁﬁﬂ%ﬁ?ﬁ:@g%g;%‘?ﬁiﬁa%ﬁ cra o Lt ooty
un pH regle. 2%8'S PREIRIIGHTPD FERRO1E X CEUCTT 8- Q' Une conposi ti'on conforne a
3 une des r‘i’yeﬂgééa%ﬁ Ef&arzgti n durbLomESHBR Loridthe 8 BSreveRGitdibrErdl qui ESMHORSRMMit de faire

sdpavdment un agfde @ qé;g?g‘?&{i DL HEoRREALCY £ 0 Bikhé@MbAeBhospnique, ol RéilSdd fes

revendi cation ek dtibgloBéthdAlAeARAns, &S duv-000@ns dé Peali eMelHiHCRGIE.ON 1, de
fagon que |'on puisse nel anger |'aci de am nophosphoni que macrocyclique et

| e radi onuclgi QReaYiRN bodr ' 1€ Hddattion (IUAS dopdstibn Icardérine iC BuNpOddst levamdications 1 2 10,
Revend! cat t onScoppbrant ddst dtipieetdntndnd sépassrientamt acide SmBOpHbspheniguecti@:ragclique défini
preparati®sn d' dsne laCcevgnaisitibn oret qu radjoowsia eléfinh dansda revéndisation dy dgpigen eped’on puisse
| oquel pr oc~ddméempr Bride laminbpliosphdaiqueamaceocyaliaugi 9t I yadipnucifide gavant I'emplol, pour former
am nophosphoni lgdite compasiioycl i que, conportant un cycle :
1,4,7,10-tetraazacycl odod6ca- ne en tant que fragnment macrocyclique, ou un
sel physi ol Ggrendications nour ERtet-pontaciant sulvant 1 ER ge | es 35 at ones

d' azote eP de hosghore etant relies par des r

di X.. [ b [
ou non, de f10r ‘fé@ éj%"préparatlon d'une composition qui posséade'u%g‘ Lalu)étlv?é ﬁr\éﬁ\genugguﬁz %?g.e?q Iupe#%g
C

X et Y represefEHY ﬂ{:‘lfrfai"’l'ﬁ finen o Qi F5 P AR 0z ddloi o qécRE
nydroxyl e, car bl &RE S ﬁ‘gﬁ%ﬁf gfﬁﬁﬁﬁaaﬁ%ﬁ?iﬁwm i s, el
1 a 8 atoges de %:(z\es d'azote it 'd8 PAGsphdts ariilt BREAUDE deé irddftad@bikyidng, SiBsthi88 QD non, de
B

physi ol ogl'quenen}adeceptable, et 'n vaut de 1 a 3, chaque X et chaque Y

pouvant, quand n est superieur a 1, 8tre identiques aux X et Y lids a
n"inporte quel autre atonme de carbpne qu diff6rents de ces X et Y, avec b)
au nmeihs un radi onucl ei de choi si garﬁiﬁ\;ml 53, G&d-i 59, Ho-1 66, Lu-1 77,

Y-90 et Yh-1 75, la conposition rgsulitafte présentant une efficacite
t hérapeutique. 55 2. Procede con p &la revendicationypl, dans |equel X
et Y reprdsentent des atones d' hy rog\en et n vaut 1. 29 *C L M S
EP0408701 Bl ' '

v -

45 .

dans laquelle X et Y représentent chacun, indépendamment, un atome d'hydrogéne, un groupe
hydroxyle, carboxyle ou phosphonique, un radical hydrocarboné comportant de 1 2 8 atomes de
50 carbone, ou un groupe acide salifi¢ de fagon physiologiquement acceptable, et n vaut de 1 a 3,
chaque X et chaque Y pouvant, quand n est supérieur 2 1, &tre identiques aux X et Y liés &
n'importe quel autre atome de carbone ou différents de ces X et Y, avec
b) au moins un radionucléide choisi parmi Sm-153, Gd-159, Ho-1686, Lu-177, Y-80 et Yb-175,
la composition résultante présentant une efficacité thérapeutique.

66 _ . : .
2. Procédé conforme 2 la revendication 1, dans lequel X et Y représentent des atomes d'hydrogéne et n

vaut 1.
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3. Proced4 conforme | 1a revendicati'on 1 ou 2, dans quuel
am nophosphoni que macrocyclique presente | a structure L‘ im“ ﬂ“““ll‘“‘m
C{ hl N m it

s ] ~~I 15 dans FB@® 97)81 Bds substituants A, B. Cet D
repr 6sentent chacun, independament, un atonme d' hydro- gene, un radical

P g(r:l In(jfgr gcoiinePnggeIIiB %It’)rt\fc?'rrr}\te édla rg'vendlcauon § gans ?e%ug? ggc?de ﬁh %s@oﬁi%ﬂﬁg o%gchglbe un
tel fragment PEE"E EXFYPie de fagon physiol ogi quenent acceptable, X, Y at n
ayant les definitions indiqudes dans la revendlcation 1 ou 2, X et Y

represe'gt ant chacun, indepgpdamrent, un atq;rre 30 d’ hydrogene ou un
groupe nethyle ou ethyle, et E-H:m— 2 3, sous reserve qu'au noi ns deux
desdits substituants places s es at s d' azote sol ent _des groupes

phosphords. 4. Procdcl confoeaeA |a N dication 3, darfdD equel | acide
am nophosphoni que macrocyclijgue est | aci d

1,4,7, 1 t6tra-azacycl o- dod~apne-1, 4 7 et ranot hyl bnephosphoni que ou I
de ses sels phy- 35 si ol o‘gﬁ ccept ables. 5. Proc~d4 conforne a
l une des revendi cations pr eg=eeny es, s™Ntequel |e radionucl ei de est

&d- 159. 6. Proc~d4 conforrre & la evend| catlon 1, 2, 3 ou 4, dans quuel Ie
radi onucl eide est Sm1 53. 40 7. P oc6dd .con 45 endi ca ,h -

3 ou 4, ’5dansd$'t§d?.9§?"°l'§ %“%‘?“8’?12 Cg 'E?;"éf;lﬁ‘teitﬁzc“g n tedeld # % P
revendi cat | ofenp; unyadiogl hydrogarbeps campogant ¢ 1 A B Sfomgp o?lﬁaétfone e Yeste

9. Proc~d6 conforrre & la revendication 1, 2, 3 ou 4, dans quuel | e

radi onucl ~i de est -166. 10. Procd 6 forrre & la revendifgati on 1,2,3 ou
4, daﬁs J equel le rpgijonuci di de est Y- 11. Proc~dd confof k& "une des
revendi cations precedent es, conprenant L|n et-ape consistant{d f rrrul er 50

| a conposition sousl f posol odigye conFesmd| eopour ICe—add&E ni st r 6e
& un animal, le rad) cI~|d’e se' trouv nt dans Ia dose de ¢dmppsition, en
une quantit6 corres ant a une activi t-e d' au noins 0, 02 iY tppar
kil ogr apgre de poi ds \cofporel dudit aningl.| 12. Procddé confdrnel &% a
revendi cati on 11, dans'I®quel |e radionucl (—ﬂde se trouve, dans la forns s5
posol ogi que, en une quantite correspondant & une activit4 d au moins 0,2
MO par Ki | oge amiektramepicicide seiié garlagan RIuRIRIqgiaueMmeshAccepighle, X, Y ot n ayant les définitions
111111111111 ¥iaées dans) ) prepdicafipn o Zp et YygPréggmtans chacun, indpendamment, un atome,
L @ 13. dbydseadne ov 4REHRR metVIe ou SHhe. otel SR 2o B PRus BB QU O fEEIS
| equel |e rappiit s“HﬁF”é‘F‘F Blagfs st g3 A 7281&3‘3?“5 P AR AT au”

au m)l ns 1/1. 14.

Proced6 copf endi cat i on 3113 L, EABRQe maTReRiG QV
1 gand o i qicz L) “.g"r,;z:*:::;ma e il Mo el
revendi catl oglo l ort I gand au r adi onucl di d

vaut de®i/1 & rocede conforms & I'une des revendi cations
precedent eg, P%ﬁtﬁ Joﬂ&’rh%'é |‘uﬁe G TROickiioRS prd QIABIE 8bnd 18§ 6l leUitionadMidalsEGd-159.
accept abl e en pharnaci e. Proced6 confornms & | une des revendi cations
pr 6 cuefent €&, PFHéédé%ﬁiWetaea Peeéhdeitaﬁ &2, G 011 8, dahsiibdueide rafiioncidtds est SA15agent
tanmpon gans | a conposition et a congeier |a conposition en |a nmettant sous
fornms 15 7. Pebcédé confere®dh regendication 1, 2, 3 ou 4, dans lequel le radionuciéide est Lu-177.

8. Procédé conforme & la revendication 1, 2, 3 ou 4, dans leque! le radionucléide est Yb-175.
4 9. Procédé conforme 2 la revendication 1, 2, 3 ou 4, dans lequel le radionucléide est Ho-166.
10. Procédé conforme 2 la revendication 1,2,3 ou 4, dans lequel le radionucléide est Y-90.
11. Procédé conforme 2 I'une des revendications précédentes, comprenant une étape consistant a formuler
50 la composition sous une forme posologique convenable pour étre administrée & un animal, le
radionucléide se trouvant, dans la dose de composition, en une quantité correspondant & une activité

d'au moins 0,02 mCi par kilogramme de poids corporel dudit animal.

" 42, Procédé conforme 2 la revendication 11, dans lequel le radionucléide se trouve, dans la forme
ss  posologique, en une quantité correspondant 3 une activité d'au moins 0,2 mCi par kilogramme de poids
corporel dudit animal. .
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18 Procede conforms &'l Pune des revéndications precedent es

effectue |la r6action dans de |'eau et & un pHr~gl. 20 13'“@1 Emnmjhl“r
conforme & la revendication 18, qui ort _/ée fait de f *
|"acide 1,4,7,10- t6traazacycl odod6cE§n%

0-t~t r'am—t hyI bnephosphonl gque, ou Pun de ses sel s physi ol ogi quenent

accept abl €5 yq PaGadibnidhiel g 42 BveBiodiGR brétbadhot ol TodyBb Fappctfimoile 4 Tgla au
conforme a ia L&k ec\g{,tlagr,hoig,mqw conporte Je falt alre reagir

| ' acide 1,4,7,10- 26 t6traazacycl ododecane- 1,4,7,1

0- t dt r andt hy& bia&@&p&ﬂlam Hlid PoverditationU B, difs BRI 18 edpsorp:halﬁ.iecducn ndl 46 PIBhucléide vaut

accept ablses, agag@ ¥hin.Gd- 1i 59, dans de |'eau et a un pHr~gld. 21. Proc6de

conforms a |l a revendication 18, qui conporte le fait de faire r6agir de

| * aci de 1, 418l ,Plddédé conforme 2 la revendication 13, dans lequel le rapport molaire du ligand au radionuciéide vaut

tetraazacycl odieddcan®t.1, 4, 7, 10-t et r am-t hyl bnephosphoni que, ou |lun de ses

sel s physi ol ogi quenent 30 accept abl es, avec du Ho- 166, dans de |eau et

A un pH reght Preegdé qnigmeds'une désopyepdicatipng présédenias. ciansi lemeliecorra?a$'t'°e@ﬂ'pmndew%

fait de faire Ypvéflifule ageeriabip ppjehaimagioy 10.

tetraazacyclocod cane- 1 4.7, 10- tItraneth bne hosphoni u J'un de ses

sel s physi of og ‘g‘g@n@ %fﬁ%ﬁ%{ °"° %’ 'gf B‘g?f’é’ % °t%? ?J"%'F'

pH regl d,, 36 ZETERGL M O ag?°r"§°=af'308héd?°eaﬁ T °T8°3"8l} &fﬁm‘fes e

fait de faire reag (5el'aC|de14710-

tetraaz aCyC#@%@&a&ﬁran % 1 JQeé@JeE@éEﬂBJ@H&EH%HQQ%%Q uglbg offGtholia (4BcHEIE dan€ So

sel s physl ol O%QI%H‘%H‘EH&E accept abl es, avec 175, dans de

|"eau et a un pH ré6gl 0 24. Proced6 conforme b Ia revendication 18, qui
1t e2d e1d Phrdcsdbecdnfhrhe 2118 aGleRdidfion! 18 GLIdEmborde 16, i de faire réagir de I'acide 1,4,7,10-

t ht raazacycl ocsdeadiBdobsdand-1,4,7Fe-tstrdmaiathéphbspReiiie,SENMNN dilisss RIS physidlogitRemé®

sel s physi ol ogtagpiebienbvea ac Spt1ak lderss, dedvarcst Hun pH gis. dans de | ' eau et a un pH

regl 6. 25. Necessaire pour |a production d' une conposition preparee

conf or meneneo. Frdcédéneonidaee k de eevendicatianotis qii cbfporte leafait Mo faenmdagirt dentf'acilie st 4.7,10-

reci pi enes comtiterrasyclod@ifconeitd id O-téharedtividosnindphaisio sphtimi dpugssmatsrrigsiaidgiageraent

definl dans | acqee%@?ﬁda\eaﬁv 66159, dans gp l'eati @t HYLRH p'de defini dans | a

revendi cati on 1 de fagon ue | ' on pUI sse mel anger Iac de am nophosphon|1%ue

6dé .c i fai
macr ocycl i e e Wf&ﬁ?%ﬁ ap ‘“éﬁ'ﬁ? P 7t gl fe, fRcide 1
corrpos?/t i on %%P y. dodecane-1 471 -tétramé%ﬁénephosp orﬁﬂ que, n de ses sels physlologlquement
' 30 .' acceptables, avec du Ho-166, dans de I'eau et 2 un pH réglé.

22. Procédé conforme 2 la revendication 18, qui comporie le fait de faire réagir de I'acide 1,4,7,10-
tétraazacyclododécane-1,4,7,10-tétframéthylénephosphonique, ou 'un de ses sels physiologiquement
acceptables, avec du Lu-177, dans de I'eau et & un pH réglé.
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23. Procédé conforme 2 la revendication 18, qui comporte le fait de faire réagir de I'acide 1,4,7,10-
tétraazacyclododécane-1,4,7,10-tétraméthyidnephosphonique, ou I'un de ses sels physiologiquement
acceptables, avec du Yb-175, dans de I'eau et & un pH régié. : :

40 24. Procédé conforme 2 la revendication 18, qui comporte le fait de faire réagir de l'acide 1,4,7,10-
tétraazacyclododécane-1,4,7,10-t8traméthyldnephosphonique, ou l'un de ses sels physiologiquement
acceptables, avec du Y-90, dans de 'eau et & un pH réglé.

25. Nécessaire pour la production d’une composition préparée conformément & I'une des revendications 1
45 a 10, comportant des récipients contenant séparément un acide aminophosphonique macrocyclique
défini dans la revendication 1 et un radionucléide défini dans la revendication 1, de fagon que I'on
puisse mélanger l'acide aminophosphonique macrocyclique et le radionuciéide avant I'emploi, pour
former ladite composition.
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