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This invention concerns compositlions, and a method
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Metal ligand complexes are routinely used for medi ohimum com-
plexes {gadolinium-diethylenetriaminepentaacetic acid, Gd DTPA) are used to enhance the quality of
magnetic resonance imaging. Gd-OTPA has been utilized in studying abnormalities of the gastrointestinal
tract, fiver, and kidneys as well as visualizing heart infarcts. [See 1. K. Adzaml., JNuciMed. 32, 139 (1989).]

" ‘When radioactive. metal jons are used, diagnostic imaging or therapy can be the end objective- *Thus' $3mTe,
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a pure gamma emitter, in the form of a metal ligand complex is routinely used as a diagnostic agent. In
soms cases, such as the use of ®™Tc-DTPA, injection of the complex into the bloodsiream does not result
in the radionuclide localizing in any tissue. Instead, the radionuclide is eliminated from the body by the
kidneys into the urine. In other cases, the radionuclide does localize in desired specific organs or tissues.
Thus specific %™ Tc-phosphonic acid complexes localize in bone [Radiclogy 149, 823-828 (1983)] and one
of the uses of #*T¢-phosphonic acid complexes is the detection of calcific tumors,

More- recently, similar chemisiry has been used fo deliver particle emitting radionuclides to calcific
tumors. The aim of these agents is to deliver a tharapeutic radiation dose to the site of the tumor. This type
of agent takes advantage of fast bone turnover for its localization. Thus Deutsch et al. [Radiology 166, 501-
507 (1988)] have proposed a rheniumdiphosphonate for the treatment of bone cancers and Simon et al. (U.
S. Patent 4,898,724) have taught the use of rare earth radionuclides with aminophosphonic acids towards
the same objective.

The specific delivery of matals to soft tissue (i.e. non-calcific) tumorg has also been an objectwe for
sciontists. Anghilery in Nuklearmedizin 23, 9-14 (1984) describes the dilficulty in achieving this objective
when he states that "there are no fundamental qualitative dillerences in tho structural, biochemical and
functional characleristics of a iumor compared to the normal cell.” With the advent of monocional
antibodies, a plethora of aclivity has emerged using these proteins to deliver radionuclides to soft tissue
tumors [eg. A. R. Fritzberg ot al., Pharm.Res. 5(6), 325 (1988)]. Bifunctional chelaling agents were
developed lo bind the metal ions to the monoclonal antibody through a chelafing agent {the metal-ligand-
antibody moiety is termed a "conjugate”) and many such conjugates have emerged. Some conjugates use
gamma emitlers such as **"Tc or *'In for imaging (sée for example U.S. Patents 4,454,108, 3,994,966,
4,662,420 and 4,479,930); ‘and others propose a conjugate with parlicle emmiters uth as $7Cu [see for
example J. C. Roberts et al., Appl Rad.fsotopes 40(8), 775 (1988)] or 2°Y [see for example J, NuciMed.

- 2B(5), 503 (1985)] for therapy. )t was believed that the use of the conjugates provided the answer to the sile
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Specific delivery of a radioactive metal ion to soft tissue tumors. However, in the practice of the use of these
conjugates a series of problems has been observed. For example, problems have been noted involving the
fragile nature of the antibody, the slow clearance of the radioactivity from the blood stream, the uptake of
radioactivity in non-target tissues such as lwer and kidney, and the potential of an immune response of the
patient to the injected protein.

Ancther approach to delivering metals to soft tissus tumors is by means of a metal ligand complex.

. Although this approach has not been pursued in the recent literature, it has received extensive atlenhon in
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earlier litgrature, The recognition by Andrews et al. in Radiology 61, 570-598 (1953) that Ga ‘3 had a
tendency to localize in soft tissue tumors led to the development of $7Ga-citrate as a tumor imaging agent
[R. L. Hayes, IntJ.NuclMed.Biol, 10(4), 257-251 (1983)). Although ®?Ga-citrale is presenily used for
detecting abscesses more than for tumor diagnosis, many clinicians prefer to use it aver the monoclonal
antibody conjugates for diagnosis. Even though ‘7Ga-catrale'|s widely used, it has various disadvantages.
For example, the rate of blood clearance is slow so that images are taken as much as 48 hours post
injection with 87 Ga-citrate [ses Int.J, ApplNuciMed.Biof. 8, 243-255 (1984)}. In addition, high uptake of the
7 Ga-citrate in non-target tissues make images difficult to interprel [see Curr.Concepts in Diagn, Nucl.Med.
1(4), 3-12 (1984)].

~ in attempls to obtain more -uselul complexes for delivery of metal ions to soft fissue tumors, certain
aminocarboxylic acid complexes have been used. For example. Karube et al. in Chem.Pharm.Bull. 30(7),
2529-2533 {1982) found that **™Tc-othylenediaminediacetic acid (EDDA) and 57 Co-EDDA could be used to
image tumors in experimental aminals bearing Ehrlich tumors. However, Bme complexes with other ligands
were less olfective. Someo of the ligands tested with "Tc were iminodiacetic acid (IDA)
methyliminodiacelic acid (MIDA), nitrilotriacetic acid (NTA), ethylenediaminetetraacetic acid (EDTA). and
hydroxyethylelhylenediaminelriacetic acid (HEDTA). Woolfenden et al. in Int.JNuciMed. 10(4), 251-256
{1983) found that 53Sm-citrate and 'S3Sm-chloride had a high liver uptake and suggested the use of higher
stability chelales, such as ¥3Sm-EDTA, could improve the tumor to liver ratio. More recently, J. Harvey
Turner in Eur. JNuclMed. 13, 432-438 (1987) studied '53Sm chelales including HEDTA. The '*3Sm-HEDTA

" chelalus used a 20 1o + HEDTA to Sm molar ratio and found tumor uptako to be signiticantly loss than that
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Metal |igand conplexes are routinely used for medicinal applications. For
exanpl’e, gadolini um conpl exes (gadolini umdiethyl enetriam nepentaacetic
acid, Gd-DTPA) .are used to enhance the quality of magnetic resonance

i magi ng. Gd-DTPA has been utilized in studying abnorralities of the
gastrointesti nal' tract, i ver and k| dneys as wel | as visualizing heart
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-2- tumors. Surprisingly, it has no' ious melakligand comploxos w orcin Ul gan is an
aminocarboxylale containing a phenclic moiety, particularly the metal-Bis-IDA complex, preferably with a
high tigand to metal ratio, such as at least 50:1, give good soit tissue tumor localization with no significant

15 liver uptake and can be used as diagnostic or therapeutic agents.

The present invention concerns melal-ligand complexes wherein the ligand is an aminocarboxylale
containing a phenolic moioty, thoir formulations, and a method for the therapoutic and/or diagnostic
treatment of a mammal having soft tissue tumors.

The metal-phenolic carboxylale ligand complex of the present invention has as the metal ion '$28m,

20 ~ 68 Ho, 20Y, 1¥2Gd, Y7Ly, *Yin, V'5™In, 7SYb, ¢7S¢ '$5Dy, $2Fe, 72Ga, 7 Ga, 88 Ga, Gd, or Fe and has as lhe
ligand a compound of the formula
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35 wherein:
R represents hydrogen, -COOH, R' or

_ a?
“ |
—¢c—xy — (CRSR6); 2

l

I
. R®  (CRS5R6),COOH

R’ independently represents hydrogen, Ci-Crg alkyl, -Cl. -Br, -1, -N(R‘)z, -NREC(O)CR*RER’, -N(ORS)C(O)
RS, - N(O)RSRS, -NRS-NRFR?, -NR®C(O)NR®R’, -NO;, -OR?, - OC(0)R®, -Ot:?(O)OFl5 , -SO3H,
-SO,NRFRS, -NRS SO, R8, -NRS-OR?, -C=NRS, -N=CRSR?, -NCS, -N=0, or -N ‘RSRSR7 and where A can
_ .50 be interconnecled with another R' tu form a saturated or upsajurated ring; I
o .where R‘ reptesents hydron-‘u. G -Cig alkyl, or -CO(CH;),CH;. where,y is an mlerger lrom Oto 17
"R¥, BE. R? and R? independently represant hydrogen, C:-Cig alkyl, aryl or aryl-C1-Cs alkyl;
R2 represents -COOH, -CH20H or -CH(CH3)OH;
]? independently represents hydrogen, ~COOH, Ci-Cia alkyl, aryl or aryl-Cy-Cs alkyl;
55 nisaninteregerof 1,20r3;
or a pharmaceutically acceptable salt thereof.
The formulations have the above complexes with a physiologically acceptable fiquid carrier.
The method of the present invenlion concerns the use of the formulations lor the therapeutic and/or
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bone [ Radi ol ogy 149, 823-828 (1983)] and one of the uses of
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chel at i ng agent S V\Errﬁbtad@\/e&letﬁm& dioaclive rare-earth type metal ion, wherein at least one metal atom is chelated or
sequestered; "radioactive” when used in conjunction with the word "metal ion" refers o one or more
20 isotopes of the rare-earth type elements that emit particles and/or photons. The term *radionuclide” or
“metal” indicates the metal ion. When the ligand to metal ratio is discussed, the ratio is molar. The metal
ligand complexes of this invention can consist of a formulation having tie combination of 1 metal with 1
ligand in the form of a complex and having one or more complexes comprised of a dilferent metal and/or
different ligand, present in the same formulation. An example of this would be combining one metal ion that
25 is a gamma emitting radionuclide for imaging with a ligand and also having present another metal that is a
particle emitter for therapy with the same or different ligand. The combination of radicnuclides may be more
efficaious than sither radionuclide alone. These combinations of complexes may be prepared by ad-
ministrating two complexes at about the same time to the mammal, or making each complex separately and
mixing them prior to use, or mixing the two metal ions with the same ligard and preparirig the two or more

30 complexes concurrently.

The radionuclide used in the complex of the present mvonhon may be suitable for therapeutic,
diagnostic or both therapeutic and diagnostic purposes. Examples of the radionuclide used for diagnostic
purposes are Fe, Gd, "'In, 87Ga, or “Ga, especially preferred are "'In, or ®7Ga. Examples of the
radionuclide used for therapsutic purposes are '8¢ Ho, 5Dy, 3°Y, '5™In, 57Fe, or 7?Ga, with '*¢Ho and 3°Y

35 being preferred. Examples of the radionuclides used for both therapeutic and diagnostic purposes the
radionuclide used is 53Sm, V7 Lu, '52Gd, 5Yb, or *7Sc, with 32Sm, Y7Ly, *73Yb, ¥3Gd being prelerred.

Radionuclides can be produced in several ways. In a nuclear reactor, a nuclide is bombarded with
neutrons to obtain a radionuclide, 6.9.

<0 Sm-152 + neutron — Sm-1563 + gamma.

Another method of obtaiging radionuclides is by bombarding nuclides with linear accelerator or
cyclotron-produced parlicles. Yet another way of obtaining radionuclides is to isolate them from fission
product mixtures. The method of obtaining the radionuclide is not critical to the present invention.

45 To irradiate Sm203 for production of Sm-153, the desired amount of target is first weighed into a quariz
vial, the vial is flame sealed under vacuum and welded into an aluminum can. The can is irradiated for the
desired length of time, cooled for ceveral hours and opened remotely in a hot cell. The quartz vial is
removed and transferred to a glove box, crushed into a glass vial which is then sealed with a rubber seplum
and an aluminum crimp cap. One milliliter of 1-4 M HCl is then added 1o the viat via syringe to dissolve the

50 Smz03. Once dissolved, the solution is diluted to the appropriale volume by addition of water. The solution
is removed from the original dissolution vial-which contairis shards of the crushed quartz vial and transferied
via syringe to a clean glass serum vial. This solution is then used for complex preparation. Similar
procedures are used to prepare 77Lu, 'S°Gd, and '$¢Ho. All radionuclides for this invention are either
available commercially or are available from the reactor at the University of Missouri at Columbia.

55 When aqueous solutions of metal ions are mixed wilh solulions containing the ligand of Formula |, a
complex between the metal ion and the ligand can be formed as shown by the equation below.
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The OH- concentration in solution, which is related to pH is, therefore, an important parameter to be
considered. If the pH is too high, the metal tends to form metal hydroxides rather than complexes. The
complexing agents may also be adversely affected by low pH. Complexation may require the loss of
proton(s); thersfore at low pH, conditions may not be favorable for complexation to occur. Consideration
must be given 1o the solubility characteristics of the ligand, radionuclide. and complex. Although not limited
thereto, a pH in the range of from 5 to 11 is preferred for complexation.

The chelaling agent is a compound of Formula 1 as defined above, or a pharmaceutically acceptable
salt thareof. The compounds of Formula | may be prepared readily by methods known fo those skilled in
the art of organic synthesis, such as the process shown in published European application 0,367,223 on
May 9, 1930. :

For the purpose of the present invention, the complexes described herein and physiologiczily accept-
able salls thereof are considered equivalent in the therapeulically effective compositions. Physiologically
acceptable salts refer 1o the acid addilion salts of those bases which will form a salt with at least one acid
group of the ligand employed and which will not cause a signilicant adverse physiological effect when
administered to a mammal at dosages consistent with good pharmacological practice. Suitable bases
include, for example, the alkali metal and alkaline earth metal hydroxides, carbonates, and bicarbonates
such as sodium hydroxide, potassium hydroxide, calcium hydroxide, potassium carbonate, sodium bicar-
bonate, magneslum carbonate and the’ like, ammonia,’ primary, secondary and tertiary amines and the like.
Physiologically acceptable salts may be prepared by treating the acid with an appropriate base.

The metal and ligand may bo combined under any conditions which allow the two to form a complex.
Generally, mixing in water at a controlled pH (the choice of pH is dependent upon the choice of metal) is all
that is required. Most of the complexes employed in this invention were prepared as follows: the desired
amount of ligand of Formula | was placed in a vial and dissolved by addition of water. At some higher ligand
concentrations, it was necessary to add base in order to completely dissolve the ligand. Heeting was also
found in some cases to be uselul for dissolving the ligands. The appropriate amount of the samarium, or
other radionuclide, in the stock solution described above was then added to the ligand solution. The pH of
the resulting solution was then adjusted to the appropriate level {usually 7-8). Additionally, the complex
used in this invention may be a mixture of the different metals as described under the complex term belore.

In the method of this invention, it is preferred to employ the complex in the presence of an excess of
ligand. The ligand to metal ratio (L:M) of the ligand lo radionuclide or metal is at least 1:1. The upper limit
of L:M depands on the toxicity of the ligand or the specific activity of the radionuclide. The preferred range
for the L:M ratio is at least 1:1, preferrably from 1:1 to about 600:1, more preferably from 1:1 lo about 300:1,
most preferrably from about 100:1 to about 300:1. When the radionuclide is used in the no carrier added
form, then the upper L:M range could be significantly higher, such as 5X107:1.

As used herein, the term "mammszi" means animals that nourish their young with milk secreted by
mammary glands, preferably warm blooded mammals, more preferably humans.

As used herein, "pharmaceutically acceptable salt” means any salt of a compound of formula (i) which
is sufficiently non-toxic 1o be useful in therapy or diagnosis of mammals. Thus, the salts are useful in

accordance with this invention. Representative of those salts, which are formed by standard reaclions, from -

citric, lactic, maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, d-camphoric, glutaric, glycolic,
phthalic, tartaric, formic, tauric, sleric, salicylic, methanesulfonic, benzenesulfonic, sorbic, picric, benzoic,
cinnamic acids and other suitable acids. Also included are salts formed by standard reactions from both
organic and inorganic sources such as ammonium, alkali motal ions, alkaline earth metal ions, and other
similar ions. Particularly preferred are the salts of the compounds of formula (I} where the salt is potassium,
sodium, ammonium, or mixtures thereof. :

The formulations of the present invenlion are in the solid or liquid form containing the active
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. both organic and inorganic sources include, for example, suluric; hydrochloric, phosphoric, acetic, succinicy



the sl ow cl earance of the radioactivity fromthe blood stream the uptake
of radifoacti’vity in non-target tissues such as |iver and kidney, and the
potential of an i mune response of the patient to the injected protein.
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. gelatin, afd the alginates. Many surlactanls are also useful as suspending agents, for example, lecithin,
alkylphenol, polyethylene oxide adducts, napthalenesulfonales, alkylbenzenesulfonales, and the polyox-
yethylene sorbitan esters.

Many substances which affect the hydrophilicity, densily, and surface tension of the liquid suspension

- 20 medium can assist in making injectable suspensions in mdwndual cases. For example, silicone antifoames,
sorbitol, and sugars are all useful suspending agents.

An "effective amount® of the formulation is used for therapy. The dose will vary dependmg on the
disease being treated. Although in vitro diagnostics can be perlormed with the formulations of this
invention, in vivo diagnostics are also confemplated using formulations of this invention. The invention

25 described herein provides a means of delivering a therapeutic amount of radioactivity to soft tissue tumors.
However, it may also be desirable to administer a "sub-therapeutio” amount to determine the fate of the
radionuclide using a scintiltation camera prior to adminisiering a therapeutic dose or it diagnostic images
are the desired result. Therapeutic doses will be administered in sufficient amounts 1o reduce pain and/or
inhibit tumor growth and‘or cause regression of tumors and/or kill the tumor. Amounts of ‘radionuclide

30 needed to provide the desired therapeutic dose will be determined experimentally and optimized for each
particular composition. The amount of radioactivily required to deliver a therapeutic dose will vary with the
individua! composition employed. The composition to be administered may be given in a single treatment
or fractionated into several portions and administered at different times. Adminisiering the composition in
fractionated doses may take it possible 10 minimize damage 1o non-larget fissue. Such multiple dose

35 administration may be more elfective.

The compositions of the present invention may be used in conjunction wn(h other active agents and/or

- ingredienis that enhance the lherapeulic effectiveness of the compasitions and/or facilitate easier admin-
istration of the compositions.

Sludies to determine the qualitative biodistribution of the various radionuclides were conducted by

40 injecting the compositions into miniature pigs having melanotic lesions, which lesions occur spontaneously.
¢7Ga-cilrate was used as the control and was given by the same roule of administration as the test
samples.

While not wishing to be bound by theory, it is beligved that the advantageous results of the present
invention are obtained because of the possible uptake preferentially in the tumor. The mechanism of uplaks

+5 of the radionuclide by neoplastic tissue is not clear. Some suggested mechanisms are:

a) An imbalance between arterial biood supply to the tumor and venous drainage from the tumor. A
reduced venous drainage wculd result in an increase in concentration of the material within the tumor
mass.

b) Lymphatic drainage from a tumor may be decreased.

S0 ¢} Non-specilic binding to protein within the tumor may occur.

d) Becsuse inflammatory reaction is usually present 'near-a tumor, this raay result in the diiferential’

concentration of radiolabet within the tumor,

e} Metallothionein, a protein binder of heavy metals, ray occur with some tumors.

f) Several mechanisms may be involved.
Although the theory for the mechanism of action of a complox is still unknown, the present invention
provides a complex which allows a radionuclide to localize in the tumor and displays low radionuclide
uptake in other lissues, e.9. liver.

The lollowing definilions are provided for some terms that are used throughout this lext.

©
(3

.8

This Sheet Has Been R

LN -




-4- I mages difficult to interpret [see Curr.ConceptsinD agn. Nucl.Med.

1(4), B3-12 7(1984)]. ' In attenpts to-obtain nore useful conpl exes
for delivery of metal ions to soft tissue tunors, certain am nocarboxylic
acid conpl exes have been used. For exanple, Karube et al. in

Chem Pharm Bul I . 30(7), 2529- 2533 (1982) found.that
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et al. in Int.J. Nucl BsRt ' 4 @Kﬂw“M29¥W2@6 (1983) found that [err]Smcitrate
and [err]Sn}chIorlgemﬁﬁﬂﬁ ; cj;dmghwuptake and suggested the use of

hi gher stability chehﬂmﬂsm4&uehma®m[err]Sn}EDTA could inprove the tunor to
liver ratio. Mre re%%ﬁﬁﬂy“mJ Harvey Turner in Eur. J.Nucl.Med. 183,

432- 438 (1987) studl@iYmmmn : :

15 Y = Yitrium
Gd = Gadolinium
Lu = Lutetium

In = Indium

Sc = Scandium -
20 Fe = iron

Ga = Gallium

chelant is equivalent to ligand
complex is equivalent to chelate, and
L:M = ligand to metal molar ratio.
25
The invention will be further clarified by a consideration of the following examples, which are intended
fo be purely exemplary of the present invention.

Preparation of Starting Materials

3o

Example A : Preparation of Bis-1DA
Into a flask equipped with a water-cooled reflux condenser, mechanical stirrer, therometer with a -
temperature controller, and addition funnel, was added 50 G of deionized water, 64.0 G (0.47 mole) of B3%

35 IDA, and 60.1 G of 50% aqueous NaOH. The mixture was heated, with stirring, to a temperature of 55°C.
Aqueous 37% formatadehds solution, 35.0 G (0.43 mole), was placed in the addition funnel and added to
the mixture over 30 minutes. The mixture was heated at 55 C for one hour, cooled and transferred 1o an
addition funnel. To a 500 mL flask, equipad as before., was added 31.0 G (0.20 mole) of 98% 4-
acetamidophenol, 50.G of deionized water, and 15.5 G of 50% aqueous NaOH solution. The mixture was

40 heated, with stirring, to a temperature of about 65° C, and the formaidehyde-1DA adduct solution added over
one hour. The reaction mixture was heated at 65° C for an additional 12 hours and cooled. Conc. HCI, 96 G,
was added and the reaction mixture sfirred for one hour. The solution was allowed to stand for serveral
weeks and the crystalline solids filtered, washed with deionized water 2ad dried in a vacuum oven at 65° [of
for several hours. Approximatsly 48 G of bis-IDA were recovered wh|c1 structure was conlfirmed by proton

45 and carbon NMR.

Example B: Preparation of Mono-1DA

into a flask equipped with a water-cooled reflux condenser, mechanical stirrer, therometer with a

so temperature controller, and addition funnel, was added 35.3 G of deionized water, 35.3 G (0.26 mole) of
89% IDA, and 39.9 G of $0% aqueous NaOH. The mlxlura was haaled with stirring, 1> a temperature of
55°C. Aqueous 37% formaladehde solution, 21.5 G {0.27 mole). was placed in the addition funnel and
added to the mixture over 15 minutes. The mixlure was heated at 55°C for 45 minules, cooled and
transterred lo an addition funnel. To a 500 mL. flask, equiped as before, was added 38.7 G (0.25 mole) of

s5 98% 4-acetamidcphenol, 35.3 G of deionized water, and 12.2 G of 50% aqueous NaOH solution. The
mixlure was heated, wilh slirring, lo a temporature of about 65°C, and the formaldehyde-IDA adduct
solution added over 30 minutes. The reaction mixture was-heated at 65°C for an additional 12 hours and
cooled. Conc. HC, §5.5 G, was added and the reaction mixture stirred for one hour. The solution was
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153Sm chel ates i ncl uding HEDTA. The 153Sm HEDTA 'chel ates used a 20 to 1
HEDTA to Smnolar ratio and found tunor uptake to be significantly |ess

than that of [err]G-citrate. An unacceptably large |iver uptake was noted
when using 153Sm HEDTA at these ratios. He concluded that "it is unlikely
that effective therapy doses of Sm 153 can be deli vered to mel anoma tunors

by these and simlar chel ates. He suggested t nal
ant | badi cs i 1h' | eepyeN- G Bl T i d S e o
ions to soft tlssuen.&umm@anmﬁ@tobyMRTse ‘et al. in J.Nucl.Md. 30, -

202- 208 (1989) V\/nere ”Ee)!, mmo;gqm],@'SSm EDTA at a 10 to 1 ligand'to
Thi s |sthereplac sfiée

Dat e: Into a flask equupped with a water-cooled condefyer, mechanical stirrer, and heating mantel, was added
510 G of Bis-IDA, prepared in Example A. To the flask was added 21.0 G of conc. HCI. The resulting
solution was refluxed with stirring for one hour. The reaction mixture was evaporated to dryness in vacuo to

10 vyield 5.78 G, as pale yellow crystals, of Bis-IDA-NH; as the hydrochloride salt. The struclure was confirmed
by proton and carbon NMR.

Preparation of Final Products
15 Example 1

Bis-IDA, 43.0 mG, was weighed intoa § mL glass vial and 2.38 mL of a 3X10~*M solution of SmCl; in
0.1M HCI and 0.62 mL of a 3X10-*M solution of 'S3SmCls in 0.1M HCl was added. The pH was adjusted to
7-8 using 50% NaOH. The activity of the final solution was about 3.5 mCi in about 3.0 mL with a ligand to_
20 metal ratio of about 300:1. '

Example 2

Mono-IDA, 80.0 mG, was weighed into a 5 mL glass vial and 2.5 mL of a 3X10~*M solution of SmCl; in
25 0.1M HCI and 0.5 mL of 3X10™*M solution of SmCla in 0.1M HCI was added. The pH was adjusted to 7-8
using 50% NaOH. The activity of the final solution was about 3.9 mCi in about 3.0 mL with a figand to metal
ratio of about 300:1.
_ Example 3
Bis-IDA, 28.6 mG, was weighed into a2 5 mL glass vial and 2.0 mL of a 3X10™*M solution of SmCl; in
0.1M HC! and containing a tracer amount of 52Sm. The pH was raised to 13-14 using 50% NaOH. The pH
was then adjusted lo 7-8 using HCL. The activity of the final solution was about 2 mCimL with a ligand 1o
metal ratio of 100:1.
s
Example 4

Bis-IDA, 5.7 mG, was weighed inlo a 5 mL glass vial and 2.0 mL of a 3X10~*M solution of SmCls in

0.1M HC! and and conlaining a tracer amount of '338m. The pH was adjusted lo 7-8 by the procedure

20 described in Example 3. The aclivity of lhe final solution was about 4 mCi in about 2 mL with a ligand to
metal ratio of 20:1.

Example 5 !

45 Bis-IDA-NHz, 117.7 mG, was weighed into a 5 mL glass vial and 2.0 mL of a 3X10™*M solution of
SmCls in 0.1M HC! and and containing a tracer amount of '53Sm. The pH was adjusted lo 7 using NaOH
solution (85 ul of 50% NaOH). The zclivity of the final solution was about 2 mGi in about 1 mbL with a
figend to metal ratio of 300:1.

~so Example 6

Bis-IDA, 5.458 G, was weighed into a 100 mL beaker and 44.95 mL of a 1.0M solution of NaOH was
added with stirring. After the solid was completely dissolved, the yellow solution was quantitatively
transferred to a 50 mL volumelric flask and brought 1o volume with deionized water. The solution was

ss filtered through a 0.22 pm filler into a 100 mb beaker. This solution was dispensed ionto 10 mL serum vials
(2.3 mL in each vial). Each vial contained 0.54 mmol of Bis-IDA and 2.043 mmol of NaOH. Twenty v:als
were filled, the contents frozen and freeze-dried, then sealed under vacuum to form kits.

To reconslitute a kit, 8.0 mL of a 3X10~*M solution of SmCl in 0.1M HCl and and containing the
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metal nolar ratio. These researchers proved that the conplex was stable
and corrpare‘d the use of high specific activity [err]Sm (1.7 G/nmG to |ow
specific activity 153Sm (1.1 nG/nG in mce bearing Lewi s |ung carcinonma.
They propose using the conplex as an i magi ng agent using the high specific
activity [err] Sm However, as J. Harvey Turner had reported for
[err] Sm HEDTA, thesg, L esearchers QU 1 ] 4Rt upt ake in the [iver
as shown by their Erla'cfﬁﬁré’ nr??l: bﬁ'iu:;ﬁaafédaagheE.nﬁa%’aﬁfmﬂﬂ;c:ﬁ: o the as?"msg"“i here is
still a need for an adaquate systemto del.iver radionucli des sel ectively to
soft tissue tumrs%ﬂ%ﬂﬂ-%l ngly, it has now been found that various

metal -1igand corrpl exmgeWherein the ligand is an apinocarboxylate containing
a phenolic nofety, - partl cularly t.he rretal Bi s- 1| DA conpl ex, preferably with

a hi'gh 1§ gand o’ o)A gt o AL e dm::sm; ti ssue

tunor |ocalizati@n mupigﬁamoue%«gmu s ki ety aeMPEtor 4 QtZQEEdIanMm DRagtSBN aS
di agnostic or ther&}s@'uqﬂlla@ra'a doraliwere made at 4,24, 48 aiflj@hops esent i nvent i on concerns

retal - | i gand conpl GEEh HIRELTICHE [EIHTLE .l %ﬁ*ﬁéaﬁidﬂﬂ‘z?sﬁ"’ﬂéfmé" EBnt ai ni ng

a phenolic noiety, ot:hhensdremémpma ations,” and a rret hod for the therapeutic
and/ or di agnosti ¢ i r it yriekp fneglighlely lmarrmal havi ng soft tissue tunors.
The netal - phenol i ¢ 3Cabhiiass a1 Tdand conpl ex of the present invention has

as the netal ion [ EIFeI’a\]ezSﬁbf the 3 investigators independent scores were used in the following table.

= 20
25

30

45
50

55
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[err]Ho, [err]Y, [err]d, [err]Lu, [err]In. [err]ln [err]yb. [err]Sc
[err]Dy, [€rr]Fe, [err]Ga, [err]Ga, [err]G, Gd, or Fe and has as the
| i gand a conpound of the formula

- 6- [err]

TABLE I
. % Whole .
5 Ligand/ Bone | Liver Tumor
Cg’g{:’;llte\d .Metal Regglggon ﬁ UE' Uptake
Ratio (24 hrs) take e (Location)
10 43 20 55.2 2.67 3.00 | 0.00
(Left coarpus)
) (Left stifle)
4 20 48.2 1.67 2.00 2.00
15 (Right ear)
32 100 429 2.67 1.33 0.00
(Right stifle)
" 3 100 37.1- 267 | 0.00 3.00
. (Left sacrum)
2.00
: . (Right nasal)
1e 300 29.5 3.00 0.67 3.00
25 ‘ (Dorsal neck)
2.00
(Rnght thorax)
w0 (Left stlfle) -
1? 300 40.1 2.67 0.67 0.67
: (Right head)
2° 300 60.7 1.33 2.00 0.00 right
35 . hea
0.00 draining
_ node
pL 300 46.6 2.33 1.00 3.00
(Dorsal neck)
40
(Rxght thorax)
i | (Ler' -r le)
a5 a = Bis-iIDAligand with *5m.
b = Mono-IDA ligand with'33Sm,
¢ = Bis-IDA kit, reconstituted
% = percentage of injected dose.
50 '
55
10
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wherein: R represents hydrogen, -COCH, [err] or [err] R1

i ndepehdently represents hydrogen, C[err]-Cerr] alkyl, -d, -Br, -I,
-N(Rlerr])[err], -NRerr]CCOCRerr]Rerr]Rerr], -NORerr])C(ORerr], -
NORerr]Rerr], -NRerr]-NRerr]Rerr], -NR[err]C(O)NR[err]R[ err]
-NJerr], -ORerr], OC(ORerr], -CCCOORerr], -CN, -SO[err]H,
-SO[err]NR[err]R[err], -NRerr]SHJerr]Rerr], .-NR[err] Rerr], -C-NR[err]

-N=CRerr]Rerr], -NCS, -N=O or -MNR erer]BB[:eir?;R[, rr] and wher e Rlerr] can
. . nt
be interconnected with apother Rl to forma safurated ar unsaturated ring;
where R4 represents gydr hgen. g e[“%‘_]ndg e Wholl tyé F mor o |
-CO(CH err])[err]CH &err] %Wé\“' y ei'a|a Beder gery ¢ nyp- tlo Liptake RLEF T,
Rlerr], Rerrland Rlerr]]i 8'8f)§ndeﬁwby t}L;‘?enttalhey raken, (Keatfan) - [ err]
al kyl, aryl or aryl-Clerfl-Clerr] alky
0 5 300 46.7 2.75 0.50 2.00
{Midline,
lumbar area)
5 300 46.5 2.75 0.50 2.00
{Head)
15 0.50 .
(inside left
hock)
5 300 48.9 2.75 0.25 2.00
20 {Midline, i
scapula area)
6¢ 300 40.0 2.50 | "0.50 0.75
(Right ear)
25 6¢ 300 335 2.50 0.25 2.25 ’
(Midline,
cervical area) .
6¢ 300 425 32275 | 0.00 0.50 -
a = Bis-IDATigand with "*°5m,
b = Mono-IDA ligand with'535m,
¢ = Bis-IDA kit, reconstituted
% = percentage of injected dose.
35
The above data shows that for the complexes of the present invention, the radionuclide will localize in
the tumor. Particulary, when the ligand/metal ratio is high, then the whole body retention and the liver
uptake significantly drop. Because of these uptake differences, the images are vaslly improved for the
<0 higher ligand o metal ratio injections. .
Comparative Example A
When $7Ga-citrate (purchased from Syncor) was used in a procedure similar to Example 5, the results
45 obtained are shown in the following table:
50
55
1 SR
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7 Rlerr] represents -COOH, -CHerr]OH or -CH(CH err])OH R9 independently.
repres‘ents’hydrogen -CO0H, C[err]-Clerr] alkyl, aryl or aryl-Cerr]-Cferr]
alkyl; nis an intereger of 1, 2 or 3; or a pharnaceutlcally accept abl e
salt thereof. Mwve particularly, there is provided according to a broad '
formof the invention a radioactive netal -phenolic carboxylate |igand
conpl ex wherein the netal ionis [err]Sm [e;ArB{EIjAo, [err]y, [err]Dy,
[err] D, [err]LU, [err]In, [err]In, [err]Yb err]Sc [err]Fe, [err]Ga,

)
[ err ] Ga or [ err ] Ga anHEx} | ! WhHDIE B‘o’n'e U;ha'kﬁn h})) U\HJ Ualake {72 hrs{ TuﬂorU take (Location)
(1) . [err Retention! ag, n: R represen yofr ogen, pr
[err] A 98.5 i 1.00 3.00 0.00 (Left sacrum) i
A 9.7 1.00 267 0.33 (Right head) ' :
1.67 (Draining node) :
10 A 97.1 1.00 3.00 3.00 (Loft head)
3.00 (Right thorax)
2.00 (Right stifle)

= the percentage of injected dose. -

5
§7Ga-citrate never cleared the exiracellular fluid and had an unacceptably large liver uptake. Although
tumor uptake was noted, the degree of uptake was similar to the degree of uptake in non-targrel tissue
which made the tumor image almost indistinguishable from the high background activity.

20 Example 1l

A poodle dog with an oral melanoma on the left mandible that had metastasized ¢ a regional lymph
riode was treated with about 3 mCi of '*3Sm from a reconstituted kit of Example 6. Gamma images clearly
show uptake of 53Sm in the lymph node.

25
Example Hl

A Scottie dog with a surgically removed recurrent melanoma on the left side was treated with about 3
. mCi of 53Sm from a reconstituted kit of Example 6. Gamma images clearly show uptake of '53$m at the
30 surgical site.

. Other embodiments of the invention will be apparent to those skilled in the art from a consideration of
this specification or practice of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with the true scopo and spirit of the invention being indicated
by the lolfowing claims.

3s
Claims
1. A metal-phenolic carboxylale ligand complex wherein tho metal ion is '3Sm, ‘*¢Ho, °Y, 5Dy, '**Gd,
VILy, Min, "5, 8YDb, 47Sc¢, 52Fe, 72Ga, 67 Ga, ¢¥Ga, Gd, or Fe and the ligand is of the formula
40
OH R?
R |
p , — ¢ — N — (CR5R6)y __ g2
| |
R! R®  (CRSR6),co0H
50 R! R (1)
wherein:
55 R represents hydrogen, -COOH, R* or

12
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Rl err]. i ndependently represents hydrogen, Cferr]-Clerr] alkyl,
-N(R[err])[err], -NRerr]C(OCRerr]Rerr]Rerr], -NRerr]-
C(O)NR[err]R[e’mlm Illﬂ“ n"”“tl:CR[err]R[err] -NCS, -N=O, or :
-N+Rerr] R err ere R4 represents hydrogen, (err]- C[err]
alkyl, or -co(CH efr]y[€rr’CH'err], where y is an integer fromO0 to 17;
Rerr],Rerr],Rerr] and R err] |ndependentIMB¢EQpresent hydr ogen,
Cerr]-Cerr] alkyl, aryl or aryl-Clerr]-Clerr] allyl; Rl err]

represents -COOH, - CH[[@kanfid]H «Odnots odvl ClobnUplafe )7 | Liver Uptake frhrs) |1 MRAp GRS GLOGtory ;
represents hydrogen,, 4 err]|-Repwmggrgl kyl , aryl Jor aryl-dgrr]-Cerr] al kyl;
nis an integer of 1, |2 or {3; es - or a ipharngceut zoml | y [aceepeekive Spl t
t her eof ; A 9.7 1.00 267 686 (Rightheas) Wi L N
the proviso that the lligand..to netal [ratio is dt | east 20:}1.167{DrainingTidiep
formul ations have the |aboveg conphexes wi tiwa physiolsegi calily ?;acic;a pabl e
liquid carrier. : ‘Ihe mqt hod of the present [invention don use
of the fornul ations for therapedti-c—anrdlor—dagrosiic-4t+ V?O#é&ﬁ a -
manmal having a soft tﬁ'c‘?fﬁe'?eﬂig?qh SRgFose- The method of this invention is
used for the therapéutig.and/or di < fhea w

soft tissue tumors. Thﬁo,&“ L "‘*L‘f,iea%,%se;’ﬁes’?édmiar‘t’;; "I ﬁ%fﬂa%' SR '*f;E:agncl i de

or netal conplexed w twhchaladehelbr@tlmngalnagemﬂgwsﬁye Wrnlmls hxd_neacmvneacivul I y di scussed.
20 Example il )

A poodle dog with an oral melanoma on the left mandible Ihat had metastasized 1o a regional lymgh
rode was treated with about 3 mCi of '$38m from a reconstituted kit of Example 6. Gamma images clearly
show uptake of **3Sm in the lymph node.

25
Example Il

A Scoltie dog with a surgically removed recurrent melanoma on the left side was treated with about 3
. mCi of '3Sm from a reconstituted kit of Example 6. Gamma images clearly show uptake of *3Sm at the
30 surgical site.

. Other embodiments of the invention will be apparent to those skilled in the art from a consideration of
this specilication or praclice of the invention disclosed herein. It is intended that the specification and
examples bo considered as exemplary only, with the true scopo and spirit of the invention being indicated
by the following claims.

35
Clalms

1. A métal-phenolic carboxylale ligand complex wherein the metal ion is S3Sm, '¢Ho, *9Y, #$Dy, '52Gd,
Y7Ly, Min, Y15%In, Y75Yb, 47 Sc, 5°Fe, 7%Ga, $7 Ga, $¥Ga, Gd, or Fo and the ligand is of the fermula
40

OH R?

R . | -
- — —— N — (CRSR6), ___ g2
I |
gt R®  (CRS5R6),c004.
so R' 2y (o3
wherein:

[ R represents hydrogen, -COOH, R' or

12
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Iater the—properties of. the radionuclide, of the chelating agent and of
if formed therefromare inportant considerations in determning
the effe

mmsﬂ "uﬁumpart i cul ar conposition enployed for such _
treat men urposes of this invention, the term"tunor" shal
denote a neoplasnt a’new abnor nal grow h of tissue that is not

i nfl ammatory, which arises w thout obvious cause fromcells of preexistent
ti ssue, and generally possesses, no physi.ol ogic function. Exanples nay

i ncl ude "carci nomas” which ori |nate fromepithelial cells, "sarconmas" of
mesoder mal (connective tlssu_) org Q&gakynphong§ frontthe | ynphatic
system The s origin of the

neopl asmis not-critical-to th£ E &ﬁ The term "al kyl "

i ncl udes the straight'or branc ed- c a| a Eyl nnieties such as nethyl,

et hyl, |sopropyl n-pro n- but n- dec as well as others
n I d tl d -C; I *Cl, -Br, I, -N{( ) -NRIC(O)CR*REA7, -N(OR®)

The "aryl" incl uaes o%f 5 g;nz pr H; -NES B)r;agag -NO2. -:)Rs océ))as oé:(omms -CN, -(303H

-SO;NRSR‘ -NRSSOzH‘ -NRS-OR?, -C=NRS,.-N=CRSRS, -NCS, -N=0, or -N'R*R°R’ and where R'
can be interconnected with another R! to form a saturated or unsaturated ring;
where R* represents hydrogen, Cs-Cig alkyl, or -CO(CHz),CHa, where y is an interger from 0 to 17;
15 RS, RS, R and R? independently represent hydrogen, Ci-Cya alkyl, ary! or aryl-Cy-Cq alkyl;
R? represents -COOH, -CH; OH or -CH(CH;)OH;
R? independently represents hydrogen, -COOH,
Cy-Crs alkyl, aryl or aryl-C;-Cy alkyl;
n is an interegor of 1, 2 or 3;
20 or a pharmaceutically acceptable salt thereof. °

2. A complex of Claim 1 wherein R' represents -N(R*)2, -NHCOCH; or Ci-Cig alkyl.

3. A complex of Glaim 1 wherein R represents
25 :

-

— CHp — ¥ — CH,COOH ;
K . I S
30

wherein R? is defined as in Claim 1. ,

35
4. The complex of Claim 3 wherein R! is in the 4 posilion and is -NHCOCH3, and R? is -COOH, or a
pharmaceutically acceptable salt thereot.

5. The complex ol Claim 3 wherein R' is in the 4 posilion and is -NHz, and R? is -COOH, or a
40 pharmaceulically acceptable salt thereof.

6. A complex of Claim 1 wherein R represents hydrogen.

7. The complex of Claim 6 wherein R! is in the 4 position and is -NHCOCH3, and R? is -COOH, or a
45 pharmaceutically acceptable sall thereof.

8. A complex of any one of Claims  to 7 whergin the ligand 1o metal ratio is at least 1:1.
9. A complex of Claim 8 w_herein the ligand to metal ratio is from 1:1 to 600:1.
N 10. A corﬁplex of Claim 9 wherein the ligand to metal ratlols‘ lromtllo 300:1.
11. A cornplex of Claim 10 wherein the ligand to ntetal ratio is from 100:1 to 300:1.

s5 12, A complex of any one of Claims 1 to 7 wherein the metal used is in the no carrier added form.

13. A complex of Claim 12 wheroin the ligand to metal ratio is 5X107:1.

13 e
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benzyl . The term "aryl-Clerr]-Clerr] aI kyl" includes tolyl, or

2, 4- d| met,mm,mﬂ ‘m”m' ‘merr] joined "saturated or unsaturated ring" has a
total of H and is a phenyl or cycl ohexyl noiety having one
comon side 6f the" risnhg*>wi th the phenolic ring. As used herein,
"conplex". refers to a chelating agent conplexed with a netal ion,
preferrably a +3 nmetal jon, especially a radioactive rare-earth type metal
ion, wherein at | etsk coppia ofrpet @é of Seion & whekie harratstis BFm. SEUEB YL '8in. &4, 75 Yb.

"radi oactive" when UsE%™conjunction with the word "metal ion" refers to
one or nore isot OpﬂSl'h&fomﬂ]ehGCElaﬁEvhe&aﬁhEhetﬂly'pen eI errents that emt particles
and/ or photons. $ me tal" ; cates the netal
ion. Wen the i gaﬁcﬁhﬁ ﬁmﬁh} :;ﬁ:é'mﬁafﬂ:'s"gﬁf"g'ﬁﬁfc e P A ""r*’é{t(f'a'"’s ' &8 4r. The
metal |igand conplexes of this invention can consist of a fornulation
having the combi naffi Afprmon 3 i ot :'Pbﬁ‘{;ﬁ“‘?‘?‘g%fﬁ&“bl"t'ﬂ“‘f figer R oTe el ex
and having one of noT& CORplex av"@ prised of a different metal and/ or
different |igand, 18r®eembitnrpt cmrewsam to@emned carterieT melwile X tyamp bieforadia itehi s woul d
be conbi ni ng one net@meq bt HateiREPE Fanma eni tting radi onuclide for
imaging wth a ligand and al so havi ng present anot her netal that is a
particle emtter for therapy w’th gi fferent ligand. The

conbi nati on of radionuclides may_b F% i ous ‘t han either

radi onucl i de al one. These conblnatlons f conplexes may be prepared by
adm ni strati ng t*%wo

R is -NHCOCH;, and R? is -COOH, or a pharmaceutically acceptable salt thergol.

25 19. The formulation of Claim 17 wherein the complex comprises a metal with a ligand of Formula { as
claimed in Claim 1 wherein R represents

— CHy — N ~CHpCOOH . ;

32

35
R is -NH,, and R? is -COOH, or a pharmaceutically acceptable salt thereol.

20. The formulation of Claim 17 wherein the composition administered to a mammal may contain 2 or more
different radicisotopes.
0 . )
21. The formulation of Claim 17 wherein the composition administered to a mammal may be in the form of
a reconstituted kit.
22. A method for the therapsutic and/or diagnostic treaiment of a mammal having a soft tissue tumor which
45 comprises administering 1o said mammal an eHective amount of a formulation as claimed in any one of
Claims 16 through 21.
23. A method of Claim 22 for therapeutic ireatment.
. 50 24. The method of Claim 23 wherein the metal ion is '®¢Ho, or-27Y.
25. A method of Claim 22 for diagnostic treatment.
26. The method of Claim 25 wherein the metal ion is '"'In, 7 Ga, Gd, or Fe.
55

27. A method of Claim 22 for therapeulic and diagnostic treatment.

28. The method of Claim 27 wherein the metal ion is *$3Sm, Y7Lu, or V7SYb,

14

Been Replaced

T - - f



- 9- corrpl exes at about ti me to the manmmal , or naking each
conpl &x* sebaratelrlrum ‘i‘ pri or to use, or mxing the two netal
ions with the sa preparl ng the two or nore conpl exes
concurrently. The radl onuclide used in the conplex of the present
invention nmay be suitable for therapeutic, di-agnostic or. both therapeutic
and di agnostic purposes. Exanples of the radionuclide used for diagnostic
pur poses are Fe, Cda. theteiddlonsim2evnbdidiamedionif @sd.] Ga, especially preferred are
[err]In, or [err]Ga. Exanples of the radionuclide used for therapeutic
purposes are [err]Ho, [err]Dy, [err]Y, [err]ln, [err]Fe, or [err]Ga, wth
[err]Ho and[err] ¥ being preferred. Exanples of the radionuclides used for
both therapeutic and:di-agnostic purposes the radionuclide used is [err]Sm
[err]Lu, [err]Gd, [err]Yb, or [err]Sc, with [err]Sm [err]Lu, [err]Yb,
[err] Gd being preferred. ' '
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Radi onugl i'des can be produced in several ways. In a nucl ear

reactor, a

‘nucl’ide i s bonbarded with neutrons to obtaine.a-tadionuclide. e. g.

Sm 152 + neutron [err] Sm 153 + gamjma. RI?LA"EM&NAmmHﬁHSnEEﬁDd f
obt ai ni ng radi onuclides is by bonbardi ng nuc andiption | reged | ch-rgmpér
or cyclotron-produced particles. Yet another @izq(@bta:puoagg dl@ﬁU@ISDes

ooooo

is to isol-ate them fromfission product m xt Jrls;ram(ﬁye{ﬁbaggoytg%@h\ml 2y

the radionuclide is not critical to tie presprrAe st | o %;d
irradiate Snferr]O[err] for production of Sn} 153, the desired a aaf of "

target is first weighed into a quartz vial, |hgaahd sphka

..... 210 pasi®. =

YA

nder

vacuum and wel ded into an al um num can. The eaﬁ—+éh+444ﬁi“
- 10_

P’d' ------------------ 1

COMPOSITIONS AND METHOD FOR SOFT TISSUE TUMORS

This invention concerns compositions, and a

method of treating and/or diagnosing soft tissue

tumors

in mammals with metal-phenolic carboxylate ligand

complexes and their formulations.

Metal ligand complexes are routinel§'used for

medicinal applications. For example, gadolinium

complexes (gadolinium-diethylenetriaminepentaacetic
acid, Gd-DTPA) are used to enhance the quality of
magnetic resonance imaging. Gd-DTPA has been utilized
in studying abnormalities of the gastrointestinal tract,

liver, and kidneys as well as visualizing heart

infarcts. [See I. K. Adzaml., J.Nucl.Med. 32, 139

(1989).] When radioactive metal ions are used,

diagnostic imaging or therapy can be the end objective.

Thus 99%MTc, a pure gamma emitter, in the form of
ligand complex is routinely used as a diagnostic

a metal
agent.

In some cases, such as th use of 99mTc—DTPA, injection

of the complex'into the bloodstream does not result in

the radionuclide localizing in any tissue. 1Insgtead, the
radionuclide is eliminated from the body by the kidneys
into the urine. In other cases, the radionuclide does

localize in desired specific organs or tissues.

Thus

specific 99mTc—phosphonic acid complexes localize in
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for the;desired | ength of time, cooled for several hours and opened

~renotely in a hot cell. The.quartz vial is renoved and transferred to a
gl ove box, crushed into a glass vial which is then sealed with a rubber
septum and an alum numcrinp cap. One mlliliter of 1-4 MHO is then added

to the vial via syringe to dissolve the Snferr]O[err]. Once dissolved, the
solution is diluted to the appropriatedvol ume by addition of water. The
solution is renoved fromthe original dissolution vial which contains
shards of the crushed quartz vial and transferred via syringe to a clean

gl ass serumvial . _This sol ytion_s t S f.or conpl ex preparation.
Simlar proPeasr @aQFQO&e ! 0 @Fép‘gg[é}ﬁiu, angy ﬂn&:l,‘)fgrf&? eY$¢8o. All
radi onucl i dgg P9RTIhiphdsplsii®naoia eohpeexaraiilsalie GueedEiahl yror are
avai |l abl e frog1tge rﬁgctor at the University of Mssouri at Col unbia.
Wien aqueouS2sGhat Lo ™ Sretal ions are mixed with sol utions containing

the ligand of Fornula |, a conplex between the metal ion and the |igand can
be forned as shown HMordeecgentilyn [sdbmidar chemistry has beenMused [err]

Mlerr]l L 1o delive hﬁg%ﬁﬁﬁ%' "ot £t RThE¥EE 1 bRLBT 4R LYY IdY 1P guCh that
tumors. The aim of these agents is to deliver a
therapeutic radiation dose to the site of the tumor.
This type of agent takes advantage of fast bone turnover
for its localization. Thus Deutsch et al. [Radiology
166, 501-507 (1988)] have proposed a rhenium-
diphosphonate for the treatment of bone cancers and
Simon et al. (U. S. Patent 4,898,724) have taught the
use of rare earth radionuclides with éminophosphonic

acids towards ‘the same objective.

The specific delivery of metals to sSoft tissue
(i.e. non-caleific) tumors has also been'an objective
for scientists. Anghilery in Nuklearmedizin 23, 9-14
(1984) describes the difficulty in achieving this
objective when he states that "there are no fundamental
qualitative differences in the structural, biochemical
_and functional characteristics of a tumor compared to
the normal cell." With the advent of monoclonal
antibodies, a plethora of activity has emerged using
these proteins to deliver radionuclides to soft tissue
tumors [e.g. A. R. Fritzberg et al., Pharm.Res. 5(6), 325
(1988)]. Bifunctional chelating agents were developed
to bind the metal ions to the monoclonal antibody
through a chelating agent (the metal-ligand-antibody
moiety is termed a "conjugate") and many such éonjugates
have emerged. Some conjugates use gamma emitters such
as 99m7e op 11114 for imaging (see for example U.S.
Patents 4,454,106, 3,994,966, 4,662,420 and 4,479,930);
and others propose -a conjugate with particle emmiters
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conpl exkng agent, or ligand (L), can affect the concentration of speci es
-present in solution. Conpeting side reactions, such as netal hydroxide

formati on, can al so occur -in aqueous sol ution, thus XM +
yOH[err]Merr](OH)[err]. ' The OH err] concentration
in solution, which is related to pHis, therefore, an inportant paraneter
to be considered. |If the pHis too_Righ, the nmetal tends to form netal

hydr oxi des rather than conpl exes. Thé conpl exi ng agents nmay al so be
adversely affected by | ow pH Conplexation may require the | oss of
proton(s); therefore at | ow pH, conditions my not be favorable for -

conpl exat iar @ lcu [Gusi Ky aékgmpmasu be.giRvdRrte tdte adal U ppl.y

character&a&iﬁgog&kghggkbg?nq75r?Q| |degogn?sggnpggxéxék%ﬂgugh not
Nucl.Med. 26(5), 503 (1985)] for therapy. It was
believed that the use of the conjugates provided the
answer to the site specific delivery of a radioactive
metal ion to soft tissue tumors. However, in the
practice of the use of these conjugates a series of
problems has been observed. For example, problems have
"been noted involving the fragile nature of the antibody,
thé slow clearance of the radioactivity from the blood
stream, the uptake of radioactivity in non-target
tissues such as liver and kidney, and the potential of
an immune response of the patient to the injected
protein.'

Another 'approach.-to delivering metals to soft
tissue tumors is by means of a metal ligand complex.
Although this approach has not been pursued in the
recent literature, it has received extensive attention
in earlier literature. The recognition b& Andrews et
al. in Radiology 61, 570-599 (1953) that Ga*3 had a
tendency to localize in soft tissue tumors led to the
development of 67Ga-c1trate as a tumor imaging agent [R.
L. Hayes, Int.J.Nucl. Med. Biol. 10(4), 257-251 (1983)].
Although 67Ga-citrate is presently used for detecting
abscesses more than for tumor diagnosis, many clinicians
prefer to use it over the monoclonal antibody cohjugates
for diagnosis., Even though 67Ga-citrate is widely used,
it has various disadvantages. For example, the rate of
blood clearance is slow so that images are taken as much
as 48 hours post injection with 67ga-citrate [see Int.d.

“Appl. Nucl. Med. Biol. 8, 249-255 (1984)]. 1In addition, high
uptake of the 67Ga-citrate in non-target tissues make

This is the replacement sheet
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limted,thereto, a pHin the range of fromb5 to 11 is preferred for

‘conpl exati on. The chel ating agent is a conpound of Fornmula | as
defi ned above, or a pharmaceutically acceptable salt thereof. The conpounds
of Formula | may be prepared readily by methods known to those skilled in
the art of organic synthesis, such as the process shown in published

Eur opean application 0,367,223 on May 9, 1990. For the purpose of
the present invention, the conpl exes ¢escribed herein and physi ol ogically
acceptabl e salts thereof are considered equivalent in the therapeutically
effective conpositions. Physiologically acceptable salts refer to the acid
addition salts of those bases which will forma salt with at | east one acid
group of thkmaggandi&fproydd tehdi aheeprat | [segotCurnCongepisgnifiagmt adver se

physi ol ogi cRlyceffregt vhen agloypi ghggadjto a mammal at dosages consi stent
wi th good pharnacol ogi cal practice. Suitable bases include, for exanple,

the alkali netal and al kaline earth g%tal hydr oxi des, carbonates, and

bi car bonat es such adfs&ditfRBGr BRI abBtQggﬁuﬁﬁﬁf@#oﬂqmﬁlﬁ%ﬁ%lﬁﬂf
hydr oxi de, ¢olbserynocameeadt a,orss)dwrrs@rx:ammmé etufiBgBGSkEMLadonat e and

the like, aminocarboxylic acid complexes have been used. For
-~  example, Karube et al. in Chem.Pharm.Bull. 30(7), 2529-

2533 (1982) found that 99mTc-ethylenediaminediacetic
acid (EDDA) and 27Co-EDDA could be used to image tumors

i Lln experimental aminals bearing Ehrlich tumors.

! However, 99mTé complexes with other ligands were less

' effective. Some of the ligands tested with 999Tc were
iminodiacetic acid (IDA), methyllmxnodiacetle acid
(MIDA), nitrilotriacetic acid (NTA), '
ethylenediaminetetraacetic acid (EDTA), and
hydroxyethylethylenediaminetriacetic acid (HEDTA).
Woolfenden et al. in Int.J.Nucl. Med. 10(u4), 251-256
'(1983) found that '93Sm-citrate and 153sm-chloride had a
high liver uptake and suggested the use of higher
"stability chelates, such a3'153Sm-EDTA, could improve
the tumor to liver ratio. More recently, J. Harvey
Turner in Eur. J.Nucl. Med. 13, 432-438 (1987) studied
153sm chelates including HEDTA. The 153sm-HEDTA
‘'chelates used a 20 to 1 HEDTA to Sm molar ratio and
found tumor'uptake to be significantly less than that of
67Ga-citrate. An unacceptably large liver uptake was
noted when using 123Sm-HEDTA at these ratios. He
concluded that "it is unlikely that effective therapy
doses of Sm-153 can be delivered to melanoma tumors by
these and similar chelates." He suggested the use O£~
monoclonal antibodies with 153sm. Another‘ atvempt to
have complexes deliver metal ions to soft tissue tumors
was made by Tse et al. in J.Nucl. Med. 30, 202-208 (1989)
where they studied '°3Sm-EDTA at a 10 to 1 ligand to
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-12- ; anmoni a, primary, secondary and tertiary amnes and the |ike.
-Physi ol ogi cally acceptable.salts nay be prepared by treating the acid with
an appropri ate base. - The nmetal and |igand nmay be conbi ned under
any conditions which allow the two to forma conplex. Cenerally, mxing in
water at a controlled pH (the choice of pHis dependent upon the choice of
nmetal) is all that is required. Mdst of the conpl exes enployed in this
invention were prepared as follows: the desired amount of |igand of Formula
|- was placed in a vial and dissolved by addition of water. At sone higher
| i gand concentrations, it was necessary to.add base in order to conpletely
di ssol ve the Ilgand Fbatlng was, al so found in sone cases .to useful for

di ssol vi ngmeté 1| m@dads Itk nppf BESRaf & SERSGRETS Hqﬂ¥%ﬂﬂﬁhﬁkuﬁh%r ot her
radi onucl i dempl 1%:3 %§t§l§é§b§@| ahioBofpageidb et sahaiee d@amtdrerspe@kdmmo t he
| i gand solutlon %hg &ez hs g jolutlon was th qgasted to the
appr opri at actdydt Y( usuaﬁq‘y( ) ¥ AR ndPH, SRSed LaGnA inthis
i nvention @Bsae (A . HCH @ 1hemdickf beamﬁmget[&lv&saind@mafmhmmmler t he
conpl ex They propose using the complex as an imaging agent using
the high specific activity 1533p. However, as J. Harvey
Turner had reported for 153Sm-HEDTA, these researchers
also found significant uptake in the liver as shown by

their biodistribution and images.

Therefore, there is still a need for an
adaquate system to deliver radionﬁclides selectively to
soft tissue tumors. Surprisingly, it has now been found
that various metal- ligand complexes wherein the ligand:
1s an aminocarboxylate containing a phenolic moiety,
partxcularly the metal-Bis-IDA complex, preferably thh
a high ligand to metal ratio, such as at least 50:1,
give good soft tissue tumor localization with no
significant liver uptake and can be used as diagnostic
or therapeutic agents. '

The present invention concerns metal-ligand
~complexes wherein the ligand is an aminocarboxylate
containing a phenolic moiety, their formulations, and a
method for the therapeutic and/or diagnostic treatment
of a mammal having soft tissue tumors.

The metaléphenolic carboxylate ligand complex

of the present invention has as the metal ion 153Sm,
166h,, 90y, 159g4q, 17TLu, 1111n, 115mp,. 175yp, ¥7sc

165Dy, 52pe, T2ga, 67Ga, 68Ga, Gd, or Fe and has as the
ligand a compound of the formula

-This is the replacement sheet
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term before. In the nmethod of this invention, it is preferred to
enpl oy the conplex in the presence of an ‘excess of ligand. The ligand to
netal ratio (L: M of the ligand to radionuclide or netal is at |east 1:1.
The upper limt of L:Mdepends on the toxicity of the ligand or the
specific activity of the radionuclide. The preferred range for the L: M
ratio is at least 1:1 preferrably from1l:1 to about 600:1, nore preferably
from1l:1 to about 300:1, nost preferrdy fromabout 100:1 to about 300: 1.
When the radionuclide is used in the no carrier added form
then the upper L:Mrange could be significantly higher, such as 5X107: 1.
As used herein, the term"manmal " means ani mal s

OH R®
R \
| RN c N — (CR5R6)y ___ g2
I _
g! -~ R®  (CR5R6),COOH
R! R? (1)

wherein:

R represents hydrogen, -COOH, R! or

Rg-
| :

—C——N— (CRSRB)n —— R2
| | *

R® (CR5R6),COOH

r1 independently'represents hydrogen, C¢-C4,g alkyl, -Cl1,
-Br, -I, -N(R"),, -Nr8c(0)cRORORT, -N(ORS)C(0)RE, -
N(0)R5R6, -NR5-NRORT, -NR5C(0)NRORT, -NO,, -ORS, -
0C(0)R5, -0C(0)OR?, -CN, -SO3H, -SO,NRR®, -NRSSO,RS,
-NR3-0R7, -C=NR®, -N=CROR®, -NCS, -N=0, or -N*RSROR7 and
where R! can be interconnected with another R! to form a
saturated or unsaturated ring;

where RY represents hydrogen. C4-C4g alkyl. or
-CO(CHZ)YCH3, where y is an interger from 0 to 173

R9, 36, R and RS independently represent hydrogen,

Cq-Cq18 alkyl, aryl or aryl-C;-Cy alkyl;
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that nourish their young with mlk secreted by mammary gl ands, preferably
war m bl ooded manmal s, nore preferably humans. - As Rcimas
""pharmaceutical |y acceptabie salt” neans any salt of a corfpdURISHEET dAsEEEN
(1) which is sufficiently non-toxic to be useful in therapy_or &HEE4AEEDs of
mammal s. Thus, the salts are wuseful in accordance with this 1nventiom.
Representative of those salts, which are forned by standard reactions, from
bot h organi ¢ and inorgani c sources include, for exanple, sulfuric,
hydrochl ori ¢, phosphoric, acetic, suedi-hic, citric, lactic, maleic,

fumaric, palmtic, cholic, palnoic, nmucic, - glutamc, d-canphoric,

glutaric, glycolic, phthalic, tartaric, formc, lauric, steric, salicylic,
met hanesul foni ¢, benzenesul fonic, sorbic, picric, benzoic, cinnam c acids
and ot her sRf tebpeesends. ~Q0MH i neCHpQH o e~CH(€83)BHaed by standard
reactions fromboth organic and inorgani c sources such as amoni um al kal
netal ions, @l | | 0054 equ sighhar ions. Particularly
preferred aﬁ% rﬁééggFgghgpyyﬁgﬁ%g%pouHﬁs o) F%%?ﬁﬂlac???'mhere the salt is
pot assi um Gl ygn adkwdni @ny loromiaR ke Thierabkyls The fornul ations
of the present invention are in the solid or liquid formcontaining the
active radignugl hdejpeapeperd off th, theopiypand. These fornulations may be in
kit formsuch that the two conponents (i.e. ligand and netal) are m xed at

t he

or a pharmaceutically acceptable salt thereof.

The formulations have the above complexes with
a physiologically acceptable liquid carrier.

The method of the present invention concerns
the use of the formulations for the therapeutiec and/or
diagnostic treatment of a mammal having a soft tissue
carcinoma. i

The method of this invention is used for the
‘therapeutic and/or diagnostic treatment of a mammal
having soft tissue tumors. The compositions used in the
method have a radionuclide or metal complexed with a
chelating agent. As will be more fully discussed later,
the properties of the radionuclide, of the chelating
agent and of the complex formed therefrom are important
considerations in determining the effectiveness of any
particular composition employed for such treatment.

For the purposes of this invention, the term
"tumor" shall denote a neoplasm, a new abnormal growth
of tissue that is not inflammatory, which arises without
obvious cause from cells of preexistent tissue. and
generally possesses nc physiologic function. Examples
may include "carcinomas" which originate from epithelial
cells, "sarcomas" of mesodermal (connective tissue)
orgin, and lymbhomas from the lymphatic system. The

This Sheet Has Been Reﬂa ' This is the replacement sheet
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appropricate tinme prior to use. Wiether prem xed or as-a

- 14- kit, the fornulations usually require a pharmaceutically acceptable
carrier. | nj ect abl e conpositions of the present invention may be
either in suspension or solution form In the preparation of suitable
formulations it will be recognized that, in general, the water solubility
of the salt is greater than the acid form In solution formthe conplex (or
when desired the separate conponents)g.s dissolved in a physiologically
acceptable carrier. Such carriers conprise a suitable solvent,
preservatives such as benzyl alcohal, if needed, and buffers. Useful -
sol vents include, for exanple, water, aqueous al cohols, glycols and

phosphat e erl(‘gaJTrbOdﬂﬁtEheShEbﬁlaSacflsiqwaL@rBDi&ﬁlOf,b‘ gRDEai N 'no nore than
50 percent of t

Avention.
The term "alkyl" includes the straight or

branched-chain alkyl moieties, such as methyl, ethyl,
isopropyl, n-propyl, n-butyl, t-butyl, n-decyl as well
as others. The "aryl" includes phenyl, naphthyl, or
benzyl.. The term "aryl-C1-CY4 alkyl" includes tolyl, or
2,4-dimethylphenyl. The R! joined "saturated or
unsaturated ring" has a total of six carbon-atoms and is
a phenyl or cyclohexyl moiety having one common side of
"the ring with the phenolic ring.

. As used herein, "complex" refers to a chelating
agent complexéq with a metal ion, preferrably a +3 metal
ion, especialli a radioactive rare-earth type metal ion,
wherein at lea?t one metal atom is chelated or
'sequestered; "radioactive"” when used in conjunction with
the word "metal ion" refers to one or more isotopés of
the rare-earth type elements that emit particles and/or
photons. The term "radionuclide" or "metal" indicates
the metal ion. When the ligand to metal ratio is
discussed, the ratio is molar. The metal ligand
complexes of this invention can consist of a formulation
having the combination of 1 metal with 1 ligand in the
form of a complex and having one or more complexes
comprised of a different metal and/or different ligand,
present in the same formulation. An example of this
would be combining one metal ion that is a gamma
emitting radionuélide for imaging with a ligand and also
having present another metal that is a particle emitter
for therapy with the same or different ligand. The
combination of radionuclides may be more efficaious than
either radionuclide alone. These combinations of
complexeé may be prepared by administrating two
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organi c ‘'sol vent by vol une. I nj ect abl e suspensi ons are conpositions
 of the present invention that require a I-iquid suspending nedium wth or
wi t hout adjuvants, as a carrier. The suspendi ng nedium can be, for exanple,
aqueous pol yvinyl pyrrolidone, inert oils such as vegetable oils or highly
refined mneral oils, or aqueous carboxynethylcellul ose. Suitable
physi ol ogi cal |y acceptabl e adjuvants, if necessary to keep the conplex in
suspensi on, nay be chosen from anong-9+$i ckeners such as

car boxynet hyl cel | ul ose, pol yvinyl pyrrolidone, gelatin, and the al gi nates.
Many surfactants are al so useful as suspendi ng agents, for exanple,

| eci t hin, alkyl phenol, polyethylene oxide adducts, napthal enesul fonat es,
aIkbeenzeﬁ@@Qﬂﬁ6ﬁ§té§ &ﬁﬂﬁﬁkﬁhposymﬁyéamyléﬁetbermﬁmaﬁlesKETs

l\/ggxsfl nggtﬁﬁ?ﬁgw@h@ﬁ Udftflesk NEePUFRREDY! AAL" hixIBRSthtm P GHIEGCE
use, or mixing the two metal ions with the same ligand

and preparing the two or more complexes concurrently.

The radionuclide used in the complex of the
present invention may be suitable for therapeutic,
diagnostic or both therapeutic and diagnostic pufposes;
Examples of the radionuclide used for diagnostie
purposes are Fe, Gd, 111In, 67Ga, or 68Ga, especially
preferréd are 111In, or 67Ga; Examples of the
radionuclide used for therapeutic purposes are 166Ho,
165py, 90y, 115mpp,, 52pe, or 72gGa, with 166Ho and 90y
being preferred. Examples of the radionuclides used for
both therapeutic and diagnostic purposes the
radionuclide used is 153Sm, 177Lu, 159Gd, 1?5Yb, or
47Sc, with 153Sm, 177Lu, 175Yb, 15964 being preferred.

Radionuclides can be produced in several ways.
In a nuclear reactor, a nuclide is bombarded with
neutrons to obtain a radionuclide, e.g. |

Sm-152 + neutron >>Sm—153 + gamma.

Another method of obtaining radionuclides is
by bombarding nuclides with linear accelerator or
cyclotron-produced particles. Yet another way of
obtaining radionuclides is to isolate them from
fission product mixtures. The method of obtaining the
radionuclide is not critical to the present invention,

To irradiate Smg03 for production of Sm-153,
the desired amount of target is first weighed into a
quartz vial, the vial is flame sealed under vacuum and
welded into an aluminum can. The can is irradiated
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i qui d suspensi on nmedi um can assist in making injectable suspensions in
I'ndi vi dual cases. For exanple, silicone antifoanes, sorbitol, and sugars
are all useful suspending agents. _ An "effective anount” of the
formulation is used for therapy. The dose will vary depending on the

di sease being treated. Although in vitro diagnostics can be performed with
the formul ations of this invention, ThOvivo diagnostics are al so

contenpl ated using formul ations of this invention. The invention described
herein provides a nmeans of delivering a therapeutic ampbunt of radioactivity
to soft tissue tunors. However, it may also be desirable to admnister a

" sub- therap%%flEheaﬁﬁﬁﬁfepol&ﬁﬁﬁthQEQ%ﬁ@feﬂQP%#dtﬁﬁrr%ﬁVGhaél|de using a

scintil | atigousanzha abearedt @e@rbnénystﬁﬁlélgx@tt@@rﬁpe%hé gasprer if
di agnostic i es_are_the desir Therggeutlc doses will be

adni ni st er it3h £ FERPYAL 5H8u%ﬁ?q ?%ﬁﬁ% BLN® oPOX nhi bit t uror
growt h amﬂcnuSREBelnegresglaoﬂﬁviaMHwhuéhKstt&%d|sé£Ee&UﬁPth Amount s of

radi onucl i de i,d esired therapeutic,dose will be
determ ned é%% €n€ﬁ§QP$ géﬂdggpgﬁﬁi B 5 R Ttl%%ﬁar conposi tion.
The anount mi‘llnlilbax:tofl‘l fiydr MqliQled s thisl iadded ﬁmetrlr&pe\uiab dose will

e st o LG (6 8L sSBTVES kel BaHR, O Blce 7= 6BTVRY, kil 10 e

adm ni stere iven In éat men
solution 1s diluted to the appropriate volume by

addition of water. The solution is removed from the
original dissolution vial which contains shards of the
crushed quartz.vial and transferred via syringe to a
clean glass serum vial. This solution is then used
for complex preparation. Similar procedures are used
‘to prepare 177L_u, 159G4, and '66mo. 411 radionuclides
for this invention are either available commercially
'or are available from the reactor -at the University of
Missouri at Columbia.

When aqueous solutions of metal ions are mixed
with solutions containing the ligand of Formula I, a
complex between the metal ion and the ligand can be
formed as shown by the equation below.

The reaction is believed to be in equilibrium
such that the concentrations of metal (M) and
complexing agent, or ligand (L), can affect the
concentration of species present in solution.
Competing side reactions, such as metal hydroxide
formation, can also occur in aqueous solution, thus

xM + yOH™ ———> Mx(OH)y.

gheet
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fractionated into several portions and adm nistered at different tines.

Adm ni stering the conposition in fractionated doses nay make it possible to
mnim ze danage to non-target tissue. Such multiple dose adm ni stration nmay
be nore effective. The conpositions of the present invention nmay
be used in conjunction with other active agents and/or

ingredi ents that enhance the therapgutic effectiveness of the conpositions
and/or facilitate easier adm nistration of the conpositions.

Studies to determne the qualitative biodistribution of the various

radi onucl i des were conducted by injecting the conpositions into mniature

pi gs_having nel ancfp& GRS eaﬁce\%rcdhcﬁﬁl1Qﬂ$sdmi:wo:$pomﬁﬁmou§l y.
Lerr]Ga- CLEE%%%dW%% %ﬁﬁﬂﬁs éﬁgrg%gggelan important parameter to
’

be considered. If the pH is too high, the metal tends
to form metal hydroxides rather than complexes. The '
complexing agents may also be adversely affected by
low pH. Complexation-may require the loss of
proton(s); therefore at low pH, conditions may not be
favorable for complexation to occur. Consideration
must be given to the solubility characteristics of the
ligand, radionuclide, and complex. Although not
limited thereto, a pH in the range of from 5 to 11 is

preferred for complexation.

The chelating agent is a compound of Formula I
as defined aboée, or a pharmaceutically acceptable salt
thereof. The compounds of Formula I may be prepared
readily by methods known to those skilled in the art of
organic synthesis, such as the process shown in
published European application 0,367,223 on May 9, 1990.

For the purpose of the present invention, the
complexes described herein and physiologically
acceptable salts thereof are considered equivalent in
the therapeutically effective compositions.
Physiologically acceptable salts refer to the acid
addition salts of those bases which will form a salt
with at least one acid group of the ligand employed and
which will not cause a significant adverse physiological
effect when administered to a mammal at dosages
consistent with good pharmacological practice. Suitable
bases include, for example, the alkali metal and
alkaline earth metal hydroxides, carbonates, and
bicarbonates such as sodium hydroxide, potassium
hydroxide, calcium hydroxide, potassium carbonate,
sodium bicarbonate, magnesium carbonate and the like,
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and was: given by the sanme route of adm nistration as-the test sanples.
"While not wishing to be bound by theory, it is believed that the

advant ageous results of the present invention are obtained because of the
possi bl e uptake preferentially in the tunor. The nechani sm of uptake of the
radi onucl i de by neoplastic tissue is not clear. Sone suggested nmechani sns

are: a). An inbal ance betl#en arterial bl ood supply
to the tunor and venous drai nage from the tunor. A reduced
venous drai nage woul d result in an increase in concentration of
the material within the funor nass. b) Lynphatic dralnage from

a tunor naymwnia, primaryde8pegssary and tertlanw amﬁn%me%n¢|§ Binding to

protein whthid Phys1ologiBSl&?m@bdﬂﬁkaQQ@U%alts may be prépaBggause
inflanmat 0ry reaction 1 s usually present near a tunor, this may

result inbyhdreating thed#?#éryﬁﬁ&a@qu%ﬁﬂﬁﬂnnﬂﬁﬁﬁ1QﬁS%aduolaba
within the tunor.

The metal and ligand may be combined under any
conditions which allow the two to form a complex.
Generally, mixing in water at a controlled pH (the
choice of pH is dependent upon the choice of metal) is
all that is required. Most of the complexes employed
in this invention were prepared as follows: the
desired amount.of ligand of Formula I was placed in a
vial and dissolved by addition of water. At some '
higher ligand'concentrations, it was necessary to add
base in order to completely dissolve the ligand.
Heating was also found in some cases to be useful for
dissolving the ligands. The appropriate amount of the
samarium, or other radionuclide, in the stock solution
described above was then added to the ligand solution.
The pH of the resulting solution was then adjusted to
the appropriate level (usually 7-8). Additionally,
the complex used in this invention may be a mixture of
the different metals as described under the complex
term before. |

In the method of this invention, it is
preferred to employ the complex in the presence of an
excess of ligand. The ligand to metal ratio (L:M) of
the ligand to radionuclide or metal is at least 1:1.
The upper limit of L:M depends on the toxicity of the
ligand or the specific activity of the radionuclide.
The preferred range for the L:M ratio is at ieast 1:1,
preferrably from 1:1 to about 600:1, more preferably
from 1:1 to about 300:1, most preferrably from about
100:1 to about 300:1. When the radionuclide is.used in
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-17- : e) Metallothionein, a protein binder of

‘heavy netals, may occur w t.h some tunors: ’ f) Several

mechani sms may be involved. Al though the theory for the mechani sm of

action of a conplex is still unknown, the present invention provides a

conpl ex which allows a radionuclide to localize in the tunor and displ ays

| ow radi onuclide uptake in other tissues, e.g. liver. The

followi ng definitions are provided #0B-sone terns that are used throughout

this text. d ossary: Conc. = concentrated G = grans

nG =mlligrans nC = mlliCuries . | DA = i m nodi acetic acid
the no carrier added form, then the upper L:M range

could be significantly higher, such as 5x107:1.

As used herein, the term "mammal" means animals
that nourish their young with milk secreted by mammary
glands, preferably warm blooded mammals, more preferably
humans.

As used herein, "pharmaceutically acceptable
salt" means any salt of a compound of formula (I) which
is sufficiently non-toxic to be useful in therapy or .

.diagnosis of mammals. Thus, the salts are useful in
accordance with this invention. Representative of those
salts, which are formed by standard reactions, from both
organic and inorganic sources inciude, for example,
sulfurie, hydrochloric, phosphoric, acetic, succinice,
citric, lactic, maleic, fumaric, palmitie, cholie,
‘palmoic, mucic, glutamic, d-camphorie, glutariec,
glycolic, phthalic, tartaric, formie, laurie, stefic,
salicyliec, methanesulfonic, benzenesulfonic, sorbie,
picric, benzoic, cinnamic acids and other suitable
acids. Also included are salts formed by standard
reactions from both organic and inorganic sources such
as ammonium, alkali metal ions, alkaline earth metal
ions, and other similar ions. Particularly preferred
are the salts of the compounds of formula (I) where the
salt is potassium, sodium, ammonium, or mixtures
thereof.

The formulations of the present invention are
in the solid or liquid form containing the active
radionuclide complexed with the ligand. These
formulations may be in kit form such that the two
components (i.e. ligand and metal) are mixed at the
appropriate time prior to use. Whether premixed or as a

" This is the replacsment sheet

Date: 12 DEC 1996



Bi s-1 DA = 2,6-bi s[N, Nbi s(carboxynet hyl ) - : '
. am nonet hyl ] - 4- (acet am do) phenol . Bis-IDA-NH err] =

2, 6- bi s[ NN- bi s(car boxynet.hyl) - am nonet hyl ] - 4- (am no) pheno

Mono- 1 DA = 2-[ N, N-bi s(car boxynet hyl ) - : :

am nonet hyl ] - 4- (acet am do) phenol Sm = Samari um Ho = Hol m um
Yb = Ytterbium Y = Yttrium g _ Gd = Gadol i ni um Lu =
Lutetium In = Indium gc = Scandi um Fe = iron

- 18- "Ga Gllium

kit, the formulations usually require a pharmaceutically
acceptable carrier. )

Injectable compositions of the present
invention may be either in suspension or solution form.
In the preparation of suitable formulations it will be
recognized that, in general, the water solubility of the
salt is greater than the acid form. In solution form
the complex (or when desired the separate components) is
dissolved in a physiologically acceptable carrier. Such
carriers comprise a suitable solvent, preservatives such
as benzyl a1¢ohol, if needed, and buffers. Useful
solvents include, for example, water, aqueous alcohols,'
glycols, and phosphate or carbonate esters. Such
aqueous solutions contain no more than 50 percent of the
organic solvent by volume.

Injectable suspensions are compositions of the
-present invention that require a liquid suspending
medium, with or without adjuvants, as a carrier. The
suspending medium can be, for example, aqueous
polyvinylpyrrolidone, inert oils such as vegetable oils
or highly refined mineral oils, or aqueous
carboxymethylcellulose. Suitable physiologically
acceptable adjuvants, if necessary to keep the compiex
in suspension, may be chosen from among thickeners such
as carboxymethylcellulose, polyvinylpyrrolidone;
gelatin, and the alginates. Many surfactants are also
useful as suspending agents, for example, leecithin,
alkylphenol, poiyethylene oxide adducts,
napthalenesulfonates, alkylbenzenesulfonates, and the
polyoxyethylene sorbitan esters.

Many substances which affect the _
hydrophilicity, density, and surface tension of the
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chelant-is equivalent to |Iigand conpl ex is equivalent to chel ate,
“and L:M=1ligand to netal nolar ratio. The i nvention
will be further clarified by a consideration of the follow ng exanpl es,

whi ch are intended to be purely exenplary of the present invention.
Preparation of Starting Materials Exanple A : Preparation of Bis-IDA

Into a flask equi pped with a water-cddred reflux condenser, nechani cal
stirrer, theroneter with a tenperature controller, and addition funnel, was
added 50 G of deionized water, 64.0 G (0.47 nole) of 89% IDA, and 60.1 G of
50% aqueous, NaOH The m xture was heated, with stirring, to a tenperature
of 55[ err]Eauidu@B§ReR3dPNoMaAd ke HerRn sa¥t s onin 3Bakking (Undechabde, was

placed in shepadsidhsnihunngli viingardesséo, t e &4 Ele)’eéi%@cshgl“ es.
The m xture was heated at 5% rr]C for one hour, cooled and transterred to
an additi dn¥ e371o3qrodhof, 1REKSURRIY ARe sl bewseBul was added 31.0 G
(0.20 nDIesu@ﬁeﬁwﬂﬁg-a?ehaﬁLdophenol, 50 G of deionized water, and 15.5 G
of 50% aqueous NaOH solution. The m xture was heated, with stirring, to a

added over one houh? TRE AT EremPUREF chabhReAPERULE L88RORT C for an

addi ti onalused htar sthedapyoel eFheCainse HALl 9@r§ depending on the
disease being treated. Although invitro diagnostics can
be performed with the formulations of this invention, -in
vivo diagnostics are also contemplated using formulations
of this invention. The invention described herein
provides a means of delivering a therapeutic amount of
radicactivity to soft tissue tumors. However, it may
also be desirable to administer a “sub-therapeutie"
amount to determine the fate of the radionuclide using a
scintillation camera pripr to administering a | '
therapeutic dose or if diagnostié images are the desired
result. Therapeutic doses will be administered in
sufficient amounts to reduce pain and/or inhibit tumor
growth and/or cause regression of tumors and/or kill the
tumor. Amounts of radionuclide needed to provide the
desired therapeutic dose will be determined
experimentally and optimized for each particular
composition. The amount of radiocactivity required to
deliver a therapeutic dose will vary with the individual
composition employed. The composition to be
administered may be given in a single treatment or
fractionated into several portions and administered at

~ different times. Administering the composition in

fractionated doses may make it possible to minimize
damage to non-target tissue. Such multiple dose
administration may be more effective.

The compositions of the present invention may
be used in conjunction with other active agents and/or
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was added and the reaction mxture stirred for one hour. The sol ution was
-allowed to stand for serveral weeks and the crystalline solids filtered,
washed with deionized water and dried in a vacuumoven at 65[err]C for

sever al -19- hours. Approximtely 48
G of bis-IDA were recovered which strycture was confirmed by proton and
carbon NVR. Exanpl e B: Preparation™0f""Mono-1| DA - ' Into a flask

equi pped with a,water-cool ed reflux condenser, nmechanical stirrer,
therometer with a tenperature controller, and addition funnel, was added

35.3 G of deiognized water.,35.3 G (0,26 | of ,89% | and 39.9 G of 50%

aqueous NaOHEr ?ﬂgﬁtfkéﬁﬁgnﬁégF%dFiﬁ{ﬂﬁéiﬁqﬁﬁqﬁf é?é?ﬁ%%i%?g ure of

55[err] C. Aquddies Sitpdai vbdndebdd /or faicdd itate 624127 nol e),
administration of the compositions.

Studies to determine the qualitative
biodistribution of the various radionuclides were
conducted by injecting the compositions into miniature
pigs héving melanotic lesions, which lesions occur
spontaneously. 67Ga-citrate was used as the control
and was given by the same route of administration as
the test samples.

While not wishing to be bound by theory, it is
believed that the advantageous results of the present
invention are obtained because of the possible uptake
breferentially in the tumor. The mechanism of uptake of
the radionuclide by neoplastic tissue is not clear.

Some suggested mechanisms are:

: a) An imbalance between arterial blood
supply to the tumor and venous drainage from
the tumor. A reduced venous drainage would
result in an increase in concentration of
the material within the tumor mass.

b) Lymphatic drainage from a tumor may be
decreased. "

¢) Non-specific binding to protein within
the tumor may occur.

d) ‘Because inflammatory reaction is usually
present near a tumor, this may result in the
differential concentration of radiolabel
within the tumor. |
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was placed in the addition funnel and added to the m xture over 15 m nutes.

The m xture was heated at 55[err]C for 45 mnutes, cooled and transferred
to an addition funnel. To a 500 nL flask, equiped as before, was added 38.
G (0.25 nol e) of 98% 4-acet am dophenol, 35.3 G of deionized water, and 12.
G of 50% aqueous NaOH sol ution. The m xture was heated, with stirring, to
tenperature of about 65/ err]C, and the formal dehyde-1 DA adduct sol ution
added over 30 minutes. The reaction-i#¥xture was heated at 65[err]C for an
addi tional 12 hours and cooled. Conc.. HCl, 55.5 G was added and the
reaction m xture stirred for. one hour. The solution was allowed to stand
for serveral weeks and the crystalllne solids filtered, washed with

dei oni zed water, and d¢?edM Pﬁaélﬂﬁﬁkﬂﬁﬁﬁﬂw1%uPQEﬂQ#H]H}ﬁQﬂ?s@ﬂeral hours.

Appr oxi mately 17.5 G qﬁegvggmlel% 16T Qnarlf%\t‘%ﬂeq\u“tm e MAGh AN
confirmed by proton NVR anple reparation of BIs- IDA—NH[err]

Into a flask equi pped M th_a wat co | ed condens nmechani cal stirrer,
and heating mantel, addBY €8 gisny Y g?eep‘eﬂ‘@jl‘f ¢d £xanpl e A To
t he

Although the theory for the mechanism of action of a
complex is still unknown, the present invention provides
a complex which allows a radiocnuclide to localize in the
tumor and displays low radionuclide uptake in other
tissues, e.g. liver.

The following definitions are provided for .some
terms that are used throughout this text.

G;ossarx:

Conc. = concentrated

G = grams

mG = milligrams

mCi = milliCuries

IDA = iminodiacetic acid
Bis-IDA = 2,6-bis[N,N-bis(carboxymethyl)-
aminomethyl]-4-(acetamido)phenol

Bis-IDA~NH, = 2,6-bis[N,N-bis(carboxymethyl)-
aminomethyl]l-4-(amino)phenol

Mono-IDA = 2-{N,N-bis(carboxymethyl)-
aminomethyl]l-U4~(acetamido)phenol

Sm = Samaniﬁm

Ho = Holmium

Yb = Ytterbium
Y = Yttrium

Gd = Gadolinium
Lu = Lutetium
In = Indium

S¢ = Scandium
Fe = iron
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- 20- ‘flask was added 21.0 G of conc. HO. The resulting solution was
refluxed with stirring for one hour. The reaction m xture was evaporated
to dryness invacuo to yield 5.78 G as pale yellow crystals, of Bis-IDA-NH
as the hydrochloride salt. The structure was confirnmed by proton and carbon
NMR. Preparation of Final Products Exanple 1 Bis-1 DA, 43.0 nGG
was weighed into a 5 nL glass vial and 2.38 nL of a 3X10-[err]M solution

of SmCl[err]
[err] SnCl[ err]

in,0.1MHA and 0.62 m_pg_a 3X10-[err] M solution of

in 0.1M HO was added. The pH was adjusted to 7-8 using 50%

-NaOH. The activity of the final solution was about 3.5 nC in about 3.0 niL
with aligand to netal ratio of about 300:1. Exanple 2 Mono- | DA
90.0 nG was wei gheGai st Gadl3ium gl ass vial and 2.5 nL of a 3X10-[err]M
solution of SnCl 3 '8h21%M HQ_ and 0.5 nLto£03{%géLgrr]leolutlon of SnCl 3

in 0.1M

t Is equivalen
complex is equivalent to chelate, and
L:M = ligand to metal molar ratio.

The invention will be further clarified by a

consideration of the following examples, which are -
intended to be. purely exemplary of the present
invention.

Preparation of Starting Materials

Example A : Preparation of Bis-IDA

Into a flask equipped with a water-cooled

reflux_condenser, mechanical stirrer, therometer with a
temperature controller, and addition funnel, was added

and

'50 G of deionized water, 64.0 G (0.47 mole) of 89% IDA,

60.1 G of 50% aqueous NaOH. The mixture was heated,

with s;irring, to a temperature of 55°C. ' Aqueous 37%
formaladehde solution, 35.0 G (0.43 mole), was placed in

the

addition funnel and added to the mixture over 30

minutes. The mixture was heated at 55°C for one hour,
cooled and transferred to an addition funnel. To a 500
ml flask, equiped as before, was added 31.0 G (0.20
mole) of 98% 4-acetamidophenol, 50 G of deionized water,

and
was

15.5 G of 50% aqueous NaOH solution. The mixture
heated, with stirring, to a temperature of about

' 65°C, and the formaldehyde-IDA adduct solution added

over one hour. The reaction mixture was heated at 65°C

for
was
The
the

an additional 12 hours and cooled. Cone. HC1l, 96 G,
added and the reaction mixture stirred for one hour.
solution was allowed to stand for serveral weeks and
crystalline solids filtered, washed with deionized

water and dried in a vacuum oven at 65°C for several
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HCl- was -added. The pH was adjusted to 7-8 using 50% NaCH. The activity of
the final solution was about 3.9 nC in about 3.0 nL with a ligand to netal
rati o of about 300:1. Exanple 3 Bis-1 DA, 28.6 nmG was wei ghed
into a5 nL glass vial and 2.0 nL of a 3X10-[err]Msolution of SnCI3 in
0.1M HO and containing a tracer anount of [err]Sm The pH was raised to
13- 14 using 50% NaOH. The pH was then adjusted to 7-8 using HO. The
activity of the final -19- -21- sol ution
was about 2 nCi/nmL with a ligand to nmetal ratio of 100:1. Exanple 4

hours.',Approximately 48 G of bis~IDA were recovered
which structure was confirmed by proton and carbon NMR.

Example B: Preparation of Mono-IDA

Into a flask equipped with a water-cooled

reflux condenser, mechanical stirrer, therometer with a
temperature controller, and addition funnel, was added
35.3 G of deionized water, 35.3 G (0.26 mole) of 89%
IDA, and 39.9 G of 50% aqueous NaOH. The mixture was
heated, with stirring, to a temperature of 55°C. _
Aqueous 37% formaladehde solution, 21.5 G (0.27 mole),
was placed in the addition funnel and added to the
mixture over 15 minutes. The mixture was heated at 55°C
for 45 minuteé, cooled and transferred to an addition
funnel. To a 500 mL flask,'equiped as before, was added
38.7 G (0.25 mole) of 98% Y-acetamidophenol, 35.3 G of
deionized water, and 12.2 G'of 50% aqueous NaOH
solution. ' The mixture was heated, with stirring, to a
temperature of about 65°C, and the formaldehyde-IDA
adduct solution added over 30 minutes. The reaction
mixture was heated at 65°C for an additional 12 hours
and cooled. Conc. HCl, 55.5 G, was added and the
reaction mixture stirred for one hour. The solution was
allowed to stand for serveral weeks and the crystalline
solids filtered, washed with deionized water, and dried
in a vacuum oven at 65°C for several hours.
Approximately 17.5 G of mono-IDA were recovered which

- 8tructure was confirmed by proton ANMR.

Example C : Preparation of Bis-IDA-NH2

Into a flask equipped with a water-cooled
condenser, mechanical stirrer, and heating mantel, was
added 5.10 G of Bis-IDA, prepared in Example A. To the
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Bis-1DA" 5.7 nG was weighed into a 5 nL glass vial and 2.0 nL of a 3X10 4M
'solution of SMCI3 in 0.1M HCL and and containing a tracer anount of 153Sm
The pH was adjusted to 7-8 by the procedure described in Exanple 3. The
activity of the final solution was about 4 nCi in about 2 nL with a |igand
to netal ratio of 20:1. Exanple 5 _2p- Bis-IDA-NH err], 117.7 nG was
wei ghed into a 5 nL glass vial and 2.0 nL of a 3X10-[err] M sol ution of
SnCl[err] in 0.1MHCL and andcontaining a tracer anmount of [err] Sm The pH
was adjusted to 7 using NaOH solution (85 [err]L of 50% NaCH). The activity
of the final,0lwhsoadeed aQWt @ dfCicdne alHLl. 1 The wréhuBtingand to netal

ratio of 300: 1., Exanple . i s RA . 5. 45 i g into a
100 nL bead@utARp 4}ﬁg§5rﬁ’?l&xe§1 fl(&@Bso lutgﬁonréoﬁoﬁa%-ﬁmgéu%\gdegﬁgﬁ th
stirring. peddtion migourd was evgpatatied dic sityresss t fievacziol ®e sol ution

was quantitati Yohransterr t tr] S ndybrQught to
vol unme w tyﬁ'%léi/%T Zéde\mggr P ee%’so l% orgr-{‘%é/a%s 1 t%fe%igh{;%%gﬂiia 8.9'22 pm
filter intghea Hyfrathbenkde. sBlits sdlha iVirueurk sprmsednf bnmed10ynL serum
vials (2. 3prrgt6rp £aGNeYk8bh NERCh Vial contained 0.54 mml of Bis-1DA

Preparation of Final Products

- Example 1

Bis-IDA, 43.0 mG, was weighed into a 5 mL glass
vial.and 2.38 mL of a 3X10~"*M solution of SmClz in 0.1M
HCl and 0.62 mL of a 3X10~"M solution of. 153smC13 in
0.1M HC1 was added. The pH was adjusted to 7-8 using
50% NaOH. The activity of the final solui_';ion was about
3.5 mCi in about 3.0 mL with a ligand to metal ratio of
about 300:1. '

Example 2

Mono-IDA, 90.0 mG, was weighed into a 5 mL
glass vial and 2.5 mL of a 3X10™"M solution of SmClj in
0.1M HC1 and 0.5 mL of 3x10-4M solution of SmClz in 0.1M
HC1 was added. The pH was adjusted to 7-8 using 50%
NaOH. The activity of the final solution was about
3.9 mCi in about 3.0 mL with a ligand to metal ratio of
about 300:1. '

Example 3

Bis-IDA, 28.6 mG, was weighed into a 5 mL glass
vial and 2.0 mL of a 3X10"U‘M solution of SmCl3 in 0.1M
HC1l and containing a tracer amount of 153Sm. The pH was
raised to 13-1l4 using 50% NaOH. The pH was then
adjusted to 7-8 using HCl. The activity of the final
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and 2.043 mmol of NaOH Twenty vials were filled, the

-22- contents frozen and freeze-dried, then seal ed under vacuumto form
Kits. To reconstitute a kit, 6.0 nmL of a 3X10-[err]M sol ution of
SnCl[err] in 0.1M HCO and and containing the desired amunt of 153Sm
typically 20-30 nCi, is added via syringe. The vial is shaken to assure

di ssolution and the final pHis verjified to be 7 to 8. The kit is then
ready for injectioninto the aninaT?1‘BioIogicaI Exanpl es Exanpl e

golution was about 2 mCi/mL with a ligand to metal ratio
of 100:1.

Eiamgle Yy

Bis-IDA, 5.7 mG, was weighed into a 5 mL glass
vial and 2.0 mL of a 3X10*uM solution of SmCl3 in 0.1M
HCl1l and and containing a tracer amount of 153Sm. The pH
was adjusted to 7-8 by the procedure described in
Example 3. The activity of the final solution was about
4 mCi in about 2 mL with a ligand to metal ratio of
20:1.

Example 5

Bis-IDA-NH,, 117.7 mG, was weighed into a 5 mL
glass vial and 2.0 mL of a 3%X10~"M solution of SmCl3 in
0.1M HCl and and ,containing a tracer amount of 153sm.
The pH was adjusted to 7 using NaOH solution (85 upL of
50% NaOH). The activity of the final solution was about
2 mCi in about 1 mL with a ligand to metal ratio of
300:1.

Example 6

Bis-IDA, 5.458 G, was weighed into a 100 mL
beaker and 44.95 mL of a 1.0M solution of NaOH was added
with stirring. After the solid was completely
dissolved, the yellow solution was quantitatively
transferred to a 50 mL volumetric flask and brought to
volume with deionized water. The solution was filtered
through a 0.22 pm filter into a 100 mL beaker. This
solution was dispensed ionto 10 mL serum vials (2.3 mL
in each vial). Each vial contained 0.54% mmol of Bis-IDA
and 2.043 mmol of NaOH. Twenty vials were filled, the
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The solutions prepared in Exanples 1-6 were injected |.V. into mniature
pigs with naturally occurring nelanotic | esions. The sanple solution used
for injection was fromO0.5-1nlL containing 1-2 nCi of 153Sm The pigs had
whol e body counts inmedi ately after injection and again at 24, 48 and 72

hours. Inmages (right lateral, left lateral and dorsal) were nade at 4, 24,
48 and 72 hours. The 24 hour inmages were eval uated i ndependently by 3

i nvestigators for the uptake of 153%mLin bone, liver and tunmor. The
foll ow ng schenme was used for scaling the uptake of [err]Smin the various
tissues: 0 - No discernabl e uptake 1 - Slight

upt ake (negligibl e) 2 - Moderate uptake (internedi ate)

3 - DefinppRtbptakerodeh)andherasgeagpiet,t BRed sBY2SH gaters | ndependent

scores were used,in _the follow ng table.
vacuum to form kits.

To reconstitute a kit, 6.0 mL of a 3X10‘"M
solution of SmCl,; in 0.1M HCl and and containing the
desired amount of 193sm, typically 20-30 mCi, is added
via syringe. The vial is shaken to assure dissolution

and the final pH is verified to be 7 to 8. The kit is
then ready for injection into the animal.

Biological Examples

Example I

The solutions prepared in Examples 1-6 were
injected I.V. into miniature pigs wjith naturally:
occurriﬁg melanotic lesions. The sample soldtion used
for injection was from 0.5-1mL containing 1-2 mCi of
153sm. The pigs had whole body counts immediately after
injection and again at 24, 48 -and 72 hours. Images
(right lateral, left lateral and dorsal) were made at 4,
24, 48 and T2 hours.

The 24 hour images were evaluated independently by 3
investigators for the uptake of 153sm in bone, liver and
tumor. The following scheme was used for scaling the
uptake of 153sm in the various tissues:

- No discernable uptake

Slight uptake (negligible)
Moderate uptake (intérmediate)
Definite uptake (high)

wWw NN = O
I |

The average of the 3 investigators independent scores
were used in the following table.

This is the replacsment gheet

pate: 12 DEC 19%



-23- » TABLE | | Li gand/ %

- Wol e Bone Li ver Tunor Conpound Met al
Body Up- - Up- Upt ake Exanpl e Ratio
Ret enti on t ake take (Location) (24 h rs.)
4l err] 20 55. 2 2.67 3. 00 0. 00
(Left carpus) -23-
0. 00 . (Left stifle)
4a 20 ) 48. 2 1. 67 2.00 2.00
(R ght ear) 3[err]- 100 _ 42.9 2.67 1.33
0. 00 : (Right stifle)
3[err] 100 37.1 2.67 0.00 ' . 3.00
(Left sacrum TABLE I
2.00 —(Right nasal) 1lerr]
300 - 29.5 3109 d. 67 3. 00
(Dorsal Neckhpound Ligand/ A'ngg;le Bone Liver Turho0
(Right tHofgxgimple Metal | o tention UE- . Up- Uptake
2. 00 Ratio (24 hrs.) take (|L est|i f (location)
42 20 55.2 2.67 | 3.00 0.00
. (Left carpus)
0.00
_ (Left stifle)
42 20 48.2 1.67 2.00 2.00
, ' ‘(Right ear)
3 100 429 2.67 | 1.33 0.00
' , (Right stifle)
32 100 37.1 2.67 0.00 3.00
(Left sacrum)
i 2.00
) (Right nasal)
12 300 29.5 3.00 0.67 3.00
(Dorsal neck)
200 .
4 (Right thorax)
2.00
(Left stifle)
12 300 - 40.1 2.67 0.67 | 0.67
(Right head)
2b 300 60.7 - 1.33 - 2.00 0.00 right
hea
0.00 draining
node
2b 300 46.6 2.33 1.00 3.00
(Dorsal neck)
0.00
(Right thorax)
2.00
| (Left stifle)
Bis-IDA Tigand with >°5m.

N oo
nyn

Mono-IDA ligand with'33Sm.
Bis-IDA kit, reconstituted
% = percentage of injected dose.

t
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| [etr] 300 40. 1 2. 67 0.67 0. 67

(Ri ght head) 2[err] 300 : 60. 7 1.33 2.00
0.00 right . head
0. 00 draining '

node 2[err] 300 46. 6 2.33 1.00

3.00 -2l (Dorsal neck)

(Right thorax) .

2.00 (Left stifle) a = Bis-IDAligand with [err]Sm b = Mpno-I1DA |igand
with [err] Sm ¢ = Bis-IDA kit, reconstituted % = percentage of injected
dose.

"TABLE I Cont'd

. % Whole .
compound | U9enl | “Body © | Bone | ver | Tumor
Example Ratio Retention tage téﬁ (L P tion)
(24 hl’S.) e ocation
5 300 46.7 2.75 0.50 2.00
(Midline,
lumbar area)
5 300 |- 46.5 2.75 | 0.50 2.00
(Head)
- 0.50
(Inside left
. _ : hock)
5 300 48.9 275 | 025 2,00
: : ' (Midline,
scapula area)
6 | 300 40.0 250 | 0.50 0.75
: : (Right ear)
6° 300 335 2.50 0.25 2.25
) (Midline,
| _ . cervical area)
6° - 300 42.5 2.75 0.00 0.50
. (Right elbow)
a = Bis-IDA ligand with >°5m.

b = Mono-IDA ligand with'33Sm.
¢ = Bis-IDA kit, reconstituted
% = percentage of injected dose.

The above data shows that for the complexes of
the present invention, the radionuclide will localize in
the tumor. Particulary, when the ligand/metal ratio is
high, then the whole body retention and the liver uptake
significantly drbop. Because of these uptake
differences, the images are vastly improved for the
higher ligand to metal ratio injections.
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TABLE | Cont'd ' Li gand/ % Whol e Bone  Liver

Tunmor  Conpound Met al Body Up- - Up- Upt ake Exanpl e
Ratio Ret enti on t ake t ake (Locat i on) (24
hrs.) 5 300 46. 7 2.75 0. 50 2. 00

(Mdline, | unbar area) 5
300 46. 5 2.75 0. 50 2. 00

(Head) H 0. 50

(I'nside left hock) Z 300 48. 9 2.75 0.25
2.00 -e5- (M dl i ne,

scapul a area) 6[ err] 300 40. 0 2.50 0. 50 0.75
(Right ear) 6[ err] : 300 33.5 2.50 0.25 2.25
(M dline, '

. cervical area)
6[err] Comparative Example A , .5 ( (9 0. 50

(Right elbow) a = Bis-b A ligand with [err]Sm b = Mno-IDA ligand with
[err]Sm ¢ = Bis-| Dfhent D' Gaceasrata dpunchanad dnameSwicon) c¥@dd dose.

used in a procedure similar to Example 5, the results
obtained are shown in the following table:

TABLE A
%\B’\")Z';le UBon‘s ULive!: L‘Ij'umgr
Example Retention ptake ptake ptake
(72 hrs)) (72. hr) | (72 hrs) (Locatlon)
A 98.5 1.00 3.00 0.00
- (Left sacrum) |
A | -96.7 1.00 2.67 0.33
(Right head)
f 1.67
(Draining
node)
A 97.1 1.00 3.00 3.00 ',
(Left head) '
3.00
(Right thorax)
2.00
(Right stifle)

% = the percentage of injected dose.

67Ga-citrate never cleared the extracellular
fluid and had an unacceptably large liver uptake.
Although tumor uptake was noted, the degree of uptake
was similar to the degree of uptake in non-targret
tissue which made the tumor image almost
indistinguishable from the high background activity.

Example II

A poodle dog with an oral melanoma on the left
mandible that had metastasized to a regional lymph node
was treated with about 3 mCi of 153Sm from a
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The abowve data shows that for the conpl exes of the present invention, the
radi onuclide will localize in the tunor.- Particulary, when the

ligand/ netal ratio is high, then the whole body retention and the |iver
upt ake significantly drbp. Because of these uptake differences, the inages
are vastly inproved for the higher ligand to netal ratio injections.

- 25- Conparati ve Exanple A When [err]Ga-citrate (purchased from
Syncor) was used in a procedure simlar to Exanple 5, the results obtained
are shown in the fol | owing table: -26- TABLE A

reconstituted kit of Example 6. Gamma images clearly
show uptake of 153Sm in the lymph node.

Example III

A Scottie dog with a surgically removed
recurrent melanoma on the left side was treated with
about 3 mCi of 153sm from a reconstituted kit of Example
6. Gamma images clearly show uptake of 153Sm at the
surgical site..

Other embodiments of the invention will be
apparent to those skilled in the art from a
considefation of this speécification or practice of the
invention dlselosed hereln. It is intended that the
specification and examples be considered as exemplary
only, with the true scope and spirit of the invention
being indicated by the following claims.
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Exanpl e Retention

% Whol.e - __Bone Liver Tunor Upt ake Upt ake
Upt ake (72 hrs.) (72 hr) (72 hrs) (Location) A
98 5 Mm 0. 00 _ . .
(Left , ﬂﬂ[ﬂ"ﬂﬂmlﬂl 96. 7 1.00  2.67 0. T8S SHEET A pE
(Ri ght ‘hedd) | L. 67 REP EN
(Dr ai ni ng node) ' SACED
1.00  3.00 '3.00 -27- (Left head)
3.00 ' (Ri ght thorax)

2.00 (Right stifle) % = the percentage of

I nj ected dose.
not ed,

t he hi gh background activity.
oral nelanoma on the |eft

WHAT IS CLAIMED IS:

67Ga-citrate never
and had an unacceptably large |iver uptake.
the degree of uptake was simlar to the degree of uptake in
non-targret tissue which made the tunor image al nost indistinguishable from
Exanpl e 11

Al t hough tunor uptake was

A poodl e dog with an

1. A metal-phenolic carboxylate ligand complex

wherein the metai ion is 153Sm,
115mIn,

159¢4,
67Ga’

MTTLu, ¥11n,

166H0, QOY,
175Yb, u750, 52Fe,

T2ga,

6_8Ga, Gd, or Fe and the ligand is of the formula

OH RQ
R \
_ l N ?
R‘l / Rg
R! R

wherein:

N — (CRSR6), __ g2

I
(CR5R6),COOH
(1)

R represents hydrogen, -COOH, R1 or

il

This is the replacement sheet
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mandi bl e that had netastasized to a regional |ynph node was treated with

about "3 nCi of 153Sm from a * N sOl
CLAI I\/B m “ﬁe nmet al - phenol i ¢ carboxyl ate |i ¢g
the ne m“ﬁwm m [err]Ho, [err]y, [err]Dy,
[err]ln,» érr}ln [err]yb [err]Sc, [err]Fe, [err] G,
and the ligand is of the formula
[err] wher ei n: R represents hydrogen, or
-28-
R? i
|

| |
R? (CR5R6),CO0H

[e

Rr? independently represents hydrogen, C1-C13 alkyl, -Cl,
-Br, -1, -N(R"), -NR8c(0)cR3RORT, -N(OR3)C(0)RS, -
N(0)R5R6, -NRS-NR6RT, -NRSC(0)NRORT, -NO,, -OR5, -
0C(0)R5, -OC(0)ORS, -CN, -SO3H, -SO,NRSR6, -NR3S0,RS,
-NRS-0RT, -C=NR?, -N= cr5r®, -NCS, -N=0, or -N*RSRORT and
where R! can be 1nterconnected with another R1 to form a

saturated or unsaturated rings

where r represents hydrogen, C4-C4g alkyl, or
-co(cHz)yCH3, where y is an .interger from 0 to 17;

35, 365 R7 and R8 independently represent hydrogen,

Cq1~Cq18 alkyl, aryl or aryl-Cq,-Cy alkyls

R2 represents -COOH, -CHoOH or -CH(CH3)OH;

R? independently represents hydrogen, -COOH,

C4-Cqg alkyl, aryl or aryl-Cq-Cy alkylj;

n is an intereger of 1, 2 or 3;

or a pharmaceutically acceptable salt thereof.

2. A complex of Claim 1 wherein Rl represents

-N(RH),, -NHCOCH3 or C1-Cqg alkyl.

3. A complex of Claim 1 wherein R represents

This Sheet Has Been Reﬁa
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[err] R err] independently represents hydrogen, Cferr] -Cerr] alkyl,
“N(RlerrPert], -NR[err]C(O CRlerr]Rerr]Rerr], NR[err

C(ON err], -NeCRlerr]Rerr], -NCS, -N

-N+R[ P‘ﬁ‘ﬂ\gg‘“ M“‘W where Rlerr] represents h Sbseﬁ%téi;gés BEEN
C[err -CO(CHerr])[err] CHerr], whenley i3 Peger
fromO to 17, R[err] Rlerr],Riggr] and Rerr] |ndepéﬁaaﬁ—"7"*‘ﬁ“"~" t
hydr ogen, C[err]-C[err] aIkyI, aryI or aryl-Cerr]-Cferr] alkyl; R2

represents -COOH, -CHerr]OH or -CH(CH err]) OH;

R9 independently

represents hydrogen, Cerr]-Cerr] alkyl, aryl or aryl-Clerr]-Cferr] alkyl;
nis an integer of 1, 2 or 3; or a pharmaceutically acceptable salt
t her eof ; with the proviso that the ligand to netal ratio is at |east

represen

ts -N(Rlerr])[err],

20:1. 2. A compl ex of clalmé %r%grbHR[err]
-NHCocH err] or [ errT= EfertT Ruwfi2 A conplex of claim1 wherein R

represents
28 wherein R2 is defined as i | aim1.

R2

wherein R2 is defined as in Claim 1.

[err]

4, The complex of Claim 3 wherein R! is in the
4 position and is -NHCOCH3, and RZ is -COOH, or a
pharmaceutically acceptable salt thereof.

5. The complex of Claim 3 wherein R! is in the
4 position and is -NH,, and R2 is -COOH, or a
pharmaceutically acceptable salt thereof.

6. A complex of Claim 1 wherein R represents

hydrogen,

T. The complex of Claim 6 wherein R! is in the
4 position and is -NHCOCH3, and R? is ~COCH, or a
pharmaceutically acceptable salt thereof.

8. A comblex of any one of Claims 1 to 7
. wherein the ligand to metal ratio is at least 1:1.

9. A complex of Claim 8 wherein the ligand to

metal ratio is from 1:1 to 600:1.

10. A camplex of Claim 9 wherein the ligand to

metal ratio is from 1:1 to 300:1.

11. A complex of Claim 10 wherein the ligand to

metal ratio is from 100:1 to 300:1.

This Sheet Has Been R
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4.+ The“COﬂpIexmofmcLaLglg_mherein Rlerr] is in the 4 position and is
- NHCOCHS3, d R2 is -COOH, or a pharnmaceutically acceptable salt thereof.

5. A caﬁlﬂ ”mmmm limwherein R represents hydrqgges ex of
claimb5b hy: ,"I Irn the 4 position and i's -|NHASESREERAAS BEENS
-COOH, or a pharmaceufically acceptable salt thereofff 7. RERLAGQED| ex Of

' 8.

claim1l wherein the ligand to netal ratio is from 203 :
A complex of claim7 wherein the ligand to netal ratio is from20:1 to
about 300:1. 9. A compl ex of cl aiT8%~ wherein the ligand to netal ratio is
from about 100:1 to about 300:1. 10. A conplex of .claim1l wherein the netal
is [err]Sm [err]Ho, [err]LU, [err]ln, [err]y [err]Yb, or 67Ga. 11. The

?ggPlex of claln11Q?Whir%gkﬁf@%ngkaﬁnbso$§3o§”blaims 1to 7
wherein the metal used is in the no carrier added form.

13. A complex of Claim 12 wherein the ligand to
metal ratio is 5X107:1. '

14. A complex of any one of Claims 1 to T
wherein the metal is 133sm, 166mo, 177, 1113, 90y
175Yb, 67Ga, Gd, or Fe. :

15. The complex of Claim 14 wherein the metal
is 153sm. ‘ |

16. A pharmaceutical formulation comprising a
complex as claimed in any one of Claims 1 to 7 with a
i physiologically acceptable liquid carrier.

17. A formulation of Claim 16 wherein the
physiologically acceptable liquid carrier is water and
the resulting solution is adjusted to have a pH of about
7 to about 8.

18. The formulation of Claim 17 wherein the
complex comprises a metal with a ligand of Formula I as
claimed in Claim 1 wherein R represents

.
L4

— CHy — N — CH,COOH

-~

R2

R! is -NHCOCH3, and RZ is -COOH, or a pharmaceutically
acceptable salt thereof.
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[grr] R err]. |ndependently represents hydrogen, Clerr]-Cerr] alkyl,
-CI,’I'his&jx,e = | -N(R[err] ) [err], -NRerr]C(OCRerr] R[ er
; ol S lepm ., - N(O)R[err]R[err] -NR[err]-NR ¢ :

err], -NJerr], OQ[err], - OC(O Rjjerr

. -SCIerr]H -Sqerr]NR[err]R[err]
-NR[err]SC{err]' err], -NR[err]-ORlerr], -C=NRerr], -N=CRlerr]Rerr
-NCS, -N=O or N+R[err]R[err]R[err] nd where Rerr] can be interconnected
w t h anot her R[err] to forma saturé@iﬂ or unsaturated ring; where Rerr]
represents hydrogen, Cerr]-Cerr] alkyl, or -CO(CHerr])[err]CH err]
where y H;anintmgerfromo to 17; HRerr], Rerr], Rerr]-and Rerr]
i ndependently re r hydro err rr. ., aryl ar
aryl IOC[ err]- >(l:[erP] hg %gPPﬂ%éﬁPeggﬁﬁiwyﬂm#Q]@wm
-CH(CH[errdOﬂbﬂethempk1BmdepenﬂanalywtE@resbhganhydfogehmuiGO@Has
Cerr]-Cd ylk l, or rel kyl; -'n is an intereger

éi’zahrﬁ%& pﬁ&% 1%%% Sﬁ e%ﬁ%%én% 9

of 1, 2 or ceutcal y acc g"&3It. t her eof .

— CHa —N - CHchOH N

L

R2

R! is .--NHZ,'and'R2 is -COOH, or a pharmaceutically
acceptable salt ‘thereof.

20. The formulation of Claim 17 wherein the
composition administered to a mammal may contain 2 or
more different radioisotopes.

21. The formulation of Claim 17 wherein the
composition administered to a2 mammal may be in the form
of a reconstituted kit.

22. A method for the therapeutic and/or
diagnostic treatment of a mammal having a soft tissue
tumor which comprises administering to said mammal an
effective amount of a formulation as claimed in any one
of Claims 16 through 21.

23. A method of Claim 22 for therapeutic
treatment.

24. The method of Claim 23 wherein the metal
ion is 166Ho, or 90y,

25. A method of Claim 22 for diagnostic
treatment. ' :

This is the replacement sheet
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. »A conmpl ex of Claim1 wherein Rl represents -N(R[err])[err], -NHCOCH err]

' or derrt=Cerr] al kyl 3. A conmplex of Claiml wherein R
represe _ S _ _ -29-
[err] ““\““ “‘\L\m‘m rr] is defined as in O aiml. THIS SHEET HAS BEE‘\j
- REPLACED |
-32-

26. The method of Claim 25 wherein the metal
ion is 11'1n, 87Ga, Gd, or Fe.

27. A method of Claim 22 for therapeutic and
diagnostic treatment. :

28. The method of Claim 27 where;n the metal
ion is 153Sm 177Lu or 175Yb

29. The method of Claim 28 wherein the metal
ion is 153Sm.

Sheet Has Been Replaced
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4. The conplex of Claim3 wherein RL is in the 4 position and
and Rlerr] is -COOH, or a phar maceutlcally accept abl e sal
5. The conplex of Caim3 wherein Rlerr] is in the 4 pstYNgEH%ﬁJ
and Rlerr] is -COOH, or a pharmaceutically acceptable shl't t IR&Pa
6. A conplex of Claim1 wherein R represents hydrogen.
conplex of Claim6 wherein Rlerr] is in the 4 position and is -NHCOCH[err]
and R[err] is -COOH, or a pharmaceutically acceptable salt thereof.

8. A complex of any one of Clains 1 to 4,wherein the ligand to netal ratio

-is at least 1:1. 9. Aconmplex™f Claim8 wherein the ligand to
nmetal ratiois from1l:1 to 600: 1. 10. A conplex of Cdaim9 wherein
the ligand to netal ratiois from1l:1 to 300: 1. 11. A conpl ex of

Claim 10 wherein RPOSAIONSANY METHODFOR SORPriiie TUMBRY -

ABSTRACT

Compositions and method for therapeutic and/or diagnostic treatment of soft
tissue tumors in mammals using certain metals ions or particle-emitting radionuclides

complexed with a phenoliccarboxylate ligand is described.

This Sheet Has B
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- 30-"

metal used is in the no carrier added form

Claim 12 wherein the ligand to netal ratio is 5X10[e

conpl ex of any one of Clainms 1 to 7 whereir}the nmet a
[err]In, [err]y, [err]Yb, [err]G,~ Gd, or He.

[err]Lu,

conpl ex of
phar maceut i

12. A conplex of any one of Clains 1 to 7 wherein the

aim 14 wherein the netal is [err]Sm 12‘)E&.19W‘
reprgsenty tPOH, coHpOHserTEHY ex as dl dined i n any ‘ogeJof

Clains 1 toRY M@emn?ygp@gm BairbgenacCOOERDI € |iquid carrier.
of '

17.-A tormuiatd on o GRSt AE) sidy;the

n is an intereger of 1, 2 or 3;

or a pharmaceutically acceptable salt thereof.

Move particularly, there is provided according to a broad form of the invention a
radioactive metal-phenolic carboxylate ligand complex wherein the metal ion is !53Sm,
166H0’ 90Y’ 165Dy, 159Gd, 177Lu’ lllln, '115m1n, 175Yb,' 47Sc, 52Fe, 72Ga, 57Ga, or 68Ga
and the ligand is of the formula '

OH 29 | o

| .
C—N—(CRRS),—~R2
R? (CRSRS),,COOH

wherein: _
R represents hydrogen, or

R?

l ) .
—clz—lir—'(cnsn‘)n—m.

R? (CR*R),COO0H

R! independently represents hydrogen, C;-Cg alkyl, -N(R%),, -NR8C(O)CRSRSR?, -NR>-
C(O)NRSR7, -NO,, -N=CR3RS, -NCS, -N=0, or -N+R5R6R7;

where R4 represents hydrogen, Cy-C;g alkyl, or ~CO(CH),CHj3, where y is an
integer from 0 to 17;

R3,R6,R7 and R8 independently represent hydrogen, C-Cy3 alkyl, aryl or aryl-C;-C4
alkyl; :
R2 represents -COOH, -CH,0H or -CH(CH3)OH;

R? independently represents hydrogen, C{-C;g alkyl, aryl or aryl-C;-C, alkyl;
n is an integer of 1, 2 or 3;
or a pharmaceutically acceptable salt thereof;



pﬁysi!ol ogi cal | y accept abl e li quid carrier is water and the mmm
Con'i s ad TSHEET

solution is adjusted to have a pH of about 7 to about 8.

formul ation of Caim17 wherein the conplex conprises a nefaf with a [igan
of Formula | as clained in Caim1 wherein R represents- 12 DEC 997
[err] Rlerr] is -NHCOCH err], and Rlerrf is -COH, or a)pparmaceutical |y

acceptabl e salt thereof. _
with the proviso that the ligand to metal ratio is at least 20:1.

The formulations have the above complexes with a physiologically " acceptable liquid

carrier.
The method of the present invention concerns the use of the formulations for the
therapeutic and/or diagnostic treatment of a mammal having a soft tissue carcinoma.

" The method of this invention is used for the therapeutic and/or diagnostic treatment of
a mammal baving soft tissue tumors. The compositions used in the method have a
radionuclide or metal complexed with a chelating agent. As will be more fully discussed
later,  the properties of the radionuclide, of the chelating agent and of the complex formed
therefrom are important considerations in determining the effectiveness of any particular
composition employed for such treatment.

' For the purposes of this invention, the term "tumor” shall denote a neoplasm, a new
abnormal growth of tissue that is not inflammatory, which arises without obvious cause
from cells of preexistent tissue, and generally possesses no physiologic function. Examples
may include "carcinomas"” which originate from epithelial cells, "sarcomas” of mesodermal

" (connective tissue) orgin, and lymphomas from the lymphatic system. The



-31- K
conprises a netal with a ligand of Formula |I as cl ai

gnélepRE gjmﬂ"ﬂmm’mm‘a phar maceut i cal | y ac[c;ro[ Lbl e

20.. The forful Ati'%bn of *C ai m 17 wherein t conpositio

mammal may contain 2 or nore different radioi sotopes.

19. The fornulation of Caim17 V\,he:Ta'

formul ation of Claim17 wherein the conSAABMSn adni ni stered to a mammal

may be in the fgr fdiachvé ?Eé?ﬂ%h@ﬁéﬁcegarbﬁylate ligand complex wherein the metal ion is

153§m, 166Ho, 0Y, 165Dy, 159Gd, 177y, illIn, 115mIn, 175Yb, 47Sc, 52Fe, 72Ga, 67Ga, or
68Ga and the ligand is of the formula

OH ' o

RrRY
R | |
C—N=—(CRRS),—~R2
R? (CR3RS),,COOH
H H !
Rl
wherein:
R represents hydrogen, or
RY
L -
'—cl‘.—tir-(crtskﬁ),—nz;
R? (CR®R),COOH -

R! independently represents hydrogen, C;-C;g alkyl, -N(R%),, -NRS8C(O)CRSR6R7, -NR5>-
C(O)NRSR7, -NO,, -N=CR3RS, -NCS, -N=0, or -N+R5R6R7;

where R4 represents hydrogen, C;-C;g alkyl, or -CO(CHZ)YCH;;, where y is an
integer from O to 17; :

R5,R6,R7 and R8 independently represent hydrogen, C;-C;g alkyl, aryl or aryl-C;-C,4
alkyl; | |

R2 represents -COOH, -CH,OH or -CH(CH3)OH;

R? independently represents hydrogen, C;-C;g alkyl, aryl or aryl-C;-C, alkyl; -

nisanintegerof 1,2 or 3; _

or a pharmaceutically acceptable salt thereof;

with the proviso that the ligand to metal ratio is at least 20:1.
2. A complex of claim 1 wherein R1 represents -N(R4),, -NHCOCH; or C;-C;g alkyl.
3. A complex of claim 1 wherein R represents

~CHy—N—CH;C00H;

RrR2



22. A nethod for the t rapeutic and/ or diagnostic trf w f? I

ﬁmmmm“ﬂm r which conprises adm nister}Hg -
rmul ation as clainmed in any ophef of Clains 16

21.

24. The nethod of Caim23 wherein the ne28l ion is [frf]Ho, or [err]{Y.

25. A method of Claim?22 for diagnostic treatnent.

This is thaevhesgih R2csdefineiusen claim 1.

REPLACED 4

havi ng
ef fecti
t hr ough

e ———————

23. A nethod of daim22 for th e(t 2 DEC 997 mgntf.

The complex of claim 3 whefel R is in the 4 posmemand is -NHCOCH3, and R2 is
-COOH, or a pharmaceutically acceptable salt thereof.

5. A complex of claim 1 wherein R represents hydrogen.

6. The complex of claim 5 wherein Rl is in the 4 position and is -NHCOCH3, and R2 is
-COOH, or a pharmaceutically acceptable salt thereof.

7. A complex of claim 1 wherein the ligand to metal ratio is from 20:1 to about 600:1.

8. A complex of claim 7 wherein the ligand to metal ratio is from 20:1 to about 300:1.

9. A compiex of claim 8 wherein the ligand to metal ratio is from about 100:1 to about
300:1.

10. A complex of claim 1 wherein the metal is 153Sm, 166Ho, 177Lu, 111In, 90Y 175YD, or
67Ga.

11. The complex of claim 10 wherein the metal is 153 Sm.



26. The method of Caim25 wherein the metal ionis [err]ln, [err]G, Gd,

or Fe. 27. A nmethod of Caim22 for therapeutic_and diagnostic
treat ment. 28. The nethod of C aim 27 whereirn M-
[err]Sm [err]Lu, or [err]Yb. 29.29The_ nmet hod joff~c—=hE2 | n

the netal ion is [err]Sm
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CQMPOSITIONS AND METHOD FOR SOFT TISSUE TUMORS
ABSTRACT

Compositions and method for therapeutic and/or diagnostic treatment of soft

| tissue tumors in ~mammals usmg certain metals jons or particle-emitting radionuclides
complexed witha, phenohccarboxylate ligand is described.



