- 1- | -~ METHOD OF TREATI NG AND/\mm%Eej

Th| s i nvent ion concerns a nethod of treating

. This invention concerns a method of treating and or dlagnosmq soft lissue tumors in mammals with
melal ligand complexes, and their formulations.

Metal ligand complexes are routinely used for medicinal applications. For example, gadolinium com-
plexes (gadolinium-diethylenetriaminepentaacetic acid, Gd-DTPA) are used to enhance the quality of

s _ 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 1. K. Adzaml., JNuc/Med, 32, 139 (1989).] .
When radioactive iietal ions-are-used, diagnostic imaging or therapy can be the end objective. Thus 99mTg;
a pure gamma emitter, in the form of a metal ligand complex is routinely used as a diagnostic agent. In
some cases, such as the use of *™T¢-DTPA, injection of the complex into the bloodstream does not result

10 in the radionuclide localizing in any lissue. 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 specitic *™Tc-phosphonic acid complexes localize in bone [Radiology 149, 823-828 (1983)] and one
of the uses of ™ Tc-phosphonic acid complexes is the detection of calcific tumors.
More recently, simifar chemistry has been used to dsliver particle emitting radionuclides to calcific type

s tumors. The aim of these agents is to diliver a therapeutic radiation dose 10 the sits of the tumor. This type .

of agent lakes advantage of fast bone turnover for its localization. Thus Deutsch et al. [Radiology 166, 501-
5§07 (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 aminophosphonic acnds towards
the same objeclive.

20 The specific delivery of metals to soft tissue (i.e. non-calcific) tumors has also been an objective !or
scientists. Anghilery in Nuklearmedizin 23, 8-14 (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 lissue

25 lumors [e.g. A. R. Fritzberg et al, Pharm. Res. 5(6), 325 (1988)]. Bifunctional chelating agents were
- developed 1o bind the metal ions to the monoclonal antibody through a chelating agent {which metal-figand-
antibody system is termed a "conjugate™) and many such conjugales have emerged. Some conjugates use
gamma emitters such as *™Tc¢ or ""'In for imaging (see for example U.S. Patents 4,454,106, 3,994,966,

»:"4,662,420 and 4,479,930); and other proposed conjugates with particle emmiters such.as 87 Cu [ses for:
30 *“éxample J. C. Roberts et a]., Appl.Rad.isotopes 40(3), 775 (1989)] or *°Y [see for example J.NuclMed. 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 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, the problems have involved the fragile nature of the
antibody. the slow clearance of the radioactivity from the blood stream, the uptake of radioactivity in non-

35 target tissues such as liver and kidney, and the potential of an immune response of the patient to the
injected protein.

Another approach to dellvermg metal ions 1o soft tissue cancers or tumors is by means of a metal
ligand complex. Although this complex approach has not been pursued in the recent literature, it has
recsived extensive altention in earlier literature. The recognition by Andrews et al. in Radiology 61, 570-599

< (1953)thatGa'3had a tendency to localize in soft tissue tumors led 1o the development of ¢7 Ga-citrate as a
tumor imaging agent [R. L. Hayes, IntJNuclMed.Biol, 10(4), 257-251 (1983)]. Although 67 Ga-citrate is
presently used for detecting abscesses more than for tumor diagnosis, many clinicians prefer lo use it over
the monoclonal antibody conjugates for diagnosis. Even though 7 Ga-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

45 hours post injection with ¥?Ga-citrate [see Int.JAppl.NuclMed. Biol. 8, 249-265 (1984)]. In addition, high

uptake of the ¢7Ga-citrate in non-target tissues make images difficull 1o interpret [see Curr.Concepts in
Diagn.Nucl.Med, 1(4) 3-12 {1984)}.

In attempts to obtain more useful complexes for delivery of metal ions to soft tissue tumors, certain
aminocarboxylic acid complexes have been used. For example; Karube et al. in Chem.Pharm.Bull, 30(7).
2529-2533'(1982) found that 9*"Tc-ethylenediaminediacetic acid (EDDA) and 57 Co-EDDA could be used to
* image tumors in expenmenlal aminals bearing Ehrlich lumors. However. #®mTe complexes. with other figands

" were less olfective. Some of the ligands tested with ®"™Tc wero iminodiacetic acid (IDA),

methyliminodiacetic acid (MIDA), nitrilotriacetic acid (NTA), ethylenediamineletraacetic acid (EDTA), and
hydroxyethylethylenediaginetriacstic acid (HEDTA). Woollenden et al. in Int.JNuclMed, 10(4). 251-256
s5  (1983) found that '$3Sm-citrate ahd '53Sm-chloride had a high liver uptake and suggested the use of higher
stability chelates, such as '538m-EDTA, could improve the tumor to liver ratio. More recently, J. Harvey
Turner in Eur, JNuclMed. 13, 432-438 {1987) studied '53Sm chelates including HEDTA, The **3Sm-HEDTA
chelates used a 20 to 1 HEDTA to S molar ratio. Tumor uptake was found to be significantly less than that
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1S3Sm-HEDTA complex, having a high ligand to metal molar ratio, such as from at least 50:1, give good soft
tumor localization with no significant liver uptake and can be used as diagnostic or therapsutic agents.

The present invention concerns a method for the therapeutic and/or diagnostic treatment of a mammai
having a soft tissue tumor which comprises administering to said mammal an eflective amount of a
composition comprising: (1) a complex which comprises a ligand and a metal ion wherein the ligand is
hydroxyethylethylenediaminetriacetic acid or a pharmaceutically acceptable salt thereof and whersin the
metal is '53Sm, 6 Ho, 29Y, 159Gd, 7Ly, "'In, "'5™In, 17SYb, 47Sc, 65Dy, $2Fs, 72Ga, 57 Ga, 5 Ga, Gd, or Fe

. and the ligand to metal molar ratio is at least 50:1, and (2) a physiologically acceptable liquid carrier.
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* The method of this invention is used for the therapeutic and/or diagnostic treatment of a mammal
having a soft tissue tumor. 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 imporiant 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 lissus) orgin, and lymphomas from the lymphatic

5 :

As used herein, "complex" relers to a chalating agent complexed with a mela! ion, preferrably a +3
metal ion, especially a radioactive 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 1o one or more
isotopes of the rare-earth type elements that emit particles and/or photons. The term "radionuclide” or
":netal” indicates the metal ion. When the ligand o metal ratio is discussed, the ratio is molar. The metal
ligand complexes of this invention can consist of a formulation having the combination of t metal with 1
figand 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 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 radionuctides may be more
efficaious than either 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 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 purposes. Examples of the radionuclide used for diagnostic
purposes are Fe. Gd, '''In, $7Ga, or $¥Ga, especially preferred are '"'In, or $7Ga. Examples of the
radionuclide used for therapeutic purposes are *¢Ho, 165Dy, 39, 1Smin_S2Fg, or 72Ga, preferrably ‘6% Ho, or
29Y. For-use for both therapeutic and diagnostic purposes the radionuclide used is '53Sm, 7Ly, V5Yb,
139Gd, or *7Sc, with '53Sm, 77 Ly, or '75Yb being prefesred.

Radionuclides can be produced in several ways. In a nuclear

reactor, a nuclide is bombarded with
5 L e e s

Sm-152 + neulron - Sm-153 + gammé.

Another method of obtaining radionuclides is by bombarding nuclides with linear accelerator or
cyclotron-produced particles. Yet another way of oblaining radionuclides is to isolate them from fission
product mixtures. The method of obtaining the radionuclide is not critical 1o the present invention.

To irradiate Sm2 03 for production cf Sm-153, the desired amount of largot is first weighed inlo a quartz

3
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structural, bioc hemd:i} inge lc a clean glass serum-vial. .This:solution is then used for complex preparation. Similar
procedures are used to prepare 7Ly, '3Gd, and’ "66Ho, All radionuclides for this invention are sither
available commercially or are available from the reactor at the University of Missouri at Columbia.
10 When aqueous solutions of metal ions are mixed with solutions containing complexing agents, such as
HEDTA, a complex between the metai ion and the ligand can be formed as shown by the equation bslow.

M+L_/,'=""'M.L

15-

The reaction is believed 1o be in equilibsium 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

20

XM + yOH™ -= M,(OH),.

The OH™ concentration in solution, which is related to pH is, therefore, an important parameter 10 be

considered. If the pH Is too high, the metal tends to form metal hydroxides rather than complexes. The

25 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 hydroxyethylethylenediaminetriacetic acid (HEDTA) or a pharmaceutlcally=-

30 acceptable salt thereof. HEDTA is available commercially from The Dow Chemical Company or may be
prepared readily by methods known to those skilled in the art of organic synthesis such as shown in U.S.
Patent 2,811,557. For the purpose of the present invention, the complexes described herein and physiologi-
cally acceptable salts thereof are considered equivalent in the therapeutically effective compositions.
Physiologically acceptable salts refer to the acid addition saits of those bases which will form a salt with at

35 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 bicar-
bonates such as sodium hydroxide, potassium hydroxide, calcium hydroxide, potassium carbonate, sodium
bicarbonate, magnesium carbonate and the like, ammonia, primary, secondary and tertiary amines and the

. 40 like. Physiologically acceptable salts may be prepared by treating the acid with an appropriate base.

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 empioyed in this invention were prepared as follows: the desired
amount of HEDTA (trisodium salt} was placed in a vial and dissolved by addition of water. The appropriate

45 amount of the samarium, or other radionuclids, in the stock solution described above was then added to the
HEDTA solution. The pH of the rcsulling solution was then adjusted to the appropriate level (usually 7-3).
Additionally, the complex used in this invenlion may be a mixture of the dilferent metals as described undes
the complex term before.

In the method of this invention, it is necessary to employ the complex in the presence of an excess of

so0 ligand. The ligand to metal ratio (L:M) of the ligand HEDTA to radionuclide or metal is at least 50:1. The

500:1, especially about 250:1 to about 300:1. When the radionuclide is used in the no carrier added form,
then the iper L:M range could be significantly higher, such as 5X107:1.
55 As used hersin, the term "mammal" means animals that nourish their young wilh milk secreted by
mammary glands, preferably warm blooded mammals, more preferably humans.
As used herein, "pharmaceutically acceplabla sail” means any salt of HEDTA which is sufficiently non-
toxic to be useful in therapy cr diagnosis of mammals. Thus, lhe salts are useful in accordance with this

H”lfﬁﬁlllgﬁm

* ~.upper- limit.of L:M depends on the toxicity of the Iigand HEDTA:or the specific activity .of the radionGitlide: .- - ... .
*-The preferied range for the L:M ratio is from 50:1 ‘to abou{ 6001 preferably from about 100:1 to about” - -
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and functional characteristics of a tunor conpared to the normal cell."
Wth the advent of nonoclonal antibodies, a plethora of activity-has

emerged using these proteins to deliver radionuclides tolls¢fic $HEEUSAS BRENS
[e.g. A R Fritzberg et al., Pharm Res. 5(6), 325 (198%)]. BRERDACEPDnal
chel ating agents were developed to bind the netal ions t
anti body through a chelating agent (which netal-1igand- antibody systemis
termed a "conjugate") and many such conjugates have energed. Sone

conj ugates use gamma emtters such as [err]Tc or [err]In for imaging (see
for exanple U S. Patents 4,454,106, 3,994,966, 4,662,420 and 4, 479, 930);

and ot her propQg&ghn %HLs'érQaﬂJe%ﬁ ndih Safls, R a#e%rrﬁ’eu%&Tmnﬁa?oréaclﬁ&éc&m%&h [n&JmE Liu [see

for ex arrpl e J. er.ganROsbﬁfei Bch@é, tor example, sulfuric, hydrochloric, phospherie, acefic, succinic, citriod factic, al .
App! . Rad. | SOt opesic.4018) saimfia Bhofcl GBGY. nuey; siftarcr §-cpmirario alufrisy avesiapybio tdarblucl . Med.
26( 5) 503 ( 19 8:;2121 Iaf:r Sletloﬂﬁ p.}gnelhi. sulionic, benzenesulfonic, sorbic, picric, benzoic, cinnamic acids and
! suitable acids. Also irciided are salls 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
7.t ve prelerred are the salls of lhe compounds of HEDTA where the salt is caicium, magnesium, potassium,

" sodium, ammonium, or mixtures thereof. .

- The formulations of the present invention are in the solid or liquid form containing the active

10 radionuclide complexed with the ligand. These formulations may be in kit rorm such that the two
components (i.e. ligand and metal) are mixed at the appropriate time prior to use. Whether premixed or as a
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 sclubility of the salt is

15 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 alcohol, if needed, and/or 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. '

20 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
palyvinylpyrrolidons, inert oils such as vegetable oils or highly refined mineral oils, or aqueous caroox-
ymethylcelivlose, Suitable physiologically acceptable adjuvants, if necessary to keep the complex in
suspension, may be chosen from among thickeners such as carboiymethylcellulose. polyvinylpyrrolidone,

25 gelatin, and the alginates. Many surfactants are also useful as suspending agents, for example, lecithin,
alkylphenol, polysthylene oxide adducts, napthalenesulfonates. alkylbenzenesulfonates, and the polyox-
yethylene sorbitan esters.

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

i medium can assist in making injectable suspensions in individual cases. For example. silicone antifoams,

30 sorbitol, and sugars are all useful suspending agents.

An “effective amount” of the formulation is used for therapy. The dose will vary depending on the
disease being treated. Although in vitro 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 radioactivily to soft tissue tumors.

35 However, 'it may also be desirable to administer a "sub-therapeutic™ amount to determine the fate of the
radionuclide using a scintillation camera prior 1o administering a therapeutic dose or if diagnostic images
are the desired result. Therapeulic 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

40 particular composition. The amount of radioactivity 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 poussible to minimize damage lo non-larget tissue. Such multiple dose
administration may be more effective.

45 The compositions of the present invention may be usad in conjunction with other active agents and-or

. ingredients that enhance the therapeutic effectiveness of the compositions and’or facilitate easier admin-
istration of the compositions.

Studies to determine the qualitative biodistribution of the various radionuclides were conducted by
injecting the compositions into miniature pigs having melanotic lesions, which occur spontaneously. €7 Ga-

so citrate was used as the contral and was given by the same route of administration as the test samples.

T .. While .not 2 wushmg to be-bound. ‘by:theory. it is behe\led lhaklhe sadvaniageous results of - the présent
lnvenuon are obtairied because of the possible uplake preierenually 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
55 reduced venous drainage would result in an increase in cancentration of the material within the tumor
mass.
b) Lymphatic drainage from a tumor may be decreased.
¢) Non-specific binding--to prolein within the lumor may occur.
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was, believed that the use of the conjugates provided the answer to the site
speC|f|c delivery of a netal ion to soft tissue tunors. However.._in the

practice of the use of these conjugates a series of problens hagys§
observed. For exanple, the problens have involved the fragile nat u%&EﬁA QFBE':N
anti body, the slow cl earance of the radioactivity fromthe bl

the uptake of radioactivity in non-target tissues such as liver and k| dney
and the potential of an inmune respons%‘?)jsgggg%patlent to the injected
pr ot ei n. Anot her approach to delivering metal ions to soft tissue
cancers or tunors i's by neans of a netal ) and conpl ex. Althoulgeh 'thIS
conpl ex approach haﬂ%mﬁmﬁ > REEREERAE 1 "t"ﬁ" eof ¥ @t 'F QP & T RN
recei ved extensive @h‘tﬁﬂﬂudﬂﬂrna;ird'bln%ﬁel‘&lwavyhdelﬁlerat ure. The recognition by
Andrews et al. -|rAfF&darab1\ fsnﬁmivbe@medBQQ %95'? that Ga+[err] had a
e or IS| i n 10 f a

tendency to |OCé.|I groﬁsr?e mstolac%:aﬂuaé Tﬂlﬁ?‘? ﬂ Iot:vgpt dtélrv%lsa f’ﬁ%’est CBT‘pe[‘err]
Ga-citrate.as a tu efum? 35;5:: 3tSare u emhm te%}b
10(4), 257-251 (1983)]. Al't ough 7Ga C|trate is presentl y used for
detecting abscess@&sspre than for tunor diagnosis, many clinicians prefer
to use it over t’he nonocl c QFQ anti body conjugates for diagnosis. Even
t hough 67Ga- ci tr atyy 4 Qi y used, it has various di sadvantages. For
exanple, the rate ngf= blluoalek clearance is sl.ow, so that inmges are taken as
much as 48 hours gBS¥. 1 %ndremt*rvbﬁv'w%w"eswv@ﬁa%qtrate [see Int.J.Appl.Nucl.Md.

Ho=Holm|um

Yb = Ytterbium

Y = Yitrium

Gd # Gadolinium

20 Llu = Lutetium

In = Indium
“Sc = Scandium
Fe = iron

Ga = Gallium
25 chelant is equivalent to ligand

complex is equivalent to chelate, and

L:M = ligand to metal molar ratio.

The invention will be further clarified by a consnderauon of lhe lollowmg examples, which are intended

. to be purely exemplary of the present invention.
30 :
Example A: COmparauve A

HEDTA*3Na*H;0, 6.9 mG, was weighed into a 5 mL glass vial, then 2.38 mL of a 3X10™*M solution of

SmCl3 in 0.1M HCI and 0.62 mL of a 3X10™*M solution of **3SmCl, in 0.1M HCl was added. The pH was

35 adjusted using the procedure of Example 1. The activity of the final solution was about 3.5 mCi in about 3.0
mi with a L:M ratio of 20:1.

Example 1

40 HETDA®3Na’H;0, 102.8 mG, was weighed into a 5 mL glass vial, then'1.96 mL of a 3X10™*M solution
of SmCla in 0.1M HCI and 1.54 mL of a 3X10™*M solution of *>3SmCl; in 0.1M HC! was added. The pH was
adjusted to 11-12 with 15 uL of 50% NaOH. The pH was then lowered to 7-8 with 25 1L of 3.0M HCI
followed by 2 nL ot conc. HCl. The activity of the final solution was about 6.0 an in about 3.5 mL with a
L:M ratio of about 257:1.

45
Example 2 .

The HEDTA solutions prepared in Examples 1 and A were evaluated in miniature pigs having naturally
occurring melanomic lesions. Each injected solution was from 0.5-1 mL having 1-2 mCi of **Sm present.
_ 50 Each pig had whole body counts immedialely after injection and again at 24, 48 and 72 hours.
Te .- -lmages-of each pig. {right lateral, left lateral and dorsal).were taken al 4, 24, 48 and 72 hours. The:24
" " hour images were evaluated independently by 3 mveshgalors using the following schemo for the uptake of
1538m in various tissues:

o'

0 = No discernible uptake

ss 1 = Slight uplake (negligible)
2 = Moderate uptake (intermediate)
3 = Definile uptake (high)

The tissues evaluatod were bone, liver and lumor The avorago of the scoring of the 3 mdopendenl
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-4 - obtaln 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 PharmBull. 30(7), 2529-
2533 (1982) found that [err] Tc-ethyl enedi am nedi acetic | d-—{-EBBAy—amgF——"
[err] Co- EDDA coul d be used to inmage tunors in experine tahnaﬂmﬁﬁrﬁAséwﬁNw

Ehrlich tunors. However, [err]Tc conpl exes with other I gandREMASEDESS

e e

effective. Sone of the Ilgands tested with [err] Tc wer dracetr c acld
(1DA), nethylimnodiacetic acid (MDA), nitrilotriacetic acid (NTA ;™ = -
et hyl enedi am netetraacetic acid (EDTA), and This Sheet Has Been Rep
investigators is given in the folicwing table: ll’l" ‘III" ml ,I, ,II,
. TABLE |
1
' s Example | L'M Ratio °%Whole Body |Bone Uptake (72 hr) | Liver Uptake (72 hrs)| Tumor Uptake
s Retention (72 hrs.) __glzg"c:_et_igq_)_____ )
A 20 ' 96.0 267 267 0.00 (Left thigh)
10 A 20 919 3.00 2.67 2.00 (Right thorax)
' ' 0.00 (Left Hip)
1 257 755 3.00 1.00 2,00 (Leg)
0.00 (Body)
s 1 . 257 70.9 3.00 1.00 0.33 (Lett nasal)
0.00 (Left elbow)

% = the percentage of injected dose

@mple 1 is.a complex of the invention.

T abovis’ data shows that when ‘the llgandlmetal ratio is high, then the tumor uptake remains about the
"same, ‘but whole body retention and the liver uptaks significantly drop. Because of these uptake ditferences.
" the images are vastly improved for the higher ligand o metal ratio injections.

Example B: Comparative B

25
When $7Ga-citrate {purchased from Syncor) was used in a procedure similar to Example 2, the results
obtamed are shown in the following table:
" 20 s TABLE Il
Example % Whole Body Bone Uptake (72 hr) | Liver Uptake (72 hrs) | Tumor Uptake (Location)
Retenlion (72 hrs.) : ) "
35 8 98.5 100 3.00 0.00 {Left sacrum)
B8 96.7 1.00 267 0.33 (Right head)
1.67 (Draining node)
. B 97.1 1.00 : 3.00 3.00 (Left head)
“ : 3.00 {Right thorax)
2.00 {Right stifle)

$7Ga-cilrate never cleared the extracellular fluid and had an unacceptably farge liver uptake. Although
tumor uptake was noted. the degree of uptake was similar to the degree of upiake of non-targst tissue.
45 Thus, the tumor image was almost indistinguishable from the high background radiation.

. Other embodiments of the invention will be apparent to those skillad in the art from a consideration of
this specilication or practice of the invention disclosed hersin, 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.

i

Claims

.4

1. A method for the therapeutic and/or diagnostic treatment of 2 mammal having a soft tissue tumor which

) comprises administering io said mammal an eflectivo amount of a composition comprising: (1) a
ss complex which comprises a Ygand and a metal wherein the ligand is hydrox-
yethylethylenediaminetriacetic acid or a pharmaceulically acceptable salt theraof and wherein the metal

jon is |§3sm. ®E g, 20y, ‘“Dy. ‘“Gd. 74 u, n, llSmm. 175“). 479c, “Fe. 2Ga, "Ga, “Ga. Gd, or

Fe and the ligand to meta! molar ratio is at least 50:1, and (2) a physiologicaily acceptable liquid

7 .

it



hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA). Wol fenden et al. in
Int *J. Nucl Med. 10(4), 25§E256 31983) found that [err] Citrate apd——-—

| [err] Smchloride had a hi mﬂmn suggeste -ﬁl;\g JeETHADBERNe
coul d i nprov the REPDACED Il_‘elj

stability chelates, such
ratio. More recently, J. Harvey urner” i Eur. J.Nucl. —43— 37438
(1987) studied 153Sm chel ates i ncl udi ng HEDTA. The 153Sm HEDTA. chel at es
used a 20 to 1 HEDTA to Smnolar ratio. Tunor uptake was found to be
significantly |ess than that of 67Ga-ci trate; liver dose was nuch greater
t han tunor dose. cong "it is unlikely that effective therapy
doses of Sm 153 cd’ﬁ“bgéw'a'slg'"e"m'hed’"‘t"'"g'ab'ﬁ anonma tunors by these and sinilar
chel ates.” He suggested the use of nonocl omeleiant i bodies with 153Sm

Anot her attenpt to have conpl exes deliver netal ions.to soft tissue tunors
was made by Tsc %et [Ezdmple [um mhtidluciwndibmldy JBone Dékike 209 | (var9BDP (7avie} cuidnenekestjudi ed
153Sm EDTA at a 10] to 1| I gardetederf@i®l| nol ar ratio. These rpksdgtsidiard. ..
proved that the corrpIAex wae gt abl®woand |conpasred t he uszs7of hj gbw usipsien fli C

activity [err]Sm( L. A (/) jto [aw speacitigeact Yty zlép3Sm [2he @ightledd|G) 1N

m ce bearing Lewf s| | ung 0.00 (Left Hip)
1 257 75.5 . 3.00 . 1.00 2.00 (Leg)
_ 0.00 (Body)

's 1 . 2587 70.9 3.00 -1.00 0.33 (Left nasal)

0.00 (Left elbow)

= the percentage of injected dose

" 20 Compound A is comparative and Example '1 is a complex of the invention.

The above data shows that when the ligand/metal ratio is high, then the tumor uptake remains about the
samae, but whole body retention and the liver uptake significantly drop. Because of these uptake differences,
the images are vastly improved for the higher ligand to metal ratio injections.

25 Example 8: Comparative B
When 57 Ga-citrate (purchased from Syncor) was used in a procedure similar to Example 2, the resuits
obtained are shown in the following table:
- TABLE fi
30
Example % Whole Body Bone Uptake (72 hr) | Liver Uptake (72 hrs) | Tumor Uptake (Location)
Retention {72 hrs.) . '
35 8 98.5 100 3.00 0.00 (Left sacrum)
B 96.7 1.00 287 0.33 (Right head)
1.67 (Draining node)
) B 97.1 1.00 . 3.00 3.00 (Left head)
' o 3.00 (Right thorax)
: 2.00 (Right stitle)

§7Ga-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 of non-target tissue.
45 Thus, the tumor image was almost indistinguishable from the high background radiation.

' 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 scope and spirit of the invention being indicated
by the following claims.

50 _
I plalms e - !?' e s

da

1. A method for the therapeutic and/or diagnostic treatment of a mammal having a soft tissue tumor which
comprises administering lo said mammal an eHective amount of a composition comprising: (1) a

55 complex which comprisess a ligand and a metal wherein the ligand is hydrox-
yethylethylenediaminetriacetic acid or a pharmaceutically acceptable salt thereof and wherein the metal

ion is 38m, ®8Ho, 0Y, ¥Spy, 3Gd, 7Ly, MIn, '5"in, 3Yb, *7 Sc, 52Fe, 72Ga, 87 Ga, $*Ga. Gd, o

Fe and the ligand to metal molar ratio is at least 50:1, and (2) a physiclogically acceptable liquid

is Sheet Has Been Replaced -
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carC|nona They proposed using the conplex as an i nmagi ng agent usi ng the

hi yh speC|f|c activity 153 | ar to what J
reported t hese researcherﬂmlmmm u"["ﬂ“ fi cant uptakg
shown by their biodistributi*ontantl itadges.* Theref0|
a need for an adequate systemto deliver radionuclides s
ti'ssue tunmours. Surprisingly, it has now been found that various
r adi onucl i de- HEDTA conpl exes, particularly the [err] Sm HEDTA conpl ex,
LaV|ng a high ligand to netal nolar ratio, such as fromat |east 50:1, give
good soft tumour localisation with no significant |iver uptake and can be
used as di.agnostic ora'f"ﬁerapeutl Cc agents. The present invention
concerns a nmet hod f207a ddiea & bah apaktkbatcadahienr di agnostic treatnent of a
mammal having a soft tissue tunour which conprlses adnhplsterln to said
mamal an ef fect if'vé afDUHP VLR 2bHHIGEMPR N Corpr 181" A Tﬂ.*%“'gﬁplex whi ch
conpri ses a |'I' G2 Neknethod 6 Bilm 1 foPdiagnobTe lrdddment.i ON V\/nerel n the |I|igand i's
hydr oxyet hyl et hyl enedi ami netriacetic acid or a pharmaceutically acceptable
salt thereof and t)[/\/rfer@i’ Fethopef Claitd yhereindg metg! isPin. 76, *°64 6¢.a1Fp] Sm [ err] Ho,

[err]y, [err]d, r L | g [err] Sc, [err] Dy,
[err]Fe, [err]Ga, %I’ T]h%'HelhoLFC';Jn I%thr%dﬁtlandligloﬁlc[:lamprﬁe ligand to metal . nol ar
ratio is at |east’ 50 The melind of CRn 6aqpimpisimelaldgi*gal’iLy. "aocept abise | i qui d.
carrier. The, |an1e1nt |"%Q .29 helates ta.@a pharmaceutical for mul ati on
for the therapeutlc and |a nostic treatment of a mammal having - a soft
ti ssue tunor corrprlssmgémoé a:)anyane@omqmlsem 8/MRbrért theQigEAqB i@ Bolaratol iY@ 6b:1adado:a. et al
ion wherein-the |i and is h drox et hyl et hyl enedi ami netriacetic acid or a
phar maceutical |y ,a gelb'f‘%\'m%! '§5§I9f"' Tef?é%e%?d‘ A MarerRisiot &' ®eP2 ion is an
ion of [err]Y, [er I 1.0y mefo@ bt ickiln0 wHer@ih the ilghhd 1o nRfaimo@Gatio & Rk 2bdno s0g:L1.T ] G2, 67C4,
68Ga, CGd, or Fe and the ligand to netal nolar ratio is at |east 50:1, and-
(2) a physi ol ogi cal Y2yA aetoapieawieres FareptiteR harpi hastetal ued isfip tepecappradipdiemt hat t he
metal ion is not 2?‘“13.' Qmethod of Claim 12 wherein the ligand to melal molar ratio is about 5X107:1,

Tmstﬁeefrlﬂ/ﬂ@" BESN
e, thREBLA@EBtI | |

14. The method of any one of Claims 1 to 8 wherein the physiologically acceptable liquid carrier is water
and the resulting solution is adjusted 10 have a pH of about 7 to about 8,
b . ’ :
" 30 15. The method of Claim 1 wherein the ligand is in the form of its sodium salt,

16. The method of Claim 1 wherein the composition administered to a mammal may contain 2 or more
different radioisotopes.

as 17. A pharmal:eutical formulation for the therapeutic and/or diagnostic treatment of a mammal having a soft
tissue tumor which comprises administering to said mammal an effective amount ot a composition
comprising: (1) a complex which comprises a ligand and a metal whersin the ligand is hydrox-
yethylethylenedi iaminetriacetic acid or a pharmacsutically acceptable salt thereot and wherein the metal
|on is 1sasm 1SGH° SOY 1550v lS!Gd 177[_“ '"ll'l “5"‘In IISYb ”SC ste 7263 "Ga “Ga, Gd or
40 Fe and the ligand to metal molar ratio is at least 50:1, and (2) a physiologically acceptable liquid

carrier.
18. The formulation of Claim 17 wherein the ligand to metal molar ratio is from 50:1 -lo 600:1.
45 19, A lormulation of Claim 18 wherein the ligand to metal molar ratio is from 100:1 to 500:1.
20. A formulation of Claim 19 wherein the ligand to metal molar ratio is from 250:1 to 300:1.
21. The formulation of Claim 17 wherein the metal is '53Sm, 77Lu, 75Yb, '5°Gd, or *7Sc.

50 : :
++.22, The formulation-of Claim 2¥.wheréin'the metal is 535m, . -

55

This Sheet Has Been Re[ilaced




~of:: [erg] Gd. The method of this invention is used
and/ or diagnostic treatnent of a manmal having a soft i (T THeT;
conpositions used in the nethod have a radi onuclide or L e§%§ﬁﬁw&h
a chelating agent. As will be nore fully discussed | atfg .
the radi onuclide, of the chelating agent and of the coaptex_LOorygg: "
therefromare inportant. considerations in determning
ef fectiveness of any particul ar conposition enployed for such treatnent.
For the purposes of this invention, théterm"tunor" shall denote a

neopl asm a new abnormal growth of tissue that is not inflammatory, which
ari ses w thout obvious cause fromcells of preexistent tissue, and
general |y possesses no physiol ogic function. Exanples nay include

"carci nomas” which originate fromepithelial cells, "sarconmas" of
mesoder mal (connective tissue)

METHOD OF TREATING AND/OR DIAGNOSING SOFT TISSUE.TUMORS :

This invention concerns a method of treating
and/or diagnosing soft tissue tumors in mammals with
metal-ligand complexes, and their formulations.

Metal ligand complexes are routinely 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 radiocactive metal ions are used,
diagnostic imaging or therapy can be the end objective.
Thus 99mTc, a pure gamma emitter, in the form of a metal
ligand complex is routinely used as a diagnostic agent.
In some cases, such as the use of 99mTc-DTPA, injection
of the complex into the bloodstream does not result in
the radionuclide localizing in any tissue. Instead, the
radionuelide 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
bone [Radiology 149, 823-828 (1983)] and one of the uses



orgin, and |ynphomas fromthe |ynphatic system The ¢rigrret=the—neoplasm

is not critical to this invention. As used,h%"EhRQEMEMmgHgg
refers to a chel ating agent conplexed with a netal i¢n, preferrably a
metal ion, especially a radioactive rare- earth typ :ae ..dAN mz.r..eu at
| east one nmetal atomis chel ated or seguestered; " A0 O e Rt ed in

conjunction with the word "netal ion" réfers to one or nore |sotopes of
the rare-earth type elenents that emt particles and/or photons. The term
"radionuclide"(;r "metal" indicates the nmetal ion. Wien the ligand to netal
ratio i s di sfus c-iphogptiowi¢ saogtdacomphexesnt dls Ithgarketeotiexast of this
I nvention ca lc1 |5ﬂ éﬁqﬁgfornulation havi ng the conbi nation of 1 netal
with 1 ligan % of a conpl ex and having one or nore conpl exes
conprised of a dlfferent nmetal and/or different |ligand, present in the sane
formul ati on. An exarniioeeorecanslyoulsinbdatehienintndastbeenonsetat is a

game em ttig w&a@gﬂﬁaﬂ& &) émwgg%aalanhbgqa@sa% @Jaﬁ%ﬁi" ng

present anot her par t erapy Wi he same
or diff er entyiReydinorme c%lml of thesgdaganesi d8s teadidd van &

efficai ous tharaPduttic el eCdh d808kL0BE. tRECEE OB Rl Pumd¥.
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 treatpent'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 specifié delivery of metals to soft tissue
(i.e. non-caleific) ;tumors has also been an objective
for scientists. Anghilery in Nuklearmedizin 23, 9-14
(198Y4) 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 (which metal-ligand-
antibody system is termed a "conjugate") and many such
conjugates have emerged. Some conjugates use gamma
emitters such as 99MTc or 1115 for imaging (see for
example U.S. Patents 4,454,106, 3,994,966, 4,662,420 and
4,479,930)3 and other proposed conjugates with particle
emmiters such as 87cu [see for example J. C. Roberts et



-7+ conpl exes may be prepared by adm nistrating t

the sane tine to the mammal, or neki ng each conpl ex Mﬁ-&@’gl\’*ﬁﬁrﬁﬁﬁﬁ&i
themprior to use, or mxing the two netal ions wt

t he ?al:tre and
preparing the two or nore conpl exes concurrently. Date he- radi @nu l'i de
used in the conplex of the present imgntion may be Suitapte tor
t herapeutic, diagnostic or both therapeutic and di agnostic purposes.

Exanpl es of the radionuclide used for diagnostic purposes are Fe, d,
[err]In, [err]Ga, or }Ga especially preferred are berr] In, or [err]Ga.
Exanpl es ofalhe Appl. d&@l satopesed OO st HIGadARBD Jparpddds [aee forr] Ho

[err] Dy, [eéﬂ:xpléeyfmra Ms&rlfe% 59! BGBrkﬁssmef&“@!%Nabf”]f‘e

[err]Y. For use for her a I ¢ and di agnosti c poses’ t he
r adi onucl i d&a%s%%ihr%v?‘ér P]“Sﬁ] tﬁr“ﬁ% of cthe Y”EP"?'&S‘??% PBPVvided] &he with
[err] Sm [ednidwer ©6 tRe’ 5YRebeipk i edéEivery of a 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, the problems have involved the
fragile nature of the antibody, the slow clearance of
the radiocactivity from the blood stream, the uptake of
radiocactivity 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 metal ions to
soft tissue cancers or tumors is by means of a metal
ligand complex. Although this complex approach has not
been pursued in the recent literature,' it has received
extensive attention in earlier literature. The
recognition by Andrews et al.-in Radiology 61, 570-599
(1953) that Ga*3 had a tendency to localize in soft
tissue tu:_nor'-s led to the development of 67Ga-citrate as
a tumor imaging agent [R. L. Hayes, Int.J.Nucl. Med. Biol.
10(4), 257-251 (1983)]. Although 07Ga-citrate is
presently used for detecting abscesses more than for
tumor diagnosis, many clinicians prefer to use it over
the monoclonal antibody conjugates for diagnosis. Even
though 67Ga—citr‘ate 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 ®7Ga-citrate [see Int.J. Appl. Nucl. Med.
Biol. 8, 249-255 (1984)]. In addition, high uptake of the
67Ga—citrate in non-target tissues make images difficult
to interpret [see Curr. Conceptsin Diagn. Nucl. Med. 1(4), 3-12
(1984)].



Radi onucl i des can be produced in several ways. In a

nuclide is bonbarded wth neutrons to obtain a radio
Sm 152 + neutron [err] : Sm 153 + ganmm.
met hod of obtaining radionuclides is by bonbardi ng nig -

. accel erator or cyclotron-produced par+l<€l es. Yet another way o '
radi onuclides is to isolate themfromfission product m xtures. The met hod
of obtaining the radionuclide is not critical to the present invention.

To irradiate Snferr](err] for production of Sm 153, the desired anmount of

target is first wei ghedathemphsqiar obtaiizn momee useflul conphexesafed under

vacuum and ge)jvery of metal ions to soft t®ssue tumors, certain
aminocarboxylic acid complexes have been used. For
example, Karube et al. in Chem.Pharm.Bull. 30(7), 2529~
2533 (1982) found that 99mTc-ethylenediaminediacetie
acid (EDDA) and 57¢o-EDDA could be used to image tumors
in experimental aminals bearing Ehrlich tumors.
However, 9%mrq complexes with other ligands were less
effective. Some of the ligands tested with 99MTo were
iminodiacetic acid (IDA), methyliminodiacetie acid
(MIDA), nitrilotriacetic acid (NTA),
ethylenediaminetetraacetic acid (EDTA), and
hydroxyethylethylenediaminetriacetic acid (HEDTA).
Woolfenden et al. in Int.J.Nucl. Med. 10(4), 251-256
(1983) found that. 193Sm-citrate and 153Sm-chloride had a
high liver uptake and, suggested the use of higher
stability chelates, such as 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. Tumor
uptake was found to be significantly less than that of-
67Ga-eitrate; liver dose was much greater than tumor
dose. 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 of monoclonal antibodies with 193sm. Another
atfempt to have complexes deliver metal ions to soft
tissue tumors was made by Tsc et al. in J.Nucl. Med. 30,
202-208 (1989) where they studied '23Sm-EDTA at a 10 to
1 ligand to metal molar ratio. These researchers proved
that the complex was stable and compared the use of high
specific activity '93Sm (1.7 Ci/mG) to low specific
activity 193sm (1.1 mCi/mG) in mice bearing Lewis lung
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of tine ever.al ggp reened r vntgl?EFkﬁQ£MEﬁT§ﬁEET
oo MRTRERNAEG = T
vi al whi i al ed with a rubber septum and |aPetarfant. S p

ap
One milliliter of 1-4 MHCL is then a¢ded to the vi
di ssolve the Snferr]O[err]. Once dissolved, the solution is diluted to the
appropriate volunme by addition of water. The solution is renoved fromthe

original di Lution wvi.al., which_cagnt gi r he cryshed quartz
vial and tszgﬁgkbgd-vﬁg“ﬂﬁr??ﬁﬁp?§8ahgﬁ§§nﬁggag§m§éF3h§§i i Thi s sol ution
is then usédatdngcagﬁnb<qﬁiﬂguthéohigﬁiﬂbeaifpnoaedQNé§yaréqﬁgxiFo .
prepare [ ehbliYerl,Clih#dadth [A4EHG, AubvEFITARHEL dRpckled i S [ nventi on
are either availaldl € commercially or aré avallable fromthe reactor at the
Uni ver si t y tBESKI £eggrirclnercolah®p afound signifjeankquedakesdiutitmms of

met al i 0ons13y@rh%edntin 5P| thé PASHEEAL LRI BELEBAPRAY Thageyll S, such as
HEDTA, a conplex between the netal ion and the |igand can be forned as

hown by the equation be] ow. M + err M Jerr] L
S y qu Therefore, there is still a need gbr Jn ] [ ]

adaquate system to deliver radionuclides selectively to
soft tissue tumors. Surprisingly, it has now been found
that various radionuclide-HEDTA complexes, particularly
the 193sm-HEDTA complex, having a high ligand to metal
molar ratio, such as from at least 50:1, give good soft
tumor localization with no significant liver uptake and
can be used as diagnostic or therapeutic agents.

The present invention concerns 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 composition
comprising: (1) a complex which comprises a ligand and a
metal ion wherein the ligand is
hydroxyethylethylenediaminetriaeetic acid or a
pharmaceutically acceptable salt thereof and wherein the
metal is 153sm, 166myo, 99y, 159gd, 177y, 11115, 115mpg,,
175yp, #7sc, 165py, 52re, T2Ga, 67Ga, 68Ga, Gd, or Fe
and the ligand to metal molar ratio is at least 50:1,
and (2) a physiologically acceptable liquid carrier.

The method of this invention is used for the
therapeutic and/or diagnostic treatment of a mammal
having a soft tissue tumor. 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



The eaction is believed to be in equilibriumsuch thagt
of nmetal (M and conplexing agent, or ligand (L), cani aHereACEMINT SHEET ||
concentration of species present in solution. Conpetijng si i.ioﬁ@{ |
such as netal hydroxide formation, can al so occur in aqw&o S kgﬁ '
-9- XM + yOH [er - M err] ( OHFy j
concentration in solution, which is related to pH s, therefore an
i nportant paranmeter to be considered. If the pHis too high, the netal
tends to formnetal hydroxides rather than conpl exes. The
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
origin of the neoplasm is not erltical to. this -
invention.

As used herein, "complex" refers to a chelating
agent complexed with a metal ion, pfeferrably a +3 metal
ion, especially 4 radioactive rare-earth type metal ion,
wherein at least one metal atom is ehelated or
sequestered; "radioactive" when used in conjunction with
the word "metal ion" refers to one or ‘more isetopes 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 iigand,
present in the same formulation. An example of this
would be combining one metal ion that 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 radionuclides may be more efficaious than
either radionuclide alone. These combinations of



canpl exi ng agents may al so be adversely affected by |o Pl £
may require the loss of proton(s); therefore at | ow pH, condltlo"
be favorable for conplexation to occur. Consideration

solubility characteristics of the |igand, radionuclide, =sag—cQil
Al t hough not limted thereto, a pH in%+he range of from5 to 11 is
preferred for conpl exation. The chel ati ng agent is hydroxyethyl -

et hyl enedi am netriacetic acid-(HEDTA) or a pharnaceutically acceptable salt
t hereof . HEDTA is available commercially from The Dow Chem cal Conpany or
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car bonat es
diqgnostic or both therapeutic and diagnostic purposes.

Examples of the radionuclide used for diagnostic
purposes are Fe, Gd, 111In, 67Ga} or 68Ga, especially
preferred are 111In, or 67Ga. Examples of the
radionuclide used for therapeutic purposes are 166!{0,
165Dy, 90!, 115mIn, 52Fe, or 72Ga, preferrably 166Ho, or
90Y. For use for both therapeutic and diagnostic
purposes the radionuclide used is 153Sm, 177Lu, 1752b,
15964, or 47sc, with 153Sm 7Ly, or '75Yb 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 SmgO3 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
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hydr oxi de, potassium carbonate, sodi um bi carbonate, maghggpURRE @E&% apd
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Physi ol ogi cal |y acceptable salts may be prepared by trdapipg2theAiISghi t
an appropriate base. The nmet™®~ and | i gand may
any conditions which allow the two to forma conplex. CGenerally, mxing in
water at a controlled pH (the choice of pHis dependent upon the choice of
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vial is removed and transferred to a glove box,
crushed into a glass vial which is then sealed with a
rubber septum and an aluminum crimp cap. One
milliliter of 1-4 M HCl is then added to the vial via
syringe to dissolve the Sm203. Once dissolved, the
solution is diluted to the appropriaﬁe 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 sjfinge to a
clean glass serum vial. This solution is then used
for complex preparation. Similar procedures are used
to prepare 177Lu, 159Gd, and '66Ho. Al1 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 complexing agents, such as
HEDTA, afcbmplex between the metal ion and the ligand
can be formed as shown by the equation below.

M+LZSHM-L

The -eaction 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



was then added to the HEDTA sol ution. The pH of the resf 5o+t
then adjusted to the appropriate |evel (usually 7-8). AJREFL-BREMENT SHEE

conplex used in this invention may be a m xture of the|diffe t tals ag
descri bed under the conplex term before. In t 'Dﬁ@ﬂﬁgszSﬁ o |
invention, it is necessary to enploy-ghe conplex in the presence—of '
excess of ligand. The ligand to netal ratio (L:M of the |igand HEDTA to
radi onuclide or netal is at least 50:1. The upper limt of L:M depends on
the toxicity of the |igand HEDTA or the specific activity of the

radi onuclide. The preferred range for the L:Mratio is from50:1 to about

600: 1, preferably from about 100:1 to about -1, especially about 250:1
to about 300:1. Wen the radf ochu¥PHde T3 H%gg&gw%ﬂhe no carrier added
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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); therefore at low pH, conditions may not be
favorable for complexétion 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 hydroxyethyl-
ethylenediaminetriacetic acid-(HEDTA) or a
pharmaceutically acceptable salt thereof. HEDTA is
available commercially from The Dow Chemical Company or
may be prépared readily by methods known to those
skilled in the art of organic synthesis such as shown in
U.S. Patent 2,811,557. 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 réfer 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
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nourish their young with mlk secreted by manmary gl 12 & vava':m
bl ooded mammal s, nore preferably humans. As Eﬁﬁ‘h@reﬁﬁﬂmnmuun

"pharmaceutically acceptable salt" ned®s any salt of HEDTA which 135
sufficiently non- toxic to be useful in therapy or diagnosis of mammal s.
Thus, the salts are useful in accordance with this invention.

Representatjve of those salts, which are forned by standard reactions, from
bot h or gani B1GAAPPABLEANnSUC @t e10d Heb AT 9%t d@ x aRPFRSTEUM uri ¢
hydrochl ori BydpbR3BRQI &l catml IrdriaTdé) Cpotassiom tapbbhateyl eic,

fumaric, palm,tic, c¢holic, palnmoic, nmucic, glutanmc, d-c horic, glutaric,
ol ycol i ¢, pROHARR:bicarbonate  Giagnestum oarbanals cand Engy fike

met hanesul f ammonihgnpeimawyl,0¥etormday andi tertiapnaninescandathe aci ds
and ot her syitablejacids, Alsa.ncluded 0] d, by _standard
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cal cium magnesi um ! IR MM ar@ HEAnd " HRY' 58 cBhbTheu!Lhder 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"reqUiréd. Most of the'complexes employed
in this invention were prepared as follows: the
desired amount of HEDTA (trisodium salt) was placed in
‘a vial and dissolved by addition of water. The
appropriate amount of the samarium, or other
'radionueclide, in the stock solution described above
was then added to the HEDTA 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
necessary to employ the complex in the presence of an
excess of ligand. The ligand to metal ratio (L:M) of
the ligand HEDTA to radionuclide or metal is at least
50¢1. The upper limit of L:M depends on the toxicity of
the ligand HEDTA or the specific activity of the
radionuclide. The preferred range for the L:M ratio is
from 50:1 to about 600:1, preferably from about 100:1 to
about 500:1, especially about 250:1 to about 300:1.

When the radionuclide is used in the no carrier added
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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 HEDTA 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 include, for example, sulfuric,
hydrochlorie, phosphoric, acetic, suceinic, eitric,
lactic, maleic, fumaric, palmitic, cholie, palmoic,
mucic, glutamic, d-camphoric, glutarie, glycoliec,
phthaliec, tartaric, formic, lauric, sterie, salieyliec,
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 HEDTA where the salt is calcium,
magnesium, 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



the conplex (or when desired the separate conponents) =S
physi ol ogically acceptable carrier. Such carriers conp MEPLacﬁwﬁwmﬁﬂiET
sol vent, preservatives such as benzyl alcohol, if needgd.
Useful 'sol vents include, for exanple, water, aqueous .ﬂ
phosphate or carbonate esters. Such aqu&ous sol utions €6F

50 percent of the organic solvent by vol une. InJectabIe
suspensi ons are conpositions of the present invention that require a |liquid
suspendi ng nmedi um wi th or wthout adjuvants, as a carrier. The suspendi ng
medi um can &dtﬁ(ﬁhea@nmmulathBSUQSpaﬂ}V|nynpymﬁohl@marmaoﬂntlcnlkysuch
as veget abl fined mneral oils, or aqueous
carboxyneth?lcsqiﬁéwe &%? %aﬁre physi ol ogi cal | y acceptabl e adjuvants, if
necessary to keep the conplex in suspensjion, may be chosen from anong
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sorbi tan eskreedgnized thaﬁ/hnsmsgbabamestuélwatai-f 86l ubid itydrgphind city,

density, and i'ﬂrf%c%r:[eeant.sérgnthan Qﬁe acid form. 1In solution form
the complex (or when desired the separate components) is
dissolved in a physiblogically acceptable carrier. Such
carriers comprise a suitable solvent, preservatives such
as benzyl alcohol, if needed, and/or 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
ﬁolyvinylpyrrolidone, inert oils such as vegetable oils
or highly refined mineral oils, or aqueous '
carboxymethylcellulose. Suitable physiologically
acceptable adjuvants, if necessary to keep the complex
in suspension, may be chosen from among thickeners such
as carboxymethylcellulose, polyvinylpyrrolidone,
gelatin, and the alginates. Many surfactants aré also
uséful as suspending agents, for example, lecithin,
alkylphenol, polyethylene oxide adducts,
napthalenesulfonates, alkylbenzenesulfonates, and the
polyoxyethylene sorbitan esters.

Many substances which affect the
hydrophilicity, density, and surface tension of the



-.13- , liquid suspension nedium can assist in nmaking injectable
suspensions in individual cases. For exanple, silicone antifoans, sorbitol,
and sugars are all useful suspendi ng agents. 3 "
of the fornulation is used for therapy. The dose will N&EPLACEMENTSHER the
di sease being treated. Although inviitgg-di agnostics cam be f gANEEII t
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suspending agents.

An "effective amount" of the formulation is
used for therapy. The dose will vary 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-medns'of delivering a therapeutic amount of
radioactivity 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 prior to administering a i
therapeutic dose or if diagnostic 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. Apounts of radionuclide needed to provide the
desired therapeutic dose will be determined
experimentally and optimized for each particular
composition. The amount of radioactivity 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 séveral 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



result. .Therapeutic doses will be adm nistered in sufficigat—a ,
reduce pain and/or inhibit tunor growth and/ or cause regreaspgngg@EN@@yﬁgT
and/or kill the tumor. Amounts of radionuclide needed to provg? ﬁ
desired therapeutic dose will be deter ned experlnentallynag §b E@l
for each particular conposition. The funt of radi oacti W=t
deliver a therapeutic dose will vary with the individual conposition

enpl oyed. The conposition to be adm nistered may be given in a single
treatnment or, fraction to_several rtions and ad tered at

di fferent t| éﬁﬁmﬁ' g?%? Bﬁﬁﬁg &ﬁﬁeé%??&ﬁeq}HQ1§gﬁ%§hﬁeﬁp%ﬁﬁes may
make it posnﬂﬂuh&(nmmpmSHZEodanagd/mm faeifldtgdte teiassierr Such nultiple
dose admi ni ﬁ?d lgﬁ SPrEthB% ?o§Qtlons. The conpositions of the
present’ |nve |on may used rnconyanction with other active agents

and/ or

......................

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

While nqt_wishing to be bound by theory, it is
believed that the advantageous results of the present
invention are obtained because of the possible uptake
preferentially 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.




i ngredi ents that enhance the therapeutic effectiveness ?L_Lhewc Ltions
and/or facilitate easier adm nistration of the conpositiflOREpLACEMENT
Studies to determ ne the qualitative biodistribution of {jt he vngods SHEET
radi onucl i des were conducted by injecting the conpositi n§atgq_.9____rﬂg_&ﬂ__§_37re
pi gs having nel anotic |esions, which ot2ur spontaneous!| Ye—ferrlGa-GITFATE |
was used as the control 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 advaptagepus_resylts . of the present, i nvention are

obt ai ned because of the P sgqﬁg%faﬁﬁi&en t8f & Qﬁ'f’g%gllpybilﬂdﬁﬁ'e dfunor. The

mechani sm of upt ake of thmavwydnebvatki.de by neoplastic tissue is not clear.

Some suggest ed mechani sns are: a) An inbal ance between arteria
bl ood supply t r S ai.nage from

the tunor. A reduced veg%ﬁs %ﬁ%ﬁﬁ%gem§gﬂF§?gﬁg mg& be ?ggaﬁyqqn an increase
I n concentration of the material within the tunor nass.

b) Lynphati Aldhoughyethe obhaorunfermphebgechanism of dedricaseis still
unknown, the present invention provides a complex which

allows metal ions to locate in the tumor and displays
low uptake in other tissues, e.g. liver.

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

Glossarxi'

Conec. = concentrated
mG = milligrams

i mCi = milliCuries i
HEDTA = Hydroxyethylethylenediaminetriacetic

acid n
Sm = Samarium

Ho = Holmium

Yb = Ytterbium

Y = Yttrium

Gd = Gadolinium

Lu = Lutetium

In = Indium

Se = Scandium

Fe = iron

Ga = Gallium

chelant is equivalent to ligand
complex is equivalent to chelate, and
L:M = ligand to metal molar ratio.
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Met al | ot hi onEin a protein binder of heavy netal s. T
Several mechani sns may be involved. Although the theory for the mechani sm
of action is still upknown, the present invention provides a conplex which

all ows netal ions tolP§can¥entigr wikbrbanturthergiarified by a

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

Example A: Comparative A

HEDTA.3Na-H,0, 6.9 mG, was weighed into a 5 mL
glass vial, then 2.38 mL of a 3X10~"M solution of SmCly"
in 0.1M HCl and 0.62 mL of a 3X10~YM solution of
133smC13 in 0.1M HC1 was added. The pH was adjusted
using the procedure of Example 1. The activity of the .
final solution was about 3.5 mCi in about 3.0 mL with a
L:M ratio of 20:1.

Example 1

HETDA-3Na-H,0, 102.8 mG, was weighed into a

5 mL glass vial, then 1.96 mL of a 3X10~*M solution of
SmCl3y in 0.1M HCLl and 1.54 mL-of a 3X10~%M solution of
153smC13 in 0.1M HCl was added. The pH was adjusted to
11-12 with 15 pL of 50% NaOH. The pH was then lowered
to 7-8 with 25 pL of 3.0M HCl followed by 2 pL of cone.
HCl. The activity of the final solution was about

6.0 mCi in about 3.5 mL with a L:M ratio of about 257:1.

Example 2

The HEDTA solutions prepared in Examples 1 and
A were evaluated in miniature pigs having naturally
occurring melanomic lesions. Each injected solution was
from 0.5-1 mL having 1-2 mCi of 153sm present. Each pig
had whole body counts immediately after injection and
again at 24, 48 and 72 hours.



| oy upt ake in other tissues, e.g. liver. The fol Lowi ng definitio
are provided for sone terns that are used throughout thi§ ——CFoss&
Conc. concentrated nG = mlligrans nCi i '
HEDTA = Hydr oxyet hyl et hyi enedi am netri acetic aci

Samari um : Ho = Hol mi um -1¥b = Ytterbium

ns

Gd = Gdol i nium Lu = Lutetium In = I ndium

Scandi um Fe = iron G = @Gl lium chelant is
equi valent to |igand conplex is equivalent to chelate, and

L: M= ligand to netdmagesrof seaeh pig (right lateral, left lateral -

and dorsal) were taken at 4, 24, 48 and 72 hours. The
24 hour images were evaluated independently by 3 -
investigators using the following scheme for the uptake

of 153Sm in various tissues:

0 = No discernible uptake

1 = Slight uptake (negligible)
= Moderate uptake (1ntermec_liate) _
3 = Definite uptake (high)

The tissues evaluated were bone, liver and tumor. The
average of the scoring of the 3 independent
investigators is given in the following table:

TABLE I
i %WhOIE s i -
Bone Liver Tumor
. M Body :
Example . ! Uptake | Uptake Uptake
Ratio |RetemtioN| 72 h) | (72hrs) | (Location).
A 20 96.0 2.67 2.67 000 -]
- ~ (Leftthigh) -
A - 20 91.9 3.00 2.67 2.00
{(Right
thorax)
0.00
(Left Hip)
1 257 75.5 3.00 1.00 2.00
(Leg)
! 0.00
) (Body)
1 257 70.9 3.00 1.00 033
. {Left nasal)
0.00
(Left elbow)
% = the percentage of injected dose




- 16~ , The invention will be further clarified by a consideration
of the follow ng exanples, which are intended to be pu he

present invention. Exanple A Conparative A HEEPLACSNENT SHERTD,
6.9 nG was weighed into a 5 nL glass vial, then 2.38 of Xég []gg"]l\
solution of SnCl[err] in O 1M HC and- 1862 nL of a 3X1 Epaéer} ut-+-on- gf

[err]SnCl[err] in O0.1M HO was added. The pH was adju gsTtrg thne
procedure of Exanple 1. The activity of the final solution was about 3.5
mC in about 3.0 nL with a L: Mratio of 20:1. Exanple 1 .

HETDA[ er r] 3Na[ er r | H ePPpoundo d sygomparafdihand dixpmpbend §Basds vial
then 1.96 neonfplae:8X6i0-{1es r i Mreat ibnqn of

The above data shows that when the ligand/metal
ratio is high, then the tumor uptake remains about the
same, but whole body retention and the liver uptake
significantly drop. Because of these uptake
differences, the images are vastly improved for the
higher ligand to metal ratio injections.

Example B: Comparative B

When 67Ga—citfate (purchased from Syncor) was
used in a procedure similar to Example 2, the results
obtained are shown in the following table:

TABLE |l
c I %g’gg;"e UBonls ul.ivel: ' Tumgr
xample : ptake ptake Uptake
R(e;cgrl;trlso.)n (72 hr) | (72hrs) | (Location)
B 98.5 1.00 3.00 0.00
| (Le_ft sacrum)
B 96.7 1.00 2.67 0.33
(Rig ht head)
(Drammg
node)
B 97.1 1.00 3.00 3.00
(Left head)
3.00
(Rig ht thorax)
(Rig ht st:fle)

67Ga-c::itr'at:e never cleared the extracellular
fluid and had an unacceptably large liver uptake.
Although tumor uptake was noted, the degree of uptake



SmCl[er¢] in 0.1MHC and 1.54 ni-of a 3X10-[err]M salution of

[err]SnCi[err] in 0.1M HCO was added. The pH was adj uis O skl AL 15
[err]L of 50% NaOH The pH was then lowered to 7-8 wi thggg&%rﬁ%g’g&g

HCl followed by 2 [err]L of cono. HCO . The activity e?2frn ti
was about 6.0 nCi in about 3.5 nL w&h9a L: Mratio of 2%‘?1.377:91%@7;
2 The HEDTA sol utions prepared in Exanples 1 and A were eval uated
in mniature pigs having naturally occurring nelanom c | esions. Each

injected solution was fromO0.5-1 nL having 1-2 nCi of 153Sm present. Each
pi g had whov@shadpideunts itheediegres of teptakecefivonabaragsin at 24, 48
and 72 hourgjssye Thys, the tumor image was ldlmost | mages of each

pig (right ]atgrar, t lateral - and dorsal% were taken at 4, 24, 48 and
72 hours. Thedistinguishable from the high background rad1at1on.

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 scope and spirit of the invention
being indicated by the following claims.
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TABLE | L/'M %Mol e Body _Bone _ Liver  Tunor
Exanple Ratio Retenti on Uptake Uptake Upt ake ' (72 hrs)
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CLAIMS

1. 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 composition comprising: (1) a
complex whlch comprises a ligand and a metal wherein the
ligand is hydroxyethylethylened1aminetr1acetic acid or a
pharmaceutically acceptable salt thereof and wherein the
metal ion is 153Sm, 166Ho, 90?, 165Dy, 1596d, 177Lu,
Mg, 115myp,, 175yp, 47se, 52Fe, T2ga, 67ga, 68Ga, Gd,
or Fe and the ligand to metal molar ratio is at least

50:1, and (2) a physiologically acceptable llQUld
carrier.

2. A method of Claim 1 for therapeutic
treatment.

3. The method of Claim 2 wherein the metal is
166HO, QOY, 175Yb,' 165DY, 115m1n, 52Fe, or TZGa.

4. A method of Claim 1 for diagnostiec
treatment.

5. The method of Claim Y4 wherein the metal is
1111n, 67ga, 68ga, gd, or Fe.
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I nventi on. The above data shows that when the |igand/nmetal ratio

is high, then the tunor uptake renains about the sane, but whol e body
retention and the |iver uptake significantly drop. Because of these uptake
di fferences, the i ne@esTheemeidiod, afnfyladd ¥ fron Heherrgpeuticgand to net al

ratio injeaﬁh%%%stxe treatment.

7. The method of Claim 6 wherein the metal is
153sm, 177Lu, 175yb, 15%d, or 47sec.

8. The method of Claim 7 wherein the metal is
153Sm.

9. A method of any one of Claims 1 to 8 .
wherein the ligand to metal molar ratio is from 50:1 to
600:1.

10. A method of Claim 9 wherein the ligand to
metal molar ratio is from 100:1 to 500:1. i

11. A method of Claim 10 wherein the ligand to
metal molar ratio isfrom 250:1 to 300:1.

12. A method of any one of Claims 1 to 8
wherein the metal used is in the no carrier added form.

13. A method of Claim 12 wherein the ligand to
metal molar ratio is about 5X107:1.

14. The method of any one of Claims 1 to 8
wherein the physiologically acceptable liquid carrier is
water and the resulting solution is adjusted to have a
pH of about 7 to about 8.

15. The method of Claim 1 wherein the ligand is
in the form of its sodium salt.

16. The method of Claim 1 wherein the
~ composition administered to a mammal may contain 2 or
more different radioisotopes.
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Exanpke—&—@enpanaij_x&B_ When 67Ga-citrate ( sed from Svncor)
was us ii[ n rocedure simlar \ apls (s BRET € hEPLQ@éiﬂ-‘ER?%p@EKF ,

showr DIl 111 Rt I N v e B

Upt ake chpt ake ) (72 hrs-2)2 (72 hr) (72 S ae At L BAY

B 98.5 1.00  3.00 0. 00

(Left sacrum B 96. 7 1.00 2. 67 0. 33

(R ght head) . 1.67

(Dr ai ni ng 17 4 ghgrmaceutigal f°”%H4%Fi°“xg%6 the3 og 3. 00

(Left head) therapeutic and/or diagnostic treatment3off0a mammal
ES}QEE ;P?;ﬁﬁ?ing a soft tissue tumor which eomprisesza%%inistering
J to said mammal an effective amount of a composition

comprising: (1) a complex which comprises a ligand and a
metal wherein the ligand is hydroxyethylethylenediamine-
triacetic acid or a pharmaceutically acceptable salt
‘thereof and wherein the metal ion is 193sm, 166xo, 90y,
165Dy, 159Gd, 177Lu, 1111!\, 115m1n’ 175Yb, ”750’ 52Fe,
72Ga, 57Ga, 68Ga, Gd, or Fe and the ligand to metal
molar ratio is at least 50:1, and (2) a physiologically

acceptable liquid carrier.

18. The formulation of Claim 17 wherein the
ligand to metal molar ratio is from 50:1 to 600:1.

19. A formulationiof Claim 18 wherein the
ligand to metal molar ratio is from 100:1 to 500:1.

20. A formulation of Claim 19 wherein the
ligand to metal molar ratio is from 250:1 to 300:1.

'21. The formulation of Claim 17 wherein the
metal is 193sm, 177rLu, 175yb, 159%d, or *#7se.

22. The formulation of Claim 21 wherein the
metal is 153Sm.
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those skilled in the art froma consideration of this
practice of the invention disclosed herei23- It is |ntended that t he

specification and exanpl es be considered as exenplary only, with the true
scope and spirit of the invention being indicated by the follow ng clains.

METHOD OF TREATING AND/OR DIAGONISING SOFT TISSUE TUMORS

ABSTRACT

.A formulation and method for therapeutic and/or
diagnostic treatment of soft tumor carcinoma in mammals using
certain metéls or particle-emitting radionuclides complexed

with hydroxyethylethylenediaminetriacetic acid are described.



CLAI VG 7 1. A nmethod for the therapeutic an O a8
of a mammal having a soft tissue tunor which conj éé‘cﬁd}?ﬁi\mswﬂﬁ g to
said mammal an effective anount. of a conpositio 1018 Qgr Qg} aflconpl ex

whi ch co ises.a li.gand and a netal .iom wherei _
hydr et hyI et hyI ened| amnetriacetic acid or a phar mace Fy—ael ept abl e
t her @ 48 n 1,
ﬂ f %%;{9& f @@0@1& f faghty! shﬁ»@b s[ufg tﬂ.]ﬁgncgh
Cﬁ’t“’fté‘r

[err]Y, [err Lu, [err
[err]Fe, &f [H,PWF&{ ‘supilargio taﬁdH@H@ Tugags repertest Hleserol ar

ratio is Medraﬁé alsB: found BignifRant uplake ii®ldeo lice és}’slﬁﬁﬁﬁﬁjr ahdie biddisttiBution
carrier . A nmethod of Cdaim1l for therapeutic treatnent. 3.

The netho@dolfnaéf’%ll m 2 wherein the netal is [err]Ho, [err]Y, [err]Yb,
[err] Dy, [ errThenefofer th]er‘ee,‘is still [2eneddGfor an adequiate systesn lo dletiverCradionutlities -

LTI St e ol SR, ) ok, MO B Pt
therapeutfﬁéloa % R?l]smcemnl@@smmﬁc the, 153$meHED T poBIDley, ahaving a
wher ei n tHigh Fl%&aﬁdl tb OfietaB nhdtar }a‘ﬁﬁ, shek 'ak Lfmm[airleasﬂso | egka%bod%ft fhourSC
8. The qgca? ation WC%Ih no sxgmvt\'h Il&ertu?) anﬁlcan%e [useci Ls Hjlagnostlc or therapeutic
agents. _
The present invention concerns a method for the therapeutic and/or diagnostic
treatment of a mammal having a soft tissue tumour which comprises administering to
- said mammal an effective amount of a composition ébmprising: (1) a'complex which
comprises a ligand _and a ometal ion wherein the ligand s
hydroxyethylethylenediaminetriacetic acid or a pharmaceutically acceptable salt thereof
and wherein the metal jon is an jon of 153Sm, 166Ho, %0y, 159Gd, 177Ly, 1111n, 115m]p,
175Yp, 47Sc, 165Dy, S2Fe, 72Ga, 67Ga, 68Ga, Gd, or Fe and the ligand to metal molar
ratio is at least 50:1, and (2) a physiologically acceptable liquid carrier.

The invention also relates to a pharmaceutical formulation for the therapeutic
and/or diagnostic treatment of a mammal having a soft tissue tumor comprising: (1) a
complex which comprises a ligahd and a metal ion wherein the ligand is
hydroxyethylethylenediaminetriacetic acid or a pharmaceutically acceptable salt thereof
and wherein the metal ion is an ion of 2Y, 165Dy, 1111y, 115mp, 47Sc, 52Fe, 72Ga,
67Ga, 68Ga, Gd, or Fe and the ligand to metal molar ratio is at least 50:1, and (2) a
physiologically acceptablc hquld carrier; with the proviso that the metal ion is not an ion
of 159Gd. : : -

The method of this invention is used for the therapeutic and/or diagnostic treatment
of 2 mammal having a soft tissue tumour. The compositions used in the method have a
radionuclide or metal complexed with a chelating agent. As will be more fully discussed
latéf, the properties of the radionuclide, of the chelating agent and of the complex
formed therefrom are important. '




9. £ A m&thod of an to 8 wherein the Iig'&@?‘jﬁmm S@E@fr
ratio is from 50: 1nlﬂmmm"ﬂ”mﬂﬂm0 A method of Claim9 whérein the
ligand to nmetal nolar €atio# Ssirem 100:1 to 500: 1. =11, g7 of
G aim 10 wherein the ligand to netal nobgr ratio is froni2 0:1 to 300:1.
12. A nethod of any one of Cains 1 to 8 wherei n the netal ~usee-rs=mthe
no carrier added form 13. A ”Etéﬁﬂnﬁk Claim12 whegein the |ligand to
metal nolar ratio is about 5X10[err] 14. The metnod of any one of
Clains 1 to 8lwheAeinethdde forpithes itldrapigutial dngd/arc dmgtmﬂibetrbatqnhd of aa rmammal

vat . % Lro | :
about o Vil § 30RO caflot Whith eomaAed ShEMEANEYS s@aliiyfina? B0 Erfebehd

of its scUMOMALsR]# compositioy compeisiagt h6b a)pm@plﬂwhlcm@mﬁe& A lg@adw@éu aion

adm ni st eme@l t fon2 WiRHER! (BONG@indS i¥ BfdroBfethyléthylenidmind@iabtiOt RRESor a

{1 eat nont POFDASTRIALY arepihe @Q@fp?eroﬁ “éméﬁ‘e?ﬂﬂﬁﬁ“%&??ﬁfqé” han 08 Pl oS! ex
whi ch conl$fHee80Y, 1@5@@6598111 137 1ot 81 Inj, dFmInet78Yh, #15e, FPRpy i Ga$67Ga 68Ga,
2)1/dr oxyet@a &t p’ya?lﬁ‘:tﬂé ﬁghﬁtﬂa hféﬁﬁ’ tlﬁ(ﬁaxafa'tlg i§5t least 50: 1, and (2) a physiologically
acceptable liquid carrier.
2. A method of Claim 1-for therapeutic treatment.
3. The method of Claim 2 wherein the metal is 166Ho, 90Y, 175Yb, 165Dy,
115mlp 52Fe, or 72Ga.
4. A method of Claim 1 for diagnostic treatment.
5.  The method of Claim 4 wherein the metal is 111In, 67Ga, 68Ga, Gd, or Fe.
6. The method of Claim 1 for therapeutic and diagnostic treatment.
7. The method of Claim 6 wherein the metal ion is 153Sm, 177Ly, 175Yb,
159Gd, or 47Sc.
8. The method of Claim 7 wherein the metal is 153Sm. |
9. A method of any one of Clalms 1 to 8 wherein the ligand to metal molar ratio
is from 50:1 to 600:1.
10. A method of Claim 9 wherein the ligand to metal molar ratio is from 100:1
to 500:1. _
11. A method of Claim 10 wherein the ligand to metal molar ratio is from 250:1
to 300:1. .
12. A method of any one of Claims 1 to 8 wherein the metal used is in the no

carrier added form.
13. A method of Claim 12 wherein the ligand to metal molar ratio is about

5X107:1.

14. The method of any one of Claims 1 to 8 wherein the physiologically
acceptable liquid carrier is water and the resulting solution is adjusted to have a pH of
about 7 to about 8. )

15. The method of Claim 1 wherein the ligand is in the form of its sodium salt.

16. The method of claim 1 wherein the composition administered to a mammal
contains 2 or more different radioisotopes.

17. A pharmaceutical formulation for the therapeutic and/or diagnostic treatment
of a mammal having a soft tissue tumor comprising: (1) a complex which comprises a
ligand and a metal ion wherein the ligand is hydroxyethylethylenediaminetriacetic acid or




a pharmaceutically acceptable salt thereof and wherein the nﬁ‘ﬁ!‘\l on is an

ion of [err]Y, [err]Dy, [err]ln, [err]In, [err]nmllmml

[err]Ga, [err]G, G&d, or Fe and the ligand to is at
least 50: 1, and (2) a physiologically agceptable I|qU| carrler with the
provi so that the metal ion |s not an ion of [err].Cd. 18. The

50 1t o 60@hgtmacettichiyiactlisiee tal Mierst AR whereF ' Bl m, i Sor BLAOETT
met al nol ¥5DyatliHnj él5mlm,rﬂ73005%Fet. 8260,057@, 68Ga, Gapor Fe fand tag Hganghtoomel ai m
19 wherei oiz{?erahb 2001eh& .‘ﬂ?; J—nf :pLﬁ%%ﬁdIG%lbaﬁl AREDARIE TikquicP catPlr; lwith the 271

The formu atlono anyone of erein the netal I's 47Sc.
22. The nProNise that theynekHdopfs %qtéPﬁEHQ {8Gds wherein the marmal is a human.

22 VETHOR OFTREESMulktion\Nb¥ CRi)! 1AGhr&inNGe Sghrkd toTinS&UmolddMaBs is from

50:1 to 600:1. | |

19. A formulation of Claim 18 wherein the ligand to metal molar ratio is from
100:1 to 500:1.

20. A formulation of Claim 19 wherein the ligand to metal molar ratio is from
250:1 to 300:1. |

21. The formulation of anyone of claims 17 to 20 wherein the metal is 47Sc.

22. The method of any one of claims 1 to 16 wherein the mammal is a human.
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METHOD OF TREATING AND/OR DIAGONISING SOFT TISSUE TUMORS

ABSTRACT

A formulation and method for therapeutic and/or
diagnostic treatment of soft tumor . carcinoma .in mammals using
certain metals or barticle-emitting' rad_iom_:clides cémplexed

with hydroxyethylethylenediaminetriacetic acid are described.



