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This invention provides pharmaceutical compositions comprising tin-117m (Sn-117m) stannic chelation complexes and methods of
using such pharmaceutical compositions in a defined dose range to alleviate bone pain and to treat osseous metastatic disease.
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TIN-117m-CONTAINING RADIOTHERAPEUTIC AGENTS

The U.S. Government has rights to this invention pursuant to Contract No.
DE-AC02-76CHO00016, between the U.S. Department of Energy and Associated

Universities, Inc.

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to pharmaceutical compositions comprising tin-117m
(Sn-117m) stannic complexes with certain chelators, and methods of using such
pharmaceutical compositions in a defined dose range to alleviate bone pain and to

treat osseous metastatic disease.

2. Description of the Prior Art

Primary cancer of the bone and osseous metastases derived from tumors
arising elsewhere (such as lung, prostate and breast carcinoma, among others) can
result in substantial pain. Approximately 60-80% of patients with prostate or breast
cancer, and up to about 50% of lung cancer patients, develop bone metastases during
the course of their illness. These three types of cancer comprise almost 80% of the
400,000 patients who develop bone metastases each year. More than half of these
patients experience severe, chronic bone pain as a result of their metastatic disease.

The alleviation of such bone pain is highly desirable, for both human reasons
and as an adjunct to proper effective clinical management of neoplastic disease.
Conventional methods of alleviating such severe bone pain include treatment with
narcotic analgesics and other pain-killers. Such methods are unsatisfactory because
they do not clinically address the source of the pain, and because of the effects of
such powerful drugs on the patient’s personality, mental state and level of
CONSCI1ousSness.

A number of radiopharmaceutical agents have been used for the palliation of
bone pain from metastatic lesions. Among these are phosphorus-32 (Joshi et al.,
1965, J. Amer. Med. Assoc. 193: 621-623), strontium-89 chloride (Robinson e al.,
1987, Nucl. Med. Biol. 14: 219-222), samarium-153 EDTMP (Logan er al., 1987,
J. Nucl. Med. 28: 505-509), rhenium-186 HEDP (Maxon e al., 1990, Radiology
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176: 155-159), and iodine-131 hydroxybenzylidene diphosphonate (HBDP) (Eisenhut
et al., 1986, J. Nucl. Med. 27: 1255-1261). One of these, strontium-89 chloride,
was approved by the FDA for commercial distribution in June, 1993.

Generally, the use of internally-administered radiotherapeutic compositions
can result in significant toxicity due to destruction of non-cancerous tissues,
particularly bone marrow. Treatment with known radiopharmaceutical agents has
been limited because of undesirable side effects resulting from uncontrolled
irradiation. In the treatment of osseous metastases, a particular limitation has been
that the amount of radiation absorbed by red marrow must be sufficiently low so as
to escape myelosuppression or compromise of the stem cells of the hematopoietic
system, i.e., the red and white blood cells. Radiation damage to the bone marrow
is typically the result of a lower-than-desired ratio of absorbed radiation in the bone
tumor compared with the bone marrow ratio, resulting in bone marrow toxicity at
therapeutic dosages. This is a major limitation to the use of *’P-containing
radiopharmaceuticals for treating bone metastases.

It would, therefore, be advantageous to be able to utilize a
radiopharmaceutical composition and a treatment which produce minimal toxicity,
but provide highly effective, reproducible results.

A particularly useful radioisotope for localization in bone is tin-117m. This
radioisotope of tin is easily and economically prepared, either in a cyclotron or in
a nuclear reactor, and is readily available. It has a half-life of 14 days and emits a
conversion electron having energies (and hence, bone marrow cell-killing capacity)
significantly below that of other radioisotopes used in conventional bone
radiotherapy. Moreover, the average range (in water) of such conversion electron
is from 2- to 10-fold less than the range of B-particle emissions of 2p 186Re 153§
B or ®Sr. Finally, Sn-117m also emits gamma radiation that is detectable by
conventional scintigraphic imaging cameras.

The preparation of tin-117m-labeled stannic (Sn**) chelates which localize to

bone, and their use as diagnostic radiopharmaceuticals, is described in U.S. Patent
No. 4,533,541 (1ssued on August 6, 1985 to Srivastava ef al.) which is incorporated
herein by reference. This reference describes the preparation of Sn-117m stannic
complexes of methylene diphosphonate (MDP), pyrophosphate (PYP),
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ethylidenehydroxydisodium phosphonate (EHDP), and diethylenetriaminepentaacetic
acld (DTPA) and the usefulness of such compositions as radiodiagnostic agents for
scintigraphic imaging of skeletal bone.

Srivastava et al. describe the preferential localization of Sn-117m stannic
complexes in bone to the substantial exclusion of uptake by blood, muscle, kidney,
or liver.

Oster et al., 1985, Int. J. Nucl. Med. Biol. 12: 175-184 describe
autoradiographic studies showing that the Sn-117m stannic complexes localize to
cortical bone but not bone marrow.

There remains a need in the medical arts for an effective treatment for pain
resulting from osseous metastases. Although its use for scintigraphic imaging was
known in the prior art, there is no indication of any composition or treatment with

Sn-117 stannic complexes to alleviate pain associated with cancer in human skeletal

bone, or to treat cancer in human skeletal bone.

SUMMARY OF THE INVENTION

The present invention provides a pharmaceutical compositions for the
effective clinical management and alleviation of bone pain associated with osseous
metastases and other bone tumors. The invention provides stannic chelates of tin-
117m useful for alleviating such severe bone pain. The pharmaceutical compositions
of the invention are also useful and effective for radiotherapeutic treatment of
osseous metastases and other bone tumors.

In a first aspect, the invention provides a pharmaceutical composition
comprising a Sn-117m (Sn**) chelate complex and a pharmaceutically-acceptable
carrier for preparing a medicament useful in palliating pain in skeletal bone
associated with cancer in a human. In a preferred embodiment, Sn-117m is
complexed with methylenediphosphonate (MDP), pyrophosphate (PYP),
ethylidinehydroxysdisodium phosphonate (EDHP), or most preterably diethylene
triaminepentaacetic acid (DTPA), or mixtures thereof. The pharmaceutical
compositions of the invention are comprised of Sn-117m having a specific activity
of Sn-117m of about 0.1 mCi/mg to about 80 Ci/mg. In preferred embodiments, the

specific activity of Sn-117m in the pharmaceutical compositions of the invention is
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from about 2 to about 20 mCi/mg Sn-117m, more preferably from about 2 to about
17 mCi/mg Sn-117m, and most preferably from about 2 to about 12 mCi/mg Sn-
117m.

In the use of the pharmaceutical compositions of the invention to alleviate or
palliate pain associated with osseous metastases, the pharmaceutical compositions of
the invention are administered at a dosage of from about 6 mCi to about 50 mCi per
70 kilograms body weight. In preferred embodiments, the administered dosage 1s
from about 10 to about 50 mCi Sn-117m, more preferably from about 10 to about
30 mCi1 Sn-117m, most preferably from about 12 to about 25 mCi Sn-117m per 70
kilograms body weight. This 1s equivalent to a dosage range of from about 4 mCi
to about 130 mCi, preferably from about 7 mCi to about 130 mCi, more preferably
from about 7 mCi to about 80 mCi, and most preferably from about 9 to about 65
mCi.

The most preferred embodiment of the pharmaceutical compositions of the
invention comprise Sn**-117m chelated with DTPA. In particular formulations of
such preferred embodiments, the pharmaceutical composition comprises about a ten-
fold to about a 45-fold molar excess of DTPA relative to total tin, about a 15-fold
to about a 30-fold molar excess of DTPA relative to total tin, or most preferably
about a twenty-fold molar excess of DTPA relative to total tin.

In yet other embodiments of this aspect of the invention, the pharmaceutical
compositions comprising Sn**-117m chelates and a pharmaceutically acceptable
carrier also comprise a toxicity control agent. The inclusion of such toxicity control
agents 1n the pharmaceutical compositions of the invention act to reduce in vivo
toxicity associated with administration of the Sn-117m (Sn**) chelate complex. In
preferred embodiments, the toxicity control agents comprise a divalent calcium 1on.
The most preferred toxicity control agent 1s calcium chloride dihydrate
(CaCl,2H,0). In further prefterred embodiments, the toxicity control agent

comprises about 60% to about 90% of the molar amount of the stannic chelating

group. More preferably, the toxicity control agent comprises about 70% to about

90% of the molar amount of the stannic chelating group. Most preferably, the

toxicity control agent comprises about 80% of the molar amount of stannic chelating

group in the composition.
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In a second aspect, the invention provides a method for palliating pain

associated with osseous metastases and primary osseous neoplastic disease,
comprising the step of administering to a human a pharmaceutical composition of the
invention. In a preferred embodiment, the pharmaceutical compositions administered
to the human to palliate bone pain comprise a Sn**-117m DTPA chelate having a
specific activity of about 2 to about 12 mCi/mg, comprised of about a twenty-fold
molar excess of DTPA to total tin and further comprising a toxicity control agent
that 1s a divalent calcium 1on in an amount that is about 80% of the molar amount
of DTPA 1n the composition, administered at a dosage of from about 12 to about 25
mCi per 70 kilograms body weight, corresponding to from about 9 to about 65 mCi
administered dose. '

- In a third aspect, the invention provides a pharmaceutical composition
comprising a Sn-117m (Sn**) chelate complex and a pharmaceutically-acceptable
carrier for preparing a medicament useful in radiotherapeutic treatment of cancer,
specifically primary and metastatic neoplastic lesions in skeletal bone in a human.
In a preferred embodiment, Sn-117m 1s complexed with methylenediphosphonate
(MDP), pyrophosphate (PYP), ethylene dihydroxydisodium phosphonate (EDHP),
or most preferably diethylene triaminepentaacetic acid (DTPA), or mixtures thereof.
The pharmaceutical compositions of the invention are comprised of Sn-117m having
a specific activity of Sn-117m of about 0.1 mCi/mg to about 80 Ci/mg. In preferred
embodiments, the specific acuvity of Sn-117m in the pharmaceutical compositions
of the invention 1s from about 2 to about 20 mCi1/mg Sn-117m, more preferably from
about 2 to about 17 mC1/mg Sn-117m, and most preferably from about 2 to about
12 mCi/mg Sn-117m.

In the use of the pharmaceutical compositions of the invention to treat
primary or metastatic neoplastic disease in skeletal bone in a human, the
pharmaceutical compositions of the invention are administered at a dosage of from
about 6 mCi to about 50 mCi per 70 kilograms body weight. In preferred
embodiments, the administered dosage 1s from about 10 to about 50 mCi Sn-117m,
more preferably from about 10 to about 30 mCi1 Sn-117m, most preferably from
about 12 to about 25 mCi Sn-117m per 70 kilograms body weight. This is

equivalent to a dosage range of from about 4 mCi to about 130 mCi, preferably from

.5 -




WO 95/29706 | PCT/US95/04875

10

15

20

23

30

about 7 mCi to about 130 mCi1, more preferably from about 7 mCi to about 80 mCi,

and most preferably from about 9 to about 65 mCi.

The most preferred embodiment of the pharmaceutical compositions of the
invention for treating primary or metastatic neoplastic disease in skeletal bone 1n a
human comprise Sn**-117m chelated with DTPA. In particular formulations of such
preferred embodiments, the pharmaceutical composition comprises about a ten-fold
to about a 45-fold molar excess of DTPA relative to total tin, about a 15-fold to
about a 30-fold molar excess of DTPA relative to total tin, or most preferably about
a twenty-fold molar excess of DTPA relative to total tin.

In yet other embodiments of this aspect of the invention, the pharmaceutical
compositions comprising Sn**-117m chelates and a pharmaceutically acceptable
carrier also comprise a toxicity control agent. The inclusion of such toxicity control
agents in the pharmaceutical compositions of the invention act to reduce in vivo
toxicity associated with administration of the Sn-117m (Sn**) chelate complex. In
preferred embodiments, the toxicity control agents comprise a divalent calcium 1on.
The most preferred toxicity control agent i1s calcium chloride dihydrate (CaCl, H,0).
In further preferred embodiments, the toxicity control agent comprises about 60 %
to about 90% of the molar amount of the stannic chelating group. More preferably,
the toxicity control agent comprises about 70% to about 90% of the molar amount
of the stannic chelating group. Most preferably, the toxicity control agent comprises
about 80% of the molar amount of stannic chelating group in the composition.

In a fourth aspect, the invention provides a method for radiotherapeutic
treatment of primary or metastatic osseous neoplastic disease in a human, comprising
the step of administering to a human a pharmaceutical composition of the invention.
In a preferred embodiment, the pharmaceutical compositions administered to the
human in radiotherapeutic treatment protocols comprise a Sn**-117m DTPA chelate
having a specific activity of about 2 to about 12 mCi/mg, comprised of about a
twenty-fold molar excess of DTPA to total tin and further comprising a toxicity
control agent that is a divalent calcium ion in an amount that i1s about 80% of the
molar amount of DTPA 1n the composition, administered at a dosage of from about

20 to about 50 mCi1 per 70 kilograms body weight.

In yet another aspect of the invention is provided methods for palliating
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skeletal bone pain associated with primary or metastatic osseous neoplastic disease,
wherein the amount of the analgesic agent comprising the pharmaceutical
compositions of the invention localized at neoplastic sites 1s monitored by gamma
scintigraphy. Also provided are methods for radiotherapeutic treatment of primary
or metastatic osseous neoplastic disease in a human wherein the amount of the
analgesic agent comprising the pharmaceutical compositions of the invention
localized at neoplastic sites is monitored by gamma scintigraphy.

In further aspects of the invention, methods are provided methods for
monitoring the clinical efficacy of radiotherapeutic treatment of primary or metastatic
neoplastic disease in skeletal bone in a human by gamma scintigraphy, wherein
diminution of the amount of the pharmaceutical agent localized at the neoplastic site
is used to indicate effective radiotherapy.

Also provided are methods for maintaining a therapeutically effective amount
of the pharmaceutical compositions of the invention localized at a neoplastic site 1n
skeletal bone in a human, by monitoring the amount of said radiopharmaceutical
agent localized at the neoplastic site by gamma scintigraphy, and administering an
amount of the radiopharmaceutical sufficient to maintain a therapeutically effective
amount of the radiopharmaceutical at the neoplastic site.

The invention also provides kits for preparing the radiopharmaceutical
compositions of the invention. Kits for forming complexes between Sn**-117m and
tin chelators comprise a sealed vial containing a predetermined quantity of the tin
chelator.

Specific preferred embodiments of the present invention will become evident
from the following more detailed description of certain preferred embodiments and

the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the efficacy of the radioimaging capabilities of the present

invention at palliative and treatment dosage levels.

Figure 2 also shows the imaging capability of the present invention at levels

which can also be used as a palliative and as treatment.

Figure 3 is a graph which depicts the effect of the method and composition
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of the present invention on white blood cells and platelets.

Figure 4 is a graph of colony-forming unit activity versus administered dose
of Sn**-117m DTPA and **P.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIME

This invention provides pharmaceutical compositions comprising stannic

chelates of Sn-117m. The invention provides methods for providing relief,
alleviation or palliation, of bone pain by administration of the pharmaceutical
compositions of the invention. The invention also provides methods for the
treatment of bone cancer, including ossedus metastases, by administration of a
pharmaceutical composition of the invention, such treatment resulting in remission,
regression or cure of the disease. The invention also provides a method for the
combined treatment of pain resulting from cancer in bone, while at the same time
permitting monitoring of patients status through imaging of the distribution of the
composition of the invention in bone tissue.

As used herein, the term "tin chelator" and "tin chelating agent” is intended
to encompass any one of a variety of chemical moieties, or mixtures thereof, capable
of effectively chelating stannous and/or stannic tin metal ions and forming a stable
chelate with tin under physiological conditions.

As used herein, the term "toxicity control agent” is intended to encompass
any one of a variety of agents capable of inhibiting or retarding the effects, primarily
the hypocalcemic effects, of administration of unchelated tin chelating agents as part
of the pharmaceutical compositions of the invention. The term also encompasses any
agent capable of preventing formation of complexes between such chelating agents
and any mono- or divalent metallic cation present in vivo and necessary or beneficial
to the physical well-being or metabolic integrity of a human to whom the
pharmaceutical compositions of the invention are administered.

The physical characteristics of Sn-117m and other radionuclides are shown
in following Table I. In contradiction to the other nuclides shown, Sn-117m is not
a beta () particle emitter. Instead, Sn-117m decays by 1someric transition with the
emission of abundant (114%) conversion electrons of specific energy (127-129 and

152 ﬁcV). These conversion electrons of Sn-117m have a range which is sufficient
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for irradiating tumor bearing bone, while imparting a much smaller dose to most of
the marrow. The other nuclhides shown in the Table have an average range which
1s significantly longer than the limit range of the conversion electrons of Sn-117m.
For example, when the marrow damage from comparable radiation doses of P-32 and
Sn-117m was evaluated using the mouse spleen colony forming unit technique, the
measurement indicated that P-32 is approximately 28 times more toxic to marrow
than Sn-117m at therapy levels. (Mausner et al., 1989, J. Nucl. Med. 30: 1754)
Thus, the toxicity of effective amounts of Sn-117m chelate complexes is substantially
lower than that which occurs in the use of the other nuclides.

It 1s also illustrated in the Table that a principal photon of 158.6 keV is also
present in 86.4% of the disintegrations of Sn-117m. The emitted photon (gamma,
y) enables effective monitoring of the biodistribution of the Sn-117m by external
gamma imaging (planar of SPECT). The other nuclides either lack photon emission
or emit photons in abundances which are lower than desirable for conventional
gamma imaging methods.

Thus, 1t 1s also a feature of the invention that palliation of bone pain and
concomitant body imaging can be performed. Furthermore, tumors and especially
metastases can advantageously be treated and monitored with certain radioisotope
preparations to result in regression, remission or cure of the disease.

For example, Figure 1 shows Gamma camera images in a patient with
prostate cancer that had spread to bone. The left panel shows anterior (right) and
posterior (left) of an image of technetium-99m-MDP, the conventional bone scanning
agent. The right panel shows anterior (left) and posterior (right) images in the same
patient obtained 4 days following injection of 10 mCi of Sn-117m (Sn**) DTPA.
Note the similarity of distribution of the two nuclides. Also note that the dose of the
Sn-117m compound is within the range of dosages found to palliate pain according
to the method of the invention.

Figure 2 shows 1mages obtained 4 days following injection of 5 mCi of Sn-
117m DTPA 1n a cancer patient with bone metastases. The left panel shows anterior
(left) and posterior (right) whole body images of the Sn-117m distribution in bone.
The right panel depicts a three-dimensional reprojection image from SPECT (Single

Photon Emission Computed Tomography) of a portion of the skeleton in the same
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patient. The patchy bright spots denote spread of cancer to bone.

Sn-117m 1s prepared as described in Example 1 below by an inelastic neutron
scattering reaction. Targets are irradiated with neutrons from a nuclear reactor for
from about 1 to about 10 weeks, preferably from about 2 to about 5 weeks , and most
preferably for about 3 weeks, yielding Sn-117m with a specific activity of 2-8
mCi/mg. With a half-life of just under two weeks (as shown in Table I above),
production of sufficient amounts of Sn-117m for radiotherapeutic purposes is
economically feasible.

The Sn-117m chelates comprising the pharmaceutical compositions of the
Invention are prepared from metallic Sn-117m. The metal is first dissolved in a
minimal amount of concentrated hydrochloric acid, and then diluted with water to
yield a stannous chloride solution in 1-4N HCl. Excess chelator. in 8- to 40-fold
molar excess, 1s added and the pH adjusted to between pH 4 and pH 7 using sodium
hydroxide. After complex formation is achieved, the tin metal is oxidized to the 4 +
oxidation state (to the stannic form) with hydrogen peroxide.

The Sn**-117m chelate thus prepared is used to prepared the pharmaceutical
compositions of the invention. The pharmaceutical compositions are formulated in
aqueous solution optionally containing pharmaceutically acceptable salts such as
sodium chloride, buffers such as sodium or potassium salts of Tris, citrate and
acetate, and pharmaceutically acceptable excipients and preservatives and the like.

In the methods of the invention, the pharmaceutical compositions of the
Invention are administered by a route appropriate to the pathology to be treated,
preferably by intravenous injection or infusion in a volume of from about 0.1 to 100
mL solution, diluted with a pharmacologically acceptable diluent such as
physiological saline, if desired.

The pharmaceutical compositions provided by this invention are comprised
of stannic tin-117m having a specific activity from between about 0.1 mCi/mg to
about 80 Ci/mg, administered at a dosage of about 6 mCi to about 50 mCi per 70
kilograms body weight, corresponding to a dosage of from about 4 mCi to about 130
mCi1. The composition is comprised of about a 10- to about a 45- a molar excess of
the chelating agent, for example and most preferably DTPA, to fully chelate the tin.

Optionally and advantageously, a toxicity control agent, most preferably

- 11 -
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CaCl,2H,0, comprises the pharmaceutical composition in the amount of about 80%
of the molar amount of DTPA, limiting the chelation of calcium from blood upon
administration to a subject, and thereby avoiding hypocalcemia. A preferred
embodiment of the final composition of the pharmaceutical compositions of the
S invention (having a specific activity of Sn**-117m of 2 mCi/mg) is as follows: 6-50
mCi Sn**-117m; 5-25 mg Sn**-117m; 335-1700 mg DTPA and 100-500 mg CaCl,-
2H,0, based on a patient having a body weight of 70 kg. For higher specific activity
preparation, these ingredients are adjusted in a proportionate manner.
Sn-117m 1s advantageous for palliating skeletal bone pain and treating primary
10 and metastatic osseous neoplastic disease because it has been found by the present
inventors to localize specifically to skeletal bone with low bone marrow toxicity.
Results of biodistribution studies are shown in Table II below.
In studies on human cancer patients, Sn**117m DTPA was found to
specifically localize to skeletal bone. Skeletal uptake averaged 64 + 13% of the
15 administered dose, having a residence time in bone of 280 + 65 h. In contrast, the
residence time 1n the remainder of the body was 18 + 10 h.
Of even greater importance was the finding that bone lesions, comprising
metastatic prostate, breast or lung cancer, preferentially accumulated the radiolabel:
the activity ratio between bone lesion and normal bone was typically about 5:1.
20 Particularly important 1s the relative lack of bone marrow toxicity found in
animals treated with the pharmaceutical compositions of the invention. For example,
Figures 3 and 4 shows the effects of treatment with Sn-117m DTPA compared with
conventional treatments using **P bone marrow as assayed with a standard colony
forming unit assay. In quantitative studies, the bone surface dose was estimated to
25 be 205 + 50 rad/mCi, while the marrow dose was about 11 rad/mCi. These results
demonstrate that Sn**-117m DTPA localizes efficiently and specifically to bone,
more particularly to bone lesions such as metastatic tumors and indicate the herein
disclosed clinical uses of the pharmaceutical compositions of the invention.
As a result of the invention, the excruciating pain associated with cancer in
30 human skeletal bone has been dramatically reduced by treatment with an agent which
selectively attacks the source of the pain. Consequently, the treating physician is

armed with an effective pain-management tool which is substantially less debilitating

- 12 -
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to the quality of the patient’s life than total sedation. As a further consequence, the
use of addictive drugs 1s significantly reduced.

It has also been found, surprisingly and unexpectedly, that the present
invention provides a unique method of treatment and specific compositions using Sn-
117m complexes which are highly effective in treating cancer in human skeletal bone
whilst eliciting no significant or minimal toxicity. These advantages have been
realized by discovering a unique pharmaceutical composition of this invention, and
the results found herein have not been observed with treatments and/or compositions
outside the parameters of the present invention.

It 1s an advantage of the present invention that the localization of the
administered dose can be monitored by gamma scintigraphy. This physical
characteristic of Sn**-117m allows an integrated clinical approach to pain palliation
and cancer radiotherapeutics, because it enables the physician to administer a
particular dose to the site of the neoplastic lesion, to monitor localization of the
radiopharmaceutical, to mantain a clinically effective dose at the neoplastic site, and
to avold bone marrow and normal tissue toxicity by keeping the level of radioisotope
beneath toxic levels 1n non-skeletal tissues.

The methods for making and labeling these compounds are more fully
illustrated in the following Examples, wherein Example 1 describes the preparation
of Sn-117m; Example 2 describes the preparation of the Sn-117m-chelate complex;
Example 3 describes preparation of Sn-117m-containing pharmaceutical
compositions; Example 4 describes assays of radiochemical and radiopharmaceutical
purity of the Sn-117m chelate; Example 5 demonstrates palliation of skeletal bone
pain in human cancer patients. These Examples illustrate certain aspects of the

above-described method and advantageous results. These Examples are shown by

way of illustration and not by way of limitation.

EXAMPLE 1
Preparation of Sn-117m

Tin-117m was produced using the inelastic neutron scattering reaction:
117Sn(n’nr’,y) . ll7mSn.

Enriched Sn-117m (84%) as the oxide was obtained from Oak Ridge National
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Laboratory, Oak Ridge, TN. The oxide was converted to the metal by reduction at
600°C in a hydrogen flow for 2-5 hours. The metal was sealed in a quartz ampule
to prepare a target (4-100 mg) for irradiation. Irradiation was carried out in the
High Flux Beam Reactor at Brookhaven National Laboratory or the High Flux
Isotope Reactor at Oak Ridge National Laboratory for periods up to 4 weeks. ‘

EXAMPLE 2

Preparation of Sn-117m Chelate Complex

An ampule containing Sn-117m, prepared as described in Example 1, was
opened 1n a nitrogen glove box and the contents dissolved in 0.2mL of concentrated
hydrochloric acid with heat. The dissolved tin (as Sn?*) was then added to a 20-fold
molar excess of the acid salt of DTPA that was previously adjusted to pH 6 with 3N
sodium hydroxide. The pH was readjusted to 6, after the addition of tin, by using
3N and IN sodium hydroxide. The solution was sterile filtered into a tared, sterile
muilti-injection bottlc, which was capped and removed from the glove box. The
bottle was weighed again to obtain a volume. The solution was heated by immersing
the bottie in a bath of boiling water to complete complexation. After cooling, a 2-
fold equivalent excess of 30% hydrogen peroxide was added to oxidize Sn?* to Sn**,
and the sample again was heated for 5 minutes in a bath of boiling water and then

cooled and transferred to the glove box.

) EXAMPLE 3
Preparation of Sn-117m Pharmaceutical Composition

To a sample of Sn-117m DPTA, prepared as described in Example 2 was

added 80% of an equimolar amount (relative to DTPA) of calcium chloride

dihydrate. The pH of the solution dropped from pH 6 to pH 4 and was not

readjusted. The solution was filtered through a sterile 0.2 um filter into a sterile
multi-injection bottle, and the volume adjusted to 10 mL with sterile isotonic saline

solution.
EXAMPLE 4
Assay of Pharmaceutical Accepta bility

The sample as prepared in Example 3 was assayed for radioactivity and

radiopurity with germanium gamma spectroscopy. Pyrogenicity was checked by

- 15 -

AT AL AP ADTIR) BTN U STV RTINS A A0 o A AMERALLY wd S -~ aacaad] " - B 1 e bl A A LT b s bl el el & 4 &b B = Ak A
% LU



ST

WO 95/29706 2 ] 88 ] 33 PCT/US95/04875

10

15

20

25

30

T N A VMM AP s A A I A . AL vk Ak | s e e oo

using a limulus amebocyte lysate pyrogen kit (Whittaker Bioproducts, Walkersville,
MD). Alquots of the final product were spotted on chromatographic paper strips
and were developed with a solution of 1 mg/mL DTPA, pH 5-6. Sn-117m (Sn**)
DTPA moves with the solvent front, whereas any hydrolyzed and/or uncomplexed
tin remains at the origin. Tissue distribution in normal mice was determined for
each run and compared with previously published data as an additional measure of

quality control. Hydrolyzed tin, if present, results in a high percentage of uptake

into the liver and spleen in mice.

EXAMPLE §
Palliation of Skeletal Bone Pain in Human Cancer Patients

Fourteen patients were enrolled in a controlled clinical study, including 9
males and 5 females. The patients were administered an Sn-117m chelate complex-
containing composition (described above in Example 3) sufficient to provide between
33 and 156 uCi/kg body weight. The protocol was approved by an institutional
review board and the United States Food and Drug Administration (FDA). All
subjects gave informed consent.

Prior to initiation of therapy a Tc-99m MDP bone Imaging study was
obtained. Complete blood counts, including a differential and platelet count,
electrolytes, and blood chemistries were obtained. No radiotherapy or chemotherapy
had been administered to the patients in the prior month. Hormonal therapy was
continued 1f the patient had been on hormonal therapy for more than three months
without improvement in their clinical status.

Sn-117m (Sn**) DTPA was administered through an inlying infusion line over
a period of 5-10 minutes. The patient was observed for two hours at which time a
urine specimen was obtained. A complete urine collection was obtained over 4 days
and a blood specimen obtained on the fourth day. This enabled an estimate of bone
uptake. Two imaging studies to monitor the Sn-117m distribution were obtained in
the first week and repeat chemistries were obtained at one week. Complete blood
counts were obtained weekly for at least two months and less frequently thereafter.
A repeat Tc-99m MDP bone imaging study was performed at two months.

Patients maintained a record of pain levels and sites daily for two weeks and
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then twice a week for the next 6 weeks. They were provided forms to record these

data as well as to maintain a record of medications.

The results of this study are shown in the Table provided below. The data
provided in the table show dose-dependent relief or palliation of pain resulting from
single administrations of compositions containing Sn-117m (Sn**) DTPA according
to the invention.

As 1s indicated in the Table, several patients either died or were required to
leave the treatment regimen. No data on pain relief were obtained from these
patients (Patients 1-3 and 5). Other patients, having been given a lower dose of the
Sn-117m chelate composition, showed variable response to the treatment, in one case
indicating that no relief was had. In clinical terms, the responses of the patients at
relatively low dosages is promising but not predictable enough to be practicable.

The predictability of response is greatly improved, however, by using a
higher dose range. For example, it is clear that of the seven paticnts who received
more than about 9 mCi/70 kg (~ 129 uCi/kg, or an administered dose greater than
7.4 mCi) all experienced relief of pain: five experienced excellent relief and two
experienced partial relief. Thus, a dosage of at least about 9 mCi to about 25 mCi
per 70 kg of body weight provides not only effective, but predictable, palliation of
pain in cancer patients. Accordingly, it is preferred that the treatment of bone pain
using compositions containing Sn-117m chelates be performed using between about
9 mCi and about 25 mCi per 70 kg of body weight.

In addition, no patients in the study showed evidence of hemopoietic toxicity.
An exemplary data set obtained from one patient, Patient 11, shows no decrease in
white blood cell (WBC) count or platelet count over three months following the
single administration of Sn-117m chelate (10.4 mCi). As a result, a dosage of the
Sn-117m chelate within the range found to be effective for consistent pain reduction
can also be expected to be non-toxic to the patient.

Thus, 1t another particular advantage of this invention that patients can be
treated for palliation of bone pain without causing concomitant bone marrow toxicity,
which toxicity can result in often life-threatening lowering of white blood cell
(leukocyte), platelet and hemoglobin levels in the blood. Other bone palliation

agents, such as Sr-89, are known to cause bone marrow suppression
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(myelosuppression) at doses effective in palliating bone pain, thereby greatly
reducing their therapeutic efficacy.

Patients having compromised bone marrow due to previous chemotherapy or
radiation therapy can be treated for palliation of bone pain with Sn-117m without the
risk of further, possibly catastrophic, deterioration ion bone marrow functioning.
Also, patients having received Sn-117m for palliation of bone pain are competent to
receive further chemotherapy or radiation therapy, as their bone marrow integrity is
not compromised by Sn-117m treatment. These advantages are not shared with other
known bone pain palliating agents.

It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives

equivalent thereto are within the spirit and scope of the invention as set forth in the

appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A pharmaceutical composition for the palliation of pain in skeletal bone
associated with cancer in a human, without hemopoietic toxicity, comprising a Sn-117m (Sn**)
chelate complex and a pharmaceutically-acceptable carrier, the composition having a specific
activity of Sn-117m of 0.1 mCi/mg to 80 mCi/mg, wherein the pharmaceutical composition is

for administration at a dosage of from about 10 mCi to about 50 mCi per 70 kilograms body

weight.

2. A pharmaceutical composition for treatment of primary or metastatic bone
cancer, without hemopoietic toxicity, comprising a Sn-117m (Sn**) chelate complex and a
pharmaceutically-acceptable carrier, the composition having a specific activity of Sn-117m of
0.1 mCi/mg to 80 mCi/mg, wherein the pharmaceutical composition 1s for administration at a

dosage of from about 10 mCi to about 50 mCi per 70 kilograms body weight.

3. The composition of any one of claims 1 or 2, wherein the chelate complex
comprises a chelating agent selected from the group consisting of methylenediphosphonate,

pyrophosphate, ethylenedihydroxydisodium phosphonate, diethylenetriaminepentaacetic acid,

and mixtures thereof.

4, The composition of claim 3, wherein the chelating agent 1s about a twenty-fold

molar excess of diethylenetriaminepentaacetic acid relative to total tin.

5. The composition of claim 4, further comprising a toxicity control agent.

6. The composition of claim 5, wherein the toxicity control agent comprises a

calcium 1on.
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/. The composition of claim 6, wherein the calcium 1on is present at a

-21-

concentration corresponding to about 80% of the molar amount of diethylenetriaminepenta-

acetic acid.

8. Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to
about 50 mCi per 70 kilograms body weight for the palliation of pain in skeletal bone

associated with cancer 1in a human, without hemopoietic toxicity.

9. Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to

about 50 mCi per 70 kilograms body weight for the treatment of primary or metastatic bone

cancer, without hemopoietic toxicity.

10.  The use of any one of claims 8 or 9, wherein the chelate complex comprises a
chelating agent selected from the group consisting of methylenediphosphonate, pyrophosphate,
ethylenedihydroxydisodium phosphonate, diethylenetriaminepentaacetic acid, and mixtures

thereof.

11.  The use according to claim 10, wherein the chelating agent is about a twenty-

fold molar excess of diethylenetriaminepentaacetic acid relative to total tin.

12. The use according to claim 11, wherein the composition further comprises a

toxicity control agent.
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13.  The use according to claim 12, wherein the toxicity control agent comprises a
calcium 10n.
14.  The use according claim 13, wherein the calcium ion is present at a

concentration corresponding to about 80% of the molar amount of diethylenetriaminepenta-

acetic acid.

15. Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to

about 50 mCi per 70 kilograms body weight, in the preparation of a medicament for the

palliation of pain in skeletal bone associated with cancer in a human, without hemopoietic

toxicity.

16.  Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to
about 50 mCi per 70 kilograms body weight, in the preparation of a medicament for treatment

of primary or metastatic bone cancer, without hemopoietic toxicity.

17. Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to
about 50 mCi per 70 kilograms body weight, for the combined palliation of bone pain in
skeletal bone cancer and in the treatment of primary or metastatic bone cancer, without

hemopoietic toxicity.
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18.  Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate

complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to
about 50 mCi per 70 kilograms body weight, for the combined palliation of bone pain in

skeletal bone cancer and in the imaging of said bone, without hemopoietic toxicity.

19.  Use of a pharmaceutical composition comprising a Sn-117m (Sn**) chelate
complex and a pharmaceutically-acceptable carrier, the composition having a specific activity of
Sn-117m of 0.1 mCi/mg to 80 mCi/mg for administration at a dosage of from about 10 mCi to
about 50 mCi per 70 kilograms body weight, for monitoring the clinical efficacy of
radiotherapeutic treatment of primary or metastatic neoplastic disease in skeletal bone in a
human by gamma scintigraphy, wherein diminution of the amount of the pharmaceutical agent

localized at the neoplastic site 1s indicative of effective radiotherapy, without hemopoietic

toxicity.
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