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Project Title: Tin-î17m DTPA, n naoioli¡$Jtrrlcal for the Treatment of
Cancer-Related Bone Pain

Objectives: The goal of this project at Brookhaven National Laboratory (BNL), in
collaboration with the industrial partner Diatide (formerly Diatech), lnc., is to developr
tin(Sn)-117m DTPA as a commercial radiopharmaceuticalfor the palliative therapy of
cancer related bone pain. The invention, initialdevelopment, and preliminary Phase l/ll
clinical studies of Sn-117m DTPA for bone pain palliation have been accomplished at
BNL. ln contrast to competitive technologies, Sn-117m DTPA shows the pcrtential for
providing relief from bone pain without causing significant marrow toxicity which is a
limitation of other radiopharmaceuticals either presently in use of those being
developed for this application. An issued U.S. Patent and a second patent application
on the tin-117m DTPA technology are assigned to the U.S. Department of Energy.
Diatide, lnc., has obtained an exclusive license to this technology.

This project is designed to transfer the technology from BNL to Diatide, to
ídentiñ7 the resources for and to establish the commercial manufacture of Sn-117m
DTPA, and to complete the additional chemical, mechanistic, and Phase lll clinical
studies to support a New Drug Application (NDA). Specifically, BNL will conduct
resear.clr-and development studies to identiff an optimal Sn-117m DTPA formulation
and to characterize it chemically and biologically. The latter will include studies to
determine how and in what form the dose is taken up by bone lesions. BNL will also
participate in studies to develop a Sn-117 target suitable for commercial production of
Sn-117m. BNL will transfer the tqchnology to produce Sn-117m DTPA to Diatide, assist
with the steps necessary to establish a commercial manufacturing operation, providr:
technical and scientific support during Phase lll clinicaltrials, and assist with the
preparation and submission of the NDA for FDA approval.

Project Performance Period: April 11, 1995 - April 10, 1998

Project Funding (by Fiscal Year) (DOE $): FY 95, 96, 97 @ $2551(/yr.

Principal lnvestigator(s): Suresh C. Srivastava, Ph.D. John Lister-James, Ph.D.
Brookhaven National Laboratory Diatide, lnc.
Medical Department, Bldg 801 9 Delta Drive
P.O. Box 5000
Upton, NY 11973-5000

Londonderry, NH 03053

Principal lnvestigator(s)€rganization: Brookhaven National Laboratory
Diatide, lnc.
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2" Patentable or Potentially Patentable lnventions

"l arn an owner, officer, or employee of a university, not-for-profit organization, or small
business, and the information to be presented will contain information, data, or material
per:ia¡n¡ng to an invention, or inventions, made under a Government-funded contract
grant that I believe is potentially patentable."
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1. Project Title:

Principal lnvestigaton

Organization:

Address:

RESEARCH SUMMARY

Tin-f {7m DTPA, A Radiopharmaceutical for the Treatment of
Cancer-Related Bone Pain

Suresh C. Srivastava

Brookhaven National Laboratory

Medical Department
Building 801
P.O. Box 5000
Upton, NY 11973-5000

(516) 344-4459Telephone Number:

2" Principal Project Perconnel

BNL:

Suresh C. Srivastava, Ph.D., Principal lnvestigator; Time spent on project: 15%; See bíosketch for
additional infcrmation (Appendix 1)

George E. Meinken, M.S.
Thomas Martin, M.S.
Harold L. Atkins, M.D.
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,.'' '- ';1..: -;.: >i. .l. Diatide:

John Lister-James, Ph.D., Co-Prinçipal lnvestigator
See biosketch for additional information (Appendix 1)
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- .lohn E.,::Gyr;'Ph.D. :: : '-
Victor J. Becket M.S.
I araina Þall.rar-Ç]ari, M.S.

3. Additional lnformation on BNL Project Personnel

1. George E. Meinken, M.S.

Time spent on Project: 50%
Education: B.S. chemistry (RPl) 1968; M.S. Env. Science (NY tnst. Tech.), 1996.
Research expertise: Radiopharmaceutical chemistry, analytical methodology
Role: Carry out chemicaland radiochemical investigations. ln-vivo experimentiation in mice. Provide
technical support for the manufacture of tin-í17m DTPA by the índustrial partner.

2. Thomas Martin, M.S.

Time spent on project 70%
Educaäon: B.S. engineering chemistry (SUNY Stony Brook), 1987; M.S. chemistry (Adelphi Univ.),
1994.
Research expertise: Radiolabeling chemistry, quality control
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Role: Carry out radiochemicaland analyticalexperimentation using tin-117m DTPA. Assist with in-
vivo work in mice.

3. Harold L. Atkins, M.D. (Collaborator)

Time spent on project: 40%
Ëducation: B.S. (Yaie Univ.), 1948; M.D. (Harvard Univ.), 1952.
Research expertise: Clinical nuclear medicine
Role: Carry out clinicalwork in patients. Prepare clinical protocols, assist Diatide with clinical issues.

Project Overviewand Progress to Date

A. Specific Project Objectives

The goal of the project is to develop Sn-117m DTPA as a commercial radiopharmaceutical for the
palliative therapy of cancer-related bone pain. The invention, initial development and preliminary
phase l,lll clinical studies of Sn-117m DTPA for bone pain palliation have been accomplished at BNL.
ln contrast to competitive technologies, Sn-117m DTPA provides relief from bone pain without
causing bone manow toxicity. An issued U.S. Patent and a second U.S. Patent Application on this
technology are owned by Associated Universities, lnc. (AUl). Diatide, lnc (forinerly Diatech) a
company focused exclusively on radiopharmaceuticals, has obtained an exclusive license to this
technology from AUl. This project is designed to fansfer the technology from BNL to Diatide, lnc., to
identi! the resources for and to establish the çommercial manufacture of Sn-117m DTPA, and to
complete the additionalchemicaland mechanistic studies to permit Diatide to undertake the Phase lll
clinical studies needs to support a New Drug Application (NDA).

B. Technical Background/lndustry Need: - :_

App¡oxlrnately 60-80% of patienß with breast and prostate c¿¡nce.t.and- approxima!çly-5-0o/o of
patients with lung cancerwill develop bone metastases. These three cancer typ.es make up
approximately 80% of 400,000 patients who develop bone metastases, per year, in the U.S. More
than half of these patients experience severe, chronic pain, confol of which is very important in

clinical management. The pain results in immobilig and a need for major narcotic analgesics. ln
many:caöès.wl¡ere cancer patiênts'survival time is relatively long, the guality of lìfe progreb-Sively

deteriorates,to:â:vêU poor condition. A number of agents have been used for the pafliation of bone
pain fom metastatic lesions primarily originating in breast and prostate cancers. Among these are
phosphorus-32, strontium-89 chloride, samarium-153 ËDTMP, rhenium-186 HEDP, and iodine-1l31

hydroxybenzylidene diphosphonate (HBDP). However, a limiting factor has been the absorbed dose
to the red marrow which results in lower than desired bone to marrul/ dose ratios.

ln previous studies at BNL designed to understand the mechanisms involved in the use of tin as a
reducing agent for Tc-99m, it was discovered,that Sn(4+)-DTPA is taken up almost exclusively by
bone. lts biological distribution and uptake in normal as well as diseased bone are very similar to
those of Tc-99m-MDP and other bone seeking radiopharmaceuticals in animals and humans. These
observations, combined with the favorable nuclear and physical properties of Sn-117m suggested
the use of Sn-117m(4+)-DTPA to treat pain resulting trom metastatic bone disease. ln
contradistinction to other agents, which are either available (Sr€9 Clr; Metastron) or are being
developed (Re-186-HEDP, Sm-153-EDTMP) for this purpose, Sn-117m is not a beta emitter. lt
decays by isomeric transition with the emission of monoenergetlc conversion electrons (127, 129,

anO iSe keV with a combined abunilãnce of 114o/ol. Because of the much limited range (0.2-0.3 -

mm) in tissue, these electrons permit large bone radiatÍon doses without excessive radiation to the
bone manow. ThetYz of 13.6 d provides intermediate dose rate and allows a convenient shelf life.

The 158.6 keV gamma photon (86%) is excellent for monitoring distribution and gives images
comparable to the Tc-99m bone agents. ln a human biodistribution study, the dose to bone surfaces
(MIRDOSE 2) was approximately 215 rad/mCi, with a bone surface to marrow dose ratio of -10:1.



Studies at BNL have continued to determine the effectiveness of Sn-l17m-DTPA in a dose
escalation therapy trial.

Preliminary Phase l/ll clinical trials have confirmed that Sn-117m-DTPA in modest amounts (-140
pCi/kg) can provide palliative relief of pain from osseous metastases without resulting in
myelosuppression. An agent such as Sn-117m(4+)DTPA, which inadiates bone metastases wfrilst
sparing the radiosensitive bone marrow, is highly desirable. Development of this technotogy for
commercializatíon is deemed very aftractive.

C. Proiect Funding (FY 1995 through FY 1997)

Personnel Year#1 Year#2 Year #3

S.C. Srivastava
G.E. Meinken
T. Martin
H. Atkins**

0.15
0.50
0.60
0.40

0.20
0.50
0.70
0.40

0.1s
0.50
0.75
0.40

TOTAL FTEs 1.65 1.80 1.80

Expenditures (in thousands)

Direct & Allocated Costs
lndirect costs - G&A

$17s.0
80.0

$176.0
79.0

$176.0
79.0

$25s.0 $255.0 $255.0

'Funds 
- as províded $25s.0 $255.0 $25s.0

'*H. Atkins is a collaborator on the CRADA project He does not receive salary for the effort reported
above.
Total Participant Funds-in: $0

-

D. Technical Approach:

0 Define commercialdose (BNL and Diatide)

(ii) Develop a Sn-117 target to allow Sn-117m production scale-up (BNL and Diatide)

(iii) Establish manufacturing operaiion (Diatide, with help from BNL)

(iv) Prepare and submit New Ðrug Application (NDA) for FDA approval (Diatide)

BNL Role:

BNL will conduct research and development studies to identiff an optimal Sn-117m DTPA
formulation and to characterize it physically and biologically. The latterwill include studies to
determine how and in what form the dose is taten up by bone lesions. BNL will also participate in
studies to develop a Sn-1 17 target suitable for commercial production of Sn-l 1 7m. BNL will transfer
the technology of producing Sn-117m DTPA to Diatide, and assist Diatide with the steps necessary
to establish a commercial manufacturing operation.
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Partner Role:

Diatide will identify and secure a source of the enriched target isotope, Sn-117. \Mth help from l3NL,
they will develop a Sn-1 17 target suitable for Sn-1 1 7m production sc¿lle-up to the commercial level.
Primary and backup production sources (reactors) will be identified. Sn-117m target work-up and
Sn-117m DTPA manufacturing operation will be established. Toxicology and dosimetry studies to
support NDA filing will be undertaken. Phase lll clinical trials will oe conducted. An NDA will be
prepared and submitted to the FDA.

E. Key Milestones:

FY 95 BNL: Define commercialdose
FY 95/96 Diatide: Establishment of manufacturing operation
FY 95/96 BNL: Completion of pharmacology studies
FY 97 Diatide: Completion of toxicology and clinical studies including dosimetry
FY 97 BNL: Complete mechanisticwork, assess dosimetry information and clinicaldata
FY 98 Diatide: NDA submission

F. Progress To Date

(í¡ Summary

Diatide

Diatide has secured primary and back-up sources of Sn-117 target material, primary and back-up
sites for inadiations and a sub-contractor, Golden Phannaceuticals, lnc; (GPl) in Golden, Co. wtro
will handle target !,vork-up, final dose manufacture, QC and distribution. The manuñacturing process
has been established at the selected manufacturing site and qualified as producing final product
which,i*e*quivalent to that prepared at BNL. Diatide has assumed responsibility for the lND,
prepared an End-of-Phase ll reporVPhase lll clinical protocoland conducted an End-of-Phase ll/pre-
Phase lll meeting with the FDA. Clinicaltrials are expected to resume in September, 1996.

BNL

BNt has assÍsted Diatide in their efûcrts to initiate commercial rnanufacture of Sn-117m(4+)DTPA at
GPl. A number of small scale production runs have been completed at GPI and the final products
have been tested and validated at BNL for purity, homogeneþ, and biodisfibution. BNLwill
continue to provide scientific and technicalsupport during scale up for Phase lll clinical studies,
planned to begin in September, 1996. Phase ll clinical studies were completed at BNL and the VA
Medical Center in Tucson, AZ. Based on the results of these studies in 47 patients and dosimetry
calculations, the optimum dose range was chosen to be 10-20 mCi per 70 kg patient body weight.

Studies on the chemicalcomposition and stability of the Sn-117m-DTPA have progressed. HPLC
methods to analyze and separate Sn(4+) from Sn(2+), and to remove the bulk of the uncomplexed
DTPA in the final product were developed. The effects of specific activi$ of Sn-l17m and the
oxidation state of tin on the biodistribution of Sn-117m(4+)DTPA were studied. lnvestigations have
begun to elucidate the kinetics and the mechanisms of the bone uptake and excretion of tin-117m in
mice.

(ii) Detailed Progrcss at BNL

a- Dose Selgction

The optimum dose range for Phase llt trials was determined to be 10-20 mOi per 70kg patient.

We chose to suggest 10 mCif/O kg to the FDA, based on a detailed analysis of the data ftonr the
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Phase l/ll trials (Table 1) completed during FY 95, under BNL sponsorship. However, in
response to comments from the FDA, during a meeting on February 7, 1996, Diatide wilf sponsor
an extended Phase ll/lll trial in a total of about 400 patients. Three dose levels will be used: 5
mCi, 10 mCi and 2A mC'tf7} kg. Strontium-89 chloride (Metastron) will be used as the fourth arm
(control). These studies are expected to begin in September, 1996.

The optimum forn,.rlation of Sn-117m({+)DTPA was established in collaboration with Diatide's
rnanuf;acturing partner, GPl. lssues relating to specific activity, DTPA concentration, the addition
of Ca'" ions, etc. were addressed.

GPI has carried out about 5 practice runs using stable tin as well as 4-100 mg quantities of lllFR
(Oak Ridge) produced Sn-1 17m. BNL has provided continuous guidance for this work at GPl,
and has evaluated the final product in terms of its quality and in-vivo performance (in mice). The
streamlined GPI method to be used commercially was found to be practical, reliable, and
reproducible. BNL will continue to work with Diatide/GPl to validate future clinical runs using
->100 mg quantities of Sn-117, irradiated at Oak Ridge and at other places.

AII preparations were assayed for Sn(4+)/Sn(2+) using a new HPLC procedure developed at
BNL (Table 2). Chemical assays for Sn, Ca, and DTPA in the final product have not been caried
out as yet These will be done using future runs in collaboration with GPl.

b. Dose Characterization

Homogeneity of the Sn-117m(4+)DTPA was established using paper chromatography and HPLC
(both reverse phase and ion exchange HPLC). Every sample prepared either at BNL or at GPI
was studied at BNL using the optimized ion-exchange HPLC technique (see Table 2).

We have not yet isolated the tin-DTPA chelate out of solution in a form suitable for structuraf
characterization. Thís task will be attempted during FY 97, probably in collaboration with an
outside group with expertise in x-ray crystallographic studies.

c. Stability of the Dose

Stability'of the various Sn-117m(4+)DTPA formulations at BNL as well as those carried at GPI
have been ínvestigated. Long-term studies of the material (3€ month storage at 25"C) have
been completed using severalbatches from BNL and two batches from GPl. The preparations
were found to be completely stable as judged from the chromatographic analyses and mouse '

biodistribution data. Future commercial ficrmulations (GPl) will also be evaluated for their stability
against time, dilution, and otherfactors during FY 96/97. ln-viho methods (paper
chromatography, HPLC, chemicalassays) and biodistribution in mice wíllbe utilized to determine
the quality and the stabilig of the formulations.

Most of the formulations canied out at BNL and so far at GPI have been assayed for
radionuclidic and radiochemical impurities. ¡ n*e optimum ranges based on these and other
prevÍous analyses have been established.

Assays for raw materials, and for chemical components, sterílity, and apyrogenici$ of the final
product will be underlaken on GP|-prepared larger-scale clinical batches. These will be
undertaken during FY g6 and 97 as the manufacturing operation proceeds at GPl.

d- Pharmacoloov

The kinetics of bone uptake and wash-off in mice and/or rats will be studied. lnitial data were
obtained earlier in a collaborative study with the University of Cincinnati (Table 3).
Mícroautoradiographic studies will also be undertaken during FY 97.
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ln collaboration with the investigators at the VA Medical Center, Tucson, AZ, a pharmacokinetic
analysis of the data from 17 prostate cancer patients was completed. These studies were done
using the BNL-manufactured Sn-117m(4+)DTPA. Thiswork has been accepted for publication in
the Journal af Nuclear Medicine. Further studies are to continue.

e. Chemical and Mechanistic lnvestigations

We are initiating a duallabel study (using Sn-117m(4+yC-14-DTPA in mice to determine the role
of DTPA in the bone uptake and excretion of tin, and to possibly elucidate the mechanism of the
binding of tin to bone. We will also study the chemical form of tin in blood (plasma and RBO) and
in urine using ion-exchange HPLC. The effects of the tin oxidation state and canier tin on
biodistribution of tin in mice have been studied (Tables 4 and 5).

The chemical form of tin in 24-hour urine from patients appears unchanged from the oríginal
injected material. ln one experiment, chromatographic analyses as well as mouse biodistribution
data were essentially ídentical for the two samples of Sn-117m(4+)DTPA - the injectate and the
material excreted in the urine (Table 6). These results attest to the high in-vivo stability of the tin-
DTPA product.

A þreliminary study on the role of the ratio of DTPA to tin in the biodistribution of Sn-
117m(4+)DTPA in mice was completed (Table 7). lt appears that it would be possible to remove
the bulk of the DTPA from the final product prior to adminisfation into patients without
compromising the in-vivo distribution.

We will cont¡nue to provide scientific and technical support to Diatide and GPI during the Phase
lll clinicaltesting of commercially manufactured (at GPI) Sn-117m(4+) DTPA.

Table 1. Phase l/ll Dose Escalation Trial with Sn-l 17m(4+)DTPA

Administered
Activity

Patients Studied Degree of Pain Relief'

Not
Assessable

Totarl o/o

71 9403
14310243
179 10 2 3 3
22910114
286 11 1 4 5

2
1

2
4
1

60
88
75
5{5

90
Total 50 10 12 18
Fotlow-up period ranging between 4 weeks to 14 months depending upon factr¡rs

10 75

such as intervening death or being taken off protocol due to need for olttgflglgpy._



Table 2. HPLC Analysis of Tin-117m DTPA Samples*

K'
(Ve-Vo/Vo)

Ve
HrO,

Sn(4 + IDTPA
Sn{2 +}DTPA

DTPA

o
o
1

3.8
4.8

*DEAE 7.5x75 cm column; eluting buffer, pH 4.5 sodium phosphate, O.O5 M to
0.4 M gradient; flow rate 1.0 ml/min; uv (22O nm) and radioactivity detection.

Table 3. Bone Uptake and Retention of the
Various Agents in Normal Ratsr

Time e6Tc(Sn)-HEDP ttuRe(Snl-HEDP 153Sm-EDTMP ""Sn(4+)-DTPA
(hl

3
24
72

192

2.9 + O.1
2.9 + A-2
2-5 + O.2
2-5 x. O.2

1.9
1.6
1.2
o.B

o.2
o.2
o.1
o.1

t
+
+
+

2.6 + O.1

2"6 + O.1

2.7 + O.2
2.6 + O.1

2.8 + A.4
3.6 * O.2
3.5 + O.1

3.1 + O.2

rPercent injected dose per g bone; n=4. Studies done in collaboration with the
University of Cincinnati.

Table 4. Effect of Tin Oxidation State (Sn(4+l vs. Sn (2+)l
on Biodistribution of Sn-1 17m-DTPA in Normal Micet

Bone to Tissue
Ratio

Pereent Sn14 +l-DTPAz
100

Blood
Spleen
Liver
Kidney
Muscle
Bone uptake
{% Dose g-1}

5
12
4
4

91

8.O

I
16

6
5

124

4.4

20
22
15
I

108

9.7

378
36
13
10

128

1u^.2

124h after injection, n=5; 2-3 mg/kg tin, 136-200 mg/kg DTPA.
2Synthetic mixtures of Sn(2+)- and Sn(4+I-DTPA were used.



Table 5. Effect of Carrier Tin on Biodistribution of
Sn-1 17m14+)-DTPA in Micel

Tissue Bone to tissue Ratio
No-carrier-added2 Cariier tin present. mg/kg

o.o72 o.338 1.61

Blood
Spleen
Liver
Kidney
Muscle
Bone uptake
(o/o Dose g-t)

48
46
14
2
54
1 1.O

675
88
20
I
185
1 1.6

746
98
21
9
231
1 1.8

1 005
124
27
.l6

316
11.1

1 24h after injection; n = 5.
2 Sn=l 13 used in this experiment.

Table 6. Biodistribution of tin-1 17m@+)-DTPA in Normal Micei

Material lnjected
Organ Original preparation 24 h Patient urine

Bone
Blood
Liver
Kidney
Spleen
Stomach
Muscle
Whole Body
(o/o Remaining)

16.8 r 2.O
o.015 å 0.003
0.287 + O.O29
4.729 f 0.065
0.086 +. o.o24
0.062 È 0.020
0.131 r O.O82
44.5 + 3.1

17.9 + 1.2
O.O17 r 0.005
0.756 å 0.067
o.718 + O.O79
0.662 !. O.21
0.064 + O.O15
O.O78 + O.056
43.6 * 3.8

124h aÍter injection; o/o injected dose per g tissue; n:5



Table 7. B¡odistr¡bution of Sn-l 17m(4 + )DTPA
as a Function of the DTPA/tin ratiol

Ratio
DïPA/Sn Blood Liver Spleen Kidneys

o/o

Whole body
Bone Retention

33

27

27

1

3

20

0.o13

0.01 1

0.02

4.00

o.79

o.41

1.27

0.23

o.14

o.87

o.78

o.81

10.2

8.9

9.8

lln mice at 24 hr, o/o injected dose per g tissue; n:5

5. Publications From Current Project

l. Original Research Articles

1. H.L. Atkins, L.F. Mausner, S.C. Srivastava, G.E. Meinken, R.F. Straub, C.J. Cabahug, D.A.Weber,
C.T.C. Wong, D.F. Sacker, S. Madajewicz, T.L. Park, and A.G. Meek. Human biodistribution of Sn-
117m(4+)DTPA: A new agent for palliative therapy of painful osseous metastases. Radíology 186,279-
283 (1ee3).

2. S.C. Srivastava, G.E. Meinken, L.F. Mausner, C. Cutler, H,L, Atkins, and E. Deutsch. Nuclear,
chemical, and mechanistic considerations in the use of 117'Sn(!$:-D-JPA relative to 1æRe-HEDP and
other agents for bone pain therapy. ln: Technetium and Rhenium in Chemistry and Nuclear Medicine,
M. Nicolini, et al, editors, SG Editoriali, Padova, 1994. pp. 287-292.

3. H.L. Atkins; l-.F. Mausner, S.C. Srivastava, G.E. Meinken, C.J. Gabahug, and T. D'Alessandro. Tn'
117m(4+)-DTPA for palliation of bone from osseous metastases: A pilot study. J. Nucl. Med. 36,725-
729 (1995).

4. H.L. Atkins and S.C. Srivastava. Radiolabeled bone seeking radiopharmaceuticals. The Quarterrly J.

Nucl. Med. 1996 (in press).

5- G.T. Krishnamurthy, F.M.Svyailem, S.C. Srivastau", H.l-. Atkins, L.J. Simpson, T.K. Walsh, F.R.
Ahmann, G.E. Meinken, J.H. Shah. Sn-117m(4+)DTPA pharmacokinetics and imaging characteristics
in patients with metastatic bone pain. J. Nucl. Med. 1996 (in press).

6. H.L. Atkins, S.C. Srivastava, L.F. Mausner, G. Meinken, G.T. Krishnamurthy, T. DAlessandro, L

Zanzi, E. Silberstein, C.J. Cabahug, Y. Lau, T. Park, S. Madajewicz, F. Swailem. A dose escalation
trial of Sn-117m(4+)DTPA A new agent for palliation of painful bony metastases. Cancer, 1996
(submitted).

ll. Published Abstracts

1. S.C. Srivastava, L.F. Mausner, H.L. Atkíns, and G.E. Meinken. Treatment of metastatic bone pain

with tin-117m(4+)-DTPA. WFNMB, 6th World Congress, Sydney, Australia, October, 1994.
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2. S.C. Srivastava, G.E. Meinken, L.F. Mausner, G. Cutler, H.L. Atkins, and E. Deutsch. Nuclear
chemical, and mechanistic consideratíons in the use of tin-117m-DTPA for bone pain therapy. J. hlucl.
Biol. Med. 39, 465 (1994).

3. H. Atkins, G. Krishnamurthy, S. Srivastava, L. Mausner, G. Meinken, T. Walsh, F. Swailem, T.
D'Alessandro, C. Cabahug,l. Tanzi,, F. Ahmann, and J. Shah. A dose escalation trial of Sn-
117m(4+)DTPA br bone pain palliation. J. Nucl. Med. 36, 31P (1995).

4. G.T. Krishnamurthy, F.M. Swailem, T.K. Walsh, F. Ahmann, C. Verdi, H. Garewal, J.H. Shah, H.L.
Atkins, S.C. Srivastava, L.F. Mausner. Pharmaco-kinetics of Sn-117m(4+)DTPA in patients with
multiple metastatic bone pain. J. Nucl. Med.36, 30P (1995).

5. S.C. Srivastava. Tin-117m DTPA for therapy of bone pain due to cancen Preliminary results. lr¡dian
J. Nucl. Med. lQ, 222 (19951.

6. S.C. Srivastava. Radiopharmaceuticals for therapy of bone pain due to cancer. Abstract #1058,
1995 PACIFICHEM Congress, Honotulu, Hawaii, Dæ,. 17-22,1995.

7. S.C. Srivastava, H.L. Atkins, G. Meinken, L.F. Mausner, G.T. Krishnamurthy and R.T. Dean. Tin-
117m DTPA for therapy of bone pain due to cancer: Preliminary results. Diagnostic Oncology 4.5.94-

95,254 (r9e6).

8. G.T. Krishnamurthy, F.M.Swailem, S.C. Srivastava, H.L. Atkins, L.J. Simpson, T.K. Walsh, J.H.
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Précis

A dose escalation trial cç Sn-1l-7m(4+)DTPA was carri-ed out

in order to assess the myelotoxicity and effi"1"" of the

radiopharmaceutical in the palliative therapy of painful bony

metastases. Pain relief was.obtained over a dose range ot 2.64-

19.58 tfBq/kg administered activity, ât a leve1 comparable to

other such agents with minimal effect, on circulat.ing platelets

and. white blood ceIls
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ABSTRACT

åackgrqund: The physical characte_ristics of Sn--117m eornbined wir-h

the biodistribution of Èhe compound. Sn-11-?m(4+)DTPA suggest thac

it should be an excelLent agent for the palliation of pain from

bony metastases. Prior work has established the dosimetry for tl:e

material in human beings. The presence of low energy conversion

electrons should result in the relative sparing of Èhe bone

marrow whiLe delivering a high radiation dosre to sites of bony

metastatic di-sease.

Methods: Forty-seven patienEs with painful krone metastases from

various malignancies were treated with Sn-11.7m(4+)DTPA. The

patients were assigned to 5 different dose Lewels rangíng from

2-64 to 10.58 Mpq/kg (?1 Èo 286,¡tcí/kg) body'weighÈ. Follow up
.,.,

included revj-ew of pain diaries, medication requirements, blood

chemisÈries, and hematological assessment. T'hree patients

received a second treatrment.

Results: There hras an overall response rate for relief of pain of

7OZ (range:55.6'-87.5%) in the 40 treatments whj-ch could be

evaluated. No correlation was apparent betwe:en response rate and

t.he five dose leveLs used. The relíef was complet'e ín 27.51.

Myelotoxicity was minimal with only one pat.i.ent traving grade 3

E.oxicit,y.
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Conclusions: Sn-1L7m(4+)DTPA is an effect,ive and safe

radiopharmaceutical for pallia|iqn of painful bony meLastases. A

large scale tríal shoutd be carried out in order to evaluate it

in comparison to other similar agents.

Key words : Sn-1-17m(4+)DTPÀ; Metastases; Radíonuclíde therapy;

Bone pain; Palliation
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A variety of radiopharmaceuticals have been examined for::!.:re

.relief of painful bony_ metastases. Among these are strontiu¡n-89

chloride [1] (FÐA-approved; now avail-ab1e as I'Metastron' from

Amersham HealÈhcare, Arlington Height.s, fL), samarium-ls3

EDTMP [2] and rhenium-L86 EHDP [3] in addiLion, to phosphorus-32 ar;

sodium phosphate [a] . All are beta-emitÈíng bofiê-se€king compoun'ls

which are taken up by bone with greaÈer concentration at sites ,¡f

metastasis. The only significant t,oxicity is bone marrow

-depression: ïüe have investigated the þötential of'anothei'

tin-L17m(4+)DTP.A,, because of the premise that the limieèd

of t,he emitted conversion electrons from'Sn-LL?m should. bé

sparing in radiation effects on the bone marrow. ÍIe have

ágent.,

range

more

previously shown that sn-11?m(4+)DTPA i-s a bone-seeking compounri

with a d,istribution nearly identical to the diagnostic bone

imaging radiopharmaceutical, Tc-99m MDP t5l. Our previous dose

estimates based on t,he data obtained from the biodistributi.on
Ê,Ì* i.T I; ., 'i,i -i4

sÈ,udy utilized the software þrogùam MIRDOSE2'.- A neri¡er åversion,
,'

MIRDOSE3, is more sophisticated in its Ëreatmena .",f bone and bone

marrohr dosimetry. (MfRDOSE2 and MIRÐOSE3 $tere supplied by Michael

Stabin of the Radiat,ion Internal Dose Informat.ion Center, Oak

Ridge Institute for Science and EducaÈion, P.O. Box l-1-7, Oak
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Rídge, TN 3?83L.) We have recalculated t,he absorbed dose using

tira newer program.

An earlier publícaLj-on detailed the results of a'pilot study

in ten patients that indicated. thaL pain palliation cbuld be

obtained through administration of Sn-L17m(++)nrpe t6l. The

present study was undertaken Eo evaluate the toxicity from

escalating doses of Sn-i-17m and assess the dose response relative

to efficacy.

A neuÈron inelastic scattering reaction was used to produce

Sn-117m flom an enriched (84?) Sn-l-L? t,arget in the Oak'Ridge

National I¡aboratory High Flux fsotope Reactor (HFIR) or in the

Brookhaven Nat,ional Laboratory High Flux Beam Reactor (HFBR).

Specific activity at end of bombardment averaged 81.4 MBq/mg Q.2

mCi/mg) from HrBR and 292.3 MBq,/mg (?.9 mCi/mg) from HFIR.

The irradiated target was dissolved in concentrated HCl'with

heat and then added to a 2O-fold molar excess of the acid salt of

DTPA. The pH was adjusted. to 6 wit.h NaOH and the solut.ion heat.ed

to 100"C for 30 minutes to insure complexation. After cooling a

2*fold molar excess of 30? H2O2 was added and the sample was

reheated in a boiling water bath for 5 minutes. An 80? molar

amount of CaClr-2IIrO (based-on DTPA) was added after coolìr¡9. 'Ihe
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preparat,ion was then st.erile-filtered,. Radíopharmaceutical .i:

guality ttas t.est,ed by pape:- chLomatography and HPLC t7l .

BiodistribuE,ion st,udies in normal mice rrere performed on each

batch as well as checking for sterility and pyrogenicity by

standard methods

A total of 47 patients with known meLastatic disease to bo::e

lrrere enrolled in the study. These.were 38 males and 9 females.

Three patients (ma1es) were treaEed twice. A, variety of primary

'malÍgnancies $rere studied and are'I-isEed in labIe'1. "A11 patients

signed an approved informed consent form. All patients hrere ove:r

the age of 18 years and had histol'ögiöal1y d.ocumented málignancy

with met,asËases t,o bone with at leasÈ one painful lesion. Vthole

bod.y bone scans with Tc-99m MDP had been pexformed. within the

prior month. There had been no new systemic chemotherapy or

radiotherapy in the prior month and no new h.ormonal- therapy in

the prior 6 weeks. Other selectj-on criteria included a Karnofsky

performance status of >40+, serum creatinin€, of s2.O mg/d1,, a

plat.elet counÈ of >1O0,OOO/þL, a granulocyte count >2OOO/tt[', and

a normal bilirubin.

CompLeÈe blood counÈs, chemistries and electrolytes h'ere

obtained at time of L,reatmenÈ, One week late,r, and at intervals

followj-nq t.reatment ¡ The Sn-L17m(4+,LDTPA wasr administered through
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an inlying infusion line. Blood samples and urine output. were

collected for at l'rast 4 days antl someEimes longler for

radioactivit.y assay in order t,o calculate absorbed dose, âs

previously describedt5l. Imaging of Sn-117m distribution with a

gamma camera was carried out twice r¡tithin the f irst eight days.

ïn a few patients imaging of Sn-I1?m was also carried out at

approximately L month and 3 months

Patients $¡ere given forms which depict,ed. an anatomical

drawing of"T3"'body areas, Chéölcpoint,s t.o describe'-the;degree and

the location of pain, space t.o provide information--,r,egardíng

sleêþ, iléscriptions of ability to sleep with or without

analgesics, and doses of medications taken, Pain bras recorded on

a scale from O to 4 as previously described t6]. Patients were

asked. to complet,e Ehese forms on a daily basis for at least Lwo

weeks and bít¿eekJ-y thereaft,er. Total pain score was obtained by

ad,ding the individual pain scores record.ed for each of the 13

sites. Patients were followed until they died (22), or reguired

other therapy, for a minimum of two months. Thirteen subjects

could be followed for 6 months or more.

Five different levels of administered Sn-L17m activity r^rere

used. These activities r¡rere 2.64 MBq/kg (TLltCi/kg) , 5.2g Mbq/lcg

(r+: ¡tcí/kÐ, 6.61, kg Q29 ¡tcí/kg),
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and 10.58 MBq/kg (286 pci/kg) . These doses corresponded, Èo a 
..ç.1

nominal dose of 5, 10, I2-5, L6 an¡l 20 mCi for 70 kg men or Sg.Eg

rdomen.

Reqults

Only one patient, experienced any unt,oward react,ion Eo t,he

administrat.ion of the Sn-l-l-?m(4+)DTPA. She had generalized

itching t,he day following t,he administration readily relieved by

ant,ihist.amine medication. Ten pati'ents could not be evaluated for

various reasons . These included -Èhe unanticipated' äeed - for' " - "i.!: :'

chemotherapy for Èreatment of soft tissue disease, refusal to
. .-'. ?:

make foll-ow-up visits"'or intervening dea& from d.isease ''"'

progressr-on.

A total of l-L treaÈments Q7.52) resuLted in eomplet,e reLief

of pain for two weeks or more. An additional L7 t,reatments

(42.52 ) resulted a drop in the pain j-ndex of at least 50? for two

weeks or more. Twelve treatment doses (30?) provided. no or less

than 5o? relief of pain. The results related to the dose level

are shown in Table 2. There is no clear trenrl of a respor¡se

relat.ed to dosage or activity. Responses for the most part were

long lasting, particularly in those who had complete relief of,

pain. Complete responses have last,ed as follows: 5 weeks, L0

I

I
I

I
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weeks, 13 weeks, 3 months, 4 months, 5 months, 5 months, 7

mc.r:iths, 1-2 months, L2 months,',-ând 14 montl:s.

Three of the patients wíth prostate cancer received a second

d.ose of Sn-LL7m(4+)DTPA when symptoms recurred. Two of these

patients had had a partial response from the fírst treatment.. One

of these patients experienced a compleLe response with the second

treatment and the other again had a partial response. Anot.her

patient had a complete response last,ing one year. He again had

-compJ-et,e relief of pain for 5 months fo]lowing Èhe:;:Second theräpy'

dose.

. Toxicity was minimal. Although most patients experienced.

red.ucÈions in white blood ce1} and platelet counEs, these were

not of a serious nature. One patient wit,h metastat,ic breast

cancer had completed a course of chemotherapy approximately 6

weeks prior to Sn-11-?m administration and experienced a reduct-ion

in white blood. ce11 count from 45OO / pf' prior to t,reaL,ment to

beLween LgOO and 2000 /ttl. wnl:crt persisted for several months. IIer

response is shown in Figure 1 along with two other vtomen wif'h

breast cancer who aLso had received chemotherapy some time prior

to Èheir treagment with Sn-117m. The other breast cancer patients

could not be evaluated because all required other therapy within

weeks of the radiopharmaceuÈical administration. eff patients had

10
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normal levels of white celIs and plateleLs prior to treatment.-

There were I palients who experienced level L toxicily and 2 Ìra<l

level 2 toxicity lTable 3] " All Eoxicities e¡ere related to

reduction in white blood cell count, none tc reduct.ion in

platelet counÈ. Mean changes in white blood cell counts and

platelets are shown in Table 4.

Recalculation of absorbed dose has resulted in a

considerably lower value per unit acLivity to bone (tz.e mcy/MBq)

and red marrow (2.65 mey/lrleq) -when MIRDOSE3 is usèil'. The resulr-s

are shown in Table 5.

Discussion

The overall pain relief response of 7OZ is comparable to

result.s with strontium-89 and other radiopharmaceuticals which

have been invesfigated [1-4]. Among the five dose levels studied

there r/ì¡as, however, no correlation of response to dose, âft

observation similar to the results obtained following the use of

Sr-89 tsl. However, our series is too small for a definite

conclusion regiard,ing t,his. Our inÈerest in studying Sn-117m j-s

based upon the limited range (0.2-0.3 mm) of j-ts conversion

electrons which should result in reduced marrow toxicity as

compared to strontium-89, in particular [1,8]. hlhile a larger

stud.y needs to be performed in order to be definitive, the
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results of Ehis study would seem to be in agreement with t.his

lcelief . ¡.)i

Despite the lower radiation absorbed dose to bone and ma::row

based. on MIRDOSE3, there is still a very favorable ratio of

bone:rêd marror¡r dose (-6.6) . It should. be recognized that these

are average doses based on uniform dist.ribution of t.he

radioactivity in bone, approximately one-haIf j.n cortical bone

'and one-half in trabecular bone. In practice, it is likely that

Èhe þatient with extensive bone metastases may experíence'a

reduced radiation effect to the bone marrow than an individuai-"

.c siteê. In such cases the marrowwith one or a few metastat,íc siteê. In sr

adjacent to the areas of greatly increased activity would have

very high absorbed dose but a major fraction of the marrov¡ will

be relatively spared

1:he high ratio of bone surface dose to red marror¡t dose fz:om

Sn-117m, based on the limited range of its moderately low energy

conwersion electrons, is of particular advantage in patients with

breast cancer. These patíents have usually been subjected to

considerable chemotherapy compromising the bone marrow and, asi a

consequence, have limited marrovù reserve

Other favorable characteristics of Sn-1-l-7m(4+)DTPA are l-) an

excellent, gamma photon (158.6 kev) in high abundance (86-4å)

L2
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suitable for imaging to monitor distribut.ion (Figure 2), 2l an"-

administered. actívity level- that does not rerguire

hospiCalization, 3) an intermediat.e physlcal. half -life (13.61

days) which providès a reasonable shelf life, for ease of

manufacÈure and shipping a) Lhe preparations are st--able

chemically for over 3 months and do not require low temperature

storage (9).

The high degree of efficacy and the lack of any significant

toxicity warrant a large scaI.e clinicaL trial t.o furthèr evaluät;e

Sn-lL7m(4+)DTPA as an agent for pain n"rrr"aror, ìn patients with

bony metastases. -:
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'Table 1

Primary Cancers of Patients Receiving Sn-l-17m(4+)DTPA

Primarv

Prostate

Breast

Lung

Kidney

Pancreas

Unknown

Number

30-

7

7

L

l_

'Three patients were treated twice.



Administered
Activity
(pci/kgl

'71

\43
LÍt9
2?e
286

TABI-,8 2

RESUI,TS OF DOSE ESCALATION TRIATJ WITH Sn-]"]"7m(4+)DTPA

Patients studíqsl
TotaI Assessable

TotaI

9

L0
10
10
l_L

5

I
I
I

l_0

Ðegree of Pain Relief

Atkíns

Complete

50

0

4

3

1_

3

40

Partial None

3

3

2

4

5

11

Tot,al Z

Response

2

1
3

4
2

t7

60.0
87.5
62.5
55.6
80.0

L2 70.0

Ii



Administered
Activity_, ¡¡cí (MBq) /kg

33-84 (t.Zt-3.L2)

97 -L56 (3 .60 -s .77)

L79-204 (6.6L-7.5s)

228-229 (8.44*8.47',)

2Bs-320 (10. s5-11.85)

TABI-¡E 3
ABSORBED DOSE TO MÀRROW

' 1,.

Absorbed Dose
to Marrow. rad

33-81

6L-t64

too-202

180-205

11,0 - 23 5

v[Bc k/¡rl

At,kins
l

Platelets k/¡tL WNL

- A1I Eoxicity observed was
WNL= within normaL limits

AND MYEIJOTOXICITY

Myelotoxicity Level'
0.tz
3L1

710

O/WNI,

>4. O

MYEI,OTOXI CTTY CRITERIA,

1 (mild) 2 (moderaEe) 3 (severe)

3.0 - 3.9

75.0 - normal

for white blood cells.

710

530

721_

3

0

l-

0

0

0

18

2.0 - 2.9

50.0 '¡,7,4,9

No below normal

L.0 - t-.9

?r5,.,0 - 49.0 <25.0

leveL of pla-te1-els qras seen.

4 (unacceptable)

<L.0



TABLE 4

Effect of Sn-l-l-7m(4+) DTPA Therapy

NomÍnal
Dose

5 muL

10 mCi

12.5 mCi

16 mCi

20 mCi

Mar. *I I^IRC lnar¡)

L2.0*8.9 (33t1-l-)

27 .9*L9.4 (3Lr15)

20.6¡'t .5 (37¡22)

on hlhite Blood Cells and
PIatelets

34.LtL7 .6 (26*1L)

28.3*15. B (40116)

Atkíns

Max. 3l Platelets (Day)

22.2*t8.5 (51-r2t )

27.I¡1"2.6 (52t40)

L2.4*6.6 (41-+2s)

26.Lt24.5 (28115)

33 .2x2L .4 (33r j.3 )

1-9
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Table 5

DOSE ESTIMATES FOR Sn-117m(4+) DTPA
.'1
: ¡{

MIRDOSE2
rad /mCi mcw/MBcr

Adu1t MaIe

MIRDOSE3
rad/mCi mCy/Meq

',:.

Bone Surfaces
Red Marrow

Effective Dose Equiv.

Bone Surfaces
Red Marrow

Effective Ðose Eguiv-

1 rem/mCi
2 msv/Meq

Adult Female

265 7t.7
24.3 6 - 56

8.091 2.t82

243
22.6

7.',?41

54.9
' 6.t

2.A92

65. L
9.8

2.301

63.2
1-2 .6

2.73r

t7.6
2"65

o .622

17. i-
3"39

0 "742
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Illustration

Figure 1, Response of total white blood courrL to Sn-l-17m(4+)DTPA

therapy in 3 !ì¡omen who had metastatic breast cancer. Patient

#1003 received 296 MBq (8 rnCi). She had been receiving

chemotherapy until 6 weeks príor to treaÈment. PatienÈ #L002

received 311- Mbq (8.4 mCi) and Patient #2001 received 703 MBq

(l"9mCi) .

Figure 2. fmage obtained 4 days following administration of 370

MBq (10 mCi) Sn-trzm(4+)Ufpa for palliation of painful bony

metastases frorn a neuroendocrj-ne pancreatic tumor. The pattern

is id.ent.ical to a Tc-99m HDP st,ud.y obt.ained just, prior to

treatmenL.
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ABSTRACT

Biokinetics and imaging characteristics of Sn-t t7m (4+) DTPA hras been str¡died in l7 patients
rvith me¡astatic bone pain using three dose levels; 180 ¡zCiikg (6.r56MBq/kg),229 ¡tCúkg
{8 47\,lBq.'kg¡ and 285 ¡rCitkg( 10.55 MBq/kg,t body weight. Following intravenous injection, the
totql body clearance of Sn-l 17m (4+)DTPA shows two components: a soft tissue component
and a bone component. The soft tissue component accounts for 23Vo of the dose and consists of
four sub-components with an average biologic clearance half-time of 1.45 days (range 0.1 to 3.2
davs) The bone component accounting for the remaining 77a/o ol'tbe dose shows no biologic
clearance. A mean 23% of the dose is excreted in r¡rine in 14 days; ll.4% within 24 hours. T'he
pattern of uptake appears similar to that of Tc-99m MDP. The peak uptake is noted in the
normal bone by 24 hours and the metastatic lesions by 3-7 days. Pain palliæion was noted with all
three doses levels. Among the four potential bone pain palliation agents, Sn-l17m (4+) DTP.A
shows the highest bone uptake and.retention. Some biokinetic a¡id radionuclidic features of Sn-
I l7m(-l-)DTPA are similar to other agents but many a¡e differerrt and unique and may make it an
ideal bone pain palliation agent. Double blind comparative studies are needed to determine its
esact role in bone pain palliarion.



Krishnamunhv e¡ al

Sn-l t7m({+) DTPA PIiARIVTACO-KINETICS AND MAGING CHARACTERISTICS
IN PATIENTS WITH },IET..TSTA,TIC BONE PATN

Cerbaii T. K¡ishnamurthy, Fayez M. Swailern Suresh C. Srivastava*. Harold L. Atkins*. Laura J.

Simpson. T. Kent Walsh, Frederick R. .A.hrnann- Ceorse E. Meinken*, Jayendra H. Shah.

VÄ \IEDICÅL CENTER AND I.I"NMRSITY OF .{RIZO¡-A SCIIOOL OF MEDICINE
TLt'SO\. '\RIZONA ANÐ BROOKHAVEN NATION.\L L¡\BORATORY, UPTON. NY"

Of the sstimated I .3 5 million people who rvould be diagnosed of some form of cancer in 1 996 in

the L'S.{. slightly more than half will develop metastasis ( I ). In patients whose primary cancer

site is the prostæe. breast, and lung, about 75-809'ô develop bone pain due to bone metastasis in

the rear terminal stages requiring some form of pain palliation. The strategry for treatment of

ter,-eiinal c4,ncer parients is to improve their qualitv of life: and a significant componenr of that

,-_...-. ,l-: _: .-,-:...:". ..

palliation fro-m.melaslatlc þions. Tþ_çge optigns.include: l ) non-steroidal.,anti-inflamrnatorl' ' '.--'.:-' -:::,::
.1.,.'-.----".*!:-ï t:- - --" - -

"-;;. and op¡gjd;,,.1) þormones. S)'q19-roxic chemorherapy. 4) external.beam rad-iat!=o-n,,,lltd,5)., :. --':'i.::i...'1:-jï:i:.:'.1t..'.-,i:."j::

-'inrenai i'adiarion-through radionuclides; The tìrst three cptions rvork effectiræly in the initial- "'

srages anci the fourth. external radiation. is suirable t'or a sinsle site of oainful metastasis. ln the

te¡'rninal stages. the metastatic bone pain is usualll' severe. arises from multiple sites and may

ieouire laree quantities of opiates. Given in high doses required to control pain, opiates diminish

the quaiirl.' of life through their many side effects of which sedation and constipation are the two

rncsr irnportant (3). When the therapv rvith these four options fail. pain palliation with

radionuclides is eonsidered (4.5.ó) Four radionuclides that have been used for pain control

inciucìe phosphorus-i2. strontium-89. samarium- I 53. and rhenium- I 8ó.
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Because ot frequent and sel'ere bone marrow suppressiorL P-32- orthop.hosphate is not currently

used for metastatic bone pain palliation. At p;esent, strontium-89 is the only radionuclide that has

underq,one extensive clinical trials and has received FDA approval for borne pain palliation (7,8).

Rhenium-lS6-HEDP (9.10) and samarium-I53-EDTMP (11,12) aretwo other agents whose

biokine¡ic studies have shorvn potential for bone pain palliation. Early resuits with rhenium-t 86-

HEDP ( ll) and samarium-153- EDTMP (14) in humans have shown optimistic results. Phase-III

human trials har,'e been completed and both ofthese agents are pending the FDA approval.

The currenr protect w'as undertaken to gather as complete a data set as p,,rribl. under ptrase tt

srudies to rullr. undersrand the biokinetics and the imaging characteristics of Sn-l17m (4+) DTPA
''.
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prior ro initiating a rnulticenrer phase tll clinical trial. ldeal physical characteristics of tin-l l7m

drscribed above combined r.vith an intermediate physical h¿!:lif.e-of 13.9 days, provides an unique

opponunitv for studyine long term biological behavior of the bone pain palliation agent.

Biokinetics is the study of rvhat the bod-v does to the injected radiotracer and biodynamics is the

stuciv ot n'hat the tracer does to the bodv. ln this communication rve report the resi¡lts of the

biokineric srudies onlv.

MATERL{.LS AND }TETHODS:

This ì7m(4+)DTPA studl'was undenaken as a collaborarive research project between the

obraining FDA agprov,a!iyl9._,9ÅLp¡¡i9ian sd.onsorgd Investigational Nerv Drug. The projqgr ir-eS,,;¡..1¡.:,¡=-5:!rl,:j.:j:_- .:

-- apprc\ cC bi'rhe VAIv{C and Universir¡* of .friiona I'luman Subjects Committee as ä co[aborative

research project with BNL. Â total of seventeen patients rvith histologically confirmed primary

maiiqnancv rvith painful bone metastases rv'as studied. Fourteen patients had primary malignancv

in the prosrare. two in the lung and one in the kidnel'. One patient with proslate cancer received

rrvo doses rvith an interr,'al of six months be¡rveen the doses. thus making a total of l8 studies. .Åll

patients had received. at various times. prior radiation therapy. chemotherapy. hormonal therap-n.'

or opioids tbr pain palliation and were considered. recentlr,. as non-responders to these methods

of pain control- before entering into Sn-l l7m(4-)DTPA therapy protocol. None of the patienls
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had received an1' radìonuclide therapy within the last six months or chentotherapy within 3

'ronths. Fifteen patients had extensive tumor spread to the';one, and tr¡ro had limited spread as

noted on a lotal bodv Tc-99m-\{DP bone scan. Each subjec"t was interviewed along with the

spouse. The nature of the research study, its purpose, beneûts and risks',vere orplained to the

patients. and the informed written consent was obtained on a form appnrved by the Human

Subjects Committee.

Subject selection: .A,ll subjecrs were referred for therapy by their primaqf physician after they had

a recenr assessment of their pain status. A whole body Tc-99m-MDP ssur obtained within the

last one month prior to entry had shown multiple metastatic bone lesions., many ofwhich were

S¡-lllq 1*+¡ DJP.A, preparation: Sn-ll7m(4+¡DTPAwaspreparedatBNLasdescribed

earlier t l5- l8) and sent by air mail package firr next day delivery to Tucson VAI\{C. Two to four

patienr doses ïr'ere sent at a time for u-se within the nent four weeks which was later octended to

eight rveeks shelf life. Brietly, the radionuclide Sn-t 17m was prepared u$ing the Sn-l17 (n"

n.v lSn- I I 7rn reaction. Enriched Sn- | t7(84o ) as the oxide or as the met¡ú was used. The oxide

rvhen used was converted to meral by reduction ut OOO degree C in a hydrogen flow for 2.5 hours

prior ro irradiation. Up to 100 mg Sn me¡al sealed in a quartz ampule wasi irradiated for 3-4

'' :"
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wee!:s using the BNL high flux beam reacror or rhe high flux isotope reactor at Oak Ridge

National i aboratory. The specific activin' of rin* I l7m at the end oi :he irradiation ranged from 2-

8 mCirmg 17{-19ó MBqimg).

Sn-l t7m (4+) DTPA whole body scan: Å ièrv minutes befbre Sn-l l7m(4+)DTPA injecrion the

patient rvas asked to void in order to alleviare the need for void during the ne:rt two hours.

lndrveliing catheter was placed in the antecubital vein in each arm. one for injection of the

radiooharmaceurical and the other for blood rvithdrawal at fiequencies shown in Table l. The

rveight based Sn-l l7m (4+) DTPA dose was infused slowlv over a period of l,-4 minures. Three

dose ievels rvere used. Four patients received 180 ¡Clikg t6.66 MBqikg), five received22g

uCi.,ks,t,8 J7 \fBq¿kg), and.nine receivedrsB-s'¿C'#kgf :l'0:5-i ì\.{tsqikg) body weight. One pätie,it'''tt'''-;' 
:*'''^' ' -

(Fig i) receir.ed tryo d-o-g.e-s;lsix-monthsinten:il,betrtleen-doses): 285 ¡tCi/xg( 10.55 MBq,f.gi ;¡''' j:;--.*'-- "-.-

the nrs¡ anci 130 
"¿Cilkg(6.66 MBq/kg) as tlie second dose (This patient had received Sr-894

year eariier'and'ivastonsideredl' a'non:respondeij 'ïh-' ötal individual dose injectêö'into þariånfS 
'i':-." ' -

ranged tiom a lorv of l0 mCi (370 MBq¡ to a high of l-s.9 mCi (958.3 MBq). .An aliquor of the

injecred dose ..vas kept as a standard for later counting of the blood and urine samples. Another

aiiquot of the injected dose of known activirv was kept next to the patient neck as standard during

each Sn- I l7m bone scan obtained at inten'als shorvn in Table l. This known activity would

enable the calculation of the exact microcurie concenrration at fhe desired site.

The iirsr. simultaneous anterior and posterior r,ie* rvhole bodv (WB) planar scan rvas staned at
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ó0 minutes afìer injection. before voiding (Fig. lA). All ofthe subsequent \ilB scans (Fig.

l.B.C.D) rvere obtained us,":.g the same camera undeçidentical scan parameters used l¡r the fi.rst

scan. The scan inten'als are shown in Table l. Eight patients had 4- 6 weeks, 5 had 8-10 weeks

and -l haci l3- l{.rveeks follorv-up whole body images. In one patient, trro additional images werê

rahen: on dar' 99 (Fig. lD) and day 133 (Fig. I E) post-therapy.

Scan parameters: Simultaneous planar anterior and posterior view lWB images were obtained

rvirh a Picker. dual head Prism 2000, gamma camera fitted with low ener¡gr high resolution

mrnqres foq rhe çomplete study depending upon the patient height. The sprectrorneter was set for

-". -. . ,Sn- l 1,7-m.-qamrna-photon peak energy of 159 keV with a 20% wäidow. Tlne digital images were
=r-:l-'" 

-:,t- j:-

-:r,;'*.l,g,cf,,.r9gtgqijó,,1,!'024 
matrrx. ft¡èrç p.*çt* Setforit."Cto*¿Vn¡ne hour after injection)

,_ .,=,!rt!4_i yse!.f9r.g{,!_o.fthe subsequent imagrng studies. An aliquot ofthe starrdard was kept, next to

f.- - rhe neck'. in all r¡f the scans (F¡g. l) for quantificationof tissue uptake *' -*;' 
''' - 

'.'-'

I

I

I

[ . - f.-ç9m-]lDP bone scan: Simultaneous planar anterior and posterior view whole body bone
f:1:-. __.....

I ,ron, rvere obtained with the same Picker, dual head Prism 2000 camera r¡sed for the Sn-l17m

I

I studv Images rvere obtained at 2-3 hours after intravenous injection of 2tl¡¡g¡ (7a0 MBq) Tc-

I on*-\.{DP using 1.10 keV photopeali and a 20o/o vvtndow setting. The firs¡ scan was obtained

J O.rbre Sn- I l7* 14+¡DTP.A, rherapy. Repeat Tc-99m-MDP bone scans were obtained at eight

I
I rveeks and six months after injection of Sn-l l7m (4+) DTPA The crossmlk from 159 keV
II
Il8t
I .;: :;I : :':
I .'.: , .t ' '¿i-'
II
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garnma photon of Sn- I l7m during Tc-99m MDP bone scan at eight weeks was approximately

l50 o

Blood and urine collection and counting; Blooci samples (2-3rnl) were drawn at inten'als

shou'n in Table l. One rnl of anticoagulared blood (EDTA) was counted in an NaI well counrer

alonÉ¡ rçith the s¡andard. The counts in I ml of blood rvere multiplied by the total blood volume.

ana rhe results lvere expressed as 9/o injected dose in total blood. The height and weight based

total blood volume for each patient was obtained from published tables. The blood samples for

CBC. piareiets. electrolytes- and chemisrn'rvere obrained bo¡h before injection at weekly

inten'ais ior trvo months and at monthly inten'als f'or rhe ne.r four months after injection of Sn-

Tl:e unne was collected at 3 hours, 24 houfs and la¡er as dailv samples for 14 days. ln the first six

parienrs. rve-Cöiléced urine for only three days'assunringitrai al of the radioactivitl, ¡e1 tuË"n up

bv rhe bone rvould be excrered in three days. When rve found out othenvise, we e:rtended urine

collecrion for 7 da¡rs in three. l0 days in one. and l+ days in eight patients. After collecting the

lasr sample. all urine samples rvere counted at one time along with the standard- Daily urine

voiume was measured. and one ml of urine was counred from each daily sample in Canberra tt{CA

Series i-5 coupled to a Nal rvell counter using an off-set rvindow setting of 130-220 keV for the

i 59 samma photon The results were expressed as o o injected dose excreted in daily unqe {Table

l)

I

c)
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Catculation of Sn-l l?m (4+) DTPA whole body {\ilB) retention. The geometric mean counts

hom the planar anterior and pcsterior vierv WB counts (includilrg the standa¡d) in the ñrst .can

(one hour after injection. prior to voiding) were obtained (as squ¿lre root of Anterior x Posterior

counts).The geometric mean counts of the standa¡d kept next to the neck were subtracted from

the total counts in the image. and the net counts were considered as 100% of the injected dose.

The net WB counts from later scans were corrected for physical decay; the geometric mean

counrs rvere rJivided by the counts from the first study, and the results were expressed as the 96

injecred dose retained (Fig. 4). AII results are expressed as mea¡ percÊnt of injected dose t s.d.

and the mean v'alues lvere tested by student t test for statistical significance.

of'pixels were.drawn from all seven Sn-l l7m (4+) DTPA scr¡ns. Countlpixels were plotted

aga,in5l ti-r,ng €ig 5). Time io pea]i was noted. foq þgt-þ normal and.metastatiç,b.one lesions. The,, '

:':_-.r -:''..':-.'-

slope of the curr'e rvas watched for any evidence ofwashout.

RESULTS:

Blood Clenrance: .{fter intravenous injectiorl Sn-l17m(4+) D:[PA radioactivity remaining in

w'hole blood ar various times for up to 14 days post-injection is s''hown in Fig. 2. A mean (s.d')

l-l 79'o - -l 8 of rhe injected dose remained in the intravascular compartment at l5 minutes and the

remainine 85.19i¡ of the dose had alreadv left the intravascular bl'ood pool at this time (Fig- 2).

t0

-
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When ¡he o,á dose in whole blood is ploned cn the Y- axis and the time on the X-axis of a

semilog scale. two clearance omponenrs. one rapid and the one slow. are readily evio,-nt from

the cun'e. The fast component accourting tbr 20.89 ô of the blood radioactivity showed a

clearance half time (T,.) of 58 minutes and the slorr component accounting for the remaining

79.2o'oof the blood radioactivity showed a clearance T, of 6.9 days. Only 0.17o/o:0.08 of the

dose remained in the blood compartment at l4 davs post-injection (Fig. 2).

Urine clearance: -{ mean (s.d) 3.5%+ 1.7 of the injecred dose was excreted in urine in the frrst

urine sampie collected at 2.0 hrs post-injection. Dailv and cumulative average excretion of Sn-

t l7m (-t+) DTPA in urine is shown in Table 3. A cumulative mean I l.1Vo, l4.lo/o and ló. Io/o oî

''

,-::p€âtr urinary'-avr€Iion-at-the end of.üie.firsÈrveek-rras{-9-5%'andrat the end of the:iéconel iveek '-

l39o of the dose (Fig. 3). .

\l'hole body(ltB) retention of Sn-ll7m(4+)DTPA: The \AlB retention (WBR) cun'e shorvs

tl^'o componen¡s. a soft tissue and a bone component tFig. a). The soft tissue component

accounts for lio,o of the dose and shows four subcomponents with biologic clearance half times

(Tb ) of 0.04. 0 56, 2.0 and .i.2 days (average l.-t5 days). The bone component accounts for the

remainin!¡ 77 oo of,the dose and shows a Tb,. of infinitv. We hypothesize that the faster

comoonenr rvith Tb, ranging fror¡ 0. I to 3.3 davs represents urinary excretion. We also

hr,porhesize tha¡ the larger component primarilv represents bone uptake with no bioloeic

i

I

i

il
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clearance at all rvhen this component is corrected for the physical decay of Sn-l l7m. Since a

cumulative mean 19.59ô ;ithe injected dose was excreted,in r¡rine at end of seven diys, it can be

assumed that the remaining 80.5o,'o of the injected dose was retained in the whole body on the 7th

dav after injection. This value of 80,5% (Injected dose - Urine excretion method) WBR i, u"ry '

close to the value of 8l .loh + 5.5 obtained by the independent garn¡na oamera geometric mean

method. Because. the urine sample counting and the g;amma camera lVB counting methods are

trvo independent techniques, the closeness of the values betrveen the two methods during the fust

rveek assures us that the gamma camera method alone, used in the subsec¡uent weeks and months,

is a ven simple yet a very reliable technique for long term follow-up, Mean (s.d) WBR of Sn-

; I l7m i-¡-i-¡ DTPA .at-thp end of 35. 48. 63 and 93 days, post-dose was82.9Yo t 8.6, 83.ïVo ! 5.2,

f,,.-,, . 84.i-e¿ô:9.L arrd-84.3Vo+.lO I. respecrivelyi'TheJemear¡valueswhichareslighttytrighetthan 
'-

1,"
i=, rhe r,aiu_e o.l7-7or:-s..ql? gçeks{Dose-Urine) were,not statisticalty, different- a¡rd þrobably reflect'the

f 

rr"t,:-:t :i.i. , :.: ':L -:l'lj:l :,:.:::i-i::-.-.-*-

[... * fft.! o!;nr-all ,f4[pLç size. To be on the conservative side, we have chosrm the lower value of

l, ..-tr.-o-o as th-e gotal body retention beyond two wéeks(Table a). in tine patient, thë scan of the pelvis

I

I 
f nis lE) showing the lesion in the teft hemipelvis was obtained 133 days post therapy (three days

I shon ot"-ten-hal-llives). He had received l0 mCi (370 MBq) dose and had excreted in urine a

I

I 
cumularii'e 19.39ó of the dose in 13 days. The estimated whole body retenúon of Sn-l l7m(4+)

I OtOA on the li3rd day from original l0 mCi (370 MBq) therapy dose (after accounting for

I u.nun excretion and physical decay) approximatety would be an equivalr:nt of SpCi (0.3 MBq)

I
I tFie lE)

I
I

ln
II
I
¡I
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ùletastatic and normal bone.uptake ând retention of Sn-t l7m (4+) DTPA: When decay

correcteci counts/pixel are plotted o. the Y-aris aqainst time on the X-æcis. the curve for bñth .he

normal and abnormal (metastatic) pelvic bones shorv a different types of peak bone uptaÌ<e. The

normal bone reaches its peak uptake rapidly within 3-l hrs where as the metastatic bone continues

its uorake to reach the peak in 3-7 days. After the peak uptake- both normal and metastatic bone

do nor show'anv biological clearance w'hen follorved for 99 days post-injection (Fig. a). The

lesiorunormal bone ratios varied greatl!'from patient lo patient and from lesion to lesion within

the same patient. The ratios ranged from a low'of I to a high of 9.

Pattern of WB distribution of Sn-117m (4+¡ DTPA: \¡isually, the whole body distribution

.- panern of Sn-{;{7m(4+)'DtÞA-is-similar ro rhar of Tc-99m:rVDP, both for normattiönè'átd'

- bone rvith me¡astatic inv'olvernenr (Fig, J ). When ihê trvo'bone studies are placed next to each

orher n,irh the label c,qvered, it is difficult to åifferentiate Sn- l I7m scan from Tc-99m bone scan.

\¡isuailr rhe clarity of Sn-l l7m bone scans obtained at 24hrs. 72 hrs, 7 days and 6 rveek post

therapv is equivalent to the 3 lu Tc-99m-MDP bone scan (Fig. 1). The urinary bladder is nor seen

bevond three days which enables assessment of the involvement of the pelvic bone metastasis

much better in the Sn-l l7m (4+) DTPA scan than in the three hour Tc-99m-MDP scan where the

bladder activit.v covers the pelvic bones. The pattern of bone uptake seen as early as one day

post-injection of Sn-117m 1+¡ DTPA remained the same fÕr.seven to ten physical half lives (91 to

I il dals) as shown in Figure I.

t3
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\o soft tissue uptake was seen (other than kidney and bladder) in the sc¿rns obtained 72 hours and

bevond rv;'h the sole exception of one patient where some liver upt"ake of Sn-l l7m (4+) D.[PA

rvas noted. This patient had a complicated medical course including a penetrating duodenal ulcer

and mildlr abnormal liver function tests. Spleen and other soft tissues did not show any uptake

susgesting that Sn- I l7m (4+) DTPA was take up probably by the hepatorytes a¡d not by R.E.

cells The exacr cause for liver uptake could not be determined.

Dlscus$oN '-:-r *" "

..,,,R9{utrement gf an ideal bone pain palliation radiopharuraceutical: tr{anagement of

".-intractable pain is a rea.l challenge in,Oncoltigry,' Ii bedòmés even a'þeaær'chalienge whe¡ the-

pain is tionr bone due to multiple metastases, ar¡d when the physician's options are limited to

eirher high doses of opiates or treatment with bone seeking radionuclides- Due to very energetic

beta panicles and incorporation into nuclear proteins of hematopoietic cells, P-32 orthophosphate

is not considered ideal for bone pain palliation. At presen! four radiophar¡naceuticals (Table 4)

are considered suitable lor bone pain palliation. To be effective, a bone pain palliation

ra,iiopharmaceuricai rnust be able to confront the basic beha,'ior ofthe catrcer spread tq bone.

Once rhe soft tissue cancer spreads to bone at one locatiorl metastases tends to appear at

t4
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different locations at different times. An ideal bone pain palliation radiopharmaceutical (Table 5),

therefcre. must meet the following re .uisites: I ) Most of the administered dose should

concsntrate in the bone, predominantly at the site of bone metastases, 2i Once in the bone. it

should not rvash out to be taken up by soft tissues or excreted in urine rvhere it can create a

possible radiation contamination problem. 3 ) The total dose administered should be small to

enable out-patient treatment and should not require any,' additionalwaiting or special monitoring

before parienr dischargq 4) The half life of the radionuclide should be long enough to allow a

lonqer Curation of action on all metastatic foci present at rhe time of injection; relieve pain from

those currently painful. and prevent those currentlv painless ever becoming painful during ten

phvsical half lir.es of the radionuclide. 5) The half lifè should be short enou-qh to enable repeat

pain=pailiarion doses;as,new.painful metastatic-föci apþear. without raising'a'concern for'rrrdrroç

agent should be simple and the final product'should have a sufñciently long "shelf-life" without

requicing,anv,spêcial or éiþênsive storage:facilities. 7l The radioisotope ¡f¡oùtä'hävä p;ni."ñá'

emission for therapeutic effeø and should preferablv emit gamma photons to enable imaging and

quanrifìcarion. 8) The treatment should nor suppress the bone marrow" 9) Level of urinary

excre¡ion should be low enough not to raise concerns flor radiation cystitis and. finall1" l0) The

radiopharmaceutical should be readily available at lorv cost.

Relative bone uptake of pain palliation radiopharmaceuticals: The mean rvhole body Sn-

I l?mr-i-)DTP,A, retention of 81.196 on dav 7 and 779ô of the dose on day 14. is the highest

'l

t5
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among the four bone pain therapy agents" The high degree of bone uptalie is also reflected in its

lo* urinan' excrelitn monitored for t4 days, a duration equal to one physice{ half-life of Sn-

I t7m. We are unable to find similar data in the liter¿ture for the other three agents where the

urine has been collected fbr a duration equal to at least one physical half life ofthe radionuclide.'

We rvould have over-estimated the WB retention level had we collêcted urine for only one day

(rvhen I I .-+o,ã of the dose rvas excreted) and assumed tbat the rest was retained in úe whole body

.{n addirional I l.ó % ofthe dose was excretd during the next 13 days.

A mean urinary excretion of 36.8 % in l0 hrs and 46Yon24hrs has b'ecn reported for

_samarium-l5i EDTMP (l l.l2.l4). This leaves 54% ofthe administered dose forbone uptake at

l{ hours (Table.3). Similarlv. it has been reported that 45Yo of the dose ¡u being excreted in urine

' 
.t-=:r=-3.!ê..8*gt9,7gjú ig 3 days with.rheniúm:l86 F{EDP',,1e¿ving ônty'lO%Ìfüé'itösefor bone

:

.., 
''l!l-?*",+f 

?,3;þ"-11¡1(o) Since the oùræionioiü ?ö[*tion 
"'as'shon 

1t,eSÈ': 
:ìne-þhysical 

half

- -: " ...!ife of ¡þe,çdion¡clide) rvith both Sm-153 EDTM and Re-18ó IIEDP, it is possible to over

,,:.-es-timêtç,Jhgjf -.*.þgl.ebody retention. Wewere-alio,unâble to nn¿ i-n ne públióhed litératurè

. defìnitir e urinan' excretion values for strontium-89. Blake et al mentionecl collecting urine in 14

patients ¡or 9ó hrs rvith strontium-8S and strontium 89, but the value for tuine excretion as

percenr of the injected dose rvas not reported ( l9). The lack of an easily rneasurable gamma

phoron with Sr-89 or the very hi,eh gamma photon energy (5la keV) associated with Sr-85 make

quantifìcation imprecise for strontium. Firusian (6), based on rabbit data made an assumption of

i0 ro 809 o Strontium:89 uptake in to bone. The whole body retention cr¡rvefor Sr- 85 and Sr-90

der eloped br' \{arshal. et al. in normal people shows an approximate 30ôl¡ retention on day 10,

rl"ì. -.t.. ::

.;'t ¿n

i

i
t'
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250,á on day'i0 and 18% on day 100 (20). This suggests that Sr-85 and Sr-89 are released from

bone after the initial uptake. Sn-l l7m (4+, DTPA on the other hand, differs ftom Sr-89',in not

shorving anv release from bone after the initial uptake (Fig. a). It is not clear whether or not in

patients Re- 18ó FIEDP or Sm-153 EDTMP rvash out from bone after the initial uptake.

Therapeutic doses of pain paltiation radiopharmaceuticals: Our preliminary results indicate

that a dose of l0 to 2,0 mCi (370-740 Mbq)per 70 kg body of Sn-l l7m (4+) DTPA may be

sufficient ro achieve pain palliation (21). For strontium-8g. FDA has approved a dose of 4 mCi

(l4S \{bqi for adults. In clinical trials. doses ranging from 30 to 70 mCi with rhenium-186 HEDP.

and i 5 to 3 I 0 mCi with samarium- 153 EDT\,IP have been used for pain palliation (9- 13).

Relalireli: tarvJeye-l¡qfadministered dose alongwithito* urine excretion'of Sn-lt?rn t4il-b;'-"'--:
'* -1 

tt : ':':' '"-":: 'l.:'::: :-" :-^
lessens t[e.majorcongêm.foi contamination *henïhdåir an accidental urine spill or . " *

incontinence. Afrer noticing significant rodm contamination in two patients, all other patients

ter¡treaiñent with Sm-lsi ebïrnrp to avoid room contaminati";a*ï;--"''--r'' ' '

we r_e".ç a! h et eri z"ed-aÏ

spill t l3) The 4 mCi (148 MBq) dose of Sr-89 does not seem to raise much concern for room

conramination. Low administered doses with both Sr-89 and Sn-l l7m (++) DTPA appear to

have advantaqes over Re-I8ó HEDP and Sm-153 EDTMP which may require extra radiation

monitorine because of the high levels of administered and excreted radioactivity. However, 50.5

da1.'s half of Sr-89 does pose a problem for long terrn storage of needles, syringes, and gloves

used dunng injection.

l7
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Collection of urine daily for l4 days (a duration of one physical half life of Sn-I17m) and WB

measurem:nt for up to 93 days (in one parient up to 133 days, almost t¡p to ten physical haif lives)

:

have allow.ed us to measure the exact anount excreted in urin: and that retained in the bone and

the rvhole body. It is evident from the gamma camera results tlhat Sn-t l7m (4-r) DTPA shows

seven dav net bone uptake of I I . I % injected dose, a value exar:tly equal to 8l .IVo of injected

dose obtained by the dose- urine excretion method (Tables 2,3). Urinary excretion of 23s/o of the

dose in l4 davs leaves the remaining7To/o for bone uptake. The mean WB retentian of 77Yo oî

the injected dose with Sn- l l7m (4+) DTPA is much higher than the value reported for Srn-153

EDT\IP. Re- l8ó HEDP. and Sr-89 chloride (Table a).

rì{eq.hanit-r¡1 of uptake of bone pain palliation radiopharmaceuticals¡ Strontigm-89 uptake is..
._,i.. j. ,.--.,1.:i:"ì1ij¡l¿^_ . ...:r-.*^ . ..

ine¡al. rnatril (ó). Samarium-153 EDTMP rand rhenium-186 Ef,IDP bone uptake is thought to bemlneral matnx
i . -...,- ._._-.. artr;:-

si¡qilar--rg Tg;??* diphosphonates. by a process calted chemisorption (9-13, 22)- Tin(Sn) is a

knou,n bone seeker and the uptake of Sn-117n(4+)DTPA is attributed mainly to tin and the role

of DTPÅ being primarily ro confer a very high in-vivo stability t.l5). Stannic (4+¡ status is very

imporranr to funher enhance the net bone uptake without rmdergoing competitive side

reactions(33 ). tn mice. 53.8% of Sn- l l76(4+)DTPA q¡as take¡r up by the bone in contrast to

only -ì0.8o,,o uprake with Sn- t l7m(Z+)DTPA (15,tó). In additio:n, the blood and soft-tissue

clearances olthe stamic chelates were much faster than those otthe stannous chelates-(15,16).

t8
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Acquisitiou and storage of the ttrerapeutic doses: The phirsicai half life of 13.6 da-vs and

excellent chemical s. ,bility allow multiple doses of Sn-l l7m (4+) DTPA to bc acquired and

stored For up to 6-8 weeks. much like with Sr-89 Nor much activity is lost due to decay if one

has to rvait several days to find another patient when the intended patient decides to deciine

treatmenl. Such is not the case with both samarium-l5i and rhenium-186 which decays rapidly
I

i aue to their short physical half lives (Table 4).

I

I The duration of pain palliation with Sn-l l7m(4+)DTPA in the pilot studies has ranged

I

I 
n'om i months to 14 months followine a singte administrarion. [n one of our patients (shown in

I

I 
tt= I ). the pain palliation from each of tr¡,o doses lasted for four months. The degree of the relief

I of puin post-therapy was 100%on both occasions. Panial to complete pain palliation has been

I

I noted in about-85Yo of 36patients studied berrveen Tucson VA and Brookhaven Natioñal

I

I t-airorarorv (21). We anticipate the total thtiraþeutic dose to be between l0 to 20mCi (370-748 "

I

I *0) for a 70 kg patient. The biokineric. nuilear physical and chemical characteristics combined

I , rvith our preliminary pain palliæion results rvith Sn- I l7m (4+) DTPA are very encouraging and
|-.-Jrr--

I 
upp.ar to show that it mav meet most of the requirements to qualifu as an ideal bone pain

I puUiution agent. Double blind studies comparing the results with the FDA approved Sr-89

I .frloride are required to pass any finaljudgemenr on this nerv agent. An application to the FDA to

I
I begin phase-Ill clinical trial is presentlv under preparation.
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LEGENI)

Figure t. Serial Sn-l l7m (4+¡ DTPA whole body images obtained under identical parameters.

Note diffi¡se distribution at I hr and localization in bone by 5 hrs (A) in a prostate cancer patient

with local metastasis in the leû hemipelvis extending to right ischial tuberosity. Uptake in front of

Lr-L. venebra is due to low lyrng horseshoe kidney. By day 3 (B) most ofthe radioactivity

Iocalizes in bone. Seventh day images show minimal aaivity in the horseshoe kidney (C). Images

on 70th and 99th day (D) show activity mostly in the left hemipelvic borre and the right ischial

borre. The decrease in intensity in the later images is the effect of physical decay. The round

activity to th_e right side of the neck is the external standard used to calcr¡late regional uptake.

The image on l33th day shows persistent uptake in the left hemipelvis (Ii). F is pre-therapy Tc-
': " " -: _:'-::-_'-- - _- --'

99m MbÞ sean showing a similar patrern of distribution. '

_ 
-., 

_ _- -_: _"'

Figure 2. Blood clearance of Sn- l l7m (4+) DTPA. About l4.4Yo of the injëcied dose remains in

blood pool at l5 min post-injection. The remaining 85.15% has Ieft the intravascular

compartment. Notice biexponential type of clearance with differing T 7z clearance values.

Figure 3" Dailv and cumulative urinary excretion of Sn-I17m (4+) DTP.A for 14 days. About

I l.4o,b of the dose is excreted in I day and I I .60/o inthe next t3 days for a total of 23 Yo by 14

da.vs.
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Figure 4. Whole body clcarance of Sn- ll7m (4+) DTPA measured by a dual head 
^¿mma

camera method shows two compartments. The soft tissue accounting for 23o/o of the dose shows

4 compartments (mainly urinary excretion)rvith a biologicT 1/z ranging from 0. t to 3.2 days. Thè

bone compartment accounts for the remaining 77o/o of thedose and shows no biologic clearance.

Figure 5. Uptake and retention of Sn-l l7m (4+) DTPA by normal (right pelvis) and metastaric

bone (left pelvis) in a patient with prostate cancer. (shown in Fig.l ). Note peak uptake by

normai bone at 24 h¡s. The metastatic bone shows continued uptake reaching peak at 7 days. No

biologic excretion is seen from either bone.
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TABLE 1:

Krishnamurthy et al.

DATA COLLECTION SCHEME FOR BIOKINETIC STUDY
OF Sn-lt7m (4+¡ DTPA

BLOOD SAMPLE COLLECTION TIME FOR

CLEARANCE
''t.

I5 MIN

30 N,ÍINS

45 MINS

IHR

2 HRS

lsr DAY

3rd DAY
... .-:-; ..-.:-. l .l . .-.,-. .,.

7th DAY

I4th DAY

Tc-99m MDP
BONE SCAN

PRE-Rx
8 \l EEK POST RX
Ó \{ONTHS POST RX

CELL COUNT

BASELINE

WEEKLY FOR

8 WEEKS

FOLLOWED BY

MONTHLY FOR

4 MONTHS

(TOTAL__6 MONTHS)
', lr'-,,1r .:- . .

TTRNYE COLLECTION AT

PASI]LINE

IHR

2 HRS

I DAY
and
DAILY FOR

14 DIIYS

.-'''--" ' ' 
'-

Sn-117m (4+) DTPA
BONIT SCAN

IHR

3.s HIr

I DA'la

3rd Di\Y

7th DlrY

4th-6th \ilEEK

8th-torh WEEK
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Patient

f . G.w.
2- F.M.

3- T.O.

4- C.K.

5-',D.X.

6- S.C.

7- c.B.(r)
8. A.H.

9- F.K,

10- H.M.

1t- M.S.

t2- J.D.

t3- J.P.

14- c.B.(2)

15- R.M.

1& C,P.

17- R.B.

18- K.O.

. I AËLE 2 : DAILY. AND GUMULATIVE URINARY EXCRETION (% DOSE)
oF sn-1tzin1++jorpn tmli PATIENTs wtrH METASTATTc BoNE pAtN

Days

o 7.7

0 5.8

o 20.5

0 t8.6
0 .8.7
0 t0.5

0 t8,2

0 11.1

o 7,6

0 9.9

o il.g
0 10.7

0 12.2

0 9.6

0 9.2

01ö
o t0.8

0 7.2

i

3
i

2.â

1.3

z.g

6.2

r'
1.4

3

1.3

û8,
t.0
z.t i.i

l.ã "
2.5

1.t

1.1

1.4

1.2

3.9

2.9

1.4

3.9

5

2.s

1.9

5.7

1,1

2

2.1

4.4

2.1

3.3

2,2

1,4

2.7

1.7

2.4

:i

4 ìii;.i 5 i'
ti 'li:il ii¡i

Average(da

ST, DEV.

Average (cumulativa)

% WB BEtantion

(Dose - Urine excretion)

excretion) 0.0 11.4

1.9

0.4

o.7

0.8

1.6

o.7

t.t
t.3
o.7

1.5

0.8

1.8

1.3
i0,6

i

4.7

ö.e
'iri

1,9
;.rìi::
: ö:i7r il:

,,oi:g

.l
.:
0.5

1.2

0.8

1.5

Krislrnantrrthy el aì.

0.0 4.1 1.3 1,3

0 rf.4 14.1 t6.l
r00 88.6 85.9 83.9

1.3 t.1

0.4 0.1

0.4 0.3

0.6 0.4 0.4 0.3 a.2

1.5 t.l t,5 0.9 0.9

0.6 0.5 0.4 0.5 0.3

0.3 0.7 0.7 0.7 0.3

o.7 0.5 0.6 0.4 0.5

0.1 0.2 0.6 0.3 0.4

1.4 0.9 0.8 0.3 0.9

o.7 0.6 0.6 0.5 0.5

1.2 1.3 0.4 0.6 0.6

10

2.7

l2

1.1 0¡9

0.5 0;5

17.2 r8i1

8?.8 81,9

l3 t4

0.5

t8.9
81.t

0,6

o.4

t9.5
80,5

2,3

0.3

0.6

0.ã

0.4

0.6

0,3

0.9

0.8

0.3

0.3

0.4

o.2

0.4

0.4

0.4

o.3 0.2 0.3

2A.2 20.7 21.2

79.8 7s.g 78.S

0.4

o.2

0,2

0.4

0.2

0.4

o.2

0.9

0.3

o.2

o.7

21.9

Ié.t

0.2 0.2

22.9 ,2.7
77.7 77.3

0.4

0.3

0.3

o.t
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T¡ble 3. Percent Dose Urin¡ry Etcretion of R¡diop[arnraceritic¡ls Suit¡ble for Bone pain palli¡tion'.''j

:i

..Í ,. r!å i

Samarium-153
EDTMP

r References are shown within parenthesis
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Table .l:Comparison of Percent Dose lVhole Body Retention, and Nuclear and Physical
Characteristics of tladiopharmaceuticals Suitabte for Bone Pain Palliation

Percent Whole E ndy Retention (Rcferences)

Days Post-Therapy Sn-117m DTPA

I dav 88.ó s4 (ll,l2)
3 days 83.9 30 (9,t0Þ

/ oâvs 81.I 31 (20)

14 days 77-0 2s (20)

100 d¿-vs 77.0 18 (20)

Nucle¿r and Physical Ch¿r¿cteristics

Half Life 13.ó days 90.6 hr 463 hr 50.5 days

v Photon kev i%) lse (86%) 137 (9.2o/o') 103 (2E%) 909 (0.0002%)

llaxinruru Eo (ñIeV) NA 1.09 0.Er 1.46

åverage E¡ (kelf) . 127*
152*

x¿4 58

Range.(mm) .- :::0.2;0;3 L05 0.55 2.4

,.!!hole Body R"!.f,qt,ip+,=.,".(llose - urine. excretionJ,_*Conversion:electrons with discrete energy;

-'i..r = )iot rppliiabfä.'i=Ròferences with in parinthesis.



Should deposit with high concentration in bone, mostly at the metastatic s;ites

Should not wash out ftom bone.

Dose should be small, yet relieve pain.

Have intermediate physical half life ( l-2 weeks, and good shelf- life.

Simple rnethod of production and storage.

Allow'frequent repeat dose when new metastases appear.

Have particulate emission for therapy and gamma photons for imaging.

K¡ishnamurthy et al.

_:.j::':'_.:?}:ll '
__- ,- _- ,!r.-:,,+.:.=in:

Should not suppress bone ma¡row.

Shouid not cause radiation cystitis.

':'"'' "'
Should be readiþãvailable at low cost.
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