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Marrow-Sparing Effects of
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for Radionuclide Therapy of Bone Cancer
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Several bone-seeking radionuclides (32P, 89Sr, 186Re, and 53Sm)
have been used to treat bone pain. The limiting factor in this
modality is marrow toxicity. Our hypothesis is that marrow toxicity
can be reduced while maintaining therapeutic efficacy using
radionuclides that emit short-range B particles or conversion
electrons (CEs). A recent study on 47 patients using the short-
range CE emitter 11"mSn(4+)diethylenetriaminepentaacetic acid
(M"mSn(4+)DTPA) supports this hypothesis. The hypothesis is
now tested using 1™Sn(4+)DTPA in a mouse femur model.
Methods: The survival of granulocyte—-macrophage colony-
forming cells (GM-CFCs) in femoral marrow is used as a biologic
dosimeter for bone marrow. The dosimeter is calibrated by
irradiating mice with exponentially decreasing dose rates of 13’Cs
vy-rays with a dose-rate decrease half-time, T4, equal to the
effective clearance half-time of 2’mSn(4+)DTPA from the femur
(222 h). When Ty = 222 h, the mean absorbed dose required to
achieve a survival fraction of 37% is 151 cGy. After calibration,
17msSn(4+)DTPA is administered and GM-CFC survival is deter-
mined as a function of injected activity. These data are used to
experimentally determine the mean absorbed dose to the femo-
ral marrow per unit injected activity. The kinetics of radioactivity in
the marrow, muscle, and femoral bone are also determined.
Finally, a theoretic dosimetry model of the mouse femur is used,
and the absorbed doses to the femoral marrow and bone are
calculated. Results: The experimental mean absorbed dose to
the femoral marrow per unit injected activity of 117™Sn(4+)DTPA
is 0.043 cGy/kBqg. The theoretic mean absorbed dose to the
femoral bone per unit injected activity is 1.07 cGy/kBq. If these
data are compared with those obtained previously for 32P-
orthophosphate, the radiochemical 11"™Sn(4+)DTPA yields up to
an 8-fold therapeutic advantage over the energetic g emitter 32P.
Conclusion: The CE emitter 117mSn offers a large dosimetric
advantage over energetic B-particle emitters for alleviating bone
pain, and possibly for other therapeutic applications, while
minimizing marrow toxicity.
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MARROW-SPARING EFFECTS OF11™SN(4+4)DTPA  Bishayee et al.

3veral bone-seeking radiopharmaceuticals have been
used to treat bone pain caused by osteometastdsd3. (
About 65%—85% of patients experience substantial pain
relief by these therapeutic agenisd). Radioactive phospho-
rus ¢2P) was the first radionuclide to be used in bone pain
palliation therapy®); however, other radiochemicals, includ-
ing 8Sr-chloride R,7,9, 8Sr-chloride @), %%Re-1,1-
hydroxyethylidene diphosphonatel0-12), and53Sm-
ethylenediaminetetramethylenephosphonic acl@-(5),
have been used subsequently for this purpose.

The major dose-limiting factor in this modality is bone
marrow toxicity, which leads to a decrease in peripheral
blood cell countsX,16). The bone marrow absorbed dose is
imparted by radiation emitted by radioactive decays in four
principal source compartments: marrow, endosteum, bone
matrix, and all other surrounding organs. The radiochemi-
cals that have been used (or proposed for use) in bone
palliation therapy localize predominantly in the skeletal
tissues and emit a high yield g8 particles (Table 1).
Therefore, the marrow absorbed dose can be primarily
attributed to decays in the first three compartments. Given
that these radiopharmaceuticals selectively localize in bone
and concentrate in the bony lesions, it has been suggested
that use of low-energy electron emitters (e.g., short range)
might reduce the bone marrow toxicity while selectively
increasing the dose to the bone matfix{20). In an earlier
study in mice using the colony-forming units per spleen
assay, therapeutic doses 6f"Sn were shown to offer an
almost 30-fold bone marrow—sparing advantage c¥er
(21). Using a murine model, Goddu et al. (20) showed that
the low-energyB emitter 3P offers a 3- to 6-fold therapeutic
advantage over the energgtiemitter®?P. Atkins et al. 22) and
Srivastava et al. (23) used the low-energy conversion electron
(CE) emitter1*"™Sn (7"Sn(4+)diethylenetriaminepentaacetic
acid [DTPA]) to treat bone pain in patients and found effective
pain relief with no significant myelotoxicity.

Although pharmacokinetic data have been obtained for
117mSn(4+)DTPA (23-25), to our knowledge, no detailed
study has been performed to study the bone and bone
marrow dosimetry characteristics of this radionuclide. This
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TABLE 1 Radionuclide Kinetics and Optimal Day for GM-CFC
Radionuclide Properties Survival Assay
— The biokinetics of*1’™Sn(4+)DTPA was obtained as follows.
Half- Principal _Range _ Animals, in groups of four, were injected intravenously with an
Radionuclide I'(fs) (k[i\e/?ranrg;]) (n:?nb[%nee:n]) J;?:; equal activity of radiochemical (240 kBg/0.2 mL). Animals were
killed on 0.21, 0.67, 1.25, 2.29, 5, 7, 14, 21, and 30 d after injection
s2p 14.26 695 1.7 1.0 and the femurs were resected. The muscle surrounding the femur
33p 25.34 76.6 0.05 1.0 was removed and the muscle and femur were transferred to
89sr 50.53 583 14 1.0 separate preweighed 2275 mm glass tubes. The activities in the
E;mSn 13.61 1358 0.15 114 muscle and femur were determined using a Nal scintillation well
1692;“ ;'ig igg 8'25 i'g counter with wind_ow Ie_vels set on t_ht_a 156.0- and 158.6-keV
77y 6-71 133 0'15 1'0 photopeaks (combined yield, 0.885; efficiency, 0.52_1)16_T‘Sn._The
186Re 3:78 323 0:64 0:94 marrow was flushed from the femurs, and the activity in aliquots of
the marrow suspension along with the activity remaining in the
[ femur were determined. Femur and muscle weights were deter-
*Physical half-lives and mean energies taken from (38). mined in each case. The activities in muscle, bone matrix, and
TMost prevalent radiation emitted. marrow compartments were thus determined as a function of time
q;é;l)zproximate range taken from ICRU Report 37 (39). after injection.

The optimal day to assay GM-CFC survival (day after injection
on which nadir occurs) was determined as follows. Animals, in
groups of four, were injected intravenously with an equal amount

. . . . of radiochemical on 5, 7, and 9 d before the date of killing. In
work quantitates the capacity 8f"Sn(4+)DTPA to irradi- addition, two untouched groups were maintained as control ani-

ate bone tissue while minimizing the absorbed dose t0 bopgs. Experiments were performed for two different injection
marrow. A combination of experimental and theoretic apgtivities (370 and 5846 kBg/0.2 mL) to ensure that injected
proaches based on a mouse model is used to make thsvity did not influence the optimal day. All groups were killed on
comparison. Femoral bone marrow granulocyte—macnie same day and assayed for GM-CFC survival; the survival
phage colony-forming cell (GM-CFC) survival is used tdraction compared with control animals was plotted as a function of
experimentally ascertain bone marrow toxicity and absorbéahe after injection.

dose from this radiopharmaceutical after its intravenous

administration 26,27). A theoretic approach is used t&M-CFC Survival Assay

calculate the absorbed dose delivered to the bone matrixThe experimental protocols adopted from Metc&B) and
The results are used to dosimetrically Compa;@escribed in our earlier articl2T) were used for determination of
17mSn(4+)DTPA with the low- and high-energyparticle— GM-_CFC survival. Preparation of th_e different _culture me_dia
emitting radiopharmaceutica®P-orthophosphate arfdP- required for the assay has been described (27). Briefly, the animals

orthophosphate, respectively, for palliation of bone pain were killed by cervical dislocation and immersed in 70% ethanol,
' ' " and the femurs were separated under aseptic conditions (laminar

flow hood) using sterile instruments. Marrow from these femurs
MATERIALS AND METHODS was flushed with 1 mL wash medium into a 50-mL tube using a
) ) ) . ) 3-mL syringe fitted with a 21-gauge needle. After aspirating the
Biologic Dosimetry Using GM-CFC Survival “medium through the femur shaft several times, an additional 3 mL
GM-CFC survival was used as a biologic dosimeter to determifig.sh medium were flushed through the femur. The cell suspension
the bone marrow absorbed dose in mice. GM-CFCs are progenipds centrifuged, the supernatant was decanted, and the pellet was
cells that reside in the marrow compartment. Therefore, thgsyspended in 5 mL wash medium. The mononucleated cell
absorbed dose received by the bone marrow can be determineqBtion was separated from the crude bone marrow suspension by
monitoring t_he survival of these cells provided that the sys_,tem gently layering 5-mL cell suspension on top of 3.5 mL Histopaque-
properly calibrated. Details on the use of GM-CFC_as a biologigy77 (Sigma Chemical Co., St. Louis, MO) and centrifuging at
dosimeter have been describezD7). Female Swiss Websteroogfor 30 min at 4°C. The mononucleated cell layer was removed
mice (age, 5-6 wk; weight, 25 2 g) were obtained from Taconic carefully with a 3-mL syringe, washed three times with 15 mL
Farms (Germantown, NY). The animals were acclimated in thgash medium, and resuspended in 2 mL double-strength culture
unlve_rsny research animal facility (University of Medicine angnedium. The number of mononucleated cells corresponding to
Dentistry of New Jersey) for 1 wk before use. Food and water wegg qp, group was counted using a model ZM cell counter (Coulter

provided ad libitum. Electronics, Hiahleah, FL). Three dilutions of the resulting mono-
nucleated cells were plated for colony formation by mixing with
Radionuclide and its Administration equal volumes of double-strength culture medium and 0.6% Bacto

The radiochemicalt’™Sn(4+)DTPA was kindly provided by agar solution (DIFCO, Detroit, Ml) in the presence of 1200 U (20
Diatide, Inc. (Londonderry, NH), as an aqueous solution of stannit.) of granulocyte—macrophage colony-stimulating factor (Sigma).
DTPA (294.7 MBg/mL) in 1 mL water. The radiochemical wasThe plates remained at room temperature until the agar gelled
diluted with phosphate-buffered saline to the desired concentratidinmly (10-15 min), whereupon they were transferred to an
Mice, in groups of four, were injected intravenously with 0.2 mlincubator at 37°C with 100% humidity, 5% G©®5% air, for 7 d to
solution containing the radiochemical through the lateral tail veiallow colony formation. The resulting GM-CFC colonies were
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TABLE 2 Theoretic Mean Absorbed Dose to Femoral Bone
Theoretic S Values for 11"mSn (cGy/kBg/h)* and Bone Marrow
The theoretic absorbed doses received by femoral bone and bone
Target marrow from 7mSn(4+)DTPA are calculated using a theoretic
Source Marrow Endosteum Matrix dosimetry model of the mouse femur that is described in detail

elsewhere (20). Briefly, the model consists of four source regions

Marrow 0.635 0.311 0.047 .

Endosteum 0316 249 0198 (marrow, endosteum, bone matrix, and muscle) and three target
Matrix 0.050 0.236 0.359 regions (endosteum, bone matrix, and bone marrow). The EGS4
Muscle 0.000292 0.000543 0.0030 Monte Carlo radiation transport code is used to calculate absorbed

fractions, which in turn are used to calculate the mean absorbed
) ) o dose to the target regions in the mouse femur per unit cumulated
*Calculated using theoretic model described in (20). activity in a given source region of the femur S(targetsource)

(20). The theoretic S values fét"™Sn are given in Table 2. The
total theoretic absorbed dose to the target per unit administered

scored with an Olympus dissection microscope (Olympus, Tokygetivity is given by £9):

Japan) at 40Xmagnification, and the survival fraction compared

with that of the unirradiated control animals was determined. ~ D(target)/A, = [r(bone)S(target- bone matrix)+

GM-CFC Survival Versus Femoral Activity T(marrow)S(target— marrow) +

GM-CFC survival was determined as a function of injected r(muscle)S(target— muscle)), Eq.1
activity for 117mSn(4+)DTPA. Six groups (four mice per group) of
mice were injected with a fixed 0.2-mL volume containing differer?here Ay is the injected activity, and(source) is the residence
activities of the radiochemical. The animals were killed on thgme in the source region. This is defined asource) =
optimal day (seventh day after injection; Results) and assayed fsource)/A,, where Asource) is the cumulated activity in the
GM-CFC survival. The femoral bones, having been purged §Purce region. These quantities are given in Table 3 for
marrow for the survival assay, were dried, weighed, and assayed fof'Sn(4+)DTPA for each source region.
activity content as described. Activities in the flushed bone marrow
samples were also determined. The extrapolated initial activitig$-g | 15
were obtained by correcting these activities to the time of injection ) o
using the physical half-life of the radionuclides and the effectiv@adionuclide Kinetics
half-times of the radiochemical in the femurs obtained in the Figure 1 shows the effective uptake and clearance of
biokinetics experiments. 117mSn(4+)DTPA in mouse femoral bone, femoral marrow,
and muscle surrounding the femur after intravenous admin-
istration of this radiochemical. The kinetics data were

brated using our custom-designed low-dose-fiSs irradiator least-squares fit to the two-component exponential function

(equipped with computer-controlled mercury attenuator systen%i,ven by Equation 2.

which facilitat.es. the. delivery of clexponentially. degregsing dqa%m/g = k(a exp(—0.693t/T,) +

rates (26). This irradiator allows simultaneous irradiation of mice

(groups of four) with different initial dose rates by placing different (1 — a) exp(—0.693t/T)). Eq.2

groups of mice at different distances from th&Cs source. _érhe fitted values for muscle are 0.65, a= 0.94, T, =

Although the initial dose rates were different for each group o - . .
mice, the dose rates to each group were exponentially decrea e%lo d, and [, = 5.0 d. A single-component fit emerges for

using a dose-rate decrease half-time of 9.2 d, which is equal to #@n€ and marrow. For femoral marrowal, k = 0.81, and

effective half-time of the radiochemical in the femoral bonde1 = 10.5d. Finally, for femoral bone,a 1, k= 42.3, and

(Results). Animals were taken out of the irradiator on the optimdle; = 9.2 d.

day (see above), killed, and assayed for GM-CFC cell survival. ~ The extrapolated initial activity, & in the femoral bone is

Calibration of Biologic Dosimeter
The biologic dosimeter, survival of GM-CFQ7Y), was cali-

TABLE 3
Theoretic Absorbed Dose to Marrow from 117mSn(4+)DTPA
A37(source)* T S(marrow < source) D(marrow)/Ant
Source (kBq h) (h) (cGy/kBq h) (cGy/kBq)
Bone 4310 1.22 0.050% 0.061
Marrow 53.7 0.0152 0.635 0.010
Muscle 208 0.059 0.000292 0.000
Total 0.071

*Cumulated activity is integrated fromt = Otot = 7 d, the GM-CFC survival nadir.
TCalculated using Equation 1 with bone marrow as target region.
fAssumes radioactivity in bone is localized in bone matrix.
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FIGURE 1. Effective clearance of radioactivity from murine
femoral bone (A), bone marrow (O), and muscle (OJ) after
intravenous administration of 117mSn(4+)DTPA. Data are pre-
sented as percentage injected activity per gram (%IA/g) of tissue.
Data from two independent experiments are plotted.

plotted as a function of the injected activity,Ain Figure 2.

The extrapolated initial activity was linearly dependent on

mouse, and 4 57 is the injected activity required to achieve
37% GM-CFC survival. The fitted value for,A;was 30.2+
0.8 kBq per femoral bone and thg,A; was 3546+ 88 kBq.

Calibration of Biologic Dosimeter

The survival of GM-CFCs as a function of initial dose rate
(cGy/h) delivered by th&#"Cs irradiator is shown in Figure 5
for a dose-rate decrease half-timg,/9.2 d. The data were
least-squares fit to Equation 5:

SF = exp(— /o7,

where g is the initial dose rate (cGy/h) angdg# is the initial
dose rate required to achieve 37% GM-CFC survival. The
fitted value of j 3;was 1.17+ 0.05 cGy/h.

The cumulated absorbed dose, D, delivered by the irradia-
tor over the 7-d irradiation period is given by:

Eq.5

168 h
D=r, [ exp(~0.693¢p dt. Eq. 6
The initial dose rate ,rwas different for each group of
animals. The ordinate and upper abscissa of Figure 5 show
the GM-CFC survival as a function of absorbed dose
received by the marrow. A least-squares fit of the data to the
function,

SF= exp(—DI/Dy),

yields the dose required to achieve 37% survivak. Bor
the dose-rate decrease half-time of 222 b; B 151 = 7
cGy. As indicated above, this half-time corresponds to the

Eq. 7

the injected activity according to the relationship,
A, = 0.0086 A, Eqg. 3

These results indicate that 0.86% of the injectétiSn
quickly localizes in each femoral bone.

Optimal Day

The optimal day to assay GM-CFC survival is the day g

100

80

>

60

which the survival is minimum (nadir). The survival of|
GM-CFCs as a function of time after injection of
117mSn(4+)DTPA is shown in Figure 3. As in our previous

40

studies with %0Y-citrate, 32P-orthophosphate, an@P-
orthophosphate, the survival fraction reaches a minimum
the seventh day after injection and it is independent of t
injected activity over the range studiezD(27).

GM-CFC Survival Versus Activity
Figure 4 shows the GM-CFC survival fraction as

function of both the injected activity and the extrapolateld

initial femoral bone activity. The data were least-squares
to a simple exponential function given by Equation 4.

SF= exp(—A/Aoz) = eXp(—An/Ans7), EQ. 4

where SF is the fraction of GM-CFC survival,As the
extrapolated initial femoral bone activity,Ayis the extrapo-

O
=}

Initial Activity (kBq)

20

X 0

0
Injected Activity (kBq)

5000 10000

fit

FIGURE 2. Extrapolated initial uptake of radioactivity in femo-
ral bone as function of injected activity after intravenous adminis-
tration of 7'mSn(4+)DTPA. Uptake is linearly proportional to

lated initial femoral bone activity required to achieve 37%jected activity. Data for several independent experiments are

GM-CFC survival, A, is the activity injected into each
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FIGURE 3. Survival of GM-CFCs as function of time after

injection of 17mSn(4+)DTPA. Data from two independent experi-
ments are plotted (@, 5850 kBq; M, 370 kBq). As in earlier
studies, nadir falls on seventh day after injection (20,27). This is
optimal day to assay GM-CFC survival.

effective clearance half-time dt""Sn(4+)DTPA from the

femoral bone. This B can be compared with our previously

obtained values of 144 15, 132+ 12, 129+ 3, and 133+

10 cGy for dose-rate decrease half-times of 62, 255, and 4

h andx (constant dose rate), respectiveld(27).
This new datum supports our earlier conclusion th

differences in dose rate (0.25-8 cGy/h) among these varid

dose-rate decrease half-times do not play a major role

determining the survival of GM-CFCs over the range d

initial dose rates, total doses, and irradiation times cons
ered in these experiment®2(Q). Rather, the total dose

The experimental D(marrow)i4 for "Sn(4+)DTPA is
0.043= 0.002 cGy/kBg.

The theoretic absorbed dose to femoral marrow per unit
injected activity, assuming a uniform distribution B8f™Sn
in the femoral bone matrix, is calculated according to
Equation 1 to be D(marrow)if = 0.071 cGy/kBq. This
guantity is given in Table 3 along with a breakdown of the
contributions from the various source compartments. The
theoretic mean absorbed dose to the bone matrix D(matrix)/
A = 1.07 cGy/kBq (Table 4).

DISCUSSION

The effective clearance half-time from the femoral bone is
9.2 d fortt"™Sn(4+)DTPA. Given that’’™Sn has a physical
half-life of 13.9 d, this corresponds to a biologic clearance
half-time of 27.2 d. This biologic half-time is somewhat
longer than the half-time of 16.5 d observed by Swailem et
al. (25) in BALB/c mice. Our data for bone may be
compared with the data obtained for humans where no
clearance from bone was observéb); Interestingly, the
effective clearance half-time from marrow (10.5 d) is
slightly longer than from bone. It is possible that this long
half-time may be due to radioactivity bound to small bone
spicules that may be dislodged from the marrow cavity
during the flushing procedure. Muscle surrounding the

Injected Activity (kBq)
3000 6000 9000

1 prmet

1 1 1
us
in
f
d-

delivered is of primary importance. This conclusion is basé¢d
on integration of the absorbed dose rate over 7 d (Eq. b).
Very disparate B, values would emerge if the integration
was performed to infinity (e.g., integration of constant dose
rate to infinite time yields infinite absorbed dose), therely
emphasizing the importance of integrating over a time that|is
relevant to the biologic endpoint that is studi&0,31).

Experimental and Theoretic Mean Absorbed Doses

The mean absorbed dose to murine femoral marrow frg
117msSn is principally from decays that occur in two compart
ments: femoral marrow and femoral bone matrix. The
response of the biologic dosimeter (GM-CFC survival)

m

Survival Fraction

o
-

0

20

40
Initial Activity (kBq)

60 80

registers the total dose from decays that occur in thes

fSURE 4.

Survival of GM-CFCs as function of extrapolated

source regions. By equating Equations 4 and 7, the expefitial activity in femoral bone (lower abscissa) and injected
mental mean absorbed dose to bone marrow per unit injectedvity (upper abscissa) after intravenous administration of

activity D(marrow)/A, is given by:

D(marrow)/A, = D37Ay37- Eq. 8

MARROW-SPARING EFFECTS OF11™SN(4+4)DTPA  Bishayee et al.

urmsSn(4+)DTPA. Animals were killed on seventh day after
injection, the optimal day for GM-CFC assay (Fig. 3). Data from
several different experiments are indicated by different symbols.
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marrow is taken as the target region (Table 3). Whereas this

theoretic value is not in good agreement with the experimen-
Absorbed Dose (CGy) tally determined value of 0.043 0.002 cGy/kBq, distribu-
tion of the radioactivity in the endosteum as suggested by
0 100 200 300 autoradiographic data (25) results in an even higher theoretic
T value. Therefore, unlike the theoretic results ¥f-citrate,
32p-orthophosphate, arf@P-orthophosphate20), our theo-
retic dosimetry model substantially overestimates the ab-
sorbed dose to the marrow frofA’™Sn(4+)DTPA. It is
possible that a substantial fraction of tH&"Sn resides on
the periosteum, which would greatly impact the absorbed
dose to the femoral marrow because of the nonpenetrating
nature of the low-energy electrons emitted by this radionu-
clide.

The principal factor that limits the use of radiopharmaceu-
ticals for reduction of bone pain is myelotoxicity. This
limitation is largely associated with the high-ener@y
emitters that have been used to treat bone pain @Sy,
001 b o o b, 32p). Thep particles emitted by these radionuclides irradiate

0 1 2 3 not only sites associated with reduction of pain but also the
bone marrow. Several investigators have advocated the use
Initial Dose Rate (cGy/h) of low-energy (i.e., short rangg) or CE emitters to reduce
or eliminate myelotoxicity, and there is now a substantial
amount of supporting clinical datd8,22,23,25,32,33). The
(lower abscissa) and absorbed dose (upper abscissa). Mice were Ideal. radlopharmaceutlcal would eliminate pain without
irradiated chronically with exponentially decreasing dose rates causing (_jeleterlous effects to bone marrow_ or any other
(dose-rate decrease half-time = 222 h) of external 37Cs y-rays  healthy tissue. To compare the relative efficacy of two
(26) and killed on seventh day after initiation of irradiation. ~radiopharmaceuticals to palliate bone pain, estimates of both
Absorbed dose is calculated by integrating dose rate over 7-d  the absorbed dose to the marrow and the absorbed dose to
irradiation period. Open and closed symbols represent data for  1ha target regions that are responsible for the pain relief are
two independent experiments. . . . L

required. However, the mechanisms by which radiation
provides pain relief are poorly understoos).(A host of

femur showed rapid uptake of the radiopharmaceutic‘glilﬁerent mechanisms have been advanced; however, none

followed by two-component exponential clearance (Fig. 1§25 been definitively establishe@4(35). Therefore, the
rget has not been clearly established.

Ninety-four percent of the muscle radioactivity cleare - .
quickly with a 0.5-d effective half-time, and the remaining EVen though the target for alleviation of bone pain is not
6% cleared with an effective half-time of 5 d. The residendi¢!l defined, one can estimate the relative efficacy of
time for thel17mSn(4+)DTPA in the muscle surrounding the‘dn‘ferent rad|opharmaceut|cals for th|:_s modality by_ consider-
femur was only 0.0693 h compared with 3.7 and 5.3 h f4pd the bone matrix as the target regi@®). Assuming that
32p. and®P-orthophosphate, respectively (Table 5). Finall;;he_ b_ong m_atnx is the target. region and t_hat the cumulated
like SOY-citrate ancF?P- and®3P-orthophosphate0,27), the activity is integrated to infinity, 'D(matr'lx)/ﬁ' = 1_.07
uptake oftt’™Sn(4+)DTPA in femoral bone showed alineafCY/kBa (Table 4). These data, in conjunction with the
dependence on injected activity (0.86%,Aper femoral

bone) over the range studied (Fig. 2 and Eq. 3). The TABLE 4

magnitude of the uptake was similar to the values of 0.80%ypa0retic Absorbed Dose to Bone from 17mgn(4+)DTPA

and 0.67% observed f8PY-citrate (27) and the orthophos-

N ILERELEAY LA

o
oy

Survival Fraction

FIGURE5. Survival of GM-CFCs as function of initial dose rate

phate radiochemical®0), respectively. ™ S(matrix — source)  D(matrix)/Ay;t
The experimental mean absorbed dose to bone marSource ) (cGy/kBq h) (cGy/kBa)
row per unit injected activity, D(marrow)i4, for Bone 2.98 0.359 1.07
17mSn(4+)DTPA is 0.043+ 0.002 cGy/kBq. This is very  Marrow  0.041 0.0473 0.0019
similar to the value of 0.047 0.010 cGy/kBq that was Q/llislcle 0.0693 0.00305 2-8(7)021
otal .

obtained earlier fof®P-orthophosphate, an emitter of low-
energy 3 particles R0). However, the theoretic absorbed

dose estimate yields a value of D(marrow){A= 0.071 *Residence time when cumulated activity is integrated from t = 0
cGy/kBg when thé!”™Sn in the femoral bone is assumed té°t = = _ _ , , _

be distributed uniformly in the bone matrix and the bone tCalculated using Equation 1 with bone matrix as target region.
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TABLE 5
Comparison of Radiopharmaceuticals
Annj,37 D(marrow)/Ajn* T(muscle)§
Radiopharmaceutical (kBq) (cGy/kBq) RAFt RAF* (h)
32p-orthophosphatef 313 = 29 0.42 = 0.055 — — 3.7
33p-orthophosphatef 2820 + 425 0.047 + 0.010 4.2 5.6 5.3
117mgn(44)DTPA 3546 * 88 0.043 = 0.002 8.2 55 0.0693

*Experimental mean absorbed dose to femoral marrow per unit injected activity.

tRelative advantage factor based on experimental D(marrow)/A,; and theoretic D(matrix)/A ;.
fRelative advantage factor based on theoretic D(marrow)/A,; and theoretic D(matrix)/Ayp;.
8Residence time in muscle after integrating to .

fiData taken from (20).

experimental mean absorbed dose to bone marrow per Y@itl2) with presumably little change in the marrow absorbed
injected activity, can be used to examine the capacity dbse. Therefore, if the target for alleviation of bone pain
1rmSn(4+)DTPA to deliver a higher target-to-nontargetvere in the immediate vicinity of the metastases, the RAF
absorbed dose ratio than a given reference radiopharmacealues would be even higher than those calculated here (up
tical. As previously defined, this can be quantified in terms 8 for 117™Sn compared witi?P). Regardless of the exact

of a relative advantage factor (RAF) with marrow serving aRAF values, the data fof'’™Sn presented here provide
the nontarget regior2Q). experimental support for the use of low-ener@yand

D(target)J electron emitters in the palliation of bone pa2(32).
D(marrow T

If 32P-orthophosphate is taken as the reference radiochemilhe experimental and theoretic approaches used in this
cal, the earlier results of Goddu et a20) can be used to Study support the use of the low-energy electron emitter
calculate the RAF. Using the same models, they obtained"4"Sn for alleviation of pain caused by metastatic disease in
theoretic D(matrix)/Ay; = 1.27 cGy/kBg and an experimen-bone. This radionuclide offers a substantial therapeutic
tal D(marrow)/A,; = 0.42 cGy/kBq for3?P-orthophosphate advantage over energefieparticle emitters in that it has the
(20). Therefore, a comparison 8#™Sn(4+)DTPA with potential to deliver high doses to bone while minimizing the
32p-orthophosphate yields an RAF of 8.2 (Table 5). A simil@bsorbed dose to the bone marrow (17,18,22,32). Because of
comparison betweef#P- and32P-orthophosphate yields ansubstantially reduced myelotoxicity, and an excellent safety
RAF of 4.2. If the theoretic marrow doses are used, th@fofile (22,23,36,37), high-dose therapeutic administration
RAF values of 5.5 and 5.6 are obtained ¥§fSn(4+)DTPA of 17™Sn(4+) chelates could be potentially useful for the
and33P-orthophosphate, respectively (Table 5). Similar RAfFeatment of primary or metastatic bone malignancies and
values were obtained when a theoretic model of hum&arly-stage metastatic disease in bone.

cortical bone was use®8). This indicates that there is a
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