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The aim of this study was to introduce a new quantification
method for 53Sm-ethylenediaminetetramethylenephosphonate
(EDTMP) and '8Re-(tin)1,1-hydroxyethylidene diphosphonate
(HEDP) to separately measure bone uptake and soft-tissue re-
tention of these radiopharmaceuticals. Methods: Studies were
performed on 23 men and 6 women undergoing radionuclide
therapy for palliation of bone pain. Whole-body images were
acquired at 3 min, 3-4 h, and 24-72 h after injection of 1,295
MBq '8Re-HEDP and 37 MBq '53Sm-EDTMP per kilogram of
body weight. The activities for whole body, urinary bladder, and
both thighs, as representative of soft tissue, were measured by
region-of-interest technique. A background region of interest
adjacent to the head was used to correct for bremsstrahlung.
Bone uptake was calculated as initial whole-body activity minus
urinary excretion and remaining soft-tissue activity. Results: For
18Re-HEDP (n = 11) the mean bone uptake at 3 h after injection
was 13.7% = 8.6% of initial whole-body activity. The remaining
soft-tissue activity was 49.4% = 16.9%, and urinary excretion
was 36.9% * 14.4%. At 24 h after injection, bone uptake
reached a value of 21.8% = 9.0%. Urinary excretion increased
to 65.3% = 12.8% according to a decreasing soft-tissue re-
mainder activity of 12.8% =+ 5.4%. The corresponding results
for 18Sm-EDTMP (n = 18) at 3 h after injection were 29.2% =+
15.5% for bone uptake, 32.3% = 12.9% for urinary excretion,
and 38.4% =+ 14.5% for soft tissue. At 24 h after injection, we
calculated values of 47.7% = 11.2% for bone uptake, 39.5% =+
13.8% for urinary excretion, and 12.7% = 4.7% for soft tissue.
Conclusion: Bone uptake and soft-tissue retention for both
186Re-HEDP and '53Sm-EDTMP as obtained in this study agree
well with the conventional 24-h whole-body retention measure-
ments for these tracers. However, by this new scintigraphic
quantification method, bone uptake and soft-tissue retention
can be calculated separately, thus providing more detailed ki-
netic data and potentially improving the dosimetry of these
radiopharmaceuticals in, for example, assessment of radiation
dosage to bone and bone marrow.
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Treatment with 188Re-(tin)1,1-hydroxyethylidene diphos-
phonate (HEDP) df3Sm-ethylenediaminetetramethylenephos-
phonate (EDTMP) has been proven safe and successful for
palliation of bone pain in patients with widespread osseous
metastasesl{6). The major side effect of this therapy is a
decrease in platelets and leukocytes in the peripheral blood
(3,7) caused by an irradiation of stem cells in the bone marrow
by B-particles of the radiopharmaceutical affixed to the bone
matrix. Thus, the extent of bone uptake is the main determinant
of radiation damage to bone marrow. A sensitive and well-
established method for quantification of bone uptake is to
measure whole-body retention of bone-seeking tracers at 24 h
after injection, as introduced by Fogelman et 8J9x. Unfor-
tunately, this method is of limited value because whole-body
retention measurements are not routinely available in nuclear
medicine department4@). Thus, measuring urinary excretion

of the activity up to 24 h after injection is commonly applied
to calculate whole-body retention of the trackt)( However,
measurement of neither whole-body retention nor cumulative
urinary excretion allows differentiation between bone uptake
and nonskeletal tissue retention of the radiopharmaceutical.
Soft-tissue retention of diphosphonates, however, is known to
be as high as 30% of whole-body retention at 24 h after
injection (12,13, so that using whole-body retention data in-
stead of bone uptake data for bone marrow dosimetry of these
tracers seems inappropriate. The aim of this study, therefore,
was to measure net bone uptake and soft-tissue retention of
18Re-HEDP and®3Sm-EDTMP in patients undergoing ther-
apy for bone pain palliation by modifying a recently introduced
guantification method fof*"Tc-hydroxymethylene diphos-
phonate based on whole-body bone scanni3yld.

MATERIALS AND METHODS

Patients

Imaging was performed on 29 patients (23 men, 6 women; age
range, 50—79 y; median age, 64 y). All patients underwent therapy
with either1®Re-HEDP 6 = 11) or*3Sm-EDTMP ( = 18) for
palliation of severe pain caused by multiple bone metastases of
various tumors, as proven by conventional bone scanning. Patient
data are presented in Tables 1 and 2. After giving informed consent
to the acquisition of three whole-body scans, patients were in-
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TABLE 1
186Re-HEDP: Patient Data and Results for Soft-Tissue Retention, Urinary Excretion, and Bone Uptake

Patient Tumor No. of Soft-tissue Urinary Bone
no. Sex Age (y) site metastases retention excretion uptake

1 M 69 Prostate >50 23.6 47.6 28.8

2 M 78 Prostate >50 50.5 35.3 14.2

141 59.7 26.2

3 M 71 Prostate >50 42.7 27.6 29.7

12.9 49.6 37.5

4 M 60 Prostate 35 28.4 63.8 7.8

5 M 70 Prostate 15 31.1 60.6 8.3

6.2 81.9 11.9

6 F 61 Rectum 3 63.2 27.9 8.9

9.1 77.8 13.1

7 F 64 Breast >50 68.1 25.4 6.5

15.2 64.9 19.9

8 M 77 Prostate 30 63.0 24.8 12.2

9 M 78 Prostate 33 74.4 22.2 3.4

22.9 53.5 23.0

10 M 52 Prostate >50 50.7 36.1 13.2

7.0 79.7 13.3

11 M 65 Prostate 43 47.5 35.0 17.5

15.3 55.5 29.2

All activity data (upper row, 3 h after injection; lower row, 24 h after injection) are given in percentage of initial total whole-body activity.

cluded in this study when serum creatinine concentrations weretised to measure the bremsstrahlung of giparticles of the
the normal range (0.6-1.2 mg/dL) and when no chemotherapgdionuclides. An example for ROI positions is given in Figure 1.
external beam radiation, or treatment with bisphosphonates Ha@m these data, the geometric mean for each ROl was calculated
been performed during 6 wk before therapy witfRe-HEDP or after correction for radioactive decay, for different scan speeds,
1535m-EDTMP. and for bremsstrahlung. After distribution of the injected tracer,
Radi . total whole-body activity at 3 min after injection was defined as
adiopharmaceuticals 100% This initial | whole-bod Vity of h pati
For palliation of bone pain, we usé¥Re-HEDP (Mallinckrodt, 6 A9). This initial total whole-body activity o eac patlem.
Petten, The Netherlands) antSm-EDTMP (CIS, Gif-Sur- Was use(_j as the refe_rence value for further _calculatlons of activity
Yvette, France)!8Re-HEDP was applied in a standard patien‘{iata' whlchlare all given as perggntages of . .Fg.rthermore, on the
dose of 1,295 MBq, whereas an activity of 37 MBg/kg of bod&plood-pool image 3 min after injection, the initial whole-body

weight was administered féF3Sm-EDTMP. activi'_[y was defined as Imaximum soft-tissue activity, and on the
later images, the activities of the adductor muscles represent de-
Data Acquisition creasing soft-tissue retention. Thus, soft-tissue activity compared

Whole-body images were acquired simultaneously from bothith initial total whole-body activity equals the activity of the
anterior and posterior views at 3 min; at 3 h; and, in most patientgiductor muscles compared with the initial adductor activity at 3
at either 24 h or 72 h after a bolus injection of the respectiv@in after injection. Urinary excretion was determined by the
radiopharmaceutical. The scan speed was 40 cm/min at 3 min gfilerence of whole-body activities between the reference image at
10 cm/min at the later imaging times. For each patient, imag8smin and the image of interest plus urinary bladder activity. From
were obtained under the same conditions using a double-hggdse data, hone uptake was calculated for each time as 100%

gamma camera system (Bodyscan; Siemens, Erlangen, Germapy,| whole-body activity minus both urinary excretion and soft-
equipped with high-resolution low-energy collimators. The energyesue retention.

window was 137 keV+ 15% for18%Re and 103 keV+ 15% for
1535m. Images were stored in a 1024 384 matrix for digital
image processing.

The equation used to calculate soft-tissue retention was soft
(t) = total (3 min)X add (t)/add (3 min), where soft soft-tissue
retention, t= time after injection, totaF total whole-body activ-
Quantification ity, and add= activity of adductor muscles. The equation used to

For each image the activities of the whole body, the urinag@lculate urinary excretion was urine ) (total (3 min) — total
bladder, and the adductor muscles of both thighs, as representai)e+ bladder (t), where urine= urinary excretion and bladder
of soft tissue, were measured by a conventional region-of-interestnary bladder activity. The equation used to calculate bone
(ROI) technique from both anterior and posterior views. Additiondptake was bone (& total (3 min) — soft (t) — urine (t), where
ally, a rectangular ROI adjacent to the head and shoulders wame = bone uptake. For all three equations, the data were the
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TABLE 2
153Sm-EDTMP: Patient Data and Results for Soft-Tissue Retention, Urinary Excretion, and Bone Uptake

Patient Tumor No. of Soft-tissue Urinary Bone
no. Sex Age (y) site metastases retention excretion uptake
1 F 61 Breast 12 39.5 45.7 14.8

6.0 59.6 34.4

2 M 73 Prostate >50 35.0 12.7 52.3
19.7 143 66.0

3 M 76 Prostate 6 60.1 26.8 131
12.3 42.7 45.0

4 M 64 Prostate >50 16.0 51.2 32.8
5.0 61.3 33.7

5 F 68 Breast 15 53.5 37.9 8.6
6.5 55.8 37.7

6 M 79 Prostate >50 30.4 25.6 44.0
13.8 28.4 57.8

7 M 64 Prostate 24 19.4 37.2 43.4
7.9 411 51.0

8 M 50 Rectum 7 29.4 56.1 145
9.6 57.5 32.9

9 F 60 Breast 20 47.7 37.3 15.0
12.9 43.7 43.4

10 M 71 Prostate 30 25.1 23.8 51.1
15.3 28.5 56.2

11 M 62 Prostate 23 37.5 34.5 28.0
15.3 40.2 445

12 M 72 Prostate 40 48.5 23.0 28.5
14.9 24.8 60.3

13 M 75 Prostate >50 29.3 22.4 48.3
131 29.9 57.0

14 M 65 Prostate >50 27.5 21.2 51.3
10.7 23.0 66.3

15 M 65 Prostate 42 31.8 47.6 20.6
16 F 73 Breast >50 70.7 8.6 20.7
20.8 34.0 45.2

17 M 64 Prostate 37 37.5 34.5 28.0
15.3 40.2 445

18 M 63 Prostate 5 53.1 36.0 10.9
17.9 47.3 34.8

All activity data (upper row, 3 h after injection; lower row, 24 h after injection) are given in percentage of initial total whole-body activity.

geometric mean of the ROI from the anterior and posterior viewpresent mearr 1 SD. The two-tailed Studentest for unpaired

corrected for scan speed, radioactive decay, and bremsstrahludgta was used to evaluate differences, Witk 0.05 considered to
According to the data measured by ROI technique, time—actie statistically significant. A linear regression analysis was per-

ity curves for soft tissue and for urinary excretion were establishéofrmed to calculate correlation coefficients for bone uptake and

for each patient using monoexponential curve fitting. From theseft-tissue retention relative to the number of metastas®s (

fitted curves, the time—activity curve for the bones was derived

according to the bone uptake equation. For direct comparison IQESULTS

patient results, bone uptake, urinary excretion, and remaining

soft-tissue activity were calculated from the fitted curves for 3 and Fitted values for soft-tissue activities, urinary excretion

24 h after injection. rates, and bone uptake data at 3 and 24 h after injection are

Statistics summarized in Tables 1 and 2 for patients treated with

185Re-HEDP and®>*Sm-EDTMP, respectively.

For calculating time—activity curves from the values measured . .
for each time, exponential curve fitting by the least squares methodFOr patients receiving®Re-HEDP ( = 11), mean bone

was used (16). The best fit proved to be a monoexponential cubgtake was 13.7%- 8.6% d 3 h after injection and in-
asymptotically reaching a plateau according to a constant factéfeased to 21.8% 9.0% at 24 h after injection. During this
an increasing curve for urinary excretion and a decreasing cuperiod, the remaining soft-tissue activity decreased from
for soft-tissue retention1@). Pooled data given in the Results49.4% * 16.9% at 3 h after injection to 12.8% 5.4% at
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FIGURE 1. ROI positions
on whole-body scintigram
from anterior view 24 h after
injection of 1,295 MBq '8¢Re-
HEDP.

24 h after injection according to increasing urinary excre-
tion rates of 36.9%=* 14.4% & 3 h after injection and
65.3% = 12.8% at 24 h after injection. Thus, after 24 h,
bone activity was less than twice as high as the remaining
soft-tissue activity (Fig. 2). However, bone uptake values
revealed a positive linear correlation with the number of
osteoblastic metastasas € 0.58), whereas soft-tissue re-
tention showed nearly the same values in all patients irre-
spective of the number of metastases=(0.21), as shown

in Figure 3.

For patients receiving®3Sm-EDTMP = 18), mean
bone uptake was 29.2% 15.5% & 3 h after injection and
increased to 47.7% 11.2% at 24 h after injection. During
this period, the remaining soft-tissue activity decreased
from 38.4%=* 14.5% at 3 h after injection to 12.7% 4.7%
at 24 h after injection. Urinary excretion rates were nearly
constant fron 3 h after injection until 24 h after injection
(32.3% £ 12.9% vs. 39.5%+ 13.8%). Thus, within 3 h
approximately 80% of the activity totally excreted had been
voided, as depicted in Figure 2. Bone uptake values also
revealed a positive linear correlation with the number of
osteoblastic metastasas<£ 0.65), whereas the remaining
soft-tissue activity proved to be independent of the extent of
metastatic bone disease € 0.27), as shown in Figure 4.

Significantly higher bone uptake valud3 € 0.05) were
found for 153Sm-EDTMP than for'®%Re-HEDP (Fig. 2),
although the two subsets of patients had similar numbers of
osteoblastic metastases and extents of metastasis (Tables 1
and 2). On the other hand, the mean tracer retention in soft
tissue at 24 h after injection was the same for both radio-
pharmaceuticals (12.8% 5.4% vs. 12.7%+ 4.7%). Thus,
urinary excretion was significantly higher f&tRe-HEDP
than for 3Sm-EDTMP. The kinetic data for both radio
pharmaceuticals are summarized in Table 3.

Percentage of initial total whole body activity [%]

801

60 1

40 1

201

[0 Re-186-HEDP
B Sm-153-EDTMP

Bone3h Bone 24 h

FIGURE 2. Mean activity data (includ-

Soft 3h Soft24h  Excretion 3h Excretion 24 h ing SE bar) for bone uptake, soft-tissue

retention, and urinary excretion at 3 h and
24 h, respectively, after injection.
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FIGURE 3. Relationship between num-
ber of bone metastases and both bone
uptake (r = 0.58) and soft-tissue retention
(r = 0.21) for '8Re-HEDP at 24 h after
injection

DISCUSSION

method, which had been developed f8fTc-HDP (13),

Percentage of initial total whole body activity [%)

407

301

201

® Bone 24 h (Re)
O Soft 24 h (Re)

[ olo]

10

20

30

40 50 60
Number of metastases

patient’'s head and shoulders performed well, although we

In this study, a new method has been used to measGaiiNot prove that such an ROl is the best of all possibilities:
skeletal uptake, soft-tissue retention, and urinary excretidte differences for various sizes and positions of ROI were
of 186Re-HEDP and53Sm-EDTMP on the basis of whole-Small and thus not significant, and no gold standard was
body bone scanning only. For this purpose, the originavailable with which to compare pure bone uptake and

soft-tissue retention. However, because of this modification,

was modified by introducing an additional background RGicintigraphic three-phase whole-body imaging using con-
to correct bremsstrahlung caused by fparticles of!88Re  ventional ROI techniques made possible the calculation of
or 1535m. Without such a correction in several cases for bokinetic data for the compartments assumed in this model,
186Re-HEDP and>3Sm-EDTMP, results were obtained thathat is, bone, soft tissue, and urinary excretion.

did not make sense: a higher urinary excretion rate, forAs already proven fot*"Tc-HDP (13,14, the results for
example, was foundt& h than at 24 h. After correction for ¥8Re-HEDP and>3Sm-EDTMP are in line with data from
bremsstrahlung, these contradictory results were no longke literature. The mean urinary excretion rate#Re-
observed. A large and rectangular ROl adjacent to thEDP after 24 h was 65.3% 12.8% of the initial total

FIGURE 4. Relationship between num-
ber of bone metastases and both bone
uptake (r = 0.65) and soft-tissue retention
(r = 0.27) for 153Sm-EDTMP at 24 h after
injection
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TABLE 3
Mean and Range for Soft-Tissue Retention, Urinary Excretion, and Bone Uptake

186Re-HEDP (n = 11) 153Sm-EDTMP (n = 18)
Parameter 3h 24 h 3h 24 h

Soft-tissue retention 49.4 = 16.9 12.8 + 5.4 38.4 = 14.5 12.7 £ 4.7

(23.6-74.4) (6.2-22.9) (16.0-70.7) (5.0-20.8)
Urinary excretion 36.9 = 144 65.3 = 12.8 32.3 +12.9 39.5 + 13.8

(22.2-63.8) (49.6-81.9) (8.6-56.1) (14.3-61.3)
Bone uptake 13.7 = 8.6 21.8 9.0 29.2 +15.5 47.7 = 11.2

(8.4-29.7) (11.9-37.5) (8.6-52.3) (32.9-66.3)

All activity data are given in percentage of initial total whole-body activity. Data are mean + 1 SD; range is given in parentheses.

whole-body activity. In comparison, de Klerk et all7f methods applied so far. This finding may be one reason for
found a total urinary excretion of 69% 15%. For'53Sm- the discrepancy between the relatively mild myelotoxicity
EDTMP, we could show rapid urinary excretion of theobserved in clinical studies and the estimated high bone
radiopharmaceutical: 32.3% within 3 h, increasing to 39.5%arrow dose 18,19,23-2h Eary et al. 19), for example,

at 24 h. These data are in accordance with published reswgligculated skeletal doses f6¥Sm-EDTMP from whole-
showing mean excretion rates of approximately 37% meBody retention assuming skeletal retention to be the inverse
sured by cumulative urine sampling,{8,19. However, in  of urinary clearance. The overestimation of bone uptake
a few patients we observed inconsistent data. In patientifcause of this assumption (62% vs. 48% in our study)
for example (Table 1), a bone uptake of only 3.4% wageems to be a reason for the unexpectedly mild myelotox-
calculated &3 h after injection. Although images of thisjcity observed in that study besides the given explanation,

patient were of poor qualityt® h after injection, with alow \yhich is based on the microscopic anatomy of bone and
ratio of bone to soft tissue, and improved up to 24 h aft¢fyne marrow.

injection, we are not sure whether this uptake value reflects), comparison of the biodistribution data for both

individual differences in tra_cer _k_inetics or methc’d°|°9i?adiopharmaceuticals, the mean bone uptake f@8m-
problems caused by our simplified compartment modetyranp was more than twice that f6PRe-HEDP, whereas
_Under_estimati_on Of bone up_take may b_e especia_lly possitﬂlge remaining nonskeletal body activities were in the same
in patients with high soft-tissue activity and high backy, o0 afier 24 h (Fig. 2). Although the fact that different

ground activity. Therefore, our future studies will 'ncmdj)atient populations were studied for the two radiopharma-

m(_easureme_nt of urinary excretion by S|mpl_e cumulat Seuticals may be one reason for the different bone uptake
urine sampling to prove the calculated excretion data. Nev-

15 - 8 - i
ertheless, after modification foi¥®Re-HEDP and'*3Sm- values for*:Sm-EDTMP and™Re-HEDP, the patient sub
: . . sets had a comparable extent of bone metastases and a
EDTMP, the new method has, in comparison with data frorsT}miIar age and sex distribution (Tables 1 and 2). Thus, the
the literature, proven reliable as a quantification tool. 9 ' '

gher bone uptake values fé¥*Sm-EDTMP seem to be

The new aspect of this method, however, is the possibilirg-' ted t dif ¢ biodistribution for the two t
of separately measuring bone uptake and soft-tissue retgpdted to a difterent biodistribution for the wo tracers.
urthermore, soft-tissue clearance was more rapid in pa-

tion in contrast to measuring whole-body retention. As first {3595 ith s L
indicated by Smith et al.10), the overall ratio of bone to U€NtS reated with>Sm-EDTMP, with a remainder activity

soft tissue is approximately 2.5:1 f§f"Tc-HEDP. This ©f 38% at3 h compared with 49% fé#Re-HEDP. From 3

ratio results in a significantly lower bone uptake as mef2 24 h after injection, the soft-tissue activity &ffRe-
sured by 24-h whole-body retention. Similar findings wereEDP decreased in accord with a steadily increasing uri-
obtained for®"Tc-HDP, yielding a soft-tissue retention ofi@/y excretion rate, whereas renal clearance *fém-
13.5%+ 6.2% at 24 h after injection using our quantificaEDTMP was less than 20% of the total activity excreted,
tion method {3) and using a whole-skeleton ROI awith most of the soft-tissue activity shifting to the bones.
recently published20-29. As expected, the same pharma- Thereby, no significant correlation between soft-tissue
cokinetic pattern could be proven for th#Re- or53Sm- retention and the extent of bone metastases could be shown
labeled phosphonates. Both compounds showed a mé@iheither radiopharmaceutical, as would be expected for
soft-tissue retention of approximately 13% of the initiapatients with a normal creatinine clearance. For bone up-
whole-body activity, whereas bone uptake was approxgke, however, a positive linear correlation with the number
mately 22% for'#Re-HEDP and 48% fole3Sm-EDTMP at and extent of bone metastases was observed>fSm-
24 h after injection. EDTMP, for example, a mean bone uptake of 38% was
Thus, skeletal uptake #*Re-HEDP and®3Sm-EDTMP found at 24 h after injection in patients with fewer than 10
is lower than calculated with standard whole-body retentidtone metastases, whereas the mean bone uptake value in-
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