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Abstract. In a trial to improve results of therapy with i53Sm-EDTMP for pain control in patients with
disseminated bone metastases dosimetric studies were performed. Out of 30 treated patients 8 were selected for
the study at random (5 breast Ca., 3 prostate Ca.). Whole body retention (WBR) of 99mTc-DPD and 99mTc-
EDTMP was compared with WBR of l53Sm-EDTMP. Volume of metastases and regional 99mTc-phosphonate
uptake were assessed by SPECT and conjugated whole body scan data after phantom studies. Effective half-life
was estimated also. Clinically results of pain control, side effects and changes of in vitro parameters were
followed after therapy for up to 8 months. Therapy was performed in these patients with 55,5 MBq/kg body
weight. Results showed an identical pattern of radioactivity distribution on 99mTc-phosphonate and l53Sm-
EDTMP posttherapy scans, WBR of tracers and therapeutic agent was similar. Tumour volumes were 151-652
mL, count ratios metastases/normal bone 1,72-2,41, so that 6-50% of applied l53Sm-EDTMP were concentrated
in bone lesions. This gave dose estimates of 2,8-13,7 Gy in metastases. Evaluation of clinical results showed that
the majority of very good results were observed in patients receiving > 10 Gy (n = 3) while with lower doses only
1/4 responded very well. 1 patient was lost to follow-up due to death in the first month after therapy. Moderate
and transient myelodepression (platelets) was seen in 3/7 patients without relation to Gy applied. As obviously
153Sm concentration is not homogenous in bone metastases it can be assumed, that in border zones between
tumour and bone 3 0 ^ 0 Gy can be delivered when 10 Gy are calculated for the whole lesion, which would
explain the satisfactory therapeutic effect in our study. The dosimetric approach to l5jSm-EDTMP therapy could
necessitate the application of higher amounts of b3Sm-EDTMP to reach adequate radiation doses in lesions
without necessarily increasing risk of myelodepression and with even better clinical results.

1. INTRODUCTION

'53Sm-EDTMP is used since years for pain reduction in patients with disseminated bone
metastases (1), recently it has also been applied for therapy of inflammatory joint diseases (2).
Satisfactory results were reported in 66-80% of treated cases, the radiopharmaceutical was applied in
,,doses" of MBq/kg body weight. Considering the different extent of bone lesions and varying uptake
patterns the differing and not optimal response rates could be possibly improved by an individually
performed dosimetry before therapy.

2. MATERIAL AND METHODS

Overall 30 patients were treated with 153Sm-EDTMP since 1996 (Table I).

Pain and mobility situations were scored before and after treatment (Table II). Diagnosis was
assessed by bone scans (99mTc-DPD, 555 MBq), bone x-ray films, histology of the primary tumour and
tumour marker assays (CEA, CA 15-3, SCCA, PSA). Blood counts, liver enzymes (especially
alkaline phosphatase), electrolytes, creatinine and ESR were registered before and after therapy
according to a well-defined follow-up program (Table III). 153Srn-EDTMP (Quadramet CIS-BIO) was
still applied in amounts of 28,0 MBq to 67,5 MBq/kg body weight, with a mean total activity of
2971 MBq (Table IV). Whole body retention of 99mTc-DPD and 153Srn-EDTMP was indirectly
assessed by measuring

24 h urine activity. 8 of the patients were selected for detailed studies to define tumour volume,
uptake of either 99mTc-DPD or 99mTc-EDTMP in bone lesions and biological half-life of the tracers in
metastases receiving 55 MBq I53Sm-EDTMP/kg. For this purpose they had SPECT of relevant body
regions with a dual head y-camera (Helix Elscint) with LEAP collimators, where lesion volumes were
estimated by comparison with pixel numbers from studies with a Jaszak-phantom using different
target volumes and comparable count rates (Fig. 1).
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TABLE I. PATIENT MATERIAL

Prostate Ca. 10 males 13/females 17
Breast Ca. 15 age X 67,0 yr. (23-81)
NSCLC 2 weight 48-84 kg
Carcinoid 1 bone scan index X 56,4
CUP 1 Mo. 18
Lymphangiosarc. 1 Mo. + NSA 8

NSA 4

NSCLC — non small lung cancer CUP = cancer unknown primary
Mo. = continuous morphine medication NSA = non steroidal analgesics.

TABLE II. SCALE FOR CLINICAL EVALUATION OF EFFECT OF NUCLEAR MEDICINE
THERAPY OF DISSEMINATED BONE METASTASES

Degree of pain
I. needs morphine or similar alkaloids 3 x/day

II. needs morphine or similar alkaloid 1 x/day in addition Diclofenac or similar preparation
III. needs Diclofenac or similar preparation 2-3 x/day
IV. no analgesics necessary

Degree of mobility
A. bed-ridden
B. can walk with assistance
C. can walk without assistance, yet mobility somewhat impaired
D. can move freely

TABLE III. FOLLOW-UP PROGRAM

• 3, 6, 12 weeks after therapy, then 5, 8, 12 months after therapy.
• Parameters obtained: history (pain/mobility scale, pain diary, additional therapy).
• Blood count, ESR, tumour markers, UN, Creatinine, Ca, P, liver parameters.
• Bone scans 3 months, 6 months, 12 months after therapy.
• bone radiology 5, 12 months after therapy.

TABLE IV. "DOSAGE" AND WHOLE BODY RETENTION

"Dosage"
37 MBq/kg (8)
55 MBq/kg (20)
28 MBq/kg (1)
67 MBq/kg (1)

Applied activity
X2.971.2
SD 898,0

Retained activity
X68,6%

SD0,13%

To assess regional uptake also these SPECT data were used but also data on relative retention
of activity in the whole body, in the normal skeleton and in kidneys using conjugated views of whole-
body scans (Fig. 2). These data allowed to estimate radiation dose to bone metastases according to the
standard MIRD-formula:

activity(MBq)
Gy = volume(ml) x residence time (t) x s (mGy/MBq/s.)

113



FIG. 1. SPECT-slices of Jaszak-Phantom with VVmTc "hot spots " 125 mL, 20 mL, 6 mL, 2 mL.
Count rate lesion/backgroimd= 3/1, background activity 37 kBq/mL, lesion 11 ikBq/mL.

TABLE V. ESTIMATED TUMOUR VOLUMES, ACTIVITY IN TUMOUR AND RELATION TO
WHOLE BODY RETENTION (WBR).

Retained activity
in tumour of WBR

X
Range SD

TABLE VI.

Pat.
S.B.
B.R.
D.A.
S.C.
P.E.
H.D.
A.G.
H.O.

22,2%
15-55%

RESULTS

Ca.type
Breast
Prostate
Prostate
Prostate
Breast
Breast
Breast
Breast

Retained
skeleton

activity in Retained activity
of WBR /10

84,7%
76,7-!38,0%

DOSIMETRIC THERAPY TRIAL

MBq applied
4.958
3.811
3.441
3.885
3.380
2.793
2.960
2.479

Tu. volume (mL)
410
226
503
652
421
350
302
151

mL Tu. (MBq)
13,8

5,1-25,4

Tu.-Volume
(mL)
363

151-652

WITH 153SM-EDTMP

Gy
4,0
9,2
5,1

13,7
10,0
11,0
6,0
Z,5

Effect Side
++ (

9

+
++
++ (
++
+

effects
•+)
9

0
0
+)
0
0
;+)

+ + = good + = satisfactory ? = no follow up (+) moderate, transient thrombopenia

TABLE VII. IN VITRO CHANGES AFTER THERAPY

Thrombocytopenia
Leukopenia
alkaline Phosphatase •!•
Tu.-markers I-

<70 000 =0/8
<2 000 = 1/8

= 6/8
= 3/8
= 1/8

< 100 000 = 3/8
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FIG. 2. Left: SPECT-slices after 99mTc-DPD with ROI over spinal and rib metastases permitting by
addition estimate of tumour volume. Right: Whole body scan with ROI over whole body and
metastases permitting estimate of radioactivity concentration in tumour.
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FIG. 3. Identical uptake of153,
bone metastases of breast cancer.

'Sm- and"mTc-phosphanate (153Sm left, 99mTc right) in disseminated

Results of therapy were classified as "very good = ++", meaning in improvement of > 2 points
of the pain/mobility score, "good = +" when improvement of the score was 1-2 points, "negative = - "
when no improvement was registered. "No follow-up possible = ?" refers to patients which died
before 1 month after therapy. These deaths were never due to complications of 153Sm-therapy. Side
effects (thrombocytopenia, leukopenia) were also noted as well as changes in tumour marker values,
alkaline phosphatase and calcemia.

3. RESULTS

Twenty-four h urine excretion and therefore whole body retention was similar for 99mTc-
phosphonates and 153Sm-EDTMP (70,5 + 0,2%, vs. 68,2 ± 0,1%). Estimated tumour volumes,
however, varied considerably as well as count rates over tumour and normal bone which also gave
differing values for uptake of the radionuclides in tumour metastases (Table V). Post-therapy scans
showed identical uptake patterns for 99mTc-phosphonates and 153Sm-EDTMP (Fig. 3). Analyzing the
data from dose estimates it appears that patients receiving > 10 Gy to the tumour had in general a
better result than those with lower doses (Table VI). Bone marrow toxicity was moderate, never
required specific therapy, was transient and obviously not related to radiation dose in the tumour.
Changes of other in vitro parameters are shown in Table VII.
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4. DISCUSSION

The results of our dosimetric approach to 153Sm-EDTMP therapy in 8 patients should obviously
be considered as preliminary. They justify, however, more detailed studies concerning dosimetry of
'53Sm-EDTMP therapy (3). Obviously it is incorrect to assume a homogenous uptake of l53Sm-
EDTMP in bone metastases (4). There is evidence that labelled phosphonates accumulate in border
zones between tumour tissue and bone, where an intense activity of osteoblasts can be observed. This
could mean that the 640-810 keV of the 13"- radiation of 153Sm affects especially these zones and
scarcely the center of a large metastasis. On the other hand the radiation dose to the border zone must
be obviously much higher than a dose estimate involving the total volume of a metastasis. It can be
assumed that in these border zones with high 153Sm-accumulation local doses of at least 30-40 Gy can
be achieved with an average dose to the whole lesion of 10 Gy. It would seem logical to use the high
energy J3"-radiation of 90Y-EDTMP (5) for the treatment of metastases with a large volume, as a
therapeutic effect could be expected also in deeper layers of the tumour tissue. We know that 40 Gy
can achieve remissions in radiotherapy of cancer (6) and we should therefore try to reach at least 15
Gy in the total tumour volume. Whether such increased doses requiring larger amounts of 153Sm-
EDTMP can be applied safely should be assessed by prospective studies. Applied activities of 74
MBq/kg body weight 153Sm-EDTMP and more were reported but the somewhat increased
myelotoxicity of such strategies was not analysed concerning it's relationship to tumour dose (7). We
hope therefore that adequate dosimetry of 153Sm therapy can further improve it's results and that
similar approaches will become possible also for other forms of radionuclide therapy.
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