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SOME RADIATION PROTECTION PROBLEMS CONNECTED
WITH THE USE OF 186Re-HEDP AND 153Sm-EDTMP
FOR PALLIATIVE THERAPY OF BONE METASTASES

V. HuSak, M. MysliveZek
Department of Nuclear Medicine, University Hospital

Olomouc, Czech Republic

The relief of pain in patients with painful skeletal metastases, particularly in prostate and
breast cancer, is usually achieved by administering "Sr-chlorid (pure beta emitter with half-life of
50.5 d). Recently, 186Re-HEDP and 153Srn-EDTMP have been proposed for this purpose because
these radippharmaceuticals, may-be more effective than "Sr-chlorid due to their capability to
deliver radiation doses at higher dose rates. Patients given radioactive substances become sources
of radipactivity and present a hazard to those with whom they come into contact. Departments of
nuclear medicine equipped with wards can hospitalize such patients. However, inpatient
admission is unpopular with patients, inconvenient for their relatives and contributes enormously
to the cost of treatment. Of course, the decision whether the radiopharmaceutical administration
should be done as an inpatient or outpatient procedure depends mainly on the clinical condition
of a patient.

The "Sr treatment can be safely administered on an outpatient basis and it would be very
advantageous to administer I86Re-HEDP and 153Sm-EDTMP to ambulatory outpatients, too. So far, a
little information about this problem has been published. The 6 hr isolation of patients in the
department of nuclear medicine after the 186Re-HEDP administration is recommended by Hoekstra
(1992), by Fisher (1995) and by company Mallinckrodt Medical (DiphoTher 1995). Lewington
(1993) states that the I53Srn-EDTMP therapy necessitates hospital admission for 24 - 48 hours
following injection. Havlik et al. (1995) report that the patients treated with I53Sm have to stay in
therapy station of the department for 6 0 - 8 4 hours according to the radiation protection
regulations in Austria.

The aim of our paper is to assess whether trie ambulatory (outpatient) therapy with
186Re-HEDP and 153Srn-EDTMP is possible in our country.

Physical characteristics. 186Re with a relatively short physical half-life (T1/2 = 89.3 h) has
beta-emissions useful for therapy (Emax = 1.07 MeV) and gamma-emission suitable for external
imaging (Eg = 137 keV) with a photon yield of 9.45 %. Likewise, 153Sm-EDTMP has favourable
physical characteristics - a physical.half-life of 46.27 hr, 640 keV (30%), 710 keV (50 %) and 810
keV (20 %) beta emissions and 103 keV (28 %) gamma emission.

Administered activity. The usual activity of 186Re-HEDP administered to one patient ranges
from 1.3 to 1.5 GBq; administered activities up to 3 GBq were reported. In case of "3Sm-EDTMP
the administered activity ranges from 1.3 to 3 GBq, the typical one being 2 GBq.

Biokinetics of radiopharmaceuticals. During 3 hours after injection of 186Re-HEDP 20 - 40
% of activity is accumulated in bones; during 6 hours after injection 40 - 60 % of administered
activity is excreted in urine.

Accumulation of 153Sm-EDTMP in bones is 50 - 60 % during 2 - 3 hours, the excretion in
urine is 40 - 60 % during 6 hours after injection.

Radiation protection .characteristics. Gamma-ray dose constants of ^Re and 153Sm are 4.91
and 24.4 u-Gy.mVhr/GBq, respectively. Dose rate in 1 m distance from the adult patient
administered with 186Re-HEDP is 1.2 ^v/hr/GBq, and with 153Sm-EDTMP 5-3 (iSv/hr/GBq (Eary
et al. 1993, Havlik et al. 1995).
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According to the ICRP Publication 6l annual limit of intake (ALI) by ingestion is 20 MBq
for both M6Re and 153Sm. The effective dose from 1MRe-HEDP is 0.38 mSv/MBq (adult) and 2.6
mSv/MBq (1 - 2 year old child). The effective dose from l53Sm-EDTMP is 0.3 mSv/MBq (adult) and
2.1 mSv/MBq (1 - 2 year old child) (Havlik et al. 1995).

Irradiation of patient*s relatives. There are two sources of irradiation of relatives (or any
other individuals who spend significant time close to the patient) of patients discharged from the
hospital: external exposure and internal contamination. The estimate of the effective dose to
family members was made under the following conservative (worst-case) assumptions:

- radiopharmaceuticals were administered to an outpatient, i. e. the patient is discharged
immediately after injection in the department of nuclear medicine;
- a family member spent time, at average distance of 1 m from the outpatient, to complete decay

of radionuclide in the body; the amount of the radiopharmaceutical in the body decreased due to
radioactive decay alone (biological elimination is not considered);
- ingestion by family member of 0.01 % of the excreted activity in the urine occurred during

patient s stay in his family (Hoekstra 1992);
The rough estimate of the external dose received by the family member at one meter

from the patient is calculated according to the foUowvng expression obtained b \ vnvegvaUng, One
dose rate h ( uSv/hr/GBq) to complete decay

D = h x A x 1.44 x Tp (
p

where A is administered activity (GBq) and 1.44 x Tp residence time (hours) of the
radiopharmacetical in the body; it is assumed that activity of radiopharmaceutical in the body
decreases monoexponentially with the physical half-life Tpof the radionuclide. The administered
activity is considered 2 GBq for both )MRe-HEDP and I53Sm-EDTMP. The effective dose to
children can be approximately assumed to be equal to adult effective dose (Yamaguchi 1994).

In case of 18(iRe-HEDP h = 1.2 uSv/hr/GBq at one meter, A = 2 GBq, Tp = 89.3 hr; then
the external dose D = 0.31 mSv.

For 153Sm-EDTMP h = 5-4 uSv/hr/GBq at one meter, A = 2 GBq, Tp = 46.3 hr, D = 0.72
mSv.

So far, no results of monitoring relatives of outpatients treated by these substances have
been published. Some data are available on radiation doses actually received by family members
of out-patients treated for thyreotoxicosis to whom 131I was administered. The analysis of three
papers (Harbert and Wells 1974, Wasserman and Klopper 1993, Thomson et al. 1993) shows that
the dose to family members ranges from 1 to 5 (iSv/GBq I31I. By multiplying the average value of
2.5 u£v/GBq by the ratio of gamma ray dose constants of 186Re and 13'I and by the ratio of
half-lives of i8SRe and 131I the dose to the family member 0.11 mSv/GBq 186Rc-HEDP is obtained.
The same procedure for "3Sm-EDTMP yields 0.27 uSv/MBq. The comparison of the doses
calculated by us and those estimated using measured 131I data suggests that our approach may be
considered realistic.

The family member's ingestion of 0.01 % of the excreted activity in urine corresponds to
0.1 MBq 184Re-HEDP or 153Srn-EDTMP (it is approximately assumed that half the activity
administered to a outpatient is excreted in urine); the adult's effective dose is 0.04 mSv and the 1
- 2 year old child dose is 0.26 mSv. The corresponding effective doses to family members in case
of 153Srn-EDTMP are 0.03 mSv and 0.20 mSv.

Undoubtedly, the family member's ingestion of 0.01 % of the activity excreted in the
outpatient urine is very unlikely. This statment is supported by the results of work by Buchan
and Brindle (1971) who measured 131I uptake in the thyroid of 11 family members of 13iI therapy
patients to whom no special instructions regarding precautions had been given; the maximum
uptake of 3-8 Bq per MBq administered was found. The existing information summarized in
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.Report NUREG-1492 (1994) suggests that internal doses to family members from intake of 131I are
likely to be much less than external doses.
: The estimates of the total exposure of family members due to 186Re-HEDP and

153Srn-EDTMP are given in Tab. 1.
Comparison with limits. In the proposed amendment of Czech regulations which will

come into force in the near future it is stated that a patient containing the radioactive substance
for therapeutic purposes can be discharged from the hospital if it is ensured that the annual
effective dose to the family members does not exceed 5 mSv in case of adults and 1 mSv in case
of children. The ICRP recommends an annual limit of 1 mSv for the general public but in special
circumstances a higher value could be allowed in a single year provided that the average over
5 years does not exceed 1 mSv per year.

In Tab. 1 it is seen that the effective dose to children is not sufficiently below the annual
limit of 1 mSv. It must be taken into account that the palliative therapy with 186Re-HEDP or
153Sm-EDTMP is repeated twice or more times during one year (there is minimum time interval of
6 to 8 weeks between administrations) and each injection of radiopharmaceuticals contributes to
the exposure of the family members of outpatients. Also, there may be a great variation in
exposure rate near patients because of a variation in retention of radiopharmaceuticals in their
bodies.

Therefore, it seems reasonable to accept the 6 hr delay in a release of the patient from
the hospital as it is suggested by Hoekstra (1992), by Fisher (1995) and by company Mallinckrodt
Medical (DiphoTher 1995) in case of 186Re-HEDP. Because within 6 hours following
administration about 50 % of the administered activity is excreted the doses to family members
are about a half ones given in Tab.l. Moreover, patients are given instructions designed to reduce
the radiation dose to family members and other members of the public by restricting the patient's
behaviour.

Our calculation shows that the difference between 186Re-HEDP and 153Srn-EDTMP as to
the total radiation hazard to household members is not too large. Therefore, the 6 hr stay of the
patient in the department of nuclear medicine could be applied also in case of 153Sm-EDTMP
therapy.

Conclusions. The outpatient administration of 186Re-HEDP and "3Sm-EDTMP with the
subsequent keeping the patient for 6 hours in a department of nuclear medicine appears to be in
compliance with regulations proposed in our country as well as with ICRP Recommendations. Of
course every department of nuclear medicine planning the administration of these
radiopharmaceuticals must send application to relevant regional hygienic center for a licence
which must be strictly adhered to.
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Tab. 1 Approximate estimates of the effective dose to the out-patient's family members.
It assumed that a patient leaves the hospital immediately after the administration
of the radiopharmaceutical.

Substance Administered
activity
(MBq)

Effective dose
(mSv/year)

ext. int.

Total effective
dose

(mSv/year)

Adult
186Re-HEDP

153Srn-EDTM

186Re-HEDP
153Sm-EDTM

2000
2000

1

2000
2000

0,31
0.72

0,04
0.03

- 2 year old child

0,31
0,72

0,26
0,20

0,35
0,75

0,57
0,92


