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188Re-Hydroxyethylidene diphosphonate (188Re-HEDP) was
used in previous studies for the palliative treatment of meta-
static bone pain. However, the kinetic and radiation-absorbed
doses have not been well documented. Therefore, the aim of
this study was to gather dosimetric data for 188Re-HEDP. Meth-
ods: Thirteen prostate cancer patients with skeletal involvement
were treated with 2,700–3,459 MBq (mean dose, 3,120 MBq)
188Re-HEDP. Patients underwent whole-body scans 3, 20, and
28 h after therapy. The effective half-life, residence time, and
radiation-absorbed dose values were calculated for the whole
body, bone marrow, kidneys, and bladder as well as for 29 bone
metastases. The urinary excretion rate was determined in 6
urine samples of each patient collected over 48 h at 8-h intervals
beginning immediately after the administration of 188Re-HEDP.
After injection of 188Re-HEDP, blood samples were taken weekly
for 6 wk, and platelet and leukocyte counts were performed.
Results: The mean effective half-life was 15.9 � 3.5 h in bone
metastases, 10.9 � 2.1 h in the bone marrow, 11.6 � 2.1 h in the
whole body, 12.7 � 2.2 h in the kidneys, and 7.7 � 3.4 h in the
bladder. The following radiation-absorbed doses were calcu-
lated: 3.83 � 2.01 mGy/MBq for bone metastases, 0.61 � 0.21
mGy/MBq for the bone marrow, 0.07 � 0.02 mGy/MBq for the
whole body, 0.71 � 0.22 mGy/MBq for the kidneys, and 0.99 �
0.18 mGy/MBq for the bladder. 188Re-HEDP showed a rapid
urinary excretion within the first 8 h after therapy, with 41% of
the 188Re-HEDP administered being excreted. Forty-eight hours
after therapy, the excretion rate was 60% � 12%. Only 1 patient
showed a decrease of platelet count below 100 � 109 counts/L.
None of the patients presented with a decrease of leukocyte
count below 3.0 � 109 counts/L. Conclusion: 188Re-HEDP is an
effective radiopharmaceutical used in the palliative treatment of
metastatic bone pain. The radiation-absorbed dose is accept-
able for bone pain palliation with low doses for the normal bone
marrow and the whole body.
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The skeleton is a frequent site for metastases in prostate
and breast cancer. Resulting bone pain interferes with the
patient’s quality of life and requires effective treatment.
Unfortunately, various nonradiotherapeutic modalities—
such as analgesics, hormone therapy, orchidectomy, cyto-
static and cytotoxic drugs, bisphosphonates, and surgery—
are not effective especially in the late stages of the disease.
External-beam radiotherapy is suitable only for well-defined
localized bone metastases. Extended field radiation may be
useful in patients with diffuse metastases but is often ac-
companied by serious side effects. Therefore, systemic ra-
dionuclide therapy must be taken into consideration as a
valuable and effective method of treatment of patients with
widespread skeletal metastases.

The various radiopharmaceuticals that are used for
palliative treatment of bone metastases include89Sr, 32P,
131I-�-amino-(4-hydroxybenzylidene)-diphosphonate,90Y,
186Re-hydroxyethylidene diphosphonate (186Re-HEDP), and
153Sm-ethylenetriaminetetramethylene phosphonate (153Sm-
EDTMP). More recently,117mSn-diethylenetriaminepenta-
acetic acid,188Re-HEDP, and188Re-dimercaptosuccinic acid
have been reported to be effective for bone pain palliation.

For�4 y, we performed therapy with188Re-HEDP for the
palliative treatment of bone metastases. The favorable phys-
ical characteristics of the radionuclide for its use in pallia-
tive therapy are a short physical half-life of 16.8 h and a
maximal�-energy of 2.1 MeV with a 15%�-component of
155 keV. This�-component allows the determination of
tissue distribution of the radiopharmaceutical for dosimetric
calculations.

High skeletal accumulation of188Re-HEDP and rapid
renal excretion maximally at 1 h after injection were found
in animal experiments (1). The biologic half-life was 60.9 h
in bone, 2.99 h in muscle tissue, and 6.21 h in blood (1).

For calculations of radiation-absorbed doses, it is neces-
sary to take into consideration the complexity of osseous
tissue consisting of cortical and trabecular structures as well
as bone marrow. Cortical bone consists of central haversian
canals lined with a layer of endosteum and surrounded by
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bone lamellae. Trabecular bone is formed as a complex
network of bone trabeculae and tissue cavities (2). Osteo-
genic cells are found on the surface of the trabecular bone
cavities and line the haversian canals within cortical bone
(3).

Normal bone remodeling is a balance between the resorp-
tive activity of osteoclasts and the bone-forming function
mediated primarily by osteoblasts (4). Phosphorus com-
pounds are able to accumulate in the organic part of bone
tissue (5) followed by a strong binding on hydroxyapatite
crystals (6). The uptake of radiolabeled compounds such as
188Re-HEDP depends on 2 factors, the local blood flow and
the rate of osteogenesis (7).

The local effects of bone metastases result in increased
bone destruction (osteolysis), reactive increase in bone for-
mation (osteosclerosis), or both (8), suggesting that the
physiologic processes of resorption and formation in normal
bone are not completely lost in bone metastases.

Reformation of bone takes place within or around metas-
tases; therefore, often a uniform lesion model is used for
macroscopic level dose calculations (9,10). Using this
model, the following assumptions are made (11): (a) the
morphology of the lesion is homogeneous, (b) the distribu-
tion of radioactivity within the lesion is uniform, and (c) the
energy emitted by decay of the radionuclide is �90% (12)
deposited within the lesion if the diameter is �15 mm (13).
As an alternative method, the surface model was used, with
the assumption of a distribution on the surface up to a depth
of 1 �m of a lesion (9–11). In this context, Maxon et al. (10)
described a higher radiation-absorbed dose in the lesion
using the surface model in comparison with the uniform
model.

The major dose-limiting factor for radionuclide therapy is
bone marrow toxicity, which results in a reduction in pe-
ripheral blood count, especially counts of platelets. The
absorbed dose to the bone marrow from radionuclides in-
corporated in the bone has 4 sources: (a) radioactivity
within the blood and extracellular fluid (14) of the marrow,
(b) radioactivity fixed to the endosteum, (c) radioactivity in
the bone matrix, and (d) radioactivity in all other surround-
ing organs (15). Because most of the radiopharmaceuticals
used in bone palliation therapy localize predominantly in
the skeletal tissues and emit primarily high-energy �-parti-
cles, the marrow absorbed dose results mainly from (b) and
(c) (15).

We determined the kinetics and calculated the radiation-
absorbed dose for 188Re-HEDP using the uniform lesion
model.

MATERIALS AND METHODS

Preparation of 188Re-HEDP
188Re-HEDP was prepared as described by Lin et al. (1) and

Palmedo et al. (16). 188Re-Perrhenate was obtained from a 38-GBq
alumina-based 188W/188Re generator (17) (Oak Ridge National
Laboratory). The generator was eluted with 20–25 mL of 0.9%
saline. The generator eluates were concentrated to about 1.2 mL

using a tandem cation/anion concentration system (18), which
consists of an Ag Plus cartridge (Alltech Associates) attached to a
3-way stopcock connected at the outlet to the QMA anion-trapping
SepPak (Waters Corp.) anion-exchange column. The concentration
system was housed in an acrylic shield.

Kit vials were used to weigh 8.3 mg of HEDP (Fluka Chemie
AG), 3.0 mg of gentisic acid (Sigma-Aldrich), and 3.9 mg of
stannous chloride dihydrate (Merck), which were mixed with 1.0
mL of carrier-added 188Re-generator eluate (10 �L HReO4 [Al-
drich], 100 �mol/mL physiologic saline). The solution was heated
at 96°C–100°C for 15 min. After cooling to room temperature, 1
mL of sterile 0.3 mol/L NaOH solution was added to adjust the pH
to 5–6.

Quality control of carrier-added 188Re-HEDP was performed
with thin-layer chromatography (TLC) using silica gel (ITLC-SG)
strips (Gelman). In addition, anion-exchange chromatography was
performed based on gradient elution with increasing concentra-
tions of NaCl solutions using a QMA SepPak column. The radio-
chemical purity determined by both procedures (ITLC and ion
exchange) was �90%.

Sterility and pyrogen tests were performed on each preparation.

Patient Selection
Eighteen male patients (mean age, 67 y; range, 56–87 y) with

disseminated bone metastases from prostate cancer received a
single intravenous injection of 188Re-HEDP (range, 2,700–3,459
MBq; mean dose, 3,120 � 419 MBq). The data from 5 of the 18
patients could not be included because complete gamma-camera
scan data were not obtained, reducing the number of patients
investigated to 13.

Chemotherapy and bisphosphonate therapy were discontinued 8
wk before the radiopharmaceutical injection. In accordance with
the Helsinki Declaration, all patients were informed comprehen-
sively about the study and possible side effects and were provided
with a leaflet. Approval was obtained from the local ethics com-
mittee.

Study Design
All patients were hospitalized for 48 h. 188Re-HEDP was ad-

ministered as a bolus injection followed by flushing with physio-
logic saline. In 13 patients, anterior and posterior whole-body
images were obtained using a dual head, large-field-of-view
gamma camera (Genesys; ADAC Laboratories) at 3, 20, and 28 h
after injection of 188Re-HEDP. A 10% window was centered
around a peak of 155 keV, and the camera was moved with a speed
of 15 cm/min. We used high-energy collimators to reduce the
effect of the bremsstrahlung to the image quality. The whole body
was scanned, together with a standard of 188Re-HEDP in a lead and
acrylic container. Nine patients underwent a posttherapeutic
SPECT scan at 19 h to determine the volume of bone metastases.
After reconstruction, each dataset was sectioned at 1-pixel (0.68
cm) intervals along the transverse and coronal planes. A 64 � 64
matrix was used. Calculations were then performed directly on the
reconstructed data (19). We delineated the perimeter of the lesions
of SPECT data (Figs. 1 and 2) with a threshold of 43% (20) in all
slices in which we could visualize the lesions. The volume of bone
metastases was calculated based on the number of voxels with a
threshold of 43%. Evaluation of the posttherapeutic data was
performed by only 1 investigator to avoid interobserver variability.
The nodule module of MIRDOSE3.1 was available only for
spheric volumes. The differences between spheric and ellipsoid
geometry in absorbed energy were ignored because of the relative
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large volume of the investigated bone metastases (all diameters of
bone metastases, �15 mm (13)). Thus, we assumed that the greater
part of the energy would be deposited in the bone metastases. In an
additional 5 patients with 11 bone metastases, we compared our
volume determinations using SPECT data with the volumes esti-
mated using CT. We found a deviation of 19% � 10% between the
2 methods; the maximal deviation was 32% (Table 1).

Total whole-body counts were calculated as a geometric mean
using the anterior and posterior scans. To determine the fraction of
the injected activity in metastases as well as in the whole skeleton,
kidneys, and bladder, background-corrected counting rates mea-
sured in regions of interest (ROIs) over metastases and various
organs were divided by the background-corrected counts of the
standard. The results were related to the administered dose.
Thereby, a calculation of the 188Re uptake in the percentage in-
jected dose (%ID) in the whole body, metastases, and organs was
performed in 13 patients. For 4 patients without SPECT data, we
calculated only the radiation-absorbed dose of the whole body,
bone marrow, kidney, and bladder.

For determination of the blood clearance curve, serial blood
samples were collected in heparinized tubes from each patient over
6 h at 1-h intervals and also after 20 and 28 h following therapy to
determine the activity in the blood. The total activity in the blood
pool was normalized as a percentage of the injected activity.
Pooled urine samples were collected at 0–8, 8–16, 16–24, 24–32,
32–40, and 40–48 h after 188Re-HEDP administration to measure
the total body clearance by urinary excretion. To determine any

bone marrow impairment, leukocyte and platelet counts were
determined weekly for 6 wk. A 12-wk blood count was obtained to
show late effects or, conversely, improvement after an initial
depression.

Calculations to determine the absorbed dose were performed
using the MIRD schema. The effective half-life (t1/2eff

) was deter-
mined from the fitted time–activity curve (activity as a percentage
of the administered dose) in the ROI by the least-squares method
assuming a monoexponential uptake function. The residence time
was calculated from the area under the time–activity curve. The
residence time (�j) is the ratio of the cumulated activity (Ã) and the
administered activity (A0) (21):

�j � Ã/A0.

The cumulated activity (Ã) is defined as the time integral of Ah(t)
(activity in a specific ROI over time) (21):

Ã � �
0

	

Ah
t�dt.

The activity in bone was determined using the following equation:

Abone
t� � A0 � 
Acollected urine
t� � Ablood
t�

�Akidney
t� � Abladder
t�),

FIGURE 1. Example of large osteoblastic bone metastases in
corpus sterni. (A) Visualization of metastases by coronal slice of
CT. (B) Visualization of metastases by coronal slice of 188Re-
HEDP SPECT.

FIGURE 2. Example for volume estimation in same bone me-
tastases as in Figure 1. (A) Volume estimation of metastases by
multiplying thickness of each slice by sum of areas enclosed by
boundaries. (B) Volume estimation of metastases by number of
voxels enclosed by boundaries with threshold of 43%.
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where Abone(t) is activity in the bone as a function of time, Acollected

urine(t) is activity in the urine samples within 48 h from 0 to t, Ablood(t)
is activity in the blood samples at time t, Akidney(t) is activity in the
kidneys at time t, and Abladder(t) is activity in the bladder at time t.

With the MIRD schema (21), we calculated the radiation-
absorbed dose:

Dk � A0¥j�j � Sj
rk4 rj�,

where Sj(rk 4 rj) is the S value, the mean absorbed dose per unit
accumulated activity with j as the source and k as the target.

The distribution of the radionuclide in the metastases was
assumed to be homogeneous. The volume and residence time data
were entered into the nodule module option of the MIRDOSE3.1
program (22) to obtain the specific radiation-absorbed dose values
for assumed soft-tissue tumors. This calculation was performed for
29 bone metastases.

For estimation of the radiation-absorbed dose to the bone mar-
row we considered 3 sources of radiation: (a) trabecular bone, (b)
cortical bone, and (c) activity in bone marrow. According to the
International Commission on Radiological Protection (ICRP) (23),
an equal distribution of the radionuclide to trabecular and cortical
bone was assumed. The activity in the bone marrow was deter-
mined by multiplying the activity concentration in blood by the
blood volume of bone marrow. A value of 100 mL was assumed
as a standard blood volume of bone marrow, in accordance with
ICRP Publication 70 in Reference Man (24), which also fits with
the data of Sgouros (14). A more precise model for radiolabeled
antibody therapies is designed by Sgouros (25), including the
determination of marrow-rich regions with different marrow ki-
netics.

RESULTS

The kinetic data of 188Re-HEDP for 13 patients are shown
in Figures 3–5. The %ID values for the whole body, the

skeleton, and the bone metastases are corrected for physical
half-life. The urinary excretion of 188Re-HEDP is rapid
within the first 8 h and, after 48 h, 60 � 12 %ID of the
188Re-HEDP was excreted (Fig. 3). The whole-body reten-
tion is shown to be roughly inverse to the cumulated urine
activity (Fig. 4). The decay-corrected whole-body activity
expressed as the percentage of the applied uptake of the
whole body decreased quickly (Table 2). In contrast, the
decrease of the decay-corrected activity in bone metastases
was slow (Fig. 5). The biologic half-life (t1/2biol

) was 51 �
43 h in the whole body compared with a t1/2biol

of 269 �
166 h in bone metastases (Table 3). The decrease of activity
in the skeleton was also slow (Fig. 4). We found a longer
t1/2eff

in bone metastases (15.9 � 3.5 h) in comparison with
the whole body (11.6 � 2.1 h) (P 
 0.0010) (Table 3).

The specific radiation-absorbed dose values in several
critical organs were calculated from the described equations
(21,22) using MIRDOSE3.1. The results are summarized in

TABLE 1
Calculation of Volume of 11 Bone Metastases in 5 Patients Using SPECT Data (Delineation of Perimeter of Lesion

with Threshold of 43%) and CT Data

Patient
no.

Metastases*
(n)

Volume Radiation dose

Deviation�

(%)
Using CT†

(mL)
Using SPECT‡

(mL)
Using CT§

(mGy/MBq)
Using SPECT¶

(mGy/MBq)

1 1 16 22 5.92 4.28 29
2 22 20 2.43 2.66 9

2 3 70 52 1.98 2.63 25
4 44 36 2.46 2.98 8

3 5 59 58 4.89 4.97 2
4 6 24 17 4.77 6.42 27

7 19 14 4.42 5.92 26
8 44 64 1.97 1.36 32
9 46 40 3.15 3.63 13

5 10 58 51 4.28 4.90 12
11 30 33 2.87 2.60 10

*Number of bone metastases.
†Volume estimation using CT data.
‡Volume estimation using SPECT data.
§Calculation of radiation-absorbed dose in bone metastases using volume determined by CT data.
¶Calculation of radiation-absorbed dose in bone metastases using volume determined by SPECT data.
�Deviation of volume estimation and calculation of absorbed dose between 2 methods using CT data and SPECT data.

FIGURE 3. Decay-corrected cumulative excretion rate in
urine after 188Re-HEDP administration.
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Table 3. The mean specific radiation-absorbed dose in bone
metastases (3.83 � 2.01 mGy/MBq) was 6–7 times higher
than the dose in bone marrow (0.61 � 0.21 mGy/MBq).
Because of the rapid urinary excretion rate, the radiation-
absorbed dose to the whole body was low (0.07 � 0.02
mGy/MBq).

The bone marrow toxicity of 188Re-HEDP was assessed
by the percentage change in platelet counts. A mean de-
crease of 30% � 14% from the initial value before therapy
was seen, maximally at 2.7 � 0.9 wk (Fig. 6). Only 1 patient
showed a decrease below 100 � 109/L and the nadir was
88 � 109/L (thrombocytopenia grade I according to the
World Health Organization (26)). The leukocyte counts
showed a mean decrease of 25% � 17% from the value
before therapy (Fig. 7), with a maximum at 3.0 � 0.6 wk.
In no case was a decrease of leukocyte counts below 3.0 �
109/L found (the borderline to leukopenia grade I according
to the World Health Organization). In all patients, platelet

and leukocyte counts returned to baseline levels within 12
wk after 188Re-HEDP administration.

DISCUSSION

A uniform lesion model for the calculation of bone ab-
sorbed radiation dose is frequently used (9–10). The pre-
requisite for such a model is a uniform distribution of
radioactivity within the bone. However, 188Re-HEDP seems
to be taken up to a greater extent at the surface of the bone
or in bone metastases rather than by the rest of the normal
bone. Therefore, the assumption of a homogeneous distri-
bution of 188Re-HEDP might not accurately match reality
and could influence the results of the calculated absorbed
dose in metastases. Breen et al. (27) described a 2-compo-
nent model of an osteoblastic metastatic lesion containing
bone and soft tissue. The radioisotope is assumed to reside
only within the bone, but metastatic cells are also present
within the soft tissue. The limitations of the uniform model
are therefore evident. More recently, Samaratunga et al. (11)
have reported a heterogeneous lesion dosimetry model,
based on Monte Carlo simulations with data from histomor-
phometry of 186Re-HEDP distribution in bone lesions. In
this model, it is assumed that the 186Re-HEDP is deposited
on the bone surface and bone spicules to a depth of 10 �m.
Nevertheless, in this study we used the uniform lesion
model because no other model was available. Furthermore,
a problem for dosimetry is the determination of the volume
of the bone metastases. In various studies, CT images were
used for the determination of lesion volumes (10,28). In our
hospital, high-resolution CT was not available in the early
phase of our study and, thus, partial-volume effects were
present within the images. Therefore, we used posttherapy
SPECT data for the delineation of the volume of bone
metastases. The differences between the volume estimation
by CT and SPECT were explainable by the application of a
morphologic method and the visualization of the bone turn-
over. We designed an elliptic model from the SPECT data
and calculated the volume. This volume were equated with
a spheric volume to meet the demands of the MIRDOSE
algorithm. In an additional 5 patients, we estimated a mean
radiation-absorbed dose for bone metastases of 3.8 � 1.3
mGy/MBq using SPECT data and of 3.6 � 1.2 mGy/MBq

TABLE 2
Decay-Corrected Percentage Uptake Value of

Administered 188Re-HEDP in Whole Body, Skeleton,
and Bone Metastases of 13 Patients

Uptake

Time after administration

3 h* 20 h* 28 h*

Whole body (%) 64.6 � 20.5 49.3 � 16.4 43.8 � 15.2
Skeletal (%) 50.9 � 14.9 46.1 � 14.8 39.9 � 14.6
Bone metastases (%) 1.51 � 0.57 1.45 � 0.68 1.42 � 0.56

*Time after therapy.

FIGURE 4. Decay-corrected percentage uptake value of
188Re-HEDP in whole body (�) and in skeleton (f).

FIGURE 5. Decay-corrected percentage uptake value of
188Re-HEDP in bone metastases.
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using CT data (maximum deviation of 1.36 mGy/MBq
using SPECT data to 1.97 mGy/MBq using CT data).

We found the t1/2eff
of 188Re (15.9 � 3.5 h) to be longer in

bone metastases than in the whole body (11.6 � 2.1 h).
These results correspond to the data of Lee et al. (29), who
found a half-life of 16.4 � 1.7 h in bone metastases and
only 12.5 � 1.8 h in the whole body and an absorbed
radiation dose value of 14.6 � 1.85 Gy (4.9 � 0.6 mGy/
MBq) in bone metastases. Similar to these results, we esti-
mated a high radiation-absorbed dose to bone metastases
with a mean value of 12.4 � 6.2 Gy (3.83 � 2.01 mGy/
MBq) and a broad range in the various single metastases
from 5.3 to 31.3 Gy for a mean activity of 3,120 MBq
188Re-HEDP (Table 3). This value is lower compared with
that of other investigators—for example, for 186Re-HEDP
(30) with a mean radiation-absorbed dose for bone metas-
tases of a median value of 26 Gy. An inaccuracy of the dose
estimation is due to the limitation in the MIRDOSE3.1
nodule module, which is only valid for spheric volumes and
soft tissue (water). In addition, MIRDOSE3.1 uses only the
mean �-energy, not the full �-spectrum. Also, the brems-
strahlung is neglected, but this caused only an error of �1%
(12). The activity in bone metastases was underestimated
because we used no attenuation correction. This correction
requires transmission studies and is not widely used (25).

In comparison with the calculated radiation-absorbed
doses in the various patients, we found no uniform values
within 1 patient, as 1 patient showed bone metastases with
higher and lower radiation-absorbed doses. In addition, we
could not find a relation between a good response (defined
as pain relief �25% on the visual analog scale at least in 2
consecutive weeks without increase of analgesics intake)
and the amount of the radiation-absorbed dose in the me-
tastases.

Lin et al. (1) described a low uptake of radioactivity and
a rapid washout from the muscle tissue and blood after
intravenous administration of 188Re-HEDP to laboratory
animals. These results correspond with our human data of a
low radiation-absorbed dose of 0.22 � 0.05 Gy (0.07 �
0.02 mGy/MBq) in the whole body. These differences be-
tween radiation-absorbed doses in the bone metastases and
the whole body seem favorable for getting a satisfactory
therapeutic effect using 188Re-HEDP with a low radiation
exposure to the whole body. This assumption is supported
by the effect of the 188Re-HEDP therapy showing an average
palliation for bone pain in 80% of our patients (31).

In both animal studies and investigations in 5 prostate
cancer patients with administration of 178–185 MBq 188Re-
HEDP, radiation-absorbed doses of 0.37 � 0.06 cGy/37
MBq for the whole body were calculated by Maxon et al.

FIGURE 6. Bone marrow impairment from 188Re-HEDP ex-
pressed as platelet counts in serial blood samples for about
6 wk.

FIGURE 7. Bone marrow impairment from 188Re-HEDP ex-
pressed as leukocyte counts in serial blood samples for about
6 wk.

TABLE 3
Radiation-Absorbed Dose, t1/2eff

, and Residence Time in 29 Bone Metastases, in Bone Marrow, Whole Body,
Kidneys, and Bladder of 13 Patients

Parameter
Bone

metastases
Red bone
marrow Whole body Kidneys Bladder

Radiation-absorbed dose* (mGy/MBq) 3.83 � 2.01 0.61 � 0.21 0.07 � 0.02 0.71 � 0.22 0.99 � 0.18
t1/2eff

15.9 � 3.5 10.9 � 2.1 11.6 � 2.1 12.7 � 2.2 7.7 � 3.4
t1/2biol

269 � 166 36 � 20 51 � 43 75 � 67 18 � 15
Residence time (h) 0.16 � 0.20 10.61 � 2.43 11.08 � 2.86 0.42 � 0.15 0.23 � 0.15

*Radiation-absorbed dose per unit administered activity.
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(32). These values correspond to a radiation-absorbed dose
in the whole body of 0.07 � 0.02 mGy/MBq (0.26 cGy/37
MBq) in our study. Furthermore, Maxon et al. (32) calcu-
lated a radiation-absorbed dose of 5.2 � 1.2 cGy/37 MBq
for the kidneys, 3.6 � 1.1 cGy/37 MBq for the bladder wall,
and 3.5 � 0.7 cGy/37 MBq for the red bone marrow.
However, we observed lower radiation-absorbed doses: in
the kidneys, 0.71 mGy/MBq (2.6 cGy/37 MBq); in the
bladder wall, 0.99 mGy/MBq (3.7 cGy/37 MBq); and in the
red bone marrow, 0.61 mGy/MBq (2.3 cGy/37 MBq).

Our data showed a similar dose for the bone marrow
comparison with other bone-seeking radionuclides with
lower �-energies than 188Re-HEDP. For 1,285 MBq 186Re-
HEDP, the dose was 1.73 Gy (30) and, for 37–111 MBq/kg
body weight 153Sm-EDTMP, the dose ranged from 1.27 to
2.25 Gy (33), in consideration to the longer physical half-
life and the lower activity used, compared with 188Re-
HEDP. The hematologic toxicity of 188Re-HEDP is also
similar to results achieved with 186Re-HEDP (34,35). In
radiolabeled antibody therapy, Sgouros et al. (25) described
a more precise model for calculation of red bone marrow
using biopsy and dividing the marrow kinetic in different
marrow-rich regions. However, in therapies with bone-seek-
ing radiopharmaceuticals, the bone uptake is the dominant
factor for the bone marrow dose.

188Re-HEDP is excreted mainly by the urinary system.
Maxon et al. (10) found that for 186Re-HEDP there is a rapid
urinary excretion rate of 45% within the first 5 h, and
Graham et al. (9) described a urinary excretion rate of 42%
within the first 3 h. Lin et al. (1) found an excretion rate of
51% of the injected 188Re-HEDP within 4 h after therapy
and 60% within 24 h in rats. In 23 patients with bone
metastases, a urinary excretion of 62% was seen within 5 d
for 188Re-HEDP (36). This value is comparable to the uri-
nary excretion rate of 63% � 13% within 48 h calculated in
our study.

CONCLUSION

The high uptake of 188Re-HEDP and the long t1/2biol
in

bone metastases result in a high mean radiation-absorbed
dose of 3.8 � 2.0 mGy/MBq. The mean radiation-absorbed
dose to the whole body of 0.07 � 0.02 mGy/MBq is low
because of the rapid urinary excretion of the radionuclide. A
mean dose value of 0.6 � 0.2 mGy/MBq for the red bone
marrow did not lead to any clinically significant thrombo-
cytopenia or leukopenia. The results of our studies demon-
strate that 188Re-HEDP is a new and less-expensive alterna-
tive agent for the bone pain palliation. Further studies
should be directed to the use of a heterogeneous lesion
model. It seems to be important to detect the deviation
between the results for radiation-absorbed doses obtained
by different models for the distribution of radioactivity
within the bone.
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