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Abstract. Recent advances in targeted radiotherapy offer
a new approach for the management of metastatic bone
pain. This paper will review the scientific basis for radio-
nuclide therapy and will examine the evidence for clinical
efficacy. The therapeutic potential of targeted radiother-
apy can only be appreciated by comparison with estab-
lished treatments. Alternative treatment options will,
therefore, be discussed, to bring the potential advantages
and hazards of targeted radiotherapy into perspective
and to define its place in routine management.
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Introduction

Bone metastases are the commonest cause of cancer pain
(Twycross and Fairfield 1982) and predispose to immo-
bility, pathological fracture, bone marrow failure, neu-
rological symptoms and hypercalcaemia. Patients with
predominantly skeletal metastases frequently survive
longer than those with soft tissue involvement and there-
fore suffer prolonged periods of morbidity (Coleman
and Rubens 1987). The reported incidence of bone me-
tastasis varies according to tumour type. Post-mortem
studies indicate that up to 85% of patients with breast
or prostatic carcinoma develop bone metastases in com-
parison with 60% of patients with bronchogenic or thy-
roid tumours (Stoll 1983). These results are influenced
by sampling errors and probably underestimate the true
incidence of bone metastasis.

The mechanisms underlying the development of met-
astatic bone pain are poorly understood. Several factors
have been implicated, some of which are apparently un-
related to direct bone invasion by tumour. These are
summarised in Table 1. It is essential to establish the
likely cause of symptoms in every patient in order to
tailor treatment appropriately to individual needs.

The management of skeletal metastases is directed
firmly towards symptom palliation and demands a mul-
tidisciplinary approach. Treatment may involve radio-

therapy, oncology, surgery, nuclear medicine and pallia-
tive care, the contribution of each specialty being gov-
erned by tumour type, disease extent and local resources.
A significant emotional component may affect the per-
ception of metastatic pain and consideration must be
given to other causes of chronic discomfort such as os-
teoarthritis and osteoporosis, which might be amenable
to alternative treatments.

Many different treatments have been advocated to
control metastatic bone pain. In order to assess the value
of newer options such as targeted radiotherapy, it is
important to consider the relative efficacies of existing
therapies and to define the clinical context in which new
techniques might offer an advantage. For this reason,
the scientific background and clinical efficacy of estab-
lished treatment options are discussed briefly below.

Analgesics. Either alone or in combination with other
treatments, analgesics form the basis for managing meta-
static pain. Guidelines for the sequential use of non-
steroidal anti-inflammatory drugs (NSAIDs), NSAIDs
with weak opiates, and finally strong opiates have been
proposed by the World Health Organisation (WHO
1986). Anticipatory pain management may reduce total
requirements and it is now recognised that drugs should
be administered at fixed times depending on individual
pharmacodynamic properties (Ventafridda et al. 1990).
The efficacy of analgesics is often enhanced by concur-
rent administration of tricyclic antidepressants and
phenothiazines.

The toxicity of NSAIDs and opiates is well known
(Hoyan 1988) and the use of opiates for example, with-

Table 1. Suggested mechanisms for metastatic bone pain

Bone invasion and local destruction

— Mediated by prostaglandins E,—F,
and by F,, parathyroid-
related peptide
osteoclast activating factor

Periostitis
Reflex contracture, muscle spasm

Nerve root compression
Pathological fracture, vertebral, collapse
Soft tissue infiltration

Joint instability
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out prophylactic anti-emetics and laxatives, may in-
crease rather than relieve morbidity in terminal disease.

Neurolysis. The introduction of longer acting morphine
preparations together with a more liberal attitude to
their use has led to a reduced demand for neurolysis.
Procedures such as intrathecal blocks and percutancous
cervical cordotomy provide effective pain relief for
around 10% of patients (Ventafridda 1989), but the
anaesthesia induced is often unpredictable and of short
duration (Evans 1990). Unilateral limb or pelvic pain
responds well to this approach (Ventafridda 1989).

Systemic therapy. Systemic treatments for bone metas-
tases can be considered within two distinct categories.
The first approach is direct anti-tumour therapy, aimed
at reducing cellular proliferation and tumour metabo-
lism. This may involve chemotherapy or hormone ma-
nipulation, governed by the specific tumour type and
staging. Direct anti-tumour therapy is included here for
the sake of completeness, but detailed discussion of the
various chemotherapy or endocrine protocols in current
use is beyond the scope of this paper.

The indirect approach is inhibition of the effects of
tumour mediators upon host cells, particularly osteo-
clasts. Pathological bone resorption in metastasees is
predominantly mediated by osteoclasts (Galasko 1976).
Tumours with a propensity for skeletal metastasis release
a variety of cytokines including interleukin-1, transform-
ing growth factor-alpha, parathyroid hormone-related
peptide and tumour necrosis factor, all of which stimu-
late osteoclast activity. Inhibition of osteoclast function
therefore offers a potential target for systemic treatment.

The most widely used agents in this class are the
bisphosphonates. These are structural analogues of
pyrophosphate which bind to bone mineral, disrupting
hydroxyapatite crystal formation by preventing crystal
aggregation. This inhibits bone resorption and, to a vari-
able degree, mineralisation.

Bisphosphonates are used widely to treat Paget’s dis-
ease and malignant hypercalcaemia. Several studies have
demonstrated a significant analgesic effect in patients
with breast cancer and myeloma using oral pamidronate
or clodronate. In breast cancer, pain relief was associaf-
ed with a reduced incidence of pathological fracture and
a slower rate of development of new metastases in treat-
ed patients in comparison with control groups (Siris
et al. 1983; Elomaa et al. 1985; van Holten-Verzantvoort
et al. 1987). In all studies, however, specific antitumour
therapy varied between treatment groups. Other than
by preventing hypercalcaemia, there is no evidence that
treatment confers any survival benefit although larger
longitudinal studies are in progress.

A controlled study in myeloma demonstrated excel-
lent pain relief with osteosclerotic repair of pathological
fractures following pulsed intravenous clodronate thera-
py (Merlini et al. 1990). The trial has been criticised for
using a suboptimal clodronate dose and was not placebo
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controlled, but the results are sufficiently promising to
justify further studies.

There is conflicting evidence concerning the use of
etidronate in prostatic cancer (Carey and Lippert 1988;
Smith et al. 1989), and case reports suggest that pamid-
ronate may be more effective (Adami et al. 1985; Masud
and Slevin 1989). Pamidronate acts primarily by inhibit-
ing osteoclastic resorption rather than by affecting os-
teoblastic activity. This implies a different mode of ac-
tion in sclerotic as opposed to osteolytic metastases.

The bisphosphonates are not well absorbed orally,
the major side-effects being nausea and vomiting. Unfor-
tunately, the maximum tolerated oral doses tend to lie
at the lower end of the dose-response curve. The poten-
tial of third generation aminobisphosphonates, which
are significantly less toxic, is being studied.

Alternative inhibitors of osteoclastic activity include
mithramycin and calcitonin. Significant pain relief has
been reported using mithramycin in a small group of
women with metastatic breast cancer, but this was not
associated with bone healing (Davies et al. 1979). Mith-
ramycin is both myelo- and hepatotoxic and has been
largely superseded by the bisphosphonates. The clinical
efficacy of calcitonin has been assessed in phase II and
III trials (Roth and Kolaric 1986; Gennari et al. 1989).
Treatment is associated with reduced analgesic require-
ments but has little effect on functional ability or tumour
progression. The moderately frequent incidence of gas-
trointestinal side-effects and expense have again resulted
in declining interest in favour of the bisphosphonates.

Radiotherapy

The analgesic effect of radiation for bone metastases
has been recognised since the early 1900s but has been
supported by relatively few controlied trials. Two tech-
nigues are widely used — local field external beam treat-
ment for discrete, localised pain and wide field (hemi-
body) irradiation for multifocal symptoms.

Local radiotherapy. A variety of radiotherapy dose frac-
tionation regimes and total dose schedules are reported
to relieve focal pain in up to 80% of treated patients.
Numerous retrospective studies have failed to demon-
strate a dose-response relationship. Single fractions in
the range 4-15 Gy are as effective as multiple fractions
giving a total dose of 20-40 Gy (Penn et al. 1976).
Stronger evidence is derived from controlled prospective
studies comparing the efficacy of single fractions of 8
Gy with 24-30 Gy given in six to ten fractions. No differ-
ences were observed as regards response, the speed of
onset of pain relief, response duration or tumour histolo-
gy (Cole 1989; Price et al. 1986). Subsequent studies
have demonstrated that single fractions of 4 Gy are also
effective (Price et al. 1988).

Toxicity is minimal and local radiotherapy is general-
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ly well tolerated. Potential toxicity to normal tissues fre-
quently precludes further treatment, however, and recur-
rent pain within a previously treated field, particularly
the spine, is a difficult management problem.

Wide field radiotherapy. Many patients develop multifo-
cal bone pain in the presence of advancing skeletal dis-
ease. This is a particular feature of prostatic carcinoma,
which is frequently associated with flitting pain. Under
these circumstances, local radiotherapy becomes im-
practical and wide field, hemibody irradiation is the pre-
ferred approach in some centres.

Prospective studies have recorded pain relief in 73%-—
83% of patients treated using single fractions of 6-7
Gy to the upper hemibody and 6-8 Gy to the lower
hemibody (Hoskin et al. 1989; Salazar et al. 1986). Re-
sponse is typically rapid, occurring within 24-48 h of
treatment, and is maintained until death in the majority
of patients.

Sixty percent of patients develop treatment-related
toxicity following hemibody irradiation. Gastrointesti-
nal symptoms account for more than 50% of reported
adverse effects (Hoskin et al. 1989), particularly nausea,
vomiting or diarrhoea which occur within 12-48 h of
lower hemibody irradiation. Toxicity can be minimised
by intensive pre-hydration combined with antiemetics
and steroids but symptoms may be more severe in up
to 25% of treated patients. Upper hemibody irradiation
is associated with alopecia if the skull is included in
the radiotherapy field, but more importantly, with radia-
tion pneumonitis, which may be fatal. Myelosuppression
is reported in 10% of patients treated using single half
body treatment, but affects virtually all patients who
receive sequential upper and lower hemibody therapy
(Hoskin 1991).

Thus, although a highly effective treatment for bone
pain, the benefits of hemibody radiotherapy must be
balanced against significant potential toxicity. It is also
a relatively expensive option as careful patient prepara-
tion before treatment and subsequent aftercare necessit-
ate inpatient admission.

Targeted radionuclide therapy

The concept of using tracer molecules to target radiation
to tumour is well established. Radio iodine (**'I) and
phosphorus-32 (32P) have an accepted place in the man-
agement of follicular thyroid carcinoma and polycythae-
mia rubra vera respectively.

Targeted radiotherapy offers several advantages over
conventional external beam radiotherapy. Treatment is
tumour specific, with relative sparing of the surrounding,
healthy tissues. This should reduce toxicity, an impor-
tant consideration in palliative care. In comparison with
external beam radiotherapy there is theoretically no limit
to the absorbed dose that can be delivered to tumour
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Fig. 1. Typical range or particulate emissions vs cell diameter

or to the number of individual treatments that can be
administered.

The pathogenesis of metastatic bone pain and its alle-
viation by irradiation are not understood. Pain relief
does not reflect a simple relationship between biological
effect and cell kill; the absorbed radiation dose required
to achieve a tumoricidal effect is far higher than the
dose necessary for symptom palliation. This is an essen-
tial distinction that is of particular relevance to targeted
radiotherapy. For the purpose of the following discus-
sion, it is assumed that the intention of radionuclide
therapy is to achieve cell kill. In practice, this may not
be a realistic aim and pain relief alone should be re-
garded as a positive response, even in the absence of
tumour regression.

The success of treatment depends critically upon the
choice of an appropriate radionuclide and carrier mole-
cule, where necessary, to ensure that the radionuclide
is delivered directly to the tumour target. The suitability
of an individual radionuclide for therapy is governed
by several factors, outlined below.

Particle range. Appropriate particle range is governed
by the precise site of localisation of the radiopharmaceu-
tical in tumour. Therapeutic radionuclides can be con-
veniently considered in three categories — alpha, beta
and internal conversion or Auger electron emitters. The
relative ranges of a series of radionuclides is given in
Fig. 1. The short range of Auger emitters, for example,
means that the radionuclide must be incorporated into
the nucleus, if not into DNA, to achieve cell kill. Alpha-
and beta-emitting radiolabels are more suited to phar-
maceuticals localising in the cell cytoplasm or cell sur-
face. A range of several cell diameters allows for crossfire
between adjacent cells, thus increasing the likelihood of
cell kill. Conversely, a particle range exceeding 100 cell
diameters is likely to damage healthy surrounding cells,
leading to increased toxicity.

In theory, alpha emitters are suitable for therapy hav-
ing a short range (50-90 um) and high linear energy
transfer, but complex decay schemes and unstable



Table 2. Physical properties of therapeutic radionuclides
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Table 3. Metastatic bone pain: comparison of radiopharmaceuti-
cals in current use

T2 E ey (MeV) Gamma emission
{keV) 898r-Cl  33Sm-EDTMP ‘%5Re-HEDP

1317 8.1d 0.6 637; 365 Outpatient therapy + + -
00y 27d 2.3 - Imaging feasible - + +
32p 14.3d 1.7 -~ Time to response >14d >48h >48 h
1538m 46.3 h 0.81 103 Response (% patients) 75 61-90* 80902
89gr 50.5d 1.49 -
186Re 3.7d 1.07 137 2 Small series

daughter nuclides preclude the use of many alpha emit-
ters. Astanine-211 and bismuth-212 are theoretically at-
tractive but are cyclotron produced and have short half-
lives which restrict their use outside specialist centres.
For practical purposes, therefore, experience in targeted
radionuclide therapy has focused predominantly upon
beta emitters. These can be grouped according to particle
range and energy, as shown in Table 2.

Physical half-life. It is essential that the physical half-life
(T1,) of an individual radionuclide approaches the bio-
logical T, of the radiopharmaceutical in tumour. An
additional factor is that a long physical T;,, may be
associated with a suboptimal dose rate to tumour.

Low gamma yield. Gamma emission contributes to
whole body absorbed dose, and, therefore, toxicity with
minimal enhancement of tumour dose. A low gamma
abundance in the range 100-200 keV may be of value
for biodistribution and dosimetry calculations following
treatment.

Chemistry and availability. 1t is important that the radio-
nuclide is available in a chemical form suitable for com-
plexing to produce a stable radiopharmaceutical in vivo.
Availability and cost are necessary practical considera-
tions.

In the context of radionuclide therapy for bone me-
tastases, few radiopharmaceuticals have been assessed
clinically. These are discussed below. The physical char-
acteristics of each radionuclide are summarised in Table
3.

Todine-131

Radioiodine was one of the first radionuclides to be used
therapeutically and has an established place in the man-
agement of follicular thyroid carcinoma. It has been used
successfully to treat both soft tissue and bone metastases
although external beam radiotherapy for focal metas-
tases may be more effective (Brown et al. 1984).

There is now good evidence to support the use of
131]-labelled metaiodobenzylguanidine (MIBG) for the
treatment of neuroectodermal tumours such as phaeoch-
romocytoma (Lewington et al. 1991b) and neuroblasto-

ma (Hoefnagel et al. 1987). *3!I-MIBG is of particular
value for palliation of metastatic bone pain, and remin-
eralisation of lytic metastases has been reported.

Phase I studies indicate that the '3!-labelled diphos-
phonate o-amino (4 hydroxybenzylidene) diphosphonate
(**'1I-BDP3) may have therapeutic potential for the
treatment of disseminated bone metastases. Pharmacok-
inetic data from 18 patients with a variety of primary
tumours suggest increased uptake and prolonged reten-
tion of 13'I-BDP3 in metastases, delivering tumour-ab-
sorbed doses of 0.75~1.9 ¢cGy/MBq administered activity
(Eisenhut et al. 1986). Clinical results from the same trial
suggest 72% of patients benefitted from treatment using
activities of 240-1900 MBq 13!I-BDP3. A standard dose
of 860 MBq/m? has been proposed.

Yitrium-90

°9Y has appropriate physical characteristics for targeted
radiotherapy and has been used for radiation synovec-
tomy in the arthritides and for labelling monoclonal an-
tibodies and glass microspheres for intracavity therapy.
Experience using °°Y to treat bone metastases has been
limited by unacceptably high hepatic uptake (Eisenhut
1984).

Phosphorus-32

Wide experience has been gained using 2P to treat bone
metastases. Phosphorus localises in bone marrow and
trabecular and cortical bone, influenced by the chemical
form used — colloidal, phosphate or diphosphonate. The
metastasis to normal bone uptake ratio is only in the
order of 2:1 and a number of technigues have been
advocated to enhance relative tumour uptake. Androgen
priming stimulates osteoblastic activity adjacent to tu-
mour (Hertz 1950; Maxfield et al. 1958; Burnet et al.
1990), increasing uptake in normal bone by a factor of
2-3 and by tumour by a factor of 15-20. Lasting pain
relief has been reported in 50%—-87% of patients with
metastatic prostate cancer treated using a combination
of testosterone and 200-800 MBq (5-20 mCi) *?P ad-
ministered in daily injections of 40-80 MBq (1-2 mCi)
(Burnet et al. 1990).
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Androgen priming has obvious disadvantages in the
context of a hormone-sensitive tumour. Soft tissue tu-
mour growth may be stimulated and spinal cord com-
pression is a recognised complication (Burnet et al.
1990). Many patients suffer a pain flare following testos-
terone administration which may necessitate hospital ad-
mission (Burnet et al. 1990).

An alternative technique involves the administration
of parathyroid hormone (PTH) to induce bone resorp-
tion. Radiophosphorus uptake was increased during the
rebound phase of increased osteoblastic activity follow-
ing PTH withdrawal (Tong 1971).

The principal disadvantage of **P therapy is myelo-
suppression, the risk of which is considered unacceptably
high. Transient pancytopenia is almost invariable, with
aplastic anaemia in patients treated with repeated *?P
injections.

Strontium-89

The therapeutic potential of 8°Sr was first recognised
by Pecher (1942) but was largely overlooked until the
1970s. Following intravenous injection, ®°Sr is cleared
rapidly from the vascular compartment and selectively

Fig. 2. #3Sr vs 2°™Tc-MDP uptake
in metastatic prostatic carcinoma

concentrates at sites of increased bone mineral turnover.
Biodistribution studies have been undertaken using the
gamma emitter 3°Sr in patients with disseminated pros-
tatic carcinoma (Fig. 2). Strontium retention 90 days fol-
lowing injection ranges from 11% to 88% of admin-
istered activity, governed largely by tumour extent in
the skeleton. Early retention is influenced by Sr plasma
renal clearance, which is significantly reduced in patients
with bone metastases compared with ICRP normal man
(Blake et al. 1986). Absorbed doses to tumour in the
range 20-24cGy/MBq have been calculated (Blake et al.
1987), giving a therapeutic ratio for metastasis to red
marrow of 10:1 (Blake et al. 1988).

Following initial studies (Firusian et al. 1976; Silber-
stein and Williams 1985; Robinson et al. 1987), Laing
et al. (1991) reported pain relief in 75% of patients with
disseminated prostatic carcinoma treated with 8°Sr. Out-
come was influenced by disease extent and patients with
limited skeletal metastases responded better than those
with more widespread tumour.

No clear dose-response relationship has been demon-
strated. There appears to be a threshold of 1 MBq/kg
below which #°Sr is ineffective, but combined data from
numerous small studies collated under the auspices of
Amersham International indicate a response plateau



above activities of 1.5 MBq/kg. Dose escalation above
this level results in increasing toxicity without enhancing
pain relief. On the basis of these data, a standard dose
of 150 MBq 8°Sr is recommended.

Toxicity is limited to temporary myelosuppression,
the most sensitive indicator of which is the peripheral
platelet count. Pletelet counts typically fall to 75% of
pretreatment levels 4-6 weeks after 8°Sr therapy, with
slow partial recovery over the next 3—6 weeks in patients
with normal bone marrow reserve. The risk of toxicity
is cumulative and regular haematological monitoring is
essential following therapy. 8°Sr has been used safely
in patients who have been heavily pretreated using wide
field radiotherapy. McEwan et al. (1990) reported lim-
ited toxicity (RTOG grade 2 or 3) in only 12% of pa-
tients treated using 1.5 MBq/kg ®%°Sr after wide field
treatment.

A double-blind controlled study comparing the effi-
cacy of 3°Sr with stable Sr as placebo concluded that
Sr acts by the direct radiotherapeutic effect of the beta
particle acting either on the tumour itself or on adjacent
bone (Lewington et al. 1991a). Symptomatic benefit is
rarely associated with tumour regression or reduced os-
teoblastic activity, measured by radiology or bone scin-
tigraphy. Similarly, pain relief does not correlate with
a consistent decrease in biochemical markers such as
alkaline phosphatase, acid phosphatase or prostatic spe-
cific antigen. This is in contrast to the effects of conven-
tional radiotherapy which may lead to remineralisation
of lytic metastases.

The clinical efficacy of 8°Sr and radiotherapy have
been directly compared in a controlled, multicentre
study (Lewington et al. 1992). Patients were grouped ac-
cording to suitability for local or wide field treatment
and were then randomised to receive either 8°Sr therapy
or radiotherapy. Response was assessed at 3 months.
The results indicated that 8°Sr is at least as effective
as radiotherapy in relieving bone pain and, in compari-
son with local radiotherapy, may offer the advantage
of delaying the onset of pain in new sites. Toxicity is
higher following 8°Sr than after wide field radiotherapy,
but this was not clinically significant.

The use of °Sr as an adjuant to fractionated radio-
therapy has been assessed in a multicentre Canadian
trial, the results of which are awaited.

Following an initial report by Buchali et al., increas-
ing interest has focused on the question of survival bene-
fit following 8°Sr therapy. The Berlin group used a frac-
tionated treatment schedule and hormone manipulation
was not controlled. Their work has not been repeated
using conventional dose schedules and there is currently
no evidence to suggest that 8°Sr, used as a single agent,
has any effect on survival when administered for pain
relief in advanced prostatic cancer. Consideration must
be given to the therapeutic potential of introducing Sr
earlier in the natural history of the disease with the inten-
tion of delaying the spread of bone metastases.

In summary, 3°Sr is of proven value for the relief
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of bone pain in metastatic prostatic carcinoma. Further
research is required to established the optimal dose
schedule and to investigate the effects of fractionation.
In the light of previous uncontrolled studies (Robinson
et al. 1987; Odavic 1991), trials are in progress to assess
the value of #°Sr for pain relief in other malignancies.

Samarium-153

133Sm has a short physical half-life in comparison with
other beta emitters. It has been shown that low LET
radiation delivered at high dose rates is more effective
than equivalent doses delivered at low dose rates (Hall
1978). 133Sm might, therefore, be more effective than
89Sr for palliation of metastatic bone pain.

A series of stable '°>*Sm complexes have been synthe-
sized using multidentate acetate and phosphonate li-
gands of which ***Sm-ethylenediaminetetramethylene-
phosphonate (1*3Sm-EDTMP) exhibits the most favour-
able in vivo biodistribution (Goeckler et al. 1987). The
radiopharmaceutical is stable in vivo and clears rapidly
from the vascular compartment following intravenous
injection with a #;,, of 3.74£0.5h. 40% and 60% of
the injected activity is excreted in urine within 8 h of
administration, the remaining activity concentrating in
the skeleton, with preferential uptake at sites of in-
creased osteoblastic activity (Kasi et al. 1991). Superior
target to background and tumour to normal bone ratios
are reported in comparison with technetium-99m methy-
lene diphosphonate (Podoloff et al. 1991). Lesion to nor-
mal bone uptake ratios of 17:1 have been calculated
(Goeckler et al. 1987). The gamma emission is ideal for
imaging but has the disadvantage of necessitating hospi-
tal admission for 24-48 h following therapy injection.

Clinical experience with 33Sm-EDTMP in man is
relatively limited. Several small, uncontrolled studies
have reported pain relief in 61%-90% of patients with
bone metastases arising from a variety of primary malig-
nancies (Turner etal. 1989; Turner and Claringbold
1991; Eary et al. 1991). Symptomatic improvement oc-
curs within 2 weeks of treatment with median duration
of benefit of 8 weeks (Turner et al. 1991). The short
physical half-life of *>*Sm offers the option of fraction-
ated treatment and response rates of 87% have been
reported using a treatment interval of 4 weeks with activ-
ities of 20-40 MBq/kg per treatment (Kasi et al. 1991).

As with #°Sr, toxicity is limited to myelosuppression
which is dose related. Platelet recovery is typically slow
and incomplete, with 25% of patients failing to achieve
65% of pretreatment platelet levels at 6 weeks (Turner
et al. 1991). The risk of myelosuppression is cumulative
and is invariable using activities of 22-36 MBgq/kg.
Turner et al. (1991) concluded that retreatment is safe
provided that the radiation dose to red marrow is limited
to 1.5-2 Gy on each occasion.

The first major phase II trial of *3*Sm-EDTMP, a
multicentre, dose-ranging European study, is nearing
completion.
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Rhenium-186

Rhenium has similar chemical properties to technetium
and forms a stable diphosphonate chelate with hydroxy-
ethylidene diphosphonate (HEDP). In patients with
osteoblastic bone metastases from prostate and breast
carcinoma, 80%-90% response rates have been reported
following a single treatment with 1.2-1.8 GBq '®°Re-
HEDP (Maxon et al. 1991; Zonnenberg et al. 1991). Tu-
mour to marrow absorbed dose ratios are double those
achieved using ®°Sr (22:1 and 10: 1 respectively) (Maxon
et al. 1990). Toxicity is limited to temporary myelosup-
pression, with full recovery 8 weeks following therapy.
This presumably reflects the high tumour to marrow
ratio (Maxon et al. 1991). Like '°3Sm, '®°Re has the
advantage of 9% gamma emission allowing post-therapy
imaging, but by virtue of the high activities necessary
for therapy, gamma emission also necessitates inpatient
treatment.

In comparison with the results of #°Sr, symptom relief
occurs rapidly following treatment, and in this respect
is similar to the rapid responses observed following wide
field radiotherapy (Maxon etal. 1991). The Utrecht
group report a transient pain flare in 50% of patients
(Zonnenberg et al. 1991). The 5- to 7-week mean re-
sponse duration is considerably shorter than that re-
ported for ®#9Sr (Zonnenberg et al. 1991) and no data
have been published on the effectiveness or toxicity of
repeated treatment. A small recent controlled study dem-
onstrated a significant difference in clinical efficacy be-
tween '86Re-HEDP and °°™Tc-MDP as placebo (Max-
on et al. 1991).

The relative advantages and disadvantages of the dif-
ferent radiopharmaceuticals currently used for targeted
radiotherapy are summarised in Table 3.

Conclusion

Much of the morbidity and mortality associated with
cancer can be attributed to skeletal metastases. Any im-
provement in effective treatment for metastatic bone
pain must therefore represent a major advance in cancer
management.

Analgesics alone are rarely adequate or appropriate
for the long-term control of metastatic bone pain and
the effectiveness of external beam radiotherapy is limited
for patients with multifocal pain, particularly when pain
recurs in a previously irradiated site. In this context,
both the bisphosphonates and targeted radiotherapy
offer the best chance of improving quality of life for
patients with advancing malignancy. Comparative con-
trolled trials will be necessary to assess the relative merits
and specific indications for each treatment. It is impor-
tant to appreciate that response to targeted radiotherapy
is limited by the intensity of osteoblastic activity induced
in the adjacent bone. Bone pain secondary to multiple
myeloma, for example, is unlikely to respond to targeted

radiotherapy and the bisphosphonates may offer a better
treatment option in this condition.

With respect to targeted radiotherapy, current evi-
dence suggests that in terms of clinical efficacy, there
may be very little to choose between the different radio-
pharmaceuticals. The rapid onset of pain relief reported
using '#*Re-HEDP, and !*3*Sm-EDTMP may be an ad-
vantage in comparison with #°Sr, although this must
be balanced against the longer mean response duration
reported for ¥°Sr. It might be argued that a “cocktail”
treatment could be used to maximise the advantages of-
fered by the various beta emitters.

Factors such as ease of handling radiopharmaceuti-
cals by hospital staff and the necessity for patient isola-
tion after treatment for radiation protection purposes
will assume increasing importance if targeted radiothera-
py becomes an established treatment for routine man-
agement. Inpatient admission is unpopular with patients,
inconvenient for their relatives and contributes enor-
mously to the cost of treatment. In this respect, 3°Sr
may have an advantage over the gamma emitters in that
treatment can be safely administered on an outpatient
basis.

All the trials published to date identify a hard core
of 20%-25% of patients who fail targeted radiotherapy.
From personal experience, it is virtually impossible to
identify non-responders prior to treatment and further
attention should be given to methods of predicting which
patients are unlikely to benefit and to the reasons for
treatment failure. Simple measures such as correcting
anaemia may influence outcome by reducing tumour hy-
poxia, as in conventional radiotherapy, and the use of
radiosensitisers, particularly in the treatment-resistant
group, should also be considered.

An important consideration in the current climate
of escalating costs for health care is the relative cost-
effectiveness of treatment. It is essential that future stu-
dies for all the new therapeutic radiopharmaceuticals
include detailed cost-benefit analysis in order that lim-
ited resources can be used effectively.

In conclusion, effective treatments are now available
for the management of metastatic bone pain. It is essen-
tial that collective experience is pooled and that large,
multicentre controlled trials are conducted to provide
the weight of evidence that will convince clinicians of
the therapeutic potential of targeted radiotherapy.
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