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Bone metastasis is a common sequella of solid malignant tu-
mors such as prostate, breast, lung, and renal cancers, which
can lead to various complications, including fractures, hyper-
calcemia, and bone pain, as well as reduced performance sta-
tus and quality of life. A multidisciplinary approach is usually
required not only to address the etiology of the pain and its
complicating factors but also to treat the patient appropriately.
Currently, the treatment of bone pain remains palliative at best
with systemic therapy (analgesics, hormones, chemotherapy,
steroids, and bisphosphonates) as well as local treatments
(such as surgery, nerve blocks, and external beam radiation).
However, many of these treatments are limited in their efficacy
or duration and have significant side effects that seriously limit
the cancer patient’s quality of life. Various radiopharmaceuticals
have shown good efficacy in relieving bone pain secondary to
bone metastasis. This systemic form of metabolic radiotherapy
is simple to administer and complements other treatment op-
tions. This has been associated with improved mobility in many
patients, reduced dependence on narcotic and non-narcotic
analgesics, improved performance status and quality of life,
and, in some studies, improved survival. Additional radiophar-
maceuticals are under investigation and appear promising. All of
these agents, although comprising different physical and chem-
ical characteristics, offer certain advantages in that they are
simple to administer, are well tolerated by the patient if used
appropriately, and can be used alone or in combination with the
other forms of treatment.
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The cancer patient seeking treatment for acute or chronic
pain requires a comprehensive evaluation to determine the
etiology and site(s) of the specific pain syndrome (1–7). A
multidisciplinary approach is often required not only to
differentiate the specific cause of the pain but also for
appropriate patient management.

Bone metastasis, a major complication of several differ-
ent cancers, may be the first indication that the disease has
spread beyond the local area and that the prognosis may
have worsened. Bone metastasis, a common sequella of
solid malignant tumors, can lead to severe pain, reduced
performance status and quality of life, fractures, and several
other complications that contribute to morbidity.

Comprehensive evaluations must be made to determine
the etiology of the pain and any possible complicating
factors, such as cord compression, neuropathic conditions,
and impending pathologic fractures (5–8). The use of con-
ventional radiography and bone scanning helps confirm the
presence of bone metastasis but can also assess the extent;
classify the lesions into predominantly osteoblastic, osteo-
lytic, or mixed type; and, finally, stratify those lesions that
are at risk for fracture or cord compression.

TREATMENT OF BONE PAIN

The treatment of bone pain from metastases remains
palliative at present (1,2) and can consist of systemic anal-
gesics, antitumor agents, hormones, chemotherapy, steroids,
local surgery, anesthesia, and external beam radiation. In
general, no single method will keep the patient free of
symptoms for an extended period of time, and usually a
combination of systemic and local modalities may be re-
quired.

Analgesic Therapy
Analgesic medications are the first line of treatment for

bone pain in cancer (3,4,6,8). The World Health Organiza-
tion (3) recommends a progressive 3-step approach starting
with nonsteroidal anti-inflammatory drugs such as aspirin,
ibuprofen, and naproxen to relieve mild to moderate pain. If
pain persists or increases, step 2 adds a weak opioid such as
codeine or hydrocodone. For persistent or moderate to se-
vere pain, step 3 calls for more potent or higher doses of
opioids such as morphine, hydromorphone, or fentanyl on a
continuous or as-needed basis. Their efficacy may be im-
proved by the concurrent administration of tricyclic antide-
pressants or phenothiazine.

The use of many of these agents can be hindered by their
substantial side effects, which often complicate the treat-
ment of patients with cancer pain, including constipation,
limitations in physical and mental status, and, rarely, addic-
tion. Their prolonged use may require increased dosages or
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more continuous forms of treatment that may significantly
increase the cost of using these agents on a long-term basis.

Another approach to alleviate bone pain that results from
the release of biochemical mediators is to use specific
inhibitors. For example, osteoclast activity can be inhibited
by using bisphosphonates, mithramycin, or calcitonin (9–
16). Bisphosphonates, in addition to reducing bone pain,
can decrease hypercalcemia and the subsequent risk of
fractures (14–16). These agents require chronic administra-
tion over long periods to be effective. Contraindications
include sensitivity to phosphates.

External Beam Radiation Therapy
Conventional palliative external beam radiation therapy

(EBRT) for painful metastases includes several different
local and wide-field methods (17–19). Local radiation ther-
apy using a variety of dose-fractionating methods and dose
schedules has been shown to be effective in relieving pain,
especially when pain is limited to 1 site or region in 60%–
90% of the patients in several studies (19–23). Single and
multiple fractionated doses have been used with no signif-
icant difference in response. Pain relief may occur as early
as 48 h after the start of radiotherapy, with a dose as small
as 4 Gy. However, the number of patients requiring further
treatment was more frequent in the single-dose group than
in the multifractionation group (24,25).

Recurrent pain within a previously EBRT-treated field
may prove difficult. The tolerance of normal tissues may
limit the use of additional radiation therapy to the area. A
suitable alternative is the use of systemic radioisotope ther-
apy because this may be given in situations in which further
treatment with EBRT is contraindicated.

The development of multifocal or diffuse metastatic bone
pain sometimes necessitates more-extensive hemibody or
magna field irradiation. Studies have shown that 73%–83%
of patients may be successfully treated with 6–7 Gy given
as a single fraction to either the upper or the lower part of
the body (with the body divided above and below the
umbilicus), followed by 6–8 Gy given 4–6 wk later to the
remaining portion of the body (23,26). The response is rapid
(within 24–48 h) but, in as many as 60% of patients,
treatment is complicated by toxic effects, including nausea,
vomiting, and diarrhea. Alopecia of the skull and radiation
pneumonitis frequently complicate upper body radiation
therapy. Myelosuppression occurs in approximately 10% of
patients treated with hemibody radiation and in significantly
more patients treated with whole-body radiation.

Hemibody plus local irradiation has been shown to delay
the progression of disease. Additional treatment can be
delayed up to 15% longer in patients treated with local plus
hemibody irradiation than in those treated with only local
external beam irradiation (26).

The cost of EBRT depends on the number of fractions
required as well as the extent of disease involvement. The
cost of hemibody radiotherapy can be higher because of the
additional patient preparation required (prehydration com-

bined with antiemetics and steroids) and the subsequent
toxic effects, which can necessitate more extensive care
after treatment and hospitalization.

Hormonal Therapy and Chemotherapy
Up to 70% of patients with cancer report relief from bone

pain after hormonal therapy or after single or multiagent
chemotherapy (27–29). However, hormonal therapy appears
to be effective only in patients with breast or prostate
cancer. Tamoxifen and aminoglutethimide relieve meta-
static bone pain in about 50% of those with breast cancer,
and antiandrogens, estrogens, and orchiectomy (surgical or
chemical) can dramatically decrease bone pain within 24 h
in patients with prostate cancer (29). However, pain usually
recurs in patients who are treated with hormonal therapy
because patients become refractory to the treatment.

Chemotherapy, by reducing the tumor volume, usually
reduces bone pain in most cancers, with pain reduction
resulting in 20%–80% of patients. A positive response often
occurs within 2 wk and can last for many months. Unfor-
tunately, patients develop multidrug resistance, and recur-
rence of bone pain is common. Toxic effects, especially
because of myelosuppression, are also common with che-
motherapy for bone pain (28,29).

Surgical Intervention
In some cancers, patients may require various types of

surgical intervention (30). For example, nearly 10% of
patients with advanced prostate cancer develop spinal cord
compression. Acute and severe cord compression can re-
quire surgical decompression, and an unstable spine may
require support with a frame or surgical fusion. Patients
with prostate cancer whose pain is so severe that they are
confined to bed may do well with pituitary ablation, which
is reportedly beneficial in 75%–80% of cases. Fractures can
occur in body areas other than the spine. These pathologic
fractures require stabilization and fixation to allow further
therapy. Cord compression may need to be treated with
hormonal therapy, chemotherapy, and radiation therapy as
well as surgery depending on the degree of neurologic
involvement, vertebral collapse, and instability. Areas at
risk for fracture are best treated with surgical stabilization
before they fracture and before external radiation therapy or
systemic therapy.

SYSTEMIC RADIOISOTOPE THERAPY

Several radiopharmaceuticals for treating painful bone
metastases have been developed (Table 1) (31–43). The
physical characteristics of these radionuclides vary, and
each confers certain benefits. Most of these agents are
administered intravenously and target the painful bone me-
tastases by accretion to the reactive bone sites with a high
target-to-nontarget tissue ratio and a very low concentration
in the surrounding normal bone, underlying bone marrow,
or other structures. The nature of the emissions (b, internal
conversion, or Auger electrons) determines the therapeutic
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suitability of the radionuclide because the range of penetra-
tion is related to the energy of the electrons.

Systemically administered radiopharmaceuticals offer the
advantage of wide applicability in an outpatient setting.
Injections of the radiopharmaceuticals are easily adminis-
tered without the need for expensive high-technology equip-
ment. Thus, these agents can be used not only in major
medical centers but also in smaller institutions such as
outpatient centers, community hospitals, and rural clinics
that are licensed and have personnel trained to comply with
Nuclear Regulatory Commission requirements.

Single injections of the systemic radioisotope, given over
2–3 min, reach all osteoblastic bone metastases, regardless
of whether they are symptomatic or asymptomatic. In ad-
dition to targeting lesions that are predominantly osteoblas-
tic, they also target lesions that are mixed and have both
osteolytic and osteoblastic components. More than half of
the patients who are treated obtain relief of pain, thus
reducing their need for analgesics and improving the quality
of life and mobility. Relief of pain may be achieved within
2–7 d depending on the agent and may last several months
after a single injection. Serial injections may be given if
response is partial or if symptoms return after appropriate
recovery of the bone marrow.

The goals of systemic radioisotope therapy include alle-
viating pain; improving the quality of life; decreasing the
amount of opioids, radiation, and chemotherapy used; and
improving outcomes and survival. Systemic radioisotope
therapy may reduce the overall long-term cost of pain
palliation while improving the quality of life of cancer
patients with bone pain.

Approved Radiopharmaceuticals for Systemic
Radioisotope Therapy

The 3 approved radiopharmaceuticals used to treat met-
astatic bone pain are sodium phosphate (32P), strontium
chloride (89Sr), and samarium (153Sm) lexidronam.

Strontium-89.Significant clinical experience has been
gained with89Sr over the last 3 decades.89Sr therapy for the
treatment of painful bone metastasis was first reported in
1942 by Pecher (40). 89Sr has a physical half-life of 50.5 d

and decays byb-emission with an energy of 1.46 MeV; it is
typically used as the chloride salt (44–56). The maximum
range of theb-particle in tissues is 8 mm.

89Sr is chemically similar to calcium and is biodistributed
to sites within the skeleton that normally metabolize cal-
cium to form new bone. Biodistribution studies have shown
rapid clearance from the vascular compartment and signif-
icant retention in the bone compartment. Approximately
70% is retained in the skeleton, with the remaining portion
excreted in the urine and the gastrointestinal tract. The
retention of the radioisotope varies with the degree of skel-
etal involvement of the metastasis—that is, the greater the
involvement the greater the retention. At 90 d, the retention
of 89Sr ranged from a high of 88% (with significant meta-
static involvement) to a low of 11% (with minimal involve-
ment). Although89Sr is taken up by normal bone and by
bone reacting to the bone metastasis, the biologic half-life
differs at these sites. In normal bone, the biologic half-life is
approximately 14 d, whereas that associated with reactive
bone around metastasis measures.50 d. As such, the
concentration of89Sr at sites of metastasis may be as high as
5–10 times that in normal bone, with the dose to the tumor
averaging 20–24 Gy (46–49).

Studies performed as early as 1974 by Schmidt and
Firusian (45) revealed that 8 of 10 patients treated with
doses of 0.37–0.555 MBq/kg (0.01–0.015 mCi/kg) showed
favorable clinical improvement. A European study by
Buchali et al. (50) of 98 patients with painful bone metas-
tasis from prostate cancer showed an 86% response rate.
Most patients received 37 MBq (range, 37–75 MBq)89Sr.
Twenty-six percent of patients developed leukopenia or
thrombocytopenia.

Encouraged by these studies, several open-label studies
were conducted. One of the first reported by Robinson et al.
(51) in North America in 1987 was a study of 204 patients
who had received 1 or more doses of89Sr. Doses were
repeated at intervals of 12 wk or more in 56 patients.
Virtually all patients had previously failed standard thera-
pies for advanced disease. One hundred thirty-seven pa-
tients survived 3 mo or more and could be assessed. Most
had carcinoma of the prostate; the others were categorized
as having breast carcinomas and various other malignan-
cies. The first 20 patients in this study received 1.11
MBq/kg (30 mCi/kg), whereas all subsequent patients re-
ceived 1.48 MBq/kg (40mCi/kg). Patients receiving 2 or
more doses received 1.11 MBq/kg as the standard dose for
all subsequent treatments. The overall response rate in terms
of decreased pain or improvement in quality of life (or both)
was 80% in the 137 patients who survived at least 3 mo. The
best results were seen in patients with carcinoma of the
prostate (80% response) and breast cancer (89%). A de-
crease in pain level was generally not observed until the
second or third week after treatment. Eighty percent of
patients for whom data were available showed a mild he-
matologic depression, generally occurring at the fifth week

TABLE 1
Radiopharmaceuticals Used to Treat Bone Pain

Compound or complex
Half-life

(d)
b-energy MeV

(maximum)
g-energy or

keV (%)

117mSn-DTPA 14 None; emits
conversion
electrons

158 (86)

153Sm phosphonate 1.93 0.81 103 (29)
186Re phosphonate 3.7 1.07 137 (9)
32P various compounds 14.3 1.71 —
89Sr chloride 50.5 1.46 —

DTPA 5 diethylenetriaminepentaacetic acid.
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with a 15%–20% decrease in total platelet and white blood
cell (WBC) count from baseline.

An open-label multicenter study, conducted by Laing et
al. (52) in the United Kingdom, included 119 patients with
prostate cancer entered from 4 hospitals. Eighty-three pa-
tients were evaluable at 3 mo. Patients received a dose of
1.5–3.0 MBq/kg. Seventy-five percent had a meaningful
response rate, and 22% of the patients became free of pain
by 12 wk. Although pain relief began typically between 10
and 20 d, maximum relief occurred usually at 6 wk after89Sr
administration. Occasionally a slower response rate oc-
curred. Pain relief was maintained for 4–15 mo, with a
mean of 6 mo. No advantage was found using higher doses
within the range of 1.5–3.0 MBq/kg. A fall in platelet counts
was seen in most patients with a nadir at 6 wk; however, no
grade 3 hematologic toxicity was reported.

Lewington et al. (53) performed small prospective ran-
domized double-blind, placebo-controlled studies that com-
pared the effects of89Sr (150 MBq) with unlabeled stron-
tium chloride in 33 patients, of whom only 26 were
evaluable (active drug,n 5 13; placebo,n 5 13). Complete
bone relief was seen in 4 patients, and a partial response was
found in 4 of the patients treated with the radioactive drug
(overall response, 8/13). The data showed a pain palliation
effect of 89Sr versus strontium chloride placebo with a
confidence level of.99%.

The most important studies performed with89Sr were the
randomized phase III trials that evaluated the efficacy and
safety of89Sr adjuvant to local or hemibody EBRT therapy.

McEwan et al. (54) showed that the response rate in
patients treated with 1.5 MBq/kg89Sr who were treated
previously with wide-field irradiation was 83%, and the
response rate of those treated previously with limited local-
field irradiation was 71%. This variation was not statisti-
cally different between the 2 treated groups. No significant
toxicity was seen in either group.

A preliminary study by Bolger et al. (55) reported on the
results of the multicenter United Kingdom’s Metastron In-
vestigators Group trial. This was followed by the final report
by Quilty et al. (56) that compared89Sr given at a dose of
200 MBq with EBRT (local or hemibody). Two hundred
eighty-four patients with painful bone metastasis were
evaluable according to the protocol with assessment at 4, 8,
and 12 wk. No significant difference in survival of the 2
groups was found, and all treatments effectively reduced
bone pain at existing sites of pain (range, 61%–66%).
However, fewer patients reported new pain sites after89Sr
therapy alone than after either local or hemibody EBRT
(P , 0.05). Platelets and leukocytes fell 30%–50% after
89Sr therapy, but no clinically significant untoward effects
were seen.

Porter et al. (57) reported a randomized phase III study in
the management of endocrine-resistant prostate cancer in a
trans-Canadian study. In this trial, 54 patients who had been
studied at 8 Canadian centers were analyzed, with patients
randomized to receive either EBRT alone or combined

treatment (EBRT plus89Sr). Porter et al. used higher doses
(400 MBq [10.8 mCi]) as a single injection and provided
additional information on the role of89Sr as adjuvant ther-
apy. The duration of symptom relief was longer in the group
receiving combined EBRT and89Sr therapy. In addition, the
need for additional EBRT subsequently to new sites of bone
pain could be delayed much longer in the group that re-
ceived combined therapy. A tumoricidal effect was sug-
gested by the fact that a greater number of patients in the
active treatment group showed a reduction in serum tumor
markers (prostate-specific antigen [PSA] and prostatic acid
phosphatase). However, at the high dose of89Sr adminis-
tered (400 MBq [10.8 mCi]), a greater number of compli-
cations occurred. Whereas WBC and platelet counts
dropped to a greater degree and remained depressed longer,
grade 3 and grade 4 hematologic toxicity was seen in 28%
and 10%, respectively, of patients receiving89Sr at this dose
level.

A dose escalation study was conducted by Haesner et al.
(58) in Europe on 200 patients with metastatic prostate
cancer. Patients received 3 injections of89Sr, ranging from
0 (placebo) to 150 MBq. Fifty-nine percent of the89Sr-
treated group had partial or complete pain relief compared
with 34% in the placebo group. Eleven percent of the
patients in the placebo-treated group deteriorated compared
with 3% in the89Sr group.

Repeated injections were studied in 24 patients by Ben-
Josef et al. (59). Fifteen patients received 2 doses, and 9
patients received 3 or more doses. The response rate was
similar to that of those receiving 1 injection, with 58%
having complete response, 29% showing dramatic improve-
ment, and 12% with some improvement or no change.
Grade I–II toxicity was seen in 13% and grade III–IV
toxicity was seen in 4% of patients.

Kasalicky and Krajska (60) studied 118 patients with
painful skeletal metastasis from a variety of tumors over a
3-y period. Patients received from 2 to 5 injections provided
they had a satisfactory response to the first injection. The
degree of pain palliation after the repeated injection was
slightly better than that after the first injection, and the
duration of response increased after each subsequent dose.
Response rates of 3–4.5 mo were seen after the third injec-
tion and 4.2–5 mo after 4 or 5 injections. Mild myelosup-
pressive effects were reported.

Kimura et al. (61), investigators in Asia, reported on 90
patients with bone metastasis who were treated with89Sr, of
which 53 had prostate cancer. An overall response of 70%
was reported. In Europe, Pons et al. (62) reported on 50
patients with metastatic prostate cancer and 26 patients with
metastatic breast cancer who were treated with 148 MBq (4
mCi) 89Sr. Evaluation of the patients with prostate cancer at
3 mo revealed a good response in 64%, a partial response in
25%, and no response in the remaining 11%. Overall tox-
icity in the above studies was reported as low, provided
platelet levels were above 100,000 before therapy.

Less favorable responses and greater toxicity in end-stage
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disease have been reported. A study by Rogers et al. (63) on
60 patients with widespread symptomatic disease using
doses of89Sr varying from 66.6 to 173.9 MBq (median,
133.2 MBq) (1.8–4.7 mCi [median, 3.6 mCi]) showed an
overall response rate of 67% at 7–11 wk. Three patients
(6%) had severe thrombocytopenia and bleeding diathesis at
the time of death at 10, 12, and 16 wk after injection. Lee et
al. (64) further reported unfavorable results in 28 patients
with end-stage disease who were treated with doses of
81.4–162.8 MBq (2.2–4.4 mCi). Only 29% of patients
experienced moderate to dramatic pain relief, 32% had
some relief, and 50% had no pain relief. This group of
patients had only a 23-wk median survival, and 32% re-
quired additional palliative EBRT. These patients had a
subsequent greater drop in their blood count.

Numerous other studies with89Sr have been reported
since the initial preliminary studies. These have used a
variety of protocols and doses, with response rates and
toxicity varying according to the stage of the disease (65–
69).

Painful flare responses were seen in approximately 10%–
20% of patients treated with89Sr. These were usually tran-
sient and generally appeared subsequent to good responses
to the administered89Sr. Other side effects are related
mainly to the patient’s underlying disease. The use of89Sr is
probably not indicated in patients with end-stage disease
with an expected survival of,3 mo and in patients with
disseminated intravascular coagulation (64).

Phosphorous-32.Significant clinical experience has been
gained with32P since its introduction.50 y ago for the
treatment of metastatic bone pain (70–74). 32P has a phys-
ical half-life of 14.3 d and decays byb-emission to32S. The
maximumb-energy is 1.71 MeV, with a mean energy of
0.695 MeV. This agent may be imaged with moderate
success using the low-energy bremsstrahlung emission.

Most reports on32P have been on the orthophosphate
form, but other forms, such as polymetaphosphate, pyro-
phosphate, and hydroxyethylidene diphosphonate (HEDP),
have also been used clinically and in animal models. The
ratio of phosphorus uptake in tumorous bone relative to
normal bone is approximately 2:1. Several authors have
advocated the use of agents such as androgens and parathy-
roid hormone (PTH) to increase this ratio (72–75). How-
ever, androgens may exacerbate bone pain as well as cause
nausea and vomiting. Patients should be screened before
androgen is given to ensure that they have no spinal cord
compression, which could worsen and require emergency
therapeutic interventions.

Androgens may stimulate hematopoiesis and thus could
result in less anemia or myelosuppression than therapy with
radiopharmaceuticals alone (76). In addition, subjective im-
provements specifically related to androgen administration
may be seen in patients with breast cancer, making it
difficult to interpret the therapeutic effectiveness of the
radiopharmaceutical. For this reason, some authors have

advocated the use of alternative methods for increasing the
uptake.

The administration of PTH increases bone mineral ab-
sorption. It has been postulated that when PTH therapy is
withdrawn, a transient rebound effect results in greater
deposition of phosphate at metastatic sites associated with
increased osteoblastic activity.

A review of the literature on32P (for the period 1950–
1986) by Silberstein et al. (77) found that most of these
studies were conducted with androgen stimulation. The
percentage of patients who responded ranged from 58% to
100%, with the mean in breast cancer (84%) being slightly
higher than that in prostate cancer (77%). Common belief is
that 32P has disadvantages because of its myelosuppressive
effects; however, to my knowledge, there are only 2 reports
in the literature of serious complications (1 death secondary
to pancytopenia and 1 cerebral hemorrhage secondary to
thrombocytopenia) (78). The frequency of pancytopenia
with 32P therapy may be related to the degree and extent of
disease that involves the bone as well as the reduced mar-
row reserve related to prior treatment.

However, pancytopenia is rare with a single injection, or
even multiple injections, of up to 444 MBq (12 mCi)32P.
The response in patients who are retreated after recurrence
is in many instances as good as the initial response, but in
some it is not as great or is of shorter duration.

Samarium-153.153Sm is reactor-produced in high radio-
nuclidic purity by neutron bombardment of enriched152Sm
oxide (79). Complexed with the chelator of ethylenedia-
minetetramethylenephosphonate (EDTMP), it is supplied as
153Sm-lexidronam.153Sm has a physical half-life of 46.3 h
and decays with emissions of bothb- andg-particles. The
maximumb-particle energies are 810 keV (20%), 710 keV
(50%), and 640 keV (30%), and theg-photon energy is 103
keV (29%). Goeckeler et al. (79) first described its local-
ization and distribution in bone and its potential as a ther-
apeutic agent. Singh et al. (80) and others (81–83) described
its human pharmacokinetics and performed radiation ab-
sorbed-dose calculations.153Sm-lexidronam is rapidly taken
up by the skeleton in osteoblastic bone metastases and
cleared from the plasma. The clearance from the blood is
biexponential with estimated half-lives of 5.5 and 65 min
(81). That portion of the compound that does not accumu-
late in the skeleton is rapidly excreted, and excretion is
almost complete within 6 h after administration. There is,
however, a large interpatient variability in the urinary clear-
ance and bone retention depending on the extent of metas-
tases: the greater the number of metastases, the greater the
retention in the bone.

Using the 103-keV photon, the biodistribution of153Sm-
lexidronam can be imaged with a gamma camera. Images
comparable in quality with those obtained with99mTc-
HEDP bone scans have been achieved, and a high lesion-
to-normal bone uptake ratio has been reported by various
investigators (84–86).

A trial conducted by Lattimer et al. (87) on 40 dogs with
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spontaneous skeletal neoplasia that were treated with153Sm-
lexidronam found various responses to the treatment. After
treatment, 7 of the 40 dogs were judged to be free of disease
on histologic examination of the tumor site and had a mean
survival of 2 y. Small lesions with minimal lysis, metastatic
lesions, and axial skeleton lesions generally responded well
to the therapy, whereas primary lesions with substantial
ossification usually had a transient response. Twenty-five
dogs had initial functional and radiographic improvement
that was followed by regrowth or expansion of bone lesions.
In a study of a single dog by Moe et al. (88), treatment with
153Sm-lexidronam was combined with surgery (partial max-
illectomy) for osteosarcoma. After 21 mo, the dog was in
excellent condition, without evidence of local recurrence or
metastases.

The dose-limiting effect of radioactive153Sm-EDTMP in
dogs was bone marrow depression. A dose-related fall in the
WBC count and platelets was observed (over the range of
18.5–74 MBq/kg [0.5–2.0 mCi/kg]), reaching a nadir in 2–4
wk and returning to normal after 5–6 wk. It is noteworthy
that spontaneous marrow recovery occurred in healthy dogs
when a dose as high as 1,110 MBq/kg (30 mCi/kg) was
administered. These data support the view that153Sm-
EDTMP does not deliver equivalent radiation to all bone
marrow sites; the midshaft of long bones is relatively pro-
tected.

In a model of orthotopic human osteosarcoma tibial tu-
mor, rats were given 200 MBq/kg153Sm-lexidronam (89).
The median disease-free latency in 13 of 16 animals was
nearly 30 d. The median disease-free latency with 400
MBq/kg was 27 d in 6 or 12 animals, and 6 animals were
free of tumor at 60 d. On the basis of these encouraging
results, preliminary studies were also conducted in humans.

In an ascending dose study, 29 single intravenous doses
(3.7–37 MBq/kg [0.1–1.0 mCi/kg])153Sm-EDTMP were ad-
ministered to patients with painful bony metastases by Po-
doloff et al. (84). Seventeen palliative responses occurred in
26 evaluable treatment courses (65.4%). The response was
usually associated with diminished use of analgesics; 4
patients were able to discontinue all analgesics. Pain remis-
sion lasted from 1 to 11 mo (mean, 3.8 mo). Positive
responses occurred at all dose levels of153Sm-EDTMP from
7.4 to 37 MBq/kg (0.2–1.0 mCi/kg). Six of 9 treatment
courses given to patients with prostatic cancer and 1 of 3
treatment courses given to patients with lung cancer resulted
in positive responses; a single patient with breast cancer
experienced pain relief. Patients with small cell, neuroen-
docrine, and carcinoid tumors also responded to treatment.

A single ascending dose, tolerance/efficacy study in pa-
tients with painful bony metastasis from prostate cancer was
completed at the University of Washington by Collins et al.
(85). Five groups of patients were treated with 37, 55.5, 74,
92.5, or 111 MBq/kg (1.0, 1.5, 2.0, 2.5, or 3.0 mCi/kg), with
4 patients in each group. An additional 16 patients were
treated with 37 and 92.5 MBq/kg (1.0 and 2.5 mCi/kg).
Through the 111 MBq/kg (3.0 mCi/kg) dose, there was a

consistent fall in platelets and WBCs; the magnitude of the
fall was dose dependent. A fall in circulating platelets was
observed 1–2 wk after treatment with153Sm-EDTMP; the
nadir value was reached at 4 wk and values began to return
toward normal at week 5. A fall in circulating WBCs was
evident by 1 wk, the trough value was reached at 2 wk, and
a return toward normal was observed between 7 and 10 wk
after drug administration. Relief of bone pain was observed
at all dose levels but not in all patients. Between 70% and
80% of all patients experienced partial or complete relief of
pain. In general, pain palliation was observed at 1 wk after
administration of the agent and was independent of dose.

In all clinical studies, approximately 10% of patients
exhibited a painful flare response within 48 h after receiving
153Sm-EDTMP.

Turner and Claringbold (86) reported on 35 patients with
skeletal metastases who were treated with doses of153Sm-
EDTMP between 10.36 and 31.08 MBq/kg (0.28 and 0.84
mCi/kg). Pain was relieved in 22 of 34 evaluable patients
(65%) for periods ranging from 4 to 35 wk. Fifteen of the 34
evaluable patients exhibited stabilization or regression of
metastatic lesions on the basis of radiograph and bone scan
findings. Reversible myelosuppression was the only signif-
icant toxic effect of 153Sm-EDTMP therapy, with dose-
limiting thrombocytopenia that reached a nadir 6 wk after
administration.

On the basis of these studies, several prospective con-
trolled studies have since been performed on a large group
of patients. These pivotal studies have been conducted in
North America, Europe, and Asia (42,90–94).

In the first double-blind, placebo-controlled study, Se-
rafini et al. (42) and Serafini (90) randomized 118 patients
with painful bone metastases from a variety of primary
tumors to placebo (n 5 39), 18.5 MBq/kg (0.5 mCi/kg)
153Sm-lexidronam (n 5 40), or 37 MBq/kg (1.0 mCi/kg)
153Sm-lexidronam (n 5 39). The efficacy variables included
a visual analog scale (VAS), a physician’s global assess-
ment (PGA), and daily opioid analgesic use. In this study,
the mean VAS score decreased from baseline in each of the
4 wk after administration with both active doses, with
greater decreases in the higher dose group. The scores
remained essentially unchanged from baseline in the pla-
cebo group. The change in the area under the pain curve
VAS in the lower dose group was significantly different
from that in the placebo group at week 1 (P 5 0.044) but not
at any other week (P 5 0.078). In the higher dose group, the
change was significantly different from that of the placebo
group in each of the first 4 wk (P , 0.034). A mild,
transient, dose-related myelosuppression was the only un-
desirable pharmacologic effect seen in this study.

Furthermore, Serafini et al. (42) and Serafini (90) re-
ported that the pain relief data obtained in this trial showed
that 37 MBq/kg (1.0 mCi/kg)153Sm-lexidronam provides a
relatively rapid onset of pain relief because the VAS and
PGA scores for patients who received this dose were sig-
nificantly improved over the scores of those who were given
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the placebo during the first week after drug administration.
This early response is of benefit to the patient from the
standpoint of prompt relief of pain and in allowing an early
reduction in the use of opioid analgesics. In addition, the
pain-relieving effects of 37 MBq/kg (1.0 mCi/kg)153Sm-
lexidronam are durable because more than half of the pa-
tients who received this dose and who were responders at
week 4 were still judged as having some pain relief 16 wk
after drug administration according to the PGA. These find-
ings are consistent with the short half-life and high dose rate
of 153Sm.

A second double-blind, placebo-controlled study was re-
ported by Sartor et al. (91) on 152 patients with hormone-
refractory prostate cancer and painful bone metastases.
They were randomized in a 1:2 ratio of placebo (n 5 51) to
37 MBq/kg (1.0 mCi/kg)153Sm-lexidronam (n 5 101). The
efficacy variables comprised a patient-rated VAS of pain
intensity, a patient-rated pain descriptor scale (PDS) that
used words to describe the levels of pain, and daily opioid
analgesic use.153Sm-lexidronam had a positive effect on all
measures of efficacy. The mean changes in the VAS scores
were significant at weeks 2 through 4 (P 5 0.0232), and the
mean changes in the PDS scores were significant at all 4 wk
(P 5 0.0030). There was significant correlation between the
VAS and the PDS scores from baseline through week 4 (r 5
0.780,P , 0.0001). Not only did the VAS and PDS scores
decrease progressively over time in the active-treatment
group but also the use of opioid analgesics decreased in
parallel, indicating that the pain relief afforded by active
treatment made it possible to reduce the dose of analgesics.
153Sm-lexidronam was associated with a generally mild and
transient myelosuppression, with WBC and platelet count
nadirs occurring at a median of 4 wk and recovery occurring
after approximately 5–8 wk.

Resche et al. (92) performed a single-blind, dose-con-
trolled study of 153Sm-lexidronam on 114 patients with
painful bone metastases from a variety of primary tumors.
Patients were treated with either 18.5 MBq/kg (0.5 mCi/kg)
(n 5 55) or 37 MBq/kg (1.0 mCi/kg) (n 5 59). The main
efficacy variables were a patient-rated pain intensity VAS
and a record of daily opioid analgesic use. The investigators
also performed a PGA of the pain response. The mean
changes from baseline in the VAS scores indicated that both
dose levels alleviated the subjects’ pain, but the magnitude
of improvement was greater in the higher dose group at each
week after initiation of therapy, with statistically significant
decreases from baseline at weeks 3 and 4 (P , 0.005). None
of the changes from baseline in the lower dose group were
statistically significant. The difference between groups was
statistically significant at week 4 (P 5 0.0476). Long-term
follow-up revealed longer survival among breast cancer
patients who had received the higher dose than among those
who had received the lower dose.

Myelotoxicity is the major safety concern with the ad-
ministration of radiopharmaceuticals to patients with bone
metastases.153Sm-lexidronam has been associated in all

large controlled studies currently performed (at doses of 37
MBq/kg [1 mCi/kg] or lower) with only a generally mild
and transient myelosuppression. WBC and platelet counts
are reduced by approximately 40%–50% from baseline,
with the nadirs occurring at a median of 4 wk and recovery
occurring after approximately 5–8 wk. Less than 10% of
patients in the controlled studies had grade 3 or 4 myelo-
toxicity.

This has been confirmed subsequently by other large
multicenter trials performed independently in China (93)
and also by the International Atomic Energy Association
(94).

The results of the International Atomic Energy Associa-
tion Multicenter Study on the efficacy and toxicity of153Sm-
EDTMP in the palliative treatment of painful skeletal me-
tastasis was reported by Olea et al. (94). Four hundred
seventeen patients were divided into 3 groups receiving
18.5 MBq/kg (0.5 mCi/kg), 37 MBq/kg (1.0 mCi/kg), or
55.5 MBq/kg (1.5 mCi/kg). Seventy-three percent had ef-
fective pain palliation, with most (82% of those responding)
having analgesics reduced completely or significantly; 50%
had responses lasting.8 wk with the response being inde-
pendent of dose. No life-threatening toxicity was encoun-
tered, with only mild to moderate myelotoxicity, which
recovered completely. In the multicenter trial in China (93),
105 patients with painful bone metastases from various
primaries were treated with153Sm-EDTMP at a dose of 37
or 18.5 MBq/kg; 83.8% of patients experienced effective
palliation, whereas major toxicity was only temporary my-
elosuppression.

Retreatment with153Sm-EDTMP has been described as
safe, feasible, and efficacious. For example, Menda et al.
(95) recently reported retreatment results in a patient with
hormone-refractory prostate cancer and metastatic bone
pain. This patient received 11 treatments with153Sm-lex-
idronam, 37 MBq/kg (1 mCi/kg) over 28 mo. With the first
5 doses, the patient clearly reduced his bone pain and
improved his quality of life as determined by pain assess-
ment scores and the impact of pain on daily living. With
doses 6–11, the beneficial effects were maintained but were
not as apparent because the pain scores were more difficult
to assess; the scores were lower and the patient had also
begun to increase his use of opioid analgesics. During the
28-mo treatment period,153Sm-lexidroman produced tran-
sient decreases in WBC and platelet counts, but these never
fell low enough to cause clinical concern.

Bushnell et al. (96) gave multiple administrations to 18
patients with hormone-refractory prostate cancer. The me-
dian interval between doses was 133 d (range, 55–595 d),
with doses ranging between 2 and 11 per patient. The mean
administered dose was 2,9976 629 MBq (816 17 mCi)
(range, 1,924–4,181 MBq [52–113 mCi]). A treatment de-
crease in time to nadir of 4–5 wk was seen regardless of the
number of administrations. Grade 3 or grade 4 toxicity of
WBCs and platelets was uncommon (,10% of doses).

Similar to89Sr, 153Sm-lexidronam had a low incidence of
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flare response (approximately 10%) in all studies reported.
These were short lived and self-limiting in most cases. The
incidence of other adverse events does not appear to be
significant, and in the placebo-controlled studies the inci-
dence was similar in both groups, suggesting that these
adverse events are attributed mainly to the patients’ under-
lying disease.153Sm-lexidronam would be contraindicated
in patients who are allergic to phosphates and should not be
administered on the same day as other bisphosphonates that
are being received intravenously because both agents com-
pete for the same binding sites on the hydroxyapatite crystal
associated with new bone formation.

Investigational Radiopharmaceuticals
Rhenium-186.186Re, which is produced by irradiating

enriched185Re, is chemically similar to99mTc. It can be
readily complexed with HEDP with a relatively high radio-
nuclide and radiochemical purity.186Re-HEDP has a 3.7-d
half-life and decays by the emission of ab-particle with an
energy of 1.07 MeV and ag-emission of 137 keV (9%
abundance). In addition,186Re can be imaged, having a body
distribution similar to that of99mTc-methylene diphospho-
nate (MDP) on bone scans.186Re is rapidly cleared from the
blood, predominantly by renal excretion, with 70% elimi-
nated within 72 h.

Dosimetric studies with an injected dose of 1,295 MBq
(35 mCi) found a high dose rate, with a mean tumor lesion
midpoint dose to the tumor lesions of 35.3 Gy and a mean
midpoint marrow dose of 1.2 rad. The tumor-to-marrow
dose ratios have a high therapeutic index, with a mean value
of 34:1 and a median value of 20:1 (41).

A preliminary trial of 186Re-HEDP was conducted in the
United States by Maxon et al. (97) on 51 patients with a
variety of cancers, the majority having prostate or breast
cancer. Hormonal therapy, EBRT, and chemotherapy had
failed in many of them, and they were being treated with
long-term opioids. Thirty-three of 43 assessable patients
(77%) responded to the treatment, with the onset of pain
relief occurring within 2 wk. Twenty percent of the patients
became free of symptoms. Fourteen patients in the group
still exhibiting symptoms were given a second dose of the
agent, and 7 of these patients had responses of magnitude
and onset comparable with those of the patients who had
received 1 dose (97).

A double-blind crossover study was conducted by Maxon
et al. (98) on 13 patients, 6 of whom received186Re-HEDP
(1,258 MBq [34 mCi]) and 7 of whom received the control,
99mTc-MDP (666 MBq [18 mCi]). Preliminary results found
a response in 5 of the 6 patients given186Re-HEDP but in
only 1 of the 7 given the control. A pain flare occurred in 1
patient at 2 or 3 d after the injection, but it resolved within
1 wk. Myelotoxicity with the 186Re was minimal, with
transient myelosuppression that resolved within 8 wk. Sim-
ilar response rates have been observed in a study conducted
in Europe by de Klerk et al. (99); however, a high flare rate
(50%) was noted by Zonnenberg et al. (100).

Similarly, Han et al. (101), using186Re-HEDP etidronate,
showed a 58% response in the palliative treatment of met-
astatic bone pain in breast cancer.

Tin-117m. A neutron inelastic scattering reaction has
been used to produce117mSn from an enriched117mSn target
in the Oak Ridge National Laboratory high-flux isotope
reactor and the Brookhaven National Laboratory high-flux
beam reactor. Once117mSn is chelated to diethylenetriamine-
pentacetic acid (117mSn-DTPA), its distribution is similar to
that of other bone-seeking radiopharmaceuticals. Its physi-
cal characteristics are interesting in that it emits conversion
electrons of a limited range (0.2–0.3 mm), which should
result in decreased marrow toxicity compared withb-emit-
ters.

Preliminary studies have shown that117mSn-DTPA is
effective in alleviating bone pain in patients with breast and
prostate cancer and has minimal toxicity. A phase I/II trial
of 117mSn-DTPA conducted by Srivastava et al. (102) on 47
patients with painful bone metastases from various cancers
found an overall response rate of 75% (range, 60%–83%) in
40 assessable patients. Patients were assigned to 5 different
dose levels ranging from 2.63 to 10.58 MBq (71–286mCi)
per kilogram body weight. Twelve patients (30%) experi-
enced complete relief. The time to onset of pain relief was
19 6 15 d with doses of 5.29 MBq/kg or less and 56 3 d
with doses of 6.61 MBq/kg or greater. Myelotoxic effects
were minimal with only 1 patient. Three patients received a
second treatment, having a marginal grade 3 WBC toxicity.

117mSn-DTPA has an imageableg-photon (158.6 keV,
86.4% abundance) and an intermediate physical half-life
(14 d) that provides a useful shelf life for distribution. This
agent is still in the earliest stages of evaluation, and its
efficacy profile and physical characteristics are encourag-
ing. Further clinical trials are planned, with new and im-
proved formulations of117mSn-labeled stannic chelates
(103).

ADDITIONAL CONSIDERATIONS

Systemic Radioisotopes and Radiosensitizers
The complementary role of radioisotopes and radiosensi-

tizers appears promising.89Sr in a single dose and low-dose
cisplatin chemotherapy were evaluated in a phase I/II study
by Mertens et al. (104). Complete pain relief or a significant
reduction of narcotic intake was seen in 55% of patients. No
cases of grade 3 hematologic toxicity were seen with this
regime, although the marrow was more sensitive to suppres-
sion with further injections of89Sr.

Other agents have been evaluated with encouraging re-
sults. This includes a study of 15 patients treated with89Sr
alone (148 MBq) and 15 patients treated with89Sr (148
MBq) followed by carboplatin (100 mg/m2) given at 7 and
21 d. A response was seen in 20 of 27 evaluable patients,
with the pain response being considered by Sciuto et al.
(105,106) as being superior with combined therapy.
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Tu et al. (107) treated 25 patients concurrently with89Sr
(2.04 MBq/kg [55mCi/kg] every 3 mo) and doxorubicin at
15 mg/m2 as a continuous infusion over 24 h once per week.
Pain relief was achieved in 76% of patients, and 40% had
improved performance status. This study was significant in
that it showed an improved survival of patients with hor-
mone-refractory prostate cancer. PSA values were seen to
decrease.75% from baseline in 32% of patients, suggest-
ing a tumoricidal effect. The median survival of patients
was 15.4 mo, which appears to be improved. Wehbe et al.
(108) evaluated89Sr, estramustine, and vinblastine in hor-
mone-refractory prostate cancer as a phase II clinical trial of
concurrent chemoradiation. Patients received 2.2 MBq/kg
89Sr every 12 wk; estramustine, 600 mg/m2 daily during
weeks 1–4 and 6–10; and vinblastine 4 mg/m2 weekly
during weeks 1–4 and 6–10. Seventeen patients completed
1 treatment cycle and 8 patients completed 2 or more
treatment cycles. No grade 3–4 toxicity was seen during 1
treatment cycle but was seen if patients received 2 or more
treatments. PSA values decreased in 60% of patients.50%
from baseline.

Dahut et al. (109) combined estramustine at different
doses and89Sr in a group of patients with hormone-refrac-
tory prostate cancer. Forty-six percent (6/13) of evaluable
patients showed PSA declines.50% from baseline. The
treatment was well tolerated except for fluid retention at
high doses of estramustine (14 mg/kg/d). The authors found
this to be less of a problem if the dose was reduced to 8
mg/kg/d during days 1–15 and, if tolerated, then increased
to 10 mg/kg/d.

Turner et al. (110) treated 15 patients using low-dose
153Sm-EDTMP (740 MBq [20 mCi]) combined with intra-
venous bolus doxorubicin or mitomycin or with a 3-d bolus
of fluoracil. A complete response to pain was seen in 4
patients (25%) and a partial response was seen in 8 (50%),
for an overall response rate of 75%.

Although the results of most of the studies using radio-
pharmaceuticals combined with chemotherapy are encour-
aging, the optimal combination therapy dose and sequence
have not been established.

Serum and Urinary Markers to Monitor Response to
Radioisotopes

Quantitation of serum and urinary biochemical markers
of bone resorption and bone formation has been used to
predict the need for89Sr therapy and to monitor the response
(111).

Serum procollagen type I C-terminal peptide (PICP) has
been used by Papatheofanis (112) to evaluate the response
to 89Sr and EBRT. Clinical responders to89Sr showed a
4-fold decrease in PICP concentration, whereas nonre-
sponders showed no change.

Similarly, urinary production of pyridinium collagen
crosslinks pyridinoline and deoxypyridinoline was un-
changed in patients who received89Sr, whereas those who
did not receive89Sr were noted to have an increase, sug-

gesting that bone resorption in the latter group had not been
stabilized.

Role of Systemic Metabolic Radiotherapy in Reducing
Costs

Cost benefits with systemic radioisotopes have been
shown directly and indirectly in various studies.

A retroactive study performed by McEwan et al. (113)
reported that lifetime management costs in patients treated
with 89Sr were significantly reduced. This was attributed to
a reduction of direct treatment costs (need for additional
external beam radiation) as well as tertiary inpatient require-
ments.

Similarly, Malmberg et al. (114) reported the total direct
lifetime costs within the Swedish health care system for
patients with hormone-refractory prostate cancer. Their
conclusion was that89Sr therapy as an initial supplement to
EBRT was beneficial to the patient and improved lifetime
health service cost.

Analgesic costs can be quite significant in patients with
pain caused by extensive bone metastasis. Clinical experi-
ence has shown that the majority of patients require signif-
icant dose escalations to manage pain related to progression
of disease and that pharmacologic tolerance to the analgesic
effects of opioids is not an uncommon problem.

Many studies with89Sr, 153Sm-EDTMP, and other radio-
pharmaceuticals have shown that these agents can reduce
the need for analgesic medications, which can be quite
significant. It is estimated that the average monthly costs for
opioid analgesics range between $50 and $400 per month of
use and for palliative radiotherapy between $850 and
$4,000 depending on duration and complexity per treatment
(115).

Combining radiopharmaceuticals in the management of
bone pain may be cost-effective if it succeeds in signifi-
cantly reducing the level of narcotic analgesics used by
patients and the cost of retreating patients with radiotherapy.

Quantification of Therapeutic Dose Administered by
Systemic Radiopharmaceuticals

Quantitating the radiation dose to individual skeletal le-
sions or to the bone marrow has been reported by various
groups using either direct measurements of the therapeutic
agent (such as153Sm-EDTMP,117mSn, or186Re) that emitg-
particles or surrogate agents (such as the99mTc bone-scan-
ning agents) (116–122). These methods offer the potential
of allowing individualized dosing and an improved thera-
peutic index relative to fixed dosing schema.

Use of Radiopharmaceuticals in Disseminated
Intravascular Coagulation

Systemic radiopharmaceutical therapy for bone metasta-
sis is theoretically contraindicated when disseminated intra-
vascular coagulation occurs (123). When disseminated in-
travascular coagulation occurs in hormone-refractory
prostate cancer, few treatments are available. Ruffion et al.
(124) reported the successful use of153Sm-lexidronam for

THERAPY OF METASTATIC BONE PAIN • Serafini 903



relieving bone pain and controlling the disseminated intra-
vascular coagulation. The patient subsequently received 4
additional treatments with153Sm-lexidronam over the fol-
lowing year without morbidity.

FUTURE APPLICATIONS

Metastatic bone pain can be alleviated with systemic
metabolic radiotherapy. Selecting those patients who are
most likely to benefit from this treatment requires a thor-
ough assessment of the risks and benefits of the available
therapies as well as of the patients’ therapeutic history and
clinical status. In the future we must develop strategies that
enhance and advance the effectiveness of this form of
therapy either alone or in combination with other currently
accepted forms of pain therapy. Further improvement of the
quality of life of patients with cancer is possible if we can
apply these techniques more optimally.

Future consideration for systemic metabolic radiotherapy
includes their use at an earlier stage in high-risk patients who
are likely to develop bone metastasis to prevent this from
occurring. This would include its use in asymptomatic patients
with positive bone scans who may or may not as yet be
refractory to chemotherapy or hormonal therapy or as adjuvant
therapy in combination with EBRT to simplify the treatment
dosing while enhancing the radiosensitivity of the treated tis-
sue. Such a plan would include an up-front dose of metabolic
radiotherapy followed by a single high dose of EBRT. Com-
bination treatments with chemotherapy or bisphosphonates
sequenced alternatively with radiopharmaceuticals may en-
hance efficacy while sparing the toxicity of chemotherapy or
the cost of long-term therapy with bisphosphonates or chemo-
therapy (or both). Neoadjuvant therapy in malignant bone
tumors combined with chemotherapy and radiation therapy are
further opportunities to be explored. With some of the newer,
short-lived agents (153Sm,186Re, and117mSn), high dose levels
can be administered over short periods of time with subsequent
minimal residual radioactivity in the bone, allowing reinstitu-
tion of chemotherapy at an earlier stage. The increasing avail-
ability of radioprotectors and various salvage techniques such
as colony-stimulating factor can now also be introduced in the
management of these patients. These improvements would
allow patients to be considered for systemic radioisotope ther-
apy at an earlier stage rather than using this modality as a last
resort for palliation of metastatic bone pain.
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