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eletherapy and Radiopharmaceutical
herapy of Painful Bone Metastases

dward B. Silberstein, MD

Bone pain from metastatic disease is most common in cancers of the breast, prostate, and
lung. Despite the World Health organization algorithm for treating such pain, the outcomes
are not often satisfactory. In 2005, there will be 3 radiopharmaceuticals available in the
United States that can reduce or relieve bone pain caused by osteoblastic metastases with
apparently equal efficacy. Phosphorus-32 as sodium phosphate, strontium-89 (89Sr) as the
chloride, and samarium-153 lexidronam may all be given intravenously (and 32P also orally)
in patients where bone scintigraphy demonstrates a metastatic lesion causing the patient’s
bone pain. Side effects are usually mild and include pancytopenia with leukocyte and
platelet nadirs at approximately 50% of baseline, and a mild-to-moderate, but brief, in-
crease in pain (“flare”) in approximately 10% of patients. At least 1 of these radiotracers,
89Sr, has the availability to reduce the incidence of new bone metastases as well, but, given
alone, none prolong life. In a few studies in which 89Sr has been combined with chemo-
therapy, prolongation of patient survival has been demonstrated. Many questions remain as
to the optimization of use of this group of radiopharmaceuticals, including whether com-
binations of radiopharmaceuticals with each other, with bisphosphonates or with chemo-
therapy can improve the therapeutic outcomes even more.
Semin Nucl Med 35:152-158 © 2005 Elsevier Inc. All rights reserved.
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pproximately 1 in 3 residents of the United States will be
diagnosed with some form of cancer in his/her lifetime,

ith more than 1 million cases occurring per year. Approxi-
ately three-fourths of patients with advanced cancer will ex-
erience pain, much of this clinically significant, from osseous
etastases.1 The process by which tumor cells reach osseous

issue, enter the interstices of bone, survive, and grow is cur-
ently undergoing intensive investigation.2 Metastases may
each bone by direct extension or, more commonly, through the
ematogenous route, usually beginning in marrow. Of all pa-
ients with osseous metastatic disease, 70% will have disease in
he vertebrae and ribs, 40% in the pelvis, 25% in the femur, and
5% in the skull, often concurrently, with 10% of osseous me-
astases causing fracture. Breast cancer causes more than half of
ll pathologic fractures.3

Treatment of the resultant pain so often following and caused
y osseous metastatic disease is rarely satisfactory for the patient,
espite the guidelines of the World Health Organization 3-step
nalgesic ladder or hierarchy of drugs to be used for analgesic
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ain management.4 Most patients experiencing bone pain even-
ually require opiates, which can significantly alter the patient’s
uality of life as these drugs induce constipation, lethargy, and
ven confusion. Besides the pain, the clinical effects of bone
etastases include pathologic fracture, immobility, hypercalce-
ia, loss of independence, anxiety, and depression.1,5

Of several nonnarcotic modalities available to treat the
ain of osseous metastases, radiation therapy, both as tele-
herapy and unsealed sources (electron and �-emitting radio-
harmaceuticals), has been effective over many years of clin-

cal experience. The goal of radiation therapy in these
atients is to reduce or relieve pain and thus improve func-
ional status. To this, we may add the ability of electron or
-emitting radiopharmaceuticals to prevent or delay the on-
et of new painful metastatic disease6 With the combination
f radiopharmaceutical and chemotherapy, improvement in
urvival has recently been described.7,8 Bisphosphonates are
ewer additions to the clinician’s armamentarium of pain
elieving agents, and this pharmacologic approach has be-
ome an important alternative to radiotherapy.

xternal Beam Radiotherapy
eletherapy may be given to focal sites of painful disease

r as hemibody radiation to wider fields when there are
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Teletherapy and radiopharmaceutical therapy of bone metastases 153
ultiple painful sites.9,10 Common local radiotherapy
ractionation schedules include 40 to 50 Gy in fractions of
80 to 200 cGy 5 days per week for 4 to 5 weeks, 20 to 40
y in doses of 250 to 400 cGy 5 days per week for 1 to 3
eeks, or a single dose of 8 to 10 Gy.11 In a comparative

tudy that stratified patients by initial primary site of pain-
ul metastasis, presence or absence of internal osseous
xation, and medical center, there was no difference in
ain reduction from solitary lesions between a regimen of
0 Gy given over 1 week and one using 8 Gy in one dose.
here appears to be little or no difference in pain reduc-

ion from multiple metastases between delivering a single
raction of 8 Gy to a painful site, 15 Gy in a week, and 30
y in 10 daily fractions during the course of 2 weeks, as
easured by the time to onset of relief, incidence of relief,
uration of response, or survival.12,13 A meta-analysis sug-
ested that for this purpose 20 Gy in 5 fractions, 30 Gy in
0 fractions or 35 Gy in 14 fractions were all acceptable.14

Partial body radiation, involving 6 to 8 Gy to the upper
emibody, 8 Gy to the lower hemibody, or 6 to 8 Gy from
eck to pubis, has been used successfully to ameliorate bone
ain. From upper body hemiradiation not exceeding 8 Gy
here has been grade three (out of four) gastrointestinal tox-
city in one-sixth of cases, and similar hematologic toxicity in
pproximately one-third. One must assume that the stomach
as in the radiation field in these cases. Radiation pneumo-
itis could be avoided with doses at or less than 8 Gy. Lower
emibody radiation caused lesser toxicity in both organ sys-
ems. These techniques yielded a complete response (pain-
ree) in 19%, 47% partial response; 34% of patients in this
eries with “some” or “no” response must all be classified as
onresponders until further information becomes available.
n this group, a better performance scale score predicted a
reater chance for pain reduction with hemibody radiation.15

adiopharmaceuticals
sed for Pain Relief

one-seeking radiopharmaceuticals play a significant role in
he treatment of the pain of osteoblastic metastatic disease.
hese radiopharmaceuticals, called “unsealed sources” by the
nited States Nuclear Regulatory Commission, are beta or
lectron-emitters with a chemical affinity for sites of new
one formation by one of several mechanisms. These include
irect substitution for stable analogs in hydroxyapatite (89Sr

or calcium and 32P-orthophosphate for stable phosphate);
hemisorption on the hydroxyapatite surface by the phos-
hate moiety of phosphonate chelates (186Re, 188Re, and pos-
ibly 153Sm), and formation of insoluble salts with bone
trivalent 153Sm and 117mSn). The uptake of these radiophar-
aceuticals is greater where new reactive bone is being

ormed, due to increased blood flow to the site and increased
urface area of calcium phosphate salts as they are secreted
nd become hydroxyapatite molecules.14

Table 1 lists 6 radiopharmaceuticals that have been ex-
mined by multiple investigators for the ability to reduce

r relieve pain of osteoblastic metastatic disease, ordered m
y physical half-lives. The range of physical properties of
hese radiopharmaceuticals is remarkable, with half-lives
anging from less than a day (188Re) to 50.5 days (89Sr) and
ean particle energies as low as 0.13 MeV (the electrons of

17mSn) and as high as 0.79 MeV (the beta of 188Re). The
ean range in soft tissue is proportional to particle energy

o that the 117mSn electron range is only 0.2 mm, whereas
hat of the beta of 188Re exceeds 3 mm. Unfortunately the
e-186, Re-188, and Sn-117m chelates are unavailable in

he United States.
Most of these emit gamma rays, which have been used to

ocument the localization of the injected radiopharmaceuti-
al at precisely the sites of osteoblastic metastases identified
y a 99mTc-labeled bisphosphonate bone scan and also allow
osimetric calculations. This gamma-emitting property pro-
ides no advantage and can lead to some radiation being
eceived by bedmates.

There could be differences in response to these radiophar-
aceuticals because of the dramatically different dose rates.
longer mean path of the electron or � particle in the mar-

ow might yield a greater tumoricidal effect, but also perhaps
reater myelosuppression. There are several other variables
hat could affect tumor dose from these radiopharmaceuti-
als:

1. The intensity of uptake by reactive bone can vary dra-
matically. Although the usual ratio of abnormal to nor-
mal bone is 3 to 5:1, ratios as high as 13 to 15:1 have
been noted.16

2. Widespread uptake from diffuse osseous metastases
could dilute the effect of an injected radiopharmaceu-
tical, with fewer radioactive atoms per volume of tu-
mor.

3. The inhomogeneity in distribution of tumor, marrow,
and trabecular bone within a given site of osteoblastic
uptake seen scintigraphically is another variable deter-
mining the dose to individual lesions.

4. The greater the osteoblastic trabecular volume, the
greater the deposition of these therapeutic agents, with
a resultant increase in tumor dose. However, the
thicker that the trabeculae become in a marked osteo-
blastic response, the more beta particles or electrons are
locally absorbed, with a resultant reduction in tumor
dose.17,18

5. Because the radiopharmaceuticals appearing in Table 1
all have significant renal excretion, altered renal func-
tion will increase body and lesion dose.

However, as will be discussed in greater detail below, we
ee no significant differences between all these radiopharma-
euticals in reducing the pain of osseous metastases. And for
ll of these radiotracers the dosage-response curve is flat
bove some threshold activity, ie, giving more activity does
ot increase the response rate. Nor does there appear to be a
ifference in response rates between cancers as long as the

etastatic lesions are present on the bone scan.
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154 E.B. Silberstein
echanisms of
adiation-Induced Pain Relief

here are patients whose bone pain may diminish after only
few days of teletherapy treatment or within a week of ra-
iopharmaceutical administration, even when the total dose
o the site is less than 5 to 10 Gy. However, in such a short
eriod of time the tumor cells within the marrow have not
isappeared, and, in fact, peritumoral edema may be seen.
he neurons are too radioresistant to be affected by these low
oses. Therefore, although pressure, mechanical nerve en-
rapment, and mechanical stretch may be invoked as possible
echanisms of pain from osseous metastases, there must be

ther mechanisms to explain the efficacy of radiation.19

Both the metastatic tumor and also reactive lymphocytes
ay be responsible for producing cytokines modulating the
ain response of the neuron.20 Thus, the cytocidal effects of
he beta-particles on radiation-sensitive cells such as lympho-
ytes could lead to a decrease in cytokine-induced pain. Sen-
itization of nocireceptor neurons in bone, resulting in exces-
ive substance P release, could also occur as a result of the
ower intracellular and extracellular pH of solid tumors.21,22

Intramedullary hypoxia has also been hypothesized as a
ource of pain. Finally, as osseous metastases spread, there is
estruction of trabecular and cortical bone. At what point
oes this destruction become an occult but painful fracture?

adiopharmaceuticals
urrently Used for the
reatment of Bone Pain

2P-Orthophosphate
or 5 decades 32P (as the orthophosphate) has been used for
ain relief, and there are more than 30 articles in the medical

iterature describing its efficacy in relieving pain from osse-
us metastases.23 Eighty-five percent of an administered dose
s incorporated into hydroxyapatite. However, the phosphate

oiety also appears in molecules involved with energy stor-
ge, cell structure, and, importantly, in the backbone of DNA

able 1 Radiopharmaceuticals for Painful Metastases

Radiopharmaceutical
t1/2

(d.)
Maximum EB

(MeV)
M

188Re(Sn)HEDP* 0.7 2.12

153Sm-EDTMP 1.9 0.81

186Re(Sn)HEDP* 3.8 1.07
117mSn-DTPA* 13.6 0.127†

0.152†
32P-phosphate 14.3 1.71
89Sr-chloride 50.5 1.46

Not available in the United States.
Conversion electrons.
nd RNA where, as a �-emitter, it may damage the structure c
nd function of these nucleic acids. Bone marrow will thus
eceive radiation from the 32P in marrow cells, as well as from
he � particle of 32P incorporated into surrounding bone,
nlike all the other radiopharmaceuticals under consider-
tion.

Single injections of 32P-orthophosphate have been admin-
stered in activities from 5 to 12 mCi, as well as in multiple
oses up a period up to a month, with total activities up to
4 mCi.16 The optimum activity for 32P-orthophosphate ad-
inistration is unknown, as is the issue of whether the activ-

ty should be given in single or multiple doses. The oral route
ay be as efficacious as intravenously administered 32P-or-

hophosphate and is far less expensive, since the oral prepa-
ation does not have to conform to the same good manufac-
uring practices the FDA requires for intravenously
dministered drugs in terms of sterility and apyrogenicity.

In the 1950s and 1960s, 32P-orthophosphate often was
iven with an androgen to stimulate bone uptake for patients
ith metastases from breast (and prostate) cancer. Parathy-

oid hormone was similarly used, but there are no studies to
ndicate that these hormonal manipulations provide any
herapeutic advantage over administration of intravenous
2P-orthophosphate with no hormonal injection.

There is no relationship between the total administered
ctivity and the percent of patients responding in breast can-
er, ie, no dose-response relationship. The overall response
ate in the literature has totaled approximately 85% in breast
ancer, although the criteria for responding patients were not
lways clear.23 The response rate is similar to that from tele-
herapy. The mean reported duration of response to 32P-
rthophosphate is 5.1 � 2.6 months, with the longest re-
ponses noted in multiple series as 16.8 � 9.4 months. There
ay be some radiographic or scintigraphic improvement
ith 32P-orthophosphate, as with the other radiopharmaceu-

icals employed, but this does not correlate with pain reduc-
ion.

Adverse effects from 32P-orthophosphate were probably
aused by the androgen given before 32P-orthophosphate ad-
inistration, eg, an increase in bone pain (the “flare phenom-

non”) described in as many as one-half of the patients re-

EB

)
Max Range

(mm)
Mean Range

(mm)

Gamma MeV
(% abundance)

Half-Life

11.0 2.7
3.1

0.155 (10%)

2.5 0.6 0.103 (28%)
0.070 (5%)

4.5 1.1 0.137 (9%)
0.27 0.2

0.3
0.159 (86%)

7.9 3.0 –
7.0 2.4 0.909 (0.10%)
ean
(MeV

0.73
0.79
0.23

0.33
–
–

0.70
0.58
eiving androgen followed by 32P-orthophosphate, while this
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Teletherapy and radiopharmaceutical therapy of bone metastases 155
umber is generally lower, in the 10% range, with the other
adiopharmaceuticals.

With all of the electron or beta-emitters pancytopenia oc-
urs. There has been only one death reported to be caused by
yelosuppression from 32P. However, an intracerebral hem-

rrhage in another patient in the literature is probably also
elated to 32P-orthophosphate-induced marrow suppres-
ion.16 32P-orthophosphate has been used as a myelosuppres-
ive agent for polycythemia vera and essential thrombocythe-
ia, and there is some evidence that the degree of
yelosuppression from this radiopharmaceutical could be

reater than that from the other agents in Table 1.24,25 The
eukocyte and platelet counts do return to normal by 8
eeks26 after 32P myelosuppression.
A small study comparing 32P given orally with intravenous

9Sr indicated that the 2 agents had equal efficacy of approx-
mately 90% in pain reduction24, which a later publication,
ncorporating the data from this single site into a larger multi-
nstitutional study sponsored by the IAEA confirmed. How-
ver in this larger study the efficacy of 89Sr was reduced to
8%, that of 32P to 60%, but the differences were again not
tatistically significant.25 In the smaller study 32P gave 2 of 16
atients grade 2 (of 4) leukocyte toxicity and 6 of 16 grade 2
of 4) platelet toxicity, with none requiring hospitalization.
he 89Sr patients had only grade 1 toxicity, suggesting that
lthough 32P may be more myelotoxic, this has no clinical
ignificance.24 These data were upheld in the larger study.25

2P has been associated with acute myelogenous leukemia
hen used to treat myeloproliferative diseases such as poly-

ythemia vera, but the life-expectancy in these cancer pa-
ients with bone pain, as well as the lack of an underlying
releukemic state, makes this complication of little concern

n these patients.

9Sr-Strontium Chloride
ecause strontium and calcium are both in family 2 of the
eriodic table, 89Sr, injected as the chloride, substitutes for
alcium in the hydroxyapatite molecule. 89Sr was the first
adiopharmaceutical used for the palliation of bone pain
rom metastatic disease,26 preceding the earliest reports of
2P-orthophosphate for this purpose, although 32P was
idely used for the next 30 years and 89Sr hardly at all. After

ntravenous injection, 89Sr is excreted by both renal (80%)
nd fecal (20%) routes, with a biologic half-life of 4 to 5 days.
owever, approximately 30% to 35% of the radiopharma-

eutical remains in normal bone for 10 to 14 days with 20%
etention at 3 months. The biologic half-life of 89Sr in the
oven, reactive bone around osteoblastic metastases is very

ong, with retention of 80% to 90% of the injected dose in
nvolved sites at 3 months following injection.16 This phe-
omenon, not yet explained, has been observed for all the
adiopharmaceuticals listed in Table 1.

The optimum 89Sr activity to be administered to achieve a
aximum response is unknown, but there is no convincing
ose-response relationship. The usual dosage administered is
ither 148 MBq (4 mCi) or 1.48 MBq/kg (40 �Ci/kg). With

arger dosages of strontium, more myelosuppression will re- t
ult.27 Even in a patient with no previous chemotherapy, one
annot predict the degree of myelosuppression with a high
egree of certainty, because metastatic tumor replacing mar-
ow leaves fewer stem cells available to participate in recovery
rom the radiation-induced myelosuppression. Therefore
ne may see platelet and leukocyte nadirs as low as 25% to
0% of the initial counts. The more usual response is milder
yelosuppression, with a decrease in these counts to approx-

mately 60% to 70% of pretreatment levels, a nadir at 5 to 8
eeks, and recovery by 10 to 16 weeks.24-29

The response time to 89Sr has been reported as early as 3
ays, but is most commonly noted in the second or third
eek after administration. In analyzing data on 89Sr efficacy,
ne should, therefore, exclude patients who were treated but
id not survive for 1 month. The published data on strontium
esponse show a range of 65% to 90%, with complete relief of
ain in 5 to 20% of patients injected.24-29 The mean duration
f pain reduction is 3 to 6 months. Retreatment for respond-
rs is possible at approximately 3-month intervals. Most, but
ot all, of these also will respond to a second treatment. It is
ot likely that patients who do not respond to the first injec-
ion will respond to a second injection, but a few such anec-
otal occurrences have been reported. In reviewing these
ata the reader must be careful to note series wherein patients
ho did not live 3 months were excluded, as this bias can

hange the results considerably.
In an important Canadian study patients were randomized

o receive teletherapy to painful sites or teletherapy plus an
djuvant dosage of 10.8 mCi of 89Sr, an amount well in excess
f the 4 mCi dosage commonly used in the United States. In
atients who received the 89Sr there was a significant delay to
ime of recurrence of the painful site, and also a delay in
ppearance of painful new sites compared with patients who
eceived teletherapy alone.6 Confirming the Canadian data
as a British study using only 5.4 mCi of 89Sr, also indicating

hat new sites of pain occurred less frequently in the patients
ho received this radiotracer.30 This effect may be related to

he long physical and biologic half-life of the radiopharma-
eutical and has not yet been reported with the other radio-
harmaceuticals listed in Table One. There was no life pro-

ongation with 89Sr in this study. However patients who had
tumor marker fall after Sr-89 lived over twice as long as

hose with no chemical response.31 In a contrasting study
owever, a drop in marker did not correlate with the clinical
esponse,32 suggesting that death of tumor cells is not the
nly mechanism for pain reduction. When 89Sr has been used
n conjunction with cisplatin an enhancing effect on pain
elief has been described.8,33 An actual prolongation of mean
urvival occurred with the use of 89Sr plus doxorubicin ver-
us doxorubicin alone in the therapy of hormone-indepen-
ent prostate cancer.7 Data on breast cancer combined ther-
py is sparse, however.

Pain reduction from 89Sr, or any of these tracers, cannot be
redicted with great reliability. Specifically occurrence, and
egree of cytopenia, the presence of narcotic tolerance, and
he activity of 89Sr administered have not been shown to be
redictive of response. Some investigators have found a bet-

er response in patients with a higher performance level, and
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156 E.B. Silberstein
poorer response with very widespread metastatic disease,
ut not all agree.27 No significant differences have been found

n response rates to 89Sr as compared with local teletherapy or
emibody radiation.30

86Re-Etidronate
86Re-hydroxyethylidene diphosphate (generic name of this
helator is etidronate), like the other bone-seeking radio-
harmaceuticals, can only be used efficaciously in a patient
hose 99mTc-diphosphonate bone scintigraph shows abnor-
al uptake. The phosphate moiety of the rhenium diphos-
honate chemisorbs to calcium atoms in bone hydroxyapa-
ite. Rhenium and technetium chemistry are predictably
uite similar, as both are members of family VIIA of the
eriodic table, although rhenium is more easily oxidized than
echnetium.

As much as 70% of administered 186Re-etidronate activity
ay be excreted in the urine by 72 h in patients with a

elatively small mass of osteoblastic metastases, although ex-
ensive body retention can occur, analogous to a 99mTc-
iphosphonate “superscan,” attributed to widespread meta-
tatic disease. This radiopharmaceutical is retained longer in
he reactive bone around metastases than in normal bone,
imilar to the behavior of 89Sr. With doses of approximately
0 to 70 mCi, a response (complete plus partial) has been
een in about 55% to 75% of cases.34,35 The more carefully
pplied the pain reduction criteria are, with inclusion of ef-
ects of analgesics and changes in activities of daily living, the
ower the response rate appears to be.35 A “flare” response
ccurs from 186Re-etidronate in approximately 10% of cases,
imilar to that noted with 89Sr. Second (or additional) treat-
ents have been performed in responders, with approxi-
ately 50% responding. Pain relief may occur within 1 to 3
eeks. Dose escalation studies have not shown an increase in

esponse, although more myelosuppression results. No dif-
erence in response rates have been found in a small compar-
tive study of 89Sr, 186Re-etidronate, and 188Re-etidronate.36

86Re-etidronate is widely used in Europe but is unavailable
n the United States. 188Re can be obtained from a 188W/188Re
enerator. The efficacy of repeated doses of 188Re-etidronate
as been demonstrated in the bone pain of hormone-inde-
endent prostate cancer.37

53Sm-Lexidronam
53Sm, like rhenium, has been chelated with bone-seeking
olyphosphonates. An optimum combination of high bone
ptake, rapid blood clearance, and renal excretion was found
o be with samarium chelated with ethylenediaminetetra-
ethylenephosphonate, now called lexidronam.30 153Sm-

exidronam clears more rapidly from the blood than the bone
maging agent 99mTc-MDP (methylene diphosphonate),
hile providing identical scintigraphic and bone marrow ra-

ios. In patients with very small tumor burdens in bone, 50%
o 65% of the injected 153Sm-lexidronam will be chemi-
orbed, with higher levels of retention occurring in the pres-
nce of osteoblastic metastases. Renal excretion is complete

ithin about 8 hours. 153Sm-lexidronam, now given at 1.0 h
Ci/kg, leads to pain reduction in 55% to 70% of evaluable
atients. A greater degree of myelosuppression is present
rom higher administered activities but no increase in pain
elief. As with the other radiopharmaceuticals, pain reduc-
ion or relief begins in 1 to 4 weeks and has lasted as long as
1 months. Response to a second treatment parallels that of

86Re-etidronate, with about 50% of patients noting pain re-
uction from a second injection.38 Mild myelotoxicity pre-
ictably occurs, with a reduction in leukocyte and platelet
ounts of approximately 10% to 40% and full recovery in 6 to
weeks. No difference in response rates have been noted in
retrospective comparison of 89Sr and 153Sm-lexidronam.39

17mSn-Pentetate
his radiopharmaceutical emits short range electrons and
ay produce less myelosuppression than the beta-emitters
e have discussed, while probably retaining equal efficacy.40

conomic factors have halted its development.

hoice of Teletherapy
ersus Internal �-Emitters

oth teletherapy and intravenous radiopharmaceuticals pro-
ide efficacious radiotherapy. Teletherapy is the treatment of
hoice if the bone scan is negative at the tumor site, since the
adiopharmaceutical will not have adequate uptake to deliver

therapeutic dose. With impending pathologic fracture
more than 50% of the cortex destroyed), teletherapy is re-
uired for prophylaxis (or treatment) of this condition, since
he radiopharmaceutical will not deliver a sufficient dose rap-
dly enough to be as effective. For treatment of cord compres-
ion, teletherapy is again the treatment of choice, since the
xtraosseous tumor will receive very little radiation from ra-
iopharmaceuticals localizing in bone. Teletherapy to a sin-
le site of pain will affect only the adjacent bone marrow in a
atient who may have had previous chemotherapy, while the
adiopharmaceuticals we have reviewed will cause mild-to-
oderate myelosuppression, which will not be observed
ith teletherapy. Pain relief may also be more prompt with

eletherapy, although blinded comparative studies have not
een performed to confirm this.
If there are multiple painful metastases in a patient whose

iagnostic bone scan indicates that the painful sites corre-
pond to osteoblastic lesions, one of the internal beta or elec-
ron-emitters should be used. Cord compression and soft
issue masses extending from bone to spinal cord must be
xcluded before radiopharmaceuticals are used for back
ain. Single vertebral lesions may lead to spinal cord com-
ression and should receive teletherapy first, but when the
ord has received 40 to 45 Gy, a beta-emitting radiopharma-
eutical is indicated for back pain caused by osteoblastic
etastases. When it is impossible for the patient and his

amily to return daily for a fractionated course of radiother-
py, the intravenous radiopharmaceuticals provide a signifi-
ant advantage, since only one injection is required.

The issue of which of these radiopharmaceuticals gives the

ighest response rate has not been resolved, since they all
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educe or eliminate pain approximately 60% to 80% of the
ime, and a study to determine differences of 5% to 10%
fficacy between 2 or 3 radiopharmaceuticals would require
undreds of patients in each arm; there is no funding avail-
ble for such a study. Comparisons between 32P and 89Sr,24,25

9Sr and 153Sm- lexidronam,39 89Sr and 186Re-etidronate,41

nd 188Re-etidronate, 186Re-etidronate, and 89Sr,36 have all
hown no statistical differences in response rates.

dministration of
nsealed �-Emitters

areful planning must precede the administration of these
nsealed sources. The painful site must correspond to an area
hat is positive on a bone scan performed within the previous
onth or so. Radiographs of the site are necessary to exclude
lytic lesion large enough to cause pathologic fracture.
The patient’s platelet and leukocyte counts must be ade-

uate, probably more than 60,000 to 100,000/�L for the
ormer and 3500 to 4500/�L for the latter, with an absolute
eutrophil count in excess of 1500/�L. Significant dissemi-
ated intravascular coagulation has rarely been associated
ith very severe, or lethal, thrombocytopenia and should be

xcluded. Decreased renal function requires careful dose re-
uction. If the patient has received chemotherapy in the last
to 6 weeks, one must be certain that full recovery of the
arrow has occurred. The patient must understand that the
egree of myelosuppression is not entirely predictable, and
hat there is a remote chance of life-threatening cytopenia.

Patients receiving these radiopharmaceuticals have fre-
uently had multiple injections of chemotherapy or other
rugs, which may reduce the number of available veins.
n intravenous line should be placed before the adminis-

ration of the radiopharmaceutical, both to assure that
here will be no infiltration of the injectate, which could
eposit significant energy in a small volume, and also to
educe the radiation dose to the fingers of the physicians.

finger dosimeter is recommended for the injecting phy-
ician, and a plastic syringe shield should be employed
ince beta particles from these radiopharmaceuticals pro-
uce bremsstrahlung proportional to the atomic number
f the material interacting with the particle. Therefore, a
ead syringe shield is inappropriate.

These radiopharmaceuticals should be injected over at
east one minute and then the tubing flushed with 5 to 10 mL
f saline. 89Sr, like its analog calcium, can cause vasodilata-
ion and arrhythmia if injected rapidly, while the phospho-
ates chelating 153Sm and 186Re may also chelate calcium and
ause hypocalcemic symptoms if injected too rapidly.

This author finds it impossible to withhold these radio-
harmaceuticals based on estimated life expectancy, since
hysicians err not infrequently in this area. Obviously, a mor-

bund patient is not a good candidate, but someone who may
ive 2 or more months deserves the opportunity to have can-

er-related bone pain ameliorated.
edical Economics
here are data from several sources documenting that 89Sr as
n adjuvant to external radiotherapy can reduce patient man-
gement costs. by reducing the need for radiotherapy, nar-
otics, and hospitalization.42,43

he Role of Bisphosphonates
lthough this review article is directed at the use of radia-

ion to palliate the pain of osteoblastic metastases, several
isphosphonates (formerly referred to as diphosphonates)
re also used for this purpose.44,45 A phosphonate is formed
y a nonionic bond between a carbon and a phosphorus
tom. No human enzyme can cleave a phosphonate bond, so
hese compounds are quite stable in the body. They inhibit
steoclast-induced resorption by binding to bone mineral
hrough the phosphate moiety, interfere with osteoclast acti-
ation and also induce osteoclast apoptosis. Meanwhile,
hese bisphosphonates have been shown also to stimulate
steoblast differentiation and hence new bone formation.
linically bisphosphonates reduce the risk of developing

keletal complications of metastatic disease including hyper-
alcemia and pathologic fracture. They delay the progression
f existing bone metastases and reduce the development of
ew lesions.46 Some bisphosphonates also appear to have a
eneficial effect on bone pain.47

onclusions and Questions
lthough the efficacy of these radiopharmaceuticals in ame-

iorating bone pain caused by osteoblastic metastases is clear,
any questions remain. In breast cancer, there will often
ave been multiple courses of myelotoxic chemotherapy
iven, and the marrow may not be as resilient to the beta
adiation it receives as one sees in prostate cancer where less
ffective chemotherapy is available. More published data
ome from patients with prostate than breast cancer.

There has been no study of the effect of treating painless
steoblastic metastases with one or more of these agents to
etermine if the onset of pain can be delayed. Also, since
hese agents all appear equally effective, while 32P has only
lightly more myelotoxicity than radiopharmaceuticals cost-
ng two or three times as much,24,25 should not less expensive
2P be used more widely, especially in developing countries?
o other agents besides 89Sr delay the onset of new or recur-

ent painful osseous metastases? And, most crucially, what
re the best combinations of radiopharmaceuticals, hor-
ones, bisphosphonates, and chemotherapy to treat painful

one metastases, not only to reduce pain, but also to prolong
ife?
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