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Objective: This review provides an update on the manage-
ment of painful bone metastases, with an emphasis on
radionuclide therapy, and introduces oligometastases and
quantitative imaging evaluations for clinical trials.

Methods: The current use of radionuclides, alone and in
combination with chemotherapy and radiation therapy for
painful bone metastases, is discussed, including toxicity, cost
and overall outcomes.

Results: Radionuclide therapy is shown to be a useful and
cost-effective means of alleviating bone pain in metastatic
disease and may be more effective when combined with
chemotherapy, bisphosphonates and radiation therapy.
Early use of radionuclides in pain therapy may limit cancer
progression by inhibiting oligometastases development.
Thus, radionuclides can significantly decrease patient
morbidity, prolong patient survival, and may decrease the
occurrence of new bone metastases.

Conclusion: Palliative pain therapy is cntical for effectively
managing bone metastases, with treatment options includ-
ing analgesics, external beam radiotherapy, chemotherapy
and radionuclides. Radionuclide therapy is underutilized.
Recent studies using radionuclides with chemotherapy and
bisphosponates, or using newer radionuclides or combina-
tions of radionuclides and treatment paradigms (e.g., higher
activities, repetitive or cyclic administration, chemo sensiti-
zation, chemo supplementation), are encouraging. A com-
prehensive, inter-disciplinary clinical approach is needed.
Clinical collaborations will optimize radionuclide therapy for
pain palliation and increase awareness of its benefits.
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INTRODUCTION
P atients with bone metastasis commonly endure

severe bone pain, especially in the advanced stag-
es ofbreast and prostate cancer. Treatment for this

pain continues to be a major therapeutic challenge, and
its alleviation is crucial to improving patient quality of
life.' Increased care requirements and treatment costs
associated with bone pain also present a significantly
increased financial burden for both patients and caregiv-
ers. Unfortunately, skeletal metastases are a major cause
of morbidity and mortality in 65-75% of advanced
breast and prostate cancer patients, and in 15-30% of
patients with carcinoma of the lung, colon, stomach,
bladder, uterus, rectum, thyroid and kidney.2`4 Moreover,
bone is commonly the first site ofrelapse (e.g., in -46%
of breast cancer patients)5 and sometimes the first and
only site ofmetastasis in patients with advanced prostate
cancer.3 Each year, about 200,000 new cases of painful
metastatic bone disease are diagnosed in the United
States, with 73% of these attributable to breast, prostate
and lung cancers.6'7

Palliative treatment in cancer-induced bone disease
normally progresses from nonsteroidal analgesics to
opioids and chemo- or hormonal therapy, as well as radi-
ation treatment using external-beam, sealed or unsealed
sources. After the initial standard palliative treatment,
about 50% of these patients continue to have substan-
tial bone pain.8 Bone-targeted radionuclide therapy has
proven to be an effective alternative and is often less ex-
pensive and free of the side effects associated with oth-
er treatments.9'2 However, despite proven palliative effi-
cacy'2 (Table 1 ),'3-3 radionuclide therapy continues to be
underutilized, being called upon only in the late phase
of disease and primarily for the treatment of pain from
advanced bone metastases. Reasons for this include lack
ofawareness about this modality, lack resources in small
community hospitals as well as misconceptions about
the toxicity and expense of therapeutic radionuclides.

More than 15 years ago, an improved median sur-
vival of 19 months was noted in advanced prostate and
breast cancer patients due to advances in early diagno-
sis and better treatment options in metastatic disease.32'33
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More recently, reported survival for breast and pros-
tate cancer patients with bony metastasis and undergo-
ing bisphosphonate therapy was 27 and 17 months, re-
spectively.34 Although limited progress has been made
in treating advanced cancer in this patient population,
more affordable, effective, readily available, conve-
niently administered and less toxic treatments such as
radionuclide therapy may be beneficial. Advantages of
systemic radionuclides include addressing all involved
osseous sites simultaneously, while selective absorption
into bone metastases limits the dose to normal tissue and
increases the therapeutic ratio. This makes systemic ra-
dionuclides appealing in situations when external-beam
therapy options have been exhausted and normal tissue
tolerance has been reached. Administration as a single
intravenous injection in an outpatient setting is a fur-

ther advantage. Furthermore, use of radionuclides early
in disease management can complement or delay the use
of the other palliative approaches for bone pain, such as
external beam radiotherapy, chemo- or hormonal thera-
py, bisphosphonates or analgesics, and may be tumori-
cidal or tumoristatic as well.

Unsealed radiotherapy, also called "systemic radio-
therapy," has been used for six decades to treat painful
bone metastases. Radioactive isotopes of phosphorus
(32p) and strontium (89Sr) were the first radiopharmaceu-
ticals approved for this purpose, since these elements
preferentially incorporate into the sites of bone metas-
tases at rates 2-25 times greater than in normal bone.35'36
The clinical use of 32P has decreased since the 1980s in
favor of 89Sr and newer alternatives, due in part to high-
er myelotoxicity from higher-energy decay and longer

Table 1. Results of clinical studies on radionuclide therapy with in the last decade

Reference Year Dosage MBq Sample "n" Relief % Repetition

Nair'3 1999 440 (oral) 16 87.5
Shah Syed et al.4** 1999 185 (IV) 20 Not mentioned Yes (++)
Rao and Radhamohan'5* 2001 185 (oral) 15 80 Yes (+)
Silberstein et al.16 84 (BC)
(meta-analysis) 1992 Various 322 (BC) 444 (PC) 77 (PC) Yes
153Sm
Anderson et al.7 2002 30/kg 30 75-100
Dolezal8 2000 39/kg 33 74 (at 1 m)
Tian et al.'9*** 1999 18.5 or 37/kg 105 84
Serafini et a1.20*** 1998 18.5 or 37/kg 118 62-72
Olea et al.2"' 2000 18.5-55.5/kg 417 73
l8Re
Palmedo et al.22" 2000 2,900 (Avg) 22 64
Zhang et al.22" 2003 2,875 (Avg) 30 80 (46 CR)
186Re

Sciuto et al.24 2000 1,406 60 80 (31 CR; 6m)
Palmedo et al.25 1996 1,295 30 70
89Sr

Quiltyetal.26 1994 200 284 66
Kasalicky and Krajska27 1998 150 118 55 (3 yr) Yes (++++)
Kraeber-Bodere et al.28 2000 150 94 78 (31 CR) Yes (+++)
Turner et al.29 2001 150 93 63
Ashayeri et al.30 2002 150 41 >67
117mSn

Srivastava et al.3"' 1998 2.64-1 0.58 47 75 (30 CR)
* Performed with androgen potentiation; ** Had >1 study arm; *** Study had >1 dosage group; CR: complete response; PR: partial
response; BC: breast cancer primary; PC: prostate cancer primary; Avg: average; + - ++++: A relative scale used by the individual
authors; Adopted from Damerla et al. '2
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range in tissue. However, "P is the only radiopharmaceu-
tical available as an oral formulation, providing distinct
advantages in cost and convenience, especially in devel-
oping nations. Newer beta-emitting isotopes for pallia-
tion of cancer-induced bone pain are administered using
multidentate chelate complexes of samarium ['53Sm],
rhenium ('86Re or '88Re), and tin (ll7mSn); '5Sm was ap-
proved by the FDA in 1997 for treatment ofpainful bone
metastases, while the others remain experimental. All of
the newer beta-emitting radiopharmaceuticals (includ-
ing 89Sr, approved by the FDA in 1995) have comparable
decay energies (0.22-0.58 MeV) and maximum range in
tissue (3.4-6.7 mm).37 1l7mSn is a promising therapeutic
nuclide with lower maximum decay energy (see discus-
sion below) and a maximum range in tissue of 0.3 mm,
postulated to reduce bone marrow toxicity.31'38 A variety
of other experimental radionuclides, designed to relieve
bone pain while minimizing marrow suppression (e.g.,
33P, 175Yb10, 'Lu), are in preclinical development but have
not yet been tested in humans and will not be discussed
further.39A2 Finally, a small phase-i study of an alpha-
emitting radium isotope (233Ra) showed encouraging re-
sults43 but will not be discussed further due to its limited
clinical history.

Following intravenous or oral administration, these
new radionuclides have preferential affinity to dis-
eased bone sites. Bone marrow exposure dose is di-
rectly proportional to the bone-absorbed dose of the
radionuclide."49 Tumoricidal efficacy, duration of pain
palliation, toxicities, cost and potential for repetitive ad-
ministration can vary with each radionuclide.50 Selection
of a radionuclide depends on each patient's anticipated
diagnostic and therapeutic need.

In this update, we will highlight uses of radionuclide
therapy for the management of metastatic bone pain.
In addition, we will report some of the exciting newer
developments in radionuclide therapy. Optimizing the
use of available radionuclide therapies could help min-
imize patient toxicity and maximize therapeutic bene-
fits, thereby contributing to better patient outcomes and
quality of life.

Radionuclides in Cancer Bone Pain
The responses and toxicities ofradiopharmaceuticals

used for pain palliation are described. Myelosuppression
is the most common adverse reaction to radionuclides,
as documented in both preclinical and clinical trials.
Grade-2 or -3 hematological toxicity is very common,
especially affecting platelets. Dafermou et al. demon-
strated such toxicity in 25.5% of all cases and in 38.9%
of retreatments.'0 Bleeding fatalities associated with rare
life-threatening thrombocytopenia and leucopenia have
also been reported.5"52

Phosphorus-32 Orthophosphate
Radioactive phosphorous with or without testoster-

one was used as early as 1958 in the treatment of meta-
static breast and prostate cancers.12'53 The 32P radionuclide
produces '60-90% pain reduction.'3 Since 1939, radio-
active phosphorus has been used to treat myeloprolif-
erative and lymphoproliferative diseases.54 However, its
use has been limited due to its strong incorporation into
various phosphate-containing intracellular constituents,
including DNA and RNA, in addition to bone hydroxy-
apatite per se. Dose-limiting myelosuppression with re-
versible pancytopenia is the most common disadvantage,
occurring maximally 5-6 weeks after administration.55 A
single death has been reported secondary to 32P-related
myelosuppression.56 The consequences of its incorpora-
tion into bone marrow intracellular constituents, such as
pancytopenia, are well known theoretically but are not
well-substantiated by peer-reviewed data.5758 In a study
of 31 patients with skeletal metastases, this radionuclide,
administered orally, was similar in effect and far less ex-
pensive than intravenously administered 89Sr."3 Hence, in
underdeveloped countries with limited resources, it is
economical for enteral administration as there is no need
for added sterility requirements for intravenous (IV) ad-
ministration of other radionuclides. However, the total
dose and kinetics ofradioisotope excretion vary with oral
administration, and extra care should be taken to avoid
unnecessary radioactive exposure to caregivers, hospital
staff and subsequent users of toilet facilities.

Strontium-89 Chloride
Due to the chemical similarity between strontium and

calcium, 89Sr (Metastron®) is preferentially retained in
the skeleton, especially in areas of rapid osteoblastic ac-
tivity and bone formation associated with tumor-mediat-
ed bone remodeling (by a factor ofabout 10 times versus
healthy bone).50'59 Moreover, newer therapeutic nuclides,
including 89Sr, do not readily incorporate into the intra-
cellular constituents ofmarrow (as 32P does), effectively
concentrating radioactive exposure to regions immedi-
ately surrounding sites of bone formation. A review of
published data over the last decade shows pain relief in
55-78% of patients receiving >1 IV dose of strontium-
89 chloride (Table 1). In one study directly comparing
the efficacy of oral 32P to IV 89Sr, severe myelotoxicity
was not observed in any subject.'3 Serafini56 has report-
ed that the overall incidence of marrow depression with
strontium use was '6%, whereas the pain flare response
was -10%.56 Myelosuppression is temporary and typi-
cally occurs <6 weeks after therapy. Recovery is slow
over the next six weeks. After their evaluation of 89Sr and
'86Re-HEDP (discussed below) in metastatic breast can-
cer, Sciuto et al.60 proposed that 89Sr should be the pre-
ferred radionuclide in patients with moderate pain, good
performance status, longer life expectancy and higher
marrow reservei'5
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Samarium-153 EDTMP
'53Sm is administered with a large excess of a bone-

targeting phosphonate-chelating agent [lexidronam or
ethylenediaminetetramethylenephosphonate (EDTMP)]
to enable delivery of injected '53Sm to areas of bone for-
mation. Absorption of this radiopharmaceutical is 17
times faster in lesions versus normal bone, and due to
rapid renal clearance nonosseous radioactive exposure
is low.37'6' Efficient excretion of '53Sm-EDTMP plus
slow destruction of the complex outside the bone mi-
croenvironment prevent significant redistribution fol-
lowing dose, possibly explaining the apparently longer-
term benefits from 89Sr, which is freely redistributed at
the prevailing rate of bone remodeling.37 153Sm-EDT-
MP (Quadramet®) is most widely used in the United
States to relieve pain from bone metastasis, with pallia-
tion occurring in 65-80% of patients with better overall
response rates at higher doses in early phase-1/2 stud-

626ies. 263 Symptomatic response is typically rapid, occur-
ring within one week of administration and frequently
within 48 hours. Bone marrow suppression is generally
mild, reversible and not associated with grade-4 toxicity.
In regard to the use of the radioisotope '53Sm, Collins et
al.' have observed that its use results in a '40-50% de-
crease in the white cell and platelet count by the second
week posttherapy and then returns to normal by the fifth
or sixth week posttherapy.64 Myelosuppression is highly
present from higher-administered activities, with no as-
sociated increases in pain relief.64 This radionuclide has
been associated with pain flare rates comparable to that
of 89Sr.56 Treatment has been repeated safely for recur-
rent symptoms, and it appears to be well tolerated.56

Rhenium-1 86/-188 Etidronates
'86Re and '88Re are investigational pharmaceuticals

for bone pain palliation in the United States and are de-
livered with a stable bone avid chelate [hydroxyethyli-
dene diphosphonate (HEDP)]. These isotopes appear to
cause only minimal myelosuppression but seem to have
a higher incidence of pain flare response up to 50% in
one study.22 Another study demonstrated an overall pain
palliation of 92% in breast cancer patients, with signif-
icantly faster pain relief and marrow recovery for pa-
tients treated with '86Re versus 89Sr.60 These results can
be partially understood as the result of short physical
half-life and high dose rates, which ultimately predict
a rapid symptom response. Consequently, the use of
186Re-HEDP may be most appropriate in patients already
somewhat compromised in marrow function and life ex-
pectancy, who have an urgent need for palliation.

Tin-17m DTPA
Its modes of radioactive decay and bone deposi-

tion make the investigational radionuclide ll7mSn unique
among those radionuclide therapies discussed herein.
The chelating complex with tin [diethylenetriaminepen-

taacetic acid (DTPA)] is soluble in vivo but has little af-
finity for bone, serving only to deliver the chelated ll7mSn
to bone tissue, whereupon it is released, permanently ad-
hering to the bone surface.37 The decay of l7mSn to the
nonmetastable isomer "7Sn occurs by an internal con-
version process, in which the energy stored in ll7mSn is
released by ejection of so-called 'conversion electrons.'
These ejected particles have 1.7-5.5 times lower energy
than the other radiopharmaceuticals discussed, result-
ing in better isolation of decay energy to bone tumor
areas38 and theoretically enabling much higher adminis-
tered doses due to better targeting.65 Unfortunately, pub-
lished work on this nuclide has slowed, purportedly due
to "economic factors," halting developmental efforts.58

DISCUSSION
Advances in therapies are described, including their

costs, efficacy of pain management and ability to limit
the spread of disease.

Expenses and Economics
The management of cancer bone pain requires a

multimodality approach. External-beam radiation is one
commonly used choice. Pain relief can be achieved by
both hemibody irradiation (HBR) and local-field radio-
therapy. However, HBR is associated with significant
myelotoxicity, involves complicated patient manage-
ment and is expensive. Overall pain relief of 60-90%
can be achieved with radiotherapy,66-71 which is compa-
rable to radionuclides. The degree of palliation achieved
by external radiation therapy treatment versus radionu-
clide-based therapy was similar in a recent Cochrane
study.7' An earlier study by Quilty et al.26 also demon-
strated similar findings.

At initial metastatic presentation, prolongation of re-
treatment intervals was noted using simultaneous radio-
nuclides and external radiation, which is cost effective.72
Radionuclides may lower costs overall if used early for
potential cure. Compared to the average monthly costs
for opioid analgesics or external radiation therapy treat-
ments, Macklis and Lasher73 have demonstrated that the
use of 89Sr or '53Sm-EDTMP is less expensive. A cost
savings of -$6,725 per patient per annum was achieved
with the use of radionuclides instead of opioid analge-
sics for cancer bone pain in another study.74

There are several other advantages to using radionu-
clides instead of external radiotherapy. When using radio-
nuclides, there is no need for special, costly equipment.
Radionuclide therapy can be performed in any hospi-
tal or outpatient-based clinic following simple radioac-
tive precautions. While treating symptomatic osteoblas-
tic bone lesions, asymptomatic osseous metastasic lesions
can be simultaneously ablated with radionuclide therapy.
This results in an extra cost savings as additional radiation
therapy is avoided later, since it is common for patients
undergoing targeted radiotherapy to experience pain at
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previously asymptomatic sites, necessitating further ses-
sions of radiotherapy to the new sites of discomfort.

In some emergency conditions, external radiation
therapy is the preferred treatment. Comparing costs is
appropriate under those circumstances. Radionuclide
therapy is not an effective therapy to provide relief or
reduce adverse skeletal events in a timely fashion dur-
ing emergencies, such as spinal cord compression by
epidural masses, soft-tissue mass nerve compression or
entrapment, or impending or already evident patholog-
ic bone fractures.58 Analgesic therapy is also not a treat-
ment of choice for such emergencies. There is no debate
regarding cost or appropriateness of the treatment where
palliative external-beam radiotherapy or surgery is the
best option for the patient.

Efficacy of Pain Management
Efficacy ofpain management can be achieved in sev-

eral ways. The aspects of care for the patient undergoing
routine radionuclide therapy that include pretreatment
assessment, underlying principles, procedure guidelines,
practical aspects and recordkeeping have been well re-
viewed elsewhere.50'58'75

Duration of Response
After a single radionuclide dose, the duration of re-

sponse was noted to be -4-15 months for 89Sr, 76 _1-_1
months for 153Sm, 77 -1-12 months for 186Re I and -4-12
weeks for 32p.14

Ifbone marrow function and blood parameters remain
within recommended guidelines, radionuclide treatments
may be repeated at -8-12 week intervals.58 In the eval-
uation of retreatments, the duration of response for pal-
liation after the third retreatment using 89Sr was -3-4.5
months and after fifth treatment it was -4.2-5 months.27

Within the last decade, several published clinical
studies using radionuclide therapy with typical pallia-
tive outcomes (Table 1) found excellent pain relief with
unsealed source radiotherapy. However, Papatheofanis,
who surveyed 100 board-certified medical oncologists,
reported that medical oncologists underutilize radionu-
clide therapy in pain palliation compared to oral opi-
od analgesics.78 Hence, systemic radionuclides are per-
ceived as suboptimal for pain palliation, contrary to the
broad-based clinical evidence. This suggests that radio-
nuclides may offer greater palliative and cost benefits,
in comparison to the other presented options, even to
patients with only a few sites of bone metastases.7478 In
contrast, opioids may improve patient quality of life but
provide only temporary palliative pain relief. However,
a single radionuclide dose provides long-lasting pain re-
lief with the potential of treating the underlying disease,
as described below.

Limiting Spread of Disease
Tumors with initially localized disease and low met-

astatic potential traverse to an advanced disease stage
with highly dysregulated cells and highly probable in-
vasion. A transitional stage of "oligometastases" lies in
between these two extremes. The cancer cells escape the
primary tumor site in this stage, until these metastatic
cells become clinically apparent but remain in a limited
scope amenable to local treatment strategies. More suc-
cinctly, the state of oligometastasis begins with an estab-
lished tumor and ends with overt untreatable metastasis.
Instead of considering mutually exclusive conditions of
"localized primary tumor" versus "metastatic tumor," a
conceptual focus on the transitional state of oligometas-
tases is useful when considering how to optimally man-
age or prevent metastatic bone disease. For example,
if one assumes that removal or ablation of the primary
tumor is microscopically incomplete or occurs after at
least some malignant cells have been released, a goal of
preventing disseminated cells from becoming clinical-
ly damaging neoplasms could provide optimal clinical
benefits for the majority of patients. This strategy could
include targeting the circulating cancer cells, preventing
abnormal bone destruction with antiresorptive agents or
vitamin-D analogues, or preventing vascularization of
oligometastatic lesions with angiogenesis inhibitors, to
name a few options.

This focus on oligometastasis may also aid in un-
derstanding emerging concepts in cancer biology and
treatment that emphasize the importance of aggressive
early treatment of metastases. Hellman and Weichsel-
baum79 have reported that in the presence of oligomet-
astatic deposits, underlying disease can be aggressive-
ly approached. Patients with advanced prostate cancer
and higher numbers of lesions visible on bone scans
had shorter survival.808' One study reported that patients
with <5 metastatic bone lesions had significantly better
long-term survival compared to those with >5 lesions.82
Improvement in survival and quality of life can occur
with decreased skeletal tumor burden by any treatment.
The reasons for this sharp contrast in survival are not
clear; some factors, such as TGF-P cytokine or growth
factor dysregulation83 or some other unknown disrup-
tions, could allow the growth of more aggressive cancer
cells and stop the advancement of metastatic disease to
>5 metastatic lesions. Hence, early and aggressive radi-
ation therapy of metastatic disease with additional con-
formal radiotherapy ideally positioned to treat any pel-
vic girdle- or lumbar spine-confined oligometastases in
prostate cancer, with additional or conjoint surgery or
radio surgery, is warranted.82 It is also possible that pa-
tients with >1 identifiable lesion also have other small-
er coexisting oligometastases that are not detectable by
current imaging technology84 and, hence, not treatable
by surgery or external radiation therapy.

In cases of low tumor burden, we propose that radio-
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nuclides may be the best available option to effective-
ly target both gross and microscopic tumor sources, in-
cluding symptomatic and nonsymptomatic metastases.
Indeed, for patients with early skeletal invasion, system-
ic radionuclides could play a key role due to their high
degree of specificity for the abnormal bone remodeling
associated with osseous tumor growth. In this context,
89Sr might be the ideal "early treatment" radionuclide
because it alone has the capacity for redistribution fol-
lowing an initial dose, thus providing a longer-lasting
antitumor effect while remaining highly bone specific.
This hypothesis might partially explain the longer last-
ing palliative effects of this radionuclide.8586 Moreover,
the measured reduction in serum prostate-specific anti-
gen (PSA) and bone turnover biomarkers following 89Sr
administration is indicative of a (possibly causative) tu-
moricidal effect.8587 Of course, the benefits of faster ef-
fect and minimized toxicity in the newer radionuclides
should be carefully weighed, along with the characteris-
tic that redosing with these radiopharmaceuticals would
have a similar longevity of effect (but with additional
cost). Further exploration of both tumor and bone turn-
over markers in response to various radiopharmaceutical
regimens is clearly warranted in order to elucidate the
physical and cellular mechanisms of pain palliation, as
well as the potential antitumor effects in vivo. Improve-
ments in these markers and quantitative imaging tech-
niques could ultimately provide a useful means of per-
sonalized medicine in a group of patients with an urgent
need for optimally effective treatments.

According to Resche,88 breast cancer patients with
painful bone metastases treated aggressively with '53Sm-
EDTMP had longer survival. '53Sm-EDTMP played an
important role in the prolongation of life and in symp-
tomatic relief of bone pain in prostate cancer patients
as well, per Tu et al.89 The beneficial effects of early ra-
dionuclide therapy on pain and disease progression for
prostate or breast cancer patients, including patients
with only a few sites of involvement, have been doc-
umented by McEwan90 and Turner and Claringbold.9'
Thus, as a low-risk and cost-effective method for treat-
ing oligometastases, the early use of therapeutic radio-
nuclides should be strongly considered.

The goals of further research should be improving
survival and disease progression outcomes. Selection of
the "ideal" radiopharmaceutical for tumoricidal or tu-
moristatic purposes in given individual clinical circum-
stances should be a priority. Another area where more
research is needed is determining the "stage" or "extent/
aggressiveness of disease." As an example, fluorodeox-
yglucose whole-body PET scans may be used to grade
the biologic activity of metastatic lesions in bone via tu-
mor to background (T/B) ratios.92 Alternatively, imaging
studies using gamma-emitting isotopes (e.g., 99mTc bone
scintigraphy) could be used to assess the extent of dis-
ease (BOD) as number of lesions80 "percentage of posi-

tive area on a bone scan"93 or the "bone scan index,"94
as developed at various institutions. Uptake and distri-
bution of isotopic tracers are also strongly reflective of
EOD and the associated elevations in bone turnover,95'96
potentially providing a path towards a clinically useful
urinary test for tumor-associated changes in bone re-
modeling.97 Serum and urinary markers ofbone turnover
are also useful in this context, provided that adequate
numbers of subjects are studied to mitigate high natural
intra- and intersubject variability.9899 Feasibly then, the
biologic activity of earlier oligometastatic bone lesions
can be compared to the later-appearing distant metasta-
sis in visceral or bony tissues, especially with breast and
lung cancer. These techniques could also be developed
as clinical tools, where changes in EOD and isotopic
markers could be used to select and optimize individu-
al or combination radiopharmaceutical(s), or combined
modality therapy(ies) for oligometastatic disease.

Advances in Treatment
Autologous peripheral stem-cell infusion prior to

high activities of radionuclides with rescue from my-
elo-suppression appears promising. '86Re-HEDP (5,000
MB) in hormone-resistant prostate cancer patients'0l and
'53Sm-EDTMP (1,110 Mbq/kg) in bone-metastatic sar-
coma patients'7 were used with this technique in phase-I
clinical trials. Using a similar technique, phase-2 clin-
ical trails are in progress.84 Radionuclide effectiveness
can be improved significantly by this technique. Howev-
er, good working cooperation between medical oncolo-
gists and nuclear medicine physicians is required.

When using gamma-emitting isotopes, a "whole-body
dose," as opposed to a "fixed activity," may be prescribed in
conjunction with the stem-cell infusion (as previously de-
scribed) in treating refractory neuroblastoma patients with
131 I-MIBG.'°' Less bone marrow and hematological tox-
icity was noted with '86Re-HEDP using this technique and
may prove better than the "activity escalation" method.'02

Size of metastatic lesions and radionuclide pain re-
sponse are inversely proportional. However, the num-
ber of metastases and radionuclide uptake are inde-
pendent.84"03 Limited range of beta particles and the
radiation dose gradient across the layers of osteoblastic
tumor-infiltrated bone can explain this inverse relation-
ship. Small lesions can be ablated better.84 Ablation of
the outermost layers of tumor in large lesions may be
limited by decay of the incorporated isotope and by tu-
mor distance from the beta particle source. In this sit-
uation, frequent renewal of the radioactive source, use
of higher activities or concurrent chemosensitization is
needed. Thus, fractionated repeated radionuclide doses
are needed, and further evaluation in pilot studies and
perhaps in randomized clinical trials, as appropriate, are
also necessary.84

To augment uptake of 32p radionuclide by bony me-
tastases, hormonal agents such as PTH and testoster-
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one have been used successfully. In patients with severe
symptoms from late uncontrollable disease in metastatic
prostate cancer, testosterone-primed 32P administration
has been found to be quite effective.35 According to Sil-
berstein,57'58 use of androgens in prostate cancer is in-
appropriate because androgens stimulate cancer growth,
and the response rates to 32P administration are not dif-
ferent with or without androgens. In a separate small pi-
lot study with androgen priming, Rao et al.'5 reported
that 100% of a subset of breast cancer patients afflict-
ed with painful bone metastases achieved pain relief.
However, the response rate in prostate cancer patients
in the same study appears to support Silberstein's as-
sertion that androgen priming does not improve the re-
sponse rate (75-80%) without androgens.57'58 Androgens
in treating bone metastases from breast, lung or other
cancers may be helpful, but their use in prostate cancer
metastases may be clinically questionable.

Combined radionuclide therapy and chemotherapy
improves efficacy of pain management. Systemic radio-
nuclide therapy with 89Sr combined with cytotoxic drug
therapy had greater efficacy than radionuclide therapy
alone.84 It was shown in a randomized trial of 70 patients
with prostate cancer that patients receiving cisplatin and
89Sr had 91% overall pain relief, compared to 63% in the
arm with 89Sr alone."'04'05 There are other studies using
concurrent administration of carboplatin, doxorubicin
or the estramustine/vinblastine combination with 89Sr in
metastatic prostate cancer patients.89

The role of bisphosphonates in cancer bone pain is
promising. In both benign and malignant bone disease,
bisphosphonates preferentially inhibit bone osteoclas-
tic processes and reduce fracture-related skeletal events.
Bisphosphonate agents have reduced skeletal events and
bone pain in metastatic renal cancer, breast cancer, pros-
tate cancer and multiple myeloma."'98"'06-'08 In addition to
this, there are ongoing studies of whether bisphospho-
nates offer an antitumor or bone-protecting role as ad-
juvant therapies.'09 However, high drug costs and po-
tentially severe side effects"0 might prevent widespread
adjuvant use of this therapy without a strong protective
effect. Combining bisphosphonate therapy with other
modalities could provide additive benefits. This was in-
dicated by Soerdjbalie-Maikoe et al."' who demonstrat-
ed a reduction in the incidence of spinal cord compres-
sion in hormone-resistant prostate cancer patients who
received 89Sr with the bisphosphonate olpadronate."' Fi-
nally, the role of bisphosphonates with radionuclides re-
mains to be determined in regard to their optimal dose,
their use before clinical metastatic disease, the appropri-
ate combinations and dose regimens ofradionuclide and
bisphosphonates, etc.

SUMMARY AND CONCLUSIONS
Radionuclide therapy offers significant cost-effective

palliative pain relief from metastatic bone disease. How-

ever, some areas for its use need further explanation and
attention. Some of these include:

a) Treatment response. Researchers need to develop
methods to predict responders from nonresponders
prior to therapy.

b) Selection of an agent. 89Sr, '53Sm, 186Re and 32P
appear to have comparable benefits in terms of
pain palliation and so there is a need to clarify the
criteria for the agent of choice in individual patients
and hospital settings based on solid evidence.

c) Need for clinical trials in the "oligometastatic"
stages. The hypothesis that administering
radionuclides will improve survival if they are used
in the oligometastatic stages with prophylactic
stem-cell support, chemo- or hormonal therapy, or
at higher dosages for patients with limited early
bone metastases need to be vigorously tested in
clinical trials.

d) Need to improve underutilization of radionuclide
therapy. There is a need to improve the awareness
among oncologists and other cancer caregivers of
radionuclide therapy; access to clinical facilities
for nuclear medicine physicians also needs to
be improved. Another step that can overcome
underutilization of radionuclide therapy is
to encourage nuclear medicine physicians to
participate in the daily clinical care of oncology
patients, especially with treatment planning for
pain and for pre- and posttreatment care. Through
these collaborations, medical and radiation
oncologists will be better exposed to the benefits of
radionuclide treatments while sharing their patient
care skills with nuclear medicine practitioners.

e) Education about the toxicity profile. As resources
are limited for healthcare, the cost-effective
treatment modality of radionuclides should not
remain underutilized. As Damerla et al. noted,

Prudent patient selection, vigilant patientpre-and
post-treatment assessments, modest investments in
added patient care trainingfor nuclear medicine
physicians, and the early publication ofdatafrom
clinical studies will contribute significantly to allay-
ing the concerns ofoncologists and health carepol-
icy makers regarding radionuclide toxicity.2

f) Staging and customizing treatment. Determining
the "stage" or EOD and/or aggressiveness of the
disease in individual patients and then "tailoring"
treatments to individual patients needs to be further
investigated and developed.

Cancer-related bone pain significantly contributes to
morbidity and the loss of quality of life for patients; it
continues to be a major challenge in oncology and re-
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quires a multidisciplinary, multimodal approach for its
management, improvement and research. Use of radio-
nuclide therapy offers a significant palliative benefit to
patients with bone metastatic disease, yet remains under-
utilized in the management of bone metastases. More
focused clinical and translational research is needed to
examine the concepts of oligometastases and micro me-
tastases, to identify optimal radiopharmaceuticals for in-
dividual patients, and to isolate newer, more effective
and less toxic radionuclides and different dosage sched-
ules. Although the understanding of cancer pain man-
agement has improved vastly during the past few years,
there are significant opportunities to improve many fac-
ets of cancer pain management further and new ways of
applying the concepts ofradionuclide therapy. Addition-
al clinical research can help lower morbidity and mortal-
ity, and optimize quality of life for patients.
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