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Bone pain associated with advanced prostate and other cancers is a frequent
and significant complication, and the effective management of metastatic
bone disease and accompanying symptoms continues to be one of the major
problems facing patients and their physicians. Treatment is in part dependent
on prior treatments; usually a combination of systemic and local modalities is
used because no single treatment regimen is effective for an extended period
of time. The 3 radionuclides currently approved for treatment of bone pain
(phosphorus-32, strontium-89, and samarium-153) are discussed in this re-
view as viable treatment options, with emphasis on the third-generation
agent in this category, samarium Sm 153 lexidronam. Clinical trial data are
described that support the use of this agent in patients with hormone-refrac-
tory prostate cancer with painful metastatic bone disease, and the efficacy of
and role for combination therapies are also discussed.
[Rev Urol. 2004;6(suppl 10):S3–S12]
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Aclinical hallmark of prostate cancer is a predisposition to metastasize to the
skeleton. Up to 80% of patients with prostate cancer have evidence of met-
astatic bone disease at autopsy,1 and bone is the only site of metastasis in

65% of patients presenting with metastatic prostate carcinoma.2 The propensity of

ADVANCES IN PROSTATE CANCER



cancer to metastasize to the skeleton,
as shown in Table 1,3 has been recog-
nized for over a century, and a num-
ber of theories have been developed to
account for this observation. In 1889,
Paget4 proposed the “seed-and-soil”
theory that emphasized the impor-
tance of compatibility between the
cancer (“seed”) that metastasized and
the host milieu (“soil”) where local
factors allowed or even enhanced pro-
liferation of the metastasis.

Recently it has been shown that the
preferential localization of prostate can-
cer in bone is influenced by a variety of
cytokines and bone-derived growth fac-
tors. These include transforming growth
factor beta (TGF-�), bone-morphogenic
proteins (BMPs), and epidermal growth
factor (EGF), which promote the growth
and differentiation of prostate cancer
cells. TGF-�, which is expressed on
prostate cancer cells, plays a role in the
maturation of osteoclasts and facilitates
cellular adhesion to the bone matrix—
processes that are involved in the ex-
pression of androgen-independent cel-
lular growth.5–7 In a similar manner,
EGF facilitates the development of
bone metastases by promoting migra-
tion of prostate cancer cells to bone tis-
sue.8 In addition, prostate cancer cells
themselves produce a variety of growth
factors that interact either directly with
osteoblasts and osteoclasts to promote
growth and differentiation or indirect-
ly by influencing a series of complex
cellular and stromal interactions in-
volved in normal skeletal homeostasis.
Taken together, tumor-bone interac-
tions in prostate cancer involve a series
of soluble factors, insoluble matrix fac-
tors, and direct cell-to-cell interactions
among the tumor, bone stroma, osteo-
clasts, and osteoblasts. The result is a
disease that is markedly more os-
teoblastic in nature than skeletal le-
sions secondary to most other types of
tumors.9

Metastatic bone disease contributes
significantly to the morbidity and

mortality associated with prostate
cancer. Patients with bone metastasis
complain of bone pain as well as of
symptoms arising from bone marrow
failure, nerve entrapment, and spinal
cord compression. There is a direct re-
lationship between the extent of os-
seous involvement and patient sur-
vival.10,11 Several characteristics relat-
ed to bone metastases secondary to
prostate cancer are unique in compar-
ison with most other solid tumors. As
a result of many of the factors dis-
cussed above, the frequency of clini-
cally significant metastases to bone is
very high while the incidence of clin-
ically significant soft-tissue lesions is
low. In addition, patients with bone
metastases secondary to prostate can-
cer have a prolonged survival com-
pared with patients at a similar stage
with other malignancies such as lung
cancer. This results in a higher preva-
lence of bone metastases among pa-
tients with prostate cancer in com-
parison with other malignancies.
Thus, the effective management of
metastatic bone disease and accom-
panying symptoms is one of the most
common and difficult processes to
address in patients with advanced
prostate cancer.

The most reliable method of detect-
ing bone metastases in a prostate can-

cer patient is a radionuclide bone
scan. However, even in a patient with
prostate cancer, not all areas of en-
hanced uptake on bone scan are asso-
ciated with metastatic disease, partic-
ularly in the case of solitary lesions or
uptake in joints.12 Confirmation of
metastases by additional imaging mo-
dalities such as plain radiographs or
MRI scans is often needed prior to
making a diagnosis. Bone metastases

may or may not be associated with
painful symptoms when initially de-
tected. In patients with stage D2
prostate cancer with bone metastases
treated with hormonal therapy, in-
creases in serum prostate-specific
antigen (PSA) levels occur approxi-
mately 6 months before changes are
detected with bone scans, which in
turn occur approximately 4 months
before the patient reports pain.13 The
timing of this sequence of events in
patients treated with hormonal thera-
py prior to the onset of bone metas-
tases has not been well studied, but
the interval between a rise in PSA val-
ues and bone scan positivity is sus-
pected to be much longer (clearly
more than 2 years).

Even in patients with a positive
bone scan who report painful symp-
toms, a comprehensive examination
may be indicated to establish the eti-
ology of the pain and evaluate any
possible complicating factors such as
spinal cord compression, neuropathic
conditions, and pathologic frac-
tures.14,15 Patients with bone metas-
tases may also have nonmalignant
sources of bone pain, the causes of
which need to be evaluated on a case-
by-case basis.

The approach to palliation of pain
from bone metastases varies depend-

ing on many factors, including degree
of symptoms, extent of disease, co-
morbidities, and prior treatments.
Analgesics, antitumor agents, hor-
mones, chemotherapy, steroids, local
surgery, bisphosphonates (zoledronic
acid), anesthesia, and radiation thera-
py (local and systemic) are all appro-
priate treatments under selected cir-
cumstances. In general, a combination
of systemic and local modalities is re-
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The effective management of metastatic bone disease and accompa-
nying symptoms is one of the most common and difficult processes
to address in patients with advanced prostate cancer.



quired and no single treatment regi-
men is efficacious for an extended pe-
riod of time.16 Although a variety of
treatments are commonly employed in
treating metastatic bone pain, this 
review focuses on the use of systemi-
cally administered bone-targeted 
radionuclides in general and the
third-generation agent in that cate-
gory, samarium Sm 153 lexidronam,
in specific.

Bone-Targeted Radionuclide
Therapy
For many patients with multiple
symptomatic osteoblastic bone metas-
tases who have relapsed following an
initial course of hormonal or chemo-
therapy, bone-targeted systemic ra-
dionuclides have emerged as a viable
treatment option. These agents are al-
so helpful for patients previously
treated to their maximal normal tissue
tolerance with focal external beam ra-
diation who have progressive or re-
current symptoms at the treated
sites.17 The indications and contraindi-
cations for the use of bone-targeted
radionuclides are presented in Table 2.
Baseline complete blood counts are
necessary to establish adequate pre-
treatment levels of platelets (PLTs) and
neutrophils because these agents result
in some suppression of bone marrow
function. Severe renal dysfunction is a

contraindication to the use of bone-
targeted radionuclides, as currently
available agents are predominantly
excreted by the kidney.

Three radionuclides are currently
approved for the treatment of bone
pain: first-generation phosphorus-32
(32P), second-generation strontium-89
(89Sr), and third-generation samarium-
153 (153Sm). These radionuclides all lo-
calize to regions of enhanced bone
turnover and deliver high local doses
of radiation through the emission of
beta particles. The mechanism of
bone targeting varies for each of
them. 32P is targeted to bone through
inorganic phosphate pathways and,
in a similar manner, 89Sr is taken up
as a calcium analog. 153Sm, however,
is the only agent in its class targeted
to bone via chelation to the aminote-
traphosphonate EDTMP (ethylenedi-
aminetetra-methylenephosphonic
acid). The relevant nuclear decay
properties of these radionuclides are
shown in Table 3.

Decay properties such as half-life
and particle energy (and resultant
range) play significant roles in clini-
cal characteristics of these agents,
such as onset and duration of pallia-
tive effects and degree of and time to
recovery from myelosuppression. The
particle emissions from 32P and 89Sr
and the corresponding ranges in bone

and soft tissue are much greater than
those of 153Sm. Higher-energy parti-
cles are associated with greater mar-
row toxicity as result of the larger
volumes of marrow exposed to radia-
tion. The shorter physical half-life of
153Sm (1.9 days) results in a more
rapid delivery of radiation than either
32P (14.3 days) or 89Sr (50.5 days). For
example, delivery of 90% of the total
dose of radiation requires approxi-
mately 3.5 half-lives of decay, a time
interval of approximately 1 week for
153Sm, 7 weeks for 32P, and 25 weeks
for 89Sr.

Samarium Sm 153 Lexidronam
Samarium-153 is produced by the

neutron bombardment of isotopically
enriched 152Sm2O3 in a nuclear reactor.
Soluble ionic 153Sm3� when adminis-
tered intravenously has very little
propensity for bone, but when chelat-
ed by a variety of aminocarboxylate
and aminophosphonate ligands it can
be quite effectively targeted to the
skeleton. Goeckeler and colleagues18

demonstrated that the complex
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Table 2
Use of Bone-Targeted

Radionuclides for Treatment
of Metastatic Bone Pain:

Indications and
Contraindications

Indications
• Bone scan positive

� Osteoblastic lesions
• Bone pain due to cancer
• Multifocal disease

Relative Contraindications
• Predominant soft-tissue pain
• Unifocal bone lesions
• “Osteolytic” lesions

� Poor uptake on bone scan

Absolute Contraindications
• Severe marrow suppression
• Severe renal dysfunction

Table 1
Incidence and Prognosis of Bone Metastases

Incidence of Median Survival
Cancer Type Advanced Disease, % (Months) 5-Year Survival, %

Myeloma 95-100 20 10
Breast 65-75 24 20
Prostate 65-75 40 25
Lung 30-40 �6 �5
Kidney 20-25 6 10
Thyroid 60 48 40
Melanoma 14-45 �6 �5

Reprinted from Coleman RE3, with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
Copyright © 1997 American Cancer Society.



formed with EDTMP had a combina-
tion of biologic properties necessary
for a bone-targeted radiotherapeutic
agent. These include rapid clearance
from the vascular compartment fol-
lowing intravenous injection, high up-
take and retention in the skeleton, and
rapid renal clearance and urinary ex-
cretion of the portion not bound to
bone. In addition, it was found that
localization of the complex to newly
formed bone, such as that laid down
by osteoblastic bone metastases, was
10- to 20-fold higher per gram than
that found in normal bone.

Preclinical escalating single (0.5–2.0
mCi/kg) and multiple (1.0 mCi/kg)
dose studies in dogs showed that the
only apparent toxicity related to the
administration of samarium Sm 153
lexidronam was a decrease in circulat-
ing levels of white blood cells (WBCs)
and PLTs.19 Dose-related decreases in
WBCs and PLTs were observed follow-
ing administration, reaching a nadir at
2 to 4 weeks, recovering to pretreat-
ment levels by 5 to 6 weeks. In a sep-
arate study,20 very high (up to 30
mCi/kg) single doses were adminis-
tered to dogs with the intent of ablat-
ing bone marrow. Unexpectedly, spon-
taneous recovery of marrow function
was observed in all animals. Patholog-
ic analyses showed that marrow func-
tion was retained in the mid-shaft of
the long bones presumably as a result
of the inability of the beta particle

emissions from the 153Sm deposited in
these areas of predominantly cortical
bone to uniformly penetrate the mar-
row space.

Phase I and II Clinical Studies
Initial human clinical studies21 of
samarium Sm 153 lexidronam over the
dose range from 0.1 mCi/kg to 1.0
mCi/kg showed that both clearance
from blood and soft tissue and uptake
in bone and bone lesions were inde-
pendent of administered dose over the

range studied. Clearance from blood is
biexponential with half-lives of 5.5
minutes and 65 minutes.22 Radioactivi-
ty not localized to the skeleton is rapid-
ly cleared via the urine with excretion
complete by 6 hours. Total skeletal up-
take is highly correlated with the num-
ber of skeletal lesions. Through imag-
ing of its gamma ray emissions (103
keV, 29% abundance) a number of
studies have evaluated biolocalization
and estimated dosimetry.23–25 Imaging
studies have also evaluated uptake in
bone lesions compared with that in ad-
jacent normal bone. Across a number
of studies, uptake in bone lesions has
been found to be both qualitatively and
quantitatively indistinguishable from

that obtained using technetium-99m
(Tc-99m)-based diagnostic bone scan-
ning agents. Accordingly, diagnostic
bone scans are useful for identifying
patients eligible for treatment.

Turner and Claringbold26 treated 35
patients with symptomatic bone
metastases with single and repeat dos-
es ranging from 0.28 mCi/kg to 0.84
mCi/kg. Pain relief was observed in 22
of 34 (65%) evaluable patients for pe-
riods of 4 to 35 weeks. Collins and
colleagues27 carried out a dose escala-
tion study in patients with hormone-
refractory prostate cancer and symp-
tomatic bone metastases. Five groups
of 4 patients each were sequentially
treated with single 1.0, 1.5, 2.0, 2.5,
and 3.0 mCi/kg doses. At the 3.0
mCi/kg dose level (which is 3 times
the current approved dose), 3 of 4 pa-
tients experienced grade III neutrope-
nia, and as a result, 2.5 mCi/kg was
established as the maximum tolerated
dose in this patient population. Subse-
quently, 16 additional patients were
treated at both the 1.0 and 2.5 mCi/kg

dose levels. Overall, 70% to 80% of
patients, independent of dose level,
experienced relief of pain, generally
within 1 week of dosing.

Controlled Clinical Studies
On the basis of the responses observed
in these phase I and II studies, a num-
ber of prospective, randomized, con-
trolled studies have been performed to
evaluate the efficacy of samarium Sm
153 lexidronam in relieving the pain
of bone metastases from a variety of
primary tumors. These studies have
been carried out in large populations
of patients in North America, Europe,
and Asia. In studies having a placebo
arm, the placebo was a formulation
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Across a number of studies, uptake in bone lesions has been found to
be both qualitatively and quantitatively indistinguishable from that ob-
tained using technetium-99m-based diagnostic bone scanning agents. 

Table 3
Nuclear Decay Properties of Radionuclides Approved for 

Treatment of Metastatic Bone Pain

Half-life �-Emission Penetration �-Emission
Radionuclide (Days) (Average, MeV) (mm) (keV, %)

Phosphorus-32 14.3 0.7 2.7 None
Strontium-89 50.5 0.58 2.4 None
Samarium-153 1.9 0.22 0.55 103, 29

MeV, million electron volt; keV, kiloelectron volt.



identical to the active drug with the
exception that the samarium used was
non-radioactive Sm-152.

Resche and colleagues28 carried out
a multicenter, randomized, single-
blind, dose-controlled study in pa-
tients with painful bone metastases
from a variety of primary tumors. One
hundred fourteen patients received
single doses of either 0.5 mCi/kg (n �
55) or 1.0 mCi/kg (n � 59). The major-
ity of the patients had either primary
prostate (n � 67) or breast (n � 36)
cancer. Efficacy was evaluated by
blinded patient evaluations of pain us-
ing a visual analog scale (VAS) and
recording of daily opioid analgesic
use. In addition, quality of life was 
also evaluated by means of patient
ratings of daytime discomfort and
sleep patterns. VAS scores decreased
from baseline for both treatment
groups at each of the first 4 weeks fol-
lowing administration, with decreases
larger at each week for the higher dose
group. Decreases from baseline in VAS
scores were statistically significant
(P � .005) for the 1.0 mCi/kg group at
both weeks 3 and 4. Changes from
baseline for the lower dose group were
not statistically significant at any
week. The difference between groups
in VAS scores was statistically signifi-
cant at week 4 (P � .0476). An un-
blinded physician’s global assessment
(PGA) judged that 70% of the 1.0
mCi/kg patients and 55% of those re-
ceiving 0.5 mCi/kg were improved at
week 4. Patients receiving the higher
dose also exhibited significant im-
provements over baseline in both day-
time discomfort and sleep at week 4.
Long-term follow-up revealed a signif-
icantly longer survival among breast
cancer patients receiving the high dose
than among those treated with the low
dose. No such difference was observed
for the prostate cancer patients.

Serafini and associates29,30 reported
the results of the first prospective,
multicenter, randomized, double-blind,

placebo-controlled study (Study BA-
106/110) in patients with bone metas-
tases from a variety of primary tu-
mors. One hundred eighteen patients
were randomized equally to receive
single doses of placebo (n � 39) or ac-
tive drug at doses of 0.5 mCi/kg (n �
40) or 1.0 mCi/kg (n � 39) and were
followed-up for up to 16 weeks. The
majority (86%) of the patients had ei-
ther primary prostate (n � 80) or
breast (n � 21) cancer. Efficacy was
evaluated by blinded patient evalua-
tions of pain using a VAS, recording
of daily opioid analgesic use, and a
blinded PGA. Patients who received
the 1.0 mCi/kg dose of active drug ex-
hibited significant improvements

(compared with the placebo group) in
both VAS scores and in the PGA at
each of the first 4 weeks following ad-
ministration. In contrast, patients re-
ceiving the 0.5 mCi/kg dose had a sig-
nificant improvement in VAS scores
for week 1 only, and in the PGA at
week 4 only. Change from baseline in
VAS scores for each of the treatment
groups is shown in Figure 1A.

In the blinded PGA, 62% to 72% of
those in the 1.0 mCi/kg group and
40% to 70% of those in the 0.5
mCi/kg group were judged to have re-
lief of pain during the first 4 weeks
following administration of the drug.
Of the 0.5 mCi/kg patients judged to
be responders at week 4, less than half
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Figure 1. Change from baseline in the area under the pain curve (AUPC) derived from daily VAS scores for studies
BA-106/110 (A) and 424Sm10/11 (B). AUPC is a weekly integral measure of VAS scores obtained by summing daily
scores over weekly time intervals. *Indicates a statistically significant improvement over placebo. VAS, visual analog
scale. Adapted with permission from Serafini AN et al.29 



were still responders at week 12. For
the patients receiving the 1.0 mCi/kg
dose, two-thirds of those responding
at week 4 were also judged to be re-
sponding at week 16. A significant
correlation (P � .01) was observed be-
tween reductions in daily opioid anal-
gesic use and VAS scores for patients
receiving 1.0 mCi/kg but not in any
other group. Change in opioid anal-
gesic use relative to baseline is shown
in Figure 2A.

Sartor and colleagues31 reported the
results of a prospective, multicenter,
randomized, double-blind, placebo-
controlled study (Study 424Sm10/11)
in patients with bone metastases from

hormone-refractory prostate cancer. A
total of 152 patients were randomized
in a 1:2 ratio, placebo (n � 51) or 1.0
mCi/kg active drug (n � 101), and
were followed for up to 16 weeks.
Pain intensity was measured twice
daily (by patients) using validated lin-
ear and non-linear scales. A 100-mm
VAS, with 0 mm representing the
“least possible pain” and 100 mm the
“worst possible pain,” was used, as
was a pain descriptor scale (PDS),
which consisted of 8 words or phrases
(no pain, just noticeable, weak, mild,
moderate, strong, severe, and excruci-
ating) randomly arranged.32 Daily opi-
oid analgesic use was also recorded.

Patients who received the active
drug exhibited significant improve-
ments (compared with the placebo
group) in VAS scores for weeks 2
through 4 (P � .0232) and in PDS
scores at each of the first 4 weeks fol-
lowing administration (P � .003).

Change from baseline in VAS scores
for both treatment groups is shown in
Figure 1B. A statistically significant
correlation (r � 0.78, P � .0001) was
found between VAS and PDS scores. In
addition, patients who received active
drug had significant decreases in opi-
oid analgesic use at weeks 3 and 4
(P � .0284). Changes in VAS scores
were correlated with reductions in opi-
oid analgesic use in the active treat-
ment group (r � 0.349, P � .0004), but
no such correlation occurred in the
placebo group (r � 0.059, P � 0.685).
Change in opioid analgesic use relative
to baseline is shown in Figure 2B.

The results of the 3 controlled stud-
ies described above, all of which were
sponsored by the US manufacturer
(Cytogen Corporation, Princeton, NJ),
have been supplemented by additional
large multicenter studies performed 
independently in China and by the In-
ternational Atomic Energy Agency
(IAEA). In the multicenter trial con-
ducted in China,33 patients with painful
bone metastases from a variety of pri-
mary tumors were treated with single
doses of either 0.5 mCi/kg (n � 70) or
1.0 mCi/kg (n � 35). Pain was assessed
using a composite of pain scores and
analgesic consumption. Positive re-
sponses were observed for 58 of 70
(83%) patients in the 0.5 mCi/kg group
and 30 of 35 (86%) in the 1.0 mCi/kg
group. In the IAEA multicenter study,34

417 patients were divided into 3
groups, receiving single doses of 0.5
mCi/kg, 1.0 mCi/kg, or 1.5 mCi/kg, re-
spectively. Overall, 73% of patients, in-
dependent of dose level, experienced
effective pain palliation. Analgesic use
was reduced significantly or complete-
ly in 82% of those responding.
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Figure 2. Ratio of mean daily opioid analgesic use relative to baseline for the first 4 weeks post-administration in
studies BA-106/110 (A) and 424Sm10/11 (B). Figure 2A adapted with permission from Serafini AN et al.29 Figure 2B
from data on file, Cytogen Corporation.



Safety
In all clinical studies of samarium Sm
153 lexidronam, the only clinically sig-
nificant toxicity reported has been mild
and transient myelosuppression. WBC
and PLT counts decrease beginning at 1
to 2 weeks to a nadir of approximately
50% of the baseline level at 3 to 5
weeks post administration. Recovery to
pretreatment levels is typically observed
by week 8. No differences have been
seen in hemoglobin levels between pa-
tients receiving 1.0 mCi/kg active drug
and those administered a placebo.
Pooled WBC and PLT levels as a func-
tion of time for 1.0 mCi/kg and placebo
patients in the 2 placebo-controlled
studies are shown in Figure 3.

Table 4 summarizes the hemato-

logic toxicity grades in the double-
blind portions of the 2 placebo-con-
trolled studies. Grade 2 or less WBC
and PLT toxicities were observed in
92% and 97%, respectively, of pa-

tients administered 1.0 mCi/kg
samarium Sm 153 lexidronam in the
placebo-controlled studies. Addition-
ally, no grade 4 WBC or PLT toxici-
ties occurred among the 128 patients
treated at this dose level.

Nonhematologic adverse events
(Table 5) occurred at similar rates in

patients who received placebo and 1.0
mCi/kg of active drug. The most com-
monly observed nonhematologic ad-
verse events, nausea and/or vomiting
and constipation, which are known to

be associated with the use of opioid-
containing analgesics, had a somewhat
lower incidence in patients receiving
1.0 mCi/kg than that found among the
patients in the placebo group. This may
be related to the reductions in opioid
analgesic consumption discussed above
for patients receiving active treatment.
In controlled clinical studies, spinal
cord compression occurred at the same
frequency (6%) in patients receiving
1.0 mCi/kg as for those receiving
placebo, despite the fact that the ac-
tive-treatment patients on average re-
mained on study nearly twice as long
as those receiving a placebo. Painful
flare reactions, an adverse event that
has been observed with all skeletal-tar-
geted radionuclides, occurred at similar
rates for those receiving 1.0 mCi/kg
(7%) as with those administered the
placebo (6%). In the blinded placebo-
controlled study of patients with hor-
mone-refractory prostate cancer,31 the
response rate for the active-treatment
patients who experienced a painful
flare reaction was similar to that of the
remainder of the group.

Repeat Dosing
Retreatment with samarium Sm 153
lexidronam has been reported primar-
ily in a setting of an initial favorable
palliative response followed by recur-
rence of symptoms. Sartor and col-
leagues35 reported on 54 multiple ad-
ministrations to 18 patients (range
2–11 doses/patient) with prostate (n �
15) and breast (n � 3) cancer. Percent-
age decreases from baseline in WBC

Samarium Sm 153 Lexidronam
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Figure 3. White blood cell and platelet counts in placebo-controlled studies.

Grade 2 or less WBC and PLT toxicities were observed in 92% and
97%, respectively, of patients administered 1.0 mCi/kg samarium
Sm 153 lexidronam in the placebo-controlled studies. 



and PLT counts did not increase as a
function of increasing number of ad-
ministrations, and there was likewise
no significant increase in the percent-
age of patients experiencing grade 3
or 4 hematologic toxicities. Menda
and associates36 reported treatment of
a patient with bone metastases from
hormone refractory prostate cancer
with 11 doses of 1.0 mCi/kg each over
a period of 28 months. None of the
WBC and PLT nadir counts following
any of the repeat doses were lower
than those following the initial dose.

Combination Treatments
Recently considerable interest has
emerged in the use of skeletal-targeted
radionuclides in combination with 
other agents such as bisphosphonates
and taxane-based chemotherapeutics.
Marcus and colleagues37 studied 
the skeletal uptake of samarium Sm 
153 lexidronam prior to and 1 and 4
days following administration of
pamidronate and again at 1, 2, 3, and 4
weeks following administration of the
bisphosphonate. There was no differ-
ence in uptake of samarium Sm 153

lexidronam at any time following ad-
ministration, of the pamidronate.

Preliminary data are available re-
garding the combination of samari-
um Sm 153 lexidronam and doc-
etaxel in patients with hormone-re-
fractory prostate cancer. In a phase I
study examining the biodistribution
and preliminary efficacy, 6 patients
were treated with weekly docetaxel
at a dose of 30 mg/m2, in combina-
tion with 1.0 mCi/kg given on week

4, 24 hours before treatment with
docetaxel.38 Optimal uptake by tumor
sites was seen 8 to 24 hours after 
injection. Five of 6 patients had a
decrease in PSA values of �50% and
4 of 6 patients had a decrease of
�80% that persisted for more than 6
months. Toxicity was not dose limit-
ing, with 1 episode of neutropenic
fever reported. This study clearly de-
serves additional follow-up and ex-
panded patient numbers.

In another preliminary study,39 6 pa-
tients with metastatic prostate cancer
were treated with paclitaxel 200
mg/m2 every 3 weeks combined with
estramustine and 1.0 mCi/kg of samar-
ium Sm 153 lexidronam. Subsequent
groups of 6 patients were treated with
paclitaxel 90 mg/m2 every 3 weeks.
Samarium Sm 153 lexidronam was
administered with chemotherapy,
starting at a dose of 1 mCi/kg and es-
calating by 0.5 mCi/kg increments.
Grade 3 leucopenia was seen in 1 of 6
patients at the 1.5 mCi/kg level, and
maximally tolerated dose had not
been reached at the time of the report.

Summary
Bone metastases with pain are a com-
mon and significant problem for pa-
tients with advanced prostate cancer.
The treatments for bone-metastatic
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Table 4
Hematologic Toxicity Grades in Placebo-Controlled Studies

Parameter and Placebo (n � 83) 1.0 mCi/kg (n � 128)
Toxicity Grade n (%) n (%)

Hemoglobin*
0–2 76 (92) 115 (90)
3 6 (7) 12 (9)
4 1 (1) 1 (1)

Platelets†

0–2 83 (100) 124 (97)
3 0 (0) 4 (3)
4 0 (0) 0 (0)

WBCs‡

0–2 83 (100) 117 (92)
3 0 (0) 10 (8)
4 0 (0) 0 (0)

*Hemoglobin: grade 0–2, � 8.0 g/dL; grade 3, 6.5–7.9 g/dL, grade 4, � 6.5 g/dL.
†Platelets: grade 0–2, � 50,000/�L; grade 3, 25,000–49,900/�L, grade 4, � 25,000/�L.
‡WBCs: grade 0–2, � 2000/�L; grade 3, 1000–1900/�L, grade 4, � 1000/�L.
WBCs, white blood cells.

Table 5
Incidence of Most Common Nonhematologic Adverse Events 

in Controlled Clinical Studies

Adverse Event Placebo (%) 1.0 mCi/kg (%)

Nausea and/or vomiting 41 33
Constipation 13 8
Asthenia 11 10
Fever 10 6
Anorexia 7 8
Spinal cord compression 6 6
Pain flare 6 7
Dyspnea 6 5
Urinary tract infection 4 6

From data on file, Cytogen Corporation.



prostate cancer are dependent in part
on prior treatments. Extensive data
from prospective randomized clinical
trials now support the use of samar-
ium Sm 153 lexidronam in patients
with hormone-refractory disease and
painful bone metastases. Pain relief
and decreases in analgesic consump-
tion can be expected in the majority
of patients treated. Side effects are
limited to transient and relatively mild
platelet and neutrophil suppression.
Repeated doses can be used in patients
whose marrow reserve is adequate at
the time of administration. Combina-
tion therapies that incorporate cyto-
toxic or bone-targeted agents into
samarium Sm 153 lexidronam-based
regimens are now being actively ex-
plored in clinical trials.
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Main Points
• Metastatic bone disease contributes significantly to morbidity and mortality of patients with advanced cancer, with a direct relation-

ship evident between extent of bone involvement and survival.

• The radionuclide bone scan is the most reliable method of detecting bone metastasis in patients with prostate cancer.

• Bone-targeted systemic radionuclides have become viable treatment options for patients with hormone-refractory prostate cancer and
painful multiple bone metastases.

• Currently, there are 3 radionuclides approved for treatment of bone pain, phosphorus-32, strontium-89, and samarium-153, each with
differing bone targeting mechanisms.

• Beta particle emissions are of higher energy in phosphorus-32 and strontium-89 than samarium-153 and result in greater bone mar-
row toxicity. The half-life of samarium-153 is 1.9 days, much shorter than that for the other 2 agents, and results in a more rapid de-
livery of radiation.

• Samarium Sm 153 lexidronam has been found to be effective at palliating pain and reducing opioid analgesic use, and associated with
mild and transient adverse events in prostate cancer patients with hormone-refractory disease and metastatic bone disease.
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