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ABSTRACT

Pain isthe comnonest dinical manifestation of bone netastases. Its reatment is palliative in nature, and consists of
chemotherapy, radiotherapy, hormonotherapy, diphosphonaes, and drug therapy (i. e, opiates). Radioactive
isotopes represent an appealing alternative to conventiond treatment modalities. Among the different types of
isotopes, wide dinical experience with ***3m has been obtained in this labaratory. In the present study, 94 patients
(mean ag = 65 years), who hal been diagnosed of having breast, prostate and cher malignant tumors, were
ewvaluated. These patients were treated with 37 MBg/Kg **SmEDTMP. All of them complained of bone pain and
had scintigraphic evidence of metastatic bone dissemination. Treatment efficacy was evaluated both dojectively and
subjectively. Eighty-five per cent (85%) of the patients reported pain relief, and analgesia was reduced by 55%.
Twenty-two per cent (22%) had a complete response. Bone marr ow toxicity was not a concern, with mild transient
hematol ogic derangementsin 30% of the patients. It was concluded hat **Sm-EDTMP resultsin relief or cessation
of metastatic bone pain in amajority of patients.
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growth factors, tumor necrosis factor, plateet
growth factor, potasium ions, and csteoclast
triggering factors™®’®, All these substances are
asociated with nerve end sensitization at the
periostium in response to chemical and thermic
stimulii, whereby the neuron membrane threshaold

INTRODUCTION

Bone metastases are the commonest contributor to
morbidity in cancer patients, espedally in those
with breast and prostate cancer®. Metastatic bone
dissemination give rises to pain, with pain being

the most frequent clinical manifestation from bone
metastases’. It is estimated that about 75% of
patients with advanced cancer report pain at some
time point along course of their disease”.

Metastatic bone pain results from the increment in
size of bore metastases and destruction o bore
tissie by osteoclasts, which, in turn, result in
increased csteolytic activity. This gives rise to the
occurrence of a certain number of substances sich
as prostaglandins, bradykinin, citokines, tumor

" Author for correspondence

deaeases and peripheral nociceptive receptors are
stimulated. Since these receptors are usually sil ent,
the abowe  substances cause  primary
hiperalgesia®!®*+*2

Metastatic bone pain is somatic in nature'.
Because of the preexisting attendant bone
destruction, bone metastases may cause pathologic
fractures, which, in turn, increase bone pain. On
the other hand, bore metastases result in pain
activated by movement of the bones invaved. Of
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note, the psychoogical and emotional component
of metastatic bore pain should also be borne in
mind“,

Metastatic bone pain is assciated with a major
reduction in patients’ life quality. Its treatment is
paliative in reture, the major aim not being
complete eadication, but rather relief. A
multidisciplinary team (i. e, Departments of
Medical Oncology, Urology, Radiation Therapy,
Surgery and Nuclear Medicine and Palliative Care
Unit) should be invalved in metastatic bone pain
management.
Clasdcally, metastatic bone pain has bee
successully treated by chemotherapy,
hormonatherapy, radiotherapy, diphosphonates,
and dug therapy (i.e, opiates). Currently,
radioactive isotopes are also favored as a treatment
modality for metastatic bone pain.

Chemotherapy, with the use of tamoxifen, can
reduce tumor size, thereby rdieving bone pain in
most cancer patients. Its major backdraw is bore
marrow toxicity™.

Hormotherapy is eff ective only for metastatic bone
pain patients with breast or prostate cancer.
However, the pain may become refractory to this
kind d treatment™.

Radiotherapy is usually the first-line treatment
modality for focal lesions. The radiotherapist may
achieve complete pain control in 50% of the
patients, and pain control  duration s
approximately 3 months'®. Radiation therapy
results in deaeased inflammation and lesion size.
However, radiotherapy efficacy is often limited by
the inability to ddiver the scheduled dose because
of the attendant toxicity to aljacent orgas.
Diphosphoates are especially efficient for breast
cancer-asociated metastatic bore pain, and
aliviate the pain through their osteoclast
inhibitory ~ action”.  First-line drug therapy
modalities for metastatic bone pain include
opiates, which initially control pain. They are
asociated with important adverse df ects, and may
cause tolerance®™. Radiopharmacauticals are
currently an appealing alternative for standard
metastatic bone pain treatment modalities.

TREATMENT OF METASTATIC BONE
PAIN WITH RADIOACTIVE ISOTOPES

In patients with advanced cancer in whom both
radiotherapy and homonoterapy fail (as far as
radiotherapy is concerned, this failure results
either because the patient has already been treated

or it is nat indicated because the patient presents
multiple metastatic bone dissemination), drug
therapy is not sufficiently efficient for palliative
care because patients often develop tolerance or
adverse dfeds that are unacceptable. In these

cases, systemic coadjuvant treatment with
radioactive isotopes may be an gption.
Before initiating treatment  with radioactive

isotope, the patient should be evaluated to
determined that the pain is occurs in the bone and
canna be eplained by other causes. Radioactive
isotopes have been used for metastatic bone pain
palli ation for more than 50 years. The isotope first
used was phasphaorus (3P) in the form of sodium
phosphate®. Its use in clinical practice is now
discouraged because it is associated with severe
hematologic severity.

Intherecent 15 years, an upsurge of the interest in
radioactive isotopes as an alternative treatment
modality for metastatic bone pain palliation has
been witnessed because, currently, many isotopes
are known that bind to bone structures and exert
their therapeutic action locally. The characteristics
of the most relevant radioactive isotopes used for
metastatic bone pain treatment®?! are presented in
Table 1.

The ideal isotope to be used for metastatic bone
pain is the one that is a B-emissor and able to be
taken up by metastases, so that high doses will be
reached locally with minimal involvement of
adjacent tisaues. It should also selectively exert a
cytotoxic dfed on meastases by acting at
peripheral nerve ends, where inflammatory cells,
tumor cdls and cdls with inmmunitary activity
and chemical substances modulating the pain
accumulate®. It is necessary to achieve arapid soft
tissue depuration and a peak energy exceeading 0.8
MeV and lower than 2 MeV?®,

Renium (**Re)* and tin (*'Sn)*® are not
included in the present review on radioactive
isotopes for metastatic borne pain management
since they have not been commercialized as yet in
Spain. Therefore we ladk clinical experience with
these isotopes.

STRONTIUM-89

Basically, in the 90's in Spain, isotope-based
metastatic bone pain management was achieved
with strontium (%°Sr) (commercialy known as
Metastron). It is a pure B-emitting isotope based
on 395r?2/%2 chioride. From a chemical point of
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view, it is smilar to calcium; thereby it fixes on
bore areas in which the maximum calcium
absorption accurs. Bone uptake is proportional to
the bone regenerative activity, so that uptake peaks
in the most astogenic sites. Peak and mean energy
are 1.46 MeV and 0.58 MeV, respectively, with a
soft tisaue penetration range of 2.4 mm. Between
30 and 40% of the administered dose is excreted in
the urine within 48 hours, with the remaining dose
being taken up by the bore. Biological half-lifein
metastases is omewhat longe than 50 days.
Biological half-life in the healthy bore is 14
days®. The use of this isotope was traditionally
limited to metastatic bone pain from prostate
cancer. Our clinical experience consists of only 15
patients. All these patients were given each a
single dose of 148 MBQ. One patient had a
complete response. In 7 patients, response was
partial, with different degrees of pain relief. Six
patients did not have any pain palliation, and one
could not be evaluated. In patients who positively
responced to *°Sr treatment, improvement started
between 20 and 40 days, with a mean duration d
about 4 months.

SAMARIUM-153

Samarium-153 (***Sm) is the isotope with which
the widest clinical experience in the fidd o
metastatic bone pain has been dbtained in this
laboratory. In Spain, it was commercialized in the
year 2000. °°Sm has a number of advantages over
83r. 1t is belief of the authors that ***Sm is the
most suitable isotope currently available for
metastatic bone pain management.

It is a sodium salt composed o a radioactive
complex corsisting of samarium bound to
lexidronam

(ethylenediaminetetramethyl enephosphonate
[EDTMPY)). It is commercialized as Quadramet®.
The physical half-life is 46.3 hours. It emits
particles, with peak energies of 810 (20%), 710
(50%), and 640K eV (30%). Mean 3 emisdon is of
233KeV, with a peak soft tisaue penetration range
of 3.1 mm, and a therapeutic bore penetration
range of 1.7 mm***3 In addtion, it emits y phatons,
with a energy of 103KeV (29%)%%,

Lexidronam shows a high affinity for bone tisaue,
this being similar to that of technetiated agents (e.
g., diphosphonates) used for conventional bore
scintigraphy. These pharmamkinetic features
make *>*Sm bound to EDTMP useful for pain from

bore metastases®. Thus, Lexidronam concentrates
in sites with bone metabdic activity in both
osteoblastic and osteolytic lesions, that is, in sites
wherein there «ists a high bore turnover, with a
relationship of healthy bone to lesion equal to that
of ¥™Tc-diphosphonates. Therefore, the agent can
be specifically taken up by bae metastases, with a
concentration d the metastases to that within the
healthy bore of 5/1%>%,

OUR CLINICAL EXPERIENCE

3Sm is uncdbubtably indicated for palliative
metastatic bone pain treatment in patients with
osteoblastic bone metastases, like those seen in
prostate cancer, and in those presenting csteolytic
metastases with a osteoblastic component, asis the
case in many breast cancer patients. However,
1535m treatment should not be started if metastasis
uptake of technetiated agents (i.e., those routingly
used for bone scintigraphy) is not objectively
visualized.

Herein, the clinical experience with Quadramet at
the Department of Nuclear Medicine of La Paz
University Hospital (Madrid, Spain) from
November, 2000 through May, 2005 is reported.
Within this period, 113 doses of *Sm-
Lexidronam to a total of 103 patients were
administered.

MATERIALS AND METHODS

Ninety-four patients (52 males and 42 females),
with ages ranging from 35 to 85 years (mean age:
65 years) were evaluated. Of these 94 matients,
nine received two doses, and one (a female patient
with breast cancer) received three doses. The
patients had been diagnosed as follows: 43,
prostate cancer; 42 lreast cancer; 3, bladder
cancer; 1, cancer of unknown crigin; 1, lung
cancer; 1, chardoma; 1, pancreatic cancer; 1, head
and neck cancer; and 1, pheochromocytoma.

Before initiating treatment, all patients were
submitted to scintigraphy, which showed evidence
of metastatic bore dissemination (Fig. 1). Bone
pain was sgnificant in all patients. In fact, the vast
majority was in the level 2-3 of the World Health
Organization (WHO) Analgesia Scale. All patients
had a life expedancy of at least 4 months. The
remaining inclusion criteria were:  platelet count
equal to o greater than 85000 hematocrit
exceading 8,5 g/dl; blood white cell count equal or
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greater than 3,200, serum bilirubine leved not
exceadingly 2 mg/dl; and serum creatinine level
lower than 2 mg/dl. Also, patients were required
not to have received chemotherapy, radiotherapy
or hormonctherapy within six wees before
initiation d treatment. In the case of child-
bearing-age women, a negative pregnancy test was
required. Obviously, patients who are known to be
EDTMP-hypersensitive should be excluded.

53Sm-Lexidronam administration was performed
according to a protocol previously developed at
the Department of Nuclear Medicine. The protocol
established the following actions: informed
consent signed by all patients participating in the
study, admisson to the rooms st aside for
endametabalic treatment so that adequate rules for
radioprotedion be adhered to, appropiate patients
hydration, and treatment initiation. Each dose of
37 MBg/kg was dowly injeded (total dose range:
1,480-3,811 MBg; mean total dose: 2,406 MBQ).
In the case of patients recelving more than one

dose, the second dose was given between 13
weeks and 1 year (mean interval: 7 months and a
half). Total dose number was baween 3,145
5,550, and mean total dose number was 4,694. As
established in the protocol, urine samples were
collected 4-6 hours after treatment. Five patients
needed a bladder catheter. Virtually all patients
had a whde-body scintigraphy performed 4-6
hours after ***Sm-L exidronam (Fig. 2).

Patients were followed up ketween 2 and 24
months (mean foll ow-up: 14 months). On foll ow-
up visits, clinical and laboratory (i.e, plateets,
blood white cell s, hemoglobin, creatinine, etc) data
were colleded to assess potential treatment-related
toxicity. Pain severity was evaluated based on
analgesia requirements according to WHO
Analgesia Scale, and patients health status was
evaluated acoording to the Karnofsky scale
However, the patients subjedive assessment of
pain was emphasized.

Table 1 - Radioactive isotopes used for metastatic bone pain management.

MEAN HALF- SOFT TISUE
ISOTOPE EMISSON LIFE MEAN.B ENERGY PENETRATION
Pho(sg"ég‘)’ms B 14.4 days 695KeV 8 mm.
St[(gQéIrL)lm B 50.5 days 583KeV 2.4 mm.
S(a{ESaSr:;J)m Bandy 4 46.3 hours 233KeV 3.1 mm.
F({gg;gw Bandy 3.8 days 349Kev 1.1 mm.
(11T7|Snn) Bandy 13.6 days 135KeV 0.3 mm.
Table 2: Results
Improved Unchanged Worsened
Subjetive 80(85%) 14(15%) 0
Karnofsky 51(54%) 43(46 %) 0
Analgesia 52(55,3%) 39(41,4%) (3%)
Table 3 - Results: Subjective response of pain.
PATIEIST
Worsened 0 0%
Unchanged 14 15%
Slight relief 22 23%
Moderate reli ef 38 40%
Compl ete response 20 22%
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RESULT S

No adverse dfects from ™*Sm-Lexidronam
administration were noted during the study. Pain
reief started between 3 and 30 days (mean: 7
days) after treatment, and it lasted between 1 and
12 months (mean: 3 months).

Both dbjedive and subjedive patients’ response to
treatment, acoording to assessment based on WHO
and Karndfsky scales are presented in Tables 2
and 3. As down, no patients got worse, though
three nealed increased analgesia. Eighty-five per
cent (85%) of the patients reported pain relief in
different degrees, and analgesia could be reduced
in 55% of them. Twenty-three per cent (23%) and
40% had mild o moderate, respedively, pain
reief, and in 22% pain cesstion was achieved.
Four patients had been previously treated with
89Sr. Three of them had moderate or complete
response to **Sm-L exidronam, and the other, who
had na responded to the previous treatment with
8Sr, had a moderate response to °Sm-
Lexidronam.

No relevant adverse dfects were noted during the
follow-up. In 5% of the patients, 48-72 hours
posttreatment, an initial transient increnent of pain
was observed. Bone marrow toxicity was mild in
all cases. Thrombocytopenia was noted in 3% of
the patients, anemia in 8%, and leukopenia in
1%%.

131

DISCUSSON

Several studies (including multicenter trials)
support the dficacy of **Sm-Lexidronam
treatment for palliative metastatic bone pain,
including its ability to improve patients life
quality, at timesin the ermina phase.

The findings reported herein are similar to those
reported by earlier authors, with response rates
ranging from 62 to 839439404142,

According to criteria established by earlier
authors, a dose of 37 MBg/kg, which seemed to be
the most suitable, was administered. However, one
can ask whether or nat a higher dase would result
in better clinical outcome, but data concerning the
efficacy of greater doses are scanty in the
literature, and it does not seam that better results
have been be achieved when dlightly higher doses
are used™*,

Clearance of 85% of the injeded dose from the
blood was achieved in the first 30 minutes, and
aproximately 65% of the dose was taken up by the
bore. Thirty-five per cent (35%) of the injected
dose was excreted in the urine in the next six
hours®>*. This, together with a short half-life and
B enegy from ™3Sm, differs from other
radioactive isotopes®, and enabled one to adjust
the dose to the patient body weight, so that high
activity, optimal biological radiation delivery and
rapid release of a high radiation dose rate could be
achieved in a shot peiod o time

4 ol

Figure 1-°*"Tc-HMDP
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Figure 2 - ®3Sm-EDTMP

Thus, it is estimated that, for a dose of 2,590 MBq
of %Sm-Lexidronam, the equivalent effedive
dose is 796 mSv*'. This would explain the rapid
response of the pain to the radioactive isotope
concerned™. Because of the rapid clearance and
excretion d 'Sm-Lexidronam and its low
exposure rate, patients can be treated on a day
hospital-basis®.

%3Sm y emission permits the patient to have a
scintigraphy performed after the treatment, which
can show the uptake of the isotope by the
metastases  visualized in the conventional
scintigraphy carried aut before initiation o
treatment. At the beginning of the present study,
the scintigraphy was peformed 24 hours
posttreatment®“#*:  however, becuse of the
unsatisfactory clinical status of most patients, it
was decided to perform the scintigraphy 4-6 hours
before discharge, with results comparable to those
achieved at 24 haurs (Fig.2).

Duration of pain relief in this sries was of
approximately three months, which was dightly
shorter than that reported by earlier authors® .
There may be two reasons for such a difference.
First, some of the patients in the series had a life
expedancy as ot as one month, and died pain-
free two months after completing treatment.
Secondy, a large number of patients with a life
expedancy longer than three months died between
1 and 2 months after treatment. In contrast, some
authors have reported higher mean survival rates
(e.g., six months)*.

When the treatment was initiated with radioactive
isotopes, spedfically with ***Sm-Lexidronam,
based on the results of a literature review***?, the
aforementioned protocol, including inclusién
criteria, was developed. However, as clinical
experience &panded, it became posdble to more
acauratdy determine the risk/benefit ratio for the
patient to be treated. Thus, it was no longer
necessary to adhere strictly the protocol. Knowing
that pain palliation may be achieved within a few
days, patients with a life expedancy shorter than
four months were treated, bearing in mind that
clinical benefits were to autweigh the risks taken.
In three patients with a life expedancy of about
one month, a significant pain palliation was
achieved, and in one female patient with breast
cancer, total pain cessation until her death was
achieved. Also, we were not strict with patients
undergoing hormotherapy. Most of these patients
underwent hormonotherapy with no interference
from *>°Sm-L exidronam.

1535m-L exidronam permits treatment not only of
patients with metastatic bone pain from prostate
cancer, but also patients with breast cancer and
other malignant tumors'**2%3%  provided that
metastases be deteded pretreatment by
conventional scintigraphy. Clinical outcome is
similar regardlessof the type of the primary tumor
from which bone metastases originated, as these
results show. However, in this series, most tumors
other than prostate and breast had mil d-moderate
response, and very few showed a complete

Brazilian Archives of Biology and Technology



Metastasic Bone Pain Management with Radioactive |sotopes 13z

response. As there were few tumors others than
prostate and breast in aur series, this topic
warrants further investigation. Many authars
report the kest results for breast carcer®”®,

One of the problems encountered was the modality
for pain assessment. It was believed that it would
not be easy for patients with intemittent pain o
varying location and with bad health status and
deterioration to indicate the pain degree along a
scale. Nevertheless patients were thought to be
able to indicate whether they fdt better,
unchanged a worse, as well as whether they had
lowered a withheld the analgesic medication after
treatment. Therefore, whil e taking the scores from
Karnafsky and WHO into acoount, everything the
patient or his’her rdatives reported at foll ow-up
visits was emphasized. Eighty-five per cent (85%)
of the patients reported pain relief, and 54%
reported improved life quality.

The only reported toxicity associated with *°Sm-
Lexidronam treatment reported in the literature is
bore marrow toxicity, it being mild and reversible
in most cases, and rardy severe™***. In this
series, bone marrow toxicity was mild in all cases.
Therefore, *°%Sm-L exidronam treatment-asociated
toxicity is less severe than that associated with
other treatment modalities for cancer patients. In
the present study, patients receiving chemotherapy
within lessthan eight weeks before treatment did
not have increased bone marrow toxicity. At any
rate, it is advisable to be cautious when
adminstering  **Sm-Lexidronam to patients
undergoing chemotherapy 4-8 weeks before
treatment initiation.

In this <ries, 5% of the patients reported
increased pain 48-72 tours after treatment, this
finding being in kegping with earlier authors™*. It
may be due to radiation effeds, because, although
it is rdatively low, it negatively affects the fluid
circulating within the lesion. However, pain
increment was transient and responded well to a
dlight increase in the usual analgesic.
13Sm-Lexidronam permits multiple doses to be
delivered, as required”*®. In the present study,
nine patients needed a second dose, and a female
patient with breast cancer received three dases.
These 12 patients had a response as good as that
with the first dose, with mild reversible bone
marrow toxicity.

CONCLUSIONS

SSM-EDTMP administration is worthwhile for
palli ative metastatic bone pain management in
patients with bone metastases from a number of
primary malignant tumors because it provides
relief and, is even able to stop the pain, thereby
significantly improving patients life quality.
Furthermore, *Sm-EDTMP  administration-
asciated adverse dfeds are mild and reversible.
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RESUMO

A dor é a manifestacdo clinica mais comum da
metastase Gssea. Seu tratamento €, por natureza,
paliativo e consiste de quimioterapia, radioterapia,
hormonaterapia, difosfonatos, e terapia
medicamentosa (i.e.opiaceos). |sétopos radioativos
representam uma dternativa draente para &
modalidades covencionais de tratamento. Entre os
diferentes tipos de is6topos, temos grande
experiéncia clinica com ***Sm. Neste estudo, nés
avaliamos 94 pecientes na faixa de 65 anos com
diagndstico de cénceres de préstata, de mamas e
outros tumores malignos. Esses pacientes foram
tratados com 37 MBg/Kg de ™*Sm-EDTMP.
Todos eles redamavam de dor nos 0ssos e
apresentavam evidéncias de disseminagdo de
metéstase Ossea. O tratamento foi analisado
objetivamente e subjetivamente. Oitenta e cinco
(85%) dos pacientes rdataram alivio da dor, e a
analgesia foi reduzida em 55%. Vinte edois (22%)
tiveram uma resposta completa. A toxicidade na
medula éssa ndo foi um céncer e sim um
transitdrio desequilibrio hematol 6gico em 30% dos
pacientes.  Concluimos que o *Sm-EDTMP
resultou em alivio au total erradicagdo da dor
metastatica namaioria dos pacientes.
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