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Abstract

A considerable proportion

of patients with cancer will
develop bone metastases.

Bone metastases frequently
cause severe bone pain and
seriously affect quality of

life. Palliative treatment of
patients with bone pain from
multiple bone metastases using
radiopharmaceuticals such as
[87Sr]SrCl, and ['**Sm]Sm-EDMTP
can be a safe and easily accessible
option to effectively relieve bone
pain.

Introduction

Cancer incidence is on the rise, with
over 124.000 cases alone being
diagnosed in 2022 in the Netherlands
according to the statistics of the
Integral Cancer Center in the
Netherlands (IKNL). A considerable
proportion of patients with advanced
prostate, breast or lung carcinoma
will develop bone metastases.

Bone metastases are an indicator

of progressive disease with bad
prognosis, frequently causing severe
bone pain and affecting quality of life
(1,2).

The aim of treating bone
metastases with bone seeking
radiopharmaceuticals is purely
palliative (except Radium-223). The
treatment options are diverse and
depend on the disease condition.
A common treatment sequence is
nonsteroidal analgesics to opioids

often combined with radiotherapy,
surgery, chemotherapy, hormone
treatment, bisphosphonates and
radionuclide therapy (3). External
beam radiotherapy is preferred for
localized pain and limited metastases
(4). For patients with multiple

or diffuse metastases, or when

other treatments do not respond,
treatment with bone seeking
radiopharmaceuticals is a good
alternative, given that metastases

are osteoblastic (which can be
confirmed with bone scintigraphy).
This is mostly the case for prostate
cancer metastases, but bone seeking
radiopharmaceuticals can also target
metastases from many other types of
tumors that have a mix of osteoblastic
and osteoclastic components (5). On
top of allowing systemic treatment,
other advantages of treatment with
bone seeking radiopharmaceuticals
are its repeatability, ease of
administration as well as the potential
to be combined with other therapies
for enhanced effectiveness.

There are different radionuclides
that can be used. The most common
are the beta-emitting strontium-89-
chloride (8?Sr-Cl) and samarium-153-
EDTMP ([">3Sm]Sm-EDMTP) as well
as the alpha-emitting radium-223-
chloride ([#2Ra]RaCl,). In the past,
rhenium-188 hydroxyethylidene
diphosphonate and rhenium-186-
hydroxyethylidene disphosphonate
(['®®Re]Re-HEDP and ['®Re]Re-
HEDP) were also used, but these
radiopharmaceuticals are now out of
production for this indication.

After injection, the radionuclides

target all osteoblastic bone

lesions simultaneously. Pain relief
commences in days or weeks, lasting
for months (6). Pain reduction is
achieved by destruction of malignant
and immune cells, leading to a
decrease of cytokines and growth
factors that lessen periosteal swelling
(5). The related treatment toxicity is
mainly (reversible) myelosuppression,
thrombocytopenia in particular, and
depends on the administered dose
and type of radionuclide (3).

This review presents insights into
the clinical results of using the beta-
emitting strontium-89-chloride ([#7Sr]
SrCl2) and samarium-153-EDTMP
([">3Sm]Sm-EDMTP) (approved in
Europe and the US) for treatment

of bone metastases, including
effectiveness for pain relief for
different primary tumors and side
effects derived from this treatment.

Characteristics and
Production

Summary characteristics of both
radionuclides are presented in table
1.

Strontium-89-chloride

8Sr was the first radionuclide

to receive US Food and Drug
Administration approval for the
palliation of bone pain. The isotope
8Sr has a half-life of 50.57 days
and undergoes decay into stable
yttrium-89, emitting mostly high
energy beta-particles (Emax =

1.46 MeV). A very small negligible
proportion of gamma rays is emitted
(210 keV) as well as a small amount
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Table 1. Summary characteristics of both radionuclides.

Radionuclide Half-life (days) Energy (beta max) (mEv) Emission Range in soft tissue (mm)
strontium-89 50.57 1.46 Beta 8.0
samarium-153 1.93 0.71 Beta/Gamma 3.0

of bremsstrahlung. Because of the
small proportion of gamma and
bremsstrahlung it is safe to administer
in an outpatient setting.

Strontium is a calcimimetic agent

and thus behaves similar to calcium.
After intravenous injection strontium
migrates to the bone and is actively
taken up by the bone matrix. The high
energy beta particles are responsible
for the therapeutic effect. The
maximum range in soft-tissue is 8 mm

(7).

8Sr is produced through neutron
activation, irradiating a sample

of stable strontium-88 (88Sr) with
neutrons in a nuclear reactor. This
transforms some of the #Sr into

8Sr through neutron capture and
subsequent beta decay. The resulting
8Sr is separated and purified to

the desired level of radioactivity.
Finally, it is incorporated with a
chloride solution to make it ready for
intravenous delivery to the patient (8).

Samarium-153-EDTMP

1%3Sm was approved in the USA and
Europe for the treatment of pain from
bone metastases in the late 1990s.
53Sm has desirable characteristics,
with a combined radiation of beta
and gamma emissions while decaying
to stable europium-153. Beta
emissions occur at 640, 710 and 810
keV with an average beta particle
energy of 233 keV. Its gamma-ray
emission of 103 keV allows to assess
patient biodistribution and dosimetry
after injection via SPECT imaging. The
beta particle of ['>*Sm]Sm-EDMTP has
a maximum range of 3.0 mm in soft
tissue and 1.7 mm in bone. It has a
half-life of 46.3 hours (1.93 days) (9).

[153Sm]Sm-EDMTP has good selective
skeletal localization, low blood
levels, and low soft tissue retention,
including the liver. Accumulation

in non-osseous tissue other than
the bladder/urine is low. A study by
Brenner et al. found a mean bone
uptake of 47.7£11.2% at 24 hours,
soft-tissue retention at 24 hours was
12.7+4.7%, and urinary excretion
39.5+£13.8% at 24h after injection of
37 MBqg/kg ['°*Sm]Sm-EDMTP (10).

153Sm is commonly prepared by
neutron irradiation of enriched
1325m, 0, in a nuclear reactor,
which is then chelated with
ethylenediaminetetramethylene
phosphonic acid (EDTMP) (11).

Clinical Results
Strontium-89-chloride

A standard fixed dose of 150 MBq

is recommended by the European
Association of Nuclear Medicine
(EANM) Guidelines following many
investigations (3). [8?Sr]SrCl, is
administered intravenously and a
slow infusion is recommended to
avoid a ‘flushing sensation’ (3). Good
response rates have been reported in
clinical trials ranging from 57 to 96%

(table 2).

Pain relief in studies is usually reported
as either complete or partial pain
reduction. Different scales are used to
measure pain relief, including numerous
numerical weighting systems, ten-point
Visual Analogue Scale (VAS), RTOG
(Radiation Therapy Oncology Group)
pain scoring system or subjectively
assessed by the oncologist. In a large
meta-analysis from 2012 an overall
response rate of 70% (95% Cl: 65-75%)
was reported (12). Delay in the start of

response is usually between 4 days
and 28 days, with a response duration
of up to 15 months (6).

Additionally, a few studies have
shown an improvement of quality of
life after radionuclide treatment with
[87Sr]SrCl, (13-15). It has to be noted
that naturally, improvement in quality
of life generally follows pain relief
(16). Although showing acceptable
response rates regarding pain relief,
another recent meta-analysis (17)
showed no benefits in overall survival
rates or symptomatic ‘skeletal related
event (e.g. pathological fractures)’
(SRE)-free survival in metastatic
castration-resistant prostate cancer
(mCRPC).

Retreatment with [#Sr]SrCl, is
possible and safe, though the
response to retreatment tends to be
significantly worse compared to first
treatment (rate of patients with at
least good response decreased from
60% to 48%) (18).

TvNG 2023 45(2)

3059



Table 2. Summary of efficacy studies on strontium-89-chloride. Pain relief is reported as the response rate of patients with
either complete or partial pain reduction.

Reference Nr. Patients  Diagnosis Pain Relief
Lewington (19) 1991 26 Prostate 150 MBq 75%
Pons (20) 1997 76 Prostate / Breast 148 MBq 89% Prostate
92% Breast
Kasalicky (21) 1998 118 Prostate / Breast / 148 MBq 96%
Other
Fuster (22) 2000 40 Breast 148 MBq 92%
Kraeber-Bodere (14) | 2000 94 Prostate 150 MBq 78%
Dafermou (18) 2001 527 Prostate 148 MBq 60%
Turner (16) 2001 93 Prostate 150 MBq 63%
Sciuto (23) 2001 25 Breast 148 MBq 84%
Ashayeri (24) 2002 41 Prostate / Breast 150 MBq 81%
Zorga (25) 2003 33 Prostate / Breast / 148 MBq 88%
Other
Baczyk (13) 2003 70 Prostate 148 MBq 88%
OQosterhof (26) 2003 203 Prostate 148 MBq 78%
Gunawardana (27) 2004 13 Prostate 148 MBq 57%
Liepe (28) 2007 15 Prostate / Breast 148 MBq 73%
Zenda (29) 2014 54 Prostate / Breast / 2 MBg/kg 71%
Other
Furubayashi (30) 2014 18 Prostate 2 MBg/kg to a 72%
maximum of 141 MBq
per patient.
Ye (31) 2018 246 Prostate / Breast / 2.2 MBg/kg 75% Lung
Lung 95% Prostate and Breast
Samarium-153-EDTMP (table 3).In a large meta-analysis, an can benefit more from treatment with
['3Sm]Sm-EDMTP has been widely overall response rate of 70% (95% a short-lived isotope such as ['°3Sm]
used since its approval in the late Cl: 63-96%) was found for ['53Sm]Sm- Sm-EDMTP. In the case of a good first
1990s. The optimal dosage of 37 EDMTP, similar to ®Sr-Cl. response, repeated treatment may
MBg/kg has been investigated be desirable and has been shown to
thoroughly in the past which has been Given its much shorter half-life, ['*3Sm] improve duration of pain response
shown to be effective and safe (32,33). Sm-EDMTP onset of response after (6,16,34).
Therefore, a dose of 37 MBg/kg is now treatment is faster than [¥Sr]|SrCl,,
the recommended dose by the EANM and pain relief is typically noted Side Effects
guidelines. rapidly within 5 to 10 days and with a Many of the above mentioned studies
duration up to 4 months (6). Patients reported the observed side effects of
Response rates are comparable to who need quick pain relief due to a [87Sr]SrCl, and [**Sm]Sm-EDMTP. The
[8?Sr]SrCl, ranging from 57%-90% fast-progressing disease and pain most common side effects are pain
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Table 3. Summary of efficacy studies on samarium-153-EDTMP. Pain relief is reported as the response rate of patients with
either complete or partial pain reduction.

Reference

Nr. Patients

Diagnosis

Pain Relief

Turner (16) 1991 23 Prostate / Absorbed dose to 61%
Breast / Other | bone marrow was
fixed at 2 Gy
Collins (35) 1993 52 Prostate 18.5-111 MBg/kg 67%
Resche (33) 1997 114 Prostate / 18.5-37 MBg/kg 70%
Breast / Other
Serafini (32) 1998 118 Prostate / 18.5-37 MBg/kg 57-65%
Breast / Other
Tian (36) 1999 | 105 Prostate / 37 MBag/kg Only complete pain relief
Breast / Other reported (25%)
Dolezal (37) 2000 33 Prostate / 37 MBag/kg 71%
Breast / Other
Sapienza (38) 2004 |73 Prostate / 37 MBa/kg 90%
Breast (decrease in pain score by
more than 25%)
Etchebehere (39) 2004 | 58 Prostate / 37-59.2 MBg/kg 78% (decrease in pain score
Breast / Other by more than 25%)
Sartor (40) 2004 152 Prostate 37 MBg/kg 65%
Tripathi (41) 2006 | 84 Prostate / 37 MBg/kg 73%
Breast / Other
Ripamonti (42) 2007 13 Prostate 40 MBg/kg 77%
Liepe (28) 2007 15 Prostate / 37 MBg/kg 73%
Breast
Gallichio (43) 2014 | 21 Breast / Lung 37 MBg/kg 86%
Correa-Gonzalez (44) 2014 | 277 Prostate / 37 MBg/kg 74% Prostate
Breast / Other 67% Breast
67-80% Other
Thapa (45) 2015 | 16 Prostate / 37 MBg/kg 75%
Other
Elzahry (46) 2017 110 Prostate / 1.1 GBq 94%
Breast

flare and (low grade) hematological
side effects such as thrombopenia and
leukopenia.

The flare phenomenon involves
an increase in pain symptoms and
typically occurs within 72 hours after

the start of the treatment and it is
observed in approximately 10% of
patients. In the majority of patients the
pain symptoms are self-limiting and
mild. In general, a flare phenomenon
is associated with good response rates
of pain relief (6,33,47).

Bone marrow toxicity is the major side-
effect in both [#Sr]SrCl, and [**Sm]
Sm-EDMTP. Decreases in thrombocyte
and leucocyte counts in the peripheral
blood because of myelosuppression

is frequently observed, but mainly
low-grade and transient. In a study by
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Zenda et al. (29) grade 3-4 leucopenia
was only found in 1.8% of patients,
while in a study by Kraeber-Bodere et
al. (14) high grade leuco-thrombopenia
was observed in 5% of patients.

When treating patients with [¥Sr|SrCl,,
the lowest blood cell count (nadir)
occurs between 12-16 weeks, showing
recovery within six weeks depending
on the extent of bone metastases and
bone marrow reserve (3,6,48,49). It
generally consists of a transient mild
thrombocytopenia of around 30%. In
theory, because of a longer half-life
and maximum beta-radiation energy,
[87Sr]SrCl, yields a longer period of
myelosuppression. Therefore, longer
follow-up is deemed necessary.

In patients treated with ['5*Sm]Sm-
EDMTP, nadir is usually measured
between 3-5 weeks and recovery
takes places 6-8 weeks after therapy.
Likewise, after repeated doses of
[3Sm]Sm-EDMTP the bone marrow
toxicity has been shown to be
transient and mild (38,40,44).

Discussion

Both [#?Sr]SrCl, and [153Sm]Sm-
EDMTP have been widely proven

to be effective to reduce pain in
patients with bone metastases. Various
studies have compared the efficacy
of different radiopharmaceuticals

in treating metastatic bone pain
relief. Most studies reported no
significant difference between
[87Sr]SrCl, and ["**Sm]Sm-EDMTP
regarding toxic effects and response
rate (23,28,50-52). Therefore, factors
such as availability, cost, and clinical
experience are often used to decide
which radiopharmaceutical to use
for palliative pain relief from bone
metastases.

Since effectiveness depends on the
osteoblastic nature of the metastases,
there are some differences in pain
relief success among metastases
from different cancer types. Ye et al.

compared the efficacy of [5°Sr]SrCl,

in treating bone metastases in lung
versus breast and prostate cancer

as a control group. They found that
the efficacy was significantly lower

in patients with lung cancer than in
patients with breast or prostate cancer
(75% vs. 90%). Moreover, toxicity

was higher for patients with lung
cancer, with 67% of patients showing
mild-to-moderate reductions of
leukocyte and platelet counts 4 weeks
after [8°Sr]SrCl, treatment (compared
to 47% in the control group) (31). In
another study, it was also concluded
that treatment non-responders are
often patients with primary lung
cancer (34 out of 51 non-responders)
(36). Although [#?Sr]SrCl, and ['**Sm]
Sm-EDMTP are indicated for all painful
metastatic osteoblastic bone lesions
(as confirmed by areas of intense
uptake on radionuclide bone scans),
this could be explained given the

fact that lung cancer often develops
osteolytic metastases to bone (53).

When it comes to survival benefits,
studies with [??*Ra]RaCl,, an alpha-
emitter radionuclide, have shown to
improve overall survival in patients
with metastatic castrate resistant
prostate cancer and bone metastases
(without visceral metastases). Survival
benefits after therapy with [#?Sr]SrCl,
and [*3Sm]Sm-EDMTP have not been
investigated, and thus there is no
evidence that they improve overall
survival. However, [#?Sr]SrCl, and
['>3Sm]Sm-EDMTP have been shown
to provide palliative pain relief for a
wider patient population, as opposed
to [?2°Ra]RaCl, which is limited to
castration resistant prostate cancer
patients with bone pain and no
visceral metastases.

The efficacy of other anti-cancer
treatments combined with
boneseeking radionuclide therapy
has been investigated. Results

are contradictory. Treatment with
the combination of [#?Sr]SrCl, and

external beam radiation therapy
(EBRT) was shown to have similar
response rates in some studies
(26,54), while in another study pain
relief was higher in patients receiving
a combination of [#?Sr]SrCl, and
EBRT compared to a single treatment
of [¥Sr]SrCl, alone (55). However,

a combination of a radionuclide

and bisphosphonates seems to

be promising. Concurrent therapy

of [#°Sr]SrCl, and zoledronic acid
(bisphosphonate) has been shown

to have a higher rate of pain relief
(94% of patients) and improvement
of quality of life compared to [#7Sr]
SrCl, or zoledronic acid use alone,
without any increase of toxicity (56).
Similar outcomes were found for
combination therapy of ['**Sm]Sm-
EDMTP with bisphosphonates, leading
to significantly higher pain responses
and better quality of life (57,58).

Conclusion

Both [#°Sr]SrCl, and [**Sm]Sm-

EDMTP are beta-emitting
radiopharmaceuticals with decades of
proven clinical safety and effectiveness
to reduce pain in patients with bone
metastases.

jmh.de.klerk@meandermc.n/ ¢
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https://www.youtube.com/watch?v=KOWXtujTTUQ
https://www.youtube.com/watch?v=bigGo9kcpes
https://www.youtube.com/watch?v=ByBx9q56jes
https://www.youtube.com/watch?v=BiU7rdyBQwY
https://www.youtube.com/watch?v=f2MxslazCGc

