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This is the second article in a four-part series on nuclear med-
icine oncology procedures. Upon completion of this article, the
technologist will be able to describe the history, pharmacology,
and efficacy of strontium-89 therapy.
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Strontium-89 (%°Sr), a bone-seeking radiopharmaceutical,
has been used successfully in recent trials to palliate bone
pain secondary to metastatic disease. The use of this beta
emitter in systemic radionuclide therapy should become an
integral part in the management of many patients with met-
astatic disease to the bone. Intravenous %°Sr may be used in
conjunction with standard chemotherapy and external beam
radiotherapy. Hematologic toxicity is less than that previ-
ously seen with phosphorus-32 (**P), and other side effects
are minor.

The skeleton is a common site for carcinoma metastases
with the most common metastatic sites occurring in the axial
skeleton. In order of frequency, the vertebra, proximal fe-
mur, pelvis, ribs, sternum, and proximal humerus are most
frequently involved. Bone pain secondary to skeletal metas-
tases is the most common intractable cancer pain syndrome
(1). Bone pain from metastatic disease is usually caused by
infiltration and expansion of periosteal membranes by tumor.
It may also result from encroachment on hematopoietic tis-
sue in the marrow, compression of the spinal cord or nerve
roots and mechanical instability, or pathologic fractures sec-
ondary to tumor weakened bones. These are most commonly
seen in the proximal femur and cervical and lumbo-sacral
spine (2).

Metastases to the skeleton occur in over 50% of patients
with breast, lung, or prostate cancer, in the later stages of the
disease. Pain management becomes a critical issue in these
patients. Treatment of metastatic bone pain may initially
involve chemo-, surgical, radiation, and hormonal therapies
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(3). Radiation, in particular, may be useful in the manage-
ment of bone pain, with reported efficacy in 65%-100% of
patients, although the pain relief may be transitory (4). Ex-
ternal beam radiotherapy helps to prevent impending patho-
logical fractures and is a mainstay in the treatment and
prevention of spinal cord compression. However, since
bony metastases are usually multiple and often widespread,
the administration of systemic radiation with the use of ra-
diopharmaceuticals often extends more long-lasting relief

)

HISTORY

The use of the calcium analog, ®Sr, actually preceded that
of *?P in the treatment of bone metastases (6). In the early
1940s, Pecher first demonstrated the concentration of #°Sr in
osteoblastic reactive bone surrounding osteogenic sarcoma.
He then reported the clinical use of #*Sr for pain relief in a
small series of patients with carcinoma metastatic to the
bone (7,8). In 1949, Lawrence and Wasserman reported
poor response in the treatment of multiple myeloma, using
32p in conjunction with 3°Sr. However, ®*Sr was given to
only a limited number of their patients (7 cases) and in a
dosage lower than current dosages (9,10).

The work of Firusian and colleagues elicited widespread
interest in the use of *Sr in therapy of metastatic bone pain.
In 1973, after the first European trials, they published favor-
able results in the use of 3°Sr for pain relief in 8 of 10 patients
with osseous metastases and systemic disease (multiple my-
eloma) (I1). Three years later, they reported long lasting
pain relief (16 wk to 1 yr, or until death) in 8 of 11 patients
with skeletal metastases from prostate carcinoma. No sig-
nificant myelosuppression was observed (12).

Robinson and colleagues at the University of Kansas be-
gan clinical trials with ®°Sr in 1977 (5). This group published
the first large series in the use of #Sr, with a pain response
rate of 80% in 100 prostate carcinoma patients and 89% in
breast cancer patients. Eighty percent of patients demon-
strated mild myelosuppression, while 20% exhibited no
change in hematologic counts (13-15).
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TABLE 1. Radiation Dosimetry

Organ Rad/mCi Gy/Bq
Bone surface 59 1.6 x 1078
Red bone marrow 40 1.1 x 1078
Bladder wall 0.23 6.2 x 10~"
Whole body 3.0 8.1 x 10710

PHARMACOLOGY, KINETICS, AND DOSIMETRY

Strontium-89 is produced in nuclear reactors by direct
neutron activation. Strontium-89 chloride is essentially a
pure beta emitter (E max: 1.46 MeV) with a physical half-life
of 50.6 days. Following intravenous injection, soluble stron-
tium, a calcium analog, is cleared rapidly from the blood and
localizes selectively in bone (16). Uptake of ®°Sr by bone
occurs preferentially in sites of active osteogenesis, yielding
a high therapeutic ratio of metastases to normal bone (15, 17-
19). Eighty percent of the plasma clearance is renal and
exhibits significant correlation with calcium clearance. The
remaining 20% excretion is by the fecal route. Prolonged
physical retention of ®Sr in the metastatic sites, first re-
ported by Robinson, may extend pain control (15). Since
89Sr is a beta emitter, it delivers greater radiation dose to
cortical and trabecular bone than to the more radiosensitive
elements of bone marrow. It also selectively irradiates sites
of metastatic involvement more than normal bone. Recent
kinetic studies demonstrated uptake of strontium in osteo-
blastic lesions at 2 to 25 times that of normal bone (20).

Dosimetry is based on either the Medical Internal Radia-
tion Dose Committee (MIRD) or the International Commis-
sion on Radiological Protection (ICRP) schema for calculat-
ing absorbed dose to bone marrow and other organs.
Determination of radiation dose to the bone marrow by #°Sr
is complicated due to inhomogeneity of deposition. Stron-
tium-89 retention is dependent on the renal plasma clearance
rate as well as the extent of metastatic disease (17,18). A
recent radiation dosimetry study reported absorbed doses to
the red marrow of 2 to 50 times less than in prior published
estimates (20). The presently accepted dosimetry for the
major organs is summarized in Table 1. Median dose to
metastatic bone sites is estimated at ~200-2500 rad/mCi,
varying with the extent of disease (/7).

CLINICAL STUDIES

In the last 15 years, numerous authors have reported on
the efficacy of Sr therapy. The results of these studies and
the dosages used are summarized in Table 2. The largest
patient series to date has been followed by Robinson and
colleagues, who recently reported on a total of ~500 pa-
tients. They have found a response rate of 79% for patients
with metastatic prostate cancer, and 83% for those with
breast cancer, using a 40-uCi/kg dose (5). Robinson also has
suggested that a dose-response relationship occurs with #Sr
and that the ideal dose range may lie from 40 to 60 uCi/kg
(5). It is important to note that although most large series
report a >75% response rate, complete pain relief is
achieved in <20% of patients (15,19,21,22). Recently pub-
lished results of a Canadian study demonstrated up to 60%
complete pain relief with a combination of external beam
radiation therapy and °Sr systemic therapy, using a single
10.8-mCi dose (23).

TECHNICAL CONSIDERATIONS

Shielding for °Sr is similar to that for *2P, since it is
essentially a pure beta emitter. The most important shielding
consideration is that of bremsstrahlung radiation, which will
augment the skin dose equivalent significantly. Since the
amount of bremsstrahlung photons produced is directly pro-
portional to the square of the atomic number of the attenu-
ating material, shielding with plastic or glass is preferable.

The optimal administration technique should provide ad-
equate shielding for the administrator, with an appropriate
glass or plastic syringe shield. Our laboratory utilizes a
three-way apparatus for the injection of #Sr. We have found
this procedure to be self-contained and practically spill-
proof. A three-way stopcock is used, with the dose syringe
placed on one of the ports and a 10-ml saline syringe on the
side port. As the dose is injected, intermittent flushing with
a small amount (1-2 ml) of saline is performed. At comple-
tion of the injection, the dose syringe is rinsed with the
remainder of the saline and injected. Syringe disposal is
achieved by disposing of the entire apparatus as radioactive
waste. The unit is wrapped in absorbable paper, labeled with
the date, and allowed to decay the usual ten half-lives (~17
mo). The injection unit is surveyed with a beta sensitive

TABLE 2. Strontium-89 Clinical Data

Investigator Dose Cancer Number of Efficacy: Pain
(Ref. No.) (uCl/kg) Type Patients Response (%)
Firusian (12) 30 prostate 11 72
Robinson (15) 40 prostate 100 80
breast 28 89
Silberstein (19) 16 prostate 17 51 (overall)
70 breast 11
other 9
Kioiber (271) 100 prostate 9 50 (overall)
180 renal cell 1
(average: 130)
Laing (22) 40 prostate 83 75
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FIG. 1. Initial technetium-99m MDP bone scan of patient with car-
cinoma metastasized to bone. Arrows highlight areas of metastasis.

Geiger-Mueller counter and if the level is equal to back-
ground, disposed of as contaminated hospital trash.

The rules for spills with ®*Sr are the same as for any
radionuclide: inform, contain, and decontaminate. It is im-
portant to remember that since the half-life of this radionu-
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clide is long, storage of contaminated cleaning materials
during the radionuclide’s decay must be maintained over a
long time period.

TREATMENT AND FOLLOW-UP GUIDELINES

Candidates for *Sr radiotherapy should have demonstra-
ble osteoblastic metastases to the bone from primary carci-
noma. A primary physician (e.g., oncologist or urologist)
should be identified, with whom further patient manage-
ment, including a hematologic follow-up, can be coordinated
(5). Robinson and colleagues have proposed a platelet count
of >60,000 and a white blood cell count of >2400 as the
minimum levels allowable prior to treatment. A low hemo-
globin level alone is not a contraindication to ¥Sr injection
(5). U.S. clinical trials have required the monitoring of com-
plete blood and platelet counts every 2 wk, although more
frequent monitoring may be required, especially in those
patients with initial low levels or those undergoing concom-
itant chemotherapy. The nadir is usually seen at 4-6 wk
postinjection, with an average reduction of 20%-30% in
platelet counts. Recovery, either complete or near complete,
should occur by 12 wk (5, 24).

Aside from mild myelosuppression, an occasional ““flare
response’’ in the first week posttreatment has been noted by
most investigators. This phenomenon involves a transient
worsening of the patient’s bone pain and may signify that the
patient will have a good response to treatment (5). No other
significant side effects have been reported with Sr therapy.

EPOST TeL

FIG. 2. Images obtained at 3 mo following ®°Sr treatment exhibit a decrease in uptake at the previously noted metastatic sites (open arrows).
A new area of abnormal tracer uptake is seen in an adjacent area of the left posterior seventh rib.
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FIG. 3. (A and B) Technetium-99m MDP bone scan with anterior and posterior views of documented pelvic metastases. (C and D) A bone
scan obtained at 3 mo post 8°Sr therapy exhibits diminished bone uptake of the radiotracer at the metastatic foci.

Treatment, performed on an outpatient basis, can be re-
peated at 3-mo intervals. At present, there is no limit on the
number of injections allowed.

CASE STUDIES

Breast Carcinoma Patient

A 70-yr-old woman was referred for ®#*Sr therapy with a
history of breast carcinoma, metastatic to the bone. A bone
scan exhibited increased radiotracer uptake in the thoracic
spine, left posterior seventh rib, skull, and pelvis (Fig. 1),
consistent with widespread bone metastases.

The patient was treated with intravenous 5Sr for palliation
of skeletal pain secondary to metastatic disease. She was
followed biweekly for 3 mo. She recorded impressions of her
pain pattern in a pain, sleep, and medication diary after the
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treatment. She reported overall improvement in low back
pain as well as improvement in rib and upper back pain. She
also decreased her analgesic intake and, during one period,
was able to eliminate pain medication for five days. Her pain
began to increase from slight to moderate at the end of the
3-month follow-up period.

Three months later, a repeat bone scan was performed
(Fig. 2). Improvement in the level of uptake of radiophar-
maceutical by the previously noted bone metastases was
seen. A new, suspicious area of uptake was seen in the left
posterior seventh rib. Eleven days later, the patient was
treated with a second injection of #Sr for continued pallia-
tion of her skeletal pain. Although the overall pain level
again was reduced, the patient’s underlying disease wors-
ened. She was unable to return for another follow-up bone
scan and did not request a third injection.
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Colonic Carcinoma Patient

A 67-yr-old man presented with a history of colonic car-
cinoma and metastatic bone disease. A whole-body bone
scan exhibited progression of previously documented meta-
static disease in the pelvis, thoracic, and lumbo-sacral spine
(Fig. 3A and 3B).

The patient was treated with intravenous 3°Sr one week
after the bone scan. He was followed biweekly after his
initial injection and recorded impressions of his pain pattern
in a pain, sleep, and medication diary. He reported improve-
ment in his pain pattern, in particular, his low back pain. He
progressively decreased his pain medication intake and
noted improvement in sleep.

The patient’s bone scan at the end of the 3-mo follow-up
period exhibited improvement in the level of tracer uptake
by the metabolically active pelvic metastases noted previ-
ously (Fig. 3C and 3D). There were no new areas of abnor-
mal radioisotope uptake. The patient was injected with a
second ®Sr dose 3 mo later. However, his illness pro-
gressed, requiring hospice care. He developed recurrent
lower extremity thrombophlebitis and became too ill to re-
turn for a follow-up bone scan.
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