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Abstract: Bone metastases represent a significant health care problem in the cancer population. The most
common symptom for bone metastases is pain. Bone metastases may also cause pathologic fracture, spinal
cord compression, cauda equina compression and serum calcium disorders. This review article summarizes
the epidemiology, diagnostic modalities, role for radiation, and future directions as it pertains to bone
metastases. Radiotherapy is an effective and standard modality for the treatment of painful complicated and

uncomplicated bony metastases. Further strategies are needed to optimize pain relief, quality of life and

survival in the bone metastases cancer population.
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Introduction
Epidemiology

Bone metastases represent a significant health care problem
in the cancer population. It is estimated that bone is the
third most common site of metastases after lung and liver.
Common primary cancers which tend to metastasize
to bone include breast cancer, prostate cancer and lung
cancer (1). One autopsy series reported that 70% of breast
cancer patients had metastases to bone (2).

Diagnosis

Plain X-rays are useful in identifying bone metastases
and can help characterize if the metastasis is osteolytic,
osteoblastic, or mixed. Plain X-rays can also diagnose
pathologic fractures and impending fractures. Plain X-rays
are inexpensive and readily accessible. However, plain X-rays
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may miss the presence of bone metastases.

Bone scans have the highest sensitivity for osteoblastic
metastases but may not pick up osteolytic bone lesions (such
as seen in multiple myeloma). Bone scans allow visualization
of the entire skeleton.

Computed tomography (CT) can help with discrepancies
not visualized on plain X-rays but picked up on bone scans.
The thickness of cortical bone invasion, periosteal reaction,
spatial structure and assessment of soft tissue metastatic
extent can also be assessed on CT scans.

Magnetic resonance imaging (MRI) is very useful in
assessing spine metastases and the extent of malignant
spread into the spinal canal. Spinal cord compression,
cauda equina compression, leptomeningeal spread, and
intramedullary metastases to the spinal canal are best
visualized on MRI.

Positron emission tomography (PET) combined with
CT, used routinely for staging of certain cancers such as
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Table 1 Mirel score

Tsao et al. Multiple bone metastases

Score
Criteria
1 2 3
Site Upper limb Lower limb Peritrochanteric
Pain Mild Moderate Functional
Lesion Blastic Mixed Lytic
Size <1/3 1/3-2/3 >2/3

A total score of 7 or less can be safely irradiated without risk of fracture. However, total scores of 8 or higher require orthopedic

assessment for prophylactic fixation prior to irradiation.

lung cancers and hematologic cancers can also detect the
presence of malignant bone involvement.

Symptoms

Pain

The most common symptom for bone metastases is pain.
However, why some bone metastases are painless while
others are associated with pain is poorly understood.
The presence of pain may not be correlated to the type
of primary cancer, location, number or size of the bony
metastases (3). The periosteum, which covers the external
surface of bone, is highly innervated with nociceptors. It is
believed that for some bone metastases, the nociceptors of
the periosteum are activated causing the sensation of pain.
It is also believed that chemical mediators of pain such
as prostaglandins are important for the sensation of pain.
Analgesics and radiotherapy for localized bone pain are
standard therapies to treat symptomatic bone metastases.

Pathologic fracture

Bony metastases may weaken the integrity of normal bone
such that the bone may be at risk of pathologic fracture.
The Mirel score (4) is a scoring system which predicts
the risk of pathologic fracture in patients with long bone
metastases (Table I). A total score of 7 or less can be safely
irradiated without risk of fracture. However, total scores of
8 or higher require orthopedic assessment for prophylactic
fixation prior to irradiation.

Spinal cord compression/cauda equina compression

Spine bone metastases may result in spinal cord
compression, usually by extradural compression. Other
types of spinal cord compression include intradural
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(intramedullary and leptomeningeal). Resulting symptoms
include back pain, weakness, numbness, and sphincter
deficits. This medical emergency requires urgent diagnosis
and treatment to prevent permanent disability due to
irreversible spinal cord injury. A population-based study
reported that 2.5% of all cancer patients who died of their
disease had at least one admission for malignant spinal
cord compression (5). Management involves steroids
(if not medically contraindicated), surgery for good
prognosis patients who are medically and surgically
operable, and radiotherapy (given post-operatively or in
those who do not proceed to surgery) (6).

Cauda equina compression resulting from bone
metastases compressing the spinal nerves (below the caudal
end of the spinal cord) may lead to permanent weakness of
legs and incontinence. Similar to spinal cord compression,
therapy consists of steroids, surgery in selected patients and
radiation.

Serum calcium disorders

Bone metastases disrupt the balance of osteoblastic
and osteoclastic activity. In osteoblastic metastases,
endothelial-1, platelet-derived growth factor, fibroblast
growth factor, proteases and other factors lead to
osteoblastic activity and formation of bone. Calcium is
sequestered from the blood during the development of
osteoblastic activity and hypocalcemia may arise (7-12).
Treatment for hypocalcemia includes calcium and vitamin
D supplementation.

In osteolytic metastases, factors such as parathyroid
hormone-related protein, transforming growth factor beta,
interleukin-1, interleukin-6 and tumour necrosis factor
alpha lead to expression of RANK ligand and activated
osteoclasts. Calcium is released and hypercalcemia of
malignancy may occur (13-17). Treatment for hypercalcemia
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Table 2 Bone metastases and role for radiation
Symptom Management
Pain Analgesics, co-analgesics, radiotherapy (in selected patients, radiotherapy may

be repeated for recurrent pain)

Pathologic fracture

Spinal cord compression, cauda equina compression

Orthopedic surgery, postoperative radiation

Steroids, surgery in selected patients, radiation

includes hydration and bisphosphonates.

Role for radiation (Table 2)

Pain

Opverall pain relief with radiation ranges from 60-80% in
the literature for the treatment of painful bony metastases
and response occurs within 3 to 4 weeks of radiation (18-21).
International consensus based on high quality randomized
evidence reveals that a single fraction of 8 Gy is standard
treatment for uncomplicated bony metastases causing
pain (22). Uncomplicated bone metastases are painful
bone metastases which are not associated with impending
or existing pathologic fracture and are not associated with
spinal cord or cauda equina compression. There is no
benefit for pain relief in patients treated with higher total
radiotherapy dose fractionation schemes for uncomplicated
bone metastases. Single dose radiotherapy also reduces
the burden of treatment visits for patients, is cost-effective
(23,24) and is easy to implement in busy radiation oncology
centres.

On the other hand, higher doses of radiotherapy
may be considered for patients with extensive soft tissue
involvement or to allow for remineralization for large
osteolytic metastases (25). High dose radiation is also
being used with stereotactic ablative body radiation for
oligometastatic or oligoprogressive disease (26). Patients
with oligometastatic disease (few sites of metastatic
involvement) or oligoprogressive disease (few sites of
metastatic site growth) may benefit from more aggressive
local radiotherapy with the intent to improve local control,
and possibly improve survival.

For patients who have recurrent pain after initial
radiotherapy, approximately a third of patients will have
pain improvement with repeat radiation (27).

Pain flare after radiotherapy is defined as a temporary
increase in pain. The incidence of conventional external
beam radiation induced pain flare ranges from 2-44% in the
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literature (28,29). Dexamethasone given with radiotherapy
has been shown to reduce pain flare. A double-blind,
randomized, placebo-controlled phase III trial involving
298 patients reported that two 4 mg dexamethasone tablets
taken orally at least 1 hour before the start of a single
8 Gy radiation and then every day for 4 days after radiation,
significantly reduced the incidence or pain flare. Twenty-
six percent of patients randomly assigned to dexamethasone
experienced pain flare compared to 35% in the placebo
group, with a difference of 8.9% (95% lower confidence
bound 0.0, one-sided P=0.05) (30).

Radiation for bone metastases may also cause radiation-
induced nausea/vomiting. This can affect 50-80% of
patients undergoing palliative radiation and is dependent
on the normal tissues (e.g., stomach, bowel) receiving
incidental radiation. Commonly, prophylactic anti-emetics
are given prior to radiation for moderate to high risk
radiotherapy volumes. Numerous anti-emetic guidelines
are available which classify levels of emetogenic risk with
radiation. An example of a moderate emetogenic risk site for
radiotherapy is the upper abdomen. Low risk sites include
the pelvis and thorax and a minimal risk site is the extremity.
Generally, the guidelines recommend prophylactic
serotonin receptor antagonists and optional dexamethasone
for high risk and moderate risk sites. Prophylactic or
rescue serotonin receptor antagonist, dopamine receptor
antagonist or dexamethasone is suggested for low risk sites.
Rescue serotonin receptor antagonist, dopamine receptor
antagonist or dexamethasone is suggested for minimal risk
sites (31).

Pathologic fracture

Patients with pathologic fracture or impending pathologic
fracture should be assessed by orthopedic surgery. Surgery
is used to stabilize bone, provide pain relief and to restore
function. Postoperative radiation is generally recommended
to reduce local progression and prevent prosthesis
displacement (32).
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Spinal cord compression/cauda equina compression
Patchell and colleagues reported a randomized trial in
potentially operable patients with spinal cord compression
treated with either surgery followed by radiotherapy or
radiotherapy alone. Patients treated in the surgery group
were more likely to walk after treatment (odds ratio 6.2;
95% Cl, 2.0-19.8, P=0.001). Patients treated with surgery
also were more likely to retain the ability to walk longer
than those treated with radiotherapy alone (62% vs. 19%,
P=0.01). The need for steroids and opioid analgesics were
also significantly less in the surgery group (33).

Thus, in good prognosis patients who are medically and
surgically operable, surgery for spinal cord compression
should be considered especially if the spine is unstable or if
there are bony fragments compressing the cord.

Another randomized trial for patients not proceeding to
surgical stabilization was reported (34) comparing either
a single 10 Gy of radiation versus 20 Gy in 5 fractions of
daily radiation. There was no difference in overall mobility
score change at 5 weeks. Quality of life scores were
statistically improved after either radiotherapy regimen for
the treatment of spinal cord compression. There was no
statistically significant difference between a single 10 Gy
radiation versus 20 Gy in 5 daily fractions on post treatment
quality of life scores (35).

Rades and colleagues (36,37) reported that short course
radiotherapy (4 Gy x5) was not significantly inferior to
3 Gy x10 in patients with malignant epidural spinal cord
compression with respect to motor function, ambulatory
status, local progression-free survival and overall survival.
For patients with short life expectancy, Maranzano and
colleagues (38) randomized 327 patients with malignant
spinal cord compression to either 8 Gy x2 versus a single
8 Gy radiation. No difference in response between the two
radiation schedules was observed. Median overall survival
was 4 months for both arms. The authors concluded that
for patients with short life expectancy, a single dose of 8 Gy
is just as effective and is associated with minimal toxicity
and inconvenience as compared to 2 fractions of 8 Gy each.
Thus, in poor prognosis patients with malignant spinal cord
compression, a single dose of 8 Gy is preferred.

The use of stereotactic body radiotherapy for spine
metastases (including spine metastases causing spinal
cord compression) is being investigated by many
groups (34,35,39,40).

Radiotherapy and molecular targeted therapy
There have been unforeseen and severe toxicities
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reported with molecular targeted agents and radiotherapy.
One review on this topic (41) concluded that careful
consideration is warranted when timing molecular targeted
drugs with radiation, especially when used outside approved
regimens or clinical trials (42). There have been a few
published case reports of severe toxicity when certain
molecular targeted agents were combined with palliative
radiation. Examples include gastrointestinal perforation
after radiotherapy in patients receiving tyrosine kinase
inhibitors (43-45) and bronchial fistula associated with
sunitinib in a patient previously treated with radiation

therapy (46).

Limitations and future directions

The limitations of radiation for painful bony metastases
include a 60-80% chance of pain relief. For some patients,
pain will recur and although radiation may be repeated,
the chance of pain response with repeat radiation may
only be approximately 30%. In addition, the number of
repeat radiotherapy courses which can be given is limited
by potential toxicity of overdosing normal tissues in the
radiation volume.

Newer radiation techniques such as stereotactic body
radiation are being used for oligometastatic patients or
oligoprogressive metastatic patients with the intent to
improve local control and possibly survival. In addition,
investigators are exploring the use of stereotactic body
radiation for bone metastases in general. Whether these
radiation approaches will benefit patients in terms of pain
relief, quality of life, local control or survival as compared
to conventional external beam radiotherapy will need to be
confirmed in mature phase III trials.

Adjunctive therapies, such as analgesics, vertebroplasty,
cementoplasty, bisphosphonates are also needed to help
with pain control and quality of life. For prostate cancer
patients, Radium-223 was associated with an overall survival
advantage in castration-resistant prostate cancer (47).
Whether radiopharmaceuticals will prove useful for other
cancer primaries metastatic to bone will be determined with
future trials.

Novel molecular targeted therapies may also prove useful
in the future for the treatment of bone metastases.

Conclusions

Radiotherapy is an effective and standard modality for
the treatment of complicated and uncomplicated bony
metastases. Further strategies are needed to optimize pain
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relief, quality of life and survival in the bone metastases
cancer population.
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