ONLINE
EXCLUSIVE

Your role in early diagnosis
& Tx of metastatic bone disease
This approach to the work-up and diagnosis will help
you to ensure prompt treatment while maximizing your
patient’s quality of life.

PRACTICE
RECOMMENDATIONS
❯ Initiate appropriate lab
and imaging work-ups for
any patient without known
malignancy who has a
suspicious bone lesion. C
❯ Prescribe protected weightbearing for the patient who
has a painful bone lesion,
and refer promptly to an
orthopedic surgeon to prevent
pathologic fracture. C
Strength of recommendation (SOR)

A 	Good-quality patient-oriented
evidence
  	 B 	Inconsistent or limited-quality
patient-oriented evidence
	 C 	Consensus, usual practice,
opinion, disease-oriented
evidence, case series
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S

ince the early 1990s, modern treatments have steadily
reduced overall cancer mortality from primary tumors.1 Consequently, more people are at risk of metastatic bone disease, with subsequent pain and pathologic
fractures1,2 and death from metastasis.3 Patients who have
bone metastases present with a variety of signs and symptoms including pain, fractures, and metabolic derangements. The primary care approach to work-up and diagnosis
described in this article enables prompt treatment, either
surgical or nonsurgical, to maintain a high quality of life for
patients.

Primary tumors determine
types of metastases and prognosis
Metastasis, a complex pathologic process in which cancerous
cells migrate to distant organs, implant, and grow,3 is a poor
prognostic indicator in cancer patients. Bone is the third most
common site of metastasis, behind the liver and lungs.4 While
the true prevalence of metastatic bone cancer is unknown,
studies have estimated it to be > 280,000 cases in the United
States.5
Bone metastases interfere with normal bone metabolism and turnover in several different characteristic patterns.
These changes—radiographically defined as osteoblastic,
osteolytic, or mixed lesions—are determined by the primary
tumor type.
• Osteoblastic lesions, comprised of new, disorganized
bone formation, often occur secondary to prostate cancer, small cell lung cancer, and carcinoid malignancies,
among others.
• Osteolytic lesions, in which bone is destroyed, are
more common with breast cancer, renal cell carcinoma,
melanoma, and multiple myeloma.
• Mixed lesions, in which areas of bone destruction and
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growth are simultaneously found, occur with some GI cancers and a few
breast cancers.6,7
❚ Most bone metastases result from
carcinomas, of which up to 50% eventually

When a patient
presents with
signs and
symptoms
suggestive of
metastatic bone
disease, inquire
about a history
of cancer—even
if such a history
is remote. It’s
important.

spread to bone, although this process can
take 10 to 15 years.8,9 The likelihood of bone
metastasis depends on the primary tumor
and its stage. Breast and prostate cancer account for most skeletal metastases, although
these lesions are often asymptomatic.6,9 Other malignancies, such as ovarian and gastrointestinal, metastasize to bone much less
frequently.7,10 Virtually any cancer at an advanced stage can spread to bone. These metastases are usually multifocal and incurable,
with the patient’s prognosis varying from a
few months to years.6,11,12
❚ Factors that influence prognosis. Metastatic bone disease arising from melanoma
and lung cancers has the shortest life expectancy of roughly 6 months from initial diagnosis; metastasis following prostate, breast,
and thyroid cancers has the longest, usually
2 to 4 years.11 TABLE 1 13 shows survival estimates from a large Danish population at various time points following bone metastasis
diagnosis for several primary cancer types.
When surgical intervention for bony
metastasis is required, prognosis is generally
poorer, likely due to more advanced disease.
The overall 1-year survival following surgery
varies, but several large studies have found a
rate of around 40% when considering all primary tumors.14,15 The most common metastases, from breast and prostate cancers, have
1-year survivals of around 50% and 30%, respectively, following surgical intervention.16-18

What you’re likely
to see on presentation
Bone metastases are one of the leading
causes of morbidity in cancer patients from
resultant pain, pathologic fractures, metabolic derangements, and reduced activities
of daily living.8,19 The most common cause of
cancer pain is bone involvement.6 Patients
report pain that is usually worse at night,
poorly localized, and not alleviated with rest.
They often mistakenly relate the pain to an
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injury.20 The pathophysiology of bone pain is
not completely understood but is likely multifactorial and includes inflammatory and
mechanical processes.7,21 Spine involvement
can lead to stenosis or nerve root compression, with symptoms dependent on level and
severity of nerve or cord compromise.20 Overall, the most common site of bone metastasis
is the thoracic spine, followed by the ribs, pelvis, and proximal long bones.20
❚ Pathologic fractures occur frequently
in cancer patients. Bone destruction leads
to a loss of mechanical support which, in
turn, causes microfractures and pain. These
microfractures can proliferate and coalesce,
causing a pathologic fracture, often in
weight-bearing bones.6 Breast cancer with
lytic lesions is the single leading cause of all
pathologic fractures.22 Lung cancer with its
short survival time and prostate cancer with
blastic lesions are less common causes.23 In
the appendicular skeleton, the vast majority of these fractures occur in the femur and
humerus.11
❚ Symptomatic metabolic derangements. The most common metabolic disor-

der is hypercalcemia, found predominantly
in patients with hematologic malignancies,
squamous cell lung cancer, renal cell cancer,
and breast cancer.6,7,12,24 The clinical presentation is nonspecific and can include polyuria,
polydipsia, fatigue, constipation, and confusion. The prevalence is estimated to be 13% in
breast cancer, 4% in lung cancers, and 1% in
prostate cancer, although results in individual
studies vary.12 The pathophysiology is multifactorial and often includes osteolytic lesions
and an increased circulating level of parathyroid hormone–related peptide, although
other mechanisms contribute.25,26 Ultimately,
severe hypercalcemia may be fatal secondary
to renal failure and cardiac arrhythmias.6,7,12
Paraneoplastic hypercalcemia independently decreases survival; 1 study found the median survival to be 10 to 12 weeks.11

Primary care work-up and diagnosis
When a patient presents with signs and
symptoms suggestive of metastatic bone disease, inquire about a history of cancer. Even
if such a history is remote, it is important—
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TABLE 1

One-year, 3-year, and 5-year survival estimates after
bone metastasis diagnosis (all) by primary cancer type13
1-year survival % (95% CI)

3-year survival % (95% CI)

5-year survival % (95% CI)

Colona

21 (18-25)

7 (5-10)

3 (2-5)

Rectum

22 (18-26)

3 (2-5)

2 (1-3)

Digestive organs

Lung

10 (9-11)

2 (1-2)

1 (0.5-1)

Malignant melanoma

17 (12-22)

6 (4-10)

5 (3-8)

Breast

51 (50-53)

25 (23-26)

13 (11-14)

18 (11-28)

6 (2-14)

2 (0-7)

Female genital organs
Cervix
Ovary

33 (21-44)

15 (7-25)

8 (3-18)

Prostate

35 (34-37)

12 (11-13)

6 (5-7)

Kidney

29 (26-33)

10 (8-12)

5 (4-7)

Bladder

13 (11-17)

5 (3-7)

3 (1-5)

Urinary organs

CI, confidence interval
a

Including the rectosigmoid colon.

Adapted with permission from: Svensson et al. BMJ Open. 2017.13

particularly so if the patient received chemotherapy or radiation, which can lead to
secondary cancers such as leukemia or sarcoma.20 If a primary site of malignancy is unknown, pursue a general review of systems.
Clues to the primary site of disease could be a
history of chest pain, shortness of breath, hemoptysis, heat/cold intolerance, or changes
in bowel/bladder habits. Also ask about risk
factors such as smoking, chemical exposure,
and sun exposure.
❚ Pointers on radiographic imaging. If
you suspect a destructive bone lesion, order
appropriate radiographic imaging. Arrange
for plain radiographs with at least 2 views of
the specific area of interest that include the
entire bone along with the joints above and
below. Importantly, the entire bone must
be imaged before any surgical procedure to
avoid periprosthetic fractures from undetected bone metastases around hardware.20
Keep in mind that plain films can miss early
lesions, and computed tomography (CT) or
magnetic resonance imaging (MRI) may be
needed if suspicion of a pathologic process is
still strong and especially if a primary malignancy is known.27
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Working back to a primary diagnosis
If imaging confirms a suspicious lesion and
the patient has no known primary tumor, order labs, a CT scan with contrast of the chest,
abdomen, and pelvis, and a bone scan, and
refer the patient to an oncologist. If the bone
lesion is painful, initiate protected weightbearing and additionally refer the patient to
an orthopedic surgeon.
❚ Appropriate laboratory evaluation
entails a complete blood count; metabolic
panel that includes serum calcium and phosphorus, vitamin D, alkaline phosphatase, thyroid-stimulating hormone, and parathyroid
hormone; and serum protein electrophoresis to rule out multiple myeloma.7,11 Tumor
markers are useful to monitor a patient’s response to cancer treatment or to determine
recurrence, but they play only a limited role
in the initial work-up of an unknown bone
tumor.28
❚ Further imaging. A CT scan with intravenous contrast of the chest, abdomen, and
pelvis is done to screen for visceral malignancy; however, 15% of bone lesions in patients
with an unknown primary lesion never have a
source identified.29 Bone scans can be useful
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Order plain
radiographs if
you suspect a
bone lesion.
Request at least
2 views of the
area that include
the entire bone
with the joints
above and
below.

in identifying the extent of a single lesion seen
on plain films and to assess for additional asymptomatic lesions. Additional imaging—eg,
CT or MRI of the lesion, or positron emission
tomography (PET)—can be left to the discretion of the oncologist or surgeon.
CT scans have significantly higher sensitivity than radiographs and offer better visualization of bone quality, bone destruction,
and soft-tissue extension.30 MRI can be used
to assess changes in bone marrow and softtissue involvement. PET scans, which detect
tumors by quantifying metabolic activity, remain controversial. PET is superior to bone
scans in detecting bone metastases from
lung and breast cancers, but worse in renal
and prostate cancers due to slow growth of
metastases.31-33
❚ Caveat. Do not assume that a bone
lesion is metastatic. Delayed diagnosis of
a primary bone tumor can lead to significant changes in clinical course and patient
outcome.34 If any doubt exists as to the type
of lesion, arrange for a biopsy using proper
technique and delay bone fixation until a histologic diagnosis is complete.35 Biopsy may
be performed via image-guided fine-needle
aspiration, core biopsy, or open incisional
biopsy.

Treatment options
Metastatic bone disease is typically managed nonsurgically with radiation, chemo- or
immunotherapies, hormone suppression,
bone-modifying agents, or ablation.36 An
overview of the cancer treatment guidelines
for bone metastasis from the 2017 National
Comprehensive Cancer Network is shown in
TABLE 2 .36
❚ Radiotherapy can take the form of external-beam or radioisotope radiation. With
localized irradiation, most patients who have
painful lesions experience at least partial relief, often within a few weeks.12,37 It may be
used postoperatively, as well, to decrease the
chances of disease progession.20
❚ Systemic therapies include chemoand hormone therapies. Chemotherapy
effectiveness is highly dependent on the
primary tumor type. For example, renal cell
carcinoma and melanoma are often resistant,
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while lymphoma and germ-cell tumors may
be eliminated and sometimes even cured.7
Hormone therapy can be highly effective in
selective cancers, primarily breast and prostate cancers. Immunotherapy options may
also be used to specifically target bone metastasis sites.
❚ Bone-modifying
agents include
bisphosphonates and denosumab (Prolia,
Xgeva). These are generally initiated at the
discretion of the oncologist, but primary care
physicians should be familiar with their use.
Bisphosphonates, which includes zoledronic
acid, pamidronate, and other agents, are analogues of pyrophosphate that inhibit bone
demineralization.38 These agents target bone
resorption through incorporation into osteoclasts and have been effective in the treatment of hypercalcemia and bone lesions.6,12,39
Not only do they reduce the incidence of all
skeleton-related events, including pathologic
fractures and pain, they also appear to have
antitumor activity with prolonged survival in
certain cancers.7,12
Denosumab, which has a much shorter
half-life than bisphosphonates, is a monoclonal antibody that targets the gene RANKL, a
key activator of osteoclasts, and thereby prevents the development of osteoclasts and related bone resorption.40
❚ Radiofrequency ablation or cryoablation, using image-guided needle placement,

specifically targets individual bone lesions,
destroying tumor cells with extreme heat or
cold, respectively. This has been shown to reduce pain and opioid consumption.41
Managing pain
Pain management can be difficult, especially
as patients live longer and undergo additional treatments such as surgery, radiation,
and chemotherapy, each with the potential to
produce chronic pain.42 A multidisciplinary
team with a stepwise and multimodal approach can improve the patient’s function
and comfort while decreasing drug adverse
effects.43
For mild-to-moderate pain, nonsteroidal
anti-inflammatory drugs, acetaminophen,
and tramadol may provide effective relief.
For more severe pain, narcotics are often required on a fixed-dose schedule along with

THE JOURNAL OF FAM ILY PRACTICE | S EPTEM B ER 2020 | VOL 69, N O 7

METASTATIC BONE DISEASE

TABLE 2

Treatment options for various types of bone metastatic cancers36
Prostate

Breast

Renal

Lung

Thyroid

Multiple myeloma

Yes

Yes

Yes

Yes

Yes

Yes

Denosumab

Denosumab

Denosumab

Consider:

Denosumab

Pamidronate

Zoledronic acid

Zoledronic acid

Zoledronic acid

Denosumab

Pamidronate

Zoledronic acid

Radium-223

Pamidronate

Zoledronic acid

Zoledronic acid

Radiation

Yes

Yes

Yes

Yes

Yes

Yes

Vitamins

Calcium,
vitamin D

Calcium,
vitamin D

Calcium,
vitamin D

N/A

N/A

N/A

Notes

Possible use of
Sr-89 or Sm-153

Systemic
therapy
Bone
targeted

Consider
embolization
before surgical
resection to reduce
hemorrhage

N/A, not available; Sm-153, samarium-153; Sr-89, strontium-89.
Adapted with permission from: Gdowski et al. J Exp Clin Cancer Res. 2017.36

breakthrough options such as short-acting
hydromorphone, oxycodone, or transmucosal fentanyl.42-44 Opioid adverse effects such
as constipation and nausea/vomiting must
be managed with laxatives and metoclopramide/antidopaminergics, respectively.
Other important non-narcotic therapies
are corticosteroids, tricyclic antidepressants,
gabapentin, neuroleptics, and nerve blocks.45
Physical therapy and acupuncture may also
be useful, depending on the patient’s needs
and desires. Despite the wide range of options, most patients continue to have a significant amount of pain that can impact daily
activities and even cause them to feel that
their quality of life was not an important factor in physician decision making.46
Surgery options
Surgical intervention for metastatic bone
disease differs from its use in primary bone
tumors in that clinical indications are not
clearly defined. In general, surgery for metastatic disease is used in patients who have
pathologic fractures, a risk of pathologic fracture, or uncontrolled cancer-induced bone
pain. Keep in mind that the overarching goal
of surgery is to reduce morbidity, not mortality, although exceptions exist. Metastatic
renal cell carcinoma is one such exception:
improved survival may be achieved via ag-
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gressive surgical resection for solitary or
oligometastatic lesions.47
❚ Before deciding on surgery, engage the
patient in goals-of-care discussions and take
into account factors specific to the individual,
as operative complications can be devasting.
Risk of postoperative infection is high, given
that these patients are often immunocompromised and that irradiated tissue is prone
to wound healing issues.8 Complications may
require a pause in chemotherapy and a subsequent decrease in life expectancy.
Another factor in surgical decision making is that newer systemic therapies are leading to longer survival for those with various
types of metastatic cancer.48 Older methods
of fixation designed to last a few years may
now fail during the patient’s prolonged
lifespan. As novel therapies continue to improve survival and complicate surgical indications, it may be prudent for the surgical
management of metastatic bone disease to
be handled by fellowship-trained orthopedic
oncologists.
❚ Factors that affect timing. Surgical intervention ideally occurs before the
development of a pathologic fracture. Outcomes research has shown that intervention
before fracture leads to reduced blood loss
and length of hospital stay with improved
functional recovery and survival.12,49 Despite
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If a patient
with no known
primary tumor
has a confirmed
bone lesion,
order labs, a
CT scan with
contrast of the
chest, abdomen,
and pelvis, and a
bone scan.

these improved outcomes, an adequate scoring system to guide surgical intervention has
yet to be developed. Mirels’ criteria are cited
most often, yet this scoring system fails to
account for many important considerations
such as primary tumor type, life expectancy,
and other factors.50,51
Given the deleterious effects of fractures
in cancer patients and the inadequacy of
closed reduction and immobilization, surgical intervention is often warranted.52 Surgical technology has continued to progress;
however, intramedullary nailing, plating, and
endoprostheses are still the most commonly
used methods.53
Intramedullary nailing is commonly
used in the prophylactic treatment of pathologic lesions and fractures of long bones in
patients whose expected survival is as little
as 6 to 12 weeks.54 Plate and screw fixation is
a viable alternative to intramedullary nailing
when tumor resection is desired. Endoprostheses replacement is used when a tumor
involves joint surfaces or if biological reconstruction cannot be achieved by nailing or
plating.

Explicit communication
with patients is critical
Of vital importance is your participation with
patients and families in shared decision making throughout the diagnostic and treatment
process, ensuring clear communication.
Misunderstandings about cancer stages and
prognoses are not uncommon and are sometimes due to insufficient explanation.55,56
Additionally, expectations of survival and adverse effects of treatment often differ greatly
between physicians and patients, which can
lead to patient dissatisfaction.57
Finally, the long-term care of patients
with metastatic cancers necessarily involves
multidisciplinary teams, which further complicates communication. To ensure that patients are receiving an appropriate course of
treatment, evaluate their health literacy, confirm their understanding of the disease, and
acknowledge their desires.
JFP
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