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Abstract

The incidence of cancer is increasing worldwide, with
the advent of a myriad of new treatment options, so
is the overall survival of these patients. However, from
an orthopaedic perspective, there comes the challenge
of treating more patients with a variety of metastatic
bone lesions. The consequences of such lesions can
be significant to the patient, from pain and abnormal
blood results, including hypercalcemia, to pathological
fracture. Given the multiple options available, the treat-
ment of bone metastasis should be based on a patient-
by patient manner, as is the case with primary bone
lesions. It is imperative, given the various lesion types
and locations, treatment of bone metastasis should be
performed in an individualised manner. We should con-
sider the nature of the lesion, the effect of treatment
on the patient and the overall outcome of our decisions.
The dissemination of primary lesions to distant sites
is a complex pathway involving numerous cytokines
within the tumour itself and the surrounding microenvi-
ronment. To date, it is not fully understood and we still
base a large section of our knowledge on Pagets his-
toric “seed and soil” theory. As we gain further under-
standing of this pathway it will allow us develop more
medical based treatments. The treatment of primary
cancers has long been provided in a multi-disciplinary
setting to achieve the best patient outcomes. This
should also be true for the treatment of bone metas-
tases. Orthopaedic surgeons should be involved in the
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multidisciplinary treatment of such patients given that
there are a variety of both surgical fixation methods
and non-operative methods at our disposal.

© 2013 Baishideng. All rights reserved.
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Core tip: This paper discusses the pathophysiology and
patient implications of bone metastasis. We aim to de-
scribe the orthopaedic input into the management of
this condition, especially in a multi-disciplinary setting.
We believe that orthopaedics do not have a significant
enough involvement in the treatment of long bone
metastasis, although from this paper we feel we have
many options to offer. The future of metastasis treat-
ment may be targeted at the molecular level but cur-
rent management options do require an understanding
of musculoskeletal oncology to obtain best patient out-
comes through operative and non-operative means.
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INTRODUCTION

The American Cancer Society estimates that 1.64 million
cases of cancer will be diagnosed in the United States in
2012", Approximately 50% of these cases involve tu-
mours of the breast, prostate, lung, kidney and thyroid.
These tumours commonly metastasize to bone and ac-
count for 80% of all skeletal metastases”. This compares
to an estimated 2890 cases of primary bone tumours that
will be diagnosed during the same period". These figures
emphasize the importance of being able to recognise,
investigate, manage and intervene appropriately in the
course of metastatic disease in order to preserve function
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and quality of life while minimizing complications.

The microenvironment associated with bone is ideal
for tumour progression. Bone is a highly vascular mineral
which produces adhesion molecules and is a source of
angiogenic and bone resorbing molecules, all of which
are conducive to the spread and development of tu-
mours™. It also contains immobilised growth factors,
which, when released, further enhance tumour cell prolif-
eration™,

Earliest evidence of skeletal metastases dates from
400 BC". The term “metastasis” was first used by Hip-
pocratic physicians, is of Greek origin and means the
“change in the seat of a disease”.

Throughout the 19" century, further investigation was
carried out to elicit the mechanism behind the develop-
ment of metastases. This era gave rise to pagets “seed
and soil” theory, which postulated that tissues (“soil”)
receiving tumour cells could either be congenial or hos-
tile. The preferential development of bone metastases
first postulated by Stephen Paget in 1889 noted that “in
a cancer of the breast the bones suffer in a special way,
which cannot be explained by any theory of embolism
alone”. Hence he proposed the widely acknowledged
“seed and soil hypothesis”. Circulating disseminated can-
cer cells activate bone to provide the ideal “soil” in which
the aforementioned “seeds” can grow.

Others explained metastases on a purely stochastic
basis”. Tt is now accepted that both methods occur, ap-
proximately 60% of metastatic sites can be predicted on
a purely haematological and/or lymphatic route basis,
the remainder of metastases involve intricate interactions
between the tumour and host sites at the cellular and mo-
lecular level.

The identification of bone metastases is a significant
development for patients. Their treatment can change
completely as does their outcome. Not only can this
news have a physical effect on patients’ lives but also an
emotional effect. As the treatment of metastatic disease
1s multidisciplinary in nature, it is imperative that ortho-
paedic sutgeons atre involved at an early stage and not just
following pathological fracture or the development spinal
stenosis.

DIAGNOSIS

Bone metastases and their associated complications (bone
pain, pathological fractures, spinal cord compression, loss
of independence and mobility and abnormal electrolytes)
are the major morbidities associated with advanced dis-
ease and the symptoms with which patients will presentm.

The critical aspect in the investigation of a patient
with potential metastases involves recognition of the
above symptoms as possible progression of the primary
tumour to bone. Imaging has an important role in the
detection, diagnosis, prognostication, treatment planning,
and follow-up monitoring of bone metastases.

Despite the relative insensitivity of plain radiographs
in detecting small or early metastases, initial investigations
should always include plain radiography. The presence of
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sclerosis or osteolysis on the X-ray can aid in diagnosis
of the metastatic lesion, with sclerosis typically indicating
a prostatic lesion and osteolytic lesions secondary to a
breast primary™"”.

Technetium-99m (99mTc) bone scintiscanning (ze.,
radionuclide bone scanning) is the most cost-effective
and widely available whole-body screening test for the
assessment of bone metastases. Combined analysis with
plain radiography and 99mTc bone scintiscans improves
diagnostic accuracy in detecting bone metastases and as-
sessing the response to therapy“o].

Computed tomography (CT) scanning is an invaluable
modality in those cases where bone scan confirms a focal
abnormality but plain radiography cannot confirm any
metastases. All bony metastatic lesions are depicted well
on CT, including those of an osteoblastic, osteolytic and
mixed nature.

Despite the expensive nature of the modality, mag-
netic resonance imaging (MRI) is very sensitive in the
detection of metastases. Although some studies have
suggested whole body MRI as a possible alternative to
99mTc bone scanning in the skeletal evaluation of bone
metastases, this would be an impractical and expensive
choice. MRI is primarily used in the evaluation of verte-
bral metastases for spinal cord compression or soft tissue
involvement!'.

Histological diagnosis of metastases can be obtained
from core biopsy of the effected bone, or CT guided
biopsy should the former prove difficult. Alternatively, in
the case of a patient presenting with a pathological frac-
ture in the setting of known metastases, bone reamings
at the time of surgical fixation can also be histologically
analysed for the presence of circulating tumour cells.

MECHANISM OF METASTATIC LESION
FORMATION

Metastasis involves a number of complex cell-cell in-
teractions that ultimately leads to the development and
growth of cancer cells in a distant visceral or bony site.
Cells from the primary tumour must detach and extrava-
sate. Following this they must migrate through the endo-
thelium into the surrounding blood vessels, attach to the
endothelium of a distant site after surviving the turbulent
arterial blood supply, then migrate through the endothe-
lium and extracellular matrix of the distant organ. Finally
these circulating tumour cells must develop in the distant
organ and facilitate the growth of further cancer cells".
The capacity to enter the circulation requites that neo-
plastic cells must have intrinsic properties that facilitate
this process. The tumour cell must have the ability to in-
duce neovascularization and be capable of crossing from
the tumour stroma to the vasculature by invading the
basement membrane of the vascular endothelium'”. This
process is facilitated by cell adhesion molecules (CAMs).
Several categories of CAMs exist, including intercellular
adhesion molecules (ICAMs), selectins and cadherins™'".
Once in the circulation, embolization of the tumour
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Table 1 Mirels classification of metastatic bone lesions

Variable Score

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

cell is facilitated by adhesion to P- and L-selectins, located
on platelets and leucocytes respectively. Adhesion to the
endothelium of the metastatic tissue is mediated via E-se-
lectin. Upon adhesion, an integrin signalling pathway is
initiated, the net result of which is up-regulation of both
the anti-apoptotic machinery and proteolytic activity in
the microenvironment, thus facilitating the extravasation
of tumour cells out of the circulation, and their invasion
into the host tissue"’.

Disseminated tumour cells also contain integrins, a
transmembrane receptor family which allows their at-
tachment to several peptide sequences present on certain
bone matrix proteins. These cell-surface molecules are
involved in signal transduction and have been implicated
in the mediation of cell migration, differentiation and
apoptosis. Many studies have shown the correlation of
increased integrin expression with malignant potential .

While our understanding of the molecular mecha-
nisms of metastases has improved significantly since the
carliest observations of Billroth!"™, we remain ignorant of
the intricacies of metastases. Selective therapeutic agents
targeted exclusively at metastatic cells have yet to be de-
Vclopedm] and much remains to be discovered about the
critical determinants of metastatic process. However, the
accelerated advances in the fields of molecular biology
and genetics augurs well for the future.

TREATMENT OPTIONS FOR SKELETAL
METASTASES

Bisphosphonates

Current medical options for the treatment of bone me-
tastases primarily involves the use of bisphosphonates”.
These are potent inhibitors of osteoclast activity and
bone resorption and are widely used in both metabolic
bone disease and metastatic disease. The mechanism
of action of bisphosphonates targets the key stage of
metastatic development where the disseminated circulat-
ing tumour cell stimulates further bone resorption. The
disruption of this interaction, for either a palliative or
preventative means, decreases the amplification of the
metastatic process.

Morte recent studies have investigated the ditect anti-
tumour effects of bisphosphonates. It is believed that
along with their inhibition of bone resorption, bisphos-
phonates may induce apoptosis of certain disseminated
cancer cells, such as breast cancer cells. Furthermore, it
is now believed from 7 vivo studies that bisphosphonates
alter the properties of adhesion molecules in the bone
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Table 2 Capanna classification, classification according to

tumour type

Classification according to tumour type

Class 1 Solitary metastatic lesion
Primary with good prognosis
Interval after primary over 3 years
Class 2 Pathological fracture at any site
Class 3 Impending fracture in a major weight bearing bone
Class 4 Osteoblastic lesions at all sites

Osteolytic or mixed lesions in non-structural bones
Osteolytic lesion with no impending fracture in major
weight-bearing bone

Lesions of the iliac wing, anterior pelvis or scapula

matrix thus inhibiting the direct attachment of circulating
tumour cells to the bone microenvironment'™”, How-
ever, despite their benefits in the treatment of symptom-
atic metastatic disease, they have not improved survival in
patients with bone metastases’.

Surgery

There is no strict rationale governing the surgical man-
agement of skeletal metastases. Clinical, medical, radio-
logical and surgical factors, coupled with the inherent
biology of the primary tumour all contribute to the deci-
sion making process. Furthermore, surgery in the setting
of metastatic disease requites reliable data about patient
survival and quality of life”"!. Earliest recommendations
were simple and called for surgical intervention in the
clinical scenario where fractures were “predicable”[zzl, the
idea that the patient should have a reasonable life expec-
tancy before considering surgery is relatively new™”.

Protocols for the treatment of bone metastases of
the appendicular skeleton have been published. Mirels de-
scribed a weighted scoring system in an attempt at quan-
tifying the risk of sustaining a pathological fracture™ and
consequently the relative urgency for orthopaedic surgical
intervention (Table 1). Mirels’ system remains in wide
use today despite the recent introduction of newer pro-
tocols™. The newer system describes the guidelines to
surgical indications, types of surgery and recommended
implants. Capanna classifies all patients with bony me-
tastases into 4 categories (Table 2). Patients accumulate a
representative numerical value for their metastatic lesion
depending on figures awarded for potential survival (Table
3), the size of the lesion, the biomechanics of the bone
involved and the potential response to adjuvant therapy.
This dictates the recommended surgical intervention and
the prosthetic implant to be used (Table 4).

However, despite involved classification systems
and resultant surgical recommendations, each case of
metastatic disease warrants treatment on an individual
basis. Huge strides have been made in the techniques
of surgical management for achieving secure fixation
of pathological fractures despite what is often exten-
sive bony destruction”””. The use of internal fixation
devices and prostheses along with methyl methacrylate
has greatly assisted the orthopaedic surgeon in managing
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Table 3 Capanna classification, potential survival

Survival Sources of metastasis

<1yr (1 point) Unknown Primary

Melanoma

Lung

Pancreas

Thyroid (undifferentiated)
Stomach

1-2 yr (3 points) Colon

Breast (not responding to adjuvants)
Liver

Uterus (responding to adjuvants)
Thyroid (differentiated)
Myeloma

Lymphoma

Breast (responding to adjuvants)
Rectum

> 2 yr (6 points)

Prostate
Kidney

Table 4 Capanna classification, recommended surgical

procedure and prosthetic type

Survival Biomechanics Size defect Response
to adjuvant
therapy
<lyr=1pts Tibia = 1pt Small (1/3) =1 pt Yes =0
1-2yr =3 pts Femur, humerus =2 pts Large (1/2)=2pts No=3

>2yr=6pts Subtrochanteric, Defective or

supracondylar = 3 pts pathological

fracture = 3 pts

<5 points = Minimal or simple
osteosynthesis

5-10 points = Reinforced
osteosynthesis

10-15 points = Megaprosthesis or

intercalary spacer

pathological fractures. Despite improved fixation, heal-
ing of pathological fractures remains a challenge, overall
35% of pathological fractures can be expected to heal
in 6 mo™, highest healing rates are seen with multiple
myeloma (67%) and the lowest rates were seen with lung
carcinoma (0%).

It is imperative that whatever fixation device is used
the construct should be durable enough to reliably last
the remainder of the patient’s life expectancy[zg] and it is
our recommendation that the entite diseased bone be sta-
bilised at one operative sitting (Figure 1).

Although the general orthopaedic surgeon will com-
monly deal with pathological fractures in their day to day
practice, we are commonly referred patients with spinal
metastases. As with any patient, a complete history and
examination is necessary, including a thorough neurologi-
cal examination. Radiology should include an MRI to
assess spinal cord compression and the extent of spinal
metastases. Neurological status may necessitate urgent
decompression with stabilisation of the adjacent verte-
brae. However, prior to major surgery, it is important
to liaise with the patients’ oncology service to ascertain
overall outcome. In palliative cases, radiotherapy may be
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Figure 1 Different fixation methods for metastases of the humerus. A, B:
Show the pre and post-operative X-rays of a 71-year-old male with painful met-
astatic lesions secondary to renal cell carcinoma. The humerus was stabilized
using a locked intramedullary nail with a prophylactic distal cerclage wire, excel-
lent pain relief was achieved; C, D: Show the pre and post-operative status of a
40-year-old female with painful metastatic breast carcinoma. The painful lesion
was excised and replaced with an endoprostheses, good symptomatic relief
was achieved.

an option, if the patient is medically unfit to undergo and
survive spinal surgery.

Radiotherapy

The indications to treat bone metastases with radiation
therapy include pain, risk of pathological fracture and
spinal cord compression. The goals of radiation therapy
are to palliate pain, decrease the use of narcotic analge-
sics, improve ambulation and restore function and pre-
vent complications of pathological fracture.

External-beam radiation is the most common treat-
ment and remains the cornerstone of palliative treatment
with hundreds of thousands of patients undergoing
treatment each year in the United States. Radiotherapy
for bone metastases attempts to exploit the radiosen-
sitivity characteristics inherent to tumour cells such as
significant vascularization, high rates of proliferation and
non-differentiation™. The exact mechanism of action of
radiation therapy is unknown and remains speculativem
It was only recently that animal models established that
radiation had its effect on tumour cells and that the ben-
efit did not accrue from an indirect effect on the periph-
eral surrounding normal cells™*,

Clinically, several choices exist regarding the use of
radiation therapy for bone metastases. Opinions differ on
the best regimen for each patient, the most suitable radia-
tion dosage, the appropriate adjuvant therapies and their
timings and the best delivery mechanism.

The radiation therapy oncology group (RTOG) con-
ducted a prospective randomized trial (RTOG 74-02)",
Patients with a solitary metastasis were randomized to
receive 2000 cGy using 4 Gy fractions delivered over a
short 5-day period or 4050 c¢Gy delivered using 2.7 Gy
fractions over a 3 wk period. There was no significant
difference in outcomes measured by pain relief. Similar
results were seen in patients with multiple metastases
who were randomized to receive 3000 cGy in 10 fractions
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over 2 wk or 1500 cGy in 5 fractions over 1 wk or 2000
cGy in 5 fractions over 1 wk or 2500 cGy in 5 fractions
over 1 wk.

Since the RTOG trial™ there have been several trials
evaluating dose fractionation schemes”**” with no sched-
ule or dose demonstrating significantly better outcome.
Single-fraction radiotherapy has been advocated as a cost
effective way to palliate bony metastases. A single dose
of 8 Gy has been shown to have significantly better re-
sponse rates when compared to a single dose of 4 Gy™,
When a single dose regimen was compared to a multi-
fraction regimen (20 Gy/5 fractions or 30 Gy/10 frac-
tions), no differences were noted in time to symptomatic
improvement, time to complete pain relief or time to first
increase in pain up to 12 mo post-treatment” .

It is now accepted that accelerated regimens may
be appropriate in certain clinical settings for instance if
the life expectancy is less than 3 years or where social
circumstances decree that the patient cannot return on a
daily basis. A protracted course may be more appropriate
where the disease is more indolent or where the patient
has a good performance status with a longer life expec-
tancy or a solitary bone metastasis where the primary is
well controlled™.

Chemotherapy

The decision to use chemotherapy for the management
of bone metastases relies on several factors. Firstly, the
histology of the tumour must be known and secondly, it
is important to know whether the patient has previously
received chemotherapy because even the most chemo-
sensitive tumours, such as lymphomas, are frequently
resistant on relapse™,

Certain tumours are considered highly chemosensi-
tive. Such tumours frequently respond rapidly and often
chemotherapy results in a significant reduction in the
tumour burden. Complete or near complete remissions
can be seen in certain chemosensitive tumours. Highly
chemosensitive bone tumours may be considered for a
trial of chemotherapy unless the involved bone is me-
chanically unstable.

Chemotherapy should rarely be considered for the
management of metastatic tumours if the primary tumour
is not chemoresponsive or chemosensitive. Response
rates for these tumour types are so low that responses are
considered anecdotal and it is reasonable to consider the
tumour to have no effective chemotherapy.

CONCLUSION

Unfortunately the incidence of primary tumours is in-
creasing, with that comes the challenge of dealing with
metastatic disease. An individualised approach is recom-
mended for each patient, taking into account the nature
and biology of the primary lesion, life expectancy and
the most appropriate surgical option. An increased un-
derstanding of the biology of the metastatic process may
produce new treatment options to arrest this pathway at
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a variety of positions. Surgical management relies upon
basic principles, but also on a fundamental knowledge of
the nature of bone metastases.
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