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e Bone metastases are difficult to treat surgically, necessitating a multidisciplinary approach
that must be applied to each patient depending on the specifics of their case.

Keywords

» bone metastasis

e The main indications for surgical treatment are a lack of response to chemotherapy,

radiation therapy, hormone therapy, immunotherapy, and bisphosphonates which is
defined by persistent pain or tumor progression; the risk of imminent pathological bone
fracture; and surgical treatment for single bone metastases.

» impending fractures

» resection reconstruction

e Animportant aspect of choosing the right treatment for these patients is accurately
estimating life expectancy. Improved chemotherapy, postoperative radiation therapy, and
sustainable reconstructive modalities will increase the patient’s life expectancy.

e The surgeon should select the best surgical strategy based on the primary tumor and its
characteristics, the presence of single or multiple metastases, age, anatomical location, and

the functional resources of the patient.

e Preventive osteosynthesis, osteosynthesis to stabilize a fracture, resections, and
reconstructions are the main surgical options for bone metastases.

* Resection and reconstruction with a modular prosthesis remain the generally approved
surgical option to restore functionality, increase the quality of life, and increase life

expectancy.

* Preoperative embolization is necessary, especially in the case of metastases of renal or

thyroid origin. This procedure is extremely important to avoid complications, with a major

impact on survival rates.
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Introduction

The most common malignant bone tumors are bone
metastases, which are caused by visceral tumors and
primary hematopoietic neoformations. With the evolution
of oncological treatments, which have led to increased
survival of cancer patients, the incidence of bone
metastases has increased. Because of the discomfort and
possibility of pathological bone fractures, quality of life is
significantly impaired by the presence of bone metastases.
The most common primary malignancies that cause bone
metastases are in the breast, prostate, lung, kidney, and
thyroid. The evolution of a bone metastasis depends on
the affected bone type and its location. The most common
sites of bone metastases are the spine, proximal femur,
pelvis, ribs, and proximal humerus.

Patients with tumor bone lesions are divided into two
categories: patients with a previously diagnosed tumor

and patients with no known history of neoplasms who
are on the first presentation. In the face of a suspicious
bone lesion, a primary tumor should always be excluded,
especially in the case of a patient without neoplastic
history. The next step in the diagnosis and treatment
process is staging, localization of the primary lesion, and
general investigations. All decisions regarding staging and
diagnosis should be discussed in a multidisciplinary team
before any treatment is applied.

A biopsy will be required to determine the primary
tumor in patients who have no known neoplasm but have
suspected bone metastasis. It is necessary to perform
a complete examination before the biopsy as it may be
a primary tumor and the biopsy will have to be placed
correctly; another secondary determination may be more
accessible for diagnosis; preoperative embolization may
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be necessary to avoid massive bleeding; the diagnosis can
sometimes be made with the help of laboratory tests, as
in the case of myeloma; several pre-biopsy elements can
increase the accuracy of the extemporaneous examination;
and detailed imaging examinations may be important to
the pathologist in the final diagnosis (1).

A separate category is patients who present in the
emergency room with a pathological bone fracture. Most
pathological bone fractures are secondary to metastatic
disease, but benign bone lesions, metabolic diseases, or
primary malignant bone tumors should not be dismissed.
For the vast majority of patients, a pathological bone
fracture will lead to the diagnosis of neoplastic disease.
The timing of bone metastases is variable; they can occur
many years after the diagnosis of a primary neoplasm or at
the same presentation.

The treatment of a metastatic bone lesion has multiple
goals that must be achieved, such as reducing pain,
restoring functionality, or maintaining functionality
without the need for further surgery. Radiotherapy is the
most commonly used treatment for bone metastases,
but surgical treatment for preventive purposes in the
pre-fracture stages, or even for curative purposes in the
case of solitary metastases, is an important component of
treatment. The indication for surgical treatment of a bone
metastasis will always take into account the patient’s life
expectancy, especially in the short and medium term.
When determining whether or not a bone metastasis
should be treated surgically, the following factors must
be established with certainty: the origin of the neoplasm,
whether the metastatic disease is restricted to the bone,
the number of bone metastases, and the availability of
postoperative chemotherapy and radiotherapy options. At
the end of this evaluation, the best therapeutic decision
will be made in a multidisciplinary commission.

As a result of the low life expectancy of patients with
bone metastatic disease, management of these patients
is difficult. The vast majority of patients who suffer from
pathological bone fractures as a result of bone metastasis
have a life expectancy of less than 6 months (2, 3, 4, 5).

The main challenge of musculoskeletal oncological
surgery is to make the best therapeutic decision for a
frail patient with multiple risks. Patients with low life
expectancy should be identified and should not undergo
major resection and reconstruction. In addition, sequential
surgical treatments, which may result from insufficient
osteosynthesis, should be avoided.

Indications for surgical treatment

Following a multidisciplinary preoperative evaluation,
candidates for surgical treatment can be identified and
optimal approaches established. The main objective in the
case of bone metastases is to restore an optimal functional
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status. Palliative treatment is appropriate when we have a
generalized metastatic disease, surgically unapproachable
metastases, metastases with extensive locoregional
extension, or patients with a poor prognosis (Fig. 1).
Adjuvant treatment with chemotherapy, low-dose radiation
therapy, and palliative surgery are solutions for patients
with a fair prognosis. Chemotherapy, high-dose radiation
therapy, and surgery, which includes extensive resections
and reconstructions, can all be used to improve the long-
term survival of patients with a favorable prognosis.

Depending on primary cancer and its characteristics,
the number of metastases present and their anatomical
location, life expectancy, patient expectations, and activity
level, the surgeon will be able to choose the optimal
treatment method (Tables 1 and 2).

Preoperative multidisciplinary evaluation is essential
in establishing candidates for surgical treatment. The
treatment of patients should be closely monitored, and
the best time to interrupt them to perform surgery should
be determined as soon as possible after diagnosis. Tyrosine
kinase inhibitors should be stopped approximately 7
days prior to surgery due to the risk of bleeding, and
treatment should be resumed once the wound has healed.
Monoclonal antibodies should be used with caution
during the perioperative period due to the potential for
infectious complications.

Single bone metastases in the pre-fracture stage, or
even with an associated fracture, should be treated with
extensive resections and reconstructions to considerably
improve long-term life expectancy.

Regarding multiple metastatic disease in which a
bone metastasis is in the pre-fracture stage, prophylactic
fixation has proven to be cost-effective with the optimal
restoration of functionality compared to the treatment
of a fracture. In areas where bone destruction is
important, increasing osteosynthesis resistance with
acrylic cement may be a solution. If there is a risk that
the fixation will fail due to advanced local destruction,
resection and reconstruction may avoid subjecting the

Figure 1

Extensive locoregional acromial metastasis in a 61-year-old
female secondary to breast adenocarcinoma, the patient
presenting with multiple metastasis at diagnosis.
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Table 1 Surgical treatment of lower limb metastatic disease of the bone.
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Anatomical Multiple metastases
location Single metastasis (fractured or not) |mpending fracture Fractured Any type of metastasis
Pelvic Non-surgical treatment

Periacetabular

Proximal femur

Femural shaft

Distal femur

Proximal tibia

Tibial shaft

Resection—reconstruction with
modular prosthesis

Resection—reconstruction with
modular prosthesis

Resection—reconstruction with
modular prosthesis

Resection arthrodesis
Resection—reconstruction with
modular prosthesis

Resection arthrodesis
Resection—reconstruction with

Resection—reconstruction (modular
prosthesis vs arthroplasty)
Preventive osteosynthesis + PMMA
Resection—reconstruction (modular
prosthesis)

Preventive osteosynthesis + PMMA
Preventive osteosynthesis + PMMA

Resection arthrodesis
Preventive osteosynthesis + PMMA

Resection arthrodesis
Preventive osteosynthesis + PMMA

Resection—reconstruction (modular
prosthesis vs arthroplasty)
Osteosynthesis + PMMA
Resection—reconstruction (modular
prosthesis)

Osteosynthesis + PMMA
Osteosynthesis + PMMA

Resection arthrodesis
Osteosynthesis + PMMA

Resection arthrodesis
Osteosynthesis +PMMA

Harrington procedure

used for periacetabular
impending fractures or
periacetabular fractures

modular prosthesis
Distal calf and foot

Non-surgical treatment

patient to secondary intervention. In the case of a bone
metastasis associated with a pathological bone fracture,
osteosynthesis or reconstruction should be considered.
For patients with a high level of activity, a definitive
treatment, such as segmental resection or arthroplasty,
should be chosen.

Complications of surgical treatment may vary
depending on the location of the tumor, the type of
tumor, and the surgical technique used. Pseudarthrosis,
peri-implant fractures, and implant degradation are
responsible for 6-15% of post-oncological revisions for
bone metastases (6). The complications that can occur are
major and represent a challenge for surgeons. Infections
and wound complications occur more frequently due to
the immunocompromised status of patients.

Treatment of complete and/or impending
fractures and postoperative radiation

A fracture that occurs in a modified bone is defined as a
pathological bone fracture. These can occur secondary to

Table 2 Surgical treatment of upper limb metastatic disease of the bone.

trauma or in normal activities. A patient with a pathological
bone fracture will follow the standard preoperative
protocol for staging and diagnosing the primary tumor.
They may have a history of a known neoplasm, which
will raise suspicions about the origin of the fracture, or no
known history, but tumor tissue from the fracture site will
be sent to the pathology laboratory in both cases.

The primary goal of fixing a pathological bone fracture
with radiotherapy is to provide sufficient stabilization
of the focus in order to improve the patient’s quality
of life while avoiding the need for possible secondary
interventions. Postoperative radiotherapy is necessary for
all patients, except those with a very low life expectancy or
if the region has already been irradiated. Radiation therapy
begins immediately after surgery, and the radiated area
should cover the entire implant; its purpose is to reduce
pain, slow progression, or treat any remaining tumor
tissue after surgery.

The treatment of a fracture on a bone metastasis
varies depending on the location. Centromedullary
nails, cephalomedullary nails, hemiarthroplasty, or total
arthroplasties with modular prostheses are the main

Single metastasis

Multiple metastases All types of

Anatomical location

(fractured or not)

Impending fracture

Fractured

metastases

Scapula/clavicle
Proximal humerus

Humeral shaft
Distal humerus

Forearm

Distal forearm and arm

Resection—reconstruction with
modular prosthesis

Resection—reconstruction with
modular prosthesis
Resection—reconstruction with
modular prosthesis
Resection-reconstruction + PMMA
Reconstruction if instability is
present

Resection—reconstruction (modular
prosthesis versus arthroplasty)

Preventive osteosynthesis + PMMA
Preventive osteosynthesis + PMMA

Preventive osteosynthesis + PMMA

Preventive osteosynthesis + PMMA

Resection—reconstruction (modular
prosthesis versus arthroplasty)
Osteosynthesis + PMMA
Osteosynthesis + PMMA

Osteosynthesis + PMMA

Osteosynthesis + PMMA

Non-surgical treatment

Non-surgical treatment
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options (7) (Figs 2 and 3). The correct choice will be made
by respecting some basic principles:

1. Isita unique metastasis?

2. What s the primary tumor?

3. Whatare the failure rates specific to an implant used in
a particular region?

4. Whatis the functional outcome?

Regarding impending fractures, the management
and surgical treatment modalities are the same as
for constituted fractures, with the major difference
between the two being the indication. There are several
elements that predict the risk of a fracture: the presence
of significant pain, the destruction of more than 50% of
the cortical bone, the Harington criteria, and the Mirel
criteria (8, 9). Prophylactic fixation is preferred due to
rapid postoperative recovery, low morbidity, and short
operating times. The main goal regardless of the stage
or technique used is to provide the patient with an
implant that allows immediate mobilization with a full
load and ‘protects’ the whole bone in the context of
metastatic disease and is optimized in the context of the
patient’s prognosis.

Complications and osteosynthesis failure
after pathological fracture treatment

Modified local biology secondary to bone metastasis
decreases the ability of the bone to heal. In the case of
osteosynthesis, the use of materials that fail to take over
the biomechanical forces of the fracture while substituting
the bone defect will lead to degradation of the assembly
or peri-implant fractures (Fig. 4). The use of adjuvant
chemotherapy and radiotherapy for osteolytic defects
secondary to metastasis will certainly lead to complications.

Failure of prosthetic fixation may result when tumor
resection has been insufficient, prosthetic fixation is
deficient, or prosthetic fixation on the entire length of
the bone fails. Cemented components come with the
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advantage of immediate fixation. Another advantage
is that it does not rely on local biology in terms of
prosthetic integration, which allows for quicker return to
physical activity.

There are two major errors that an orthopedic surgeon
can make in the management of long bone metastasis.
Type 1 error is the use of load sharing implants instead of
load bearing which will lead to failure of fixation especially
for metastatic fractures around the hip. Type 2 error is
to use intramedullary nails for solitary lesions wrongly
assuming the cause of the pathological bone (10).

Pathological bone fractures occur within the setting of
major biomechanical instability, associating large bone
defects with low regenerative potential. The fixation
methods required for the correct treatment of such lesions
should be above those used in the case of a simple fracture
in terms of biomechanical strength, and their mechanical
load should outlast the patient’s life expectancy.

Preoperative embolization

Musculoskeletal oncological surgery can have important
complications, such as massive intraoperative bleeding,
which can lead to life-threatening events, high transfusion
rates during surgery, a substantial increase in operative
time, increased rates of perioperative complications, and
potential wound complications. Preoperative embolization
is often required for bone metastases secondary to renal or
thyroid carcinoma due to significant tumor vascularization
through the formation of new vessels.

Frequently, we may find ourselves confronted with
a unique, operable bone metastasis that will require
radical resection followed by reconstruction of the area
(Fig. 5). Applying radical resection to a massive tumor
formation with important peritumoral vascularization
risks unnecessarily prolonging the operating time with
heavy bleeding, or even endangering the patient’s life.
Preoperative angiography, especially in the case of
metastasis of renal or thyroid origin, can highlight an
important vascularization while performing embolization
of the main vascular sources (11).

Figure 2

(A) Solitary proximal left femur metastasis
with an impending fracture in a 74-year-
old male secondary to renal carcinoma. (B)
Intraoperative image secondary to
resection and measurements for the final
prosthesis. (C) Postoperative image of the
resection reconstruction with a modular
tapered, fluted stem.
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Figure 3

(A) Preoperative anterior-posterior image of the pelvis of a
68-year-old woman with bilateral subtrochanteric pathological
fractures secondary to a cervical neoplasm, recently treated on
the left side with a cephalointramedullary nail. (B) Postoperative
image of the right femur after fracture fixation with a long
cephalointramedullary nail.

Resection reconstruction
with endoprosthesis

From a functional standpoint, such as the ability to
resume mobility immediately after surgery and the overall
quality of life, resections performed in conjunction with
reconstructions are the most effective technique available.
This technique can especially be used not only in the case
of a single metastasis in order to increase life expectancy
but also in multiple metastatic disease to increase the
quality of life by avoiding secondary interventions that
may occur following the degradation of osteosynthesis.
The most common reconstruction of a bone region
after tumor resection is with modular prosthetic systems
(Fig. 6). These can be used for the proximal humerus,
distal femur, or proximal tibia, along with adjacent joints.
Modularity allows the reconstruction of the entire bone
segment, such as the humerus or femur. The reconstructed
segment may include one or more joints or maybe
intercalated, such as a femoral diaphyseal segment. A set
of standards must be observed for optimal postoperative
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results: exact preoperative planning, accurate resection
edges, accurate restoration of limb length, good fixing so
that the loading is early and total, restoration of muscle
insertions to achieve adequate postoperative mobility.

The main contraindications in the case of resection—
reconstruction for bone metastases are damage to the
main vascular or nerve bundle and massive extension
of the tumor into the soft parts that will not allow the
prosthesis to be covered. Relative contraindications for
resection and reconstruction in bone metastases could be
the poor response to chemotherapy or radiation therapy.

In particular, secondary bone lesions located in the
femoral neck should be addressed by arthroplasty (12,
13). The cephalomedullary rods used in this case have
high failure rates due to the high biomechanical stress
at the level of the femoral neck combined with a lesion
that progresses and does not heal. Lesions in the femoral
neck can be treated using a long prosthetic stem that will
overcome any remaining lesions after the resection of the
neck. Long cemented stems should be used with caution
in these cases due to potential intraoperative pulmonary
complications (14).

The oncological results after surgery are difficult to
determine given the large number of variables involved.
The primary site, the characteristics of the underlying
disease, the progressive potential of the tumor, the
characteristics of the patient, the location of the metastatic
disease and the number of metastases, and existing
oncological, radiotherapeutic, and surgical treatment
must be determined exactly. Even in the case of a patient
with a short life expectancy, the functional outcome
following reconstruction resection will be significantly
improved, with improvement occurring in at least 50% of
patients (15).

Resection arthrodesis with
intramedullary nails and acrylic
bone cement

This reconstructive surgical method after resection is
suitable in the case of tumor formation adjacent to a joint,

Figure 4

(A) A 60-year-old patient previously known
to have a subtrochanteric fracture on the
pathological bone secondary to breast
carcinoma initially treated with a
cephalointramedullary nail that failed, later
replaced with this plate that also failed. (B)
Intraoperative resected segment and
prosthetic measurements. (C) Postoperative
X-ray after resection and reconstruction
with a long modular fluted stem.
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Figure 5
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(A) Preoperative X-ray of a 56-year-old male diagnosed with a solitary proximal humerus metastasis secondary to renal carcinoma. (B)
Preoperative angiography and embolization of the tumor were performed prior to resection to limit intraoperative blood loss. (C)
Intraoperative image of the tumor resection and intraoperative measurements. (D) Postoperative image of the modular prosthesis

used after tumor resection.

especially in the case of those located in the knee region.
Described by Professor Mario Campanacci, resection-
knee arthrodesis has been recommended as a debulking
procedure when metastatic disease is present in young
patients and when other reconstructive modalities are
unavailable. In the case of a distal femur or proximal tibia
metastasis that is suitable for resection and reconstruction,
this technique can provide a stable knee with a durable
fit. The advantage of using this technique in the case of
a distal femoral metastasis or proximal tibia is that it can
be used until the oncological prognosis is optimal and a
definitive reconstruction can be performed.

The disadvantages are a complete loss of knee mobility,
decreased quality of life, and risks associated with the
assembly, such as its failure, peri-implant fracture, or
associated infection.

Periacetabular metastasis

Acetabularfracturessecondarytometastasisareuncommon
but have important implications for the hip function and
represent a difficult surgical challenge. Surgical technique
with promising results described by Harrington and later
modified, consisting of reconstruction of the ilium, using
threaded pins inserted retrograde through the acetabular
roof and into the iliac wing represents an important
choice of treatment. The pins are cemented together with

an acetabular support ring in which a polyethylene base is
cemented. The results of these techniques are validated by
studies that demonstrate effectiveness in terms of quickly
restoring the mobility of the patient, pain relief, and in
terms of cost-effectiveness (16, 17).

Discussion

Each neoplasm has its own characteristics in terms of life
expectancy, the healing potential of a fracture, local and
systemic progression, and sensitivity to various treatments
(18). Following the appreciation of these characteristics
within the multidisciplinary team, valid decisions can
be made regarding potential treatments. To choose a
treatment, we need to know the average life expectancy
for each neoplasm with bone metastases: 48 months for
thyroid neoplasm, 40 months for prostate, 24 months
for breast, 6 months to 4-5 years for renal neoplasm
depending on the type, and 6—7 months for lung cancer
19).

Following the advancement of oncological therapies,
the increase in life expectancy has coincided with an
increase in the incidence of bone metastases, especially
in the case of renal carcinoma, where bone metastases are
increasingly common and resistant to radiation therapy.
Resection followed by endoprosthesis reconstruction

Figure 6

(A) Solitary metastasis of the proximal
femur secondary to breast carcinomain a
46-year-old female. (B) Intraoperative
image of the tumor resection. (C)
Postoperative x-ray of the modular
prosthesis used for reconstruction of the
proximal femur.
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of metastases secondary to renal cell carcinoma should
be considered a standard procedure with the lowest
complication rate (20). Unique metastases in the context
of increased life expectancy due to new lines of cancer
treatment must be treated by resection and reconstruction,
especially in the case of primary tumors for which life
expectancy is high.

The use of preventive osteosynthesis is required in the
case of bone metastases from metastatic disease that has
spread to the diaphyseal level in order to avoid fractures.
Centromedullary osteosynthesis is the main method
of fixing such a lesion, and implant failure must be
minimized by choosing the correct implant, observing the
surgical technique, and correctly estimating the patient’s
life expectancy (21). Pathological bone fractures are often
the main symptom of metastatic disease with a known
or unknown primary neoplasm. The purpose of surgical
treatment is to restore preoperative functionality and
provide lasting stability so that secondary interventions
are avoided. The method of surgical treatment should be
chosen depending on the anatomical location and local
evolution. Fixation using osteosynthesis methods, such
as plates and screws or centromedullary rods, can be
increased by acrylic cement. Acrylic cement will increase
structural stability and increase the biomechanical rigidity
of the implant (22). In some cases, due to the localization
or advanced local evolution, reconstructive methods
should be used.

The benefit of restoring functionality and increasing
life expectancy with the cost-effectiveness of this type
of surgical approach of bone metastases should be
underlined (23).

Accurate understanding of the life expectancy of a
patient with metastatic disease can help avoid mistakes in
choosing the type of treatment. Patients with a high life
expectancy may benefit from reconstructive resection,
taking into account that some of them will survive longer
than the reconstruction (24). Life expectancy will be
estimated within the multidisciplinary treatment team,
followed by a decision on the individualized type of
intervention (25).

Conclusions

Bone metastasis management is a difficult task that
necessitates the use of a multidisciplinary approach.
Palletia is frequently the only option for patients who
have been carefully monitored and diagnosed early.
A combination of chemotherapy, radiotherapy, and
surgery can significantly increase life expectancy in these
patients. Surgical treatment can be used to maintain the
functionality of a region, but it can also be used to cure a

Surgical management options 73 212
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single metastasis if the metastasis is located in a specific
location.

The best treatment option for a patient with metastatic
bone disease will be determined only after a thorough
preoperative evaluation has been completed and the
exact origin of the neoplasm has been determined. As
soon as the surgical indication has been established, the
various specific reconstructive methods for the resected
area will be discussed in greater detail. Patient-centered
methods that not only extend patient life expectancy but
also restore functionality will be selected in order to avoid
the need for additional surgeries as a result of implant
degradation.

Knowledge of the type of neoplasm responsible for
metastatic disease is essential not only for determining
oncological treatment options but also for determining
the feasibility of a preoperative angiographic evaluation
for embolization in order to avoid intraoperative
complications that could be fatal.
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