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Foreword

Improving the success of anticancer therapies in recent decades has led to a 
marked prolongation of survival in patients suffering from cancer even in 
advanced disease. In this extended survival, many patients face persistent 
lesions or recurrences at the original or distant sites, and the skeleton as a 
whole is the third most frequent organ affected by distal metastases after the 
lungs and liver. Bone involvement frequently and seriously affects the life of 
the patients since it can cause severe pain and functional impairments; in 
addition, cancer therapy itself can alter bone composition. There is a need of 
therapies aimed at least at managing these aspects even when an effect on 
survival is not expected. It is also a public health matter since the burden of 
disease associated with bone metastases affects a wide population of cancer 
patients and consumes a relevant amount of health system resources; there-
fore, the selection of alternative therapeutic options should be based on solid 
knowledge. This manual provides an updated overview on the management 
of bone metastases, which is also clear and comprehensive, proposing an 
integrated multidisciplinary approach which is being more and more deemed 
as the most appropriate in many neoplastic diseases. The book covers several 
aspects of what is known about bone metastasis including basic science, e.g., 
bone physiology and mechanisms determining homing and growth of tumor 
cells. Chapters address the different types of therapies, drugs, surgery, and 
physical agents, and also rehabilitation and possible complications are not 
neglected. Considerable attention is paid to the process of therapeutic deci-
sion, which is particularly important and complex in this field where most of 
the cases are not treated with curative intent but rather to limit the symptoms 
of the evolving disease and to ensure a better quality of the residual life. This 
book provides a description of evidence available, decisional algorithms, and 
software to assist in the complex path of clinical decision which has to be 
taken at an individualized level, considering clinical status and expected sur-
vival to balance the impact of therapies and benefits expected. Much attention 
is dedicated to orthopedic surgery, which has a key role in the management of 
bone metastases with several possible solutions and materials extensively 
described in the book. As it would be expected, several authors from well-
known centers contributed to write a manual dealing with such a broad range 
of topics.
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In conclusion, the editors make available to oncologists in general and to 
those specialized in the treatment of cancer bone metastases a valuable tool 
to assist them in the clinical management of such conditions.

Walter Ricciardi
President of the   

Italian National Institute of Health
Rome, Italy

Foreword
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It has been estimated by AIRTUM (Italian Association of Cancer Registries) 
that there have been about 369,000 new diagnoses of cancer in Italy in 2017, 
approximately 192,000 males and 177,000 females. Overall, there are 1000 
new diagnoses of cancer every day. These data are in line with those of the 
American Cancer Society (ACS), which estimates an incidence of 1.7 million 
new cases of cancer, half of which are prone to develop bone metastases. 
Despite the increased incidence, an increase in the survival of these patients 
has been observed in the last few years. According to the ACS, the 5-year 
overall survival of cancer patients has improved from 49% in the years 1975–
1977 to 69% in the period 2006–2012. This outstanding result is due to the 
improvement in the integrated approach to the cancer patient.

Bone is the most common site for metastasis, mainly because of the con-
tribution of breast and prostate cancers, which in postmortem examinations 
have showed a 70% prevalence of metastatic bone disease. However, bone 
metastases may occur in a wide variety of bone malignancies, with consider-
able morbidity and complex demands on healthcare resources. On the basis 
of the data of the Medical Expenditure Panel Survey (MEPS), the agency for 
healthcare research and quality estimated that the direct medical costs for 
cancer in the USA in 2014 were 87.8 billion dollars. Fifty-eight percent of 
those costs were for hospital outpatient or office-based visits and 27% were 
for inpatient hospital stays.

In fact, even though most cases of bone metastases are asymptomatic, 
these can cause pain and are complicated by the so-called skeletal-related 
events (SRE), which include pathologic fractures and impending fractures, 
spinal cord compression, and hypercalcemia. Therefore, the occurrence of a 
skeletal metastasis represents a severe event which negatively affects the 
prognosis of the cancer patient, above all if the lesion requires surgery. On 
average, a patient with metastatic disease will experience SREs once every 3 
to 6 months, usually clustering around periods of progression of the disease, 
and becoming more frequent as the disease becomes more extensive. 
Moreover, occurrence of SREs is associated with an increase in the frequency 
of invasive procedures and in the number of outpatient and daycare visits of 
the oncologic patient.

This book aims to develop awareness of the need for an integrated approach 
to patients affected by bone metastases, by presenting major advances in 
medical, surgical, and radiological interventions for patients with metastatic 
cancer to the bone. Moreover, the approach to the cancer patient in terms of 
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characterization of the patient's disease is fully discussed. The book consists 
of five parts, different in terms of contents and perspective with respect to the 
management of the bone cancer patient.

Part I is entitled “biology of bone metastases” and is devoted to the char-
acterization of the pathology of bone metastasis, and to the medical treat-
ments available today for patients with bone metastases, including bone 
modifying agents and anticancer agents with bone effects, and the bone-tar-
geted therapies used in the adjuvant setting.

Part II is devoted to the “approach to the patients” affected by bone metas-
tases, by giving guidelines to the clinician on how to characterize the single 
patient affected by bone metastases. In particular, some of the most difficult 
challenges for clinicians, like the determination of the patient's survival and 
the risk of fractures of bone lesions (the so-called impending fractures), are 
presented in a complete fashion. These issues influence most of the current 
work of oncologists, clinicians, and surgeons and represent the main issues in 
the care of the oncologic patient with metastatic disease to the bone. Current 
standards of radiation therapy to the long bones, pelvis, and spine are pre-
sented here indicating how this kind of treatment is currently crucial to the 
management of bone cancer patients. Finally, the guidelines of treatment of 
patients with metastases to the different bone segment (namely spine, long 
bone, and pelvis) are provided in separate chapters. We are extremely proud 
of this work, since it reflects the efforts of the Italian Orthopaedic Society 
(SIOT) Bone Metastases Study Group that in the last few years has drawn 
simple and reproducible criteria for decision-making in the clinical setting of 
the bone metastatic patient.

Part III deals with the surgical management of patients with bone metasta-
ses. In the last few years the development of newer instrumentation systems 
and biomaterials, together with less aggressive anesthesiological care, is 
reflected in more targeted surgery, and when possible with more aggressive 
surgery, even in the metastatic patient. This makes sense thinking of the 
increased survival time after surgery of the patients with metastases to the 
bone; therefore the implants and surgical techniques should be targeted to 
anatomical location, type of tumors, sensitivity to radiation, and adjuvant 
therapies, and above all to patients’ survival. Many chapters are dedicated to 
the complications more commonly associated with these surgical interven-
tions. In particular, infections, fractures, and failures around tumor implants 
are among the most feared complications that can occur in these patients. 
Two outstanding contributions are devoted to the correct staging and preop-
erative planning of patients before surgery—“Think, stage, then act” is a 
simple but quintessential rule!—and to the common pitfalls occurring in the 
management of patients affected by skeletal metastases, which most often 
determine the final surgical results. A full chapter is dedicated to the rehabili-
tation of patients operated on for metastatic disease to the bone, since after 
the management of pain and disability, the return to function is our main aim 
for these patients.

Dealing with immunocompromised patients, or when the expected sur-
vival is not enough to accept the risks associated with surgical interventions, 
surgery is sometimes not an option for patients affected by metastases to the 
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bone. In this context, clinicians and interventional radiologists have devel-
oped newer minimally invasive techniques to manage these patients. This is 
the main topic of Part IV. In this context, other techniques like electrochemo-
therapy have been introduced into clinical practice in controlled studies and 
are now available to clinicians for the management of selected patients with 
bone metastases.

We end this book with a look to the contemporary directions in the man-
agement of bone metastases—what’s new—and to the potential future direc-
tions of this discipline. We particularly thank Prof. Capanna for his visionary 
contribution to this book with his chapter entitled “Future Directions,” which 
represents a leap into the next generation of treatments for patients affected 
by bone metastases.

We wish to thank our contributors for the outstanding work expressed in 
their respective chapters. They are well-known leading specialists worldwide 
in the topic of metastases to the bone and osteoncology, and we trust that this 
textbook will represent an international reference in the field of bone metas-
tases. We do recognize that, given the rate of advancement of the knowledge 
in this field, some topics will need constant revision and update. However, 
today this textbook represents a collection of the most current knowledge on 
this subject and definitely reflects the tremendous advancements in the stan-
dard care of these patients worldwide.

Rome, Italy  Vincenzo Denaro
  Alberto Di Martino
  Andrea Piccioli
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Pathology of Bone Metastasis

Carlo Della Rocca and Claudio Di Cristofano

Abstract
Bone metastases are a frequent complication 
of advanced cancer. Interactions between can-
cer cells and marrow stromal cells and bone 
turnover mechanisms are crucial in metastases 
growth and the pathogenesis of bone damage. 
Metastatic tumour cells stimulate the bone 
remodelling and indirectly induce the osteo-
cytes to release several growth factors that 
promote the proliferation of stromal, haemato-
poietic and neoplastic cells in a sort of vicious 
circle. Histological examination of bone 
metastasis of known origin is performed usu-
ally to define prognostic and/or predictive 
markers for target cancer therapy; in the 
10–30% of patients in which the primary 
tumour is not identified, the histologic  
findings derived from bone biopsy could be 

diagnostic by morphological or immunohisto-
chemical assessment of the neoplastic tissue.

1.1  Introduction

Bone metastases are a frequent complication 
occurring in patients with advanced cancer, and 
these are a significant problem in the management 
of cancer patients. Patients with bone metastases 
often have a poor prognosis, and it results from 
the systemic spread of tumour. The skeleton is the 
third most frequent site for metastatic carcinoma 
dissemination after the lung and liver, and its col-
onization causes significant morbidity in patients 
with solid tumours. The breast and prostate cancer 
are responsible for more than 80% of cases of 
bone metastases, but also haematopoietic malig-
nancies, such as multiple myeloma, or sarcomas 
may develop bone metastases.

Bone metastases are often characterized as 
osteolytic, as in breast cancer, or osteoblastic, as 
in prostate cancer. Although each bone segment 
may be involved, the thoracic spine is the most 
frequently involved site, followed by the cervical 
and lumbosacral spine.

Pain is the most common symptom of bone 
metastases related to pathological fractures, 
microfractures or interruption of the cortical 
bone; more rarely it is secondary to mechanical 
disturbances due to deformities.

C. D. Rocca, M.D. (*)
Department of Medical-Surgical Sciences and 
Biotechnologies, Sapienza University of Rome, 
Azienda Ospedaliera Universitaria Policlinico 
Umberto I, Rome, Italy
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Pathological fracture occurs in the absence of 
a mechanical stress sufficient to interrupt the 
continuity of the bone segment, but it is caused 
by pre-existing bone structural modifications, 
such as the presence of metastases.

The interest in the study of bone metastases is 
not only due to the high prevalence of these 
lesions in cancer patients but also because it is a 
model to study the interaction of tumour cells and 
the associate marrow stromal cells. Indeed, bone 
metastases represent the first good example of the 
importance of the microenvironment in meta-
static spread.

The biological affinity of cancer cells for the 
bone is due to the high vascularization of the 
bone marrow; moreover the bone microenviron-
ment produces factors that promote the survival 
and the proliferation of cells.

The metastatic cancer cells migrate to the bone 
marrow across the sinusoidal wall and proliferate 
and stimulate bone turnover with the development 
of osteolytic or osteoblastic lesions. These two 
radiological aspects of metastases represent the 
two extremes of the abnormal regulation of physi-
ological processes involved in bone remodelling.

Under physiological conditions, the bone 
homeostasis requires a continuous bone remodel-
ling to adjust its resistance according to the load 
to which it is subjected and to remodel its form 
according to mechanical stress, depositing new 
organic matrix and removing the worn part.

This balance between bone regeneration and 
degradation is guaranteed by the coupled action 
of osteoblasts and osteoclasts. Osteoblasts are 
involved directly in remodelling, secreting 
organic matrix components and adjusting the 
deposition of minerals. When the osteoblasts 
become trapped in the matrix and transform in 
osteocytes unable to proliferate, the bone forma-
tion is interrupted.

Osteoclasts are the major actors in bone 
resorption; they form an extracellular bone com-
partment where pouring hydrochloric acid, pro-
teolytic enzymes and other proteins is required 
for the acidic digestion of the organic and inor-
ganic bone matrix. Osteoblasts secrete lysosomal 
enzymes that degrade the calcium ions, collagen 
fibres, glycoproteins and proteoglycans. The 

action of the osteoblasts and osteoclasts depends 
on the systemic factors including hormones and 
cytokines that promote their proliferation and 
modulate their actions.

All types of bone metastases, characterized as 
osteolytic, osteoblastic or mixed, are due to 
osteoclast activation, and this is associated with 
increased serum biochemical markers of bone 
remodelling, such as pyridinoline (PYD) that 
reflects the degradation of mature collagens or 
bone-specific alkaline phosphatase (BALP) that 
is associated to bone formation.

Several studies have been performed to assess 
the utility of markers of bone turnover to evaluate 
bone metastases [1, 2] or to monitor anticancer 
treatment response [1, 3, 4], as well as to predict 
bone complications. However, the clinical prac-
tice guidelines do not recommend the use of bone 
turnover markers to understand the clinical data 
and the treatment response in metastatic patients 
[5–7].

1.2  Bone Turnover 
and Metastasis

The bone remodelling is the process whereby 
microscopic mature bone tissue is reabsorbed 
and equivalent new bone tissue is formed. The 
process takes place at the BMU (bone multicel-
lular units) level. The BMU are temporary micro-
anatomic structures with resorption of old bone 
by osteoclasts and by a reconstruction phase, 
with osteoblasts activity. The two phases are in 
equilibrium, and the more bone is reabsorbed, the 
more it will be formed. For a long time it has 
been believed that osteocytes were only viewer of 
this important process, but now it’s well known 
that they play an important role in bone turnover 
control and regulation. Dendritic shape is a char-
acteristic of osteocytes, and the dendrites are lon-
ger and more abundant in mineralized matrix 
close to the bone surface; moreover the number 
of osteocyte dendrites is inversely proportional to 
the cell size and activity. In the transformation of 
the active osteoblast in the corresponding osteo-
cyte, dendrite proliferation is directly related to 
osteocyte maturation.

C. D. Rocca and C. Di Cristofano
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The network formed by osteocytes with their 
dendritic extensions allows to control, through 
chemical mediators, bone formation and resorp-
tion and haematopoiesis [8]. In this model, osteo-
cytes “feel” the load variations in the bone and, for 
a sort of piezoelectric stimulus, begin to produce 
some factors, such as the sclerostin, that stimulate 
osteoblasts and osteoclasts to adapt bone microar-
chitecture to mechanical variations [9, 10].

Sclerostin is a protein expressed mainly by 
mature osteocytes (Fig. 1.1), but is not expressed 
in osteoblasts, and it has an inhibitory activity on 
Wnt-β-catenin pathway [11]. The β-catenin is 
involved in many processes; it plays a key role in 
cytoskeleton and intercellular junction stabiliza-
tion. Moreover, when Wnt ligand interacts with 
the cell surface Frizzled receptor, the β-catenin is 
not degraded by proteasome, but it enters into the 
nucleus and acts as a nuclear transcription factor, 
leading to activation of genes involved in Wnt 

pathway. In the bone the Wnt-β-catenin signal-
ling promotes the maturation of osteoblasts and 
the survival of osteocytes and indirectly inhibits 
osteoclastogenesis by inducing the expression of 
OPG by osteocytes.

In osteoclast precursors, osteoclastogenesis is 
a process linked to the activation of the nuclear 
receptor NF-kB (RANK, receptor activator of 
nuclear factor-kB) induced by interaction with its 
ligand, the RANK-L protein (ligand of receptor 
activator of nuclear factor-kB), produced by 
osteocytes [12]. However, the osteocytes also 
produce the osteoprotegerin (OPG) protein 
(Fig. 1.1) that by binding to RANK-L inhibits the 
interaction with RANK and consequently osteo-
clast differentiation. In bone tissue microenviron-
ment, the RANK-L and OPG ratio is a key factor 
in the differentiation of osteoclasts and so in bone 
resorption [13, 14].

All these actions are summarized in Fig. 1.2.

a b

c d

Fig. 1.1 (a HE 20X; b SOST 20X; c OPG 20X; d RANKL 20X) Sclerostin (b) and OPG (c) are clearly expressed in 
mature osteocytes, while RANKL (d) is only occasionally seen in the same cells

1 Pathology of Bone Metastasis
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During the development of metastasis, the 
malignant cells undergo genetic and epigenetic 
alterations that allow it to move away from the 
primary tumour site in order to enter into the 
bloodstream and eventually develop a secondary 
tumour at the other site. The molecular mecha-
nisms related to the development of metastases 
and to the spread of circulating tumour cells 
(CTC) are not yet completely understood.

Through the vessels, the CTC arrive in highly 
vascularized bone marrow, and through the inter-
action with the haematopoietic cells and stromal 
microenvironment, they contribute to their sur-
vival. Metastatic tumour cells stimulate the oste-
olysis and/or proliferation of osteoblasts with bone 
formation. Such bone remodelling stimulus acts 
on the osteocytes leading to the release of several 
growth factors that promote the proliferation of 
stromal, haematopoietic and neoplastic cells.

Metastatic cancer cells, moreover, produce 
metalloproteases (MMPs) that degrade the matrix 
(type I collagen), and this stimulates the osteo-
cytes to produce other factors, such as the scleros-
tin, that activate bone remodelling in a vicious 
circle (Fig. 1.3).

Initially, it was thought that only osteoblasts 
and osteoclasts were directly activated by meta-

static cancer cells, but to date it has been shown 
that osteocytes also are involved in bone turnover 
induced by cancer cell through the Wnt pathway 
and sclerostin secretion [15, 16]. Moreover sev-
eral studies suggested that osteocytes not only 
play a key role in the regulation of bone marrow 
microenvironment [17–20] but also are involved 
in the proliferation of metastatic tumour cells 
[21, 22] through the production of cytokines and 
growth factors (Fig. 1.4).

1.2.1  Diagnosis of Bone Metastasis

Metastases are the most common type of second-
ary bone malignant tumour. Any malignant tumour 
can give rise to bone metastases [23–27]. In 
25–30% of cases, the bone lesions may be the first 
manifestation of malignancy [27–29]. In the latest 
years, new technologies allowed an early detection 
of metastasis and helped to identify primary tumour 
site through imaging techniques and tumour 
marker identification [23, 27, 28, 30, 31]. Usually, 
histological examinations are not performed on 
bone metastasis of known origin. However, this 
was used to define prognostic and/or predictive 
markers for target cancer therapy (Fig. 1.5).
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pre-osteoclast

RANKL

OPG

osteoclast
mature osteoblast

lining
cells

osteoid
frizzeled receptor

RANKL ligand ofreceptor
activetor of nuclear factor-KB
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nuclear factor-KB

OPG osteoprotegerin
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Wnt-βWnt-β

Wnt-β
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old bone
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pre-osteoblast

SOST
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Fig. 1.3 (HE 20X) The 
intimate relationship 
between this bony 
trabecula resorption and 
metastatic cancer cells 
strongly suggests a 
crosstalk between bone 
cells and tumour cells 
involved in remodelling

Fig. 1.4 (HE 10X) This 
metastatic squamous 
carcinoma grows up in 
marrow spaces 
permeating the bony 
trabeculae. Cytokines 
and growth factors are 
certainly involved in 
such extensive invasion 
without important bone 
destruction

Fig. 1.5 (Left HE 20X, right Her2 40) This bone metastatic breast carcinoma is tested for Her2 expression as a predic-
tive and prognostic indicator

1 Pathology of Bone Metastasis
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At the time of diagnosis, in 10–30% of patients 
with bone metastases, the primary tumour is not 
identified [24, 31–35]; despite clinical history, 
physical examinations and routine laboratory or 
imaging exams, the site of the primary tumour is 
not detected [35]. Therefore, in these cases the 
histologic findings derived from bone biopsy 
could be diagnostic (Fig. 1.6).

Sometimes, a metastatic bone lesion could have 
such a histological appearance of undifferentiated 
tumours not to allow a precise pathological classi-
fication using haematoxylin-eosin stain. Therefore, 
using the immunohistochemistry method (IHC) 
with labelled antibodies, it is possible to identify 

the immunophenotype of metastatic cells and to 
determine the origin of primary tumour [34, 36].

For example, oestrogen receptor, progesterone 
receptor and gross cystic disease fluid protein 
(GCDFP) are positive in breast carcinoma 
(Fig. 1.7), thyroid transcription factor-1 (TTF-1) 
in lung carcinoma, prostate-specific antigen 
(PSA) in prostatic carcinoma, renal cell carci-
noma marker (RCCMA) and CD10 in renal car-
cinoma and thyroglobulin in thyroid carcinoma 
[37]. A simplified correspondence among immu-
nohistochemical markers and possible primary 
tumour in bone metastasis of unknown origin is 
reported in Table 1.1 [38].

Fig. 1.6 (HE 20X) 
Peculiar morphology in 
this case of metastatic 
follicular thyroid 
carcinoma allows an 
easy diagnosis of the 
primary location to be 
performed

Fig. 1.7 (Oestrogen 
20X) 
Immunohistochemical 
detection of the presence 
of oestrogen receptors in 
this bone metastatic 
breast carcinoma allows 
a diagnosis of the 
primary location to be 
supposed

C. D. Rocca and C. Di Cristofano
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Bone-Modifying Agents 
and Anticancer Agents with Bone 
Effects
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Abstract
Bone metastases are virtually incurable result-
ing in significant disease morbidity, reduced 
quality of life, and mortality. Bone provides a 
unique microenvironment whose local inter-
actions with tumor cells offer novel targets for 
therapeutic interventions. Increased under-
standing of the pathogenesis of bone disease 
has led to the discovery and clinical utility of 
bone-targeted agents other than bisphospho-
nates and denosumab, currently the standard 
of care in this setting.

In this chapter, we present the recent 
advances in molecular-targeted therapies 
focusing on therapies that inhibit bone resorp-
tion and/or stimulate bone formation and 
novel antitumor agents that exert significant 
effects on skeletal metastases, nowadays 
available in clinical practice or in phase of 
development.

2.1  Biological Background: 
The Bone Niche

Bone, particularly trabecular bone, is one of the 
most preferential metastatic target sites for malig-
nancies such as breast, prostate, and lung can-
cers. Bone metastases are associated with a 
reduced quality of life and an increased risk of 
complications arising from bone weakness or 
deregulated calcium homeostasis. These compli-
cations (such as pathological fractures, spinal 
cord compression, or radiation, or surgery to the 
bone) are collectively defined as skeletal-related 
events (SREs). Additionally, the patient with 
metastatic bone disease frequently experiences 
significant pain that may be difficult to treat.

Depending on their radiographic appearance, 
bone metastases can be predominantly osteolytic, 
involving bone destruction, or osteoblastic char-
acterized by large amounts of newly deposed 
woven bone. The lesion phenotype reflects the 
local interaction between tumor cells and the 
bone remodeling system [1–3].

Cross talk between tumor and bone cells, both 
through direct cell-cell contact and through solu-
ble factors, is considered critical for the develop-
ment and progression of bone metastases. 
Although tumor cells secrete proteolytic enzymes 
and can directly destroy bone matrix in vitro, the 
main mediators of bone destruction within a met-
astatic lesion are the osteoclasts (OCLs) [4]. 
Osteolysis activity causes the release of growth 
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factors, stored in the bone matrix, into tumor 
microenvironment. These factors stimulate the 
growth of tumor cells and alter their phenotype, 
thus promoting a vicious cycle of metastasis and 
bone pathology. Physical factors within the bone 
microenvironment, including low oxygen levels, 
acid pH, and high extracellular calcium concen-
trations, may also enhance tumor growth [5]. 
Furthermore, there is evidence that osteolytic 
lesions are linked not only with increased OCL 
activity but also with impaired osteoblast (OBL) 
differentiation, activity [6, 7], and apoptosis [8]. 
OBL metastases are characterized by a higher 
OBL proliferation and bone matrix deposition 
associated with an increased OCL activity [9, 
10]. The net result is a raise of OBL proliferation 
and differentiation that increases the deposition 
of abnormal, woven bone.

Anatomically, the bone areas most frequently 
colonized by disseminated tumor cells (DTCs) 
are the axial skeleton, including the spine, ribs, 
and pelvic bones. Bone stromal cells, such as 
osteoblasts, osteoclasts, mesenchymal stem/stro-
mal cells (MSCs), endothelial cells, macro-
phages, neutrophils, lymphocytes, and 
hematopoietic stem/progenitor cells (HSPCs), 
have been shown to either expedite or impede the 
progression of cancer cell metastases [11, 12]. 
Furthermore, a series of trophic factors, cyto-
kines, and chemokines serve as bone stroma-
derived mediators that play critical roles in 
building the specialized bone metastatic niche. 
Of these known regulators, CX-chemokine ligand 
12 (CXCL12), integrins, osteopontin (OPN), vas-
cular cell adhesion molecule-1 (VCAM-1), trans-
forming growth factor beta (TGF-β), Jagged 1, 
and the receptor activator of nuclear factor kappa-
B ligand (RANKL) display the greatest influence 
in specifying the metastatic niche. Taken together, 
these bone marrow (BM) niche cells and factors 
constitute a finely organized network that pro-
motes DTC homing, seeding, hibernation, and 
proliferation while facilitating the progressive 
breakdown of normal hematopoiesis and osteo-
genesis [5, 13, 14]. These tumor-stroma interac-
tions could lead to the development of effective 
therapeutic agents, such as osteoclast-targeting 
bisphosphonates and the monoclonal antibody, 

which inhibits activation of the receptor activator 
of nuclear factor kappa-B ligand (RANKL) deno-
sumab for controlling cancer-induced bone com-
plications [15].

In the last two decades, the bisphosphonates 
and denosumab, a monoclonal antibody that 
inhibits activation of the receptor activator of 
nuclear factor kappa-B ligand (RANKL), have 
become established as a valuable additional 
approach to the range of current treatments. 
Multiple randomized controlled trials have 
clearly demonstrated that they are effective in 
reducing skeletal morbidity from metastatic can-
cer [16]. Moreover, radiopharmaceuticals are 
other interesting agents targeting bone metasta-
ses able to improve overall survival in patients 
with prostate cancer bone metastases. Finally, 
several molecules that are already approved as 
anticancer agents (such as antiandrogens, mTOR 
inhibitors, and c-Met inhibitors) are now in clini-
cal evaluation for their potential beneficial effects 
on bone metabolism.

2.2  Bisphosphonates

Bisphosphonates are well established as success-
ful agents for the management of osteoporosis as 
well as bone metastases in patients with solid 
cancer and multiple myeloma [17].

Bisphosphonates are analogues of pyrophos-
phate with a strong affinity for divalent metal 
ions, such as calcium ions, and for the skeleton. 
Indeed bisphosphonates are incorporated into the 
bone matrix by binding to exposed hydroxyapa-
tite crystals that provide a barrier to osteoclast-
mediated bone resorption and have direct 
inhibitory effects on osteoblasts. In particular, 
bisphosphonates are embedded in bone at active 
remodeling sites, released in the acidic environ-
ment of the resorption lacunae under active 
osteoclasts and are taken up by them. There are 
two classes of bisphosphonates, nonnitrogen-
containing and nitrogen-containing bisphos-
phonates (N-BPs). The nitrogen-containing 
biphosphonates (alendronic, ibandronic, pami-
dronic, risedronic, and zoledronic acid) are 
more potent osteoclast inhibitors than 

D. Santini et al.



15

 nonnitrogen-containing bisphosphonates (e.g., 
clodronic, etidronic, and tiludronic acid) [18]. 
Moreover, nitrogen-containing bisphosphonates 
inhibit farnesyl pyrophosphatase, an enzyme 
responsible for the prenylation of GTPases that 
are essential for osteoclast function, structural 
integrity, and the prevention of apoptosis [18–
20]. The inhibition of farnesyl pyrophosphatase 
also results in the accumulation of isopentenyl 
diphosphate that is incorporated into a cytotoxic 
nucleotide metabolite, ApppI [19]. Therefore, 
bisphosphonates affect osteoclast differentiation 
and maturation and thereby act as potent inhibi-
tors of bone resorption. Preclinical evidence 
demonstrated that bisphosphonates do not affect 
only the bone microenvironment but have also a 
direct effect on macrophages, gamma delta T 
cells, osteoblasts, and cancer cells showing anti-
tumor and/or antiangiogenic effects [21].

Strong evidence supports the role of bisphos-
phonates in the treatment of advanced breast can-
cer. A Cochrane Collaboration systematic review 
and meta-analysis of nine studies, which included 
2806 patients, demonstrated that bisphospho-
nates decreased the SRE rate by 15% compared 
with placebo in women with breast cancer who 
had bone metastasis [22]. All bisphosphonates 
were effective (clodronic, pamidronic, iban-
dronic, and zoledronic acid) and reduced SREs 
by 20–40%, depending on the agent [20, 23–29]. 
The Cochrane Collaboration meta-analysis did 
not show an overall survival benefit for the use of 
bisphosphonates in women with breast cancer 
and bone metastasis. In addition, the review did 
not show consistent improvement in global qual-
ity of life or improvement in bone pain associated 
with bisphosphonate therapy. In a large random-
ized controlled trial that included more than 1000 
patients, the effectiveness of zoledronic acid was 
compared with that of denosumab. This study 
showed the superiority of denosumab in delaying 
the time-to-first SRE and time-to-subsequent 
SREs [30]. However, overall survival, disease 
progression, and rate of adverse events were sim-
ilar between the groups. Only a very modest 
improvement in health-related quality of life was 
noted, favoring the use of denosumab [31]. The 
National Comprehensive Cancer Network 

(NCCN), the American Society of Clinical 
Oncology (ASCO), and the European Society of 
Medical Oncology (ESMO) are consistent in rec-
ommending either zoledronic acid or denosumab 
[32–34].

Currently zoledronic acid is also used in men 
with bone metastatic prostate cancer that has pro-
gressed after initial hormone therapy. In this set-
ting zoledronic acid reduced the frequency of 
SREs, prolonged median time-to-develop SREs, 
and decreased pain and analgesic scores [35, 36]. 
Moreover, zoledronic acid efficacy in preventing 
bone fractures was demonstrated in patients with 
high grade and/or locally advanced, nonmeta-
static prostate adenocarcinoma receiving lutein-
izing hormone-releasing hormone (LHRH) 
agonist and radiotherapy (RT) [37].

Currently, the key question is: what is the role 
of zoledronic acid in hormone-sensitive prostate 
cancer? In the STAMPEDE trial, the addition of 
zoledronic acid to docetaxel did not improve sur-
vival outcomes or delay the SRE incidence [38]. 
In the CALGB/ALLIANCE 90202 study com-
paring early treatment in hormone-sensitive pros-
tate cancer versus delayed treatment in 
castration-resistant prostate cancer (CRPC), no 
difference in SRE-free survival and no change in 
survival outcomes were noted. Thus, zoledronic 
acid did not improve SRE in hormone-sensitive 
disease (median time-to-first SRE was 
31.9  months in the zoledronic acid group and 
29.8 months in the placebo group) but showed, as 
previously described, benefit in SRE in castra-
tion-resistant disease [39].

2.3  Denosumab

The development and approval of denosumab, a 
fully monoclonal antibody against RANKL, have 
heralded a new era in the treatment of bone dis-
eases by providing a potent, targeted, and revers-
ible inhibitor of bone resorption.

The RANKL/RANK/OPG are members of the 
TNF and TNF-receptor superfamily and act as 
essential mediators of OCL formation, function, 
and survival. In particular, RANKL in normal pro-
cess is secreted by OBLs and binds to its receptor 
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RANK, expressed by OCL precursors and mature 
OCLs stimulating bone resorption activity; at con-
trast osteoprotegerin (OPG), the decoy receptor 
for RANKL, prevents OCL activation [40]. 
Moreover, RANKL acts as a key paracrine effector 
for the mitogenic action of progesterone in mouse 
mammary epithelium and modulating estrogen-
dependent expansion and regenerative potential of 
mammary stem cells [41, 42], mechanisms known 
to be important for mammary tumorigenesis. 
Murine in  vivo models showed RANKL as a 
potent chemoattractant in tumors and supports the 
pro-migratory activity of RANK-expressing breast 
and prostate cancer cell lines; moreover in an 
in vivo melanoma model of bone metastases, the 
inhibition of RANKL results in a reduction of 
bone lesions and tumor burden [43]. RANKL is 
also expressed in some cancer cells, while in other 
case, cell-to-cell contact of tumor cells with OBLs 
enhances its expression; this contextually pro-
motes the entry of cancer cells into the vicious 
cycle where the interaction with RANK-expressing 
OCLs stimulate their activation [43].

Recently evidences suggest an important role 
for RANKL/RANK in the immune system 
including in lymph node development, lympho-
cyte differentiation, dendritic cell survival, and 
T-cell activation and tolerance induction 
[44–46].

Denosumab was developed for the treatment 
of osteoporosis, cancer treatment-induced bone 
loss, bone metastases, and other skeletal patholo-
gies mediated by OCLs. Denosumab showed 
superiority to zoledronic acid in delaying time-
to-first SRE and time-to-first-and-subsequent 
SRE in bone metastatic breast cancer patients, as 
previously described [30]. In a castration-resis-
tant prostate cancer patient population presenting 
bone metastases, the median time-to-first on-
study SRE for the denosumab arm was signifi-
cantly prolonged (21  months) compared to the 
zoledronic acid ones (17  months) with no 
improvements in the overall survival or progres-
sion of disease [47]. Another trial enrolled 1776 
patients with myeloma-induced osteolysis and 
solid tumors other than breast and prostate can-
cers [48]. The results showed a median time-to-
first on-study SRE of 21 months in the denosumab 
group and 16 months in the arm receiving zole-

dronic acid demonstrating a non-inferiority for 
denosumab versus zoledronic acid but neither a 
superiority after adjustment for multiple com-
parisons nor an advantage in the overall survival 
of denosumab over zoledronic acid.

Nevertheless, a post hoc analysis of these 
three phase III trials in patients with breast cancer 
[30], prostate cancer [47], or other solid tumors 
[48] (excluding multiple myeloma patients) 
showed that denosumab was superior to zole-
dronic acid in preventing SREs in patients with 
bone metastases, regardless of ECOG perfor-
mance status, bone metastasis number, baseline 
visceral metastasis presence/absence, and urine 
N-telopeptide (uNTX) level [49].

In another phase III trial, 1432 men with non-
metastatic castration-resistant prostate cancer 
were randomly assigned to denosumab or pla-
cebo. Denosumab increased the time-to-develop-
ment of first bone metastasis by a median of 
4.2 months compared with placebo, in a popula-
tion of men deemed to be at a high risk for the 
development of metastatic disease. No difference 
in the overall survival (OS) was noted [50].

2.4  Antiandrogen Agents

Recent advances demonstrated that androgen-
based pathways continue to have a clinically sig-
nificant role in the progression of castrate-resistant 
prostate cancer (CRPC). In addition to androgen 
production by the adrenal gland and the testis, 
several enzymes involved in the synthesis of tes-
tosterone and dihydrotestosterone, including 
cytochrome P450 17 alpha hydroxysteroid dehy-
drogenase (CYP17), are highly expressed in 
tumor tissue [51].

Persistent androgen signaling is a validated 
therapeutic target in metastatic CRPC (mCRPC). 
Preclinical and clinical findings confirm that 
transition from endocrine-dependent to intracrine 
androgen signaling progression is a milestone in 
the lethal progression of prostate cancer and 
resistance to standard androgen deprivation ther-
apy [52, 53]. Moreover, over the course of 
mCRPC progression, androgen receptor (AR) 
changes ensue. These include overexpression, 
mutation, alternative splicing, posttranslational 
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modifications, or interactions with other path-
ways (nonclassical AR signaling) [54, 55].

Randomized trials that led to regulatory 
approval of CYP17 inhibitor, abiraterone acetate, 
and antiandrogen, enzalutamide, in mCRPC have 
also demonstrated that these drugs decreased the 
time-to-first SRE onset and radiological skeletal 
progression [56–60].

2.4.1  Abiraterone

Abiraterone acetate is an orally administered 
selective androgen biosynthesis inhibitor derived 
from the structure of pregnenolone. It potently 
and irreversibly inhibits both the hydroxylase and 
lyase activity of CYP17A with approximately 
10–30-fold greater potency than ketoconazole 
[61] resulting in virtually undetectable serum and 
intratumoral androgen production in the adre-
nals, testes, and prostate cancer cells [62, 63]. 
Because adrenal inhibition of CYP17A results in 
blockade of glucocorticoid as well as adrenal 
androgen synthesis, abiraterone is co-adminis-
tered with prednisone to ameliorate the second-
ary rise in adrenocorticotropic hormone (ACTH) 
that can lead to excess mineralocorticoid synthe-
sis [64].

In phase III studies in mCRPC patients, it was 
demonstrated that abiraterone treatment is associ-
ated not only with a significant survival advantage 
in both chemotherapy-treated [64] and chemo-
therapy-naive patients [65] but also with a better 
pain control from skeletal metastases, a delay in 
time-to-develop SREs and in radiological skeletal 
progression in chemotherapy-treated patients. In 
this group, 25% of patients developed a skeletal 
event in 9.9 months when treated with abiraterone 
and 4.9 months with placebo, and the time-to-first 
SRE was 25.0 months with abiraterone compared 
to 20.3 months with placebo [64]. The benefits of 
abiraterone on metastatic bone disease may be not 
only secondary to a systemic control of the dis-
ease due to a direct antitumor effect but also due 
to a specific effect on bone microenvironment. 
Indeed, recently direct bone anabolic and an anti-
resorptive effect of abiraterone both in vitro and in 
mCRPC patients was found. In particular, abi-
raterone was found to be able to specifically mod-

ulate OCLs and OBLs leading to direct anabolic 
and anti-resorptive effects both in the presence 
and absence of steroids, suggesting a noncanoni-
cal mechanism of action that seems to be, at least 
in part, androgen-independent [65].

2.4.2  Enzalutamide

Another promising oral AR inhibitor that targets 
multiple steps in the AR signaling pathway is 
enzalutamide. In the randomized phase III 
AFFIRM study, significant improvements in sur-
vival versus placebo were observed when enzalu-
tamide was used as a treatment for patients with 
mCRPC following prior treatment with docetaxel. 
Additional benefits included significant delay in 
time-to-first SREs and improvement in several 
measures of pain and health-related quality of life 
[60]. Furthermore, in the phase III PREVAIL 
study evaluating enzalutamide versus placebo in 
patients with mCRPC, who had not received che-
motherapy, the antiandrogen significantly 
decreased the risk of radiographic progression and 
death. There were also significant improvements 
in all secondary and prespecified exploratory end-
points, including delayed initiation of chemother-
apy and a high percentage of patients with 
objective response compared with placebo [66]. 
Moreover, median time-to-first skeletal-related 
event was longer in the enzalutamide group than in 
the placebo group. Finally, treatment with enzalu-
tamide was associated with a reduction in the risk 
of a first skeletal-related event, which was not 
dependent on bisphosphonate or denosumab use at 
baseline [67]. Ongoing and planned trials will help 
further define the optimal use of both abiraterone 
acetate and enzalutamide in the treatment of meta-
static prostate cancer.

2.5  mTOR Inhibitors

Preclinical analyses show that mTOR pathway is 
involved in bone remodeling [68–74]. These 
effects are likely exerted via signal transduction 
by cytokines through the mTOR pathway, which 
decreases osteoclast apoptosis and promotes 
osteoclast survival [69, 70]. One cytokine pathway 
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influenced by mTOR that is critical for osteoclast 
growth and differentiation is the RANK/osteo-
protegerin pathway [69, 70, 75]. Notably, down-
regulating mTOR via suppression of mTOR 
phosphorylation in the ST2 bone marrow-derived 
stromal cell line led to upregulation of osteopro-
tegerin [72].

Other factors that reflect osteoclast activity 
may also be influenced by mTOR inhibition 
including cathepsin K, the main osteoclast-
derived protease responsible for digesting colla-
gen type I in the bone [71]. Cathepsin K mRNA 
expression and protein levels in human osteo-
clasts decreased substantially after treatment 
with everolimus, an inhibitor of mTOR signaling 
[71]. Moreover, a study in bone marrow cells of 
cultured rabbit demonstrated that treatment with 
the mTOR inhibitor rapamycin decreased pro-
duction of CTX, a bone resorption marker [69]. 
Finally, inhibiting mTOR in mice decreased 
osteoclast maturation and increased osteoclast 
apoptosis [69], suggesting that blocking the 
mTOR pathway may lead to a protective effect on 
the bone.

The phase III study BOLERO-2 showed a sta-
tistically significant benefit in progression-free 
survival (PFS) adding everolimus to nonsteroidal 
aromatase inhibitor therapy in postmenopausal 
women with estrogen receptor-positive breast 
cancer progressing despite nonsteroidal aroma-
tase inhibitor therapy [74]. Moreover an explor-
atory analyses in this trial evaluating the effect of 
everolimus on bone marker levels and bone dis-
ease progression showed a significant decrease of 
bone marker level at 6  months and 12  months 
from baseline and a reduction in bone disease 
progression in the combination arm (everolimus 
plus exemestane) [75]. As demonstrated by Gnant 
et  al. [75], differences in the incidence of bone 
disease progression became evident between the 
treatment arms by week 12, with a lower cumula-
tive incidence rate of bone disease progression 
for the combination arm (3.5%) versus the 
exemestane-only arm (6.6%) in the overall popu-
lation. Bone disease progression remained nearly 
twofold lower in the combination arm versus the 
exemestane-only arm through week 30 (8.1% vs 

15.0%, respectively), and similar trends contin-
ued beyond 30  weeks [75]. The influence of 
bisphosphonate use on bone marker level changes 
was also examined in both treatment arms. At 
12 weeks, bone marker levels were lower in the 
combination arm versus the exemestane-only 
arm and differences in changes from baseline 
to week 12 between treatment arms at this 
timepoint were larger in patients who received 
baseline bisphosphonates versus those who did 
not [75].

In a double-blind, placebo-controlled, phase 
II, randomized discontinuation study (RADAR) 
in breast cancer patients with HER2-negative 
breast cancer patients with bone metastases only, 
patients were randomized to everolimus-continu-
ation or placebo, after being stable on 8 weeks of 
everolimus. Time to progression in patients with 
everolimus-continuation was 37.0 versus 
12.6 weeks (95% CI 7.1–17.9) with placebo sug-
gesting that patients with bone metastases only 
may retrieve long-term benefit from everolimus 
if they do not progress within 8 weeks of treat-
ment [76].

Finally, in an ongoing phase II study, symp-
tomatic skeletal event-free survival (SSE-FS) are 
evaluated in metastatic breast cancer patients 
treated with radium-223 dichloride in combina-
tion with exemestane and everolimus versus pla-
cebo in combination with exemestane and 
everolimus (NCT02258451).

These evidences from phase III clinical trial 
suggest that mTOR inhibition in combination 
with exemestane may have a beneficial effect on 
bone health in patients with bone metastases, 
reducing the incidence of bone metastases mor-
bidity and mortality.

2.6  Radiopharmaceutical

Radiopharmaceuticals are other interesting agents 
targeting bone metastases; several studies showed 
how beta-emitting radiopharmaceuticals allow 
bone pain relief in mCRPC patients due to their 
similarity to calcium, emitting radiation when they 
are taken up at the site of osteoblastic activity. 
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Strontium-89 and samarium-153 were the first 
radiopharmaceuticals approved for bone metasta-
ses pain relief in patients with mCRPC [77, 78]. 
Although these radiopharmaceuticals are useful 
tool for pain palliations, no study showed impact 
on the overall survival, but only one randomized 
control trial showed that strontium-89 after six 
cycles of docetaxel improved clinical progression-
free survival (CPFS) despite frequent hematologi-
cal adverse events [79], limiting their use only in 
symptomatic patients with multiple bone sites.

Radium-223 is an alpha emitter that differs 
from beta emitter agents since it delivers a highly 
localized radiation to bone surface, causing dou-
ble-stranded DNA breaks that lead to cell death, 
giving less irradiation to healthy bone marrow 
than beta emitters [80]. In particular it is a cal-
cium-mimetic molecule that forms complex with 
hydroxyapatite, which forms 50% of the bone 
matrix; their linking allows radium-223 to be 
incorporated to the bone matrix emitting alpha 
particle preserving the health of bone tissue and 
bone marrow and limiting distribution to soft tis-
sue [81].

Radium-223 was recently approved by FDA 
in men with symptomatic mCRPC with bone and 
no visceral metastases, presenting a significant 
impact on the overall survival in patients who 
progress with docetaxel or unfit to docetaxel. The 
rationale of its beneficial use as a bone target 
comes from several phase I and II trials that show 
safety and tolerability of Alpharadin, radium-223 
chloride in solution, in mCRPC patients, with 
significant effects on bone turnover markers such 
as bone alkaline phosphatase (bALP) and uNTX 
[82, 83]. These encouraging data allowed investi-
gators to conduct a randomized open-label, mul-
ticenter phase III trial evaluating the impact on 
the overall survival of radium-223  in mCRPC 
patients with bone metastases previously treated 
with docetaxel or unfit to receive docetaxel. This 
phase III trial was early stopped after preplanned 
efficacy interim analysis, since OS was signifi-
cantly improved in the radium-223 arms versus 
placebo control arm (median, 14.0 vs 
11.2  months), respectively; updated analyses in 
all 921 patients, performed before crossover from 

placebo to radium-223, showed a similar survival 
advantage for radium-223 treatment (median, 
14.9 vs 11.3 months) [84]. Moreover radium-223 
showed efficacy in all secondary end points 
including time-to-first symptomatic skeletal 
events (median, 15.6  months vs 9.8  months, 
respectively).

Furthermore, a prespecified subgroup analysis 
from this trial showed that radium-223 is effec-
tive and well tolerated irrespective of previous 
docetaxel use [85]. Starting from these promising 
results, new trials are under investigation to bet-
ter understand combination therapy with 
docetaxel and other new emergent therapies, such 
as abiraterone acetate, that will improve the over-
all survival in this subset of patients 
(NCT01106352 and NCT02097303). 
Furthermore, several studies are also under eval-
uation in order to better understand the potential 
role of Alpharadin in patients with other cancers 
that have the tendency to metastasize to the bone 
(e.g., lung cancer, NCT 02283749).

Finally, data exist to support the co-adminis-
tration of radium-223 with bisphosphonates. 
Indeed in ALSYMPCA, 41% of patients were on 
bisphosphonates at registration, and there was a 
clear delay in symptomatic skeletal events (SSEs) 
in these patients (19.6 vs 10.2 months). Although 
only a hypothesis-generating subset analysis, this 
observation suggests a possible positive interac-
tion between radium-223 and osteoclast-targeted 
agents [86].

2.7  Agents Targeting Dikkopf-1/
WNT Pathway

Dikkopf-1 (DKK1) is an inhibitory signal belong-
ing to the WNT pathway. It performs a critical 
role in the onset of osteolytic skeletal metastases. 
In this setting the inhibition of OBL activity has 
been linked to the production of this soluble pro-
tein by tumor cells. DKK1 produced by tumor 
cells (breast, prostate) induces osteolytic lesions 
in in vivo animal models and sustains the forma-
tion of osteolytic cancer metastases. In addition 
elevated DKK1 levels are observed in serum of 
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patients with multiple myelomas and in women 
with breast cancer metastatic to bone. Compelling 
evidences in humans and mice show that WNT 
signaling pathway increases bone mass stimulat-
ing, at least in part, OBL proliferation and activ-
ity. In particular WNT signaling acts by 
upregulating OPG and downregulating OBL 
RANKL expression [87] suggesting a mecha-
nism by which WNT indirectly regulates osteo-
clastogenesis. In this axis the role of DKK1 
inhibits OBL activity by blocking the action of 
WNT proteins on these cells [15]. Several data 
report that DKK1 promotes the formation of 
osteolytic metastases and may facilitate the con-
version of osteoblastic metastases into an osteo-
lytic phenotype. Preclinical data suggest that 
DKK1-neutralizing antibodies restored the bone 
mineral density (BMD) of the implanted myelo-
matous bone, increased the number of osteocal-
cin-expressing OBLs, and reduced the number of 
multinucleated tartrate-resistant acid phospha-
tase (TRAP)-expressing OCLs. Furthermore, the 
anti-DKK1-treated mice showed reduced tumor 
burden [15].

Treatment with a DKK-1-neutralizing anti-
body, BHQ880, resulted in increased osteoblast 
numbers and trabecular bone and inhibition of 
multiple myeloma cells growth in murine MM 
models [88]. This led to the evaluation of 
BHQ880 in a number of clinical trials of which 
the complete results have yet to be reported 
(NCT00741377, NCT01302886, and 
NCT01337752). The phase Ib trial showed that 
BHQ880  in combination with zoledronic acid 
and anti-myeloma therapy was well tolerated and 
demonstrated potential clinical activity in patients 
with relapsed/refractory multiple myeloma [89].

2.8  Agents Targeting c-MET/HGF 
Pathway

The receptor tyrosine kinase MET and its ligand 
hepatocyte growth factor (HGF) signaling path-
way promote stemness phenotype, tumor growth, 
invasion, and metastases in several malignancies. 
Prominent expression of MET has been observed 

in primary and metastatic prostate carcinomas; in 
particular, it has been demonstrated that bone 
metastases have higher levels of expression of 
MET oncogene compared with lymph node 
metastases or primary tumors [90, 91].

Furthermore it is known that both HGF and 
MET are expressed by OBLs and OCLs, medi-
ating cellular responses such as proliferation, 
migration, and differentiation. In OCLs, HGF 
and M-CSF signals, through tyrosine kinase 
receptors, lead to phosphorylation of common 
transducers and effectors such as Src, Grb2, 
and PI3-kinase. Additionally it has been dem-
onstrated that HGF is able to support mono-
cyte-OCL differentiation in the presence of 
RANKL as evidenced by the formation of 
numerous multinucleated TRAP and vitronec-
tin receptor-positive cells which formed F-actin 
rings and which were capable of lacunar 
resorption [92]. On the other hand, HGF acti-
vates many signaling cascades in human mes-
enchymal stem cells, including rapid 
phosphorylation of ERK, p38, and AKT/PI3K, 
promoting OBL differentiation [93]. Moreover 
c-Met activation increases osteopontin (OPN) 
expression in human OBLs via the PI3K, Akt, 
c-Src, c-Jun, and AP-1 signaling pathway [94]. 
Interestingly, OCLs are found to synthesize 
and secrete biologically active HGF.  These 
data strongly suggest the possibility of an auto-
crine regulation of the OCLs by HGF and a 
paracrine regulation of the OBLs by the HGF 
produced by the OCLs [95].

Cabozantinib (XL184) is an orally bioavail-
able tyrosine kinase inhibitor with potent activity 
against MET and VEGF receptor 2 (VEGFR2).

In a multicenter, phase II, nonrandomized 
expansion study of men with CRPC, bone metas-
tases, and disease progression despite docetaxel 
treatment, cabozantinib was associated with 
improvements in bone scans, patient-reported 
pain and analgesic use, measurable disease, 
CTCs, and bone biomarkers. The randomization 
was stopped because of these improvements in 
bone response, and a group of 31 patients had 
been randomly assigned. In this group, there was 
a marked improvement in the primary end point 
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of progression-free survival (PFS) in patients 
receiving cabozantinib compared with placebo 
(median, 23.9 vs 5.9  weeks, respectively) [96]. 
Anyway in a following phase III trial (COMET-
1), cabozantinib did not meet its primary end 
point of demonstrating a statistically significant 
increase in the overall survival (OS) compared to 
prednisone. COMET-1 yielded a median overall 
survival (OS) for men treated with cabozantinib 
of 11 months, compared with 9.8 months for the 
prednisone arm, which was not statically signifi-
cant [97]. However, cabozantinib was associated 
with an improvement in bone scan responses at 
week 12 (42% for cabozantinib vs 3% for predni-
sone), in progression-free survival (median of 
5.5 months in cabozantinib group vs 2.8 months 
in prednisone group), and with a reduction of 
skeletal-related event (SRE) rates (14% among 
patients on cabozantinib and 21% in patients on 
prednisone) [97]. Recently, a phase III study 
(METEOR) showed that cabozantinib reduced 
the risk of disease progression or death compared 
to everolimus in patients with metastatic renal 
cell carcinoma (RCC) [98]. Furthermore, in a 
prespecified analysis in the subgroup of patients 
with metastatic bone disease treated with cabo-
zantinib (23%), a marked prolongation of PFS 
was observed (7.4  months in the cabozantinib 
arm vs 2.7  months in the everolimus arm). 
Moreover, SRE, in men who showed previous 
events, was observed in 15 of 91 patients (16%) 
in the cabozantinib arm and in 31 of 90 patients 
(34%) in the everolimus arm [99, 100].

Our group has previously demonstrated that 
cabozantinib inhibits OCL functions “directly” 
and “indirectly,” reducing the RANKL/osteo-
protegerin ratio in OBLs [101]. In particular, 
cabozantinib significantly inhibited OCL differ-
entiation and bone resorption activity and down-
modulated the expression of osteoclast marker 
genes in primary human OCLs. Differently, 
cabozantinib treatment had no effect on osteo-
blast viability or differentiation but increased 
osteoprotegerin mRNA and protein levels and 
downmodulated receptor activator of nuclear fac-
tor kappa-B ligand (RANKL) at both mRNA and 
protein levels.

 Conclusions
Recent advances showed the important role 
played by adaptation of metastatic cells in the 
bone environment and the subsequent cross 
talk between tumor and host tissue, underlin-
ing their involvement in skeletal metastasis 
growth.

Despite the different approaches investi-
gated to target this cross talk, up to now, only 
denosumab and bisphosphonates demon-
strated to be a changing practice agent in 
delaying SRE.  Moreover translational evi-
dence seems to indicate some kind of efficacy 
of these compounds as direct anticancer 
agents. Anyway, currently, we are still far 
from fully understanding what really happens 
when disrupting the RANK/RANKL axis in 
the “real world,” and, at the same time, we do 
not know which patients could benefit from 
this approach over and above the effects of 
denosumab as an antiresorptive agent.

Radium-223 is the first radiopharmaceuti-
cal with an overall survival benefit approved 
for the palliation of pain in patients with pros-
tate cancer bone metastases. The significant 
efficacy in a hard-to-treat setting such as 
CRPC makes this compound worth of further 
exploration either in prostate cancer (hor-
mone-sensitive setting, combination with che-
motherapy or androgen deprivation therapy) 
or bone metastases from other solid tumors.

Recent interesting evidences demonstrated 
that antiandrogen molecules such as abi-
raterone and enzalutamide may simultane-
ously target prostate cancer cells and bone 
microenvironment. This could significantly 
influence future therapeutic approaches evalu-
ating the possibility to combine antiandrogen 
treatment with bone-modifying agents 
(bisphosphonates, denosumab) in order to 
achieve a better disease control and manage-
ment of prostate cancer bone metastases.

One of the most promising pathways, 
which deserves to be investigated more in 
detail, is mTOR signaling. Indeed the mecha-
nisms underlying the anabolic antiresorptive 
effects of mTOR inhibition remain unknown 
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as well as the biological elucidation of poten-
tial synergism with other bone target 
therapies.

Due to the extremely new mechanisms of 
the action of cabozantinib, it will be interest-
ing to design novel clinical trials in order to 
investigate the activity of cabozantinib on 
skeletal disease-related end points and its 
potential synergism with standard antiresorp-
tive agents in patients with bone metastatic 
solid tumors.

In the future, a more comprehensive under-
standing of the bone metastatic niche will 
facilitate the development of novel therapeutic 
strategies for preventing or curing otherwise 
fatal bone complications.
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Abstract
Improvement in the understanding of bone 
disease biology has led to the development of 
bone-targeted agents (BTAs). The most widely 
used BTAs are bisphosphonates, which are 
inhibitors of osteoclastogenesis and osteoclast 
activation, and the new bone-targeted therapy, 
which is denosumab, an inhibitor of receptor 
activator of nuclear factor kappa-B ligand 
(RANKL).

Breast cancer and prostate cancer represent 
the most common cancers with a high inci-
dence of bone metastasis in their disease clini-
cal course and in which there are several trials 
investigating bone health in adjuvant setting. 
Furthermore, it has become clear that the bone 
homeostasis is fundamental for the optimal 
management of breast cancer and prostate 
cancer at any stages, to prevent skeletal 
fractures.

The routine clinical use of BTAs in adju-
vant setting is still controversial, even though 
evidences showed that targeting bone-cell 
function can provide a potential additional 
approach to preventing systemic relapse as a 
component of standard adjuvant therapy.
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3.1  Introduction

The normal homeostasis of the bone is a dynamic 
and complex process involving a balance between 
osteolysis mediated by osteoclasts and osteogen-
esis induced by osteoblasts. The bone represents 
the most common site of metastasis in neoplastic 
disease, including breast and prostate cancer. 
These tumours are among the most frequent 
malignancies in which bone metastases can have 
a strong clinical impact, affecting quality of life 
and overall survival [1].

Alterations in the bone homeostasis and 
metabolism, due to the presence of cancer cells, 
lead to a disruption of bone integrity, which can 
result in skeletal morbidity, identifying the so-
called skeletal-related events (SREs): bone pain, 
pathological fractures, need for orthopaedic sur-
gery to prevent or repair major structural damage, 
spinal cord compression and hypercalcaemia [2].

In addition to the effects of cancer cells in the 
bone, there are relevant effects on bone health 
induced by cancer treatments. The cancer treat-
ment-induced bone loss (CTIBL) represents 
another bone condition caused by anti-tumoural 
agents, which is correlated to an increased bone 
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turnover, and risk of skeletal fractures. All of 
these conditions are related to a considerable mor-
bidity and negatively impact on patients’ quality 
of life, affecting also healthcare resources [3].

The introduction of bone-targeted therapies 
showed to improve the clinical outcomes of 
patients with bone metastases, with the aim to 
prevent skeletal complications and to relieve 
bone pain; moreover these agents can have a role 
in the early stages of the disease to preserve the 
bone health [1, 4].

In the adjuvant setting, the use of bone-tar-
geted therapies has the primary purpose to inhibit 
bone loss and to prevent adverse effects of cancer 
treatments on bone health. Ovarian suppression 
with luteinizing hormone-releasing hormone 
(LHRH) agonists and the use of aromatase inhib-
itors (AIs) in early breast cancer patients, as well 
as androgen deprivation therapy in high-risk 
prostate cancer patients, are the principal adju-
vant therapies that can affect bone health. 
Chemotherapy can also have a direct negative 
impact on bone health. Interestingly, some evi-
dences suggest that treatment with bone-targeted 
therapies can also prevent bone metastasis and 
also reduce recurrences outside the bone [5, 6].

In these recent years, it has become clear that 
the bone microenvironment plays an important 
role in the bone homeostasis and metastasization 
process. The improvement in the understanding 
of bone biology has led to the identification of the 
crosstalk between primitive and metastatic can-
cer cells, cellular components of the bone mar-
row microenvironment and bone matrix that 
appears to be critical for the development and 
progression of bone metastases [7].

In the bone microenvironment, there are sev-
eral factors with autocrine and paracrine actions 
that keep the balance between bone resorption 
and new bone formation, including transforming 
growth factors (TGFs), insulin-like growth fac-
tors (IGFs), platelet-derived growth factors 
(PDGFs), tumour necrosis factors (TNFs), inter-
leukins (ILs), receptor activator of nuclear factor 
kappa-B ligand (RANK-L), RANK receptor and 
osteoprotegerin. These factors can also act as 
growth tumour factors that can cause the interac-
tions between tumour cells and bone cells, identi-

fying a vicious cycle in which tumour cells 
stimulate the bone cells to cause both bone 
destruction and bone formation. As a conse-
quence, the bone microenvironment provides 
tumour cells with growth factors which cause 
tumour growth in bone.

In this scenario, the so-called pre-metastatic 
bone niche shows the unique characteristic to 
provide homing signals to cancer cells and to cre-
ate a specific microenvironment for the coloniza-
tion by the cancer cells [8–10].

Bone-targeted treatments, including bisphos-
phonates and denosumab, are indicated in the 
management of cancer patients in various set-
tings throughout the course of the disease, includ-
ing the adjuvant setting for the prevention of 
bone loss. They can interact with growth factors 
and cytokine signalling between tumour and 
bone cells, showing direct and indirect inhibitory 
effects on the vicious cycle [11].

Bisphosphonates are antiresorptive agents 
that inhibit specifically osteoclasts, blocking 
bone resorption and increasing of mineraliza-
tion. They are characterized by a chemical struc-
ture of analogues of pyrophosphate, with carbon 
replacing the central oxygen, which promotes 
their binding to the mineralized bone matrix [12, 
13]. There are two groups of bisphosphonates, 
non-nitrogen-containing and nitrogen-contain-
ing, which exhibit different effects on osteo-
clasts. The non-nitrogen-containing 
bisphosphonates are etidronate, clodronate and 
tiludronate, while the class of nitrogen-contain-
ing bisphosphonates, which are more potent 
osteoclast inhibitors, includes pamidronate, 
alendronate, ibandronate, risedronate and zole-
dronic acid.

The new bone-targeted therapy, represented 
by denosumab, is a fully human monoclonal anti-
body that specifically inhibits receptor activator 
of nuclear factor kappa-B ligand (RANKL) and 
has been demonstrated to inhibit bone destruc-
tion mediated by osteoclasts [14, 15]. RANK-L 
is a TNF member that is expressed by osteoblasts 
and is released by activated T cells. The activity 
of RANK-L is correlated by osteoprotegerin 
(OPG), another TNF family member that binds 
and subsequently prevents activation of its receptor, 

T. Ibrahim and F. Recine



29

RANK. When RANK binds to RANK-L, there is 
an osteoclast formation, activation and survival, 
stimulating the bone resorption. Denosumab 
received the approval by the Food and Drug 
Administration (FDA) in November 2010 for the 
prevention of SREs in patients with bone metas-
tases from solid tumours, including those from 
prostate cancer.

Preclinical models suggest a potential anti-
tumoural activity of bone-targeted therapy, with 
direct and indirect effects. The direct anticancer 
activity consists in the inhibition of tumour cell 
growth, induction of tumour cell apoptosis and 
synergistic action with anti-tumoural treatments. 
The indirect anticancer effect includes the inhibi-
tion of tumour migration, invasion and metasta-
sis, but also the inhibition of angiogenesis, the 
stimulation of immune surveillance and the sup-
pression of growth factors produced by the bone 
[16–19].

Despite a lack of regulatory approval in most 
healthcare systems, the routine use of bisphos-
phonate as part of adjuvant therapy is consider-
ably increasing. Current guidelines underline the 
importance of bone health to prevent skeletal 
fractures in patients with early-stage breast can-
cer in treatment with AIs or ovarian suppression 
and men with prostate cancer receiving ADT and 
suggest the use of bone-targeted therapy to 
improve clinical outcomes in these cancer popu-
lations [20–24].

3.2  The Role of Bone-Targeted 
Therapy on Early-Stage 
Breast Cancer

Breast cancer is the most frequently diagnosed 
cancer in women, and it is the second major cause 
of cancer-related death [25]. Breast cancer com-
monly spreads to the bone and may result in skel-
etal complications due to bone fragility caused 
by an alteration in the balance of bone homeosta-
sis with an increase of osteoclastic activation and 
bone resorption. Bone-targeted therapies are rou-
tinely used in the setting of bone metastasis with 
the aim to prevent most of the skeletal 
complications.

However, the role of bone-targeted therapies 
in the early-stage breast cancer is less defined, 
even though attention to the bone status repre-
sents an important issue in this setting, because 
of the increased risk of fracture for the bone fra-
gility caused by anti-tumoural treatments.

The impact of bone-targeted therapies in the 
setting of adjuvant breast cancer has been evalu-
ated in several randomized clinical trials, and 
results depend on the type of hormonal therapy 
and the menopausal setting [2, 24].

Adjuvant endocrine therapy is routinely used 
in patients with hormone-responsive early breast 
cancer with the aim to prevent growth of residual 
tumour cells and to extend patient survival. 
Hormonal treatments, such as LHRH analogues 
with tamoxifen and AIs, may affect bone health, 
leading to bone metabolism changes, resulting in 
a rapid loss of bone mass in both premenopausal 
and postmenopausal women with breast cancer. 
These alterations in the bone structure, including 
osteoporosis and CTIBL, can increase the inci-
dence of skeletal fractures [26].

Ovarian suppression in premenopausal women 
represents a major risk of bone loss in this popu-
lation, due to the almost complete elimination of 
circulating oestrogens, which normally maintain 
bone mass with a direct action to the bone. The 
association with LHRH agonist, which affects 
the hypothalamic-pituitary-gonadal axis, causing 
amenorrhoea, and tamoxifen seems to be corre-
lated to a lower impairment of bone health com-
pared to the combination with AIs [27].

Tamoxifen, which is a selective oestrogen 
receptor modulator (SERM), represents the most 
commonly adjuvant endocrine therapy in pre-
menopausal women with hormone receptor-posi-
tive breast cancer. This drug exhibits positive and 
negative effects on bone, depending on the meno-
pausal state; in the premenopausal setting, 
tamoxifen can lead to a bone loss, especially in 
combination with LHRH agents, while in post-
menopausal women, it seems to have a bone-pro-
tective effects [28–31].

Two randomized trials in postmenopausal 
breast cancer patients showed statistically 
 significant increases in BMD in the groups receiv-
ing tamoxifen versus placebo. In a randomized 
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double-blind placebo-controlled trial, including 
140 postmenopausal women with negative 
lymph nodes breast cancer, it has been shown 
that tamoxifen resulted in a 0.61% increase in 
lumbar spine BMD compared with a 1% 
decrease in lumbar spine BMD for placebo-
treated women (p < 0.001). Another study, eval-
uating postmenopausal patients with low-risk 
breast cancer, demonstrated an increase of 
about 2% in BMD in the group treated with 
tamoxifen compared with a 5% decrease in 
BMD in the group receiving placebo 
(p = 0.00074) [32, 33].

Treatment with AIs, such as letrozole, anastro-
zole or exemestane, has become a standard ther-
apy for endocrine-responsive breast cancer in 
high-risk premenopausal and postmenopausal 
patients. These drugs prevent the conversion of 
androgens to oestrogen by the aromatase enzyme, 
reducing circulating hormonal levels. It was 
demonstrated that in several large trials, treat-
ment with steroidal or nonsteroidal AIs is associ-
ated with significant bone loss that is more rapid 
than the one associated with menopause, with a 
significant increased incidence of fractures. 
Furthermore, the AIs treatment duration is corre-
lated to the severity of the alteration of bone turn-
over [34].

The anastrozole tamoxifen alone or in combi-
nation (ATAC) study in postmenopausal women 
with early-stage breast cancer demonstrated the 
superiority of AIs over tamoxifen in terms of 
disease-free survival (hazard ratio [HR], 0.86; 
p  =  0.03) and time to disease recurrence (HR, 
0.83; p = 0.015). In this trial anastrozole therapy 
was associated with a higher incidence of frac-
tures compared to tamoxifen alone (11% versus 
7.7%) [35–37].

The Intergroup Exemestane Study (IES) 
investigated the role of exemestane in the adju-
vant treatment of postmenopausal breast cancer. 
In this trial patients with breast cancer after 
2–3  years of adjuvant tamoxifen were random-
ized to continue tamoxifen to 5 years or switch to 
exemestane until the completion of 5  years of 
adjuvant treatment, showing an improvement in 
terms of disease-free survival (DFS) and distant 
recurrence-free survival (RFS) in the exemestane 

arm. These results were confirmed also by subse-
quent analysis [38–41].

Moreover, results from some real-life trials 
suggested that the prevalence of bone fractures 
can be under-reported in the pivotal hormonal 
studies. In particular, the ABCSG-18 trial focus-
ing on bone health, reported that the rates of bone 
fractures in the placebo group were higher than in 
previous reports from large trials of AIs [42–44].

Similarly, chemotherapy can have detrimental 
effects on the bone health by the primary ovarian 
dysfunction, resulting in low levels of circulating 
oestrogens. Moreover, chemotherapy can have both 
direct and indirect effects on the bone microenvi-
ronment, leading to the reduction of BMD [45].

3.2.1  BTAs and Prevention of  
Bone Loss

Many modern guidelines and recommendations 
suggest that patients with breast cancer in treat-
ment with endocrine therapy should be moni-
tored for bone loss and considered for 
anti-resorptive therapies [20–24].

The assessment of BMD, which is the most 
important parameter in the monitoring of bone 
status, is performed with routine dual-energy 
X-ray absorptiometry scan (DXA scan) and 
should be integrated with the evaluation of other 
risk factors, such as lack of vitamin D, and life-
style factors, including smoking and alcohol 
intake, and laboratory assessment to exclude sec-
ondary causes of osteoporosis [46].

The role of bone-targeted therapies, including 
bisphosphonates, in the adjuvant breast cancer 
setting has been extensively studied in large clini-
cal trials, with doses and schedules similar to 
those used in osteoporosis, showing to prevent 
bone loss.

An intravenous therapy with zoledronic acid 
every 6  months, monthly oral ibandronate and 
weekly oral risedronate has demonstrated to pre-
vent bone loss in patients receiving AIs therapy 
for postmenopausal breast cancer [47, 50].

The Austrian Breast and Colorectal Cancer 
Study Group trial-12 (ABCSG-12) was designed 
to assess the clinical efficacy of goserelin-induced 
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ovarian suppression plus tamoxifen or anastro-
zole with or without zoledronic acid in 1803 
early breast cancer patients. A substudy was 
included in the study design with the aim to eval-
uate the long-term effects of endocrine therapy 
and the concomitant zoledronic acid every 
6  months on BMD, which showed significant 
bone loss in patients who received endocrine 
therapy alone, and maintenance of BMD in 
patients who received endocrine therapy in com-
bination with zoledronic acid [48].

The ARIBON trial analyzed the prevention of 
anastrozole-induced bone loss with monthly oral 
Ibandronate. This trial is a double-blind, random-
ized, placebo-controlled study evaluated the 
impact of bisphosphonate treatment on BMD in 
high-risk patients for osteoporosis during 5 years 
of anastrozole therapy. Results showed that oral 
ibandronate was able to prevent bone loss and 
reduce markers of bone turnover in patients with 
osteopenia and osteoporosis [49, 50].

In the study of anastrozole with the bisphos-
phonate risedronate (SABRE), breast cancer 
patients in treatment with anastrozole with a T 
score of between −1 and −2 were randomized to 
receive weekly risedronate or placebo. After 
2 years, BMD increased by 2.2% at the lumbar 
spine and by 1.8% at the hip [51].

The new bone protection option, denosumab, 
for postmenopausal women with early breast 
cancer showed to be an effective intervention to 
prevent skeletal fractures.

In postmenopausal osteoporosis, denosumab 
60  mg was approved for use by subcutaneous 
injection administered every 6  months based on 
the results of the FREEDOM study in which deno-
sumab reduced significantly the risk of vertebral, 
nonvertebral and hip fractures by 68%, 20% and 
40%, respectively, compared to placebo [52].

3.2.2  BTAs and Clinical Benefit

In addition to their effects on treatment-induced 
bone loss, breast cancer bone-targeted treatments 
in the adjuvant setting also provide the potential 
benefit to improve the clinical outcomes with 
fewer relapses of metastatic disease in bone and 

survival. The majority of adjuvant clinical studies 
with BTAs in the early stage of breast cancer are 
summarized in Table 3.1.

Evidences of clinical benefit with bisphospho-
nates therapy were initially reported with clodro-
nate, which showed to reduce relapses and to 
improve overall survival (OS) and disease-free 
survival (DFS) in high-risk breast cancer patients 
in association with standard therapy [53, 54].

Other clinical trials confirmed these observa-
tions, demonstrating that zoledronic acid in com-
bination with standard adjuvant therapy can 
improve the clinical outcomes. In particular, the 
ABCSG-12 trial, reported an improvement of 
DFS with a 29% of reduction for recurrences in 
the combination group treated with endocrine 
therapy and zoledronic acid [55].

In the AZURE trial, 3360 patients with stage 
II or III breast cancer, unselected for menopausal 
status or hormonal receptors status, were ran-
domized to receive standard adjuvant systemic 
therapy with or without zoledronic acid every 
3–4 weeks for 6 cycles, then every 3–6 months, 
for a total of 5 years. The authors demonstrated a 
25% improvement for DFS in the predefined sub-
group of patients who were postmenopausal for 
at least 5 years before study entry [56].

Results from the ABCSG-12 and AZURE tri-
als suggested the initial hypothesis that adjuvant 
bisphosphonates may have a benefit only in 
women with low levels of reproductive hor-
mones, as a result of menopause or ovarian sup-
pression therapy.

The Zometa-Femara Adjuvant Synergy Trial 
(ZO-FAST Trial) enrolled 301 postmenopausal 
patients to receive letrozole with immediate zole-
dronic acid 4 mg every 6 months for 5 years or 
delayed zoledronate, showing a 34% relative risk 
reduction for recurrence and a better DFS in 
upfront zoledronic acid arm, compared with the 
delaying therapy arm. These results were con-
firmed at a longer follow up [57, 58].

The German Adjuvant Intergroup Node-
Positive (GAIN) study investigated adjuvant 
ibandronate, and although no differences in 
DFS were reported, there was a positive trend 
with respect to DFS in postmenopausal 
patients [59].
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Similar results have been shown in the 
National Surgical Adjuvant Breast and Bowel 
Project protocol B-34 (NSABP-34 Trial), in 
which there was a significant difference in the 
subgroup of patients older than 50 years of age, 
while the overall results did not show an outcome 
benefit for 3 years of oral clodronate [60].

Moreover, zoledronic acid is being investi-
gated in the ongoing Italian multicentric HOBOE 
trial, which is evaluating the drug as adjuvant 
treatment in combination with letrozole for early 
breast cancer patients receiving adjuvant endo-
crine therapy.

Recently the meta-analysis of Early Breast 
Cancer Trials Collaborative Group (EBCTCG), 
based on individual patient data from 26 random-
ized trials, showed that among premenopausal 
women, treatment had no apparent effect on any 
outcome, but among 11,767 postmenopausal 
women, it produced highly significant reductions 

in recurrence (RR 0.86, 95% CI 0.78–0.94; 
2p = 0.002), distant recurrence (0.82, 0.74–0.92; 
2p = 0.0003), bone recurrence (0.72, 0.60–0.86; 
2p  =  0.0002) and breast cancer mortality (0.82, 
0.73–0.93; 2p = 0.002). Even for bone recurrence, 
however, the heterogeneity of benefit was barely 
significant by menopausal status (2p  =  0.06 for 
trend with menopausal status) or age (2p = 0.03), 
and it was non-significant by bisphosphonate 
class, treatment schedule,  oestrogen receptor sta-
tus, nodes, tumour grade or concomitant chemo-
therapy. No differences were seen in non-breast 
cancer mortality. Bone fractures were reduced 
(RR 0.85, 95% CI 0.75–0.97; 2p = 0.02) [61].

The Southwest Oncology Group (SWOG) 
trial confirmed the evidence that there are not 
differences in disease recurrence according to 
different dosing schedules and type of adjuvant 
bisphosphonates, including oral clodronate, oral 
ibandronate or intravenous zoledronic acid [62].

Table 3.1 Major clinical studies of bone-targeted therapies in adjuvant breast cancer setting

Clinical 
study

No. of 
patients Hormonal status Study design Clinical outcomes

ABCSG12 
[48]

1803 Premenopausal Goserelin + hormonal 
therapy + ZA vs goserelin 
+ hormonal therapy + 
placebo × 3 years

Primary end point:
DFS positive
Secondary endpoints:
OS and RFS negative

AZURE 
[56]

3360 Pre- and 
postmenopausal

ZA every 3–4 weeks × 
6 cycles then q3–6 months 
vs placebo × 5 years

– Primary end point:
DFS negative in overall population;
distant DFS positive for postmenopausal 
women
– Secondary endpoints:
BM-free survival positive;
OS and IDFS negative

ZO-FAST 
[57, 58]

1035 Postmenopausal Immediate ZA q6 months × 
5 years, or delayed ZA

Secondary end points:
DFS positive
OS negative

GAIN [59] 2994 Pre- and 
postmenopausal

Ibandronate + dose-dense 
CT vs dose-dense 
CT + placebo × 2 years

Primary end points:
OS and DSF negative

NSABP-34 
[60]

3323 Pre- and 
postmenopausal

Adjuvant CT and/or 
hormonal therapy + oral 
clodronate vs adjuvant CT 
and/or hormonal therapy + 
placebo × 3 years

– Primary end point:
DSF negative;
(>50 years benefit in DSF, no in OS)
– Secondary endpoints:
OS, BM-free survival and RFS negative

ABCSG-18 
[42]

3425 Postmenopausal AI + denosumab 60 mg 
twice per year vs AI + 
placebo

Secondary end points:
Positive DFS in tumour larger than 2 cm; 
ductal histology type and both ER-PR 
positive

OS overall survival, DFS disease-free survival, IDFS invasive disease-free survival, RFS recurrence-free survival, DM 
distant metastases, BMFS bone metastasis-free survival, ZA zoledronic acid, AI aromatase inhibitors, CT 
chemotherapy
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Denosumab is also investigated in the adju-
vant breast cancer population to evaluate the ben-
efit of the anti-RANKL agent in this setting, even 
though there are only few reported data on dis-
ease recurrence with the use of denosumab.

Results from the randomized, double-blind, 
placebo-controlled ABCSG-18 trial showed that 
in postmenopausal patients with hormone recep-
tor-positive early-stage breast cancer who receive 
adjuvant aromatase inhibitor therapy, treatment 
with denosumab 60  mg twice per year signifi-
cantly reduced the risk of clinical fractures and 
disease recurrence in postmenopausal women 
with breast cancer receiving aromatase inhibi-
tors. Moreover, denosumab also increased the 
bone mineral density at the total lumbar spine, 
total hip and femoral neck and reduced the inci-
dence of new and the worsening of pre-existing 
vertebral fractures [42].

Moreover, denosumab is being investigated in 
the ongoing D-CARE trial that is evaluating the 
drug as adjuvant treatment for high-risk early 
breast cancer patients receiving neoadjuvant or 
adjuvant therapy (NCT01077154). Results have 
not yet been published at the time of this 
writing.

Currently, there are no trials which directly 
compared a bisphosphonate with denosumab for 
the prevention of bone fracture prevention. For 
this reason the choice of the bone-targeted ther-
apy should be made considering every clinical 
situation and reimbursement criteria for the 
drugs.

3.3  Bone-Targeted Therapy 
on High-Risk Prostate Cancer

Prostate cancer is the most common cancer in 
men in industrialized countries and the second 
cause of cancer-related death in this population 
[25]. Since the seminal work of Huggins in 
1940, it is known that the pathogenesis of pros-
tate cancer (PC) is primarily driven by andro-
gens and biochemical castration obtained with 
androgen deprivation therapy is the corner-
stone of treatment for patients with prostate 
cancer [63].

Androgen deprivation therapy (ADT), which 
consists in bilateral orchiectomy or a luteinizing 
hormone-releasing hormone (LHRH) agonist or 
antagonist, with or without an antiandrogen, rep-
resents the standard therapy for metastatic pros-
tate cancer that can be used also in high-risk 
prostate cancer patients [64–66].

High-risk prostate cancer can occur in approxi-
mately 15% of all new diagnoses [67]. The defini-
tion of high risk can vary widely, and the most 
significant predictive factors of disease relapse in 
prostate cancer include clinical tumour stage, PSA 
level, Gleason score and nodal status [68, 69].

ADT achieves a benefit in terms of disease-
free and overall survival in various clinical set-
tings, including adjuvant treatment in  locally 
advanced prostate cancer patients receiving radi-
ation therapy [65].

However, since androgens are important for 
the preservation of bone mass, exerting anti-
apoptotic effects on osteoblasts and pro-apoptotic 
effects on osteoclasts, the ADT leads testosterone 
to castration levels (≤50 ng/dL) and determines a 
significant reduction of BMD with a consequent 
increase in bone fractures risk [70].

More than 70% of men with prostate cancer 
are older than 65, and already at risk for osteopo-
rosis or fragility fracture. A correlation between 
bone loss and increased susceptibility to metasta-
sis was reported in prostate cancer patients, 
underlining the importance to preserve bone 
health in high-risk prostate cancer [71]. Non-
metastatic prostate cancer patients in treatment 
with continuous or intermittent ADT can show a 
significant bone loss within the first 6–12 months 
after starting hormonal therapy [72].

Moreover, bone fragility fractures may be 
associated with decreased survival and quality of 
life in this cancer population, and with an 
increased mortality [73].

In a large study included more than 50,000 
patients from the Surveillance, Epidemiology 
and End Results database, a higher number of 
patients receiving ADT had osteoporosis com-
pared to the group not receiving hormonal ther-
apy. The risk of bone fracture at 5 years in patients 
receiving ADT was almost double that in patients 
without hormone deprivation [74].
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In this context, the use of bone-targeted treat-
ments is crucial, even though no approved ther-
apy is indicated for the reduction of the risk of 
fracture in prostate cancer patients. The benefit of 
bone-targeted therapies in prostate cancer 
depends on the hormone-sensitive or castration-
resistant disease status.

3.3.1  Hormone-Sensitive Prostate 
Cancer

In a randomized placebo-controlled study, intra-
venous pamidronate 60  mg administered every 
3  months showed to reduce bone loss over 
48 weeks of treatment in men receiving leupro-
lide [75]. However, despite the benefit in prevent-
ing osteoporosis/CTIBL in men receiving ADT 
for PC, intravenous pamidronate therapy was not 
correlated to an improvement of BMD values 
[76].

Interestingly, treatment with zoledronic acid 
every 3–12 months is able to prevent bone loss 
associated with therapy and also to increase 
BMD compared with baseline values [77].

Two placebo-controlled studies, the PR04 and 
PR05 trials, evaluated oral clodronate in patients 
with non-metastatic and metastatic PC, respec-
tively. Treatment with clodronate was associated 
with an OS benefit among men with metastatic 
disease compared with placebo (HR for 
death = 0.77, 95% CI = 0.60–0.98, p = 0.032). 
However, among men without metastatic disease, 
there was no evidence of an OS benefit with clo-
dronate compared with placebo (HR for 
death = 1.12; 95% CI = 0.89–1.42, p = 0.94) [66]. 
These trials have reported 10-year survival rates 
in patients with prostate cancer with (n  =  311 
patients) or without metastatic disease (n = 508 
patients) [78].

The multi-arm and multicentre trial conducted 
by the Medical Research Council called the 
Systemic Therapy in Advanced or Metastatic 
Prostate Cancer: Evaluation of Drug Efficacy 
(STAMPEDE) is a large trial with a multistage 
design. This trial evaluated several drugs in com-
bination with hormonal therapy in patients with 
high-risk localized or metastatic prostate cancer 

with the aim to investigate whether the addition 
of treatments at the time of long-term hormone 
therapy initiation improves overall survival.

The different arms comparing several treat-
ments include docetaxel, zoledronic acid, cele-
coxib, abiraterone, enzalutamide and radiotherapy 
(only among the patients with metastatic disease) 
in combination with ADT versus only 
ADT.  Recently the results of the comparison 
between the addition of zoledronic acid, 
docetaxel, or their combination to the standard of 
care versus the standard of care alone have been 
published, showing that zoledronic acid was not 
correlated to survival improvement, failure-free 
survival and skeletal-related events, while 
docetaxel chemotherapy, given at starting of hor-
mone therapy, determined a benefit in overall sur-
vival, as well as improvements in 
prostate-cancer-specific survival, failure-free sur-
vival and skeletal-related events. The combina-
tion of zoledronic acid and docetaxel was 
associated with similar improvements, with a 
smaller benefit. Authors concluded that zole-
dronic acid should not become part of the stan-
dard of care [79].

Similarly, an early treatment with zoledronic 
acid in metastatic setting hormone-sensitive pros-
tate cancer showed a non-decreased risk for SREs 
compared with the same treatment initiated after 
progression to castration-resistant disease [80].

Moreover, the randomized open-label multina-
tional Zometa European Study (ZEUS) showed 
that treatment with zoledronic acid every 3 months 
was ineffective for the prevention of bone metas-
tases in high-risk non-metastatic patients at 
4 years [81].

However, in prostate cancer the role of 
bisphosphonates in the prevention of bone metas-
tasis remains undefined.

The efficacy of denosumab in patients in treat-
ment with ADT was reported in the Denosumab 
HALT Prostate Cancer Study Group. In this trial, 
patients with non-metastatic PC receiving ADT 
were randomized to 60 mg of denosumab or pla-
cebo every 6 months. At 24 months, the treatment 
arm showed a statistically significant improve-
ment in BMD at the total hip, the femoral neck, 
radium and the whole body [82].
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3.3.2  Castration-Resistant Prostate 
Cancer (CRPC)

The majority of patients will become resistant 
to the initial hormonal approach with ADT, 
despite castrate levels of serum androgens, 
developing CRPC. A considerable number of 
patients with CRPC continue to respond to 
second generation hormonal treatments, sug-
gesting the persistence of the activity of andro-
gen receptor (AR) in the pathogenesis of 
prostate cancer, also during the progression of 
the disease.

The AR represents the principal driver of 
tumour growth and the most important therapeu-
tic target in the prostate cancer [83].

There is a particular clinical condition charac-
terized by a progressive CRPC with no evidence 
of bone metastases, in which higher baseline 
value of PSA and shorter PSA doubling time are 
correlated with time to the first bone metastasis 
and death.

The optimal management of M0 CRPC is 
challenging and may represent the most interest-
ing clinical setting in which BATs can have an 
important impact for the prevention of bone 
metastases.

Among bone-targeted therapies, denosumab 
reported a benefit in delaying bone metastases in 
non-metastatic CRPC patients. Indeed, a ran-
domized controlled trial was designed to evaluate 
the effects of zoledronic acid on the time to the 
first bone metastasis in non-metastatic CRPC 
patients. It was terminated before completion of 
accrual after interim analyses showing that the 
observed event occurred less frequently than 
expected [84].

A randomized, double-blind, placebo-cont-
rolled, phase 3 study evaluated the efficacy of 
denosumab in non-metastatic CRPC. Denosumab 
significantly increased bone metastasis-free sur-
vival by a median of 4.2 months over placebo (HR 
0.85; p  =  0.028) and delayed time to symptom-
atic first bone metastases, but had no impact on  
OS [85].

These results pointed out the importance of 
targeting the bone microenvironment to prevent 
bone metastasis in prostate cancer.

3.4  Safety Considerations

Overall, bone-targeted therapies are well toler-
ated, with a low incidence of adverse effects.

Adverse effects of bisphosphonates include 
flu-like symptoms such as fatigue, myalgia and 
fever, particularly with the first infusions (44%). 
Other adverse effects are hypocalcaemia (6%) 
and osteonecrosis of the jaw (ONJ) (1–2%) [86].

Zoledronic acid has been associated with renal 
impairment, and dose adjustments are necessary 
for patients with reduced renal function. In con-
trast to zoledronic acid, denosumab is not corre-
lated to renal impairment, but denosumab is 
associated with a higher risk of hypocalcaemia 
[87].

During treatment with bone-targeted thera-
pies, patients should receive an oral intake of cal-
cium and vitamin D, and a condition of 
pre-existing hypocalcaemia must also be cor-
rected before initiating therapy.

Bisphosphonates and denosumab treatments 
have been associated with the development of 
osteonecrosis of the jaw (ONJ).

The incidence of ONJ is about 1.3% when 
monthly intravenous somministration for 
bisphosphonates is used in the setting of advanced 
cancer, while it is less frequent with 6 monthly 
somministration of intravenous bisphosphonates 
or with oral bisphosphonates given in adjuvant 
setting to preserve bone health.

Nevertheless, before bisphosphonates and 
denosumab are initiated, it is recommended that 
patients undergo a dental examination, maintain-
ing good oral hygiene and avoiding invasive dental 
surgical procedures while on treatment [88, 89].

 Conclusion
Bone-targeted therapies, including bisphos-
phonates and denosumab, are important in the 
management of cancer patients even in adju-
vant setting for the preservation of bone 
health. Over the past 30 years, a prolongation 
in survival was reported to be correlated to an 
improvement of diagnostic and therapeutic 
interventions, and the long-term effects of 
treatment on the skeleton have become a rele-
vant concern and a rationale for the use of 
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BTAs. In addition, these therapies showed to 
improve clinical outcomes in patients with 
postmenopausal breast cancer and men with 
prostate cancer. The survival benefit associ-
ated with the use of adjuvant BTAs provides 
an important additional strategy in the treat-
ment of early stages in breast cancer and pros-
tate cancer.

Based on these evidences, adjuvant 
bisphosphonates or denosumab should be part 
of the standard of care, in particular for early 
postmenopausal breast cancer and non-meta-
static CRPC.

However, the absence of adequate bio-
markers and a direct comparison in clinical 
trials can create difficulties in the selection of 
patients who may benefit from a specific bone-
targeted therapy.

In this context, translational and clinical 
research is clearly needed.
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Abstract
We are in the middle of a healthcare revolu-
tion. Big data including demographics, molec-
ular markers, and physiologic indicators are 

being codified by advanced techniques in 
information technology. The result is an 
explosion in the number of prognostic models 
that have been applied to a variety of clinical 
problems. Given that mobile or otherwise 
interconnected applications are ubiquitous in 
modern society, physicians may be tempted to 
confuse fingertip availability and relative ease 
of use with a tool that has been properly vetted 
for clinical use. It would seem that tech-savvy 
doctors are abandoning their healthy skepti-
cism that has been ingrained by years of jour-
nal clubs, academic medicine, and/or clinical 
practice. However, this should not be the case. 
When using an “app,” physicians should 
demand the same level of scrutiny and apply 
the same healthy skepticism as they do for the 
literature they read, the implants they select, 
and the medications they prescribe [1].

Preface: A Word of Caution

We are in the middle of a healthcare revolution. 
Big data including demographics, molecular mark-
ers, and physiologic indicators are being codified 
by advanced techniques in information technology. 
The result is an explosion in the number of prog-
nostic models that have been applied to a variety of 
clinical problems. Given that mobile or otherwise 
interconnected applications are ubiquitous in mod-
ern society, physicians may be tempted to confuse 
fingertip availability and relative ease of use with a 
tool that has been properly vetted for clinical use. 
It would seem that tech-savvy doctors are aban-
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ingrained by years of journal clubs, academic med-
icine, and/or clinical practice. However, this should 
not be the case. When using an “app,” physicians 
should demand the same level of scrutiny and 
apply the same healthy skepticism as they do for 
the literature they read, the implants they select, 
and the medications they prescribe [1].

As we look toward personalized or precision 
medicine, there is perhaps no better application 
than in the treatment of advanced cancer. At the 
end of life, patients must balance the reality of 
dying, with a desire for self-preservation. In addi-
tion, survival estimates made by members of the 
treatment team can help set patient, family, and 
physician expectations. Since no two patients 
present with exactly the same clinical character-
istics or disease burden, these estimates can be 
difficult to make. Nevertheless, their importance 
cannot be understated, when approaching patients 
who are terminal—but necessarily terminally ill. 
Unfortunately, our ability as clinicians to provide 
detailed survival estimates is generally inaccu-
rate, which has spurred concerted efforts to 
improve [2, 3].

To complicate matters, most physicians refuse 
to prognosticate, or knowingly withhold informa-
tion from their patients. Lamont and Christakis 
[4] describe this phenomenon in a study of 311 
patients with terminal cancer. They show that 
physicians were perfectly able to derive estimates 
of survival in nearly all (97%) cases. However, 
physicians communicated actual estimates to 
only 37%. They misled patients by providing a 
different estimate in 40% and knowingly with-
held the survival estimate from the remaining 
23%. For the group who were misled, estimates 
were almost always optimistic, and the patient 
would then make decision-based, overly optimis-
tic survival information. On the one hand, opti-
mism is healthy and important for cancer 
treatment. However, physicians who present 
overly optimistic estimates are likely to generate 
unanticipated consequences.

Receiving an overly optimistic prognosis from 
a treating physician can have a dramatic influ-
ence on treatment decisions. Patients in this set-
ting are more likely to opt for more aggressive 
treatment, rather than perhaps more appropriate 

palliative measures. This, in turn, leads to higher 
complication rates, ad lower patient satisfaction 
[5]. Clearly, better communication between 
patients and their physicians could lead to 
improved shared decision-making regarding end-
of-life care.

For the orthopedic surgeon, the question of life 
expectancy may be less philosophical but is cer-
tainly no less important. In fact, the goals of ortho-
pedic surgery in terminally ill patients are to 
relieve pain and preserve function for the maxi-
mum amount of time [6, 7]. Surgical consider-
ations in this setting are dependent on several 
factors, described in the Chap. 5. However, when 
making treatment decisions, it is critical that ortho-
pedic surgeons refrain from basing treatment deci-
sions solely on the appearance of imaging and 
understand that survival plays a crucial role [8].

Many have identified independent predictors 
of survival in patients with bony metastases, 
operative, or otherwise [9–16]. These include the 
specific oncologic diagnosis; the subjective 
Eastern Cooperative Oncology Group (ECOG) 
performance status [17]; the number of bone 
metastases; the presence of visceral metastases 
[18], serum hemoglobin [14], and serum albumin 
[15]; the senior surgeon’s estimate of survival 
[13]; the speed of tumor growth [16]; a diagnosis 
of lung cancer [14]; the appendicular bone metas-
tases [9]; the type of reconstructive procedure 
performed [12]; and the time from oncologic 
diagnosis to total hip arthroplasty (for proximal 
femoral metastases) [10]. Despite the large num-
ber of covariates that have been associated with 
survival in this patient population, there exists no 
consensus as to which ones should be routinely 
used. As such, their ability to predict survival as 
part of a cohesive model is unacceptably inaccu-
rate, at 5–15% in the best of the reported series 
[13]. Nevertheless, this body of work demon-
strated that it was possible to derive generalized 
estimations of survival based on an individual’s 
disease-related and laboratory parameters. 
However, more accurate, personalized estima-
tions were not yet possible.

In an attempt to develop a prognostic tool use-
ful for surgical decision-making, Tokuhashi et al. 
[19] devised a scoring system to bin each patient’s 
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postoperative survival into one of three groups: 
<6  months, >6  months, or >1  year. He and his 
coauthors collected several prognostic variables 
including, for the first time, the Karnofsky score, 
a measure of performance status [20]. The inves-
tigators also documented the number of intra- 
and extraspinal bone metastases, the number and 
type of organ metastases, the primary oncologic 
diagnosis, and the Frankel classification that 
describes the degree of neurologic impairment. 
They then externally validated the model in 246 
additional patients and observed that survival 
greater than, or less than, 6 months could be esti-
mated in a reliable manner [21]. Independent 
external validation produced similar results [22]; 
however, Tokuhashi’s scoring system applies 
only to patients with symptomatic spine metasta-
ses and therefore has limited value to the general 
orthopedic community.

Recognizing the value of a model that could 
be applied to all patients with skeletal metastases, 
several have developed nomograms, including 
Nathan et al. [13], Paulino Pereira et al. [23], and 
Sørensen et al. [16]. Despite widespread interest 
in a prognostic tool, these particular models have 
yet to undergo external validation.

Nevertheless, several prognostic models have 
undergone external validation and are available 
to orthopedic surgeons, worldwide. These include 
methods described by Tokuhashi et  al. [19], 
Katagiri et al. [24], and Forsberg et al. [25]. Each 
is designed to estimate the likelihood of survival 
at time points useful for surgical decision-mak-
ing. Specifically, survival estimates at 3, 6, and 
12 months post-surgery can help surgeons deter-
mine which patients might benefit from surgical 
intervention (by estimating the probability of sur-
vival at 3  months) and also whether he or she 
should consider using a more durable implant (by 
estimating the probability of survival at 6 or 
12 months). In addition, those considering pallia-
tive treatment for patients with metastatic bone 
disease may seek to estimate very short (1 month) 
life expectancy [26]. By the same token, more 
favorable estimates of between 1 and 6 months 
may help justify less-invasive approaches such as 
intramedullary fixation or plate and screw con-
structs. Finally, a survey of Musculoskeletal 

Tumor Society members [27] indicated that sur-
vival at 6 months is commonly used to determine 
whether to choose a more durable reconstruction 
option such as conventional or modular “tumor” 
prostheses. In addition, for patients that are likely 
to survive 12 months or longer, the evidence sup-
porting more durable implants becomes stronger 
[28, 29]. Furthermore, applying the same 
approach to more complicated tumors, involving 
the sacrum, pelvis, and shoulder girdle, demands 
more extensive reconstructive options, which 
carry with them extended hospital stays and reha-
bilitation. In these settings, longer estimates of 
18 or 24  months may be helpful in selecting 
appropriate patients.

Importantly, most prognostic models available 
to the orthopedic community are based on data 
that is decades old, in some cases. It is unclear 
which systemic treatment(s) were used; however, 
it is likely that modern patients with skeletal 
metastases are treated differently. In fact, most 
patients with advanced cancer now receive tar-
geted immunotherapy, which may make designed 
conventional models estimate life expectancy as 
obsolete, unless the tools are designed to improve 
over time.

4.1  PATHFx (www.pathfx.org)

One application designed to deliver survival 
estimates, and improve over time, is PATHFx. 
Introduced in 2011 [30], this validated clinical 
decision-support tool [25, 31] uses clinical and 
physiologic variables to generate the probabil-
ity of survival at 1, 3, 6, 12, 18, and 24 months 
after orthopedic surgery [32]. Suggested vari-
ables include age, sex, oncologic diagnosis, 
indication for surgery (impending or complete 
pathologic fracture), number of bone metasta-
ses (solitary or multiple), presence or absence 
of organ metastases, presence or absence of 
lymph node metastases, preoperative hemoglo-
bin (g/dL; on admission, before transfusion, if 
applicable), absolute lymphocyte count (K/mL), 
and the senior surgeon’s estimates of survival 
(postoperatively in months). Including the sur-
geon’s estimate—a subjective assessment—may 
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seem controversial. However, doing so allows 
surgeons with considerable expertise to provide 
a weighted estimate of survival that can be 
combined with the other, more objective, fea-
tures within PATHFx. After using decision 
analysis to confirm that the tool is suitable for, 
clinical use [25, 31, 33], the authors made it 
freely available to orthopedic surgeons, world-
wide, at www.pathfx.org (Fig. 4.1a, b), and the 
1–12-month models have been validated around 
the world, including the USA, Scandinavia, and 
Italy [25, 31], with a planned external valida-
tion in Japan. In addition, external validation of 
the 18- and 24-month models, added to PATHFx 
in 2017, is currently underway in Scandinavia 
and Japan. Finally, although PATHFx is indi-

cated for use in surgical candidates only, pro-
spective validation in patients receiving 
palliative treatment for metastatic bone disease 
is currently underway.

Recognizing that survival tools must be appli-
cable to orthopedic surgeons worldwide, we cre-
ated an international metastatic bone disease 
registry, hosted in Sweden, designed to collect data 
from a variety of centers in the USA, Scandinavia, 
Italy, Japan, and Singapore. Importantly, PATHFx 
is integrated into the registry to ensure its estimates 
remain accurate, thereby validating the models in a 
prospective and perpetual manner. In addition, data 
from this registry may be exported into a develop-
ment environment, so that the effect of new vari-
ables on the PATHFx models can be evaluated and 

PROBABILITY OF SURVIVAL AFTER SURGERY

At 24 months

At 18 months

At 12 months

At 6 months

At 3 months

At 1 months

0% 0%20%

SOURCE: PATHFX BAYESIAN MODEL SOURCE: PATHFX BAYESIAN MODEL

Age at Surgery 70 59

Female

8.4

0.9

1.0 3.0

>=3 <=2

Yes

6

Mutiple Mutiple

Male

Yes Yes

No

No

13.2

2.1

24

Yes

Sex

Organ Metastases

Lymph Node Metastases

*Hemoglobin Concentration

*Absolute Lymphocyte Count

*Surgeon’s Estimate of Survival (months)

*Skeletal Metastases

*Oncologic Diagnosis Grouping

*ECOG Performance Status

*Pathologic Fracture Status

Age at Surgery

Sex

Organ Metastases

Lymph Node Metastases

*Hemoglobin Concentration

*Absolute Lymphocyte Count

*Surgeon’s Estimate of Survival (months)

*Skeletal Metastases

*Oncologic Diagnosis Grouping

*ECOG Performance Status

*Pathologic Fracture Status

20%40% 40%60% 60%80% 80%100% 100%
Highcharts.com Highcharts.com

At 24 months

At 18 months

At 12 months

At 6 months

At 3 months

At 1 months

PROBABILITY OF SURVIVAL AFTER SURGERYa b

Fig. 4.1 (a, b) This screenshot of www.pathfx.org 
demonstrates two typical patient scenarios encountered 
by orthopedic surgeons. The patient’s characteristics 
are shown below, and his or her personalized estimates 
of survival are presented as horizontal bar graphs 
above. (a) This graph demonstrates very poor survival 
trajectory that may help provide surgeons and caregiv-
ers with objective information. In this case, palliative 

therapy, or less-invasive means of surgical stabiliza-
tion, such as intramedullary nails or plate/screw/cement 
constructs, may be appropriate. (b) By the same token, 
more favorable survival estimates, such as the one 
depicted here, can be used to justify the need for more 
durable, complicated, and expensive implants, such as 
conventional, or modular “tumor,” or even custom 
prostheses
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that disease-specific models can be developed. This 
may help ensure prognostic estimates remain per-
sonalized as much as possible.

In conclusion, survival estimates are impor-
tant when treating patients with metastatic bone 
disease. Several methods designed to estimate 
life expectancy are available to orthopedic sur-
geons; however, as with any clinical decision 
support tool, one must ensure the method(s) used 
are applicable to one’s patient population.

4.2  Recommendations 
for the Use of Clinical 
Decision Support Tools

 1. Any clinical decision support tool must 
undergo external validation and decision anal-
ysis, in its intended patient population, prior 
to being used in a clinical manner.

 2. Clinical decision support tools should be 
designed to accommodate uncertainty. 
Although most are not designed to be used 
with incomplete information, some, like 
PATHFx, retain accuracy when confronted 
with missing information.

 3. As the name implies, clinical decision support 
tools are meant to support surgeons in their 
decision-making process and are no substitute 
for good clinical judgment.

References

 1. Forsberg JA.  Suggested guidelines. In: Wedin R, 
Bauer H, Weidenhielm L, editors. Turning data into 
decisions. Stockholm: Karolinska University Press; 
2015. p. 1–74.

 2. Glare P, Virik K, Jones M, et al. A systematic review 
of physicians’ survival predictions in terminally ill 
cancer patients. BMJ. 2003;327(7408):195–8. https://
doi.org/10.1136/bmj.327.7408.195.

 3. Hartsell WF, Desilvio M, Bruner DW, et al. Can physi-
cians accurately predict survival time in patients with 
metastatic cancer? Analysis of RTOG 97-14. J Palliat 
Med. 2008;11(5):723–8. https://doi.org/10.1089/
jpm.2007.0259.

 4. Lamont EB, Christakis NA. Prognostic disclosure to 
patients with cancer near the end of life. Ann Intern 
Med. 2001;134(12):1096–105.

 5. Weeks JC, Cook EF, O'Day SJ, et al. Relationship between 
cancer patients’ predictions of prognosis and their treat-
ment preferences. JAMA. 1998;279(21):1709–14.

 6. Clohisy DR, Le CT, Cheng EY, Dykes DC, Thompson 
RC.  Evaluation of the feasibility of and results of 
measuring health-status changes in patients under-
going surgical treatment for skeletal metastases. J 
Orthop Res. 2000;18(1):1–9. https://doi.org/10.1002/
jor.1100180102.

 7. Harrington KD, Sim FH, Enis JE, Johnston JO, Dick 
HM, Gristina AG. Methyl methacrylate as an adjunct 
in internal fixation of pathological fractures. J Bone 
Joint Surg Am. 1976;58(8):1047–55.

 8. Forsberg JA, Wedin R, Bauer H.  Which implant is 
best after failed treatment for pathologic femur frac-
tures? Clin Orthop Relat Res. 2013;471(3):735–40. 
https://doi.org/10.1007/s11999-012-2558-2.

 9. Sugiura H, Yamada K, Sugiura T, Hida T, Mitsudomi 
T.  Predictors of survival in patients with bone 
metastasis of lung cancer. Clin Orthop Relat Res. 
2008;466(3):729–36.

 10. Schneiderbauer MM, Knoch von M, Schleck CD, 
Harmsen WS, Sim FH, Scully SP.  Patient survival 
after hip arthroplasty for metastatic disease of the hip. 
J Bone Joint Surg Am. 2004;86(8):1684–9.

 11. Lin PP, Mirza AN, Lewis VO, et al. Patient survival 
after surgery for osseous metastases from renal cell 
carcinoma. J Bone Joint Surg Am. 2007;89(8):1794–
801. https://doi.org/10.2106/JBJS.F.00603.

 12. Narazaki D, Alverga Neto C, Baptista A, Camargo 
M. Prognostic factors in pathologic fractures second-
ary to metastatic tumors. Clinics. 2006;61:313–20.

 13. Nathan S, Healey J, Mellano D, et  al. Survival in 
patients operated on for pathologic fracture: implica-
tions for end-of-life orthopedic care. J Clin Oncol. 
2005;23(25):6072–82.

 14. Hansen BH, Keller J, et al. The Scandinavian Sarcoma 
Group Skeletal Metastasis Register. Survival after sur-
gery for bone metastases in the pelvis and extremities. 
Acta Orthop Scand Suppl. 2004;75(311):11–5.

 15. Stevenson JD, McNair M, Cribb GL, Cool 
WP.  Prognostic factors for patients with skel-
etal metastases from carcinoma of the breast. 
Bone Joint J. 2016;98-B(2):266–70. https://doi.
org/10.1302/0301-620X.98B2.36185.

 16. Sørensen MS, Gerds TA, Hindsø K.  Prediction of 
survival after surgery due to skeletal metastases in 
the extremities. Bone Joint J. 2016;98-B(2):271–7. 
https://doi.org/10.1302/0301-620X.98B2.

 17. Oken MM, Creech RH, Tormey DC, et  al. 
Toxicity and response criteria of the Eastern 
Cooperative Oncology Group. Am J Clin Oncol. 
1982;5(6):649.

 18. Bauer H, Wedin R. Survival after surgery for spinal 
and extremity metastases: prognostication in 241 
patients. Acta Orthop. 1995;66(2):143–6.

 19. Tokuhashi Y, Matsuzaki H, Toriyama S, Kawano H, 
Ohsaka S. Scoring system for the preoperative evalu-
ation of metastatic spine tumor prognosis. Spine. 
1990;15(11):1110–3.

4 Estimating Survival in Patients with Skeletal Metastases Using PATHFx

https://doi.org/10.1136/bmj.327.7408.195
https://doi.org/10.1136/bmj.327.7408.195
https://doi.org/10.1089/jpm.2007.0259
https://doi.org/10.1089/jpm.2007.0259
https://doi.org/10.1002/jor.1100180102
https://doi.org/10.1002/jor.1100180102
https://doi.org/10.1007/s11999-012-2558-2
https://doi.org/10.2106/JBJS.F.00603
https://doi.org/10.1302/0301-620X.98B2.36185
https://doi.org/10.1302/0301-620X.98B2.36185
https://doi.org/10.1302/0301-620X.98B2


48

 20. Karnofsky DA.  The clinical evaluation of chemo-
therapeutic agents in cancer. New  York: Columbia 
University Press; 1949.

 21. Tokuhashi Y, Matsuzaki H, Oda H, Oshima M, Ryu 
J.  A revised scoring system for preoperative evalu-
ation of metastatic spine tumor prognosis. Spine. 
2005;30(19):2186–91.

 22. Yamashita T, Siemionow KB, Mroz TE, Podichetty V, 
Lieberman IH. A prospective analysis of prognostic 
factors in patients with spinal metastases: use of the 
revised Tokuhashi score. Spine. 2011;36(11):910–7. 
https://doi.org/10.1097/BRS.0b013e3181e56ec1.

 23. Paulino Pereira NR, Janssen SJ, van Dijk E, et  al. 
Development of a prognostic survival algorithm 
for patients with metastatic spine disease. J Bone 
Joint Surg Am. 2016;98(21):1767–76. https://doi.
org/10.2106/JBJS.15.00975.

 24. Katagiri H, Takahashi M, Inagaki J, Sugiura H, Ito S, 
Iwata H. Determining the site of the primary cancer in 
patients with skeletal metastasis of unknown origin. 
Cancer. 2000;86(3):533–7.

 25. Forsberg JA, Wedin R, Bauer HCF, et al. External val-
idation of the Bayesian Estimated Tools for Survival 
(BETS) models in patients with surgically treated 
skeletal metastases. BMC Cancer. 2012;12(1):493. 
https://doi.org/10.1186/1471-2407-12-493.

 26. Mavrogenis AF, Angelini A, Vottis C, et al. Modern 
palliative treatments for metastatic bone disease. Clin 
J Pain. 2016;32(4):337–50. https://doi.org/10.1097/
AJP.0000000000000255.

 27. Steensma M, Healey JH. Trends in the surgical treat-
ment of pathologic proximal femur fractures among 
Musculoskeletal Tumor Society members. Clin 

Orthop Relat Res. 2013;471(6):2000–6. https://doi.
org/10.1007/s11999-012-2724-6.

 28. Wedin R, Bauer HC, Wersäll P. Failures after opera-
tion for skeletal metastatic lesions of long bones. Clin 
Orthop Relat Res. 1999;358:128–39.

 29. Steensma M, Boland PJ, Morris CD, Athanasian E, 
Healey JH.  Endoprosthetic treatment is more dura-
ble for pathologic proximal femur fractures. Clin 
Orthop Relat Res. 2012;470(3):920–6. https://doi.
org/10.1007/s11999-011-2047-z.

 30. Forsberg JA, Eberhardt J, Boland PJ, Wedin R, Healey 
JH. Estimating survival in patients with operable skel-
etal metastases: an application of a Bayesian belief 
network. PLoS One. 2011;6(5):e19956. https://doi.
org/10.1371/journal.pone.0019956.

 31. Piccioli A, Spinelli MS, Forsberg JA, et  al. How 
do we estimate survival? External validation of a 
tool for survival estimation in patients with meta-
static bone disease-decision analysis and compari-
son of three international patient populations. BMC 
Cancer. 2015;15(1):424. https://doi.org/10.1186/
s12885-015-1396-5.

 32. Forsberg JA, Wedin R, Boland PJ, Healey JH.  Can 
we estimate short- and intermediate-term survival 
in patients undergoing surgery for metastatic bone 
disease? Clin Orthop Relat Res. 2017;475:1252–61. 
https://doi.org/10.1007/s11999-016-5187-3.

 33. Forsberg JA, Sjoberg D, Chen Q-R, Vickers A, Healey 
JH.  Treating metastatic disease: which survival 
model is best suited for the clinic? Clin Orthop Relat 
Res. 2013;471(3):843–50. https://doi.org/10.1007/
s11999-012-2577-z.

J. A. Forsberg and R. Wedin

https://doi.org/10.1097/BRS.0b013e3181e56ec1
https://doi.org/10.2106/JBJS.15.00975
https://doi.org/10.2106/JBJS.15.00975
https://doi.org/10.1186/1471-2407-12-493
https://doi.org/10.1097/AJP.0000000000000255
https://doi.org/10.1097/AJP.0000000000000255
https://doi.org/10.1007/s11999-012-2724-6
https://doi.org/10.1007/s11999-012-2724-6
https://doi.org/10.1007/s11999-011-2047-z
https://doi.org/10.1007/s11999-011-2047-z
https://doi.org/10.1371/journal.pone.0019956
https://doi.org/10.1371/journal.pone.0019956
https://doi.org/10.1186/s12885-015-1396-5
https://doi.org/10.1186/s12885-015-1396-5
https://doi.org/10.1007/s11999-016-5187-3
https://doi.org/10.1007/s11999-012-2577-z
https://doi.org/10.1007/s11999-012-2577-z


49© Springer International Publishing AG, part of Springer Nature 2019
V. Denaro et al. (eds.), Management of Bone Metastases, https://doi.org/10.1007/978-3-319-73485-9_5

How Expected Survival Influences 
the Choice of Surgical Procedure 
in Metastatic Bone Disease

Panagiotis Tsagozis, Jonathan Forsberg,  
Henrik C. F. Bauer, and Rikard Wedin

Abstract
Accurate estimation of expected survival is 
very helpful in the choice of patients that are 
good candidates for surgery, as well as in the 
choice of the surgical method and implant 
used. If we treat the short-time survivors and 
the long-time survivors with the same recon-
struction, we will inevitably overtreat the 
short-time survivors and undertreat the long-
time survivors. This translates to too extensive 
surgery and rehabilitation need in the short-
time survivors. In this chapter we discuss our 
present general treatment recommendations 
based on prognosis.
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5.1  Introduction

Cancer patients with pathological fracture consti-
tute a diverse population, characterized by nota-
ble variability in overall condition, expected 
survival, as well as presentation and expectations 
regarding treatment. The prognosis varies con-
siderably and is dependent on the type of primary 
tumour and the extent of the disease [1–3]. The 
choice of treatment should be adapted to the local 
symptoms and degree of skeletal destruction, 
whether the pathological fracture is actual or 
impending, the biology of the primary neoplasm 
and ultimately by the expected survival of the 
patient. Ideally, the type of surgery and implant 
chosen should carry the least associated morbid-
ity and risk for secondary complications, provide 
optimal pain relief and allow for adjuvant treat-
ment. As the management of pathological frac-
tures generally does not rely on bone healing, the 
reconstructive method should have an expected 
longevity that exceeds the patients expected 
survival.

5.2  When to Operate?

Skeletal metastases seldom require surgical treat-
ment as most are managed by radiotherapy and 
medical oncological treatment. The decision to 
operate should take into account the level of pain, 
the performance status, the presence of a 
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 pathological fracture and the location as well as 
the radiological characteristics of the lesion (lytic 
or sclerotic, proportion of the bone involved). 
According to our experience, surgery is required 
in approximately 20% of patients referred with 
symptomatic skeletal metastatic lesions [4]. In 
the extremities, the principal indication for sur-
gery is the presence of pathological fractures, as 
non-operative treatments will neither control 
pain nor restore function. In the case of bone 
lesions without fracture, our main indication for 
surgical treatment is pain on weight bearing. We 
have not found the scoring systems to assess the 
risk of fracture to be helpful, and we do not use 
the term prophylactic fixation [5]. If the patient 
has significant pain and loss of function, we treat 
surgically; if the patient has neither, we refer to 
radiotherapy. In solitary lesions of certain cancer 
types such as kidney cancer, there may be an 
indication for en bloc resection [6, 7]. However, 
as oncological treatments of previously refrac-
tory cancer types are becoming more effective, 
such surgical indications will probably become 
irrelevant.

In spinal metastases, the same indications 
apply, although it is the neurological compro-
mise, rather than pain or pathological fracture 
which poses the surgical indication in this occa-
sion. Hence, in our institution, most patients with 
epidural compression of the spinal cord but with-
out major neurological symptoms will be referred 
for radiotherapy. The risk of wound-healing 
problems is higher, and the postoperative recov-
ery period is longer after surgery for spinal 
metastases than for pathological fracture of 
extremities [8–11]. Therefore, patients with life 
expectancy of less than 3  months will in most 
cases not benefit from spinal surgery.

The goals of operative treatment are pain 
relief and restoration of function. Radiotherapy is 
almost never effective in ameliorating pain 
related to weight bearing or physical activity. 
Moreover, treatment of pathological fractures 
cannot rely on bone healing. First, only a minor-
ity of pathological fractures will heal, due to mul-
tifactorial poor bone-healing capability as well as 
short patient survival. Second, patients with path-
ological fractures need a reconstruction that pro-

vides prompt pain relief and allows immediate 
and full weight bearing.

5.3  Survival Estimation as a Tool 
to Guide Treatment

Survival estimates, both to identify those patients 
who will probably die within a couple of months 
and those who can be expected to survive more 
than a year, have an important bearing on treat-
ment decision. Yet, they should only serve as an 
adjunct to sound clinical decision-making, and 
we should be aware that physicians generally 
have an overtly optimistic and unrealistic view of 
the patients’ prospects [12, 13].

Our interest in prognosis as a tool for differen-
tiating surgical treatment for patients with skele-
tal metastases started in the mid-1990s, and our 
first paper on the subject was published in 1995 
[14]. At that time, we observed a very high com-
plication rate and sought to understand the causes 
of it [8]. Indeed, in 1999, our complication rate 
was up to 20% and the reoperation rate 11%. 
Now, approximately two decades later, our group 
at Karolinska has published some 30 papers and 
mentored 3 dissertations in this field, but our 
complication rate is still not satisfying.

Analysis of patients treated in the 1990s 
showed that approximately two out of five were 
alive 1 year after surgery, and one out of five had 
died within 6  weeks from operation [14]. We 
realized that if we treated the short-time survi-
vors and the long-time survivors with the same 
reconstruction, we will inevitably overtreat the 
short-time survivors and undertreat the long-time 
survivors. This translates to too extensive surgery 
and rehabilitation need in the short-time survi-
vors. On the other hand, implant failures would 
be far too common in the long-time survivors. In 
fact, of the few who survived 5 years, one half 
was reoperated because of implant failure and/or 
local tumour progression [4]. It became evident 
that the choice of reconstruction should not be 
solely based on the radiographical appearance of 
the metastatic focus but rather be part of an indi-
vidualized approach where a reliable estimation 
of the patients’ survival plays a central role.
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In 2011 Jonathan Forsberg developed 
PATHFx, a prognostic decision support, as a part 
of his thesis “Turning data into decisions: Clinical 
decision support in orthopaedic oncology” 
(Karolinska Institute, 2015) [15]. PATHFx is 
based on Bayesian belief network and calculates 
the probability of the patient surviving 1, 3, 6, 12, 
18 and 24 months, based on variables that have 
previously shown to be important in risk stratifi-
cation of patients with skeletal metastatic events. 
The tool is available online and has so far suc-
cessfully been externally validated in a 
Scandinavian, an Italian and a Japanese patient 
population [16–18]. To improve the prognostic 
accuracy and to keep PATHFx updated as new 
cancer treatments emerge, a new web-based reg-
istry has been started. The “International Bone 
Metastasis Registry” has been developed in col-
laboration with the Regional Cancer Center in 
Stockholm, Sweden. The registry can also be 
used to find new prognostic variables and to com-
pare treatment outcomes among various centres 
and countries.

Accurate estimation of expected survival is 
very helpful in the choice of patients that are 
good candidates for surgery, as well as in the 
choice of the surgical method and implant used, 
as discussed in the following section. Our hope is 
that the accuracy of PATHFx will improve as 
more patients are registered worldwide, and we 
advocate its use as an adjunct to sound medical 
judgement.

5.4  Which Implant Should 
Be Used? General 
Considerations

Treatment of pathological fractures should not 
rely on bone healing. On the contrary, the basic 
principle is that the implant used should provide 
maximum stability or, optimally, should bypass 
the skeletal lesion and transfer the mechanical 
loads to the uninvolved parts of the skeleton. 
Moreover, it should tolerate immediate weight 
bearing and should require a minimal period of 
rehabilitation. The surgical procedure should also 
carry an acceptable morbidity.

There is increasing evidence that prosthesis 
rather than osteosynthesis should be used in 
lesions around the hip and the proximal femur, as 
well as around the shoulder joint, as they seem to 
provide superior pain relief and have lower risk 
of failure [4, 19]. Indeed, plates and nails have a 
high risk for mechanical failure, presumably as 
they depend on normal bone healing to prevent 
long-term failure. Moreover, the morbidity asso-
ciated with prosthetic surgery is not considerably 
higher compared to osteosynthesis. When it 
comes to the choice of prosthetic device, the use 
of a cemented one is an absolute requirement 
since no osseointegration is expected. 
Hemiarthroplasty is generally sufficient in hip 
replacements, when intraoperative inspection of 
the acetabular cartilage does not reveal any 
degenerative changes. In fit and physically active 
patients with excellent prognosis, total hip 
replacement should be considered. As mentioned 
above, in cases of solitary renal metastases, en 
bloc rather than intralesional resection is associ-
ated with improved patient survival [4, 6]. Thus, 
reconstruction of the skeletal defect with a 
tumour endoprosthesis is motivated, when the 
expected patient survival is excellent [4].

When the use of a plate is necessary, either 
due to technical reasons or poor expected sur-
vival, absolute stability should be the goal, since 
no healing will ensue. The principles of rigid 
osteosynthesis should be applied, and lytic 
lesions should be curetted and replaced with bone 
cement (polymethyl methacrylate), in order to 
both reduce the potential of progression of the 
metastasis and provide superior mechanical sta-
bility. Indeed, bone cement is an excellent mate-
rial that has a direct thermal anti-tumoural effect 
due to the exothermic polymerization reaction 
[20] and provides for good purchase of screws.

5.5  Treatment Policy at 
the Karolinska University 
Hospital

In our Department, a long bone fracture will be 
surgically treated unless the patient is in the ter-
minal phase of his disease. However, we are 
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 cautious accepting patients for spinal or acetabu-
lar surgery if expected survival is shorter than 
3 months. Our guidelines are partly based on our 
own experiences and complication rate for these 
two types of surgery [21–23].

In the subtrochanteric region of the femur, we 
prefer an endoprosthesis, especially if expected 
survival is longer than 6 months (Fig. 5.1) [24]. 
Plates and nails are prone to fatigue fractures and 
failure in the long term, and we try to avoid them 
in patients who have an expected survival longer 
than 6  months. Moreover, intramedullary nail 
osteosynthesis provides only relative stability 
and thus poor pain relief.

We advocate the use of a cemented hemipros-
thesis for pathologic proximal humeral fractures 
and interlocked intramedullary nail for lesions in 
the diaphysis [19]. In the metastasis of the proxi-
mal humerus, a cemented reversed geometry 
total shoulder replacement is contemplated for 
patients surviving longer than 6 months. Reversed 

shoulder prosthesis, as compared to hemi-pros-
thesis, probably provides a better shoulder func-
tion but is also technically more demanding and 
probably associated with higher risk of 
complications.

In spinal surgery we almost only operate 
patients with neurological deficits [25]. If the 
vertebrae at the level of spinal cord compression 
have not been fractured, we often only perform a 
laminectomy without stabilization, especially if 
survival is expected to be less than 6 months. A 
generalized outline of the above recommenda-
tions is shown in Fig. 5.2.

5.6  Post-operative 
Considerations

The goal of surgery should be immediate weight 
bearing, and anything less should be seen as a 
failure. Moreover, routine use of orthoses should 
be discouraged. Follow-up should be adjusted to 
the type of reconstruction and expected survival 
of the patient.

Routine post-operative radiotherapy is usually 
offered when the wound has healed. The goal is 
to prevent continued bone destruction and protect 
the implant from failure. However, radiotherapy 
may result in stress fractures, wound-healing 
problems and infections [26]. There is still uncer-
tainty regarding the optimal schedule and dose of 
radiotherapy, even if single-dose treatments have 
shown comparable efficacy regarding pain relief 
as multiple-dose ones [27]. Moreover, there are 
no studies comparing the outcome of surgery 
with or without postoperative radiotherapy in the 
treatment of pathological fractures. In a previous 
study, we showed that the reoperation rate in irra-
diated fractures was 13% as compared to 10% in 
non-radiated ones, and the radiotherapy-associ-
ated complication rate was 10% [8]. Overall, 
patients with expected survival of less than 
3  months probably do not need any adjuvant 
radiotherapy. Furthermore, the use of prostheses 
or cement augmentation after intralesional exci-
sion further weakens the indication for 
radiotherapy.

a

b

Fig. 5.1 A 54-year-old female with a history of breast 
cancer, presenting with spontaneous pathological femoral 
fracture bilaterally (a). Bilateral cemented hip hemiar-
throplasty allowing immediate mobilization of full weight 
bearing (b)
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The Role of Radiotherapy in Long 
Bone Metastases and Pelvis
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and Sara Ramella

Abstract
Bone metastases are a common complication 
of advanced cancer that can cause severe and 
debilitating effects. External beam radiation 
therapy (EBRT) provides significant palliation 
of painful bone metastases in around 70% of 
patients, induces remineralization, prevents 
impending fractures, and promotes healing of 
pathological fractures, reducing the skeletal-
related events (SRE). Hypofractionated sched-
ules are used for the treatment of bone 
metastases; the most commonly used are a 
single 8  Gy, 20  Gy in five daily treatments 
(4 Gy per treatment), and 30 Gy in ten daily 
treatments (3 Gy per treatment). Postoperative 
external beam irradiation can significantly 
reduce disease progression and subsequent 
loss of fixation. In the postoperative setting, 
the treatment field should include the entire 
interlocking device, nails, or prosthesis in 
order to remove any microscopic dissemina-
tion of disease. Two-dimensional or 3D con-
formal radiotherapy could be used for 
treatment planning. Simple field assessment 
(anteroposterior-posteroanterior AP-PA field) 
is often used for treatment planning of long 
bones, leading to a shorter treatment time. For 
pelvic bone metastases, a more complex field 

assessment could be considered to lessen the 
dose to the organs at risk, leading to a better 
tolerability of the treatment itself. Recent 
technological advances, such as intensity-
modulated radiotherapy (IMRT) and stereo-
tactic body radiotherapy (SBRT), can be used 
in a particular setting of oligometastatic 
patients to deliver a substantial dose of radia-
tion to the tumor and spare healthy normal 
tissues.

6.1  Introduction

Bone metastases are a common complication of 
advanced cancer that can cause severe and debili-
tating effects including severe pain, reduced 
mobility, spinal cord compression, life-threaten-
ing electrolyte imbalances, and pathologic frac-
ture [1].

The distribution of bone metastases approxi-
mately mirrors the distribution of red marrow, 
presumably reflecting increased blood flow in red 
marrow compared to yellow marrow.

The spine, pelvis, and ribs are the main sites of 
the bone metastases, and the extremities, espe-
cially the distal portions, are non-predilection 
sites. Of the extremities, proximal portions of 
femurs are the most frequently involved site [2].

Upper extremity metastases can cause critical 
functional impairment and can hinder personal 
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hygiene, independent ambulation, the ability to 
use external aids, meal management, and general 
activities of daily living.

Massive metastases to the pelvis, especially to 
the periacetabular area, are still a difficult treat-
ment problem. They inhibit patients’ walking 
independently, leading to the need for crutches or 
a walking frame. Joint motion is usually signifi-
cantly limited and related to pain. These infirmi-
ties are accompanied by imminent muscle 
atrophy. Bed-ridden patients are more likely to 
develop thromboembolism and infectious com-
plications. The patients need constant care of the 
family or healthcare practitioners and require 
analgesic treatment [3–5].

Pain may be localized or diffuse and may 
worsen upon weight bearing [6]. As a conse-
quence of bone pain, patients often have increased 
difficulty with activities of daily living and 
decreased quality of life (QOL) [7].

External beam radiation therapy (EBRT) pro-
vides significant palliation of painful bone metas-
tases in around 70% of patients, with up to 
10–35% of patients achieving complete pain 
relief at the treated site [8]. Moreover, radiother-
apy induces remineralization for strengthening of 
the weakened bone  – so it prevents impending 
fractures  – and promotes the healing of patho-
logical fractures, thus reducing the skeletal-
related events (SRE). As a consequence, 
radiotherapy for painful bone metastases leads to 
a better quality of life [9].

The precise mechanism of action by which 
radiation induces pain control is still not fully 
known: the shrinkage of the tumor bulk, which is 
the removal of tumor from the bone, enables the 
osteoblastic repair and a restored integrity of the 
damaged bone, leading to pain relief and reduc-
ing the mechanical effects of the compression 
and infiltration of the bone tissue, and the relative 
production of cytokines that act on receptors 
responsible for the pain. However, the early 
period of pain relief seen (25% in 24–48 h), the 
absence of dose-response relationship (single vs 
multiple fractions), and the absence of a clear 
relationship to the primary tumor suggest that the 
tumor shrinkage itself is unlikely to account for 
the pain relief [10–12].

Therefore, the early response leads to the 
hypothesis that early reacting and very sensitive 
cells, and the molecules they produce, are 
involved in this answer. Obvious candidate cells 
are the inflammatory cells that are largely present 
in the bone metastasis microenvironment. 
Reduction of the inflammatory cells by ionizing 
radiation inhibits the release of chemical pain 
mediators and is probably responsible for the 
rapid reaction seen in some patients [13]. Other 
candidate cells are the osteoclasts. A clear dose-
response relationship between the dose of ioniz-
ing radiations and the decrease in the number of 
osteoclasts in vitro has been observed [14]. The 
inhibitory effect on the osteoclast activity exerted 
by ionizing radiations was also shown in a study 
conducted by Vakaet et al., in which patients with 
greater benefit after radiation therapy had a lower 
concentration of urinary bone reabsorption mark-
ers compared to “non-responders” [15].

6.2  Radiotherapy Dose 
and Fractionation

The conventional fractionation of radiotherapy 
provides daily fractions of 1.8–2  Gy, from 
Monday to Friday, and the total dose is deter-
mined by the radiosensitivity of the tumor and 
the tolerance of healthy tissues involved in the 
radiation field. Hypofractionated radiotherapy is 
delivered with high dose per fraction, in few 
days [16].

Historically, hypofractionated schedules are 
used for the treatment of bone metastases, based 
on two types of considerations:

• Empirical: relatively low doses of radiation 
are sufficient to control the pain in 80% of pat-
ents [17].

• Utilitarian: a small number of sessions is more 
comfortable for patients in poor conditions, 
and it reduces waiting lists in radiotherapy 
centers.

Many randomized trials have been conducted 
on dose fractionation schedules of palliative 
radiotherapy [17].
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From the 1980s to the 1990s, four randomized 
studies [18–21] evaluating different hypofrac-
tionated treatment regimens have been conducted 
(Table 6.1), showing no differences in terms of 
frequency and duration of palliation, functional 
recovery, and incidence of pathological fractures, 
and all the treatment dose schedules were equally 
effective.

In the past 15  years, especially in Northern 
Europe, the use of a single high-dose session of 
radiotherapy for bone metastases has been tested. 
In particular, the results of numerous randomized 
trials comparing a single dose of 8 Gy with more 
prolonged regimens are enclosed in four meta-
analysis [22–25], which came to the same con-
clusion in terms of the effectiveness of a single 
fraction of radiotherapy for pain control with 
minimal side effects.

The first of these was published by Wu in 
2003 [22]. Sixteen trials were divided into three 
categories: (1) studies comparing single fractions 
of different doses, (2) studies comparing single 
dose vs multiple fractions, and (3) comparison of 
multifraction schedules of varying durations. (1) 
The two trials comparing single fraction of 4 Gy 
vs 8  Gy showed that the overall palliative 
response was significantly lower with 4 Gy per 
fraction, although there were no differences in 
terms of complete response. (2) An analysis of 
comparative trials between single fraction and 
multifraction regimens did not reveal any differ-
ence in terms of complete (39.2 vs. 40%) and 
overall (62.1 vs. 58.7%) response. (3) No signifi-

cant difference was found in terms of acute toxic-
ity between the different radiation schedules.

The meta-analysis of 11 randomized trials by 
Sze et  al. [23] confirmed equal effectiveness in 
terms of overall (60% vs 59% of total 1769 pts) 
and complete (34% vs 32%) response to pain 
between monofractionated and multifractionated 
regimens. However, the rate of retreatments and 
pathological fractures was higher in patients 
undergoing single session of RT compared with 
multifractionated regimens. The same conclusion 
is reached by Chow et al. [24], in his meta-analy-
sis of 16 randomized trials comparing single 
fraction radiotherapy and more prolonged 
regimes which showed no differences in terms of 
global response to pain, a trend toward more 
retreatments in the single fraction group, and an 
increased incidence of pathologic fractures and 
spinal cord compressions in the single-session 
group (p 0.75 and 0.13, respectively).

In 2012, the same group updated the meta-
analysis [25] and evaluated five additional ran-
domized trials that were compared to those 
included in the earlier study; they showed once 
again that there was no statistically significant 
difference in the analgesic response between the 
two fractionation modes. The overall response 
rate to the pain was 60% (1696/2818) in patients 
undergoing single session of 8  Gy and 61% 
(1711/2799) in those receiving multiple frac-
tions. Seventeen trials reported the rate of com-
plete responses to pain on a total of 5263 patients, 
and also in this case, there were no significant 

Table 6.1 Randomized studies on hypofractionated treatment regimens

Study
No of Pz  
(No Eval.)

Dose (Gy/
fractions)

Complete 
response (%)

Overall 
response

Path fractures 
(%)

Tong et al., 1982, USA (solitary 
treatment site)

266 (146) 20/5
40/15

53
61

82
85

4
18

Multiple site 750 (613) 15/5
20/5
25/5
30/10

49
56
49
57

87
85
83
78

5
7
9
8

Hirokawa et al., 1988, Japan 128 25/5
30/10

NA 75
75

NA

Rasmusson et al., 1995, Danmark 217 (127) 15/3
30/10

NA 69
66

NA

Niewald et al., 1996, Germany 100 20/5
30/10

33
31

77
86

8
13
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differences (23% in the case of single fraction-
ation vs 24% more protracted schedules). A trend 
in favor of multiple fractionations as regards the 
incidence of pathologic fractures and spinal cord 
compression was furthermore confirmed, 
although the difference was not statistically sig-
nificant. In addition, the authors suggested that 
the higher percentage of retreatments in the group 
subjected to the single fraction could be explained 
by a greater reluctance of the physicians to retreat 
patients already treated by multifraction 
schedules.

In conclusion, the longer course has the 
advantage of a lower incidence of repeat treat-
ment to the same site, but the single fraction has 
been proved to be more convenient for patients 
and caregivers [1].

The fractionation of most commonly used pal-
liative radiotherapy regimens is as follows: a 
single 8 Gy, 20 Gy in five daily treatments (4 Gy 
per treatment), and 30 Gy in ten daily treatments 
(3 Gy per treatment). Moreover, the choice of the 
most suitable fractionation schedule for each 
patient cannot be done without a careful assess-
ment of the patients’ clinical conditions. As a 
consequence, models to predict survival have 
been worked out in order to determine the 
patients’ prognosis and consequently the best 
choice of fractionation. For example, Westhoff 
et  al. [26] found that in predicting survival in 
patients with painful bone metastases, KPS com-
bined with primary tumor was comparable to a 
more complex model. Considering the amount of 
variables in complex models and the additional 
burden on patients, the use of a simple model 
only taking into account KPS and primary tumor 
type is preferred for daily use.

6.3  Radiotherapy and Surgery

Metastatic bone disease involving the pelvis and 
femur is a common clinical occurrence. A patho-
logic fracture in this region is a catastrophic event 
that results in significant pain and loss of func-
tion. The major goal in the management of the 
patient is to relieve pain and to restore function 
and ambulation. A team effort is important to rec-

ognize the full therapeutic potential of each situ-
ation [27].

When a fracture affects the long bones or 
other weight-bearing bones such as the pelvis, a 
surgical stabilization is suggested when possible 
to treat the pain and to retain a functional limb 
[28]. Surgery is also indicated as prophylaxis for 
patients with metastatic lesions at a considerable 
risk of fracture (impending fractures). After the 
performance of the surgical stabilization, the 
patient is often sent to the radiation oncologist 
to  assess the opportunity for an adjuvant 
radiotherapy.

Postoperative external beam irradiation can 
significantly reduce disease progression and sub-
sequent loss of fixation. In fact, multiple reviews 
advise a short course of radiotherapy (from five 
to ten fractions) after surgical treatment, since it 
would allow bone healing, prevent tumor pro-
gression, minimize the risk of implant failure, 
and decrease the rate of secondary procedures 
[29–35]. In the postoperative setting, the treat-
ment field should include the entire interlocking 
device, nails, or prosthesis in order to remove any 
microscopic dissemination of disease as the 
entire bone is at risk for microscopic involve-
ment, because during the rod placement, the pro-
cedure may seed neoplastic cells at other sites.

In a recent review by Willeumier et al. [36], 
the authors asserted that there was a lack of clini-
cal evidence about postoperative radiotherapy 
after surgical fixation of impending or actual 
pathologic fractures at the long bones. Based on 
the results of the only two articles that met the 
inclusion criteria for inclusion in the analysis, a 
firm conclusion on the standard use of postopera-
tive radiotherapy in the long bones could not be 
drawn. The authors concluded that a large, multi-
center, randomized study would provide further 
insights and lead to a firmer substantiated treat-
ment plan for patients with metastases to the long 
bones.

Furthermore, the life expectancy must be 
taken into account in determining the most suit-
able treatment since the adjuvant and prophylac-
tic treatments require time and energy of the 
fragile patient and might negatively affect the 
quality of life.
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6.4  Radiotherapy Technique

No formal immobilization is usually required for 
patient setup, but adequate analgesia should be 
available for the patient during the planning and 
treatment.

An X-ray simulator could be used; this would 
provide good localization for the pelvis and long 
bones.

When two-dimensional, or conventional, radi-
ation therapy is used, planning can be done rap-
idly, and the patients can start the treatment very 
quickly, as opposed to other techniques that 
require more in-depth (and time consuming) 
planning. As a consequence, this type of treat-
ment, when still available, is generally reserved 
for urgent palliative treatments.

Nowadays most hospitals use a CT simulator 
to plan the treatment for bone metastases in a 
process known as 3D conformal radiotherapy. 
The advantage of CT-guided therapy compared 
to conventional therapy is that CT-guided therapy 
allows to delineate the metastases and normal 
organs in three dimensions, as opposed to using 
the “flat” image of an X-ray.

The target volumes should be defined after the 
review of all the diagnostic imaging. Attention 
should be paid to soft-tissue masses, which are 
often associated to bone metastases and respon-
sible for the observed symptoms. Such lesions 
are best assessed by CT or MRI [37]. An ade-
quate margin around the bone should be used.

For long bones, the clinical target volume 
(CTV) should encompass the entire marrow cav-
ity of the bone but should avoid articular surfaces, 
and despite the low dose, a corridor for lymph 
drainage should be used [38]. Although the pelvis 
is a typical metastatic site, little consensus exists 
regarding the target volume delineation for radio-
therapy of pelvic bone metastases. Because the 
pelvis has a curved shape and encompasses bowel 
loops and the bladder, contouring the target vol-
ume and protecting the organs at risk are chal-
lenging. In fact, many organs such as the intestines, 
urinary bladder, and internal sex organs are 
located within or near the pelvis. During the treat-
ment planning, it is advisable to avoid uninvolved 
sensitive tissues like perineum.

Simple field assessment (anteroposterior-pos-
teroanterior AP-PA field) is often used for treat-
ment planning of long bones, leading to a shorter 
treatment time (Fig. 6.1).

For pelvic bone metastases, a more complex 
field assessment could be considered to lessen 
the dose to the organs at risk leading to a better 
tolerability of the treatment itself.

Recent technological advances, such as the 
intensity-modulated radiotherapy (IMRT) and 
the stereotactic body radiotherapy (SBRT), have 
enabled more successful radiation treatments by 
delivering a substantial dose of radiations to the 
tumor, while sparing healthy normal tissues.

However, these techniques should be reserved 
to a particular setting of oligometastatic patients. 
This setting is identified by a new category of 
patients with good prognosis and life expectancy 
with a single or limited number of metastases, early 
detected by the improvement of imaging tech-
niques and careful follow-up. These patients could 
benefit from more sophisticated and complex 
radiotherapy that can prevent long-term complica-
tions of the treatment itself and that allow an 
extended control of the disease and the symptoms.

Radiosurgery, stereotactic radiotherapy, inten-
sity-modulated radiotherapy, etc., may represent 
valid therapeutic options for the treatment of long 
bones and pelvic metastases in well-selected 
clinical conditions.

IMRT is an advanced form of three-dimen-
sional conformal radiotherapy. It is of particular 
value for target volumes with concave or com-
plex shapes with close proximity to radiosensi-
tive normal structures. It has two key additional 
features compared to conformal radiotherapy:

 1. Nonuniform intensity of the radiation beams
 2. Computerized inverse planning [39]

IMRT is useful in particular for pelvic bone 
metastases, since (1) standard conventional 
anteroposterior/posteroanterior (APPA) or box 
techniques often result in large volumes of bowel 
receiving the prescription dose, and the concave 
pelvic target volume encircling normal organs 
(bowel, bladder, and genital region) lends itself to 
IMRT, and the use of standard solutions to opti-
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mize planning target volume (PTV) coverage and 
spare central OARs; (2) gastrointestinal toxicity 
occurs frequently after large-field pelvic pallia-
tive RT; (3) indications for palliation of bone 
metastases often arise during ongoing systemic 
therapy; (4) the requirements for pelvic reirradia-
tion may increase as systemic therapies improve; 
and (5) volumetric modulated arc delivery has 
been shown to be time-efficient and is well-suited 
to the fast irradiation of large volumes [40] 
(Figs. 6.2 and 6.3).

However, for IMRT the immobilization and 
treatment planning process is longer than 3D 
conformal radiotherapy, and the treatment deliv-
ery times are often prolonged; therefore, some 
patients could not be able to withstand the time 
necessary for treatment.

On the other hand, SBRT is a technique that 
allows to deliver high doses of radiation to the 
tumor in a single fraction (radiosurgery) or in few 
fractions (fractionated stereotactic radiotherapy), 
with a high dose gradient, to achieve a better dis-
ease control and simultaneously a considerable 
sparing of the surrounding normal tissues. Its use 
is increasingly widespread in the field of bone 
metastases, in particular for the treatment of spi-
nal metastases, since the local recurrence can 
have irremediable consequences; moreover, there 
is little distance from critical organs like the spi-
nal cord or the esophagus. But SBRT could be 
useful also for pelvic metastases since the pelvis 
has a curved shape and encompasses bowel loops 
and the bladder and internal sex organs.

However, as for IMRT, the immobilization 
and treatment planning process of SBRT is time 

Fig. 6.1 AP-PA field assessment for humeral bone metastases

Fig. 6.2 IMRT dose distribution for the right ileum
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consuming and may delay the beginning of the 
treatment in a patient with severe bone pain. 
Patients must be able to lie immobilized and still for 
an extended period and should have a sufficiently 
good performance status [41]. Additionally, if the 
accuracy is compromised, the surrounding tissues 
will receive higher doses of radiation that could poten-
tially lead to a more severe toxicity after treatment.

As an adjunctive matter, the economic impact 
of this complex technique should not be underes-
timated, and its role should be carefully evaluated 
in the management of patients with bone metas-
tases. A recent area of research is in fact the one 
of cost-effectiveness of stereotactic radiotherapy 
in the palliative setting [42]. Therefore, the 
American Society for Radiation Oncology 
(ASTRO) Task Force recommends the use of 
SBRT only in clinical trials.

6.5  Radiotherapy Side Effects

The side effects of radiation therapy are specific 
to the treated area. Since patients with long bones 
or pelvic metastases often have a short life expec-
tancy, they usually experience only the acute side 
effects of radiotherapy.

Even if a complete response of the pain 
could be achieved from 10 to 35% of patients, 
with overall pain response rates approaching 
70%, some patients could experience an 
increase at the beginning of the treatment, due 
to radiation-induced edema and to the resulting 
compression of the neighboring healthy tissue. 
This event, known as “pain flare-up,” is a com-
mon side effect of palliative radiotherapy for 
bone metastases and is more frequent for exten-
sive lesions and/or higher fraction doses. Pain 
flare occurs in nearly 40% of the patients that 
receive palliative RT for symptomatic bone 
metastases and is not a predictor for pain 
response [43]. In a recent randomized placebo-
controlled, phase 3 trial, Chow et al. [44] found 
that 4  mg dexamethasone tablets taken orally 
at  least 1  h before the beginning of radiation 
treatment, and then every day for 4 days after 
radiotherapy (days 1–4), reduced the 
 radiation-induced pain flare in the treatment of 
painful bone metastases.

For pelvic bone metastases, a gastrointestinal 
toxicity frequently occurs after large-field pelvic 
palliative RT.  In patients treated by chemother-
apy, the radiotherapy could also lead to a reduc-
tion in marrow reserves.

Fig. 6.3 IMRT treatment planning for acetabular metastasis
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For long bones metastases, radiotherapy might 
cause lymphedema due to an alteration of lymph 
drainage if a low-dose corridor is not guaranteed.

Careful radiation treatment planning and the 
use of more sophisticated radiotherapy tech-
niques for patients with long life expectancy can 
prevent most side effects. Patients should be reas-
sured that the side effects that they could experi-
ence in most cases will resolve upon the 
completion of radiotherapy.
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The Role of Radiotherapy in Spinal 
Metastases

Francesca De Felice, Daniela Musio, 
and Vincenzo Tombolini

Abstract
Nowadays metastatic disease dominates the 
survival outcomes of cancer patients, due to 
modern combined modality therapies. The 
spine represents the most common site of 
bone metastases.

Treatment decisions primarily depend on 
clinical symptoms, spinal stability, extent of 
disease, and medical comorbidities. Radiation 
therapy (RT) plays a crucial role in the pallia-
tive management of spinal metastases (SM). 
The main objective is to provide pain relief 
and preserve neurological function.
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7.1  Introduction

Spinal metastases (SM) constitute one of the 
major problems in oncology. The spine is 
involved in up to 40% of cancer patients that 

develop metastatic disease during the course of 
their illness [1]. SM are usually associated with a 
limited median survival (7  months), with an 
approximately 40% probability of survival up to 
12 months, especially in case of oligometastatic 
breast or prostate cancer [2]. Most commonly 
seen tumor primary sites include prostate, breast, 
kidney, lung, thyroid, lymphoma, and myeloma. 
SM can determine important morbidity and nega-
tively impact patient’s quality of life (QoL), pri-
marily due to spinal cord compression (SCC) 
risk. In fact, SCC exposes to a paralysis below 
the level of compression, prejudicing extremities 
movement, as well as bladder, bowel, and sexual 
function [2]. Thus, an early diagnosis and a 
prompt treatment of SM are a high priority, in 
order to prevent, reduce, or at least delay serious 
complications. Over the past 20 years, it has been 
estimated that the incidence of SM has increased 
due to improved survival of cancer patients, 
whereas, on the other hand, the incidence of SCC 
has decreased, primarily because magnetic reso-
nance imaging (MRI) has become more widely 
available [3].

The thoracic spine is the most frequently 
involved region (60–80%), followed by lumbar 
(15–30%) and cervical vertebrae (10%). Breast 
and lung tumors metastasize usually to the tho-
racic spine, whereas prostate cancer metastasizes 
preferably in the lumbar-sacral region. It has 
been estimated that more than 50% of patients 
with SM have evidence of metastases at multiple 
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levels of the spine [4]. The posterior portion of 
the vertebral body is the most common initial 
anatomic location and involvement of pedicles 
occurs thereafter.

Optimal management of SM encompasses a 
multidisciplinary approach, including radiology, 
spinal surgery, radiation therapy (RT), medical 
oncology, and rehabilitation medicine. We briefly 
examine the natural history of SM and focus on 
the clinical effectiveness and cost-effectiveness 
of subsequent RT treatment.

7.2  Natural History

Physiopathology The main method of tumor 
cells dissemination is through the venous plexus 
of Batson. Firstly described in 1940, this venous 
system is located in the epidural space between 
the spinal column bone and the dura mater. Its 
major characteristic is the lack of valves that con-
trol the blood flow received from other venous 
drainage, including the portal, caval, renal, pul-
monary, intercostals, and azygous systems. 
Vertebral bodies represent one of the preferential 
tumor cell localization because of their rich vas-
cularity that promotes adhesion of malignant 
cells to endothelial cells. The bone microenviron-
ment is the most fertile soil for cellular implanta-
tion, due to its variety of growth factors, including 
cytokines, enzymes, and hormones. In pathologi-
cal condition, the balance between bone resorp-
tion (osteoclast-mediated) and bone remodeling 
(osteoblast-mediated) is lost, resulting in osteo-
lytic, osteoblastic, or mixed bone lesions forma-
tion [4].

SM can also occur as direct invasion or exten-
sion of primary tumor. For instance, prostate and 
colorectal lesions may become locally aggressive 
and invade the lumbar or sacral spine, leading to 
symptomatic SM, whereas lung cancers can 
extend posteriorly into the thoracic vertebral 
column.

Seeding of tumor cells in the cerebrospinal 
fluid represents other mechanism of SM spread, 
and it is usually secondary to a cerebral surgery 
approach [5].

Clinical Manifestation Structural failure of the 
vertebrae and pain, either local, referred, or 
radicular in nature, are common symptoms at 
diagnosis. However, sometimes SM can be 
asymptomatic [2].

Generally, the severity of symptoms depends 
on tumor growth, degree of bone involvement, 
and extent of systematic disease. SM can lead to 
severe complications, such as pathological frac-
tures, motor dysfunction (causing myelopathy 
and radiculopathy), sensory dysfunction 
(including anesthesia, hyperesthesia, and pares-
thesia), and SCC with subsequent autonomic 
dysfunction [5].

7.3  Impact on Treatment 
Decision-Making

To optimize the treatment paradigms in SM 
patients, appropriate establishment of spinal sta-
bility and degree of SM occupancy of the verte-
bral body are crucial.

Spinal Instability Neoplastic Score The spine 
oncology study group (SOSG) developed the spi-
nal instability neoplastic score (SINS) as a com-
prehensive classification system specific to SM 
[6]. SINS is an evidence-based medicine system 
able to predict stability of neoplastic lesions and 
identify those patients requiring surgical consul-
tation. It is based on both patient symptoms and 
radiographic criteria of the spine. The final score 
includes the following factors: global spinal loca-
tion of the tumor, type and presence of pain, bone 
lesion quality, radiographic spinal alignment, 
extent of vertebral body collapse, and posterolat-
eral spinal element involvement. The greater is 
the extent of vertebra invasion, the more likely 
spinal fracture is to occur, and surgical assess-
ment is important.

Bilsky Grading Scale To facilitate optimal patient 
care, a clear grading scheme to define epidural 
involvement is paramount. In fact, the degree of 
epidural disease can be essential to guide RT deci-
sion-making, due to constraints of spinal cord tol-
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erance. Epidural disease is defined as grade 0 
(bone only), grade 1 [epidural impingement, with-
out (1a) or with (1b) deformation of thecal sac or 
spinal cord abutment (1c)], grade 2 (partial oblit-
eration of cerebrospinal fluid space), and grade 3 
(complete obliteration of cerebrospinal fluid 
space) [7]. Considering innovations in techniques, 
RT is utilized as primary treatment approach in 
patients with grade 0–1 epidural disease, whereas 
it can be used as adjuvant treatment after surgical 
management in grade 2 and 3 epidural disease.

7.4  Radiation Therapy

RT is a valuable therapy in SM management. The 
therapeutic objective is mainly to relieve pain and 
preserve neurological function. Beneficial effects 
on pain may necessitate several days to a few 
weeks, so analgesic medication must be opti-
mized during that interval [8]. Pain relief ranges 
from 50 to 85% of cases—with up to one-third 
reporting complete response—and typically 
occurs within 4 weeks after RT to last approxi-
mately 19 weeks [9].

Imaging is essential to delineate target volume 
for radiation planning purposes. The major fac-
tors that should be taken into account when con-
sidering a patient for RT treatment are anatomic 
location and presence/absence of SCC.  Current 
standard recommendations are listed in Table 7.1 
[9, 10]. In case of SCC, definitive treatment, 
including surgical decompression followed by 
RT or RT alone in those patients unfit for surgical 

approach, should be given as soon as possible [5, 
11]. Adjuvant RT is indicated to achieve local 
tumor control and should be initiated as soon as 
possible.

External Beam Radiation Therapy External 
beam radiation therapy (EBRT) is the standard of 
care for the treatment of SM.  Before EBRT, a 
computed tomography (CT) scan of the affected 
anatomic site is obtained, with the patient immo-
bilized in a comfortable and reproducible treat-
ment position. EBRT fields include the involved 
vertebral body (and if necessary the soft tissue 
mass), plus a vertebral body below and above. 
Single 8 Gy fraction, prescribed to the appropri-
ate target volume, is nowadays the recommended 
dose to treat symptomatic and uncomplicated 
bone metastases [12].

There have been several randomized controlled 
trials comparing the effectiveness of pain control 
with various regimens of fractionated EBRT, 
including single 8 Gy dose and multiple fraction 
regimens, such as 30 Gy in ten fractions, 24 Gy in 
six fractions, and 20 Gy in five fractions [13–18]. 
Pain control rates were essentially similar regard-
less of the fractionation pattern, whereas re-treat-
ment rates to the same anatomic site were 
significantly higher in those patients who received 
8 Gy compared to fractionated courses (20% ver-
sus 8%, p < 0.00001) [19]. However, in daily prac-
tice, despite the proven 8 Gy clinical effectiveness 
and cost efficiency, the selection of the fraction-
ation schemes is often influenced by patient char-
acteristics (performance status, compliance to 

Table 7.1 Radiation therapy in spinal metastases: indications

Clinical circumstances Treatment
Radiation therapy
Total dose Fraction Technique

Uncomplicated spinal metastases Primary RT 8 Gy 1 EBRT
15–24 Gy 1 SBRT
18–36 Gy 3–6

Spinal cord compression Adjuvant RT EBRT
  Life expectancy >6 months 30 Gy 10
  Life expectancy ≤6 months 8 Gy; 20 Gy 1; 5
  Unfit for decompressive surgery Primary RT 8 Gy 1
Reirradiation Primary RT 8 Gy 1 EBRT

10–30 Gy 1–5 SBRT

RT radiation therapy, Gy gray, EBRT external beam radiation therapy, SBRT stereotactic body radiation therapy
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treatment, life expectancy), tumor-related factors 
(histology of the primary tumor, interval time from 
primary diagnosis to SM, time of developing pain 
or neurological deficits before RT), and logistic 
issues (treatment duration time, validity of family 
members assistance, hospital location, cost of 
therapy).

Stereotactic Body Radiation Therapy Nowadays, 
stereotactic body radiation therapy (SBRT) is 
gaining increasing popularity in SM treatment, 
due to its ability to overcome several EBRT dose 
limitations. SBRT is an emerging high-dose RT 
with tumor-ablative intent, while sparing sur-
rounding tissues. Meticulous attention should be 
given to the accuracy of both target delineation 
and patient setup to maximize treatment effective-
ness and safety. SBRT involves a multistep pro-
cess, including patient immobilization, computer 
tomography (CT) image acquisition planning, tar-
get delineation, sophisticated treatment planning, 
and imaging guidance to detect and correct patient 
positional deviations [20]. The main advantage 
over EBRT is the higher biologically effective 
dose (BED) delivered to the SM. Typically, a total 
dose of 16–24 Gy in single fraction or 24 Gy in 
two fractions or 27 Gy in three fractions is deliv-
ered to the target volume, which is, respectively, 
normalized to a 34.7–68 Gy, 44 Gy, and 42.8 Gy 
equivalent BED (α/β = 10). In addition, reducing 
target volume, more spinal cord is preserved com-
pared to the large EBRT fields. On the other hand, 
treatment time is prolonged (45–90 min per frac-
tion); if toxicity arises, it is more severe, and 
retreatment results are much more complicated.

Retrospective literature data highlight a great 
local control (up to 80%) in those series using 
SBRT as adjuvant or salvage postoperative treat-
ment. However, due to the lack of randomized 
clinical trials comparing EBRT versus SBRT, 
nowadays it is still not possible to draw definitive 
conclusions. The Radiation Therapy Oncology 
Group (RTOG) 0631 study is currently recruiting 
participants (https://clinicaltrials.gov/
NCT00922974). It randomizes patients with 
localized SM between 8 Gy in a single fraction 
EBRT and single 16 or 18  Gy SBRT dose to 

determine whether SBRT could improve pain 
control and QoL as compared to conventional 
EBRT. Final results would be essential to better 
delineate SBRT clinical effectiveness, in this set-
ting of patients.

Local failure in the epidural space adjacent to 
the spinal cord is the most common pattern 
reported in SBRT studies [21, 22]. It appears that 
recurrent disease is mainly related to radiation 
underdosing of the epidural space in order to 
meet spinal cord constraints and disease direct 
extension into the epidural space. Therefore, 
identifying the appropriate clinical target volume 
(CTV) is essential because the step dose gradi-
ents between target and adjacent normal tissues 
result in disease subdosage. The International 
Spine Radiosurgery Consortium (ISRC) gener-
ated recommendations for delineating the correct 
target volume when using SBRT [23]. Each ver-
tebral body has been divided into six sectors: ver-
tebral body (sector 1), left pedicle (sector 2), left 
transverse process and lamina (sector 3), spinous 
process (sector 4), right transverse process and 
lamina (sector 5), and right pedicle (sector 6). 
Detailed analysis of CTV delineation is beyond 
the aim of this chapter; thus we only briefly 
described it. As a general rule, the entire sector 
should be included in the CTV if any portion of 
any sector contained the lesion. For instance, if 
the SM involves part of vertebral body, pedicle, 
and base of transverse process, then the CTV 
should include all sectors 1, 2, and 3 (Fig. 7.1). In 

Fig. 7.1 Practical example of clinical target volume 
delineation. Spinal metastases involving lateral left verte-
bral body with extension to pedicle and base of transverse 
process, clinical target volume includes all sectors 1 (ver-
tebral body), 2 (pedicle), and 3 (transverse process)
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case of postoperative spine SBRT, the CTV 
should include the anatomic sectors involved 
based on both preoperative and postoperative 
diagnostic images [24]. However, the potential 
application of postoperative SBRT requires vali-
dation in prospective controlled studies.

7.5  Toxicity

Quantitative Analysis of Normal Tissue Effects 
in the Clinic (QUANTEC) Tissue radiation tol-
erance depends on its architecture and its 
reserve capacity, as well as the proportion of 
the organ included in the target, the fraction 
size and the dose received, the overall treatment 
time, and the length of follow-up [25]. 
Conventionally, it is assumed that each organ is 
composed of functional subunits (FSUs), and 
their spatial rapport is essential to maintain 
organ integrity [26]. The spinal cord is classi-
fied into serial organ, and the maximum 
absorbed dose is essential to predict tissue tol-
erance and, thus, tissue complication. The spi-
nal cord extends from the base of the skull 
through the lumbar spine and consists of motor 
and sensory tracts. RT-induced injury can be 
severe and result in pain, paresthesias, sensory 
deficits, paralysis, Brown-Sequard syndrome, 
and bowel/bladder incontinence [27]. Portions 
of the spinal cord are always included in RT 
fields for SM treatment. In EBRT treatment 
plan, it is sufficient to identify the level of the 
involved spinal cord. In fact, considering that 
the radiation field encompasses the entire spi-
nal cord circumference, the precise spinal cord 
definition is not critical. On the other hand, in 
SBRT technique, the delineation of the spinal 
cord is paramount, although there is not until 
now a consensus on the best approach to delin-
eate it—the entire thecal sac or the spinal canal, 
or the spinal cord with/without a radial 
margin.

It is well established that the spinal cord can 
tolerate 45–50  Gy with conventional fraction-
ation, resulting in an estimated radiation myelop-
athy (RM) risk of 0.03–0.2% [27]. Reirradiation 

data suggested no RM cases for cumulative dose 
≤60  Gy in 2  Gy equivalent doses, in at least 
6  months interval between RT courses [27]. 
Using hypofractionated regimens, the recom-
mended constraints are less accepted. It is well 
known that when the spinal cord is treated with 
large dose fractions, the biological effectiveness 
per unit of dose increases briskly [26]. RM inci-
dence after SBRT to SM is less than 1% when the 
maximum spinal cord dose is limited to the 
equivalent of 13 Gy in a single fraction or 20 Gy 
in three fractions [27]. To reduce its local recur-
rence, it has been proposed a less strict spinal 
cord constraint of 9–10 Gy, but it is probably not 
appropriate for previously irradiated patients 
[21]. However, it should be noted that SBRT is a 
relatively recent technique; thus, reports of toxic-
ity are rare, the follow-up time is short, and the 
patient numbers are small.

Radiation Therapy-Related Complications Poten-
tially disabling serious adverse events include, 
mainly, vertebral compression fracture (VCF) 
and RM.

VCF arises secondary to bone tissue damage. It 
is a practically low-risk (<5%) adverse event after 
EBRT, whereas the crude risk of VCF after spinal 
SBRT ranges from 11 to 39% [28]. It is dependent 
on several clinical and dosimetric factors, includ-
ing the evidence of kyphotic or scoliotic defor-
mity, the presence of lytic tumor, and the SBRT 
dose per fraction [29]. The VCF incidence is 
alarming if the risk of subsequent surgical salvage 
interventions is considered [30]. However, the 
VCF incidence can potentially be minimized by 
performing careful RT and surgical planning.

According to the Common Terminology 
Criteria for Adverse Events (CTCAE), RM is 
defined as a grade ≥2 myelitis, with signs of 
 sensory or motor deficits, loss of function, or pain 
(https://ctep.cancer.gov). RM occurs within 
3 years the completion of RT, due to spinal cord 
necrosis. The risk of RM following RT depends 
on the maximum dose to the spinal cord, and, 
independently of RT technique, it has been esti-
mated to be ≤5% if the recommended dose con-
straints are adhered to.
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7.6  Reirradiation

According to the international consensus on pal-
liative RT, reirradiation to a previously irradiated 
site is defined as a treatment given more than 
4  weeks after the initial RT course [31]. 
Reirradiation might represent an option to con-
trol pain in those patients who have had no 
response after previous RT, in those other patients 
who have had partial response and thus there is 
the hope of additional benefit from repeat treat-
ment, or in those patients who have had pain 
relapse after initial satisfactory response. At pres-
ent no definitive recommendation can be given 
regarding dose and fractions. Actually, after ini-
tial multiple fractions schedule, the vast majority 
of patients are not referred to retreatment, pri-
marily due to the limits of spinal cord radiation 
tolerance. Reirradiation with single 8 Gy fraction 
seems to be non-inferior and less toxic than 
20 Gy in multiple fractions [32]. However, this 
conclusion needs a careful interpretation. In fact, 
it should be noticed that patients receiving retreat-
ment to the spine were eligible if their previous 
treatment was with single fraction, 18 Gy in four 
fractions, or 20  Gy in five fractions. Previous 
treatment with 24 Gy in six fractions, 27 Gy in 
eight fractions, or 30 Gy in ten fractions was an 
exclusion criteria, as well as clinical or radiologi-
cal evidence of SCC, a pathological fracture, or 
an impending fracture that needed to be fixed sur-
gically. These criteria support the hypothesis that 
the misconception of high RM risk could inter-
fere with potential retreatment indication.

The option to reirradiate SM using SBRT 
technique has been tested in several phase I/II 
clinical trials [33, 34]. Although it results in an 
effective and safe therapy, there is no evidence of 
SBRT superiority over conventional EBRT, espe-
cially in terms of pain control, and therefore fur-
ther researches are mandatory in this field.

7.7  Spinal Cord Compression

SCC is an additional complication caused by 
SM. Considering that an immediate and aggres-
sive treatment approach is essential to preserve 

the neurological function, SCC represents a med-
ical emergency. Although corticosteroids and RT 
have routinely been considered the standard of 
care over the past decades, nowadays, due to 
improvements in spinal surgery techniques, new 
evidence suggests that direct decompressive sur-
gery followed by adjuvant RT represents the best 
management in SCC in eligible patients [35]. 
Generally, a protracted hypofractionated sched-
ule (30  Gy; 3  Gy/fraction) is reserved to those 
patients with expected longer survivals 
(>6 months), whereas shorter RT (20 Gy; 4 Gy/
fraction, or single 8  Gy fraction) regimens are 
recommended for patient with SCC and life 
expectancy ≤6 months [36].

7.8  Summary

Improvement in survival rates of cancer patients 
has resulted in increased incidence of 
SM. Appropriate multidisciplinary management 
is essential in the evaluation and care of these 
complex patients. EBRT is considered the stan-
dard of care, and the single 8 Gy fraction should 
represent the first choice for uncomplicated SM 
treatment. Although rare, VCF and RM are the 
most significant RT-related adverse events, 
whereas SCC is the prevalent complication linked 
to SM and a prompt approach, including surgery 
plus RT, is paramount to preserve patient’s neuro-
logical function.

Further advances are needed to routinely 
include SBRT technique in clinical practice.
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Abstract
The incidence of bone metastatic deposit from 
carcinoma is second only to pulmonary and 
hepatic metastases. The most frequently 
affected segment of the skeleton is the verte-
bral column. Refinement of the protocols for 
treating tumour patients has led to a progres-
sive improvement in the prognosis for many 
tumour histotypes in terms of increase of life 
expectancy. The choice of the most appropri-
ate treatment is of crucial importance for the 
patient who may be severely disabled by the 
presence of untreated spinal metastases. It is 
commonly accepted that bone metastases are 
an expression of a systemic disease, and there-
fore require multi-disciplinary treatment, inte-
grating radiotherapy (RT), chemotherapy 
(CHT) and surgery. The most appropriate 
treatment for patients with metastatic disease 
of the vertebral column is controversial. 
Appropriate surgical treatment of bone metas-
tases and tumours in general has now become 
an integral part of the correct approach to the 
tumour patient. The evolution of anaesthetic 
techniques now allows more aggressive treat-
ment of some patients with spinal and sacral 

metastases. These procedures can dramati-
cally improve the patient’s quality of life and 
may prolong the patient’s life expectancy by 
preventing complications related to paralysis.

8.1  Introduction

The incidence of bone metastatic deposit from car-
cinoma is second only to pulmonary and hepatic 
metastases. The most frequently affected segment 
of the skeleton is the vertebral column. It is esti-
mated that more than 10% of tumour patients 
develop symptomatic spinal metastases [1–5].

The vertebral bodies are reached largely via 
the bloodstream. Neoplastic substitution of the 
bone tissue causes progressive structural destruc-
tion leading to loss of stability and/or compres-
sion of the intracanal nerve structures.

Refinement of the protocols for treating 
tumour patients has led to a progressive improve-
ment in the prognosis for many tumour histo-
types in terms of increase of life expectancy. As a 
consequence, symptomatic spinal metastases in 
patients without other evidence of disease are 
increasing and severely affect the quality of life 
of the patients [5].

The choice of the most appropriate treatment 
is of crucial importance for the patient who may 
be severely disabled by the presence of untreated 
spinal metastases. These spinal metastases may 
not only be the cause of severe deterioration in 
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the quality of life, but also the direct or indirect 
cause of death. Therefore the correct treatment of 
spine metastasis affects the life expectancy. 
Although there is widespread agreement in litera-
ture regarding the need to treat symptomatic 
metastases, the best treatment protocol to adopt is 
still a matter of discussion.

Spinal metastases have different patterns and 
behaviour related to the large varieties of histo-
types and spread modality of the primary tumour. 
These metastases may develop early and must be 
considered severe complications requiring multi-
disciplinary approach by collaboration of oncolo-
gists, radiotherapists and surgeons.

It is commonly accepted that bone metastases 
are an expression of a systemic disease, and 
therefore require multi-disciplinary treatment, 
integrating radiotherapy (RT), chemotherapy 
(CHT) and surgery [6].

The most common presenting symptom in 
patients with spinal tumour is pain [7, 8].

This is extremely frequent and often intracta-
ble, not even sensitive even to major analgesic 
drugs. Although spinal tumours might be asymp-
tomatic for relatively long periods, pain can be 
caused by:

 – tumour expansion beyond the cortex of verte-
bral body, stretching the periosteum and stim-
ulating pain receptors, and eventually breaking 
it invading into the paravertebral tissues,

 – tumour compression of the spinal cord and/or 
nerve roots,

 – instability caused by progressive replacement 
of bone with tumour tissue, which does not 
have the same mechanical properties, thus 
increasing risk of fracture of the vertebral 
body (impending fracture) (Table 8.1),

 – pathological fracture in the vertebra weakened 
by tumour erosion. It causes acute onset of 
pain and usually patients do not report history 
of trauma or, if any, this is low energy.

Neurological deficits may be caused by either 
direct compression of the tumour on the myelora-
dicular structures or by sudden retropulsion into 

the canal of tumour and bone debris caused by 
pathological fracture [9, 10].

8.1.1  Role of Spine Surgery 
in Metastasis Treatment

Controversy exists over the most appropriate treat-
ment for patients with metastatic disease of the ver-
tebral column. The evolution of anaesthesiological 
techniques allowed surgical treatments that few 
years ago were considered prohibitive. The problem 
is to know which is the best sequential process to 
arrive at the most appropriate treatment considering 
the individual general conditions of the patient and 
the parameters of the metastasis [11–16].

Table 8.1 Spinal instability neoplastic score

Location
  Junctional (occiput-C2, C7-T2, T11-L1, 

L5-S1) 3 pt
  Mobile spine (C3–C6, L2–L4) 2 pt
  Semi-rigid (T3–T10) 1 pt
  Rigid (S2–S5) 0 pt
Pain relief with recumbency and/or pain with 
movement/loading of the spine
  Yes 3 pt
  No (occasional pain but not mechanic) 1 pt
  Pain free lesion 0 pt
Bone lesion
  Lytic 2 pt
  Mixed (lytic/blastic) 1 pt
  Blastic 0 pt
Radiographic spinal alignment
  Subluxation/translation present 4 pt
  De novo deformity (kyphosis/scoliosis) 2 pt
  Normal alignment 0 pt
Vertebral body collapse
  >50% 3 pt
  <50% 2 pt
  No collapse with >50% body involved 1 pt
  None of the above 0 pt
Posterolateral involvement of the spinal elements 
(facet, pedicle or CV joint fracture or replacement with 
tumour)
  Bilateral 3 pt
  Unilateral 1 pt
  None of the above 0 pt

Score: 0–6, stability; 7–12, indeterminate instability; 
13–18, instability
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The aim of surgery might be one, or an asso-
ciation, of the following:

 – pain relief,
 – neurological function preservation, or recov-

ery from a neurological deficit,
 – spinal stability restoration,
 – local control of the tumour.

Even though local control of the tumour is a 
target for the treatment of metastases, it is not 
always achieved surgically. In fact, the wide vari-
ety of histotypes which may deposit in the spine 
differ in their sensitivity to non-surgical treat-
ments (such as RT, hormonal therapy, immuno-
therapy) [11, 13, 14].

Moreover, it is intuitive that the longer the 
expected survival of the patient, the greater the 
possibility that the disease might relapse (with 
eventual compression of the spinal cord and/or 
pathological fracture), thus the differential 
importance of achieving a durable local control.

It is important for the surgeon to be aware of 
the various options available to achieve local 
control of the various different histotypes, 
whether surgical or not.

From our perspective the surgical techniques 
in spine metastasis can be summarized into (1) 
decompression and stabilization, (2) intralesional 
excision (curettage, debulking) and (3) en bloc 
resection, these latter two followed by recon-
structive procedures (with various techniques). 
All these operations can be performed by either 
the anterior, posterior or combined approaches.

 1. Decompression and stabilization: this is the 
quickest and less aggressive surgical proce-
dure and even though it might involve a direct 
approach to the tumour, it is aimed to just cir-
cumferentially decompress the spinal cord 
without aiming at complete removal of the 
mass. It is mandatory to stabilize the spinal 
column at the same time. It is indicated for 
patients with short-term prognosis, in cases of 
neurological damage and/or pathological frac-
ture, making this the procedure of choice in 

case of emergency, but also for tumours highly 
sensitive to radiotherapy or hormonal treat-
ment. Preoperative selective arterial emboli-
zation makes this procedure easier and safer. 
The surgical approach used for this purpose is 
posterior only.

 2. Intralesional excision “debulking”. The 
tumour is directly approached and managed as 
far as possible by piecemeal removal, not only 
to achieve circumferential decompression of 
the spinal cord, but also to extensively reduce 
the mass. This procedure is often performed 
as part of a multi-disciplinary approach and is 
preceded by selective preoperative arterial 
embolization. This operation is indicated for 
metastases not sensitive to radiotherapy, with 
pathological fracture and/or signs of cord 
compression, or when a tumour debulking is 
required to enhance the oncological treat-
ments. Surgical approach for this purpose can 
be posterior, anterior or combined anterior 
and posterior.

 3. En bloc resection: this procedure, mostly indi-
cated for primary tumours, is sometimes the 
correct solution for solitary metastases of 
radioresistant tumours with middle or long-
term favourable prognosis. The operation can 
be performed by a posterior approach alone or 
by double approach. En bloc resection is asso-
ciated with the lower local recurrence rate but 
the cost to benefit ratio is very high due to the 
morbidity of these long operations (8–16  h). 
This kind of procedure should be considered in 
patients with a long life expectancy. Another 
point to be considered is the lower morbidity of 
en bloc resection versus intralesional excision 
in highly vascularized tumours. En bloc resec-
tion is the surgical technique which showed the 
best results in terms of local  control (local 
recurrence of the disease is less likely to occur).

Supplemental application of adjuvant treat-
ments (i.e. RT, hormonal therapy) may increase 
the effectiveness of the surgical treatment. The 
surgical reduction of the tumour mass (debulk-
ing) is another important target finalized to the 
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local control of the disease mostly in combina-
tion with other treatments. As the number of 
treatment options for metastatic spinal disease 
has grown, it has become clear that effective 
implementation of these treatments can only be 
achieved by multi-disciplinary approach [13].

8.1.2  The Role of Minimally Invasive 
(MI) Techniques in Vertebral 
Metastasis

Various new minimally invasive techniques are 
emerging for the treatment of spinal metastases. 
For a technique to be considered minimally inva-
sive there must be less collateral tissue damage but 
same exact intended surgical goal as traditional 
open procedure. These techniques aim at decreased 
morbidity, allow a quicker functional recovery but 
without compromising postoperative results.

Stabilization can be achieved using percutane-
ous cannulated screws and, if histotypes of the 
tumour allow to, local control can be subsequently 
achieved using adjuvant therapies, thus limiting 
the extent of the surgery just to restore stability. 
Pedicle screws rod constructs act as an internal 
brace allowing quick functional recovery [17].

MI decompression can be performed using 
endoscopic tubular retractors; usually final 
decompression is not always comparable to that 
achieved by open techniques, thus systematic use 
should be limited to the lower grades of neuro-
logic compression (Bilsky score grade 1).

Some authors suggested to combine posterior 
procedures with MI anterior approaches, such as 
extreme lateral (XLIF or LLIF) and mini-thoraco 
or thoracoscopic approaches, in order to relieve 
anterior compression and reconstruct the anterior 
column.

Extreme care must be taken in patient selec-
tion when these challenging techniques for ante-
rior column exposure are taken into consideration 
in this patient population, since the general con-
ditions often preclude their use (i.e. single lung 
ventilation), or equal results could be achieved by 
multi-disciplinary treatment plans (i.e. surgery + 
RT/CHT/hormonal/immunotherapy). In our 
experience, indications are so uncommon that 
their use should be considered anecdotal [10].

Local control of the disease can be achieved 
using various energy sources—i.e. high-fre-
quency alternating current, argon gas and plasma 
fields, that have been applied directly on the 
tumour through probes in order to produce tissue 
necrosis [18–22].

These techniques—radiofrequency ablation, 
cryoablation, cavity coblation, respectively—can 
be combined with stabilization techniques in 
order to restore segmental stability and achieve 
local control of the disease with the least tissue 
exposure possible.

Radiofrequency ablation not only produces the 
thermal destruction of the tumour (even if not com-
pletely histologically shown), but also thrombosis 
of the perivertebral venous plexus. The most severe 
complication of this technique is the thermal cytoly-
sis of the neural structures, even it seems that the 
integrity of the back cortical wall may be a protec-
tive barrier for the neural structures, as the presence 
of cortical bone can significantly reduce the tem-
perature. Indeed, the authors think that the presence 
of cerebrospinal fluid between the tumour mass and 
the spinal cord is enough to avoid some thermal 
damages, even if they dissuade the use of thermo-
ablation in the case of wide vertebral osteolysis with 
invasion of the back vertebral wall [21, 23].

Electrochemotherapy combines systemic 
bleomycin use with electric pulses delivered 
locally. These electric pulses permeabilize cell 
membranes (electroporation) in the tissue, allow-
ing bleomycin delivery diffusion inside the cell 
and its cytotoxicity. The applied electrical field is 
generated using stainless steel electrodes that are 
placed around the tumour tissue [20, 24].

The authors include selective arterial emboli-
zation in this group even if it cannot be consid-
ered a real minimally invasive technique but 
rather a minimal treatment that can be used as a 
palliative procedure (and eventually repeated) in 
nonoperable patients or in case of inoperable 
lesions. More often it is performed as adjuvant 
preoperative procedure, in order to decrease 
intra-operative blood loss in case of any proce-
dure that implies violation of the tumour pseudo-
capsule (decompression and stabilization with or 
without tumour debulking) [25–27].

Percutaneous vertebral body augmentation 
techniques (vertebro- or kyphoplasty) can be done 
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in order to restore the strength of the affected verte-
bra. Several authors reported good results in terms 
of pain control after PMMA injection [28–33].

However, its use in spinal metastases differs 
from what is performed in osteoporotic vertebral 
compression fractures.

In fact, while osteoporosis decreases bone mass, 
the tumour occupying the vertebra has predomi-
nantly solid consistency and when the cement is 
injected inside the vertebra without having first 
removed it, this can go inside the spinal canal, 
causing compression, or anyway outside of the ver-
tebra, causing further dissemination of the disease.

An interesting experimental study by Reidy 
and collaborators [34] showed that the presence 
of tumour causes an increase of pressure of about 
eight times inside the vertebral body and this can 
determine the uncontrolled migration of tumour 
material or cement. This would be justified by the 
different hydraulic permeability of the neoplastic 
tissue so that its smaller “porosity” prevents and 
hinders diffusion of the PMMA within it. This 
also could explain the dishomogeneous distribu-
tion of cement inside the vertebral body.

Vertebroplasty does not determine a local con-
trol of the disease, even though an anti-neoplastic 
role of PMMA has been hypothesized so far; if 
the tumour does not respond to adjuvant thera-
pies and continues to grow, PMMA can be fur-
therly displaced into the epidural space [35].

Some authors, trying to get a local control 
of the disease and reduce the migration of the 
cement inside the perivertebral vessels, pro-
pose the combined use of techniques such as 
radiofrequency ablation with vertebroplasty. 
Some changes of the physical properties of the 
tumour mass and the hydraulic permeability 
can reduce the intravertebral pressure follow-
ing vertebroplasty and therefore the risk of 
PMMA spillage (the most common complica-
tion) [28, 36–38].

8.2  Decision-Making Process 
in Vertebral Metastases

The first element to be considered in the deci-
sion-making process for treatment of spine 
metastases is the diagnosis. Excluding a number 

of lesions easily diagnosed with instrumental and 
technical-laboratory examinations (i.e. osteoid 
osteoma), the majority of tumours require a path-
ological evaluation. In the spine, a CT-guided tro-
car biopsy performed through the pedicle without 
invading the epidural space seems to be the best 
way to reduce the spread of the tumour cells [39].

While for the treatment of primary tumours a 
systematic approach has been accepted, there are 
no accepted guidelines for the treatment of spinal 
metastases.

Protocols of chemotherapy (CHT), hormone 
therapy, immunotherapy and radiotherapy exist 
and are progressively increasing survival for the 
majority of solid and hematologic tumours.

However, drugs cannot effectively control 
pain and functional impairment from vertebral 
body collapse and cord compression from epi-
dural space invasion [6, 10, 40].

Moreover, the erroneous certainty that patients 
with secondary skeletal localisations should be 
considered terminal, and therefore not of ortho-
paedic interest, makes often surgery urgent and 
essential (if feasible), with increased operative 
risks for the patient, difficulties to its relatives/
caregivers/beloved and to the healthcare facility 
taking in charge of these problems.

Many factors must be taken into account when 
choosing the most appropriate surgical tech-
nique: the general conditions of the patient, the 
histotype of the primary tumour and its  sensitivity 
to adjuvant treatments, the spread of the disease 
and the current neurological conditions [10].

Briefly, it can be stated that a patient with dif-
fuse neoplastic disease, generally impaired con-
ditions and incipient neurological deficit should 
be treated with palliative decompression and sta-
bilization followed by radiotherapy which may 
noticeably improve the quality of life.

On the other hand, in a patient in good general 
conditions suffering from a primary tumour with 
a relatively positive prognosis and a symptomatic 
isolated spinal metastasis, more aggressive treat-
ment similar to that for a primary tumour is 
justified.

Sioutos et al. [5] statistically analysed the fac-
tors influencing the incidence of complications 
and length of survival after surgical treatment of 
spinal metastases and showed that this is influenced 
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by preoperative neurological conditions, the his-
totype of the primary tumour and the number of 
vertebrae involved, but not by the degree of diffu-
sion of the disease or the age of the patient.

On the basis of these observations, the authors 
recommend careful selection of both patients 
candidates for surgical treatment and the kind of 
surgical treatment itself.

The literature proposes many preoperative scor-
ing systems to classify patients by creating repeat-
able treatment protocols [10, 13, 14, 41–43].

These systems are characterized by the fact 
that each parameter is attributed a score and the 
sum of these scores suggests the most appropri-
ate treatment. Equal importance is therefore 
attached to the various parameters considered in 
individual cases. For example, the histotype of 
the primary tumour and the general conditions of 
the patient have the same influence on the final 
score and therefore the choice of type of 
treatment.

On the basis of the personal experience, the 
authors have built up an algorithm [13, 44] for 
treating spinal metastases in which the impor-
tance of the parameters varies according to when 
they are considered.

Each patient follows his or her “personal” 
sequential process which does not necessarily 
consider all the parameters every time as some 
may be irrelevant for the purposes of choosing 
the type of treatment. For example, a patient in 
poor general conditions with a high “ASA” score 
is usually not a candidate for surgery, irrespective 
of the histotype of the primary tumour or the 
number of secondary localisations. For this 
patient, the most important parameter will there-
fore be the sensitivity of the tumour histotype to 
adjuvant treatment. In the same way, a patient 
with acute and progressive spinal cord damage 
will undergo emergency palliative decompres-
sion and stabilization surgery without consider-
ing a more demanding operation.

Finally, the patient is not considered just in 
terms of the disease, reducing the choice of treat-
ment to an overly simplistic mathematical score. 
Instead, the case is analysed holistically, firstly 
considering the individual and his or her general 
conditions, and only subsequently the parameters 
of the metastases.

8.3  Flow-chart for Multi-
disciplinary Management 
of Metastases in the Mobile 
Spine

Without considering all the clinical and instru-
mental examinations which the patient undergoes 
on admission and forming part of preoperative 
staging, our treatment algorithm begins with the 
diagnosis of spinal metastases [13].

The first assessment must be performed by the 
anaesthetist who must determine whether the 
patient is operable or not.

If the patient is not operable due to a high 
American Society of Anesthesiologists (ASA) 
score, non-surgical options are considered. Next, 
the sensitivity of the tumour histotype to adjuvant 
therapies (CHT, RT, hormonal) is taken into 
account. If the tumour does not respond to any 
form of treatment, the only option for the patient 
is pain therapy.

If the patient is operable, the severity of the 
spinal cord compression and neurological dam-
age is evaluated by means of the Frankel score. If 
there is neurological deficit or paralysis, the 
 possibility of recovery is evaluated on the basis 
of time from the onset of symptoms.

Finally, if in our opinion neurological recovery 
of the patient is not possible, sensitivity to adju-
vant treatments is re-evaluated. If, on the other 
hand, the patient has acute and progressive spinal 
cord damage, emergency surgery is performed.

If there is no deficit or the damage is recover-
able and stable, sensitivity to adjuvant treatments 
is evaluated. If the tumour histotype is not sensi-
tive and there is a single metastasis only, resec-
tion of the lesion is chosen. On the other hand, 
decompression and stabilization is indicated if 
there are multiple metastases and they are treat-
able. If they are not treatable, pain therapy alone 
is administered.

When there is no deficit or the damage is 
recoverable and not progressive, and the tumour 
is sensitive to some form of adjuvant treatment, 
pathological fracture (actual or impending) is 
evaluated. This parameter is, in fact, decisive in 
orienting the choice towards either surgical treat-
ment with compression and stabilization or adju-
vant treatment only.
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Resection of the tumour may be performed en 
bloc with a wide margin or through debulking. 
Generally speaking en bloc removal is suggested 
by the authors for hypervascularised tumours, 
metastases from renal cell carcinoma and from 
sarcoma, and the cases in which this type of oper-
ation is easy to perform (Fig. 8.1).

8.4  Experience at Our Institution

8.4.1  Materials and Methods

Since 1972, 1070 cases of spinal metastases from 
a solid tumour have been treated at the Rizzoli 
Orthopedic Institute in Bologna. For the purpose 
of this paper, we retrospectively reviewed all the 
patients suffering from spinal metastases from 
January 2000 and June 2015 and treated at the 
Oncologic and Degenerative Spine Unit at 

Rizzoli Orthopedic Institute. Patients suffering 
from plasmacytoma and lymphoma were 
excluded from the study as the therapeutic 
approach and prognostic evaluation are, in our 
experience, different.

In the analysed period 546 patients have 
been treated (286 males and 260 female) with a 
mean age of 59.4  years (±12.1 SD; range 
15–86  years). We identified 50 metastases 
located in the cervical section, 309 in the tho-
racic section and 187  in the lumbar section. 
The most frequently affected metameres were 
L1 and L2 affected respectively 45 and 50 
times (Fig. 8.2).

The anatomical location of the primary 
tumour is reported in (Fig. 8.3). The most fre-
quent locations were kidney, lung, breast and 
colon. In 4.2% of the cases the original tumour 
was not known at the onset of the vertebral 
symptoms.

PATIENT OPERABLE?

SYMPTOMATIC
SPINAL CORD

COMPRESSION?

CHANCE OF
NEUROLOGICAL

RECOVERY?

DECOMPRESSION
and

STABILIZATION

STABILIZATION
±

DECOMPRESSION

YES
NO

PAIN THERAPY
±

VERTEBROPLASTY

PAIN THERAPY
±

VERTEBROPLASTY

NON-SURGICAL
THERAPY?

(RXT-CHT, ORMONO, IMMUNO
THERAPY)

RISK OF
PATHOLOGICAL

FRACTURE/INSTABILITY?

EXCISION
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THERAPEUTIC
POSSIBILITIES

IN OTHER
LOCALIZATIONS?
(BONE and/or VISCERAL)

SENSITIVITY TO
NON-SURGICAL THERAPY?

(RXT-CHT, ORMOND, IMMUNO THERAPY)

SENSITIVITY TO
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NON-SURGICAL
THERAPY?

(RXT-CHT, ORMOND, IMMUNO
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Fig. 8.1 Flow-chart for the treatment of spinal metastases
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The Frankel score was used to assess neuro-
logical impairment; 367 patients had no neuro-
logical impairment (Frankel E), 39 patients were 
Frankel D3, 33 cases were D2, 38 cases were D1, 
50 cases were C, 18 cases were B and 1 cases A.

On admission, there was pathological fracture 
of the vertebra concerned in 172 cases (31.5%). 
Before surgery all the patients underwent an 
anaesthesiological evaluation in order to assess 

comorbidities and the risks of surgery: 30 patients 
were considered inoperable due to their poor gen-
eral conditions and therefore they were directed to 
palliative care. It should be kept in mind that the 
patients referred at the authors institution had 
already been selected by the oncologists, and this 
explains the high number of surgical operations.

The remaining 516 patients have undergone 
one of the following surgical treatments.
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 1. Vertebroplasty or Kyphoplasty in 14 cases 
(2.7%): this is the quickest and less aggressive 
procedure. The aim is to stabilize the anterior 
column and reduce the pain. It was chosen for 
patients with short-term prognosis as pallia-
tive treatment to combine with both chemo 
and radiotherapy (Fig. 8.4).

 2. Decompression and stabilization in 169 cases 
(32.8%): this surgical procedure does not nec-
essarily involve a direct approach to the 
tumour. The aim is to circumferentially decom-
press the spinal cord and stabilize the spinal 
column. It was chosen for patients with short-
term prognosis in cases of neurological dam-
age as a result of pathological fracture, but also 
in conditions of very high sensitivity to radio-
therapy or hormonal treatment. In the majority 
of these patients, a preoperative embolisation 
of the tumour mass was performed to reduce 
intra-operative bleeding (Fig. 8.5).

 3. Intralesional resection “debulking” in 290 cases 
(56.2%): the tumour was attacked directly and 
removed as far as possible not only in order to 
achieve circumferential decompression of the 
spinal cord but also to reduce the mass of the 
tumour. This procedure was performed as part 
of a multi-disciplinary approach to treating the 
metastases and was preceded by appropriate 
surgical planning including selective preopera-
tive arterial embolisation (performed in the 
majority of the cases). We chose this operation 
in presence of metastases not sensitive to radio-
therapy, with pathological fracture and/or signs 
of spinal cord compression, or when the oncolo-
gist considered it necessary to remove the 
tumour to enable adjuvant treatments to act 
more effectively on the remaining cells. Surgical 
access was posterior in 235 cases, anterior in 39 
cases and combined anterior plus posterior in 
the remaining 16 cases (Figs 8.6 and 8.7).

 4. En bloc resection in 43 cases (8.3%): this was 
performed on patients suffering from a single 
spinal metastasis deriving from the primary 
tumour, with a long life expectancy and 
already treated. The operation was performed 
with a double approach in 21 cases, a poste-
rior approach alone in 21 cases and an anterior 
approach alone in 1 case. The criteria making 

this operation possible include: tumour size, 
volume, location. Three possible en bloc 
resections have been described according to 
the WBB system: resection of the vertebral 
body (37 cases), sagittal resection (2 cases) 
and posterior resection (4 cases) (Fig. 8.8).

8.4.2  Results

All patients underwent periodic outpatient visits 
in which a clinical examination was combined 
with X-ray examination of the spinal column, CT 
and/or MRI of the operated segment and any other 
examinations indicated in the individual case. The 
main elements recorded for each patient were 
functional assessment of the neurological condi-
tions according to the Frankel scale, complica-
tions associated with the operation, local 
recurrence or local progression of the disease and 
general clinical status.

The 546 patients included in our study were 
followed up for a mean of 19 months (±21.8 SD; 
range 5 days–142 months). At the longest avail-
able follow-up 160 patients had died (a mean dis-
tance of 16.7 months after admission to hospital 
(±17.7 SD; range 5 days–96 months)).

In total, there were 34 (6.5%) intra-operative 
complications: 11 cases of excessive bleeding, 11 
cases of dural lesion that has been sutured, 5 cases 
of pleural lesion, 2 cases of peritoneum lesion, 1 
case of lesion of inferior vena cava, 1 case of chylo-
thorax, 1 fracture of the seventh rib, 1 case of lesion 
of L3 nerve root and 1 case of unstable blood pres-
sure with bradycardia. We had 50 (9.7%) early 
complications: early infection with wound dehis-
cence (25), cerebrospinal fluid fistula (3), screw 
mal-placement (3), paraplegia (3), postoperative 
bleeding (2), pleural effusion (2), pseudomeningo-
celes (1), hematoma (1), bowel obstruction (1), pul-
monary embolism and cardiac arrest (1), paroxysmal 
supraventricular tachycardia (1), bronchopneumo-
nia (1), pericardial tamponade (1), seizures (1), 
acute pulmonary edema (1), acute kidney failure 
(1), massive hemothorax (1), subcutaneous emphy-
sema (1). We had 29 (5.6%) late complication: deep 
infection (18), breakage of fixation devices (5), 
aseptic loosening (5), junctional syndrome (1).
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Fig. 8.4 R.G., female, 
38 years, multiple 
metastases from breast 
carcinoma previously 
submitted to radiotherapy 
and currently under 
hormone therapy. She 
experienced sudden onset 
of intractable back pain, 
increasing with standing 
and refractory to any 
combination of painkill-
ers. (a) MRI revealing a 
pathological fracture of 
L3 without epidural 
space involvement 
(Bilsky grade 0), 
confirmed by the CT scan 
analysis (b). According to 
the proposed algorithm 
(c), she underwent a 
percutaneous vertebro-
plasty by a biportal 
approach (d), after the 
performance of a 
transpedicular biopsy to 
confirm the diagnosis. 
The postoperative CT 
scan (e) shows the correct 
position of the cement 
inside the vertebrae
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Fig. 8.5 D.T., male, 34  years, history of parathyroid 
tumour. He presented sudden onset of back pain and 
motor deficits, progressively increasing up to Frankel C 
paraplegia. Sagittal and axial MRI (a) showed multiple 
lesions to posterior arch of T2–T3 and vertebral bodies of 
T5–T6 with spinal cord compression (Bilsky grade 2). 
Osteolysis and vertebral involvement were assessed by 
CT scan in either sagittal or coronal (b) and axial images 

(c), and by PET-scan (d). According to the proposed algo-
rithm (e), he was submitted to decompression and stabili-
zation, with immediate regression of deficits (f). 
Post-operative CT scan shows hardware position and 
extent of decompression (g). After healing of the surgical 
wound, lesions were submitted to radiotherapy and patient 
started specific chemotherapy protocol
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Fig. 8.6 M.P., female, 55 years, metastases from mela-
noma (Δt = 1 year). She experienced progressive onset of 
back pain, progressively irresponsive to painkillers. MRI 
(a) and CT scan (b) showed a metastasis in L1 with mild 
epidural space invasion (Bilsky grade 1a). SINS score for 
the lesion in L1 results 9 pts. (impending instability), with 
a synchronous asymptomatic lesion in L5. According to 

the proposed algorithm (c), she was submitted to percuta-
neous stabilization and local control of the disease by 
radiofrequency thermo-ablation (d), with good pain relief. 
Postoperative radiographic control showed the stabiliza-
tion of the affected segment (e). Both lesions were later 
submitted to stereotactic radiosurgery (SRS), with partial 
consolidation of the lesions (f)

R. Ghermandi et al.



85

SYMPTOMATIC
SPINAL CORD

COMPRESSION?

PATIENT OPERABLE?

SENSITIVITY TO
NON-SURGICAL THERAPY?

RXT . CHT . HORMONAL THERAPY
IMMUNOTHERAPY...

NON-
SURGICAL
THERAPY?

RXT . CHT
HORMONAL THERAPY

IMMUNOTHERAPY...

SENSITIVITY TO
NON-SURGICAL

THERAPY?
RXT . CHT

HORMONAL THERAPY
IMMUNOTHERAPY...

NON-SURGICAL
THERAPY?

RXT . CHT
HORMONAL THERAPY

RISK OF
PATHOLOGICAL

FRACTURE/INTSABILITY?

CURETTAGE
EXCISION

ISOLATED
METASTASIS?

a

e

g

fb

c d

Fig. 8.7 R.T., female, 68  years, progressive back pain 
radiating in the right thigh and leg with L5 dermatome dis-
tribution. MRI (a) and CT scan (b) revealed a lesion in L1 
with severe epidural space invasion causing compression of 
the neurostructures (Bilsky grade 3). A CT scan showed 
enlarged thyroid lobes with round calcium deposits (c). The 

lesion was submitted to CT-guided transpedicular biopsy 
which resulted diagnostic for metastases from follicular 
thyroid cancer (d). According to the proposed algorithm 
(e), the patient underwent contextual thyroidectomy and 
debulking of the L1 metastases (f), decompression and sta-
bilization, and the lesion was filled with bone cement (g)
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Fig. 8.8 R.B., male, 55 years, presenting for local pro-
gression of disease at an L4 lesion which was diagnosed 
as metastasis from adenocarcinoma. He already had a 
debulking done (with intralesional margin) by general sur-
geons through a transperitoneal approach 18  months 
before. Past medical history included a seminoma that 
was treated with orchiectomy 27 years before. He com-
plained of non-mechanical severe back pain, particularly 
during the night. MRI (a) and CT (b) imaging revealed the 

lesion extending into the prevertebral layer (WBB layer 
A) without evidence of epidural disease (Bilsky grade 0). 
PET-CT scan (c) did not show other lesions. According to 
the proposed algorithm (d), he was submitted to en bloc 
vertebrectomy by a combined anterior and posterior 
approach (e), and reconstruction by a 3D printed custom-
made titanium prosthesis. The pathologist indicated wide 
margin on surgical specimen
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Fig. 8.9 Flow-chart for the treatment of sacral metastases

Seventy-four patients (14.3%) have been 
operated more than one time due to local recur-
rence: 54 patients required a second surgery, 16 
patients required third surgery and 4 patients 
required fourth surgery.

As regards variations in the neurological pro-
file, at the longest available follow-up 70.6% 
had no neurological impairment (Frankel E), 
6% were Frankel D3, 4.8% were D2, 6.5% were 
D1, 6.8% were C, 5% were B and 0.3% were 
A. It appears that it was not a neurological wors-
ening. However, a limitation of this assessment 
is that it takes into account different types of 
treatment and different types of tumour. 
Obviously, the longer the follow-up, the greater 
the possibility that the disease will relapse with 
possible compression of the spinal cord and/or 
pathological fracture which could worsen the 
neurological conditions. In the same way, the 
best results have been obtained in cases of en 
bloc resection where local recurrence of the dis-
ease is less likely.

8.5  Management of Sacral 
Metastases

The goals of the treatment of sacral metastases are 
the same of those previously presented for the mobile 
spine: control of symptoms and recovery, as far as 
possible, of neurological functions [36, 45–49].

Being it not a curative treatment, this must be 
aggressive just enough to achieve a durable local 
control of the disease with the lowest possible 
surgical trauma to minimize the complications, 
which can be potentially fatal in this population 
of patients. There are many different treatment 
options and the most appropriate should be cho-
sen considering multiple factors related to both 
the disease and the patient.

A flow-chart was proposed to condense the 
shared decision-making process (Fig. 8.9). This 
was obtained by a consensus of spinal surgeons, 
oncologists, radiologists and pathologists 
involved in the treatment of these complex 
lesions. Treatment options are divided into three 

8 Management of Metastases to the Spine and Sacrum



88

major groups: conservative treatment, which 
includes chemo-, immuno-, radiation, hormonal 
and pain therapies, alone or in association, open 
and minimally invasive surgical treatments [46].

Radiation therapy is the most frequently used 
local treatment for patients affected by sacral 
metastases. It was proven to be successful in 
achieving local control of sacral metastases, but it 
is not indicated in case of pathological fractures 
(or impending) and severe compression on the 
neurological structures. Moreover it is most 
effective in case of radiosensitive tumours, such 
as lymphoma, or prostate and breast cancer. On 
the contrary, gastrointestinal and renal cell 
tumours are considered radioresistant [50].

Spinal stereotactic radiosurgery (SRS) is 
emerging as the recommended technique of radi-
ation therapy for metastatic lesions. It allows the 
delivery of a more focused radiation beam to the 
tumour, while sparing the healthy surrounding 
tissues; therefore, higher doses can be given with 
hypofractionated schedules (even single-frac-
tion). According to a recent prospective study on 
500 patients affected by spinal metastases 
(including 103 sacral metastases), this technique 

has been proven to be safe and effective, showing 
increased rates of local control and low rate of 
complications when compared with conventional 
external beam radiotherapy (CEBRT) [50].

Despite the availability of techniques to resect 
en bloc the sacrum with wide or marginal mar-
gins which could offer the lowest recurrence 
rates, these are burdened by particularly disabling 
sequelae, such as rectal and bladder incontinence, 
loss of sexual functions, sensory and motor defi-
cits in the lower limbs (Tables 8.2 and 8.3), as 
well as a high rate of complications. Therefore, 
indications for en bloc resection for sacral metas-
tases are almost absent and, if any, reserved for 
highly selected patients [46, 51–54].

Despite these considerations, surgery still has 
a strong and defined role in the treatment of sacral 
metastases, which most frequently include 
decompression (Fig.  8.10) through a posterior 
approach. In this way, it is possible to decom-
press the nerve roots and cauda equina from neo-
plastic tissue invading the epidural space, and 
also to access the sacral wings and the vertebral 
body of the sacral vertebrae through the pedicles 
to excise the tumour (with intralesional margins) 
[48, 55].

Subsequently, the remaining cavity can be 
filled with poly-methyl-methacrylate (PMMA), 
restoring the weight-bearing anterior column of 
the sacrum. Occasionally, it is necessary to sacri-
fice sacral roots infiltrated by the tumour; how-
ever, these isolated roots sacrifices result in less 
disabling functional losses that can be treated 
with an external orthoses [53, 54, 56].

Table 8.3 Bladder and bowel functions after sacrectomy.

Preserved levels Bladder function Bowel function
S1 100% impaired 100% impaired
S2 Unilat. Bilat. Unilat. Bilat.

Impaired 75% Preserved 39.6%
Min. disf. 22.9%
Maj. disf. 37.5%

Preserved 12.5%
Min. disf. 50%
Maj. disf. 37.5%

Preserved 50%
Min. disf. 25%
Maj. disf. 25%

S3 Unilat. Bilat. Unilat. Bilat.
Preserved 72.7%
Min. disf. 18.2%
Maj. disf. 9.1%

Preserved 83%
Min. disf. 14.8%
Maj. disf. 1.8%

Preserved 70%
Min. disf. 20%
Maj. disf. 10%

Preserved 93%
Min. disf. 4.4%
Maj. disf. 2.2%

S4 100% preserved 100% preserved

Table 8.2 Motor function after sacrectomy

Preserved levels Unilateral Bilateral
L5 Normal 0%

Minor deficit 25%
Major deficit 75%

S1 Normal 56%
Minor deficit 6%
Major deficit 38%

S2 Minor deficit 100% preserved
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Fig. 8.10 E.M., male, 57 years, progressive onset of low-
back pain and left sciatica. Past medical history revealed a 
liver transplant 2  years before, and early post-operative 
detection of a metastasis in the left proximal femur that 
was treated by resection with wide margins and prosthetic 
reconstruction. CT imaging of the sacrum (a) revealed an 
osteolytic lesion of the left wing with dislocation of the 

nerve roots. CT-guided trocar biopsy (b) was performed 
which was diagnostic for metastasis from hepatic carci-
noma. According to the proposed algorithm (c), he was 
subjected to selective arterial embolization, followed by 
decompression and excision of the tumour, as evidenced 
by CT scan (d) and postoperative X-rays (e)

Recent studies have shown that combining 
surgery and radiotherapy further increases 
local control, compared to radiotherapy alone, 
as performed in the past. In the rare cases in 
which radiotherapy is performed before sur-
gery, there are significantly higher rates of 
complications.

Several minimally invasive techniques for the 
treatment of metastases are emerging in recent years, 
including radiofrequency thermo-ablation, cryoab-
lation, cavity coblation, sacroplasty, and electroche-
motherapy [18–20, 24, 36, 49, 57, 58, 59].

The first three techniques use different energy 
sources (long waves of electromagnetic 
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 radiation, argon gas and ionized gas, respec-
tively), which are applied directly on the tumour 
through percutaneous probes and induce necro-
sis limited to the neoplastic tissue, thus preserv-
ing the surrounding healthy tissues. To stabilize 
the treated segment, reducing the risk of a patho-
logic fracture, it is possible to complete these 
procedures by injecting PMMA into the residual 
cavity. However, the isolated percutaneous injec-
tion of PMMA in the sacrum (sacroplasty) is an 
option in case of pathological fractures, allowing 
a good pain control [49].

Electrochemotherapy (ECT) is a technique 
based on the application of pulsed electric fields at 
the tumour level that increase the cell membrane 
permeability to chemotherapy drugs contextually 
administered systemically (Bleomycin). The local 
electric field is produced by electrodes positioned 
percutaneously directly into the tumour tissue 
under fluoroscopy or CT guide [20, 24].

Selective arterial embolization must be men-
tioned as a percutaneous technique that may be 
used, and eventually repeated, to stop the tumour 
growth and to control pain in patients with poor 
general condition, or in case of inoperable 
lesions. Moreover it is used pre-operatively 
(within 72 h) in order to reduce bleeding during 
surgery [25–27].

 Conclusions
Appropriate surgical treatment of bone metas-
tases and tumours in general has now become 
an integral part of the correct approach to the 
neoplastic patient.

The evolution of anaesthetic techniques 
now allows correct treatment of spinal metas-
tases, both dramatically improving the quality 
of life and prolonging the patient’s life expec-
tancy, protecting him or her from the compli-
cations of these lesions, often either directly 
or indirectly fatal.

In the majority of cases, it is therefore pos-
sible to restore or maintain movement, sensi-
tivity, dignity and hope, as well as controlling 
pain, reducing the use of adjuvant and analge-
sic treatments.

The surgical indication for spinal metasta-
ses must consider:

 – life expectancy of the patient;
 – need to improve function and to limit pain;
 – need for complete local control, to prevent 

recurrence;
 – possibility of associating adjuvant treat-

ments to improve the efficacy of the treat-
ment, thereby reducing morbidity.
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Abstract
Metastases of the long bones represent a fre-
quent clinical condition.

Multiple treatment options are available, rang-
ing from the more aggressive resections and arthro-
plasty to palliative care and from long-lasting 
reconstruction to minimally invasive therapies.

When selecting a treatment, it is paramount 
to consider not only the mechanical character-
istics of the lesions but also the tumoral behav-
ior, medical state, and expected survival of the 
patient. In addition, other factors should be 
taken into account: the presence of a single 
metastatic lesion, the site in the long bone 
(diaphysis or metaepiphysis), mechanical sta-
bility (impending or pathological fracture), 
and the effectiveness of nonsurgical therapies.

Several prognostic criteria were assessed in 
the last 20 years and, being familiar with them 
may help in treatment selection.

An algorithm of treatment has been the 
objective to guide the decision-making pro-
cess in a multidisciplinary approach to metas-
tasis of the long bones.

A collaboration between the orthopedic 
surgeon, the oncologist, and the radiotherapist 
leads to the best choice of treatment for the 
different scenarios.
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9.1  Introduction

Correctly treating metastases of the long bones 
can be challenging. Furthermore, due to the 
increasing incidence of long bone metastases, a 
larger number of orthopedic surgeons will have 
to face this pathological condition [1, 2].

Several treatment options are available, rang-
ing from resection to palliative care.

Patient selection is critical, and life expec-
tancy of the patient and their operability must be 
evaluated carefully to choose the best 
treatment.
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The occurrence of skeletal metastases is a 
negative prognostic factor for the oncological 
patient, especially when the lesion requires a sur-
gical treatment [3].

A multicentric study from the Scandinavian 
Sarcoma Group on 460 nonvertebral bone meta-
static lesions treated surgically reported that 44% 
of the patients died within 6  months from sur-
gery; the survival rates at 1 year and 3 years were 
39% and 18%, respectively [4]. Two other studies 
on secondary lesions of the skeleton, including 
spine, found 1-year survival rate of 48 and 54% 
and 3-year survival rate of 23 and 27% [5, 6].

During the last two decades, interest has 
increased to assess prognostic factors for patients 
with metastatic carcinoma.

A multivariate analysis from a multicentric 
study of the Scandinavian Sarcoma Group [4] 
identified the following risk factors: histology of 
primary tumor, the presence of pathological frac-
ture, visceral metastases, preoperative hemoglo-
bin level ≤7  g/dL, and Karnofsky performance 
status [7].

Bohm et  al. established the following prog-
nostic criteria: histology of primary tumor, the 
presence of pathological fracture, visceral metas-
tases, and the time from tumor diagnosis to 
metastases >3  years [5]. The study was carried 
out on 94 patients.

A prospective study by Nathan et al. identified 
the following prognostic factors: histology of pri-
mary tumor, Eastern Cooperative Oncology 
Group (ECOG) performance status, visceral 
metastases, number of bone metastases, hemo-
globin count, and surgeon survival estimate. The 
study was conducted on 191 patients that had 
been previously treated for a pathological frac-
ture [8].

Katagiri et al. assessed five prognostic factors 
in a study on 350 patients. These were histology 
of primary tumor, ECOG performance status [9, 
10], visceral/brain metastases, isolated or multi-
ple bone lesions, and previous chemotherapy.

These authors also developed a prognostic 
scoring system. A score ≤2 indicated that the 
likelihood of 1-year survival was 89%. On the 
contrary, a score ≥6 implied that the probability 
of 1-year survival was at 11% [6].

A Bayesian classification to estimate survival 
of patients undergoing surgery was proposed in 
2011 by Forsberg et al. [11]. They developed two 
different Bayesian networks, called the “Bayesian 
Estimated Tools for Survival (BETS) models.” 
These networks could estimate the expected sur-
vival at 3 and 12 months for patients that were 
eligible for bone metastases surgery.

The authors validated these criteria on a sample 
of 815 patients from the Scandinavian Skeletal 
Metastasis Registry. These patients were affected 
by bone metastases of the limbs, and they were 
treated in eight Scandinavian centers between 
1999 and 2008. BETS models at 3 and 12 months 
were also effective when data was incomplete or 
missing. At 4  months, four preoperative criteria 
were found to be significant: surgeon survival esti-
mate, hemoglobin level, number of bone metasta-
ses, and histology of the primary tumor [12, 13].

9.2  Histology

The histology of the primary tumor is the most 
important prognostic factor because it is determi-
nant of its biological behavior.

A relatively good prognosis is usually 
expected for carcinomas of the breast, prostate, 
and thyroid.

Multiple myelomas and lymphomas, although 
not carcinomas, are included in the treatment 
protocols of bone metastases due to their similar 
behavior.

Renal carcinomas have a different prognosis 
based on their histotype. Clear cell carcinoma, the 
most common histotype, has a favorable progno-
sis if treated promptly and correctly. On the con-
trary, the transitional cell cancer of the renal 
pelvis, being more aggressive, implies a worse 
prognosis [14]. Another factor that leads to poor 
prognosis of clear cell carcinomas is the develop-
ment of synchronous metastases. On the other 
hand, the development of metachronous metasta-
ses is considered a positive prognosis factor.

Lung tumors and cancer of unknown origin 
(tumors where a full body CT scan cannot iden-
tify the primary tumor) are always associated to a 
poor prognosis [4, 5, 15].
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Katagiri et al. divided tumors into slow growth 
tumors (breast, prostate, myeloma, lymphoma), 
moderate growth tumors (other carcinomas and 
sarcomas), rapid growth tumors (liver, pancreas, 
stomach, and lung) [6].

Forsberg et  al. developed this classification 
further by adding some modifications: slow 
growth tumors (breast, prostate, kidney, thyroid, 
myeloma and lymphoma), moderate growth 
tumors (other carcinoma and sarcomas), and 
rapid growth tumors (lung, stomach, liver and 
melanoma). A statistically significant difference 
in 3- and 12-month survivals was found between 
these three groups [12].

Potential responses that follow nonsurgical 
treatments are ossification and repair of the lesion. 
These therapies can be either a local (radiother-
apy) or systemic treatment (chemotherapy, molec-
ular therapy, hormonal therapy, bisphosphonates, 
denosumab, radioreceptorial therapy).

A positive response of the skeletal metastatic 
lesions can be expected in the following: breast, 
prostate, and thyroid cancer, myeloma, and lym-
phoma. On the contrary, kidney and lung carcino-
mas usually respond poorly [14].

When a positive response is not expected and 
life expectancy is >1 year, excisional surgery is 
considered appropriate.

If a good response from nonsurgical treatment 
is anticipated, the orthopedic surgery should be 
limited to prevent an impending fracture or treat-
ing a pathological fracture. An excision of the 
lesion in this clinical scenario is usually not 
needed.

9.3  Solitary Metastases

When approaching a solitary bone metastasis, 
performing an excision has proven to improve 
prognoses for secondary lesions of the kidney [7, 
16–21] and thyroid (favorable prognosis histo-
types) [22–27]. There is no evidence of a prog-
nostic improvement for breast [28–31] and 
prostate metastases [32, 33]. Additionally, there 
is no prognostic difference between wide and 
marginal margins or an intralesional curettage 
[16, 21, 26, 27].

Patients of this group can become long-term 
survivors, so the surgical treatment must include 
the excision of the metastatic lesion and a long-
lasting reconstruction.

The development of solitary metastases after a 
long time from the removal of the primary tumor 
can be considered a favorable prognostic factor. 
In this clinical situation, adequate surgical mar-
gins should be considered.

9.4  Pathological Fracture

A pathological fracture is a dramatic event for the 
metastatic patient.

The main objective of treatment in these cases 
is not the consolidation of the fracture, although 
that can sometimes occur, but rather the intent 
should be restoring the resistance to flexion and 
torsion of the bone segment, allowing for imme-
diate weight-bearing and ambulation [34].

Occasionally the fracture will consolidate, but 
literature data are lacking on this topic because 
most of the studies report the survival data of 
patients or implants and consolidation of the 
fracture is generally not taken into consideration. 
Poitout et al. [35] reported the healing of patho-
logical fractures in 5–20% of the patients. Gainor 
and Buchert [36] found a 35% chance of fracture 
consolidation. They found a different rate of frac-
ture healing in different histotypes: 67% for 
myeloma, 44% for kidney carcinoma, 37% for 
breast cancer, and 0% for lung cancer. Radiation 
therapy, up to a total dose of 30 Gy, did not seem 
to influence the healing of the fracture. One of the 
conclusions of this study was that at 6–9 months 
from surgery, there is a high risk of failure of the 
osteosynthesis.

In another study, Sim indicates that breast can-
cer and myeloma are the histotypes with the best 
chances of pathological fracture healing [37].

9.5  Impending Fracture

The femur is the skeletal segment with the high-
est risk of pathological fracture due to the consid-
erable flexion and torsion mechanical stresses at 
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this level. The high-risk sites are the femoral 
neck, the subtrochanteric region, and the supra-
condylar area.

A pathological fracture is a severe complica-
tion for the oncological patient with negative 
effects on quality of life and psychological status. 
Moreover, pathological fracture was seen to rep-
resent a negative prognostic factor, and it was 
observed that such an event increases the cost of 
care for the health system. A prophylactic surgi-
cal treatment of impending fractures was seen to 
be effective in improving survival and the quality 
of life of the patient [4, 38].

Harrington’s criteria predict the risk of a path-
ological fracture in the following scenarios: when 
the lesion of the peritrochanteric area is >25 mm, 
when the lesion involves more than 50% of the 
cortical bone, when the lesion is osteolytic, and 
when there is an increasing pain [39], particularly 
following irradiation.

Mirels in 1989 [40] developed the most com-
monly used scoring system to evaluate the risk of 
a pathological fracture. The system considers the 
anatomical region, the pain level, the radiological 
characteristics of the lesion (blastic, mixed, 
lytic), and the size of the lesion compared to the 
diameter of the bone segment [41].

Other authors suggest to consider the follow-
ing as indicators of increased risk: lesions 
located above the lesser trochanter or at the 
proximal half of the humerus, breast histotype, 
the patient not being in treatment with bisphos-
phonates, and primary or secondary osteoporo-
sis [42].

In 2004, van der Linden et  al. evaluated the 
correlation between pathological fractures and 
the risk factors previously described by different 
authors. Their conclusion was that the Mirels cri-
teria overestimated the risk of a pathological 
fracture [43]. Notably, the only statistically sig-
nificant criteria they observed were an axial corti-
cal involvement >30  mm and a circumferential 
cortical involvement >50%.

Future developments in predicting a patho-
logical fracture might include the use of quanti-
tative computed tomography and case-specific 
finite element analyses based on 3D CT 
[44–47].

9.6  General Considerations

The life expectancy of the patient is one of the 
most important criteria when selecting the appro-
priate treatment for metastases of the long bones.

If the prognosis of the patient is poor in rela-
tion to tumor histotype, staging, and medical 
state, then palliative treatment should be consid-
ered. The objective should be to improve quality 
of life of the patient through pain management 
and prevention or treatment of complications.

On the other hand, when the prognosis is 
favorable, the treatment of the metastases should 
be more aggressive, and long-lasting reconstruc-
tions should be considered (i.e., excisional sur-
gery) [48, 49].

Before surgery, careful attention must be 
given to the biological and mechanical character-
istics of the metastatic lesion. Each of the follow-
ing parameters should be considered in order to 
choose the appropriate surgical solution: the 
presence of solitary metastasis, site of the lesion 
(metaepiphysis or diaphysis), mechanical stabil-
ity (presence or risk of pathological fracture), and 
sensitivity to nonsurgical treatments [50].

A surgical resection of the metastases and 
replacement with a prosthetic implant are the rec-
ommended treatment for impending or patholog-
ical fractures of the metaepiphysis, solitary 
metastases of renal cell and thyroid carcinomas 
of the metaepiphysis, and metastatic lesions of 
the metaepiphysis with a poor expected response 
from nonsurgical treatment, especially when 
these lesions are located in the proximal femur 
(Fig. 9.1).

Prosthetic replacement allows an earlier func-
tional recovery with a low risk of reoperation due 
to progression of the disease or failure of recon-
struction [51–53].

Steensma et al. observed that prosthetic recon-
struction leads to fewer complications and longer 
survival when compared to osteosynthesis in 
metastatic patients with pathological or impend-
ing fractures of the proximal femur [54].

In metaphyseal fractures of the proximal 
humerus, prosthetic replacements last longer 
than other solutions because they are more resis-
tant to torsional forces. Moreover, prosthetic 

M. Scorianz et al.



97

replacement is considered the treatment of choice 
for metastases of the distal humerus, since 
mechanically stable osteosynthesis with plate 
and cement in this area is very difficult to obtain.

In diaphyseal metastatic lesions, when the 
patient has a favorable prognosis and response 
to nonsurgical treatments is not expected, 
osteosynthesis reinforced with polymethyl 
methacrylate (PMMA) cement can be per-
formed (Fig.  9.2). Tumoral tissue can be 
removed either through intralesional curettage 
or intercalary resection, and local adjuvants 
may be used to improve surgical margins  
[55–60]. Then the defect is filled with PMMA 
cement that can be injected into the medullary 
canal to improve the mechanical strength of the 
osteosynthesis [61].

Locked nails have proven to be more durable 
implants than plates for metastatic lesions of the 
femur and tibia, because of their better mechan-
ical stability and resistance in case of local pro-
gression of the disease [54]. Plate and screw 
fixation, however, must be considered for 
humeral lesions and for long bones of the 
forearm.

In diaphyseal metastatic lesions, when the 
prognosis of the patient is favorable and the 
expected response to nonsurgical therapy is good, 
simple osteosynthesis obtained through a locked 
nail may be performed (Fig. 9.3). This must be 
considered especially when facing mixed or 
osteoblastic lesions (breast, prostate) and lesions 
responding to medical therapy, radiotherapy, 
bisphosphonate, and denosumab.

a

c d

bFig. 9.1 Impending 
fracture of the proximal 
femoral metaphysis due 
to metastatic renal cell 
carcinoma. (a, b) 
Preoperative 
radiographic images of 
the metastatic lesion. (c) 
Surgical resection 
specimen and proximal 
femur prosthetic 
implant. (d) 
Postoperative 
radiographic control 
after modular prosthesis 
replacement with 
cemented stem and 
bipolar cup
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If the prognosis is poor, the diaphyseal metas-
tasis should be treated with simple osteosynthe-
sis: locked nail for lesions of the femur, tibia, and 
humerus and plate and screws for lesions of the 
forearm [14].

In patients with poor prognosis and poor gen-
eral conditions, in case of persistent pain not-
withstanding nonsurgical treatments, minimally 
invasive therapies should be considered. When 
surgery is not indicated, pain control may be 
achieved by tumoral tissue ablation through per-
cutaneous minimally invasive techniques [62]. 
Originally developed as treatment for benign 
lesions, minimally invasive therapies, like cryo-
ablation, thermoablation, embolization, and oth-
ers, represent an effective option for this patient 
group [63–66].

9.7  Algorithm of Treatment

Several studies have attempted to standardize the 
treatment of bone metastases.

Capanna and Campanacci divided bone 
metastases into four different classes [14, 67]. 
This classification selected patients who needed 
a surgical treatment providing guidelines for the 
indication to simple osteosynthesis, osteosyn-
thesis with cement, and prosthetic replacement. 
The selection between the surgical options was 
done basing on a score obtained from the follow-
ing parameters: life expectancy, according to the 
type of tumor, site/location of the lesion (epiphy-
seal, metaphyseal, or diaphyseal), extension of 
the lesion, and sensitivity to nonsurgical 
therapies.

a b c d

Fig. 9.2 Multifocal diaphyseal metastatic lesions of the 
tibia from breast cancer with progression despite of radia-
tion therapy. (a, b) Radiographic view of diaphyseal mul-

tifocal metastatic lesions of the tibia. (c, d) Postoperative 
images of the intramedullary nail reinforced with PMMA 
cement
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In 2014, the Italian Orthopaedic and 
Traumatology Society (SIOT) Bone Metastasis 
Study Group developed a new algorithm for the 
treatment of metastases of the long bones 
(Fig. 9.4). The algorithm was based on the proto-
col of Capanna and Campanacci, integrated with 
the most recent evidence from literature [14, 
69–77].

The following parameters were considered:

 – The presence of a pathological fracture or 
impending fracture

 – The presence of a solitary metastasis from a 
carcinoma of the kidney or thyroid

 – The localization of the metastases (meta-
epiphysis or diaphysis)

 – The expected response to nonsurgical 
therapies

 – The survival estimate for the patient

The eligibility of the patient to surgical treatment 
is determinant, and the evaluation is made by the 
anesthesiologist according to the ASA score. The 
surgical procedure can be performed if the ASA 
score is lower or equal to 3 (on a scale from 1 to 5).

The final treatment options of the algorithm 
are the following: excisional surgery (resection 
and prosthesis, resection/intralesional excision, 
and osteosynthesis with cement augmentation), 
simple osteosynthesis, nonsurgical therapies, and 
palliative care (minimally invasive treatments, 
pain management).

The steps of this algorithm are designed 
mostly for lytic or mixed pattern metastatic 
lesions of weight-bearing long bones. For this 
reason, this algorithm cannot be applied in some 
circumstances: a pathological fracture or impend-
ing fracture due to osteolytic metastases of a non-
weight-bearing long bone or osteoblastic 
metastases, regardless of their location. If those 
lesions are painful, then surgery should be con-
sidered when nonsurgical treatment is 
unsuccessful.

The SIOT algorithm assumes the integration 
of the orthopedic surgeon with a medical oncolo-
gist and a radiation oncologist in a multidisci-
plinary team [77].

Although the steps of this algorithm can seem 
an excessive simplification of high-complexity 
concepts, the aim of the SIOT algorithm is to 

a b c d

Fig. 9.3 Impending fracture of the humeral diaphysis 
in metastatic lesions from breast cancer. (a, b) 

Preoperative radiographic images of the lesion. (c, d) 
Postoperative images after intramedullary nail fixation 
using a carbon fiber device
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guide the orthopedic surgeon in the decision-
making process when approaching a patient 
affected by long bone metastases.
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Metastases to the Pelvis: 
Algorithm of Treatment
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Abstract
Introduction. Patients with pelvic bone metas-
tasis present a wide range of symptoms, and 
therapeutic strategies should be individualized 
in order to obtain the best possible quality of 
life despite the advanced stage of disease. A 
multidisciplinary approach among the oncolo-
gist, radiation therapist, and orthopedic sur-
geon is mandatory. The goals of treatment in 
these patients are pain control, maintenance of 
independence and prevention of tumor pro-
gression, and improvement of the quality of 
remaining life. We propose a treatment algo-
rithm for patients with bone metastasis in the 
pelvis. This algorithm aims to simplify the 
choices of the team from diagnosis to treat-
ment and to avoid under- or overtreatment of 
pelvic bone metastases.

Material and Methods. We conducted a 
comprehensive review of the literature for 
clinical studies that reported diagnosis, modal-
ities of treatment, pain relief and function out-
comes, as well as perioperative complications 
and mortality, in patients with bone metastasis 
to the pelvis and/or acetabulum. Multiple 
databases from the experienced centers 
involved were searched up to June 2016. Data 

have been analyzed in order to prepare an 
algorithm of treatment based simply on ques-
tions with yes/no answers, from diagnosis to 
follow-up.

Results. The algorithm consists of 11 ques-
tions that guide physicians since the discovery 
of a pelvic bone lesion. Treatments are 
reported in squares and included biopsy, non-
surgical treatment group, radiotherapy, mini-
mally invasive palliative procedures (MIPPs), 
noninvasive MR-guided FUS (focused ultra-
sound), surgery, and embolization. In acetabu-
lar involvement, the amount of the 
periacetabular bone loss was classified accord-
ing to Harrington classification (ranging from 
groups I to IV) and metastatic acetabular clas-
sification (MAC, ranging from types 1 to 4).

Conclusion. The treatment of cancer 
patients with bone metastases is multidisci-
plinary. Currently, modern treatments are 
available for the palliative management of 
patients with metastatic bone disease. These 
include modern radiation therapy, chemother-
apy, embolization, electrochemotherapy, 
radiofrequency ablation, MIPPs, and 
MR-guided FUS. Special attention should be 
directed to osteolytic lesions in the periace-
tabular region, as they can provoke pathologic 
fractures and subsequent functional impair-
ment. Different reconstruction techniques for 
the pelvis are available; the choice depends on 
the patient’s prognosis, size of the bone defect, 
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and response of the tumor to adjuvant 
 treatment. If all the conservative treatments 
are exhausted and the patient is not eligible for 
surgery, one of the various MIPPs can be 
considered.

Keywords
Pelvis · Palliative treatments · Pain · Cancer  
Flowchart · Metastatic disease · Surgery  
Multidisciplinary approach · Pathologic 
fracture · Bone tumors

10.1  Introduction

Primary malignant cancer can spread to distant 
organs forming a metastasis via the blood or lym-
phatic circulation. Theoretically any organ can be 
affected from metastases, but the lung, liver, and 
bone are the most frequent sites. Carcinomas 
with the greatest tendency to metastasize to the 
bone include prostate, breast, kidney, lung, and 
thyroid histotypes [1, 2]. In fact, these primary 
carcinomas account for 80% of all the metastases 
to the bone [2–4]. Bone metastases are associated 
with relevant skeletal morbidity including bone 
pain (usually severe), pathologic fractures, spinal 
cord or nerve root compression, and general 
symptoms such as malignant hypercalcemia [2, 
5]. These events greatly compromise the quality 
of life of the patients. In the past decades, the life 
expectancy of these patients has improved con-
siderably because of advances in diagnostic 
work-up, chemotherapy, immunotherapy, hor-
monal treatment, and radiotherapy [6]. However, 
this has resulted in an increased number of 
patients at risk of developing bone metastases or 
experiencing a pathologic fracture [7]. These 
patients demand a more reliable and stable recon-
structive technique. The clinical presentation is 
varied between patients with bone metastases of 
the spine, pelvis, or long bones, but the impact on 
quality of life is often significant. In the archive 
of the Rizzoli Institute [8], 833 (18.8%) of all 

4431 metastatic lesions registered were found to 
occur in the pelvis: ilium 559 cases (12.6%), 
ischium 80 cases (1.8%), and pubis 53 cases 
(1.2%).

Current treatment options for metastatic bone 
disease of the pelvis are usually performed with-
out a curative purpose but are often palliative in 
nature. The therapeutic approach is based on a 
combination of local and systemic treatments. 
Chemotherapy, medical treatments (including 
bisphosphonates), radiotherapy, surgery, and 
minimally invasive palliative procedures are 
included in the armamentarium [2, 5, 9–11]. In 
this contest, it is important to define which 
patients need a surgical treatment, with which 
technique, the reconstruction modality, and the 
correct timing. Most of the techniques can help 
alleviate pain and control tumor growth, but 
sometimes surgical interventions help to achieve 
an adequate pain control by preventing or stabi-
lizing pathologic fractures. In selected cases, a 
complete resection with adequate margins may 
improve the survival rate of the patients [10, 12].

To our knowledge, there are no universally 
accepted treatment algorithms for pelvic bone 
metastasis, even if the topic is highly debated in 
the recent literature [10, 13, 14]. Patients with 
bone metastases are treated today by a multidis-
ciplinary team (composed of orthopedic sur-
geons, oncologists, radiologists, radiotherapists, 
etc.) without guidelines that consider a possible 
surgical treatment. In the present study we report 
a treatment algorithm for patients with pelvic 
metastasis, easily accessible for all specialists 
involved in the teamwork, in order to guide the 
therapeutic approach and to define the surgical 
indications.

10.2  Actual Guidelines 
in the Treatment of Pelvic 
Metastases

In 2001, Capanna and Campanacci [15] ana-
lyzed metastatic disease of the long bones, divid-
ing the patients into four classes: (1) solitary lesion 
with good prognosis, (2) pathologic fracture, (3) 
impending fracture, and (4) other lesions not 

A. Angelini et al.



105

otherwise classified. This classification has been 
used as an algorithm of treatment of patients 
with long bone metastases and is based on a mul-
tidisciplinary approach. Important parameters 
such as expected survival, oncologic histotype, 
stage, presence of visceral metastases, and sensi-
tivity to radio-/chemotherapy are considered. 
The same classification has been adapted in 2015 
for metastatic disease of the pelvis [10]: class 1, 
solitary lesion of a primary tumor with a good 
prognosis (papillary or follicular thyroid, renal 
and hormone-sensitive breast carcinomas) or 
with an interval of more than 3 years from the 
diagnosis to the development of bone metastasis; 
class 2, pathologic fracture of the periacetabular 
area; class 3, periacetabular osteolytic lesions; 
and class 4, multiple osteoblastic diffuse lesions, 
osteolytic or mixed lesions in the ilium or ischio-
pubis branches, or small osteolytic periacetabu-
lar lesions. The authors [10] analyzed the 
surgical and nonsurgical indications based on 
the combination of three data: prognostic class 
(classes 1–4), anatomic area involved using 
Enneking classification (zones 1–4, Fig.  10.1) 
[16], and periacetabular bone loss. Periacetabular 
bone destruction was analyzed according to the 
Harrington classification [17]: minimal involve-
ment of the acetabulum in subchondral bone 
(group I); the medial wall of the acetabulum is 
destroyed, but the roof and the lateral wall are 
still preserved (group II); extensive osteolysis 
affects not only the medial wall but also the roof 

and the lateral rim of the acetabulum (group III); 
and complete acetabular collapse (group IV).

10.3  Algorithm of Treatment

The algorithm (Fig. 10.2) has been realized as a 
flowchart with positive/negative consecutive 
questions based on the principal prognostic fac-
tors on metastatic disease: (1) biologic character-
istics such as life expectancy (histotype of 
primary tumor), extension of the disease (solitary 
or multiple lesions), general patient’s health (per-
formance status), and free interval of disease 
from excision of primary tumor, (2) biomechanic 
characteristics as pathologic or impending frac-
ture (site and volume of the lesion, lytic or osteo-
blastic lesion), and (3) sensitivity to nonsurgical 
therapies (chemotherapy, radiation therapy, hor-
monotherapy, etc.).

The algorithm starts from the discovery of a 
bone lesion localized in the pelvis. The lesion 
should be initially evaluated on a standard AP 
pelvic radiograph to determine the extent of 
tumor involvement. Radiographs are useful for 
surgical planning and are helpful to evaluate the 
integrity of anterior and posterior columns, the 
roof and quadrilateral lamina of the acetabular 
area. The entire femur should also be imaged to 
identify additional disease. CT scan of the pelvis 
and acetabular area is useful in assessing the 
degree of bony destruction, the consistency of the 
tumor (osteolytic, osteoblastic, or mixed), and 
the quality of the bone for fixation of further 
eventual reconstruction [18, 19]. Pelvic MRI is 
useful to determine the soft tissue extension of 
permeative lesions [20]. A complete staging with 
total-body CT scan and bone scan or FDG-
PET-CT can help to determine the exact exten-
sion of the disease [21].

10.3.1  Solitary Lesion?

The rationale of the first question should be found 
in the fact that a patient with a metastatic lesion 
of the pelvis usually presents multiple bone 
lesions [2, 22, 23]. If the patient has multiple 

I
IV

II

III

Fig. 10.1 Anatomic areas of the pelvis according to 
Enneking classification [16]: the iliac wing (zone 1), the 
periacetabular area (zone 2), anterior branches (zone 3), 
and the sacrum (zone 4)
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1. Solitary bone
lesion?

2. History of
cancer

3. Osteolytic
lesion?

4. Painful lesion?

5. Minor
acetabular

involvement?

6. Pathologic or
impending
fracture?

9. Expectancy of
life > 3-6 months

8. Eligible to
major surgery?

7. Is tumor
histotype

radiosensitive?

10. Unresponsive?

11. Complication?

MIPPs

Surgery +/-
Embolization

Follow-up

Non-surgical
therapies

Metastasis

Biopsy
Algorithm

primary tumors

Radiotherapy

Fig. 10.2 Algorithm of treatment for metastatic lesion of the pelvis. Arrows with solid line indicate affirmative answer, 
whereas those with dashed line indicate negative answer

bone lesions, the algorithm guides the therapeu-
tic strategy toward nonsurgical treatments, except 
for osteolytic painful lesions or unresponsive to 
nonsurgical therapies [24, 25]. The discovery of 
metastatic periacetabular solitary lesion in a 
patient with negative oncologic history is 
reported as the primary symptom in only 5% of 
the cases [23]. In this case, the possible differen-
tial diagnosis with primary bone tumors should 
be considered.

10.3.2  History of Cancer?

In a patient with a history of cancer, the probabil-
ity that a solitary acetabular lesion could be a 
metastasis is high [26], and sometimes a biopsy 
is not required before treatment. It has been 
reported that the probability for a solitary acetab-
ular lesion to be a metastatic lesion in patients 
aged >40 years is high, even in the absence of a 
history of cancer [27]. Biopsy should always be 
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performed to confirm that the solitary acetabular 
lesion is a metastatic tumor in patients with a 
negative history of cancer [26, 28]. If the histo-
logic examination reveals a primary bone tumor, 
the patient should be referred to the relative algo-
rithm of treatment. In case of solitary lesion diag-
nosed as metastasis from a primary tumor with a 
good prognosis (thyroid, prostate, breast, clear 
cell renal, or colorectal carcinoma) or a disease-
free interval of more than 3 years from the detec-
tion of the primary tumor to the development of 
bone metastasis, the patient should be considered 
for surgical treatment [10, 15].

10.3.3  Osteolytic Lesion?

Bone remodeling is a physiologic phenomenon 
that involves the interaction between different 
cell types, including osteoclasts and osteoblasts, 
and an array of cytokines and hormones. During 
the normal bone remodeling, there is a dynamic 
equilibrium between osteoclast-mediated bone 
resorption and osteoblast-mediated bone forma-
tion [29]. Both types of cells could be activated 
in bone metastases, causing osteolytic, osteo-
blastic, or mixed lesions [30, 31]. There is a key 
role of interaction between RANK receptor and 
RANK-ligand in osteoclast activation, and this 
fact is one of the reasons of osteolytic aspects of 
most carcinomas. Moreover, expression of 
RANK has been detected in a large percentage 
of bone metastases deriving from several histo-
types including the breast and prostate [32]. It 
has been described that the RANK expression 
status of cancer cells directs tumor migration to 
bone, where the RANK-ligand is abundantly 
expressed [33].

In the presence of osteoblastic lesions (com-
monly observed in breast and prostate carcino-
mas), the gold standard of treatment is nonsurgical 
and includes chemotherapy, narcotic analgesics, 
radiation therapy, and often hormonal therapy. 
Bisphosphonates are an important advance in 
supportive care of patients with bone metastases. 
They inhibit normal and pathologic osteoclast-
mediated bone resorption by direct inhibition of 
cellular mechanisms such as osteoclast attach-

ment, differentiation, and survival [5, 34]. In a 
recent meta-analysis including nine randomized 
controlled trials (2806 patients with bone metas-
tases from breast cancer), it has been observed 
that intravenous zoledronic acid 4 mg and intra-
venous pamidronate 90  mg reduced the risk of 
skeletal-related events by 15% [35]. In the pres-
ence of an osteolytic lesion, we suggest to move 
to the following question.

10.3.4  Painful Lesion?

About 90% of patients with advanced cancer or 
metastatic disease can have a significant pain 
cancer-related. Pain related to bone is a common 
and debilitating symptom in half or more of the 
patients with a diagnosis of malignant tumor 
[22]. Pain is usually severe, progressive, and 
caused by different pathogenic mechanisms; 
therefore, a multimodal analgesic strategy should 
include systemic pharmacological approach 
(NSAIDS, opioid and adjuvant drugs), supple-
mented on demand with additional multidisci-
plinary forms of treatment. Whereas the treatment 
of asymptomatic multiple osteolytic lesions is 
substantially the same of that for bone-forming 
lesions, the strategy of treatment of painful 
lesions is different. Most of the palliative treat-
ments for metastatic bone disease used to treat 
cancer-related pain may be used also to improve 
quality of life and maintenance of independence, 
to reduce skeletal morbidity, and to prevent (or 
treat) pathologic fracture, spinal cord compres-
sion, and other “skeletal-related events.” 
Treatments for pain control include systemic 
analgesics, intrathecal analgesics, radiation 
(external beam radiation, radiopharmaceuticals), 
glucocorticoids, mini-invasive ablative tech-
niques, bisphosphonates, inhibitors of RANK-
RANKL interaction, chemotherapeutic agents, 
hormonal therapies, interventional techniques, and 
surgery [22]. Approximately 85–90% of patients 
with advanced disease may control cancer-related 
pain with oral analgesic drugs [36, 37]. In the case 
of refractory pain despite an adequate analgesic 
therapy, we suggest to move to the following 
question.
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10.3.5  Minor Acetabular Involvement?

Metastatic lesions affect the strength of bone 
improving the risk of pathologic fracture, espe-
cially in osteolytic patterns. Highly stressed ana-
tomical sites such as periacetabular area are 
particularly predisposed to pathologic fractures. 
The amount of acetabular involvement dictates the 
type of surgical treatment and reconstruction. 
There are two good tools to evaluate the acetabular 
destruction: the Harrington classification [17], 
ranging from groups I to IV, and the “metastatic 
acetabular classification” (MAC), ranging from 
types 1 to 4 [26]. The MAC classifications describes 
lesion involvement of the acetabular dome (type 1), 
of the medial wall (type 2), of a single posterior or 
anterior column (type 3), and of the two columns 
(type 4). For both classifications, when the acetabu-
lar destruction is minor (Harrington I or MAC 1), 
the patients should be guided to chemo-/radiother-
apy, or it may be managed by curettage, cementa-
tion of the lesion, followed by total hip arthroplasty 
with conventional cemented components. In the 
case of major acetabular destruction, we should 
move to the next question.

10.3.6  Is There a Pathologic or 
Impending Fracture?

The evaluation of risk of occurrence of a patho-
logic fracture depends on the imaging appearance 
of the lesion and the site. Osteolytic lesions are at 
higher risk of fracture compared to osteoblastic or 
mixed lesions, as well as lesions with permeative 
pattern despite the reassuring radiographic aspect. 
In the presence of pathologic or impending frac-
ture, the patient should be considered a candidate 
for surgical stabilization because of the low poten-
tial of fracture healing itself [5, 15, 38]. Even 
when healing is possible, it is often delayed [39].

10.3.7  Is Tumor Histotype 
Radiosensitive?

Radiation therapy is effective in providing pain 
relief correlate to bone metastases, up to a com-
plete resolution of symptoms in about 20–50% of 

the treated patients [40–43]. Radiotherapy is 
therefore considered the standard of care in terms 
of palliation for patients with localized bone 
pain. It is indicated for radiosensitive tumors with 
a low risk of pathologic fracture, even if it may be 
used for any metastatic bone lesion (even less 
radiosensitive such as thyroid, prostatic, or renal 
carcinomas), to minimize the need of a surgical 
treatment [26, 44, 45]. Commonly used radiation 
therapy schemes include 8  Gy in a single frac-
tion, 20 Gy in 5 fractions, and 30 Gy in 10 frac-
tions [42, 46, 47].

10.3.8  Is the Patient Eligible to Major 
Surgery?

Summarizing, surgery is indicated in large, osteo-
lytic, painful, periacetabular lesions with patho-
logic/impending fractures, in patients 
unresponsive (inadequate pain relief and limited 
quality of life) to conservative treatments. Criteria 
for successful procedure include proper patient’s 
selection with precise clinical exam of eligible 
patients and careful evaluation of the general 
health status.

10.3.9  Expectancy of Life >3–6 Months?

The surgical treatment of pelvic metastases is 
often dictated by the systemic burden and life 
expectancy. The surgical indication should be 
discussed in a multidisciplinary team coordinated 
by the oncologist, balancing the quod vitam 
prognosis and surgical risks. Most of the studies 
in literature advocate a life expectancy greater 
than 3–6 months as a cutoff for surgical interven-
tion due to the long rehabilitation and high inci-
dence of early complications [10, 15, 26, 48–50]. 
For patients with poor prognosis, treatments such 
as MIPPs should be considered.

10.3.9.1  Surgical and Mini-invasive 
Treatments

Nowadays, the indication to major surgical pro-
cedures in patients with metastatic disease of the 
pelvis is increasing, even if in selected cases. 
Lesions eligible to surgery are:
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 1. Lesions located in periacetabular area (zone 2 
according to Enneking [16]) characterized by 
functional inability and pain refractory to 
pharmacological therapy, protected weight 
bearing, and radiotherapy

 2. Periacetabular lesions with pathological or 
impending fractures

 3. Lesions that involve the highly stressed ana-
tomical sites in the pelvis, affecting the pelvic 
girdle

 4. Solitary lesions in class 1 according to Muller 
and Capanna [10] or solitary lesions from pri-
mary tumor with good prognosis [3, 13, 17, 
51–56]

Surgical options include resection with/with-
out reconstruction, intralesional curettage associ-
ated with local adjuvants (phenol and/or cement 
and/or cryotherapy), and filling of the defect. 
Internal fixation or prosthetic reconstruction may 
be used [3, 13, 17, 53, 55, 56]. In patients with a 
solitary metastatic lesion, a survival benefit of en 
bloc resection has been reported [57]. Considering 
the complex anatomy of the pelvis, surgical exci-
sion is usually preferred to resection techniques 
when it is difficult to achieve wide margins at the 
preoperative planning [13]. Preoperative angiog-
raphy with selective embolization provides 
devascularization, size reduction, and pain relief 
[58–60] and reduces intraoperative blood loss, 
needs of transfusions, and surgical time [35, 61, 
62]. Since all metastatic bone lesions are hyper-
vascular [58, 60], all the patients may be indi-
cated for embolization. In our experience [61, 
63–65], a selective arterial embolization of feed-
ing vessels is always suggested in the case of 
hypervascular lesions (such as clear cell renal 
carcinoma or thyroid carcinoma) and in the pres-
ence of large extraosseous lesions. The main 
limitation is represented by the renal toxicity in 
high-risk patients with poor kidney compensa-
tion and a vascularization of the lesion conjunct 
to relevant non-targeted vessel [61, 65].

In the presence of minimal acetabular bone 
loss (Harrington I or MAC 1), a simple curettage 
of the lesion may be performed with cement fill-
ing. This procedure may be sufficient for local 
control of the disease and may be carried out per-
cutaneously [66, 67]. In other cases, a conven-

tional total hip replacement with cemented 
components may be performed. In the presence 
of extensive acetabular osteolysis (Harrington II/
III or MAC 2/3), the reconstruction typically 
involves the use of implants or internal fixation 
devices that extend to uninvolved portions of the 
pelvis [3, 68, 69]. Harrington described a tech-
nique with large threaded pins placed through the 
remaining hemipelvis, to support the cementa-
tion of acetabular lesions [70]. In other cases, 
more challenging reconstructive procedures 
should be performed, using flanged cups or cages 
[17, 71, 72], cemented acetabular components 
with total retention or dual-mobility cups [48], 
modular prostheses [16, 54], massive allograft-
prosthesis composite [14, 68], saddle prosthesis 
(rarely used nowadays) [3, 52], or iliofemoral 
coarctation [73].

Nowadays, a wide range of minimally inva-
sive palliative procedures (MIPPs) are available 
for patients with advanced cancer not eligible for 
open surgery [5, 74]. In literature, described pro-
cedures are [5, 75–82] radiofrequency ablation 
(RFA) with/without cementoplasty, microwave 
ablation (MWA) with/without cementoplasty, 
percutaneous cementoplasty, local application of 
ethanol, laser-induced interstitial thermotherapy 
(LITT), cryoablation, electrochemotherapy 
(ECT), and electroporation. Each procedure pres-
ents specific indications and limitations; there-
fore, the use should be customized to the patient 
[74]. Recently, a noninvasive technique named 
“magnetic resonance-guided focused ultrasound” 
(MRgFUS) is available for selected patients with 
painful metastatic bone disease [83–85].

10.3.10  Is Patient Unresponsive 
to Therapies?

In some cases, a progressive increase of number/
volume of bone lesions occurs despite surgical 
and nonsurgical therapies, whereas other patients 
report inadequate pain palliation. Palliative radia-
tion therapy can be administered (if it has not 
been used before), whereas previously irradiated 
patients could be treated only if the administered 
dose was lower for dose-limiting organs. MIPPs 
should be considered as alternative treatments.
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10.3.11  Is This a Complication 
of Previous Treatment?

The therapeutic procedures of pelvic metastases 
are technically demanding and require a thor-
ough knowledge of the pelvic anatomy and prox-
imity of vital structures to minimize 
complications. Wood et al. [9] recently published 
a systematic review on the surgical management 
of bone metastases, finding that the complication 
rate following acetabular/pelvis replacement sur-
gery for metastatic bone disease was 19.5%. 
However, in reality, complication rates may be 
higher considering all the MIPPs and nonsurgical 
treatments (mainly radiation therapy) applied to 
this patient population. In our experience and for 
the purpose of the algorithm, all patients admit-
ted to a surgical ward for complications should 
be reevaluated as eligible for major surgical 
treatments.

 Conclusions
The treatment of cancer patients with bone 
metastases is multidisciplinary, and pelvic 
involvement is a growing concern in the field 
of orthopedic surgery. Currently, modern 
treatments are available for the palliative 
management of patients with metastatic bone 
disease. These include modern radiation ther-
apy, chemotherapy, embolization, electroche-
motherapy, radiofrequency ablation, MIPPs, 
and MR-guided FUS. Special attention should 
be directed to the osteolytic lesions in the 
periacetabular region, as these can lead to 
pathologic fractures and subsequent func-
tional impairment. Different reconstruction 
techniques for the pelvis are available; the 
choice depends on the patient’s prognosis, 
size of the bone defect, and response of the 
tumor to adjuvant treatment. If all the conser-
vative treatments are exhausted and the patient 
is not eligible for surgery, one of the various 
MIPPs should be considered. This algorithm 
has been realized to simplify the choices of the 
multidisciplinary team from diagnosis to 
treatment and to avoid under- or overtreat-
ments of patients affected by pelvic bone 
metastases.
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Pathologic Versus Impending 
Fracture

Maria Silvia Spinelli and Andrea Piccioli

Abstract
The constant improvement of medical thera-
pies has led to the longer survival of patients 
affected by carcinoma and a consequent 
increase in the number of patients with bone 
metastasis. In the natural history of bone meta-
static patients they Skeletal Related Events 
(SREs) are likely to occur. SREs are: patho-
logic fracture of the long bones, the need of 
surgical procedures on the bone, spinal com-
pression, and radiotherapy on the bone. SREs 
have a well-documented negative impact on 
clinical outcomes and on pain, reduce the qual-
ity of life and survival, and increase morbidity. 
The most frequent complication among SREs 
is the pathological fracture, which is defined as 
a fracture that occurs spontaneously or with a 
low-energy trauma in the site of a preexisting 
bone lesion. For the patient with bone metasta-
sis, a pathological fracture is always a dramatic 
event and should be considered a matter of 
urgency in the orthopedic treatment of these 
patients. The aim of a high quality of care is to 
prevent a pathologic  fracture; given that the 

bone lesions are known, these should be treated 
before the bone fractures with a preventive 
osteosynthesis. This imminent risk of fracture 
that may occur in daily activities is a specific 
diagnosis and is given the name impending 
fracture.

The aim of this chapter is to focus on dif-
ferent aspects of pathologic and impending 
fracture, including diagnostic and clinical 
aspects, the impact on survival and on health 
resource utilization.

Keywords
Pathologic fracture · Impending fracture · Bone 
metastasis · Survival estimation · Economic 
burden

Pathologic fracture is a dramatic event that 
occurs in the history of patients affected by met-
astatic carcinoma and is a part of the complex of 
events known as skeletal-related events (SREs). 
Healey and Brown [1] in their review published 
in 2000 demonstrate how SREs represent a criti-
cal moment and clearly clarify the negative 
impact of the fracture on the patient’s quality of 
life. SREs are the pathologic fracture of the long 
bones, surgical procedures on the bone, spinal 
compression, and radiotherapy on the bone [2]. 
SREs have a well-documented negative impact 
on clinical outcomes and on pain, reduce the 
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quality of life and survival, and increase mor-
bidity [3, 4]. The constant improvement of med-
ical therapies has led to the longer survival of 
patients affected by carcinoma and a consequent 
increase in the number of patients with bone 
metastasis [5–7]. The epidemiological data for 
the US population [8] shows an incidence of 
279,679 bone metastases per year. Projecting 
this data on to the Italian population figure for 
2010 gives an incidence of bone metastasis of 
64,293 cases per year. Currently there are no 
certain figures for the number of metastatic 
patients treated surgically in Italy. The only doc-
ument on the epidemiology of bone metastasis 
was published under the patronage of the Italian 
Society of Orthopaedics and Traumatology 
(SIOT) by the Bone Metastasis Study Group on 
the basis of the data of the “Muscolo-Skeletal 
Sarcoma Group” of Piemonte, who, extrapolat-
ing data from the clinical records of patients 
with a diagnosis of bone metastasis, identify 
4157 patients for 2010 [9]. The total number of 
such patients includes both those treated 

 surgically, with any type of surgical procedure 
and any type of clinical need (13% of the total), 
and patients not treated surgically (87% of the 
total) (Figs. 11.1, 11.2, and 11.3).

These data must be considered an underesti-
mation since they include only inpatients and 
not those who are treated as outpatients with 
radiotherapy or with any other outpatient treat-
ment for bone metastases. However, such a low 
percentage of patients treated with surgery 
shows how the orthopedic surgeon is still only 
marginally involved in the treatment of patients 
with bone metastases and how such patients 
are sent to other therapies rather than being 
given the possibility to evaluate surgical treat-
ments that may impact positively on their qual-
ity of life.

The pathological fracture is defined as a 
 fracture that occurs spontaneously or with a 
 low-energy trauma in the site of a preexisting 
bone lesion [9]. For the patient with bone metas-
tasis, a pathological fracture is always a dra-
matic event and should be considered a matter 

a b c

Fig. 11.1 (a) Impending fracture in a 57-year-old patient 
with clear cell carcinoma affected by multiple visceral and 
bone metastasis. (b) Pathologic fracture of the humerus due 

to an untreated impending fracture. (c) Osteosynthesis of the 
humerus with a nail
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baFig. 11.2 (a, b) A 
68-year-old patient with 
multiple metastases 
from prostate cancer, 
complaining functional 
pain on his left femur 
after a rotational 
movement. X-rays show 
an osteoblastic lesion of 
the proximal femur, but 
no fracture are clearly 
visible on the distal part 
of the femur

a b

Fig. 11.3 (a, b) 
CT-scans show an 
undisplaced incomplete 
pathologic fracture of 
the mid-distal third of 
the femur
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of urgency in the orthopedic treatment of these 
patients [10]. Its principles of treatment are not 
the same as those for traumatic fractures, since 
the presence of tumor cells impairs bone heal-
ing, which is therefore independent of the surgi-
cal treatment adopted but depends on the 
primary diagnosis, and thus on the histologic 
type of tumor and on the adjuvant therapies. The 
rate of healing for pathologic fracture is very 
low, reported at around 35%, and in some histo-
logic types, such as lung carcinoma, is very rare 
[11, 12].

The goal of surgical treatment, therefore, is 
not to allow the fracture to heal but to convert the 
bone segment from an open system to a closed 
one, to restore the bone resistance to bending and 
torsional forces, and to allow weight-bearing and 
restore function as quickly as possible. As we 
develop knowledge in this field, we understand 
how the primary task of the orthopedic surgeon is 
to preserve autonomy and the quality of life. The 
aim of a high quality of care is to prevent a patho-
logic fracture; given that the bone lesions are 
known, these should be treated before the bone 
fractures with a preventive osteosynthesis.

The fracture risk of a bone with a secondary 
lesion is clear to all the doctors who deal with 
these patients in the multidisciplinary team. First 
among these is the oncologist, who will work 
closely with the expert in orthopedic oncology 
regarding fracture risk. This imminent risk of 
fracture that may occur in daily activities is a spe-
cific diagnosis and is given the name impending 
fracture.

11.1  Impending Fracture

The impending fracture “is a state of the bone 
where a pathologic fracture appears almost cer-
tain if no preventive action is taken” [13]. Many 
studies on bone biomechanics have shown that 
the mineral component gives high resistance to 
axial compressive forces, while the mineral and 
protein component gives resistance to bending 
forces (compression + tension). The major weak-
ness of the bone is during torsional forces [1]. A 
hole in the bone of 6 mm, similar to the one per-

formed to carry out a bone biopsy, has been dem-
onstrated to reduce the bone strength in terms 
of torsion by 50%. This is the reason why in a 
secondary osteolytic bone lesion a pathologic 
fracture could be caused by a simple everyday 
activity that does not require high energy, such 
as putting on a coat in the case of the humerus 
or rotating the leg to get up from the bed in that 
of the femur. The diagnosis of impending frac-
ture was defined in the previously cited paper of 
Healey as “controversial” [1], and even today 
there are no objective guidelines for predicting 
fracture in a metastatic bone. Even if there is no 
doubt as to the efficacy and benefit of a preven-
tive osteosynthesis, this seems to be dependent 
largely on the surgeon’s experience and linked to 
subjective parameters.

The history of classification systems for 
impending fracture begins in the 1980s with 
Fidler, who presented a case series of 66 patients 
[14]. When cortical involvement for secondary 
lesions was <50%, 2,3% of the subjects experi-
enced a pathologic fracture, whereas when cor-
tical involvement was >75%, 80% of patients 
experienced a fracture. In 1987 Menck [15] 
published a paper in which pathologic fracture 
occurred in 62 of 67 patients with a ratio equal 
or greater of 0,60 between metastasis width and 
bone diameter, or when the size of the lesion was 
>13 mm in the femoral neck and >30 mm in other 
parts of the same segment, or when bone involve-
ment was equal or greater than 50%. These met-
ric parameters were measured using standard 
X-rays. These elements were all confirmed in the 
more widely known criteria of Harrington [16], 
bone cortical disruption >50%, length of the 
lesion >2.5 mm, pathologic fracture of the lesser 
trochanter, and persistent pain on weight bearing 
after radiation therapy. Though we have here a 
confirmation of the metric parameters seen previ-
ously, Harrington introduced a new parameter as 
an indicator for fracture risk: pain. The integra-
tion of this element into the clinical evaluation is 
very important because the shape of a metastatic 
lesion on X-ray evaluation alone can be very 
unclear, with blurred edges that do not permit 
a precise evaluation for a surgical indication as 
 preventive osteosynthesis.
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A score for the symptomatologic factor was 
subsequently included in the most famous 
scoring system for impending fracture, drawn 
up by Mirels in 1989 [17]. It is a scoring sys-
tem of 12 points divided into 4 factors (site, 
radiographic aspect, bone involvement, pain). 
Each factor has a grade of three points. If the 
total score is greater than 8, preventive osteo-
synthesis is strongly recommended; if the 
overall score is 7, it is up to the surgeon to 
decide on the basis of the evaluation of addi-
tional factors. In his report on 78 patients, 
those with a score greater than 9 presented a 
fracture in 33% of the cases, while with a score 
of 8 the figure was 15%. The advantage of 
Mirels’ scoring system, which has been for 
years and still is the one most commonly used, 
is that is easy to remember and apply and 
shows a good interdisciplinary reliability. The 
limit of the Mirels scale, however, was shown 
in its only external validation, conducted by 
Damron et al. [18], in which it demonstrated a 
sensibility of 91% and a specificity of 35%, 
which in clinical practice means a tendency to 
an overestimation of pathological fracture and 
thus to the carrying out of unnecessary surgical 
procedures. The pain is the main factor that 
guides surgeon’s evaluation for surgical 
 decision, either when under load or persistent, 
but a weakness of this approach is that it may 
be easily hidden by the kind of good medical 
therapy that is very often prescribed for these 
types of patients. In recent studies, high and 
accurate prediction of the  fracture risk is 
achieved with CT scan with finite element soft-
ware [19–22], but their use is  limited in day-to-
day practice when we have to decide whether 
there is a need for surgery or not.

11.2  The Economic Impact 
of Pathologic Fracture

The prevalence and increasing incidence of meta-
static bone patients will be a huge economic bur-
den on the health system and will impact on 
health resources in a way that requires consider-
ation in relation to surgical treatment.

The first multicentric retrospective observa-
tional study conducted in Europe was published 
in 2015 [23], with the aim of evaluating the costs 
and the impact on health resources in economic 
terms of the management of SREs in patients 
affected by bone metastasis. The countries 
involved were Germany, Spain, Italy, and the 
United Kingdom. The total number of patients 
involved in the study was 478. The costs included 
in the analysis covered those linked to the length 
of inpatient stay, outpatient attendances, and the 
procedures themselves. Sixty-six percent of the 
patients underwent radiotherapy. Only 7% of the 
patients were treated for spinal compression and 
10% with other surgical procedures to the bone. 
Although these last two represent the minority of 
the procedures carried out, the study shows that 
they contribute most of the economic burden 
because they involve prolonged inpatient stay, 
which was the factor with the major economic 
impact on health resources. A second European 
multicentric retrospective study involved eight 
countries (Austria, the Czech Republic, Finland, 
Greece, Portugal, Sweden, and Switzerland) [24]. 
This study analyzed health resource utilization 
(HRU), focusing on the following parameters: the 
number and length of inpatient stays and the num-
ber of procedures, outpatient visits, and day-hos-
pital admissions. The data were analyzed both 
before the SRE event (about 3.5 months) and after 
the SRE (3 months). The results show that the 
skeletal event is always associated with an 
increase in HRU in the number and length of 
inpatient stays. However, the increase differed 
according to the type of SRE. Surgical procedures 
to the long bone and spinal cord compression 
impacted for three times more than radiotherapy. 
These two factors, however, demonstrated the 
same impact, with the procedure to the long bone 
having a greater impact compared to those on 
other bones, probably owing to the longer immo-
bilization period and to the greater need for more 
surgical procedures. The data from Portugal and 
Finland showed that pathologic fractures were the 
most relevant factor impacting on HRU because 
of the longer impatient stay involved. This result 
reflects the fact that the decision to proceed with 
surgical treatment is not dictated by international 
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guidelines but is still open to subjective evaluation 
which in the end impacts on both economic health 
resources and the quality of care.

Both studies concluded by suggesting that to 
reduce the economic impact of SREs on health 
resources, it would be desirable to prevent every 
situation that leads to a major cost and prolonged 
hospitalization, i.e., pathologic fracture and spi-
nal cord compression.

The diagnosis that should be formulated is 
thus that of impending fracture, and this should 
be treated accordingly [25].

A more focused analysis regarding the need for 
preventive osteosynthesis to save health costs was 
conducted on the US population [26] in a study 
whose goals were expressed in two questions: 1) Is 
there a difference in costs between patients treated 
for a pathologic fracture and patients treated with 
a preventive osteosynthesis? 2) Do these patients… 
differ in terms of HRU? The variables of the study 
were total amount of direct costs for each episode, 
days of hospitalization, condition at discharge, and 
postoperative mortality at 1 year. The results of the 
study show that total costs were greater for patho-
logic fracture, with an increase of 41% in direct 
costs compared to preventive procedure. One other 
statistically significant difference between the two 
groups was the length of hospitalization, which 
was longer for patients with pathologic fracture. 
All these results strongly indicate the advantage of 
preventive surgery, that is, the treatment of the 
impending fracture. However, we have seen that 
the scores used today overestimate the case for 
surgery and the risk of fracture, thus making them 
an imprecise tool. Comparative data on the com-
plications and costs of the management of patients 
with overtreatment for impending fracture are 
lacking.

11.3  Pathologic Fracture 
and Survival

One final issue that is gaining an increasingly 
important place in the discussion about the treat-
ment of bone metastasis is the impact of patho-
logic fracture on survival.

It is obvious how the event of pathological frac-
ture impacts negatively on the metastatic patient’s 
quality of life and also on his or her psychological 
state [27]; less clear, however, is the impact on sur-
vival. Does the occurrence of pathological fracture 
reduce life expectancy? The study by Nathan et al. 
[28] is the first to assess the impact of the most used 
prognostic factors and to place among them the 
surgeon’s estimation of survival. Among these fac-
tors, however, pathological fracture is not included. 
The results of the study show that using the Cox 
regression analysis the following were found to be 
independent predictors for survival: the diagnosis, 
ECOG performance status, the number of metasta-
ses, the presence of visceral metastases, hemoglo-
bin, the estimated survival time.

Oefelein et al. [29] found in their study on 195 
patients with non-metastatic prostate cancer that 
bone fracture correlates negatively with overall 
survival. A study conducted on a much bigger 
number of patients is that of Saad et  al. [30], 
which analyzes the data from three double-blind 
randomized control trials in phase 3 of zoledronic 
acid, from an international multicentric database, 
in adult patients with bone metastasis. The aim of 
these trials was not to evaluate the link between 
pathologic fracture and patient survival but the 
efficacy of zoledronic acid in these patients. The 
analysis conducted on a sample of 3059 patients 
with multiple myeloma, breast cancer, non-small 
cell lung carcinoma (NSCLC), prostate, and other 
solid tumors shows that the pathological fracture 
is related to an increased risk of death. In patients 
with breast cancer, this increased risk reached the 
highest value (32%), while the risk of death in 
patients with multiple myeloma and prostate can-
cer was lower, at around 20%. The correlation 
between pathologic fracture and increased risk of 
death was not seen in patients with non-small cell 
lung carcinoma (NSCLC) and other solid tumors, 
but this result is probably due to the short survival 
of these patients. These data underline how pre-
ventive treatment is an important therapeutic tar-
get. The same paper evaluates the different impact 
of vertebral and non-vertebral fractures on the risk 
of death in patients with breast cancer: in models 
unadjusted with regard to the variables, a 

M. S. Spinelli and A. Piccioli



121

 statistically significant difference was seen 
between fractured subjects and non-fractured for 
both vertebral and non-vertebral. In models where 
the data were adjusted for previous SRE and 
ECOG performance status, non-vertebral frac-
tures maintained a statistically significant correla-
tion with the risk of death, while vertebral 
fractures showed an increased risk trend.

An interesting fact is provided by the study of 
Forsberg et  al. [31, 32], in which the authors 
present the variables that have an impact on sur-
vival in patients with bone metastases, this time 
including pathological fracture and using the 
Bayesian statistical method of ordering the vari-
ables in degrees of influence over the primary 
outcome, that is, survival at 3 and 12 months, in a 
graphical representation, the so-called Bayesian 
network. The influence of the variables does not 
seem to have the same impact if the patient’s sur-
vival is 12 or 3  months, meaning that different 
factors impact more greatly as survival decreases. 
Pathologic fracture appears at the second degree 
of relationship with survival in the 12-month 
model; at the first degree, the following variables 
are linked to survival: the preoperative hemoglo-
bin, the diagnosis of the primary tumor, the num-
ber of metastases, and the surgeon’s estimate of 
survival. In the 3-month survival model, patho-
logical fracture is linked to survival at the first 
degree, signifying a greater impact, together with 
hemoglobin, the performance status, preop lym-
phocytes costs, and the surgeon’s estimate. These 
data suggest that if the fracture occurs when sur-
vival is already low, it can have a negative impact 
on survival, while with longer survival estimates, 
it is other factors that influence survival more, 
such as the diagnosis and the number of metasta-
ses, factors that are irrelevant in the survival at 
3 months (the number of metastases appears at 
the fourth degree and the diagnosis at the third).

 Conclusions
The skeletal complications that occur in patients 
with bone metastases from carcinoma have 
a serious impact on the prognosis of survival 
and on the patient’s quality of life. The patho-
logic fracture, in particular, is a dramatic event 

since it limits patients’ autonomy and mobility, 
creates severe bone pain, and requires surgery 
and hospitalization with long periods of reha-
bilitation. The ways to prevent this are either 
through pharmacological therapy with bisphos-
phonates or denosumab or through surgery 
[33]. Surgical treatment should be considered 
for both impending and pathologic fracture. 
The prevention of pathologic fracture with the 
surgical treatment of an impending fracture is 
crucial in the decision-making process in bone 
metastatic patients and also has economic ben-
efits in the management of the health resource 
and decreases the burden of the costs associated 
with the treatment of this patients’ population.
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Disease of Long Bones
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Abstract
Prompt evaluation and effective treatment of 
long bone metastasis are a priority in the man-
agement of cancer patients. The main goals 
are to achieve local tumor control, pain relief, 
prevention and treatment of fractures, and 
maintenance of patient independence and 
quality of life.

Prognosis estimate, cross-sectional extent 
of bone destruction, and anatomic site of the 
bone lesion are clinical and radiographic fea-
tures used by orthopedic surgeons in the deci-
sion-making process.

Treatment principles are the same regardless 
of the skeletal location. A construct should ide-
ally provide enough stability to allow immedi-
ate full weight-bearing with enough durability 
to last the patients expected lifetime. Adequate 
mechanical stabilization by intramedullary 
interlocking nailing or plating and screws may 
address the vast majority of lesions of long bone 
diaphyseal and meta-diaphyseal portion in the 

presence of an adequate proximal and distal 
bone stock for fixation.

However, there are many additional aspects 
to consider in this setting as the need for biopsy, 
the evaluation of the extent of bone destruction 
and stability of the implant, dedicated and spe-
cific instruments for tumor surgery, the risk of 
perioperative bleeding and consideration to pre-
operative selective arterial embolization, cancer 
sensitivity and timing of postoperative radia-
tion, possible tumor curettage, and use of local 
adjuvant and cement to improve tumor control 
and mechanical strength of the construct.

Keywords
Long bones metastasis · Impending fracture · 
Pathological fracture · Intramedullary nailing · 
Plating

12.1  Introduction

Goals of the surgical treatment of long bone 
metastasis are pain control and relief, function 
restoration, and prevention of tumor progression 
and complications for the patient lifespan [1–3]. 
For most cancer patients, a pathological fracture 
heralds the end-stage of their disease; on the other 
hand, the improvement of early diagnosis and the 
implementation of multidisciplinary therapies for 
primary tumors have resulted in prolonged life 
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expectancy, thus increasing the incidence of bone 
metastases and skeletal-related events of patients 
with metastatic disease.

Surgery for bone metastatic cancer is gener-
ally indicated for patients with an expected sur-
vival at least of 3–6  months, although clinical 
judgment remains a key factor and may lead to 
more individualized management outside this 
timeframe [4].

When life expectancy related to histotype, 
staging, and general health condition is poor, the 
treatment aims to be palliative for pain control 
and prevention or treatment of mechanical com-
plications. Conversely, if the patients’ progno-
sis is favorable, the treatment of the metastases 
should be more aggressive and long-lasting and 
therefore can follow the principles of excisional 
surgery [5]. Regarding to the use of osteosynthe-
sis in the treatment of long bone metastases, it 
is well known that the curative purpose is effec-
tively achieved when the fixation is combined 
to wide or marginal resection or curettage and 
cement reconstruction. Therefore, the surgical 
strategy will depend on both the prognostic fac-
tors and the biological and mechanical features 
of metastatic disease and is conditioned by five 
key points [3–5]: (1) prognosis, good or poor; (2) 
histotype and its chemo-radio sensitivity, sensi-
tive or resistant; (3) number of lesions, solitary 
or multiple; (4) location in the bone segment, 
diaphysis or metaepiphysis; and (5) pathological 
fracture, actual or impending.

12.2  Clinical and Prognostic 
Evaluation

The most common site for pathological fractures 
is the femur, followed by the humerus, and the 
tibia [1, 6–8]. Clinical course of long bone met-
astatic disease is variable, but pain is the most 
common symptom and complaint at onset. It is 
usually described as a night pain, typically deep 
and gnawing. Sharp pain increasing with weight-
bearing is a concern for impending pathological 
fractures. Painless lesions are usually diagnosed 
during routinely follow-up at bone scan or 
CT-PET in patients with a known history of car-

cinoma. However, in 5–10% of cancer patients, 
a bone metastasis can be discovered as an inci-
dental finding, thereby representing the first onset 
of a primary carcinoma. In a consecutive retro-
spective series of 139 pathological fractures, of 
which 36 from metastases, Hu et al. [9] focus on 
the statistically significant presence of prodromes 
before actual fracture in metastatic patients such 
as lump, soreness, and swelling. The evaluation 
of past medical history is mandatory along with 
a physical examination of the involved limb and 
palpation of the principal lymph node chains 
(axillary, supraclavicular, and inguinal).

Life expectancy evaluation is a key factor to 
conceive the feasibility of prophylactic fixation 
in case of impending fracture. Several prognostic 
factors can help the prediction of life expectancy 
as shown by the study of Forsberg et  al. [10]: 
Eastern Cooperative Oncology Group (ECOG) 
“performance status” [11], presence of visceral 
metastasis, surgeon’s estimate patient survival, 
number of bone metastasis, hemoglobin concen-
tration, absolute lymphocyte count, and com-
pleted pathological fracture. A multicenter Italian 
and American scientific collaboration has recently 
resulted in the validation of Bayesian method to 
assess that the presence of a pathological fracture 
affects more significantly the survival of patient 
with worst prognosis (<12 months) than patients 
with better life expectancy (>12 months); in other 
words, patient selection and meticulous consider-
ations of expected survival, benefits, and potential 
risk from surgical choice are a paramount concern 
[10, 12].

12.3  Evaluation of Mechanical 
Stability

Along with the prognosis, the assessment of the 
risk of fracture is important for the choice of the 
most appropriate surgical procedure. As well as 
preventing complete fractures, surgery at the 
stage of impending fracture is of significantly 
shorter duration and often technically simpler 
[2]. Evaluation of the mechanical stability is 
challenging even for an experienced surgeon. 
Plain radiographs provide the insight into the 
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structural integrity of cortex and the presence of 
an alteration in the intracortical and medullary 
bone. Computed tomography (CT) scan defines 
in a detailed way the cortical structure and the 
extent of cortical compromise. Magnetic reso-
nance imaging (MRI) shows the intramedullary 
extent of the tumor and any soft tissue exten-
sion. MRI is valuable to find spot lesions at the 
femoral neck or in the trochanter region, not 
well detected at a standard X-ray study [13]. 
Metastasis located at the long bones requires 
plain radiographs, CT, and/or MRI of the entire 
extent of the bone to exclude the possibility of 
additional lesions and aimed to the surgical 
planning. Missed metastasis, proximal or distal 
to the level of fixation, could determine patho-
logical fractures at weight-bearing at the surgi-
cal treated extremity.

Although neither objective criteria nor guide-
lines exist, several studies have provided clinical 
and radiographic parameters to provide an algo-
rithm for prophylactic fixation (Table 12.1).

12.4  Preoperative Planning

It is important to confirm the diagnosis of bone 
metastasis with a biopsy. A lesion in a patient 
with a known primary tumor should not be 
assumed to be from the patient’s known primary 
tumor. Most of all, a biopsy is recommended if a 

bone lesion is solitary and if the primary tumor is 
unknown. Biopsy may be performed with a fine 
needle, a CT-guided or open procedure. In case 
of uncertain diagnosis when a surgical fixation 
has been planned for an impending or displaced 
pathological fracture, an open biopsy with fro-
zen section should be performed immediately 
before the fixation, and the surgeon should not 
proceed until the pathology report has confirmed 
the metastatic disease. If the frozen specimen is 
inconclusive, the operative time should be 
stopped until the definitive pathology report is 
returned [17].

Angiography can be used preoperatively to 
embolize hypervascular lesions such as clear 
cell kidney carcinoma, thyroid, and liver carci-
nomas or myeloma reducing intraoperative 
bleeding at the time of fixation, thereby minimiz-
ing the postoperative anemia [18]; embolization 
can be expected to be effective in approximately 
90% of cases [19, 20].

Bone pain could be treated by narcotic analge-
sics and radiation therapy, usually external beam 
irradiation. Also bisphosphonates have been 
shown to impact on pain and to contribute to the 
reconstitution of the bone stock [3, 21]. As 
Cheung [17] shortly assessed, the surgical indica-
tion and the kind of fixation should suit the fol-
lowing conditions: acceptable perioperative life 
risk and a shorter recovery time than the expected 
patient life; the construct must ensure immediate 
functionality, mechanical resistance to potential 
metastatic progression in the bone segment, and 
postoperative radiotherapy.

12.5  Treatment

12.5.1  General Considerations 
and Principles

The indications for operative treatment of long 
bone metastasis include impending and patho-
logical fractures and intractable pain [3, 7, 8]. 
Patient’s survival, the location of the lesion, skel-
etal complications, and response to nonsurgical 
therapies guide the choice of the surgical proce-
dure (Fig. 12.1).

Table 12.1 Studies defining the fracture risk in the set-
ting of impending fracture evaluation

Authors
Recommendations for prophylactic 
fixation

Fidler [14] >50% cortical destruction
Harrington 
[15]

– Lesion >25 mm
– >50% cortical destruction
– Persistent pain after radiation therapy

Mirels [16] Variable points: (1), (2), (3)
Site: Upper limb (1), lower limb (2), 
peritrochanteric (3)
Pain: Mild (1), moderate (2),  
functional (3)
Lesion type: Blastic (1), mixed (2),  
lytic (3)
Size as a proportion of shaft diameter:
<1/3 (1) 1/3–2/3 (2) >2/3 (3)
>9 points = high risk of fracture
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A construct should ideally provide enough 
stability to allow immediate restoring of the 
function, with enough durability to overcome 
the patients expected survival, which may be 
prolonged for patients with breast, prostate, or 
renal cancer [3, 6]. The procedures used for 
osteosynthesis are conceived to ensure early full 
weight-bearing of the lower extremities and to 
stabilize the upper extremities to allow common 
activities.

Plating, as a load-bearing device, is suggested 
in metaphyseal and epiphyseal lesions in the 
case of intact articular surface and sufficient 
adjacent bone stock [22]. Indeed, plate fixation 
requires adequate cortical bone proximal and 
distal to the fracture. Fixation with side plates is 
appropriate for lesions located at the upper 
extremity, for example, the humeral diaphysis, 
which is not subjected to considerable weight-
bearing, or in places where it is difficult to use an 
intramedullary device such as the proximal tibial 
metaphysis. Conversely, reamed intramedullary 
nails have a neutral axis almost identical to that 
of the bone in which they are placed [23]. 
Considering that a normal bone healing cannot 

be expected, this load-sharing device, with a 
small moment arm and low transmission of 
torque, can withstand the mechanical loads and 
support the entire length of the affected bone [3, 
22]. Intramedullary nailing is the most accepted 
method of fixation in diaphyseal metastasis, 
because of its ease of insertion, less invasiveness 
and limited bleeding, load-sharing properties, 
and low costs [24, 25]. Cemented or not, reamed 
or not, intramedullary fixation should be long 
enough to reinforce the entire length of the bone 
and to prevent the breakdown from potential 
contiguous lesions. The nail should be of the 
greater possible diameter, proximally and dis-
tally locked with static holes and interlocking 
screws to control distraction and torsion stresses, 
and to early gain function [13, 22, 26].

Simple closed osteosynthesis, without open 
curettage, may be considered for patients in a 
poor general health condition, and for lesions 
with favorable predicted response to radiother-
apy. Closed nailing is done in patients affected 
by impending or actual pathological fractures 
with minimal bone destruction and fragment 
displacement.

Not a surgical candidate

Palliative care

Diaphyseal/meta-diaphyseal bone metastasis

Expected survival (ECOG)

RT
PT
OT

Surgical candidate

PATH FX IMPENDING FX

Life expectancy
Lower/upper limb

Life expectancy
Lower/upper limb

Simple osteosynthesis Curettage+reinforced
osteosynthesis

No bone stock/
fragments
dislocation

Prosthetic
replacment

RT (if responsive)
PT
OT

RT (if responsive)
PT
OT

Fig. 12.1 Treatment strategy for long bone metastasis. RT radiation therapy, PT pain therapy, OT osteoprotective 
therapy
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Fractures involving the proximal femur are the 
most common surgical issues in the management 
of long bone metastasis. Of all long bone patho-
logic fractures, 60% involve the femur. Of these, 
80% involve the proximal portion: the femoral 
neck (50%), the subtrochanteric region (30%), 
and the intertrochanteric region (15%) [27]. 
Anterograde reconstruction nail is recommended 
to prophylactically and simultaneously stabi-
lize the neck, intertrochanteric region, and shaft. 
Reconstruction nailing provides resistance to tor-
sional stresses as well as to angular displacement 
through the full length of the femur, and fixation 
with static screws gives the adequate stability to 
allow for immediate postoperative function [13, 
24]. Tanaka et  al. [25], among 186 surgically 
treated femoral metastasis cases, retrospectively 
reviewed 80 consecutive nailing procedures in 
75 patients, including 14 pathological and 66 
impending fractures. In this cohort, only three 
intramedullary nails broke through their proximal 
parts, where the fracture site was in the subtro-
chanteric region; the 2- and 3-year postoperative 
survivals were 14.2% and 8.4%, respectively, 
whereas the implant survival rate was 94.0% at 
both 2 and 3 years; however, it dropped to 62.8% 
at 50  months. They proposed a much broader 
indication for the use of intramedullary devices 
including the trochanteric part of the femur as a 
sufficient fixation system for a few years, demon-
strating several advantages and wider indications 
compared to prosthetic reconstruction implants, 
and sufficient durability and revision options.

A more aggressive approach, as reinforced 
osteosynthesis with cement augmentation, is 
indicated in patients with a good prognosis and in 
case of scarce response to adjuvant therapy. Open 
exposure may be required in cases of pathologi-
cal fractures with considerable bone destruction. 
Bone cement increases the structural stability, 
enables the patient to withstand the stress of 
immediate motion and function, and enhances 
the local control after debulking of the tumor; the 
disadvantages include longer surgical times, risk 
of wound healing compromise, and local bleed-
ing [4, 5]. Pairing intralesional curettage with the 
use of local adjuvant treatment, such as liquid 
nitrogen, alcohol and phenol, and argon probes, 

improves the debulking of the tumor deposit and 
helps to prevent the local progression of disease. 
Cementing requires the use of low-viscosity 
PMMA, minimal pressurization, clean canals, 
and adequate patient hydration to reduce the risk 
of fat emboli [17, 18].

Immediate functionality of the construct is 
important in this setting because the patient’s 
lifespan may be limited.

Therefore, construct that rely on allograft 
healing, bone healing, and ingrowth into stems 
and cups are discouraged in favor of cemented 
constructs. Large destructive lesions, intra- or 
periarticular, may require prosthetic replace-
ment [28].

Indications for different implants and features 
to obtain adequate stabilization of long bone 
metastases are summarized in Table 12.2.

Table 12.2 Options and features of osteosynthesis for 
long bone metastases

Construct Indication Features
Plating Proximal 

humerus, distal 
femur, distal tibia 
and distal 
humerus <50% 
diameter, radio 
and ulna

Adequate length
Periarticular

Open surgery, 
curettage or 
tumor resection, 
use of cement
Preexisting 
implants or 
prosthesis

Nailing All diaphyseal 
lesion, femoral 
neck, and 
trochanteric 
impending lesion

Anterograde, long, 
interlocking, recon, 
reamed, greater 
diameter, flexible  
in radio and ulna

Patients with 
poor prognosis

Cemented 
osteosynthesis 
(nail or plate)

Patients with 
good prognosis

Low-viscosity 
PMMA, low 
pressurization, 
repeated clean 
canals

Clear cell kidney 
carcinoma and 
thyroid histotype 
(CHT-RT 
resistance)
Trend in 
pathological 
fracture more 
than impending
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12.6  Impending and Complete 
Pathologic Fracture

From the Scandinavian Skeletal Metastasis 
Registry for patients with skeletal metastasis of 
the extremities surgically treated between 1999 
and 2009, the complete fracture was the major 
reason for surgery in 74.2% of the cases while an 
impending fracture in 18.3% of cases [8].

The pathologic fracture is one of the 
adverse prognostic factors in the lifespan of 
a metastatic patient [29]. General indica-
tions for surgery are a life expectancy of 
1–3 months for a fracture of a weight-bearing 
bone and 3  months or more for fracture of a 
non-weight-bearing segment; adequate bone 
stock to support the construct; a benefit from 
surgery in terms of pain, patient mobilization, 
and general care [1].

Although potentially simpler than stabiliza-
tion of an actual fracture, prophylactic fixation of 
an impending fracture requires peculiar consider-
ations and planning.

Plating with cement augmentation is the sur-
gical choice for metaphyseal and epiphyseal 
lesions, but it requires an intact articular surface 
and sufficient bone stock to stabilize the inter-
ested bone portion. At least one intact cortex is 
required to achieve rigid fixation and allow full 
weight-bearing in a short time postoperatively 
in this setting [30]. Intramedullary nailing is the 
most common treatment for diaphyseal lesions 
at risk of fracture of the upper and lower limbs. 

It is contraindicated when there is a substantial 
periarticular involvement, when the bone stock 
is inadequate (a load-bearing device such as 
endoprosthetic replacement is preferable in these 
cases), and when the life expectancy is less than 
6 weeks (Fig. 12.2).

Usually it is recommended to completely 
excise the metastatic cancer deposit, followed by 
using local adjuvants (alcohol, liquid nitrogen, 
phenol, peroxide) to sterilize the lesion cavity. 
The defect, after performing the curettage should 
be filled with cement [31].

It is important to preserve the soft tissue 
attachments to the bone and articular surfaces to 
improve its function and to lower the infection 
risk in immune-depressed patients.

Fractures involving different portions of long 
bones are treated with different forms of fixation 
(Table 12.3). In general, intramedullary devices 
are the choice in pathological fracture allowing 
to stabilize all the anatomical segments reduc-
ing the risk of failure due to progression of the 
disease and permitting an easier return to nor-
mal life [26].

If epiphyseal and diaphyseal lesions benefit 
from well-established fixation systems (pros-
thetic replacement for epiphyseal fractures and 
intramedullary nail for diaphyseal fractures), 
metaphyseal fractures provide a more significant 
surgical challenge [32].

There are instances in which nailing is contra-
indicated, such as sclerotic lesions or when there 
are metaphyseal fragments that cannot be reduced 

Fig. 12.2 Proximal femur metastatic impending fracture lesion in lung tumor. Last pictures show 6  months’ 
follow-up

P. Daolio et al.



131

without opening the site of fracture that are not 
permitting a good stabilization of the fracture 
site. In these setting plating is more indicated 
(Fig. 12.3). When the bone stock at the fracture 
site of a metaphyseal unique lesion is inadequate, 
it is important to consider the prosthetic replace-
ment. This could guarantee a better stability and 
debulking of local disease. Diaphyseal fractures 
are best treated with intramedullary nailing. To 
stabilize the fracture, it is recommended to use a 
long, interlocking nail and to cement the defect. 

When the fracture involves both the diaphyseal 
and metaepiphyseal portion, a cemented pros-
thetic replacement is the best device to stabilize 
the fracture sites.

There is not a universal nail or plate in ortho-
pedic oncology. Titanium is traditionally the 
material of choice for fixation constructs, and it 
reduces the infective risk in patient candidates 
to postoperative radiotherapy and chemother-
apy. Carbon-fiber-reinforced (CFR) implants 
have been recently proposed as very valuable 

Table 12.3 Osteosynthesis options by segmental location

Bones Site Fracture Osteosynthesis
Femur Proximal (trochanteric) Impending Long cephalomedullary nail

Complete Cemented long cephalomedullary nail
Diaphysis Impending Long cephalomedullary nail (with or without cement)

Complete
Distal Impending Distal femoral plate

Complete Cemented distal femoral plate
Humerus Proximal Impending Plate or long proximal humeral nail

Complete Cemented long proximal humeral nail
Diaphysis Impending Long humeral nail (with or without cement)

Complete
Distal Impending Distal humeral plate

Complete Cemented distal humeral plate
Tibia Proximal Impending Proximal tibial plate or cemented K-wires

Complete Cemented proximal tibial plate
Diaphysis Impending Long cephalomedullary nail (with or without cement)

Complete
Distal Impending Cemented distal tibial plate

Complete
Radio Proximal Impending Small fragment T plate

Complete
Diaphysis Impending Small fragment plate or flexible nail (with or without cement)

Complete
Distal Impending Distal radius plate (with or without cement) or wrist fusion to ulna

Complete
Ulna Proximal Impending Olecranon plate

Complete
Diaphysis Impending Small fragment plate or flexible nail (with or without cement)

Complete
Distal Impending Small fragment plate (with or without cement) or resection

Complete
Fibula Proximal Impending Not surgical

Complete
Diaphysis Impending

Complete
Distal Impending Distal fibular plate or retrograde screw

Complete Distal fibular plate or ankle fusion
Phalanx Any Any Small fragment plate vs K-wire fixation
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devices for osteosynthesis in musculoskeletal 
tumors, due to their peculiar biomechanical 
strength and for their advantages in combina-
tion with adjuvant radiotherapy and fracture 
monitoring during follow-up [33, 34]. It is not 
surprising that the first clinical application of 
a CFR-PEEK nail has been described for the 
treatment of long bone metastases. Collis et al. 
[33] reported the first case and technique of 
CFR nailing for treatment of a humeral metas-
tasis from melanoma; the authors remarked 
the definition of “the invisible nail,” focusing 
on its radiolucent properties. Zimel et al. [34] 
qualitatively and semiquantitatively assessed 
the differences between CFR-PEEK and tita-
nium implant artifact seen on the MRI and CT 
imaging follow-up for recurrent oncologic dis-
ease in a phantom simulation. Moreover, the 
authors described the clinical application of 
CFR nails in eight cancer patients, reporting 
no immediate or short-term postoperative com-
plications nor implant failure; the lower MRI 
distortion immediately adjacent to the implant 
allowed a better visualization of the surround-
ing marrow space, cortex, and bone–muscle 
interface.

IlluminOss® Photodynamic Bone Stabilization 
System (IlluminOss® Medical GmbH, Germany) 
is an innovative percutaneous stabilization device 
for diaphyseal fragility fractures of not weight-
bearing long bones. This mini-invasive procedure 
incorporates the use of an inflatable polyethylene 
terephthalate (Dacron®) walled balloon catheter 
that is inserted into the previously reamed canal 
and then infused with a liquid monomer, so the 
balloon expansion fills the intramedullary canal 
with patient-specific anatomical conformation. 
The monomer-filled balloon is cured in situ and 
on demand using a fiber optic light source result-
ing in a stable and radiotransparent implant [35]. 
Overall complication rate, surgical time, and costs 
make IlluminOss® System a reliable system to sta-
bilize pathological fractures and lytic lesions in the 
upper limb (Fig. 12.4). No intramedullary devices 
are to date available for the radial and ulnar shaft. 
Similarly to CFR devices, IlluminOss® System is 
radiotransparent, and moreover, it allows placement 
of locking screws anywhere along the length of the 
implant. Even if it is a good solution for diaphyseal 
bone, metaepiphyseal lesions are at high fracture 
risk with this technique and often require ancillary 
stabilization with plate and screws.

Fig. 12.3 Pathological fracture in patient affected by multiple myeloma. After surgery X-ray. Last picture shows 
2 years’ follow-up

P. Daolio et al.



133

a b c d

Fig. 12.4 Clinical case of a patient with a pathologic 
fracture of the humerus due to a metastasis from a solid 
tumor (a), fluoroscopic intraoperative picture of the 
Illuminoss® implant (b); 1-week postoperative X-ray (c); 

90-day postoperative X-ray (d), after the performance of 
radiotherapy, showing partial healing of the fracture 
(Courtesy of IlluminOss Medical, Inc. East Providence, 
Rhode Island, USA)

12.7  Postoperative Treatment 
and Care

Following intramedullary fixation, early weight-
bearing is encouraged as tolerated by the patient. 
The use of antibiotics therapies and deep vein 
thrombosis prophylaxis is dictated by postopera-
tive course and by the level of mobility and comor-
bidities. Passive and active range of motion 
exercises of the adjacent joints should be performed 
as soon as possible as determined on the basis of 
the wound healing and the patient’s ability. Early 
discharge from the hospital will generally enhance 
the patient’s motivation and minimize the interrup-
tion of an ongoing oncological protocol.

Postoperative clinical and radiographic fol-
low-up is then undertaken. Radiation therapy 
usually follows at 3–4 weeks from surgery, pro-
vided wound healing is complete. Townsend 
et al. [36] found that 15% of patients treated with 
surgery alone required a second surgery because 
of increasing pain or loss of fixation due to tumor 

progression, but only 3% of patients who received 
postoperative radiation therapy needed additional 
surgical procedures. The radiation field should 
cover the site of disease, the operative field, and 
also the entire fixation device.

The most frequent complications are wound 
dehiscence, deep infection, and fracture due to 
tumor progression otherwise post-actinic.

In case of plating and screws, the patient can 
be mobilized except for full weight-bearing that 
is prohibited indicatively for 30  days or more, 
depending on the progression of fracture 
healing.

12.8  Complications and  
Risk of Failure

Complications are reported in 11% (61/554) of 
plate and nailing procedures in the Scandinavian 
Sarcoma Group cohort: systemic complications, 
wound infections, deep infections, nail brakes, 
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fractures next to implant, and nerve injuries, non-
unions, and technical errors/immediate fails [8].

The long survival after surgery is the most 
important risk factor for failure of osteosynthesis 
secondary to disease progression, implant failure, 
or loss of fixation [22]. Failed surgery depends on 
implant breakage, tumor progression, stress frac-
ture, and poor surgery.

By comparing different surgical procedures 
from a series of 57 patients with bone metastases 
secondary to breast cancer, Wegener et  al. [7] 
assess that the procedure (nail, standard, or tumor 
endoprosthesis) had no impact on survival and 
the complication rate was 11%.

From the Scandinavian series, in plating and 
nailing procedure group, there were 6.1% reop-
erations because of either local tumor progres-
sion or failure of fixation [8].

 Conclusions
Patients with metastatic disease at long bones 
pose a management challenge. A multimodal-
ity approach is mandatory in caring for these 
patients: oncologists, radiation therapists, 
radiologists, and pathologists’ cooperation is 
needed to estimate the therapeutic program 
and their life expectancy. Because surgery has 
most frequently a palliative role for patients 
with limited life expectancy, unnecessary 
reoperations due to complications resulting 
from hardware failure are unwarranted. This 
should be kept in mind in surgical osteosyn-
thesis, like intramedullary nailing and plating: 
a patient’s survival should not exceed the 
durability of the construct.
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Spinal Metastases:  
Diagnosis and Management
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Abstract
The management of the patient affected by 
spinal metastases requires an integrated multi-
disciplinary approach. Surgery and radiother-
apy being the mainstay of the treatment of 
these fragile patients, clinical and surgical tri-
als are required to determine which patients 
will benefit most from these treatments when 
affected by metastatic epidural spinal cord 
compression. In recent years, a newer and 
more important role for radiotherapy is emerg-
ing for these patients; in particular, stereotac-
tic radiosurgery is used as an adjuvant to the 
decompressive surgery for management of 
these patients.
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13.1  Introduction

The spine is the most common bony site for 
solid tumor metastases [1, 2], and nearly 5–10% 
of patients with systemic cancer will eventu-
ally develop spinal metastases during life [3]. 
Moreover, between 30 and 70% of patients 
affected by cancer will show spinal metastases at 
autopsy studies [4].

The incidence of symptomatic spinal metasta-
ses has recently increased in association with the 
improvement in the general condition and the over-
all prognosis of cancer patients [5]. Determining 
the histology of the primary tumor is crucial to 
determine the prognosis and the management of 
these patients. Breast cancer, prostate cancer, non-
small cell lung carcinomas, renal cell carcinomas, 
and thyroid cancer account for nearly 80% of spi-
nal metastases [1]. The histotype also affects the 
nature of the metastases, which can be osteolytic, 
sclerotic, or mixed.

Spinal metastases mostly affect the dorsal 
spine followed by the lumbar and cervical spine 
and the lumbosacral junction [6]. The neoplastic 
tissue usually affects the posterior half of the ver-
tebral body, while the anterior portion and the 
posterior structures are involved in a later stage 
during the progress of the disease or can be 
spared [4]. The growth of the neoplastic tissue 
leads to a progressive structural disruption of the 
vertebral body, determining a loss of stability and 
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an eventual compression of the neural structures 
in the spinal canal [7].

In one out of four cases, spinal metastases are 
asymptomatic, and the diagnosis of the spinal 
involvement is incidental [8]. In the remaining 
cases, the first and often most relevant symptom is 
severe mechanical pain. Pain in patients with spinal 
metastases is a frequent complaint, but it is also 
non-specific and frequently underestimated. 
Clinically, the fixed local pain depends on the local 
growth of the tumor with consequent stretching of 
the periosteum; mechanical pain is related to the 
structural failure, and it is secondary to a progres-
sive invasion of the vertebral body with an eventual 
pathologic fracture. The neurological symptoms 
are a direct consequence of either the pathologic 
fracture of the vertebral bodies or of the direct 
extension of the tumor mass within the spinal canal 
[9]. These are associated to the violation of the epi-
dural space and to the compression of the neuro-
logical structures in the spinal canal (spinal cord, 
cauda equina, nerve roots) [7, 10, 11]; nearly 10% 
of patients with spinal metastases will develop neu-
rological deficits with weakness, sensory loss, 
intense pain, and compromise of the sphincteric 
function; these are often associated to a segmental 
loss of stability at the affected level [12–15].

Identifying the most appropriate treatment in 
patients with vertebral metastases can be a 
demanding task [16, 17] and requires consider-
ation of patients’ general health conditions and of 
several characteristics of the metastatic disease 
[18]. Corticosteroid therapy is the first-line ther-
apy in most of these patients, before the definitive 
surgical management is performed. Both high- 
and low-dose corticosteroid regimens have been 
studied, but, to date, the best dosage has not been 
determined [19, 20]. Together with the advances 
of chemotherapy, radiotherapy, and immunother-
apy, new techniques and combined surgical 
approaches have been developed for the patients 
with spinal involvement by metastases.

Newer instrumentation systems can improve 
the chance to stabilize and reconstruct different 
tracts of the spine, contributing to improve the 
outcome of surgery in this patient population 
[21–26]. Surgery aims to improve the patient’s 
quality of life and to indirectly improve the life 

expectancy by reducing the complications related 
to pain and neurological compromise which 
directly or indirectly may result in the death of 
the patient. These are achieved by the control of 
pain after spinal stabilization and by the improve-
ment of the neurological functions through the 
decompression of the spinal canal.

The complete removal of the mass is required 
for selected patients with very good prognosis in 
presence of a solitary metastasis, even though 
this requires a more aggressive surgery [27–29]. 
Indeed, the complete excision of the tumor mass 
may require a more complex surgery and staged 
or combined surgical approaches, which can 
determine complications on the neighboring vas-
cular, myeloradicular, and visceral structures 
[30–32]. In other patients, debulking of the tumor 
mass and indirect decompression of the neural 
structures allow to improve the patients’ neuro-
logical status.

After tumor removal or decompression, the 
surgeon must stabilize the operated segments by 
the use of spinal instrumentation to restore the 
segmental stability. The surgeon will need to 
adapt the surgical approach and the type of fixa-
tion to the individual requirements.

In all cases, surgery represents the best option 
when possible to maximize the chances of recov-
ery [33–37]: in selected patients with neurological 
deficits (young patients with localized disease and 
good general health status) decompressive surgery 
followed by stabilization through instrumentation 
and followed by radiation therapy is associated to 
an increased chance of ambulation [38].

13.2  Medical Evaluation 
and Imaging

Early diagnosis and appropriate definition of 
the clinical status of the patient affected by 
metastatic spinal disease are important because 
the functional outcome after treatment depends 
on the neurologic condition at the time of 
presentation.

Patient evaluation begins with a detailed med-
ical history, clinical examination, and directed 
laboratory tests [39]. Determination of the gen-
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eral health and nutritional status is part of the pre-
operative assessment of the patient with cancer, 
since all of these factors may affect healing and 
infection risk. The assessment and documenta-
tion of any bowel/bladder function, motor weak-
ness, and sensory deficits are routinely included 
in the preoperative evaluation of the patients can-
didate to surgery. Complete laboratory studies 
should be performed, and any electrolyte imbal-
ance, coagulopathy, and neutropenia should be 
corrected if required. Nutritional optimization 
should be pursued in patients with recognized 
malnutrition [39].

The most common symptom in patients with 
metastatic spine tumors is back pain, which can 
anticipate the development of any neurologic 
symptom by weeks or months. The pain can be 
tumor-related or mechanical [40]. Tumor-related 
pain typically occurs at night or early morning 
and improves during the day. It is caused by 
inflammatory mediators or by the stretching of the 
periosteum of the vertebral body by the tumor 
[40]. Mechanical pain results from a structural 
abnormality of the spine, such as a pathologic 
compression fracture resulting in instability. It is 
related to movement and loads and may be exac-
erbated by sitting or standing positions. The con-
sequence of a thoracolumbar compression fracture 
is often kyphosis, and patients typically show 
severe pain in recumbence; they can give a history 
of sleeping upright to avoid extension of the 
unstable kyphosis and to decrease pain [40].

Advances in imaging techniques have improved 
the sensitivity in detecting spinal metastases. The 
goal of imaging is early diagnosis and tumor char-
acterization in terms of anatomical relationships 
and content; as a parallel matter, diagnostic imag-
ing techniques should give identity to any distant 
metastases and show recurrent tumor following 
instrumentation. Understanding the advantages 
and disadvantages of different imaging modalities 
can assist the clinician in patient screening and 
plan the most appropriate treatment [40]. Often, 
multiple modalities are used in conjunction to  
tailor the treatment on the patient’s pathology  
[41, 42].

Standard radiographs are considered insensi-
tive to screen for asymptomatic spinal metasta-

ses [43], and in Western countries, most patients 
are referred to the spine specialist after a routine 
total body CT scan or an MRI. In fact, the visu-
alization of a radiolucent defect on plain radio-
graphs requires a 50–70% destruction of the 
vertebral body; moreover, the metastatic tumor 
often infiltrates the bone marrow of the verte-
bral body without destroying the cortical bone. 
X-rays are currently more often used to assess the 
presence of deformity in case of any alignment 
modification, on either the sagittal (kyphosis) or 
coronal (scoliosis) plane. They give the unique 
chance to perform weight-bearing imaging, usu-
ally not possible by MRI or CT scans. Dynamic 
flexion and extension films can detect instabil-
ity, although these are rarely performed in spinal 
metastases patients [40, 44].

CT scan provides an excellent resolution of 
cortical and trabecular bone and has a higher sen-
sitivity compared to plain radiographs in detect-
ing both osteolytic and osteosclerotic metastases. 
Moreover, CT is the screening tool for skeletal 
metastasis since it is used to evaluate the treat-
ment response at the time of staging or restaging 
other organs: this reduces the burden of imag-
ing to the patient. Despite the limited soft tissue 
resolution of CT compared to MRI, CT can show 
bone marrow metastases before the bone destruc-
tion occurs, which results in an earlier diagno-
sis. CT is also the diagnostic imaging of choice 
to guide a percutaneous biopsy when required. 
Clinical trials have also demonstrated a role 
for CT in evaluating sclerotic changes within a 
metastatic deposit which can occur in response to 
chemo/radiotherapy treatment [43].

MRI helps in assessing the metastatic spread 
to the bone marrow; moreover, it allows an esti-
mation of the extension of tumor out of the bone 
marrow and its involvement of the surround-
ing structures. Moreover, it is the technique 
of choice in suspected cases of spinal cord 
compression from pathologic vertebral body 
fractures, since it clearly demonstrates any 
compression of the spinal cord and the even-
tual related myelopathy [43]. Another advan-
tage of MRI is that it can be used to distinguish 
between osteoporotic and pathologic vertebral 
compression fractures [43].
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CT and MRI and conventional radiographs 
study the structure of a lesion within the bone. 
Conversely, nuclear medicine techniques are 
aimed at the evaluation of the function of the 
bone or tumor cells [43]. These can use osteo-
tropic and oncotropic radioisotopes. Osteotropic 
radioisotopes include technetium 99-labeled 
diphosphonates (usually methylene diphospho-
nate 99mTc-MDP) and 18F labeled sodium 
fluoride (NaF), that are used in positron emis-
sion tomography (PET) imaging. Oncotropic 
radioisotopes have direct uptake into malignant 
cells; these are classified as either specific or 
non-specific. Those specific oncotropic agents 
investigate bone metastases from neuroendo-
crine tumors [43]. Skeletal scintigraphy, single-
photon emission CT, PET, and hybrid imaging 
techniques are now common parts of clinical 
practice in patients with symptomatic spinal 
metastases, and the recent improvements in 
reconstruction techniques are enabling low-dose 
image acquisitions while maintaining excellent 
contrast resolution [43].

13.3  Integrated Treatment 
of the Patient with Spinal 
Metastases

The treatment of the patient with spinal metasta-
ses is typically multidisciplinary: it requires a 
team made by an orthopedic, a radiologist, a 
radiotherapist, a physiatrist, an oncologist, and a 
pain management consultant. The principal aims 
of the treatment are prevention and cure of the 
spinal cord compression, pain control, improve-
ment of the quality of life, preservation or resto-
ration of the segmental stability, and achievement 
of a local control of a metastatic lesion. The treat-
ment can include surgery, radiotherapy alone, 
radiotherapy plus systemic chemotherapy, sur-
gery plus radiotherapy, hormone therapy, and 
medical therapy.

This latter, not including pain therapy, includes 
corticosteroids and bisphosphonates or deno-
sumab. Corticosteroid therapy is often added in 
patients with spinal metastases and neurological 
compromise. Dexamethasone decreases the vaso-

genic edema typical of acute spinal cord compres-
sion to stabilize or improve neurologic status in 
some patients. It also relieves the tumor-related 
pain. The most appropriate dosage of the drug in 
patients with acute spinal cord compression is still 
a matter of debate. Common sense suggests the 
application of high-dosage corticosteroid therapy 
in nonambulating patients, while low dose of cor-
ticosteroid therapy is suggested in patients with 
incomplete neurological lesion to balance drug-
related complications [45, 46]. It has been sug-
gested that the high dosage of dexamethasone 
(100 mg as loading dose and then 96 mg per day) 
may be administered to patients that cannot walk 
or to those with rapidly progressive neurological 
symptoms. An intermediate dosage (10  mg as 
loading dose and then 16 mg per day) is adminis-
tered in ambulatory patients with little or nonde-
velopmental symptoms [40]. In patients with an 
undiagnosed spinal mass, the administration of 
steroids prior to a biopsy should be avoided 
because of the oncolytic effect for certain tumors 
such as lymphomas. Bisphosphonates and deno-
sumab are drugs that inhibit osteoclastic activity 
and suppress bone resorption. In combination 
with systemic antitumor therapy, these can reduce 
or delay skeletal events, such as pathologic frac-
tures [38, 40].

Spinal orthoses are important in the treatment 
of patients with spinal metastasis, in the periop-
erative period, in the support of patients undergo-
ing radiotherapy and chemotherapy, and in those 
patients not suitable for surgery because of the 
overall general health status [47–49].

The type of orthoses changes depending on 
the affected site and to the grade of instability. 
The choice is based on three parameters: the type 
of lesion, the level of the lesion, and the function 
of the orthoses (kinetic immobilization, immobi-
lization, and static support) [50].

Surgery and radiotherapy are the mainstays of 
the management of patient with symptomatic spi-
nal metastases (Table  13.1). Radiotherapy is 
advised as the first-line treatment when the tumor 
is sensitive, when the segmental instability is not 
clear, when the neurological picture is stable, in 
case of reduced life expectancy, and in case of 
spinal cord compressions lasting more than 
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48–72 h [15]. If the patient is not operable and 
the tumor histotype is not sensitive to radiother-
apy and oncology therapies, the management of 
pain should be considered.

Surgery is advised for spinal metastasis in the 
oligometastatic patient, in those patients whose 
primary tumor has a good prognosis with long 
life expectancy (e.g., in case of renal cancer or 
hormone-sensitive tumor such as breast cancer 
and prostate cancer), for those with intractable 
pain, and in the case of onset of neurological defi-
cits, as in the case of compression of the myelo-
radicular structures by the tumor. The surgical 
indications are conditioned by type and staging 
of the primary tumor, general health status of the 
patient, chance for fixation and reconstruction, 
and by the surgeons’ experience [51].

In general, the surgical treatment of meta-
static spine tumors may involve two contrasting 
surgical strategies: palliative surgery with neural 
decompression and spine stabilization or attempt 
of locally curative (and more aggressive) sur-
gery, consisting of complete tumor resection and 
stabilization.

The improvements in surgical techniques and 
spinal instrumentation systems has positively 
affected the management of patients with spinal 
metastases or metastatic spinal cord compression 
[52]. Modern bar and screw instrumentation sys-
tems are derived by the original plate and screw 
fixation systems conceived by Roy-Camille 
(Fig.  13.1) [53]. These address the issue of the 
postsurgical instability after the decompressive 

procedures have been performed, being either 
laminectomy alone, surgical tumor debulking, or 
en bloc resection [15].

Palliative surgery is aimed to the decrease of 
local pain, to the stabilization of the affected spi-
nal segment, and to the prevention of further dam-
age to the neurological structures. It is the 
treatment of choice in most patients with dissemi-
nated neoplastic disease and compromised condi-
tions with initial neurological deficits, especially 
for those with tumors with worse prognosis (e.g., 
lung cancer, visceral, or brain metastasis) and a 
pathologic fracture.

Decompression and stabilization is the less 
aggressive “open” surgical technique. It does not 
necessarily include an approach aimed at the 
tumor. It is performed in order to decompress the 
circumference of the spinal cord and stabilize the 
spine. It is the procedure of choice in cases of 
neurological compromise consequently to a path-
ological fracture in progress but also in condi-
tions in which the metastasis appears sensitive to 
radiotherapy or responsive to chemotherapy or 
hormonal therapy.

It has been demonstrated that in patients with 
short life expectancy and good general health sta-
tus, it is possible to perform a stabilization at the 
thoracolumbar level by realizing an “internal brac-
ing,” represented by a posterior spinal construct of 
rods and laminar hooks (Fig. 13.2) and, in selected 
cases, screws (Fig. 13.3) [15, 24]. This stabiliza-
tion, associated to the segmental decompression 
by laminectomy, is associated to clinical and neu-
rological improvement of patients affected by 
multiple metastatic lesions of the thoracolumbar 
spine, not eligible for complete tumor removal 
[54, 55]; moreover, in selected patients it can rep-
resent the first stage of a circumferential approach 
after postsurgical adjuvant treatment. This less 
aggressive surgical approach can be indicated to 
improve patient care and quality of life and has 
proven its effectiveness in the management of 
patients with neurological symptoms and poor-to-
intermediate prognosis [21, 56].

The role of fixation in the setting of epidural 
spinal cord compression is also confirmed by the 
work of Patchell et al. [34] that compared radiation 
therapy alone versus surgical decompression and 

Table 13.1 Indications for surgery or radiotherapy in the 
spinal metastasis patient

Radiotherapy Surgery
Sensitive tumor Spinal deformity that causes 

pain and/or neurological 
compression

Local pain Spinal instability
Intradural spinal cord 
compression

Progressive neurological 
deficit

Life expectancy 
<3–6 months

No response to radiotherapy: 
relapse/new deficit during RT

Non-operable patient Bone fragment dislocated 
causing neural compression

Long-lasting complete 
neurological deficit

Unknown primary tumor
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Fig. 13.2 Sagittal (a) and axial (b) T2-weighted MRI of 
an 80-year old patient with unknown primary malignancy, 
showing anterior and posterior spinal cord compression 
by a tumor mass. Surgery consisted of posterior laminec-
tomy, biopsy, and segmental stabilization with laminar 
hooks and longitudinal bars (c, d) without correction of 

the patients’ scoliosis. The biopsy showed a lung adeno-
carcinoma, and adjuvant chemotherapy and radiotherapy 
were started. Three months axial (e) and sagittal (f) CT 
scans show the widening of the spinal canal (arrow) after 
segmental laminectomy at the affected level and position-
ing of the laminar hooks (dash arrows)

a bFig. 13.1 Lateral (a) 
and anterior posterior 
(b) radiographs of the 
first Roy-Camille plate 
and pedicle screws 
implant ever used in 
Italy; it was implanted 
by the senior author 
(VD) in 1979 for 
stabilization after dorsal 
laminectomy for a spinal 
metastasis

stabilization combined with postoperative radia-
tion therapy; in the study, surgical treatment proved 
the superiority in recovering or keeping ambula-
tion. After this study, others were  performed, with 

controversial results. It has recently been com-
pared the therapeutic efficacy of surgery (with or 
without adjuvant radiotherapy) to radiotherapy 
alone in the treatment of metastatic spinal cord 

V. Denaro and A. Di Martino



143

compression. It was found that compared to radio-
therapy alone, surgery (with or without adjuvant 
radiotherapy) was associated to an improvement 
of the ability to ambulate, to a higher relief in pain 
and in higher 1-year survival [51].

The complete resection of the tumor is the 
procedure of choice in the treatment of pri-
mary tumors and sometimes can be performed 
in the case of isolated vertebral metastases of 
tumors resistant to chemotherapy and radiation 
treatments, with little or no visceral involve-
ment of the disease, and in those patients with 
good medium to long-term life expectancy. It 
can be performed through a surgical posterior 
approach only or through a combination of dif-
ferent approaches (Fig.  13.4). The complete 
tumor removal allows for an optimal local con-
trol since the risk of local recurrence is minimal, 
but it can be demanding for both the patient and 
the surgeon and should be reserved only for 
selected cases due to its high morbidity.

Most often, spinal metastatic lesions are 
managed by intralesional excision/removal 
(“debulking”) of the tumor, which allows 
the surgeon to remove the greatest possible 

amount of tumor, to decompress the spinal 
cord, and to reduce the size of the tumor mass 
and is followed by fixation and reconstruction 
of the bone loss. This procedure is anticipated 
by an adequate surgical planning that often 
includes preoperative arterial embolization and 
is included in the multidisciplinary treatment 
approach of the metastatic disease, being usu-
ally followed by radiation therapy course and 
adjuvant chemotherapy. In fact, the aim of this 
procedure is the removal of the tumor mass to 
ease or improve the local effect of other thera-
pies [14] (Fig. 13.5).

Percutaneous procedures, like vertebroplasty 
(VP) or kyphoplasty (KP), are indicated for the 
treatment of refractory pain to medical therapies 
and vertebral body fractures without neurological 
involvement, whether they due to trauma, osteo-
porosis or tumors [57]. The advantages of VP and 
KP are immediate pain relief, improved func-
tional capacity, and the chance to perform biopsy. 
However, these have mechanical and not onco-
logical purposes. In addition to that, there are 
 complications related to the leakage of cement in 
the spinal canal.

a b c d

Fig. 13.3 (a) L2 osteosclerotic lesion in a 72-year old 
patient affected by prostate cancer. (b) Sagittal T2-weighted 
MRI shows the pathologic fracture with metastatic epidural 

spinal cord compression. Surgery consisted of posterior lami-
nectomy and segmental stabilization with a hybrid construct 
with pedicle screw, laminar hooks, and longitudinal bars (c, d)
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Fig. 13.4 Lateral X-ray (a), axial CT scan (b), and sagittal 
T2 and T1 MRI (c, d) showing pathologic fracture of the L4 
vertebra of a patient whose biopsy showed an undifferentiated 
adenocarcinoma. Surgery consisted of a posterior L4 lami-

nectomy and instrumentation with Steffee plates (e, f), fol-
lowed by corpectomy via an anterior approach (g), followed 
by reconstruction by a first-generation carbon fiber MESH 
and plate (h), allowing for circumferential stabilization (i)

a

d e g

b c f

Fig. 13.5 Sagittal T2 MRI (a) showing pathologic frac-
ture of the L4 vertebra of a patient whose biopsy was non-
diagnostic. Surgery consisted of a posterior L4 laminectomy 
and instrumentation with pedicle screws, hooks, and bars 

(b, c). The biopsy showed a thyroid cancer. After arterial 
embolization (d, e), a corpectomy via an anterior approach 
followed by reconstruction by a titanium MESH and plate 
was performed (f, g)
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13.4  Complications of  
Spine Surgery 
in the Metastatic Patient

The perioperative complication rate in the surgery 
of spinal metastases is relatively high and ranges 
from 5 to 76% in the different studies [58]. Intra- 
or postoperative complications, including the ones 
related to prolonged chemotherapy, radiotherapy, 
and chronic use of steroids, remain high despite 
the improvement in medical and surgical tech-
niques. Ibrahim et  al. in a multicentric study of 
223 patients operated for spinal metastasis found 
an overall surgical perioperative mortality rate of 
5.8%, and both minor and major morbidity 
occurred in 21% of patients [26].

Complications in the patient operated for spinal 
metastases are usually classified into surgical-
related and medical complications. Medical com-
plications are related to the general health status of 
the patient; as an example, delirium and pneumo-
nia are between the most common medical com-
plications. Surgical-related complications include 
dural tears, wound dehiscence, infections, and 
neurological deficits. Risk factors for the develop-
ment of surgical-related complications include 
age, multilevel spinal metastases, preoperative 
irradiation, surgery performed by low-volume sur-
geons, and presence of preoperative myelopathy. 
Neurological deterioration is between the most 
feared complications related to this surgery, since 
spinal tumor surgery carries the risk of new neuro-
logical deficits in the postoperative period. It has 
been demonstrated that in patients with neurologi-
cal deficits and neoplastic pachymeningitis, there 
is a reduced chance to improve the neurological 
picture after surgery, despite an appropriate 
decompression [14].

Only a paucity of studies have explored the 
utility of intraoperative neurophysiological mon-
itoring and mapping (IONM) to assess the func-
tional integrity of the spinal cord nerve roots 
during spinal tumor surgery. A recent systematic 
review has shown a positive role of IONM as a 
tool in the workup for spinal tumor surgery. 
However, it has been observed that individual 
monitoring and mapping techniques have insuf-

ficient sensitivity and specificity. Conversely, 
multimodal IONM has been found to be more 
sensitive and specific for anticipating neurologi-
cal injury during spinal tumor surgery [59] and 
should be used in this setting if available.

Reoperations in the setting of surgery for spi-
nal metastases can reach up to 20% of cases, but 
some patients may not sustain repeat surgery 
because of the general health status. Surgical site 
infection, failure of instrumentation, local recur-
rence, hematoma evacuation, and refracture are 
between the most common causes for revision 
surgery [58].

 Conclusions
The management of the patient affected by 
spinal metastases requires an integrated multi-
disciplinary approach. Surgery and radiother-
apy being the mainstay of the treatment of 
these fragile patients, clinical and surgical tri-
als are required to determine which patients 
will benefit most from these treatments when 
affected by metastatic epidural spinal cord 
compression. In recent years, a newer and 
more important role for radiotherapy is emerg-
ing for these patients; in particular, stereotac-
tic radiosurgery is used as an adjuvant to the 
decompressive surgery in those patients that 
can be candidate to the so-called separation 
surgery [51].

Laufer et al. [60] reported the results of sepa-
ration surgery in MESSC patients, followed by 
stereotactic radiosurgery. It consists of a lami-
nectomy followed by epidural tumor resection 
circumferentially starting from normal dural 
planes. The posterior longitudinal ligament is 
resected to obtain a margin on the anterior dura 
and to achieve spinal cord decompression, by 
partial vertebral body resection. If more than 
50% of the vertebral body is resected, vertebral 
body replacement is performed with polymeth-
ylmethacrylate or titanium or PEEK cages [51]. 
High-dose postoperative stereotactic radiosur-
gery, indipendently from tumor hystology and 
radiosensitivity, allows for local control of the 
diesease. Prospective studies are needed to con-
firm the bounty of this technique.

13 Spinal Metastases: Diagnosis and Management
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Abstract
In the past, the surgical approach to bone metas-
tasis had the sole purpose to solve a biomechani-
cal problem because the patient would die for 
systemic disease progression. Intramedullary 
nailing was the mainstay of the treatment, and its 
aim was allowing the patient to stand, with local 
tumor control achieved by radiotherapy [1, 2]. 
The improvement of medical therapy, radiother-
apy and new diagnostic techniques have led to 
an increment of global life expectancy in bone 
metastatic patients, so complications related to 
the first surgery, often requiring further surger-
ies, are more common (Fig.1) [3, 5].

Today, the surgeon has to take the possibil-
ity of a long survival into account, moreover if 
the patient has just one bone metastatic dis-
ease; this means performing more resections 
with wide margins and prosthetic reconstruc-
tion than before [6].

Resection has to be considered after taking 
account of several factors which have to be eval-
uated from a multidisciplinary point of view and 

considering life expectancy: the oncologist, the 
orthopedic surgeon, the pathologist, the radio-
therapist and the anesthesiologist are the main 
protagonists. The final decision has to be taken 
by the patient, once correctly informed about 
advantages and disadvantages of the possible 
procedures [7].

14.1  Introduction

In the past, the surgical approach to bone metas-
tasis had the sole purpose to solve a biome-
chanical problem because the patient would die 
for systemic disease progression. Intramedullary 
nailing was the mainstay of the treatment, and 
its aim was allowing the patient to stand, with 
local tumor control achieved by radiotherapy 
[1, 2].

The improvement of medical therapy, radio-
therapy, and new diagnostic techniques has led to 
an increment of global life expectancy in bone 
metastatic patients, so complications related to 
the first surgery, often requiring further surgeries, 
are more common (Fig. 14.1) [3, 4].

Today, the surgeon has to take the possibility 
of a long survival into account, above all if the 
patient has just a single localization of bone met-
astatic disease; this means performing more 
resections with wide margins and prosthetic 
reconstruction than before [5].
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Indeed, it is hypothesized that an intralesional 
violation of the metastasis can increase its bio-
logical activity because of the growth factors 
associated to bleeding and hematoma.

14.2  Indications for Resection

Resection has to be considered after taking account 
of several factors which have to be evaluated from 
a multidisciplinary point of view and considering 
life expectancy: the oncologist, the orthopedic sur-
geon, the pathologist, the radiotherapist, and the 
anesthesiologist are the main protagonists. The 
final decision has to be taken by the patient, once 
correctly informed about advantages and disad-
vantages of the possible procedures [6].

The main factors that have to be considered are:

 – The histology: renal, breast, and prostate 
tumors are considered favorable histologies, 
while lung and gastric cancers are considered 
unfavorable [6].

 – The time since the extirpation of the primary 
tumor: in case of metastasis and primary 
tumor synchrony, the power of indication is 
low; otherwise, the longer is the time since the 
extirpation of the primary tumor, the stronger 
is the indication for wide resection.

 – The number of metastasis: when the second-
ary lesion is solitary, the indication is strong; 
the power rapidly decreases with the number 
of lesions [6–9].

 – Presence of visceral metastases: visceral metas-
tases are a relative contraindication for wide 
surgery [6].

 – The availability of other systemic adjuvant 
therapies: indeed, the existence of other thera-
pies such as chemotherapy, immunotherapy, 
and bisphosphonates increases the possibili-
ties that the patient may be a long survivor.

 – The availability of local adjuvant therapy: if 
the metastasis is radiosensitive, an intrale-
sional surgery, like an intramedullary nail sta-
bilization for long bones, could be more 
indicated because the adjuvant local therapy 
can decrease the risk of local progression; oth-
erwise, in case of radioresistant histologies 
(for instance, kidney), resection can be con-
sidered in order to decrease the risk of local 
progression after intralesional surgery.

 – Comorbidities: global health status is always 
to be considered; sometimes resections are 
very stressful surgeries that can expose the 
patient to a high complication rate [10–12].

 – The site of the metastasis: the more accessible 
it is, the stronger the indication. A patient with 
a solitary lesion of the proximal femur presents 
a stronger indication for resection than a 
patient with a solitary lesion of a vertebra. The 
approaches to the spine and the acetabular 
areas in the pelvis are considered high demand-
ing procedures [6]. Nevertheless, some studies 
sustain that global survival is independent 
from the site of metastasis [13].

14.3  Estimation of Fracture Risk

In bone metastasis, indication for surgery is often 
directly related to the risk of fracture.

Fig. 14.1 An intramedullary nail failure because of a 
local lung metastasis progression in a long survivor

C. Zoccali et al.
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It depends on several factors as the site of metas-
tasis, its size, if it is osteoblastic or osteolytic.

The most used system is the Mirels’ classifica-
tion [14]; it consists of four items: location of the 
metastasis, its nature and radiographic appear-
ance, its size related to the diameter of the entire 
segment, and the presence of pain. Each item is 
scaled from 1 to 3.

For total score of 7 or less, observation and 
radiation therapy is advisable; for total score of 9 
or more, prophylactic fixation is suggested; if the 
score is 8, the indication is uncertain, and it should 
be valued based on clinical conditions as well.

In multimetastatic patients, even if the treatment 
of these lesions usually does not directly modify 
their survival, if the patient is constricted to bed 
because of the risk of fractures, he or she is exposed 
to complications that could interfere with medical 
therapies, thus decreasing survival [15, 16].

14.4  General Surgical 
Consideration

 – In metastatic patients, the reconstruction is 
often sacrificed to reduce the risk of infection; 
indeed, in case of complications, it could be 
difficult to start chemotherapy with a negative 
influence on the patient’s survival [17, 18].

 – In metastatic patients, the prosthetic intramed-
ullary stem should be as long as possible to 
stabilize the entire segment in case of future, 
more distant metastases [19].

 – In metastatic patients, the prosthetic intramed-
ullary stem should always be cemented to 
decrease the risk of mobilization in case of fur-
ther metastases or in case of radiotherapy [19].

In this chapter, we analyze resection and pros-
thesis reconstruction in the different segments at 
the lower limb.

14.5  Proximal Femur Resection 
and Prosthetic 
Reconstruction

The proximal femur is the most common site of 
metastasis, after the spine [20]. The proximal 
third, and particularly the neck, is the preferential 
site, exposing the patient to a high risk of patho-
logical fractures. Indeed, that risk has to be val-
ued especially in the inferior limbs to give the 
indication for surgery.

Indications: in addition to general consider-
ations for resection, in the proximal femur, the 
precise site of the metastasis has to be considered 
to evaluate the prosthetic reconstruction. If the 
lesion is in the femoral head or in the neck, the 
indication for resection and reconstruction is 
stronger because the risk of cut out is important.

Surgery is usually performed via a lateral 
approach, removing the biopsy track en bloc with 
the tumor. Unfortunately, pelvic-trochanteric ten-
don insertions are frequently sacrificed, with a 
consequent instability and loss of function. Some 
authors advocate the use of trevira tubes to 
increase joint stability and function by reattach-
ing soft tissue [21].

Reconstruction is usually performed with a 
modular endoprosthesis which is assembled to 
reach the size of the resection (Fig.  14.2) 
[22–24].

The replacement of the acetabular surface is 
only suggested in young patients with a long life 
expectancy, to decrease the risk of pain or in case 
of its metastatic involvement, otherwise endo-
prosthetic reconstruction should be preferred to 
decrease the risk of postoperative complications 
that could interfere with systemic therapies [25].

In multimetastatic patients the intramedullary 
stem should be as long as possible to reinforce 
the entire femur, stabilizing the segment also in 
case of the onset of further distal metastasis. If 

Table 14.1 Mirels’ scoring system

1 2 3
Location Upper extremity Lower extremity Intertrochanteric
Radiographic appearance Blastic Mixed Lytic
Size <1/3 1/3–2/3 >2/3
Pain Mild Moderate Severe and functional

14 Megaprosthesis for Metastasis of the Lower Limb
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Fig. 14.2 An intra-
operative picture 
showing a modular 
endoprosthesis replacing 
the proximal 12 cm of 
the femur

Fig.14.3 A modular 
prosthesis useful to 
reconstruct the proximal 
femur when the tumor is 
located in the femoral 
head or neck, sparing 
the lesser and greater 
trochanters; on the right 
the postoperative X-Ray

the lesion is located in the femoral neck or in the 
femoral head, the greater and the lesser trochan-
ters can be spared, maintaining the muscular 
insertions (Fig. 14.3) [26].

An ideal modular prosthesis should allow a 
minimal resection, arming the entire femur when 
necessary; it should be cemented to assure grip 
even in case of further metastases.

Resection also has to be preferred in case of 
multimetastatic patients when the disease 
extends to the femoral head and neck; intramed-
ullary nailing can complicate with proximal 
screw  cut out.

Results: the patients who undergo proximal 
femur resection usually present a lower func-
tion than those who go through intramedullary 

C. Zoccali et al.
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stabilization; it is reasonable to wear a pelvic 
brace to reduce the risk of dislocation [27];

Nevertheless, the percentage of satisfaction is 
quite consistent, in particular with lesions located 
at the femoral head and neck, where it is possible 
to spare muscles’ insertions. Bischel and Böhm, in 
2010, published a series of 31 resections and pros-
thetic reconstruction of the proximal femur and 
reported a mean postoperative Musculoskeletal 
Tumor Society score of 62.4% and an increase of 
the mean Karnofsky index from 44.2% preopera-
tively to 59.7% postoperatively [19].

The main complications are infections (6–20% 
of cases) and dislocations (4–10%) [28]; some 
authors advocate the use of trevira tubes to 
reduce the risk of dislocation, and sustaining it 
does not increase the infection ratio, but more 
studies are necessary to confirm this aspect [19,  
21, 29].

14.6  Femoral Diaphysis Resection 
and Reconstruction

Indications: indication for resection of the diaph-
yseal femur is rare. Reconstruction can be per-
formed with a diaphyseal prosthesis (Fig. 14.4) 
or by a homograft filled with cement and stabi-

lized with plate and screws [30]. In this case, as 
in the humerus, a potential limitation is the need 
to have a sufficient length of healthy canal, proxi-
mally and distally to the resected segment, to 
allow the insertion of the intramedullary stem. A 
possible solution is to use a diaphyseal homo-
graph filled with cement to reach the sufficient 
length to stabilize the prosthesis stem.

Surgery: The surgical approach is lateral; pay 
attention to recognizing and isolating neurovas-
cular bundles in case of very distal resections.

Results: no specific data is available in litera-
ture; however, it is reasonable to sustain that the 
functional outcome is directly related to the mus-
cles spared.

14.7  Distal Femur Resection 
and Prosthesis 
Reconstruction

Indications: indication for resection and pros-
thetic reconstruction of the distal femur is rare. 
When a metastasis is located at the distal part of 
the femur, resection can be necessary even in 
multimetastatic patients because it may be impos-
sible to stabilize the segment with an intramedul-
lary nail (Fig. 14.5).

a b c d e

Fig.14.4 A patient affected by a diaphyseal pathological 
fracture of the left femur from kidney metastasis (a); the 
bone scan, previously performed, evidenced a solitary bone 

lesion (b); (c) the patient in supine position; the longitudi-
nal dashed line corresponds to the surgical incision; (d) the 
prosthesis after reconstruction; (e) postoperative X-Ray
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Surgery: The access is lateral and prolonged 
distally, laterally to the patella and the patellar 
tendon, till the tibial tuberosity. The insertion of 
the femoral bicep should be cut to allow a better 
view and isolation of the popliteal vessels, paying 
attention to spare the external popliteal nerve.

Results: Pala et  al. recently reported satis-
factory results for knee megaprosthesis, con-
sidering resections for distal femur and for 
proximal tibia tumors together; they presented 
a mean MSTS score of 84%, with no difference 
between sites of localization [31]. Also, for 
distal femur as for proximal femur, the most 
frequent cause of failure is infection; aseptic 

loosening is the second most commune com-
plication [32].

14.8  Total Femur Resection 
and Prosthetic 
Reconstruction

It is a very unusual indication which has to be 
accurately evaluated considering the high risk of 
complications such as infections. The surgery is 
performed with a lateral approach, extended for 
the whole length of the thigh and prolonged down 
to the tibial tuberosity (Fig.  14.6). The residual 

a

b

c d

Fig.14.5 (a, b) Preoperative X-Ray and CT scan showing a renal metastasis of the lateral femoral condyle; (c) the 
prosthesis inserted in situ; (d) postoperative X-ray

a b c d e

Fig. 14.6 (a) A solitary extensive metastasis of the left femur from breast cancer; (b) the surgical access; (c) the pros-
thesis in situ after resection; (d) The resected femur; (e) postoperative X-Ray
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function is directly related to the muscular sparing. 
Because of the extension of the surgical approach, 
the infection rate is consistent and should be 
considered the main limit to the indication.

14.9  Proximal Tibial Resection 
and Prosthesis 
Reconstruction

Indications: rarely, in case of lesions located at 
the proximal part of the tibia, resection and pros-
thetic reconstruction can be indicated, especially 
in case of a single metastasis. Sometimes resec-
tion can even be necessary in multimetastatic 
patient where the osteolysis is too proximal or 
when minimally invasive techniques are not pos-
sible to be performed.

Surgery: the surgical approach is medial, with 
the incision starting from the medial aspect of the 
distal femur and prolonged distally along the 
medial tibial edge. Unfortunately, sacrificing the 
pes anserinus tendons to have access to the popli-
teal neurovascular bundles is often necessary. It 
is recommended to completely identify and iso-
late the popliteal vessels, the bifurcation, and the 
subsequent anterior and posterior tibial rami. 
Sometimes the anterior tibial vessels can be 
involved by the tumor; these can be ligated in 
young patients with a good chance to keep a valid 
distal vascular supply by the posterior tibial 
artery; however, in older patients ligation of the 
anterior tibial artery could determine a distal 
necrosis since the posterior tibial artery may not 
be sufficient to sustain the distal perfusion in the 
case of a preexistent vascular disease. In that 
case, an artery bypass could be considered, but 
the results are low, and the risk of secondary 
amputation should be taken into account.

14.10  Tibial Diaphysis Resection 
and Reconstruction

Indications: lesions located in the tibial diaphysis 
are usually treated by the implant of an intramed-
ullary locked nail. However, in long survivors, 
surgical resection could be suitable. Resection 
can also be indicated in case of radioresistant 
metastasis to decrease the risk of further local 

progression and secondary amputation. Prosthesis 
reconstruction is demanding, and results are quite 
poor because often soft tissues are not sufficient 
to ensure an adequate prosthesis coverage, and a 
surgical flap could be necessary; a sufficient seg-
ment of healthy medullary canal is obviously 
necessary for proximal and distal stem insertion.

Surgery: the surgical approach is anterior and 
the incision has to be valued considering both 
the tumor and the skin closure. Particular atten-
tion has to be paid to spare the anterior vascular 
bundle during the section of the interosseous 
membrane.

Results: no specific data for reconstruction 
after bone metastasis resection at this site is 
available in literature; nevertheless, Sewell 
et  al. published a series of 18 patients who 
underwent tibial diaphyseal prosthetic replace-
ment after primitive bone tumor. They reported 
aseptic loosening and periprosthetic fractures 
in four and two patients, respectively, with a 
mean Musculoskeletal Tumor Society score of 
76.7% [33].

14.11  Distal Tibia Resection 
and Prosthesis 
Reconstruction

Indications: lesions located in the distal tibia are 
rare; in most cases these are treated conserva-
tively; furthermore, resection and prosthesis 
reconstruction is technically difficult, and only 
specialized centers have a sufficient experience.

Surgery: the incision is anterior and tailored 
on the specific patient; the anterior neurovascular 
bundle is isolated and retracted to decrease the 
risk of distal necrosis. After resection, the recon-
struction is performed with a tibial component 
with an intramedullary stem, and a distal talar 
component whereof the stem is inserted in the 
talus and the calcaneus (Fig. 14.7).

Results: no specific data after metastasis resec-
tion in this region is available in literature; also in 
this case, the main problem is the anterior pros-
thesis coverage, so a surgical flap could be advo-
cated to reduce the suture tension. In our opinion, 
the risk of infection and mobilization of the distal 
stem, introduced in the talar and calcaneus bone, 
are the main dangers.

14 Megaprosthesis for Metastasis of the Lower Limb
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Shekkeris et al. published the result of a cohort 
of six patients who underwent prosthesis recon-
struction after resection of primitive distal tibia 
bone tumor. They reported two below-knee ampu-
tations for persistent infection. For the other four 
cases, the mean Musculoskeletal Tumor Society 
score was 70% [34].
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Metastases to the Pelvis

Eduardo J. Ortiz-Cruz, Manuel Peleteiro-Pensado, 
Irene Barrientos-Ruiz, and 
Rafael Carbonell-Escobar

Abstract
The optimal surgical treatment of bone metasta-
ses may be complex and require multimodality 
treatment strategies to achieve optimal out-
comes. We describe the surgical indications of 
these patients, mainly in the periacetabular zone.

15.1  Introduction

Metastatic bone disease (MBD) to the pelvis is a 
challenging problem that affects the patient’s qual-
ity of life (QOL) and is more frequently encoun-
tered by orthopedic surgeons. Pelvic metastases 
cause pain, pathologic fractures, and limit the abil-
ity to ambulate independently. Due to the rela-
tively large dimension of the pelvic cavity, tumors 
at that location usually reach a significant size 
before symptoms appear.

Some locations of metastases within the pel-
vis have no important impact on pelvic stability 
and function (e.g., ilium and pubis), but tumors 
located at the posterior ilium may carry a risk for 
lumbosacral integrity, and tumors of the acetabu-

lum may impair the hip function and the weight-
bearing of extremity. Engagement of the 
acetabular region entails a major risk for patho-
logical fracture due to the high mechanical loads.

The optimal treatment of bone metastases 
may be complex and require multimodality treat-
ment strategies to achieve optimal outcomes, and 
these patients need multidisciplinary approach.

15.2  Treatment Planning

The selected procedure should offer an adequate 
treatment to the patient in order to achieve the 
best possible quality of life (QOL) while eluding 
an under- or overtreatment. Factors associated 
with poor QOL include loss of limb function, 
being bedridden, and the occurrence of patho-
logic fractures. There are three types of treat-
ment: nonoperative treatment, minimally invasive 
palliative procedures, and surgical treatment.

The treatment depends on the patient’s symp-
toms, prognosis, patient class [1], histological 
type, and the site of the metastasis, bone loss, 
performance status, patients, and family goals.

15.2.1  Minimally Invasive Palliative 
Procedures

Radiation therapy is effective in providing relief 
from painful bone metastasis with a global pain 
response rate as 60%, and therefore the external 
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irradiation is the standard care for patients with 
localized bone pain and palliation of the majority 
of these patients [2, 3].

However, patients who have recurrent pain at 
a site previously irradiated may not be eligible 
for further radiation therapy, and if they are not 
candidates for surgery, the advances in interven-
tional radiology add to our armamentarium a pal-
liative treatment of their symptoms [4].

The most frequent techniques are radiofreq-
uency ablation, microwave ablation, cryoabla-
tion, and cementoplasty, which could be used in 
combination with the previous techniques [5–10].

15.2.2  Surgical Treatment

Surgical management of MBD is typically reserved 
for lesions with the highest risk of fracture and 
some solitary metastases. Curative resection is rare 
for bone metastasis, except for selected patients 
with isolated involvement; MBD requires mainly a 
palliative approach.

Although these procedures have a high rate of 
complications, the improvement of the quality of 
life could justify the surgical risks [11].

15.2.2.1  We Need to Know
The management of pelvic tumors is a challenge 
for orthopedics oncologists due to the complex 
anatomy of the pelvis and the need to have exten-
sive exposures. The decision to proceed with sur-
gery can be difficult for the clinician and the 
patient, as the risks of surgery may outweigh the 
expected benefits of improvement in pain and 
function.

The surgeon needs to understand the next 
issues and allow to answer some questions that 
are formulated in the next paragraphs:

 – Comprehend the anatomic classification by 
Enneking. This classification is based on the 
resected region of the pelvis: type I, ilium; type 
II, periacetabular; type III, pubis; and resection 
of sacrum type IV resection [12] (Fig. 15.1).

 – Comprehend the patients “classes,” which are 
essential to distinguish which patients require a 
surgical treatment. Capanna and Campanacci 
[1] introduced a protocol in long bone metasta-
ses, which provide an aim to look for a suitable 
treatment and working for pelvic metastases 
too. The patients were divided into four classes: 
(1) solitary lesion with good prognosis, (2) 

1

2

3

4

Fig. 15.1 Anatomic 
classification by 
Enneking. Type I, ilium; 
type II, periacetabular; 
type III, pubis; and type 
IV, sacrum resection
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pathologic fracture, (3) impending fracture, and 
(4) osteoblastic lesions at all sites; osteolytic or 
mixed lesions in non-weight-bearing bones 
such as the fibula, ribs, sternum, or clavicle; 
osteolytic lesions in major bones with no 
impending fracture; and lesions in the iliac 
wing, anterior pelvis, or scapula.
Patients included in classes 1, 2, and 3 should 
have been referred to oncology orthopedic sur-
geon for possible surgical treatment. Class 4 
patients are treated mainly conservatively by 
chemotherapy, hormonotherapy, and/or radia-
tion therapy. Diphosphonates, narcotic analgesia, 
radiation therapy, and protected weight-bearing 
are the first steps in this nonsurgical manage-
ment. The radiotherapy should not be indicated 
before surgery because of problems with wound 
healing that can occur.

 – Recognize the zones of the pelvis those are 
at risk for mechanical failure and require 
surgery.
• According to Muller and Cappanna, zones 1 

and 3 are comparable to non-weight-bearing 
and expendable bones of the extremity (clav-
icle, sternum, and fibula). Zone 2 equals to 
the articular part of long bones (humerus, 
femur, and tibia), and those are the lesions 
with a high risk for mechanical failure.

• Metastatic lesions in zones 1 and 3 (pubic 
rami, ischia, iliac wings) do not compro-
mise the mechanical stability of the pel-
vic ring, and most of them don’t require 
surgery and are not amenable to recon-
struction. Patients with lesions in these 
locations often are managed with nonoper-
ative  treatment, in the form of medical and 
radiation therapy or with resection only. 
In contrast, the condition of patients with 
metastatic lesions about the acetabulum 
that result in progressive functional pain, 
hip protrusion, pathologic fracture, and 
inability to ambulate often is improved by 
operative reconstruction [13].

 – Patient prognosis and an estimation of sur-
vival will help dictate the best treatment indi-
cation [14, 15].

 – It is important to understand the metastatic ace-
tabular classifications described by Harrington 

[16] and Issack et al. [17] in order to select the 
best type of surgical management.
• Nonetheless, there is significant risk of 

morbidity and mortality that had to take in 
mind. Wood and coworkers [18] accom-
plished a systematic review of the lit-
erature in patients with MBD to the long 
bones and/or pelvis/acetabulum treated 
surgically, and they found a surgical 
advan tage if the surgery is done and well 
indicated.

• If the indication for surgery is made, which 
type of surgery is the best for the patient? 
What type of margin and what type of 
reconstruction? Regard which resection has 
to be indicated, after analysis of the litera-
ture; there are few data available to compare 
the outcome of wide resection and intrale-
sional resection for pelvic meta stases.

• Ruggieri et  al. [19] evaluate the role of 
intralesional/marginal resection com-
pared to wide resection, and they didn’t 
found difference in survival between 
wide resection and intralesional/marginal 
resection even in patients with solitary 
metastases. However, if the wide mar-
gin and reconstruction is suitable for the 
patient with solitary metastases, this indi-
cation is probably the best option in order 
to attempt to increase the survival mainly 
if the metastases are coming from thy-
roid and renal carcinomas. Preoperative 
embolization of these tumors is strongly 
recommended to reduce intraoperative 
blood loss.

15.2.3  Surgical Planning

Surgeries are rarely required for complete or 
impending pathologic fractures of the pelvis 
other than for those involving the acetabulum.

Surgical resection of the metastatic disease of 
the acetabulum should fulfill three aims:

 1. Tumor resection
 2. Bone defect reconstruction
 3. Stabilization of the skeletal segment

15 Metastases to the Pelvis
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15.2.4  Periacetabular Defects

Periacetabular tumors may cause severe debilitat-
ing pain with hip dysfunction and pathologic 
fractures often lead to protrusion acetabuli 
(Fig. 15.2). Small metastatic lesions to the ace-
tabulum may be managed by radiation alone and 
intralesional resection to strengthen the acetabu-
lar roof and cement packing augmentation rein-
forcement with Steinman pins, or the use of a hip 
or pelvic prosthesis [20], and also with percuta-
neous bone packing. Bone cement raises the 
resistance of the acetabulum and allows loading 
of the limb (Fig. 15.3a, b).

When larger lesions have an intact medial wall 
but have significant acetabular defect, they can be 
reconstructed with a total hip arthroplasty aug-
mented by cement and screws fixation.

Surgery is required for those lesions that com-
promise the load transfer from the lower limb to 
spine. These lesions affect the superior and 
medial acetabular walls, as well as the medial 
column of the pelvis and the posterior ilium in 
the region of the sacroiliac joint.

 – Posterior ilium lesions not involving the ace-
tabulum can be treated by intralesional resec-
tion and cement reconstruction (Fig. 15.3b).

 – Acetabular lesions that are contained (with an 
intact medial wall) can be reconstructed by a 
cemented arthroplasty. Protrusio acetabular cups 
compensate for deficiencies of the medial wall 
(MEC: Type 2), while cement and pin fixation 
(modified Harrington method) can be used effec-
tively to reconstruct large defects in the acetabu-
lar column and dome (MEC Type 1 and 2) [21].

 – In addition to classified metastatic disease 
of the acetabulum, Harrington described the 
surgical technique of reconstructing the pel-
vic ring with multiple pins, cement, cage, 
and a cemented total hip replacement. Since 
then, the method has been validated, and 
modifications of the technique have been 
proposed [22].

 – A long-stem femoral component is often used, 
not just to complete the total hip reconstruc-
tion but also to prevent against pathologic 
fracture of the femur in the case of disease 

Fig. 15.2 AP radiograph of a 72-year-old male that 
shows protrusion acetabuli, secondary by thyroid cancer, 
with hip pain since 3  months ago. Probably he needed  
a previous surgery, before protrusion acetabuli were 
identified

a

b

Fig. 15.3 AP radiographs that show percutaneous bone 
packing (a) and open intralesional resection and bone 
packing reinforced with a Steinman pin (b)

E. J. Ortiz-Cruz et al.
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progression. However, long cemented femoral 
stems may lead to adverse events such as 
hypotension or desaturation that are thought 
to be secondary to embolic phenomena.

 – Cemented components are commonly favored 
in the setting of metastatic bone disease, as the 
associated use of radiation therapy will limit 
the degree of bony ingrowth with noncemented 
prostheses.

Type 3 and 4 may require resection or recon-
struction with an acetabular prosthesis. Stemmed 
acetabular implants (ice cream cone prosthesis 
or pedestal cup) allow anchorage of the acetab-

ular cup into the posterior ilium with the stem 
(Fig.  15.4a, b). Modular tumor prostheses are 
being increasingly used.

Alternatively, a custom made pelvic prosthe-
sis may be used and joint reconstruction using 
bone allografts; however, they are burdened with 
a high rate of complications.

If the acetabulum is not possible to recon-
struct, but a significant amount of iliac crest is 
available, a saddle prosthesis implant can be 
used, which acts as a yoke type device using the 
iliac crest as a fulcrum. These devices can fail by 
dislocation or by fracture of the remaining iliac 
crest.

a

b

Fig. 15.4 (a) Intraoperative photograph, we can observe 
an implanted ice cream cone prosthesis with restored gap 
and limb length with the PMMA. Dual-mobility noncon-

strained polyethylene and chrome-cobalt head were 
implanted to restore the joint. (b) AP radiographs that 
show the reconstruction
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In cases where there are no further reconstruc-
tion options available or in those patients in whom 
the surgical risk is high, we have to consider a 
resection arthroplasty (Fig. 15.5) [23]. Hindquarter 
amputation is the last measure reserved for cases 
of tumor fungating through skin, non-suppressive 
deep infections, or intractable pain.

15.3  Summary

We hope with time, these complicated recon-
structions will be addressed more easily with 
more standard and predictable implant recon-
struction techniques. As these resections and 

reconstructions involve risk of complications and 
blood loss, it is important to determine preopera-
tively if the benefits recompense the risks.

Although the reconstruction of defects in the 
lower limb following the resection of primary 
bone tumors has proved successful, the search for 
the optimal implant to reconstruct pelvic defects 
continues.

Resection of pelvic tumors is a technically 
demanding procedure and reconstruction 
demands the all-embracing use of modern surgi-
cal techniques and orthopedic implant technol-
ogy [24, 25]. Several reconstructive techniques 
have been recommended with modest functional 
results and a high incidence of complications.

We must not underestimate the worth of a 
multidisciplinary team composed of experienced 
specialists devoted to the common goals of pro-
viding the best comprehensive treatment now 
available and helping to progress these treatment 
modalities in the future.
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Megaprosthesis in Metastases 
of the Shoulder
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Abstract
The purpose of treatment for patients with 
skeletal metastases and pathologic fractures is 
a singular performance that allows for func-
tional reconstruction. The most common sur-
gical procedure is resection of the metastatic 
lesion and prosthetic reconstruction. Given 
the recent developments of new prosthetic 
implants, the metastatic disease to the proxy-
mal humerus is more often treated surgically 
by the use of arthroplasty implants. The major-
ity of patients will survive for a significant 
time after surgery, and hence a stable and 
pain-free limb should be the goal. When pros-
thesis implants are used, this allows for a good 
pain control, despite a poor functional 
outcome.

Keywords
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16.1  Introduction

The proximal humerus is the third most common 
location for osteosarcoma and chondrosarcoma, 
the fourth most common location for giant cell 
tumor of bone, and the most common upper 
extremity location for metastatic carcinoma [1]. 
This can result in pain, loss of function, and path-
ological fracture. The restoring potential of 
pathologically fractured bone is low; for this rea-
son, the necessity for operative intervention 
arises in many of these patients. A functional 
upper limb is pivotal to a patients’ independence; 
therefore, preserving or restoring limb function is 
one of the goals of treatment. The increasing and 
often variable longevity of patients with meta-
static disease coupled with higher-than-expected 
failure rates after internal fixation with or without 
intralesional treatment and radiotherapy has led 
to renewed interest in more aggressive local sur-
gery through proximal humeral resection and 
reconstruction.

The purpose of treatment for patients with 
skeletal metastases and pathologic fractures is a 
singular performance that allows for functional 
reconstruction. The most common surgical pro-
cedure is resection of the metastatic lesion and 
prosthetic reconstruction. Alternative procedures 
for reconstruction after intra-articular resection 
of the proximal humerus comprehend osteoartic-
ular allograft, a large-segment endoprosthesis, an 
arthrodesis with an intercalary allograft and/or a 
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vascularized fibular graft, and an allograft-pros-
thesis composite (APC); each has merits and 
demerits [2].

Compared with other anatomic regions, the 
proximal humerus has had encouraging func-
tional results and implant longevity profiles after 
endoprosthetic reconstruction [3]. Prosthetic 
replacement of the shoulder in the treatment of 
tumors of the proximal humerus has been illus-
trated for the first time by Pean in 1894; the cases 
presented over the years since then shed light on 
the evolution of these implants, in terms of both 
design and choice of material [4]. The applica-
tion of a shoulder prosthesis, after resection of 
the proximal humerus, initially restricted to pri-
mary neoplasms of low-grade malignancy and 
several benign tumors, has more recently been 
also enlarged to high-grade primary tumors and 
to isolated secondary localizations, thanks to 
progress made in chemotherapy and radiation 
treatment.

As for the selection of the type of implant, the 
current tendency is the using of modular prosthe-

ses that intraoperatively provide us with a wide 
variety of dimensions, composed by a joint com-
ponent, a central part, and an intramedullary stem 
(Fig. 16.1), more often stabilized by cement. In 
terms of simplicity, adaptability, and economy, 
this type of prosthesis has overcome the custom 
made prosthesis. The use of cement in modular 
prostheses makes them more secure even in the 
long term and allows for early rehabilitation. In 
the context of replacement of the proximal 
humerus, it should be mentioned the use of pros-
theses coated with homologous cadaver bone 
transfer over which the soft tissues are reinserted, 
the so-called APC implants. Composite prosthe-
sis has bone allograft coating the prosthesis, 
except for the articular portion. Thus, these have 
the advantage of reinsertion of the anatomical 
structures. However, these implants are rarely 
used in the bone metastatic patients, since usually 
no bony union is expected after the surgery, and 
this may predispose to failure.

The surgical reconstruction with arthroplasty 
implants must be stable during the patient’s 

a c e g

f

d
b

Fig. 16.1 Eighty-two-year-old patient affected by 
unknown malignancy (suspected for lung adenocarci-
noma), presenting with a pathologic fracture sustained by 
a big lesion at the proxymal humerus, as confirmed by 

X-ray (a) and MRI (b). Surgery consisted of a proxymal 
humeral and tumor resection (c, d), with the implant of a 
modular shoulder endoprosthesis (e), with oversized head 
(f, g)
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remaining lifetime. However, in recent decades, 
major complications like periprosthetic infec-
tions, aseptic loosening, dislocation, or subdislo-
cation have all been described. One of the most 
important problems is the loss of movement in 
abduction between the upper limb that is often 
associated with subdislocation or dislocation that 
is prevalently superior; in fact, in so-called wide 
resections of the soft tissues surrounding the 
bone neoformation, total or subtotal resection of 
the deltoid muscle, of the extrarotator cuff, of the 
biceps muscle with its long head, is directly 
responsible for loss of movement. In cases where 
it was possible to even partially preserve these 
muscle structures, it is difficult to obtain stable 
and long-lasting reinsertion to the prosthesis 
itself. In order to manage these challenges, 
Trevira tubes-type accessory systems of biocom-
patible materials have been developed allowing 
for tubulization of the implant itself. It is then 
possible to directly reinsert the residual tendons 
to the structure [4].

16.2  Prosthetic Implants 
and Function

Prosthetic reconstructions have the advantages of 
providing immediate stabilization of the proxy-
mal humerus and show a lower infection rate in 
comparison to osteoarticular allografts. However, 
prostheses can fail at a later stage when the sur-
rounding stable structures become insufficient. 

Compared to prosthetic reconstruction, osteoar-
ticular allografts allow the remaining deltoid 
muscle and rotator tendons to be attached to the 
soft tissue of the allograft, which provide a better 
potential for maintaining shoulder stability and 
maximize the recovery of its function. There is 
no difference between the different reconstruc-
tive methods in pain relief, manual dexterity, 
emotional acceptance, or in posterior extension 
of the shoulder joint. However in cohorts of 
patients with either primary and metastatic 
tumors, APC are better than tumor prostheses in 
terms of forward flexion of the shoulder joint, 
which might be due to the functional loss of the 
deltoid muscles associated with tumor prosthesis. 
Abduction is an important function for the shoul-
der joint. The shoulder joint is a kind of third-
class lever, with its force bearing point located 
between the fulcrum and the weight. Abduction 
varied dramatically as a function of the recon-
structive procedures and site of tumors: patients 
treated with APC show a better abduction com-
pared with prosthesis. Therefore, it is proposed 
that reconstructions following proximal humeral 
resections should be performed in most cases 
with tumor prostheses (Fig. 16.2), while in very 
selected patients APC can be selected to try to 
improve the abduction [5].

The most common surgical procedure is 
resection of the metastatic lesion and prosthetic 
reconstruction. In patients affected by metasta-
ses, treatment is aimed to palliation, and the aim 
of surgical margins when inserting a prostheses 

a b c d e

Fig. 16.2 Seventy-two-year-old patient affected by 
breast cancer, with a pathologic fracture at the proxymal 
humerus, as confirmed by X-ray (a), MRI (b), and CT 
scan (c). Surgery consisted of a proxymal humeral and 

tumor resection with the implant of a modular shoulder 
endoprosthesis with oversized head (d). At the 6-month 
follow-up, the patient is pain free, but limitation of the 
abduction of the shoulder is observed (e)
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is to preserve as much bone as was reasonably 
possible and also to preserve and reconstruct the 
rotator cuff when possible. Proximal prostheses 
are used if there is involvement of the humeral 
head or insufficient healthy bone to allow proxi-
mal purchase of an intramedullary rod. As 
regards the ability to achieve function, if suture 
holes are available to reconstruct the capsule or 
rotator cuff to the prosthesis, then this should be 
done to enable greater stability at the shoulder 
(Fig. 16.2). If no suture holes are available, then 
nylon mesh/Trevira tubes fixed around the proxi-
mal part of the prosthesis can be used as a reli-
able anchoring site onto which capsular or 
rotator cuff fixation may be performed. The use 
of prostheses, particularly those of the more 
recent generation, responds to the needs to over-
come the limits of loss of movement, as long as 
good anatomical reconstruction of the soft tis-
sues is possible. The main problem in recon-
struction with a prosthesis is the quantity of 
residual muscular tissue (deltoideus, extrarota-
tors) and the stabilization system of the same to 
the prosthesis in order to avoid dislocation, 
which constitutes the main complication; this 
can sometimes be overcome by big-sized heads 
(Fig.  16.1) or by reverse shoulder arthroplasty 
implants when the deltoid muscle is still funcio-
nal. The distal stem of the prosthesis is in most 
cases fixed with polymethylmethacrylate cement 
at the distal medullary canal [6–9].

16.3  Clinical Results

The use of shoulder arthroplasty implants in the 
setting of metastatic tumors is poorly explored in 
literature. In particular, the available studies on 
the topic report on several kinds of implants and 
combine the clinical and functional results of 
shoulder tumor arthroplasty implants in both pri-
mary and metastatic tumors or for metastatic 
patients at all the humerus or upper limb [10]. In 
the systematic review by Teunis et  al. [1], the 
authors reviewed the outcomes of patients oper-
ated on for metastases of the proximal humerus. 
They found that allograft-prosthesis composites 
and prostheses seem to have similar functional 

outcome and survival rates. However, allograft 
(OA and APC) proximal humerus reconstruc-
tions have shown a decreased implant longevity 
as compared with EP reconstructions because of 
an increased rate of major complications requir-
ing revision.

To determine which type of reconstruction 
might be most appropriate for specific patients, 
the functional results, postoperative complica-
tions, and implant survival of osteoarticular 
allograft (OA), allograft-prosthesis composite 
(APC), and endoprosthetic (EP) reconstructions 
have been compared after proximal humeral 
resection for the treatment of primary and meta-
static bone tumors. The APC integrates the dura-
bility of an endoprosthesis and the advantages of 
an allograft (restored bone stock and soft-tissue 
attachment). However the biological reconstruc-
tions are complicated by fractures, infections, 
and subchondral collapse, leading to a need for 
implant revision or removal, and in the metastatic 
patient, these are not expected to undergo bone 
healing. Difficulties with endoprosthetic recon-
struction involve consequences of surgical resec-
tion of deltoid and rotator cuff. These include 
proximal subluxation, instability, and a reduction 
in functional range of motion. The soft-tissue 
attachments, including the rotator cuff and joint 
capsule, can substitute for the deficient soft tis-
sues of the host and can create a stable, functional 
construct [11]. Mid- and long-term complica-
tions, such as fracture, subchondral collapse, and 
infection, are however reported less frequently in 
prosthetic reconstructions. Conversely, glenohu-
meral instability is considered to be less frequent 
in patients with a somewhat more biological 
repair. However, in both OA and allograft-pros-
thesis composite (APC) reconstruction, instabil-
ity caused by rotator cuff dysfunction is reported 
to be between 5 and 19% of cases compared to 
between 11 and 31% after endoprosthetic recon-
struction (EPR): this complication may be pre-
vented in manu cases by the use of big-sized 
heads.

In the study by Mayilvahanan et al. [6], they 
report on 5 out of 57 patients affected by metas-
tases at the proxymal humerus. From a functional 
point of view, they reported the data from the 
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overall population. They obtained maximum 
abduction of 45°, by scapulothoracic movement. 
Rotation at the shoulder was restricted to a 
 maximum of 15° in those patients who under-
went wide resections of the rotator cuff. Excellent 
functional outcomes were achieved in 18 patients, 
it was good in 25, 7 patients had a fair outcome, 
while the outcome in 5 patients was rated poor. 
The most important mechanical complication of 
proximal humeral endoprosthesis was a proximal 
subluxation of the head, painfully impinging on 
the subacromial arch. Such complications caused 
partial disability and restriction of all movements 
at the joint, with eventual affecton of the overall 
function. The authors concluded that custom 
mega-prosthetic replacement is an interesting 
therapeutic option with limited complication 
rates, giving a useful functional limb compared 
to other forms of reconstruction.

Thai et al. [7] reported a huge cohort of patients 
operated on for metastases at the humerus. Of 
these, 22 out of 96 patients were operated on for 
resection and implant of prosthesis at the proxi-
mal humerus. They reported 5 complications in 
those 22 patients, including intraoperative bleed-
ing, myocardial infarct, stitch abscess, high-riding 
prosthesis, and a proximal migration of the pros-
thesis. From a functional point of view, three 
patients complained of persisting pain, and eight 
had restricted function; therefore they concluded 
that patients need to be aware that a stiff shoulder 
may result from surgery in this area and the main 
goal of treatment is pain relief.

In the manuscript by Potter et al. [3], 19 out of 
49 patients were operated on for metastatic dis-
ease at the proximal humerus. They were oper-
ated on by the implant of osteoarticulat allograft 
in four patients, allograft-prosthesis composite in 
six patients, and endoprosthesis replacement in 
nine patients. Major complications requiring 
reoperation (including deep infection, symptom-
atic instability, fracture, and aseptic loosening) 
occurred in 47% of the OA group, compared with 
only 25% each in the APC and EP groups. In gen-
eral, they recommended APC reconstruction for 
younger patients with primary tumors of bone, 
while they stated that for patients with metastatic 
disease, EP reconstruction is technically less 

challenging and provides acceptable and repro-
ducible results, with implant longevity likely to 
exceed that of the patient.

 Conclusions
Reconstruction of the proximal humerus fol-
lowing an intra-articular resection of metastases 
is usually performed by the implant of an arthro-
plasty, which usually consists of prosthetic 
reconstructions, and more rarely of APC. Given 
the recent developments of new prosthetic 
implants, the metastatic disease to the proxymal 
humerus is more often treated surgically by the 
use of arthroplasty implants. The majority of 
patients will survive for a significant time after 
surgery, and hence a stable and pain-free limb 
should be the goal. When prosthesis implants 
are used, this allows for a good pain control, 
despite a poor functional outcome.
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New Biomaterials 
in Instrumentation Systems

R. Piana, P. Pellegrino, and S. Marone

Abstract
Metastatic tumors often cause pathologic or 
impending fractures. These lesions require a 
stable fixation that allows an early postopera-
tive weight bearing and a durable follow-up. 
During years, orthopedic devices have been 
built up in several different materials to enhance 
the properties and combine elevate strength 
with an elastic modulus as closer as possible to 
the elastic modulus of  bone. Carbon fiber-
polyaryl-ether-ether-ketone (CF-PEEK) com-
posite biomaterials have excellent properties in 
terms of mechanical strength, flexibility, and 
compliance, with low elastic modulus. Being 
these materials  composite, they could be 
designed in order to optimize mechanical prop-
erties. Their properties of radiolucency and low 
interference with magnetic resonance imaging 
allow good follow-up of fracture healing or the 
evolution of the lytic lesions; low interaction 
levels with radiation therapies allow better 
planning and more effective therapies. Plates, 
nails, and spinal stabilization systems are avail-
able on the market to be used in all conditions 
where an elastic radiotransparent device is 
required. Even not experienced surgeons could 
use CF-PEEK implants with few tips. In this 

chapter, some cases are shown to demonstrate 
technical feasibility and imaging results.

Being these relatively new devices, long-
term multicentric studies may be required to 
collect all the possible implant-related com-
plications or failures.

Keywords
New technologies · Carbon fiber · PEEK · 
Reconstruction · Metastasis

17.1  Introduction

Patients with primitive and metastatic bone or 
soft tissue tumors are at high risk of fracture. Soft 
tissue tumors often require periosteal stripping 
and/or adjuvant therapy making pathologic frac-
ture a real risk [1].

In long bones and spine secondary lesions, 
fixation should be performed to treat pathologic 
fractures and to perform spinal decompression. 
In addition, many impending fractures may 
require surgery before a fracture occurs. Most of 
the secondary lesions are not completely resolved 
by medical therapy, and the likelihood of the 
fracture site to achieve a complete callus forma-
tion is poor. Moreover, many patients need adju-
vant local treatments such as radiotherapy.

Orthopedic oncology has always been a field of 
innovation in surgery. Innovation led to both new 

R. Piana (*) · P. Pellegrino · S. Marone 
Orthopaedic Oncology and Reconstructive Surgery 
Unit, Città della salute e della scienza, CTO Hospital, 
Turin, Italy

17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-73485-9_17&domain=pdf


174

surgical techniques and to the development of new 
devices. New instrumentation systems should use 
advanced biomaterials capable of making the sur-
geon’s work easier, with eventual advantages for 
the patient. Mechanical strength, biocompatibility, 
ease of implantation, and costs’ control are funda-
mental characteristics of newer surgical systems 
implemented into clinical practice.

One of the latest interesting innovations in 
orthopedic oncology is the use of composite mate-
rials. Composite materials have improved qualities 
in terms of lightness, strength, and radiolucency 
compared with traditional implants. In modern 
instrumentation technologies, carbon fiber-rein-
forced polymers are the best known and most 
used, being these both effective and reliable [2].

17.2  Mechanical Behavior 
and Biocompatibility

The great majority of pathologic fractures occur 
at the long bones, and these are most often man-
aged by the use of intramedullary nailing.

Studies concerning the impact of fixation 
devices elasticity on fracture healing have led to 
controversial conclusions [3, 4]. Ideally, the fixa-
tion implant should counter bending, torsion, and 
shear stress sufficiently to avoid excessive mobil-
ity at the fracture site but avoiding implant break-
ing; at the same time, the implant should allow an 
adequate transmission of axial compressive 
forces to enhance the chances of bone healing 
[5]. Intramedullary nails made  of titanium and 
steel alloys provide great stability but with a rela-
tive rigidity that bypass the fracture site with an 
increased stress-shielding and subsequent poten-
tial resorption of the bone [6]; in fact, cobalt-
chromium and titanium alloys implants have a 
ten times greater elastic modulus than bone. 
Stress-shielding and bone resorption can be 
avoided by a decrease in the stiffness of the 
implant, with an acceleration of healing; unfortu-
nately, too flexible implants may give poor fixa-
tion and are associated to implant failure [3, 7].

Finite element analysis has been used to study 
the behavior of different composite implants in 
comparison with traditional stainless steel and 
titanium alloys. In gait analysis, titanium femoral 

nails absorb between 70 and 74% of the axial 
forces during the stance phase and 91% during 
the swing phase [6], which could be theoretically 
too much to enhance healing.

In a recent study, Ben-Or et  al. [8] demon-
strated how the stiffness can be variated, and the 
subsequent micromotion of a carbon fiber com-
posite nail in all directions could be obtained, by 
simply modifying the orientation of the carbon 
fibers. Predicting these micromovements is cru-
cial to understand the behavior of the fixation 
device under specific loading conditions and 
determine how it is possible to stimulate callus 
formation. Although less used, plates may be 
useful in metaphyseal and epiphyseal fractures. 
Saidpour [9] demonstrated that carbon fiber com-
posite plates reduced the stress-shielding effect at 
the fracture site when subjected to bending and 
torsional loads. To ensure the best healing condi-
tions, the stiffness of the device should theoreti-
cally decrease as the bone strength increase.

In the last 30  years, more than 40 different 
polymers and composite materials have been 
tested in the trauma setting [6]. The potential 
advantage of composite materials consists in the 
possibility to change the orientation of the fibers 
inside the material and to modify fiber and 
implant shape to change mechanical properties 
[10]. However, tested biomaterials such as poly-
l-lactide (PLLA) epoxy, polyester, poly-methyl 
methacrylate (PMMA), and carbon fiber-based 
composite suffer of some limitations [11–13]:

 1. Long-term reduction in mechanical proper-
ties, sometimes before the bone healing has 
occurred, by the interaction with body fluids 
with the matrix material that may degrade the 
biomaterial

 2. The release of fragments that can migrate into 
other tissues

 3. Lack of ductility that does not allow to reshape 
the plate in the operating room as commonly 
performed when metal implants are used

For these reasons, manufacturers started to 
develop newer composite materials with 
improved biomechanical characteristics.

Polyaryletherketones (PAEKs) started to be 
commercialized in the 1980s. These consist in a 
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family of high-temperature thermoplastic poly-
mers. The structure of PAEKs confers stability at 
high temperatures, resistance to chemical and 
radiation damage, and the possibility to be rein-
forced by fibers such as carbon or glass; more-
over, these possess greater strength compared to 
many metals. The two PAEKs used in orthope-
dics are poly(aryl-ether-ether-ketone) (PEEK) 
and poly(aryl-ether-ketone-ether-ketone-ketone) 
(PEKEKK).

PAEKs have a low elastic modulus that can 
also be modified by the addiction of carbon 
fibers, thus building up carbon fiber-reinforced 
(CFR) composite and joining different elastic 
modulus as shown in Table 17.1 [14].

In the late 1990s, PEEK had emerged as the 
leading high-performance thermoplastic candi-
date for replacing different metal implant compo-
nents in both the orthopedic and trauma settings 
[15]. Carbon fiber-reinforced PEEK (CFR-PEEK) 
has demonstrated a high resistance to ionizing 
radiation, good mechanical properties, and low 
wear rate [15]. Moreover, Utzschneider et al. [16] 
studied the inflammatory response to CFR-PEEK, 
and ultra-high-molecular-weight polyethylene in 
rats’ knee joints, and found a comparable inflam-
matory response in all the materials, suggesting 
that CFR-PEEK composites are a potential alter-
native to ultra-high-molecular-weight polyethyl-
ene in prosthetic bearing surfaces. Scotchford 
et al. [17] have assessed the in vitro biocompati-
bility of a CFR-PEEK biomaterial which showed 
initial osteoblast attachment and proliferation 
similar to titanium alloys. Brown et al. [18] exam-
ined the resistance to flexural fatigue and thermo-
formability of different carbon fiber-reinforced 
composites, including PEEK reinforced by 30% 
chopped PAN carbon fiber, and showed that CFR-
PEEK had the highest bending fatigue resistance 
and toughness; it was insensitive to precondition 
or thermoforming, probably because of the better 

compatibility between PEEK and CF.  In spinal 
surgery, advantages of more elastic PEEK rods 
lay in the reduced load at the adjacent levels. In 
contrast with traditional rods, these permit a more 
physiologic load, with potential decreased risk of 
adjacent levels disease [19].

17.3  Radiologic Advantages

Postoperative control and routine periodic exami-
nation of the treated segment are the rule in the 
surgery of both primitive and metastatic tumors. 
However, MRI and CT artifacts from traditional 
titanium or stainless steel implants can obstruct 
the necessary postoperative surveillance imaging 
and make more challenging to detect recurrent 
disease, nonunions, and disease progression [20].

Zimel et al. [21], in a recent study, stated that 
CFR-PEEK intramedullary nail fixation is a 
superior alternative to minimize the implant arti-
facts on MRI or CT imaging for patients requir-
ing long bone fixation. The imaging characteristics 
had been already studied in spinal surgery dem-
onstrating to be radiolucent under every exami-
nation (X-ray, CT, MRI) [22].

Cortical bone is better seen in conventional 
radiographs [23] with composite implants. At the 
same time, CT scans show less metallic streak 
artifacts that limit the evaluation of the adjacent 
periprosthetic tissues. MRI studies can be opti-
mized to reduce the intramedullary metal arti-
facts, but these are unable to eliminate the 
distortion immediately adjacent to the implant at 
the surrounding marrow space, cortex, and bone–
muscle interface [24, 25].

This radiologic behavior does not involve only 
postoperative and long-term surveillance but above 
all the radiotherapy planning; in fact, Xin-Ye et al. 
established that a better planning of the treatment 
can be performed [26]. More recently an in vitro 
study [27] demonstrated absence of back scatter-
ing and significantly lower attenuation of carbon 
fiber plates and vertebral screws in comparison 
with traditional titanium implants. Although 
in vivo studies may be required to study the impact 
on survival and local control of disease, these fea-
tures may help substantially in decreasing local 
complications and increase dose delivering.

Table 17.1 Elastic modulus of commonly used materials 
in internal fixation

Material Elastic modulus (GPa)
PAEKs 3–4
Cortical bone 18
Titanium alloy 110
Carbon fiber (pure) 138
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17.4  Surgery

Surgical techniques involving the implant of 
radiolucent [28] CFR-PEEK devices do not differ 
from the traditional metal ware. The use of radi-
opaque markers allows an easy implant localiza-
tion in percutaneous techniques and no 
differences in open surgery. Standard compres-
sion or locking screws could be used on plates. 
Of course, the impossibility to mold the plates, as 
commonly occurs with stainless steel or titanium 
alloys implants, may decrease the indications in 
patients with nonconventional anatomies. Most 
common indications for the use of CF-PEEK 
nails are metastasis (lung, kidney, breast, etc.) 
involving humeral diaphysis (Fig.  17.1) and 

metaphysis and femoral diaphysis and intertro-
chanteric area (Fig. 17.2). Spine surgery can be 
performed in a conventional fashion with CFR 
implants too (Figs. 17.3 and 17.4). Ultrathin tita-
nium coatings do not affect mechanical and 
radiological behavior in vertebral screws.

In some cases, CF implants could be used in 
allograft reconstruction for primitive bone tumors 
(Fig.  17.5), with substantial advantages in term 
of MRI surveillance. Also nonmalignant dis-
eases, such as simple bone cysts (SBC), aneurys-
mal bone cysts (ABC), or fibrous dysplasia, could 
be treated with curettage and, if required, 
CF-PEEK fixation. More extensive reconstruc-
tion should be performed too (Fig. 17.6), although 
very few cases are eligible for this surgery.

Fig. 17.1 M, 62 YY, multiple myeloma, fracture of the distal third of the right humeral shaft, surgical result at 6 months 
of follow-up
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However, despite the initial positive outcomes, 
multicentric studies should be performed to ana-
lyze the behavior of CF-PEEK implants in the 
patients with bone metastatic and observe even-
tual implant-related complication.

Conclusions
Carbon fiber-reinforced PEEK instrumenta-
tion systems could be routinely used in onco-
logic orthopedic surgery because of:

 1. More physiological load sharing and lower 
stiffness, near to the bone values, in a situation 

where an excessive stress should bring to 
great bone resorption or implant breakage

 2. Better imaging evaluation with a quite com-
plete absence of artifacts, useful in TC and 
MRI imaging and in radiotherapy planning 
and delivering

 3. No substantial differences between traditional 
implants in terms of surgical technique and 
learning curve, with early post-op weight 
bearing

Fig. 17.2 M, 58 YY, metastatic adenocarcinoma of the lung, pathologic fracture with neurologic impairment of the 
fourth vertebral body: pre- and postoperative CT scan
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Fig. 17.3 M, 65 YY, metastatic clear cell renal 
carcinoma, impending fracture of the left subtrochanteric 
area: postoperative image

Fig. 17.4 M, 48 YY, metastatic clear cell renal carcinoma, pathologic fracture with neurologic impairment of the first 
vertebral body: preoperative MRI and CT reconstruction. Postoperative X-rays, CT, and MRI

R. Piana et al.
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Fig. 17.5 A fractured fibrous dysplasia of the long bones in a growing child, filled with bone substitutes and fixed with 
a carbon fiber plate: preoperative and early postoperative (1 month) follow-up
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Infections After Surgery for MBD
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Abstract
The life expectancy of patients with bone 
metastases has remarkably increased over 
recent years leading to higher incidence of 
bone metastases with major risk of pathologi-
cal fractures and orthopedic treatments. 
Orthopedic surgery in bone metastases has a 
highly diversified approach and could be very 
invasive, requiring prosthetic implants, 
allograft, nails, plates or other metallic 
devices, vascular procedures, and plastic 
surgery.

Metal wear and especially megaprosthesis 
implantation are commonly complicated by 
deep infections, which are probably the most 
common and severe complication in orthopedic 
oncological surgery, considered as challenging 
as local relapse. The rate of infection in these 
treatments range from 8% to over 40%, with 
great variability depending on the site of 

replacement, age, comorbidity, resection size, 
and histological characteristics of primary 
malignant tumor involved.

Infection prevention is therefore of the 
utmost importance considering that, when 
there are poor soft tissue conditions, second-
ary amputation is sometimes inevitable.

Postoperative infection complications have 
also a heavy impact on the cost and manage-
ment aspects due to hospital readmissions, 
extended hospitalization, the need for addi-
tional procedures, and convalescent or nursing 
home care.

Great interest is actually spreading about 
orthopedic infections in bone metastatic dis-
ease, as reflected by a great number of litera-
ture reviews, monothematic meetings, and 
multicenter prospective studies. According to 
this consideration, in this chapter we analyze 
all the possible actions described to prevent 
and treat surgical site infections following this 
kind of surgery, including an appropriate anti-
biotic prophylaxis, surgical procedures for 
primary and revision surgery and recent tech-
nical improvements.
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18.1  Introduction

The life expectancy of patients with bone metas-
tases has remarkably increased over recent years 
due to improvements in chemotherapy, radiation 
therapy, and other oncological treatments. It has 
led to a higher incidence of bone metastases with 
major risk of pathological fractures [1]. The rate 
of pathological fractures of the long bones in 
patients with recognized bone metastases is 
approximately 10% [2–5].

Orthopedic surgery in bone metastases treat-
ment has a highly diversified approach and could 
be very invasive, requiring prosthetic implants, 
allograft, nails, plates or other metallic devices, 
vascular procedures, and plastic surgery [6].

Metal wear and especially megaprosthesis 
implantation are commonly complicated by deep 
infections, which are probably the most common 
and severe complications in orthopedic oncologi-
cal surgery, considered as challenging as local 
relapse. The rate of infection in these treatments 
range from 8% to over 40%, with great variability 
depending on the site of surgery, age, comorbid-
ity, resection size, and histological characteristics 
of primary malignant tumor involved.

Patients affected by bone metastasis are debili-
tated by tumor itself, chemotherapy or concomi-
tant illness regarding other organs, and the large 
metal surface of the implants predispose to bacte-
rial colonization. Infection prevention is therefore 
of the utmost importance considering that, when 
there are poor soft tissue conditions, secondary 
amputation is sometimes inevitable (Fig. 18.1).

Postoperative infection complications have 
also a heavy impact on the cost and management 
aspects due to hospital readmissions, extended 
hospitalization, the need for additional procedures 
(often removal and re-implantation of implanted 
hardware and prolonged antimicrobial therapy), 
and convalescent or nursing home care [7].

Great interest is actually spreading about 
orthopedic infections in bone metastatic disease, 
as reflected by a great number of literature 
reviews, monothematic meetings, and multi-
center prospective studies [8]. It is therefore nec-
essary to know all the possible actions used to 
prevent and treat surgical site infections follow-

ing this kind of surgery, including an appropriate 
antibiotic prophylaxis, surgical procedures for 
primary and revision surgery, and recent techni-
cal improvements.

18.2  Risk Factors

Several potential risk factors for postoperative 
site infections are well known and are connected 
to the kind of surgery and other performed treat-
ments, tumor characteristics (local malignancy, 
histological type, depth and invasion, solitary or 
multiple site involvement), and also the patient’s 
general health status.

Orthopedic surgery in metastatic bone disease 
treatment is highly variable, and it depends on 
different factors. Obviously mininvasive 
approach has a lower risk of infection but unfor-
tunately is not always suitable. The prognosis is 
probably the main factor to be considered for an 
appropriate surgical indication. A patient with a 
life expectancy lower than 3/6 months will bene-
fit of a less invasive treatment even if it will not 
restore a good function. More conservative treat-
ments guarantee a lower risk of complications 
like massive blood loss, bacterial colonization, 
and long hospitalization that are more common 
in large resection and megaprosthesis implants 
compared to intramedullary nailing (Figs.  18.2 
and 18.3).

Fig. 18.1 Severe soft tissue loosening after infection fol-
lowing wide resection surgery and ankle tumor prosthesis 
reconstruction. In such condition secondary amputation is 
inevitable
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Radiotherapy as local neoadjuvant, performed 
before surgery of metastatic bone disease, 
increases the infection risk because of tissue 
necrosis and a decreased blood supply and there-
fore to a lower immunological response. In these 
cases, it is not recommended to perform surgery 
to avoid surgical site infection and iatrogenic 
fractures.

Patients’ immunosuppression and hyponutri-
tion from neoadjuvant chemotherapy are other 
major risk factors for wound complications.

There are no demonstrations of a higher asso-
ciation among a specific kind of primary tumor 
with the risk of surgical site infection, even if a 
more invasive and vascularized bone metastasis 
could lead to higher rate of complications.

A few study analyzed the relationship between 
surgical site treated and the risk to develop a local 
infection.

Other risk factors for infections in tumor 
orthopedic surgery are overlapped on primary 
prosthetic joint surgery [4] including advanced 
age, obesity, diabetes mellitus, corticosteroid use, 
rheumatoid arthritis, previous surgery on the 
same joint, arthroplasty following a fracture, 

replaced joint (e.g., risk is greater for the knee 
than the hip), and perioperative surgical site com-
plications, including hematoma and persistent 
surgical site drainage.

Operative risk factors include ASA classifica-
tion of ≥3, operative time exceeding the 75th per-
centile for the procedure or exceeding 3  h, 
surgical site classified as contaminated or dirty, 
and inadequate antimicrobial prophylaxis.

18.3  Epidemiology and Diagnosis

Currently, it is difficult to avoid periprosthetic 
infection completely, despite the use of operating 
rooms with laminar airflow, systemic antibiotic 
treatment, and routine screening for multidrug-

Fig. 18.2 Intramedullary nailing in a femoral impending 
fracture secondary to a metastatic lesion

Fig. 18.3 Knee megaprosthesis after distal femur resec-
tion for a metastatic periarticular lesion. Prosthetic recon-
struction allows better clinical outcome but has shown a 
higher risk of infection
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resistant bacteria that are becoming more and 
more common cause of infection.

The infection rate in limb salvage surgery fol-
lowing metastatic lesions ranges from 8% to 
more than 40% in different studies and meta-
analyses, with great variability depending on sev-
eral potential risk factors previously described. 
The infection risk is reported to be 8–35% for 
primary megaprostheses implants and 30–43% 
after revision surgery, with an average rate of 
19% for lower-extremity endoprosthetic recon-
struction [2, 9–11]. The infection risk for nailing 
in limbs’ impending fracture surgery and kypho-
plasty in vertebral fractures is the lowest above 
all the considered surgical procedures. Even an 
excision biopsy could lead to a devastating local 
infection in severely immunocompromised 
patients. However, it is often necessary to obtain 
a definitive diagnosis especially when the pri-
mary tumor is unknown.

The diagnosis of infection is essentially clini-
cal with typical inflammation symptoms (rubor-
tumor-dolor-calor). However, considering the 
immunological impairment of these patients, the 
symptoms of infection could appear with an 
unconventional clinical presentation (Fig. 18.4).

Fever during chemotherapy-induced neutro-
penia may be the only indication of a severe 
underlying infection, because in these cases signs 
and symptoms of inflammation are typically 
attenuated. At the same time, other hematological 

inflammatory parameters like CPR and ESR 
could be less evocative than usual.

Sometimes ultrasound examination could iden-
tify superficial or deep abscess. Total body CT 
scan, MRI, and body scan are commonly used to 
stage the tumor extension, and these could be use-
ful also in the case of suspected infection to ana-
lyze the risk of local or systemic dissemination.

The only diagnostic examination that allows a 
qualitative diagnosis is a direct microbacterial 
examination with antibiotic susceptibility testing. 
It permits to identify the pathogen and to obtain 
information about the most appropriate antibiotic 
treatment.

Saprophyte bacteria of the skin are the most 
frequent pathogens involved in surgical site 
infections after surgical procedures for bone 
metastasis. The bacteria most commonly isolated 
in this cases are S. aureus, gram-negative bacilli, 
coagulase-negative staphylococci (including S. 
epidermidis), and beta-hemolytic streptococci 
(Table 18.1) [5, 12].

18.4  Antibiotic Prophilaxis 
and Antibacterial Devices

A contributing factor to surgical site infections 
(SSIs) in orthopedic procedures is the formation 
of bacterial biofilm, particularly with S. aureus 
and S. epidermidis, on inert surfaces of orthopedic 

Fig. 18.4 Clinical symptoms of infection are usually 
clear and sufficient to obtain a certain diagnosis. Purulent 
collections with periprosthetic sinus are commonly evi-

dent in case of deep or superficial infection. Subclinical 
cases of infection must be taken in consideration and ana-
lyzed with further examinations
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devices. Bacterial biofilm confers antimicrobial 
resistance and makes antimicrobial penetration 
difficult [13–16].

Many options were proposed to prevent surgi-
cal infections. Surely systemic antibiotic treat-
ments have a significant role. Many intra- and 
perioperative antibiotics prophylaxis regimens 
have been proposed [9, 17]. It is not easy to dem-
onstrate a statistically significant supremacy of 
one class of antibiotics over another for antimi-
crobial prophylaxis in tumor orthopedic surgery, 
but it is mandatory to choose one among those 
proposed. A meta-analysis of studies found no 
differences in SSIs between cephalosporins with 
teicoplanin. Selection of a specific antibiotic pro-
phylaxis should be based on cost, availability, 
and local resistance patterns according to the 
indication of a local infectious disease specialist 
considering that often each hospital have differ-
ent pathogen pattern.

Literature over the last decade shows an urgent 
need to focus on epidemiology, early diagnosis, 
antimicrobial coverage for metal implants, iden-
tification of risk factors, and, most of all, on the 
urgent need to define guidelines for antibiotic 
prophylaxis [1, 3].

First-generation cephalosporins, administered 
from 60 to 30 min before surgery, are the agents 
most commonly studied and used. For patients 
with a beta-lactam allergy, clindamycin and van-
comycin have adequate activity against the most 
common pathogens involved in orthopedic pro-
cedures and would be acceptable alternatives for 

surgery prophylaxis. Vancomycin should be 
included with cefazolin or used as an alternative 
agent for routine antimicrobial prophylaxis in 
institutions that have a high prevalence of MRSA 
surgical site infection and for patients who are 
known to be colonized with MRSA [18, 19].

The duration of prophylaxis in joint replace-
ment procedures is controversial. More recent 
data and clinical practice guidelines do not sup-
port prophylaxis beyond 24 h [18, 20]. However, 
it can be reasonable to continue antimicrobial 
prophylaxis until all drains or catheters are 
removed [21].

Associated local treatment like antibiotic local 
washing, medicated device, or metals with anti-
microbial activity is obtaining an increasing 
application. Among the metal with antimicrobial 
activity, silver has garnered much interest due to 
its excellent antimicrobial activity coupled with 
low toxicity [22]. Different medical devices 
exploiting the properties of silver are now avail-
able, not only in orthopedics surgery. Silver-
coated tumor endoprosthesis has been introduced 
in medical practice almost 25 years ago initially 
with the aim of treating local periprosthetic infec-
tions. In literature, any severe early or late gen-
eral sign of silver toxicity following silver-coated 
prosthesis implantation in animals or humans are 
described. The most important bactericidal 
mechanism of the silver ion is its interaction with 
the thiol groups of the L-cysteine residue of pro-
teins and its inactivation of bacterial enzymatic 
functions [23, 24]. Other bactericidal mechanism 
of silver ions is the release of potassium [25], 
bonding to DNA [26], and generation of intracel-
lular reactive oxygen species (ROS).

The implants of silver-coated devices are actu-
ally suggested, by some authors, as primary 
implants in oncologic limb salvage surgery 
[27–29].

The use of antimicrobial-loaded bone cement 
is another practice common worldwide, particu-
larly for the prevention of infection in limb sal-
vage surgery and megaprosthesis implants 
[30–33]. The results of antibiotic-loaded cements 
and of local antibiotic washing are widely 
debated. Their efficacy and their duration have 
been rarely statistically confirmed.

Table 18.1 Common bacterial pathogens affecting neu-
tropenic patients after major orthopedic surgery

Common gram + 
pathogens

Common gram 
− pathogens

Coagulase-negative 
staphylococci

Escherichia coli

Staphylococcus aureus, 
including MRSA

Klebsiella species

Enterococcus species Enterobacter species
Viridans group streptococci   Pseudomonas 

aeruginosa
  Streptococcus 

pneumoniae
Citrobacter species

  Streptococcus pyogenes Acinetobacter species
  Stenotrophomonas 

maltophilia
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18.5  Surgical Site Infection 
Treatment

Surgical site infection treatment depends on 
patients’ condition, timing, and local condition. In 
case of symptoms from less than 3 weeks, a stable 
implant, absence of sinus tract and susceptibility 
to antibiotics with activity against surface-adher-
ing microorganisms, surgical treatment consists 
in debridement with retention of the implants 
combined either with antibiotics [34]. When the 
patient is debilitated by tumor and chemotherapy 
or concomitant illness or bedridden, a long-term 
suppressive antimicrobial treatment to control 
only clinical symptoms is recommended. 
Furthermore, permanent removal of the device or 
amputation is reserved for patients with high risk 
of reinfection and without improvement by 
exchange of the implant.

Otherwise, in case of high virulence bacteria, 
damaged soft tissue, abscess, or sinus tract, a two-
stage revision with a short interval until reimplanta-
tion (2–4  weeks) is preferred, by the use of a 
temporary antimicrobial-impregnated bone cement 
spacer. When the prosthesis is colonized by micro-
organism resistant or difficult to treat (MRSA, 
enterococci, quinolone-resistant Pseudomonas 
aeruginosa and fungi), a longer interval (at least 
8 weeks) is required. Two-stage procedure has the 
highest success outcome but has an important cost 
for both the patient and the surgeon [35]. This kind 
of surgery is usually very demanding especially in 
case of reintervention after wide bone resection 
and megaprosthesis implant. The surgeon in this 
case is obliged to create a reinforced custom-made 
spacers adapting different devices and techniques 
like using a metal structure (intramedullary nails, K 
wires, TENs, or others) covered by antibiotic-
loaded cement (Fig. 18.5).

One-stage revision is still debated because it is 
associated to a higher risk of reinfections. In the 
case of intact or only slightly damaged soft tis-
sues, in low virulent bacterial colonization, some 
authors propose a direct one-stage exchange of 
the prosthesis in the same surgical time after a 
wide debridement of the surgical site [36], using 
a prolonged antibiotic prophylaxis.

References

 1. Jeys LM, Grimer RJ, Carter SR, Tillman 
RM. Periprosthetic infection in patients treated for an 
orthopaedic oncological condition. J Bone Joint Surg 
Am. 2005;87:842–9.

 2. Capanna R, Morris HG, Campanacci D, Del Ben 
M, Campanacci M.  Modular uncemented prosthetic 
reconstruction after resection of tumours of the distal 
femur. J Bone Joint Surg Br. 1994;76:178–86.

 3. Hasan K, Racano A, Deheshi B, Farrokhyar F, Wunder 
J, et al. Prophylactic antibiotic regimens in tumor sur-
gery (PARITY) survey. BMC Musculoskelet Disord. 
2012;13:91.

 4. Matthews PC, Berendt AR, McNally MA, et  al. 
Diagnosis and management of prosthetic joint infec-
tion. BMJ. 2009;338:1378–83.

 5. Boxma H, Broekhuizen T, Patka P, et al. Randomised 
controlled trial of single-dose antibiotic prophylaxis 
in surgical treatment of closed fractures: the Dutch 
trauma trial. Lancet. 1996;347:1133–7.

 6. Schwartz A, Rebecca A, Smith A, Casey W, Ashman 
J, et al. Risk factors for significant wound complications 
following wide resection of extremity soft tissue sar-
comas. Clin Orthop Relat Res. 2013;471:3612–7.

 7. Whitehouse JD, Friedman ND, Kirkland KB, et  al. 
The impact of surgical-site infections following 
orthopedic surgery at a community hospital and uni-

Fig. 18.5 Two-stage revision after infection of knee 
megaprosthesis. Custom-made spacer can be obtained 
using antibiotic-loaded cement reinforced by an inner 
metal core constituted of a common intramedullary nail

G. Di Giacomo et al.



189

versity hospital: adverse quality of life, excess length 
of stay and extra cost. Infect Control Hosp Epidemiol. 
2002;23:183–9.

 8. Morii T, Morioka H, Ueda T, Araki N, Hashimoto 
N, et  al. Deep infection in tumor endoprosthesis 
around the knee: a multi-institutional study by the 
Japanese musculoskeletal oncology group. BMC 
Musculoskelet Disord. 2013;14:51.

 9. Racano A, Pazionis T, Farrokhyar F, Deheshi B, 
Ghert M. High infection rate outcomes in long-bone 
tumor surgery with endoprosthetic reconstruction in 
adults: a systematic review. Clin Orthop Relat Res. 
2013;471:2017–27.

 10. Shehadeh A, Noveau J, Malawer M, Henshaw R. Late 
complications and survival of endoprosthetic recon-
struction after resection of bone tumors. Clin Orthop 
Relat Res. 2010;468:2885–95.

 11. Mavrogenis AF, Pala E, Angelini A, Calabro T, 
Romagnoli C, et al. Infected prostheses after lower-
extremity bone tumor resection: clinical outcomes of 
100 patients. Surg Infect. 2015;16:267–75.

 12. Trampuz A, Zimmerli W.  Antimicrobial agents in 
orthopedic surgery: prophylaxis and treatment. Drugs. 
2006;66:1089–105.

 13. Meehan J, Jamali AA, Nguyen H. Prophylactic anti-
biotics in hip and knee arthroplasty. J Bone Joint Surg 
Am. 2009;91:2480–90.

 14. Costerton JW, Stewart PS, Greenberg EP.  Bacterial 
biofilms: a common cause of persistent infections. 
Science. 1999;284:1318–22.

 15. Costerton JW. Biofilm theory can guide the treatment 
of device-related orthopaedic infections. Clin Orthop 
Relat Res. 2005;437:7–11.

 16. Lewis K.  Riddle of biofilm resistance. Antimicrob 
Agents Chemother. 2001;45:999–1007.

 17. Hardes J, Gebert C, Schwappach A, et  al. 
Characteristics and outcome of infections associated 
with tumor endoprostheses. Arch Orthop Trauma 
Surg. 2006;126:289–96.

 18. Antimicrobial prophylaxis for surgery. Treat Guidel 
Med Lett. 2009;7:47–52.

 19. Mangram AJ, Horan TC, Pearson ML, et al. Guideline 
for prevention of surgical site infection. Infect Control 
Hosp Epidemiol. 1999;20:250–78.

 20. Jaeger M, Maier D, Kern WV, et  al. Antibiotics in 
trauma and orthopedic surgery—a primer of evidence-
based recommendations. Injury. 2006;37:s74–80.

 21. Bratzler DW, Houck PM, Richards C, et  al. Use of 
antimicrobial prophylaxis for major surgery: base-
line results from the National Surgical Infection 
Prevention Project. Arch Surg. 2005;140:174–82.

 22. Tobin EJ, Bambauer R. Silver coating of dialysis cath-
eters to reduce bacterial colonization and infection. 
Ther Apher Dial. 2003;7:504–9.

 23. Schierholz JM, Lucas LJ, Rump A, Pulverer 
G. Efficacy of silver-coated medical devices. J Hosp 
Infect. 1998;40(4):257–62. https://doi.org/10.1016/
s0195-6701(98)90301-2.

 24. Kim TN, Feng QL, Kim JO, et  al. Antimicrobial 
effects of metal ions (Ag+, Cu2+, Zn2+) in hydroxy-
apatite. J Mater Sci Mater Med. 1998;9(3):129–34.

 25. Tweden KS, Cameron JD, Razzouk AJ, Holmberg 
WR, Kelly SJ.  Biocompatibility of silver-modified 
polyester for antimicrobial protection of prosthetic 
valves. J Heart Valve Dis. 1997;6(5):553–61.

 26. Wan AT, Conyers RAJ, Coombs CJ, Masterton 
JP.  Determination of silver in blood, urine, and tis-
sues of volunteers and burn patients. Clin Chem. 
1991;37(10):1683–7.

 27. Donati F, Di Giacomo G, D’Adamio S, Ziranu A, 
Careri S, Rosa M, Maccauro G.  Silver-coated hip 
megaprosthesis in oncological limb savage surgery. 
Biomed Res Int. 2016;2016:9079041.

 28. Piccioli A, Donati F, Di Giacomo G, A Ziranu, 
Careri S, Spinelli MS, Giannini S, Giannicola G, 
Perisano C, Maccauro G.  Infective complications 
in tumour endoprostheses implanted after patho-
logical fracture of the limbs Injury 2016. https://doi.
org/10.1016/j.injury.2016.07.054. Available online 
25 Aug 2016.

 29. Donati F, Di Giacomo G, Ziranu A, Spinelli S, 
Perisano C, Rosa MA, Maccauro G.  Silver coated 
prosthesis in oncological limb salvage surgery reduce 
the infection rate. J Biol Regul Homeost Agents. 
2015;29(4 Suppl):149–55.

 30. Bourne RB.  Prophylactic use of antibiotic bone 
cement: an emerging standard—in the affirmative. J 
Arthroplast. 2004;19(suppl 1):69–72.

 31. Engesaeter LB, Lie SA, Espehaug B, et al. Antibiotic 
prophylaxis in total hip arthroplasty: effects of 
 antibiotic prophylaxis systemically and in bone 
cement on the revision rate of 22,170 primary 
hip replacements followed 0 to 14 years in the 
Norwegian Arthroplasty Register. Acta Orthop Scand. 
2003;74:644–51.

 32. Espehaug B, Engesaeter LB, Vollset SE, et  al. 
Antibiotic prophylaxis in total hip arthroplasty: 
review of 10,905 primary cemented total hip replace-
ments reported to the Norwegian Arthroplasty 
Register, 1987 to 1995. J Bone Joint Surg Br. 
1997;79:590–5.

 33. Jiranek WA, Hanssen AD, Greenwald AS. 
Antibioticloaded bone cement for infection prophy-
laxis in total joint replacement. J Bone Joint Surg Am. 
2006;88(11):2487–500.

 34. Zimmerli W, Trampuz A, Ochsner PE.  Prosthetic-
joint infections. N Engl J Med. 2004;351:1645–54.

 35. Westrich GH, Salvati EA, Brause B. Postoperative 
infection. In: Bono JV, JC MC, Thornhill TS, 
Bierbaum BE, Turner RH, editors. Revision total hip 
arthroplasty. New York: Springer; 1999. p. 371–90.

 36. Raut VV, Siney PD, Wroblewski BM.  One-
stage revision of infected total hip replacements 
with discharging sinuses. J Bone Joint Surg Br. 
1994;76:721–4.

18 Infections After Surgery for MBD

https://doi.org/10.1016/s0195-6701(98)90301-2
https://doi.org/10.1016/s0195-6701(98)90301-2
https://doi.org/10.1016/j.injury.2016.07.054
https://doi.org/10.1016/j.injury.2016.07.054


191© Springer International Publishing AG, part of Springer Nature 2019
V. Denaro et al. (eds.), Management of Bone Metastases, https://doi.org/10.1007/978-3-319-73485-9_19

Management of Fractures 
and Failures Around Tumor 
Implants
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Abstract
As more patients with skeletal metastases live 
longer, many implants are at risk for mechani-
cal failure and for tumor progression in the 
face of previous treatment. The causes for and 
treatment options available to failed cases 
have received some attention in the literature, 
but few papers suggested what surgery was 
the best. Failures around tumor implants can 
be mechanical and not mechanical. The first 
include dislocation, soft tissue defect, wound 
dehiscence, aseptic loosening, and fractures, 
whereas the second infections and disease 
progression. For all types of failure, different 
strategies of treatment are described.
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Infections · Disease Progression

19.1  Introduction

Improvements in the oncological management of 
metastatic patients have resulted in an increased 
population survival free of disease or with known 
metastases. The result has been an increased 

number of patients alive with skeletal metastases 
and the adoption of more aggressive treatment 
options positively impacting on patient’s survival 
[1]. Technological developments in other fields, 
including material science, anesthesiology, radio-
graphic, and new surgical techniques, have made 
it possible to use surgery more frequently for the 
treatment of these patients, with an acceptable 
risk of complications [2]. In literature, patients’ 
survival is not related to the surgical treatment 
and to the type of implant [3].

Successful surgical treatment of bone metas-
tases requires careful consideration of patient- 
specific (age, performance status, and patient 
anesthetist evaluation) and disease-specific vari-
ables (histotype, staging and grading, response to 
different therapies, pain, risk of complications, 
extension of the lesion) [2, 4]. The goal of treat-
ing patients with skeletal metastases is to relieve 
pain and to preserve function, and thus quality of 
life for the greatest amount of time; therefore, 
careful attention must be paid to each patient’s 
estimated survival [4, 5]. Estimation of prognosis 
and survival is subjective. It has been shown that 
estimation of survival in cancer patients may be 
correct only in 18%, and it is underestimated in 
43% of patients. Moreover, current decision- 
making in metastatic cancer patients needs to 
consider not only prognosis and survivorship but 
also quality of life and function [5].

From this statement, it is obvious that progno-
sis is a very important factor for the choice of 
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adequate surgery, and a multidisciplinary 
approach to bone metastases is therefore neces-
sary. In this contest, methods to estimate life 
expectancy in these patients should be used 
whenever possible [4].

When dealing with the patient affected by a 
long bone metastasis, there are three different 
type of surgery:

 1. “Radical” surgery: only in patient with a good 
prognosis. Patients with expected long sur-
vival that undergo en bloc/complete resection 
of the single bone metastasis and reconstruc-
tion with modular prosthesis, making the 
patient potentially disease free.

 2. “Adjuvant” surgery: in patients with a fair 
prognosis. This treatment consists in whole 
metastasis removing with debulking and sta-
bilization with nail or plate and cement which 
significantly decrease pain and reduce the risk 
of local recurrences

 3. “Palliative” surgery: in patients with a severe 
prognosis. In these patients with poor general 
conditions and short survival, there is usually 
consensus not to treat bone lesions, but sur-
gery is performed only to avoid complications 
due to bone metastases: i.e., to stabilize the 
bone before a fracture occurs or to decom-
press the spine before symptoms of spinal 
cord compression appear [2].

Surgery of bone metastasis should be (a) early 
and sometimes combined with other therapies to 
improve patient treatment and overall survival; 
(b) the most effective to avoid a second surgery 
(that often the patient cannot sustain); (c) planned 
with implants that last at least as long as the life 
expectancy of patient; (d) as simple as possible, 
to reduce the length of hospitalization; and (e) as 
aggressive as possible, to excise most of the bone 
lesion.

In this contest, surgical implants should be as 
solid and stable as possible to speed the func-
tional recovery even in the case of progression of 
the disease. They should be able to minimize 
surgical-related complications while being as 
long as possible to stabilize the whole bone to 
avoid a new pathologic fracture.

Surgical procedures for bone metastases are 
widely chosen from intramedullary nailing 
(IMN), endoprosthetic reconstruction (EPR), or 
plating and cementation [6].

In the last years, a reduction of about 10% is 
observed in the overall failure rate of endopros-
theses with an important reduction in the inci-
dence of failures for each anatomic location [7, 
8]. The improvement in patient survival has also 
resulted in patients presenting with mechanical 
failure of internal fixation strategies or tumor 
progression in the face of previous attempted sta-
bilization [1].

The major advantages of endoprostheses are 
the relatively simple and quick intraoperative 
assembly and their immediate mechanical stabil-
ity; this latter allows early weight bearing and 
functional recovery [9, 10], with effective and 
fast pain relief and longer implants survival [2, 
4]. However, the use of megaprostheses has some 
drawbacks, such as a high risk of complications 
and reduced functions of the limbs due to dam-
aged muscle attachments [2, 11]. Biologic tendi-
nous reattachment to the metallic prosthesis is 
not possible and usually results in loss of strength 
of hip abductors and of the extensor mechanism 
of the knee. Allograft-prosthesis composites, 
used in primary malignant tumor to combine the 
advantages of endoprostheses with the functional 
improvement resulting from biologic tendinous 
reattachment of the hip abductors and patellar 
tendon due to the allograft, cannot be used in 
bone metastases because of the long time neces-
sary for the allograft union and for the easy 
degeneration of the allograft after chemotherapy 
and radiotherapy [9].

Plate fixation can be acceptable only when the 
bone stock is adequate to secure screw fixation. 
Placing cement into the medullary canal gives 
more security to the fixation, but the potential 
progression of the lesions at the borders of the 
fixation must be considered. Plating, especially 
with long plates, accompanies a possibility to 
nerve injury at peculiar anatomical sites like in 
the distal humerus. Cement may also help as a 
local adjuvant for curettage of bone metastases 
with thermal damage, and it does not prevent 
bony healing, which might be an indirect sign 
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that endosteal healing is not disturbed by whole 
bone cementing.

Intramedullary nailing (IMN) can protect a 
long segment of bone, and it is a simple and quick 
procedure with minimal morbidity [12]. However, 
it has been criticized because of poorer function, 
because the nail is inserted through rotator cuff 
tendon or gluteal tendons.

IMN has some advantages over EPR, includ-
ing lower costs and less invasiveness [6]. IMN is 
convenient and effective for bone stabilization, 
and it is accompanied by good pain relief and 
early functional use of the extremity. Closed nail-
ing allows immediate delivery of radiotherapy 
without the risk of wound compromise. IMN is 
preferred over plating due to a less contamination 
of the soft tissue, greater rigidity of the construct, 
and less damage from disease progression, but 
there is not an agreement about the associated use 
of intramedullary cement. This technique allows 
for immediate weight bearing in lower limbs, 
improved postoperative stability, and has resulted 
in a significant decreased incidence of subse-
quent fracture and other complications. However, 
cement within the medullary cavity together with 
intramedullary nails is unnecessary due to the 
new modern intramedullary devices with more 
possibilities to lock the nail, especially in the 
non-weight-bearing bone as humerus. However, 
pain relief is more rapid and more efficient when 
cement is used. Restoring and preserving the 
function gives these patients dignity and pre-
serves the quality of life for the patients’ lifespan 
[12]. Because of the increased survival of patients 
with bone metastases, complications related to 
failure of tumor implants that required further 
surgery are more and more frequent.

Many studies have investigated the prognostic 
factors influencing patient survival following sur-
gical intervention for skeletal metastases, but lit-
tle attention has been given to the survival of the 
implants used for reconstruction following resec-
tion of these metastases [1].

Studies on tumor prostheses often involve a 
mixture of primary sarcomas and metastases or 
are focused on a particular anatomic region such 
as the proximal femur or humerus. There are few 
outcome studies on the use of modular tumor 

prostheses in the treatment of patients with long 
bone metastases with regards to survival of pros-
thesis [5].

While many investigators have reported the out-
comes of patients receiving primary metallic EPR 
for oncologic indications, few authors have specifi-
cally addressed the modes by which they fail [7].

Moreover, humeral implants have been less 
investigated compared to those of the femur; in 
fact, small numbers of patients limit most of the 
reports about surgical treatment of humeral 
metastases [8].

As more patients with skeletal metastases live 
longer, many implants are at risk for mechanical 
failure and for tumor progression in the face of 
previous stabilization. Treatment options avail-
able for failed cases have received some attention 
in the literature, but few papers describe the sub-
sequent course of these patients [4].

Complications are reported to be five to ten 
times higher when using mega-prostheses com-
pared to standard implants, and the overall revi-
sion rate in patients with megaprostheses of the 
hip is higher respect to primary total hip arthro-
plasty [7, 9, 13, 14].

Immunosuppressive therapy, extensile surgi-
cal dissections, longer operative time, and gen-
eral patient condition can help to explain this 
situation [10].

In the proximal femur, endoprosthesis sur-
vival rate approximates 88% after 1  year and 
after 5 years. In the proximal humerus, endopros-
thesis survival rate is 95% after 1 year and 76% 
after 5 years [5].

Some previous studies have demonstrated that 
in the EPR group, the rate of implant failure was 
lower, and overall patient survival was longer 
compared to the IMN group [3, 6]. However, the 
nail survival rate was 94.0% at 3  years; but it 
dropped to 62.8% at 50 months, and this device 
can be regarded as appropriate for a metastatic 
patient whose survival at 3 years is only 8.4% [6].

According to Forsberg et al., the use of EPR is 
useful as a salvage treatment, even at the end of 
life or in patients where operative time, blood 
loss, physiological insult, and rehabilitation 
requirements should be minimized. Surgeons 
should continue to balance the risk of periopera-
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tive complications with the benefits that are pred-
icated on each patient’s estimated life expectancy 
and functional goals [4].

19.2  Clinical Results

Rates of overall failure, range from 3.1 to 42% for 
the few patients with cancer who survive more than 
1 year [4, 5]. Different failure rates are reported in 
literature: 6.2% [15], 10.3% [16], 11% [14], 18.3% 
[5], 24% [7], and 29% [9, 10, 17]. In humeral 
reconstruction, a failure rate of 9% at a mean time 
of 8 months is reported in the Wedin series [8].

Time to failure is significantly related to the 
anatomic location and to the mode of failure for 
all locations. The mean overall time for all types 
of failure ranges from 31 to 47 months with the 
shortest mean time to failure (10.9  months) 
observed in the distal humeral replacements and 
the longest (53  months) observed in proximal 
humeral replacements. Intervals to failure were 
similar for proximal tibial and distal femoral 
replacements [7, 10].

Major risk factors for implant failure include:

 1. Preoperative radiotherapy. It is considered as 
an important risk factor for developing infec-
tions in immunodepressed patients with neo-
plastic disease, particularly after 
chemotherapy.

 2. Wide surgical approach and the size of metal 
implants. These produce a significant blood 
loss.

 3. Patient age. Usually older patients have a gen-
eral status compromised from other health 
problems.

 4. Prolonged surgical times and large soft tissue 
exposure. In oncologic resections these fre-
quently occur and a higher risk of contamina-
tion is very likely.

 5. High mechanical stresses on the prosthetic 
components. The loss of muscular insertions 
and the long lever arm create high bending 
stresses at the prosthesis-bone interface. This 
is considered a significant risk factor for the 
development of a mechanical failure.

 6. Soft tissue stripping and wide excision of nor-
mal adjacent muscle and bone. These predis-
pose to joint instability and dislocation.

 7. Constrained joint prosthesis design. This sub-
stantially increases the stress between the 
endoprosthesis and the cement or between the 
endoprosthesis and the bone, with a higher 
incidence of loosening.

 8. Tumor progression. This remains a persistent 
threat to endoprosthesis and limb survival [2, 
7, 9].

Laitinen identified three significant factors to 
predict failure following resection and recon-
struction: (a) previous radiotherapy combined 
with previous surgery, (b) intralesional excision, 
and (c) previous surgical intervention that is con-
sidered the most important [1]. According to 
Henrichs et al. [5], the most important risk factor 
for failure is the length of survival after opera-
tion, and this can explain the highest rate of reop-
eration and 60% of failures in breast cancer. 
Reoperations were more common in the intertro-
chanteric (40%) than in the subtrochanteric 
(33%) or in the cervical (27%) region.

Overall, the median survival in patients who 
underwent revision surgery was significantly 
higher compared with the one for patients not 
requiring further surgery [5, 16]. All the authors 
have reported a progressive reduction of the 
revision- free prosthetic survival rate with time:

 – 92.4% at 1 year, 84.4% at 2 years, falling to 
76.0% at 3 years [1]

 – 92% at 3 months, 90% at 1 year, and 86% at 
2 years [18]

 – 75.9% at 5 years and 66.2% at 10 years [9]
 – 94% after 1 year, 92% after 2 years, and 84% 

after 5 years [3]
 – 83.1% at 1 year, 73.9% at 5 years, and 47.5% 

at 8 years [5]
 – 68% at 5 years, 58% at 8 years [10]

In a literature review, Capanna reported an 
implant survival at 10 years ranging from 58 to 
77% for cemented megaprostheses and from 
58 to 70% for cementless megaprostheses [9]. 
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The failure rate of primary implants (32%) was 
more than that of revision implants (22%), and 
this was almost the same of that of oncologic 
implants (22.6%) [10]. Implant survival rates 
were 80–85 and 57% in the proximal femur 
respectively at 5 and 8 years, whereas 66–70 and 
58% in the distal femur and 49 and 36% in the 
proximal tibia [9, 10].

In Shehadeh series, the custom implants failed 
in 50% of the cases whereas modular implants in 
17%. A subsequent failure was more often 
observed in the first type of implants compared to 
the second ones (32 vs 23%) [17]. The failure 
rate of the proximal femoral replacements was 
16–20% at a median of 1.6 years, whereas that of 
the distal femoral replacements was 27–29.3% at 
a median of 1.3 years; the failure of the proximal 
tibial replacements was 34–42.8% at a median of 
1.8 years. When the distal femoral and proximal 
tibial replacement are combined together, the 
failure rate is very high and reaches 43%.

The failure rate of the proximal, total, distal 
humeral replacements was, respectively, 17%, 
19%, and 17% [7]. Survival of proximal humerus 
endoprostheses was 94.7% at 1 year and 75.8% at 
5 years [5].

In the proximal femur, independently from 
the site, the rate of reoperation for prosthetic 
implants is higher compared to the osteosynthe-
sis devices [16].

The prosthetic reconstruction outlives the 
metastatic patient in 92% of patients [5]. In the 
prosthetic group, the failure rate was higher in 
total arthroplasty (11%) compared to endopros-
theses replacement (8%) [16].

Patients with prostheses have shown a lower 
mechanical failure rate and a higher rate of 
implant survivorship when compared to those 
treated with fixation [3, 8].

The failure rate of arthroplasty is lower com-
pared to osteosynthesis both in the femur and in 
the humerus, being these, respectively, 6% vs 
10% [8, 15, 16]. Moreover, considering bone 
fixation, plating has an increased failure rate (22–
25%) compared to nailing (7–14%), which 
decreased when cement was used [8, 15, 16]. Any 
type of osteosynthesis has a 2-year risk of reop-

eration more than any type of endoprosthetic 
reconstruction: 35% vs 18%. Patients with pros-
theses have a rate of reoperation almost double 
(14 vs 8%) compared to those with reconstruc-
tion nails [16].

When the secondary reconstruction is consid-
ered, implant survival rates significantly decrease 
overtime: 82.6% at 1 year, 69.9% at 2 years, and 
62.1% at 3 years. In patients with a previous sur-
gical reconstruction, the rate of complications 
was 27%, compared to 13% for those who did not 
perform a revision surgery [1].

In Forsberg series, secondary failures were 
observed in 19% of patients, and a statistically 
significant difference was present among the 
secondary failures rate across treatment groups: 
EPR (7%), IMN, (45%), and plate (50%) [4]. 
Secondary failure occurred at a median time of 
10 months from the primary surgery. Material 
failure was the most common cause for reoper-
ation (88%), and the other was tumor progres-
sion (12%). Secondary failures occurred more 
frequently at the diaphysis (47%) followed by 
subtrochanteric (29%), peritrochanteric (12%), 
and distal femoral (12%) regions. In femoral 
metastases, the endoprosthetic reconstruction is 
more durable than other treatment methods, 
although few papers have reported the results of 
salvage treatment in this setting. Forsberg and 
Jacofsky pointed out the good durability of 
endoprosthetic reconstructions reporting 
85–90% implant survivor at 5  years with sal-
vage arthroplasty in their series [4, 19]. 
However, the timing of salvage surgery was 
relatively long for IMN compared to EPR, 
being, respectively, 12 vs 7 months. This makes 
IMN an acceptable alternative to EPR in 
selected patients with short life expectancies.

19.3  Failures Around Tumor 
Implants

According to the Dindo classification, all the frac-
tures and failures around tumor implants are 
Grade IIIB, complications requiring surgical revi-
sion under general anesthesia [4, 20]. According 
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to the classification system proposed by Henderson, 
failures are classified as mechanical or nonme-
chanical [7].

 1. Mechanical failures include those attributable 
to loss of normal function of the device and/or 
relationships between the device components 
and adjacent bone and soft tissue attachments. 
These are divided into three types:
Type 1: soft tissue failure, including instabil-

ity, tendon rupture, or aseptic wound 
dehiscence

Type 2: aseptic loosening with clinical and 
radiographic evidence of loosening

Type 3: structural failure, including peripros-
thetic or prosthetic fracture or deficient 
osseous supporting structure

According to etiology and treatment of 
the soft tissue modes of failure, type 1 is 
divided into:

Type 1A: dislocation
Type 1B: tendon rupture
Type 1C: aseptic wound dehiscence [9]
 2. Nonmechanical failures include conditions 

that necessitate device removal or revision 
that do not compromise the function of the 
device and its surrounding connective tissues. 
These are divided into two types:
Type 4: infection requiring removal of the 

device
Type 5: tumor progression with recurrence or 

progression of tumor and contamination of 
the device

In metastatic patients, bisphosphonates, 
besides having a synergic action with chemother-
apy, are useful to reduce skeletal-related events 
such as type 2, type 3, and type 5 failure [15].

19.3.1  Mechanical Failure

Mechanical failures account for approximately 
49–59% of all failures [7, 9, 17, 21]. Mechanical 
failure may occur through the implant itself, at 
the implant (or cement) bone interface, or through 
the bone (i.e., in a periprosthetic fracture); 

because under loading conditions, the stresses are 
transmitted through the device [21].

The type of failure is related to the anatomic 
site. The rate of failure is the lowest for proximal 
femoral replacement and the highest for com-
bined distal femoral-proximal tibial reconstruc-
tion. Endoprostheses located around the shoulder 
and the hip have the highest incidence of soft tis-
sue failures, whereas the aseptic loosening is the 
most common type of failure in the lower extrem-
ities, especially with hinged knee prosthesis [7].

19.3.1.1  Type 1
Type 1 failures present at an average time of 
26 months after surgery [22] and occur mostly at 
the proximal femur (33%) and at the proximal 
humerus (24%). These are associated with the 
shortest mean time to failure of 11–16  months. 
These were the 12% of all failures. Type 1 was the 
most common mode of failure with the absolute 
risk for all anatomic locations of 2.9% [7, 10]. 
However, in Laitinen series, type 1 failure 
occurred in only 1.1% of cases [1]. Failed primary 
endoprostheses requiring revision include type 1 
failures in approximately 10% of cases [10].

Type 1A: Dislocation (Fig. 19.1)
Dislocation of the prosthesis occurs at an average 
time of 18 months and ranges from 1.5 to 25% [3, 
7, 9, 14, 16, 18, 23]. Dislocations are 6% of all 
the complications and 8% of all the causes of 
revision. Only 18% of all dislocations require 
revision surgery [14].

In the study by Fakler et  al., patients with 
recurrent dislocations needed conversion from 
hemi- to total hip arthroplasty or revision of the 
acetabular cup up to 25% of cases [23]. The risk 
of reoperation for dislocation was 4% at 1 year 
and 8% at 2 years, with a probability for disloca-
tion free survival of 92% at 3  months, 91% at 
1 year, and 88% at 2 years [18].

In revision surgery or in the salvage setting, 
the dislocation rate is generally higher even in the 
nonmetastatic setting, and an accurate recon-
struction of the soft tissues around the prosthesis 
and adequate and careful aftercare treatment are 
mandatory [4, 9].
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Choices to Avoid Dislocation
According to Thambapillary and Wedin series, 
the rate of dislocation was markedly reduced 
when bipolar implants were used as to total prox-
imal femoral endoprosthesis arthroplasty (PFA), 
respectively, 4 vs 22% [14, 16]. The rate of dislo-
cation was three times higher in the total proxi-
mal femoral arthroplasty group compared to the 
bipolar group in Menendez series; the hemiar-
throplasty design was very useful in elderly met-
astatic patients with a life expectancy of less than 
5  years because it allowed to maintain a lot of 
soft tissues around the prosthesis providing a 
good stability and a faster functional recovery 
[24]. Another factor that provides stability is an 
appropriate abductor repair, that can be obtained 
in metastatic patients by maintaining the medium 

gluteus and the lateral vastus connected together 
in a unique wide muscular flap. Allograft- 
prosthesis composite, which should allow direct 
abductor repair to the femoral allograft, is not 
used in metastatic patient because of the degen-
eration of the graft after chemo- and/or radiother-
apy. Modular prostheses have shown good 
functional and long-lasting results, and the 
implants tend to outlive the patient [9]. Moreover, 
modular implants are more durable and cost- 
effective as to custom-made prostheses and are 
ready available on the shelf. Many authors have 
reported a limb salvage rate of over 97% and an 
implant survival rate at 5  years of 84% and of 
82% at 10  years by using a megaprosthesis. 
Cemented implants are preferred to uncemented 
prosthesis in metastatic patients. Total hip 

a b

c d

Fig. 19.1 Pathologic fracture in patients with bone 
metastases due to prostate cancer (a). Patient was treated 
with cemented endoprosthetic reconstruction (b). A dislo-

cation occurred at 4 months (c), and therefore patient was 
treated with wide resection and reconstruction with bipo-
lar endoprosthesis (d)
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replacement after bone resection is very similar 
to revision joint replacements. This surgery has a 
more duration and magnitude than primary total 
hip replacement, and so the rate of hip disloca-
tion is higher and closer to that observed in revi-
sion total hip replacement. When treating 
metastatic bone disease at the hip, hemiarthro-
plasty is preferred to total hip replacement 
because it reduces the risk of hip dislocation and 
the risk of early reoperation in some patients [3]. 
Conversion of bipolar hemiarthroplasty to total 
proximal femoral arthroplasty, frequently per-
formed in long-surviving patients (46%), due to 
later acetabular cartilage degeneration is rarely 
necessary in the bone metastases patient [3, 14].

Management of Dislocation
The majority of dislocations are treated by closed 
reduction, and these patients usually are fare very 
well [4, 11]. When the conservative treatment is 
not associated with good results and recurrent 
dislocation recurs, a revision of the prosthesis is 
mandatory. Usually, bipolar is changed to total 
hip arthroplasty combined with an artificial liga-
ment fixed to the sovracetabular region to main-
tain the prosthesis suspended and to stabilize the 
implant to reduce the dislocating moment. When 
dislocation occurs in arthroplasty, the cup and the 
head can be changed with a dual mobility cup 
and also a different offset is chosen. The risk of 
dislocation in patients with oncologic prostheses 
can be reduced fixing a Trevira’s mesh around the 
prosthesis and on the other side around the ace-
tabular ring with intraosseous stitches. These 
synthetic devices allow for a strong adhesion of 
the soft tissues on the prosthesis but carry a 
higher risk of late infections. Using regular or 
long-stemmed revision femoral components with 
preservation of the greater trochanter with 
improvement of the hip joint stability can explain 
the low failure rate. Preservation and repair of the 
hip capsule as well as applying a bipolar head 
whenever possible is recommended to improve 
safety and reduce the higher dislocation risk of 
proximal femoral replacements. If preservation 
of the capsule is not possible, attachment tubes 
for soft tissue reconstruction or tripolar cups 
might help in reducing the risk of dislocation. 

The dislocation must be prevented as more as 
possible in order to obtain a real advantage over 
intramedullary nailing in patients with expected 
longer survival [23].

Type 1B: Tendon Rupture
A tendon rupture occurs at an average time of 
58 months, in approximately 2.5% of patients. It 
occurs at the extensor apparatus at the knee when 
megaprostheses are implanted after tumor resec-
tion, but this complication can be observed only 
in metastatic patients with a long survival [9]. In 
6% a symptomatic patellofemoral impingement 
was treated with patellar replacement, debride-
ment, synovectomy, and hemiarthroplasty [25].

When an endoprosthesis was used in polyaxial 
joints such as proximal humeral and proximal 
femoral ones, soft tissue failures following pros-
thetic replacement account for 29% of all the fail-
ures, while hinge prostheses used for uniaxial 
joints like the elbow and knee have soft tissue 
failures in only 5.7% [7].

Management of Soft Tissue Failure
The use of LARS® ligament is a safe and effec-
tive choice to enhance prosthetic reconstructions, 
providing good muscles reattachment and 
improving joint stability after reconstruction fol-
lowing tumor resection. Combined with modular 
prosthetic reconstruction of the proximal tibia or 
proximal femur, Ligament Advanced 
Reinforcement System (LARS®) reconstruction 
of the knee extensor apparatus or strengthening 
of the gluteus muscles is often necessary.

LARS® can be available as a band or a tube 
with similar functional results. Extensor mecha-
nism reconstruction by LARS® shows good func-
tion and satisfactory implant survival after 
primary reconstruction of the extensor mecha-
nism after proximal tibia resection. The same 
results have been obtained after excision of the 
gluteus muscles in proximal femur resection. The 
median survival of LARS® implanted primarily 
was better than in the case of secondary implan-
tation. An extremely low risk of mechanical rup-
ture or infection of LARS® was reported in the 
literature, and the estimated 5-year survival of 
this device was 92% [26, 27].
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Type 1C: Aseptic Wound Dehiscence
Aseptic wound dehiscence occurs earlier at an 
average time of 6 months after surgery and ranges 
from 2 to 23% of patients [2, 5, 9, 28].

Management of the Aseptic Wound 
Dehiscence
Sometimes wound infections solve by intrave-
nous antibiotic therapy without surgical interven-
tion (4.5%), but more often (57%) they needed 
operative wound revision without prosthetic 
replacement [2, 7, 12, 25]. In Capanna series [9], 
type 1C complications often required surgical 
debridement (10%), and it was combined with a 
plastic surgery procedure in 30% of cases. 
Operative wound revision consists of clearing 
from the granulation tissue, irrigating with a dis-
infectant solution, and sometimes with local ther-
apy implanting sponge containing antibiotic. 
Usually, intraoperative evaluations are culture- 
negative, and the wounds heal without further 
complications [2].

Resection of musculoskeletal tumors may 
result in large soft tissue defects that cannot be 
closed primarily and require prolonged dressing 
changes and complex surgical interventions for 
wound coverage. The use of vacuum-assisted 
wound closure facilitates wound healing and pri-
mary wound closure in patients who have large 
soft tissue defects after resection of a musculo-
skeletal tumor. This system causes a reduction of 
the defect in size with a viable granulation tissue 
extended for 25% of the surface. This allows pri-
mary closure in 30% of cases, primary closure 
with skin grafting in 61%, and healing by sec-
ondary intention in 9% of patients [29].

19.3.1.2  Type 2: Aseptic Loosening
In patients with tumor prostheses, the rate of 
aseptic loosening reported in literature is very 
different, being 1% [2], 3% [9], 5% [10], 7% [5], 
17% [14], 19% [7], and 23% [13].

By a literature revision, aseptic loosening:

 1. Appears later. It occurs at an average time 
ranging from 35  months to 76  months, and 
therefore it is rarely observed in metastatic 
patients [7, 9, 10].

 2. Is more frequent in cementless implants 
(2–15%) whereas only 0–8% in cemented 
prostheses.

 3. Is less common in rotating hinge system at the 
knee [9].

 4. Is more frequent in prostheses implanted in 
hinged joints than in polyaxial articulations [7].

 5. Is more common in lower extremity prosthe-
ses compared to all upper extremity 
prostheses.

 6. Is more frequent in revision reconstructions 
(6%) compared to primary implants (4%) but 
after a longer time (3 vs 2.6 years) [10].

 7. Is more common in oncologic prostheses than 
in total arthroplasty for osteoarthritis [28].

Management of Aseptic Loosening
Many cases of aseptic loosening have asymptom-
atic radiographic findings, and therefore these do 
not require revision surgery. Conversely, in the 
case of radiographic signs and symptoms of 
instability as severe load-related pain, a prosthe-
sis replacement is mandatory [2, 5, 21].

19.3.1.3  Type 3: Structural Failure 
(Fig. 19.2)

(a) Prosthesis Breakage and (b) Periprosthetic 
Fracture.

The main classification systems used for peri-
prosthetic fractures, the Vancouver for the proxi-
mal femur and the Rorabeck for the distal femur, 
take into account three parameters: site of the 
fracture, stem stability, and bone quality. 
However, these are not much useful in endopros-
thesis fractures after bone tumor removal because 
of the different biomechanics of the implants, for 
lack of consideration of the cause of the fracture, 
and for the lack of the evaluation of the func-
tional status of the patient. Healey highlighted 
the need for a new classification for fractures in 
megaprostheses [30]. Moreover, Gebhart and 
Shumelinsky suggested to divide fractures basing 
on fracture location, status of the bone, and pros-
thetic stem interface [31]. Wright and Colfield 
described a classification of periprosthetic frac-
tures to guide the treatment of the humerus 
 fracture in standard shoulder replacement [32]. In 
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this system, fractures are classified into three dif-
ferent types according to fracture level in relation 
to the stem: type A, fracture located at the tip and 
extending more than 1/3 of the length of the stem; 
type B, fractures centered at the tip, but with 
extension less than 1/3 of the length of the stem; 
and type C, located distal to the tip, with exten-
sion to the distal humeral metaphysis. In 1999, 
Worlan published a classification also taking into 
consideration the stability of the implant and sug-
gested a different treatment accordingly [33, 34]. 
The unified classification system for peripros-
thetic fractures is more frequently used [35].

Type A is a fracture of an apophysis or protu-
berance of bone.

Type B involves the bed supporting or adja-
cent to an implant (B1, the implant is still well 
fixed; B2, the implant is loose; B3, the implant is 
loose and the bone bed is of poor quality).

Type C involves a fracture which is in the 
bone containing the implant but distant from the 
bed of the implant.

Type D is a fracture affecting one bone which 
supports two replacements.

Type E involves two bones supporting one 
replacement.

Type F is a fracture involving a joint surface 
which is not resurfaced or replaced but is directly 
articulating with an implant [21].

Type 3 failures occur from 7.1 to 17% of the 
implants [1, 7, 9]. It occurs at an average time of 
50 months from the first surgery and more fre-
quently occurs at the distal humerus 33% and dis-
tal femur 23%, whereas it is lower for proximal 
humeral and total femoral replacements [7, 9].

Prosthesis Breakage
Breakage of the prosthesis accounted for 22% of 
all failures and for 72% of all type 3 failures in 
Capanna study [9], whereas it is observed in 20% 
of cases in Wedin series [16]. In the literature, the 
average incidence of prosthetic component 
breakage was 4.5%, ranging between 0 and 7.7% 
[25] without significant differences among differ-
ent sites [9].

In Tanaka and Fakler studies, 4% and 17% of 
intramedullary nails broke through their proxi-
mal parts at a mean time, respectively, of 21 and 
4 months [6, 23]. Pattern of breakage at the proxi-
mal part of the IM rod was similar in all patients 
and fracture occurred in the subtrochanteric area. 
In the rare cases where acetabular fractures 
occurred after falling down of the patient, an 
arthroplasty was implanted [2].

Periprosthetic Fracture
Periprosthetic fractures around standard hip and 
knee replacements have been widely studied, 

a db c

Fig. 19.2 Pathologic fracture in femoral metastasis due 
to breast cancer (a). Patient was treated with preventive 
locked nail and radiotherapy (b). At 8  months, a nail 

breaking occurred (c), and a resection of the proximal 
femur and reconstruction with a modular prosthesis was 
necessary (d)
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and their management is now fairly routine, 
whereas few papers have reported the treatment 
of periprosthetic fractures around tumor endo-
prostheses [21].

Periprosthetic fractures at the lower limb 
ranges from 1 to 22%, whereas these are rare at 
the upper limbs, ranging from 0.5 to 3% in shoul-
der hemiarthroplasty [33].

A periprosthetic fracture is 6–7% of all fail-
ures and 18% of all type 3 failures [9, 16, 25]. In 
Thambapillary series, periprosthetic fractures 
occurred in 3% of all the revised patients, and 
50% of these were treated surgically [14]. In 
Wedin study, endoprosthetic replacements 
showed a periprosthetic fracture rate of 3.7% 
which is comparable with that of periprosthetic 
non-pathological fractures after revision surgery 
(2.4%) [16]. A fracture was more frequent (19%) 
in implant without cement than in those with 
cement (11%).

In Barut series, 66% of fractures occurred 
after the first prosthesis implantation, 22% after 
the first revision, 6% after the second one, and 
6% after the third revision surgery [21]. The 
median time between implantation of the last 
prosthesis and the occurrence of the fracture 
approximated 38  months. Ninety per cent of 
patients reported falling from height, while 10% 
had stress fractures. According to the UCS clas-
sification, these fractures were classified as B1 in 
11%, B2 in 6%, C in 67%, and F in 16% of cases. 
Half of fractures occurred on the side of the 
resected bone, 33% on the opposite side, and 
17% at the patella. Periprosthetic fractures 
around tumor endoprostheses are different from 
that around standard implants, being the former 
more frequently type C, whereas the latter are 
type B [21, 33].

The revision rates for all patients for any rea-
son after surgery for fractures were 27% at 
5 years and 55% at 10 years, respectively, and 
these rates increase to 32 and 67% for operated 
patients. The cumulative probability of revision 
only for mechanical reasons after surgery of the 
periprosthetic fracture was 8% at 5  years and 
20% at 10  years. The median time from the 

treatment of the fracture for mechanical reason 
to the revision was 76 months [21].

In Henrichs study, 4% of patients had a peri-
prosthetic fracture at 2.5  years after implanta-
tion of proximal humerus endoprosthesis [5]. In 
the humerus, failures were more frequent in 
complete fractures compared to patients treated 
for impending fractures (11% vs 4%), and non-
union and stress fracture were, respectively, 
35% and 20% of all failures. This may suggest 
that prophylactic surgery is useful to decrease 
the incidence of fracture and so the reoperation 
rate [8].

The use of cement as a fixation material did 
not prevent the fracture from healing, and it is 
associated to better functional results at 6 months. 
However, after 6  months, the functional scores 
did not differ anymore [12].

Management of Periprosthetic Tumor 
Fractures
After infection and aseptic loosening, peripros-
thetic fracture is the third most common compli-
cation leading to revision. Often in literature, 
fracture rates are included in a long series of pos-
sible complications without the report of peri-
prosthetic fractures alone and with no detailed 
treatment recommendations. Moreover, there is 
currently no consensus about which should be 
the standard management for periprosthetic frac-
tures in this patients’ population.

Intramedullary nailing has a higher rate of 
complications requiring reoperation (26%) than 
endoprosthesic replacement in the treatment of 
pathologic fractures at the proximal femur (18%) 
[11]. The rate of fracture union is considerably 
less than 50% for breast and renal carcinoma or 
even absent for lung carcinoma. Patients treated 
with intramedullary nails have a significantly 
higher complication rate in actual pathologic frac-
tures than in impending fractures. Postoperative 
radiotherapy on impending fractures may cause 
a pathologic fracture in only 13% because 
weight bearing induces stress to osteosynthetic 
devices and the risk of failure is conspicuously 
lower [23].
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When intramedullary nail breakage occurs, 
conversion to a tumor prosthesis is preferred even 
if this procedure has a more risk of infection [6, 
23, 25].

When periprosthetic fractures are combined 
with tumor progression or infection, treatment 
options should be those related to these more sig-
nificant complications [33].

Surgical options usually include fixation with 
a plate or, more rarely, with intramedullary nail, 
in combination with adjuvants such as bone 
cement, or revision with conventional endopros-
theses or modular tumor endoprostheses [5].

In tumor patients, many biomechanical factors 
including stress shielding, poor bone quality, 
fibrosis, thinning of the cortical bone, and subse-
quent bone reabsorption at the interface between 
the bone or cement and the prosthetic stem 
increase the risk of fracture. Other factors are the 
absence of osteointegration at the bone-implant 
interface, bone devascularization after reaming 
and cement heating, the lack of hypertrophy of 
the loaded bone, and the increase of stress bypass 
of the host bone around a stiff intramedullary 
stem.

The quality and quantity of bone stock, as well 
as the quality of soft tissues, should be carefully 
evaluated before planning the management of 
periprosthetic fractures around tumor endopros-
theses. Bone stock may be scarce, bone quality 
may be deteriorated after radiation therapy, and 
the soft tissues have sometimes been severely 
traumatized. The treatment of periprosthetic frac-
tures may be nonsurgical or surgical with conser-
vative or revision options [33]. Fracture healing 
with no surgical treatment can be possible in 11% 
of cases and only in fractures that occur in periph-
eral sites like the ankle [21]. The treatment of 
periprosthetic fractures around tumor endopros-
theses may be different from that of conventional 
joint replacements due to patient’s general condi-
tions and implant characteristics. Surgery is more 
aggressive in patients with bone tumor than in 
those with conventional joint disease. Moreover, 
metastatic patients often cannot undergo another 
surgery due to progression of the disease. In 
tumor megaprostheses, the bone available for 

fixation is often limited, and a high rate of com-
plications is frequently observed after revision 
surgery [21].

Based on the timing, periprosthetic fractures 
should be considered as fractures occurred dur-
ing the surgery or as late complications, and each 
requires a different surgical approach. 
Intraoperative fractures can result from a techni-
cal error, whereas early or late postoperative frac-
tures may be related to trauma or being combined 
with loosening, infection, or disease progression. 
An eccentric reaming and cortical perforation of 
the shaft increase the risk of an intraoperative 
periprosthetic fracture. Moreover, cementless 
stem, revision surgery, and potential mismatch 
between the bow of the femur and the bow of the 
stem, which is accentuated when a long revision 
stem is used, should be avoided. When an intra-
operative fracture occurs, it can be treated by a 
plate or with a bigger size and longer cemented 
prosthesis. Rarely, in not dislocated postopera-
tive fractures, a spontaneous healing can be 
obtained, after cast immobilization and weight- 
bearing proscription. When a patient has a poor 
performance status, a limited life expectancy, or 
severe comorbidities, no surgery is indicated. If 
the periprosthetic fracture is combined with stem 
breakage or with stem mobilization, revision of 
the implant with another prosthesis is mandatory. 
However, when the prosthesis remains stable, 
plate and wiring/screw fixation or cast immobili-
zation is useful to fracture healing, but often 
these procedures could not be indicated in meta-
static patients because of the low rate of bone 
healing, the high risk of postoperative infection, 
and the potential complications.

The optimal option would be a less invasive 
surgical procedure, above all in patients with 
poor prognosis and in those with low functional 
requests. In some cases, surgical difficulty is 
due to the lack of bone of good quality for a 
stable fixation when a long resection is per-
formed and when the fracture is distal to the 
stem; therefore, in some cases arthrodesis is 
still an option, mainly at the knee, because of 
their acceptable impact on the segmental func-
tion. When a plate is used for a periprosthetic 
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fracture fixation, with monocortical screws at 
the level of the stem and bicortical screws in 
bone segments at the extremity of the stem, it 
can provide adequate resistance to stresses and 
allow fracture healing [33].

Management of Fractures at the Upper Limb
Most of the fractures at the upper limbs are 
intraoperative, and these represent the 20% of 
all the complications associated with shoulder 
arthroplasty. Shoulder prosthetic implants after 
bone tumor resection are less frequent, and peri-
prosthetic fractures are even more rare. If the 
length of the stem bridges the fracture, and the 
tip of the prosthesis extends beyond the most 
distal fracture site, the prosthesis is stable, and 
cast immobilization is often sufficient to heal. 
Sometimes an open anatomic reduction and 
internal fixation can be performed using wires, 
screw fixation, or angular stable plating that 
gives excellent results using a monocortical fix-
ation at the stem region to obtain stability of the 
fracture site. On the contrary, revision prosthe-
sis with bigger and longer stem is necessary. 
When glenoid bone stock is preserved, even 
with pre-existent rotator cuff dysfunction, a 
revision shoulder reverse arthroplasty can 
improve the function of the shoulder.

Patients with distal humeral fractures have 
more risk of failure of the fixation device or the 
prosthetic implant. According to Wedin et al. [8], 
plating of the distal humeral fractures have a high 
rate of failure, and therefore a modular tumor 
prosthesis might be a better choice in carefully 
selected patients. In Bickels series, a reoperation/
revision rate of 9% was observed after the surgi-
cal resection of humeral metastases [36]. The 
humerus is a non-weight-bearing bone and com-
pared to a weight-bearing bone, such as the 
femur, the rate of failure should be lower; how-
ever, the distal humerus shows poor results with a 
failure rate of 33%. The plate failures are caused 
by stress fractures, poor initial fixation, and non-
union. The overall rate of reoperation averages 
6% in the prosthetic and 10% in the osteosynthe-
sis group. A reoperation rate of 17% has been 
observed in the modular tumor prostheses. The 

indication for this type of prosthesis was a proxi-
mal diaphyseal or metaphyseal lesion with sig-
nificant cortical destruction not amenable by 
osteosynthesis [8]. Nailing and plating are the 
most frequent methods used to treat diaphyseal 
fractures, due to the lower rate of secondary fail-
ure, respectively, 7% vs 22% [8]. Many authors 
prefer to treat pathologic fractures with plate or 
nail and cement. Bone cement is used in 83% of 
plate fixations, but only in 30% of cases with 
nails. According to the Wedin et al. [8], by using 
nail and cement, the failure rate of diaphyseal 
fractures is 6% compared to 3% in patients with 
nailing alone.

However, there is not an agreement on cement 
using combined to nail due to the different results 
about pain relief, functional outcome, and rate of 
complications in patients with bone metastasis.

19.3.2  Nonmechanical Failure

Nonmechanical failures rate range from 41 to 
51% [7, 9].

19.3.2.1  Type 4: Infection (Fig. 19.3)
The absolute risk of type 4 failure for all ana-
tomic locations approximates 8.4% [7]. Infections 
are 5% of all complications and 17% of all causes 
of revision [14].

Infection remains the most common type of 
failure for endoprostheses and has a significant 
effect on the ultimate patient outcome. The infec-
tion rate of primary endoprostheses is reported 
from 2 to 20% and increases to 43% after revi-
sion surgery [1, 3, 9, 16, 18, 23, 37]. In oncologic 
patients, the risk of infection is increased due to 
the length of procedures, extensive surgical dis-
sections, limited soft tissue coverage, and 
immune compromising treatments [10]. 
Furthermore, the high mortality of the patients 
also reduces the probability that a late infection 
with low virulent bacteria would become a clini-
cal problem [3].

Different revision rates are reported in litera-
ture to control infection: 23% [1], 37% [14], 38% 
[17], 67% [5], and 89% [9]. At the same way, dif-
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ferent percentages of secondary amputations are 
reported: 10% [9], 25% [18], and 75% [1].

In patients with previous surgery, the incidence 
of infection was higher compared to those under-
going primary prosthetic implants [1, 13, 17].

According to Henderson et al., proximal tibia 
was the most frequent side of type 4 failure 
(45%), whereas proximal femur the most rare 
(only 18%). These data were confirmed by Kostuj 
but not by Capanna, who found that proximal 
femur was the less common side of type 4 failure, 
whereas the most frequent site for infection was 
the distal femur (14%) [9, 13].

The same rate of infection was observed in 
cemented and cementless stems, whereas infec-
tion rate in non-silver-coated prostheses (13%) 
was higher than that in silver-coated prostheses 
(4%) [5, 9]. In Hardes study, the infection rate 
was substantially reduced from 17.6% in the tita-
nium to 5.9% in the silver group [38]. In the tita-
nium group, 38.5% of patients had to undergo 
amputation due to persistent infection, whereas 
in patients with silver-coated prosthesis amputa-
tion was not necessary. Therefore, the use of 
silver- coated prostheses can reduce the infection 
rate in the medium term, and less aggressive 
treatment of infection are necessary in these 

patients [38] However, Kostuj reported silver- 
coated implants had a more incidence of infec-
tion (83%) compared to titanium implants (20%) 
and chrome-cobalt implants (15%) [13].

Type 4 failures occurred significantly more 
often in hinged prostheses than in polyaxial pros-
theses [7].

The time of occurrence of infection ranged 
from 1 to 70 months with different mean time: 
3 months [18], 16 months [9, 37], and 47 months 
[7]; 47% of septic complications occurred after 
1 year from surgery [9].

The causative microorganisms found in the 
tissue cultures were coagulase-negative staphy-
lococci (60%), S. aureus (20%), Enterococcus 
species (13%), Pseudomonas aeruginosa (6%), 
Actinobacter baumanii (3%), Proteus mirabilis 
(3%), and Streptococcus pyogenes (3%). In 20% 
of patients, a polymicrobial infection was found. 
An acute infection was present in 80% of 
patients and a low-grade infection in 20%. A 
sinus tract communicating with the prosthesis 
was present in 20% of patients. Prior infection 
and wound disorders are considered significant 
risk factors for deep infection, and in 33% of 
patients, the soft tissue situation was classified 
as poor [7, 13].

a b c d e

Fig. 19.3 Humeral metastases due to kidney cancer (a, 
b). Patient was treated with resection and modular pros-
thesis (c), but at 3 months an infection occurred. Patient 
was treated with replacement of the prosthetic body with 
a cement spacer combined with antibiotic therapy (d). 

After 3 months Cement and stem of the prosthesis were 
removed and a new cement spacer with rod was implanted 
because infection values were high again (e). When infec-
tion values returned normal, a new modular prosthesis 
was implanted
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Management of Infections
Infection is the most common complication in 
tumor prostheses. Although infection is a severe 
complication, which may not only require further 
revision surgery, prolonged hospitalization, anti-
biotic treatment, and rehabilitation, but also 
exposes patient to significant further risks such as 
amputation or compromised overall survival due 
to interference with radio- or chemotherapy.

Superficial and low-grade perioperative infec-
tions can be treated conservatively with antibiotic 
suppression, and local delivery of antibiotics is 
important to mitigate the risk of infection in these 
patients [4].

However, treatment of deep infections is 
often difficult and time consuming, with a high 
rate of reoperations. Repeated reoperations and 
intravenous antibiotic treatment are unable to 
adequately treat these infections, so that second-
ary amputation often remain the only solutions 
available, with a rate ranging from 19 to 46% of 
cases [28, 37]. Furthermore, when acute poly-
microbial infection occurs, additional surgical 
intervention is necessary, and when application 
of chemotherapy and radiation therapy is per-
formed a higher risk of failed limb salvage is 
observed [37].

When an early infection occurs due to super-
infected seroma or hematoma, debridement with 
prosthesis retention and one-stage reimplantation 
without the changing of stems combined with 
adequate antibiotic therapy for any months can 
be successful [28].

In a late low-grade infection, an intravenous 
antibiotic therapy can avoid a revision surgery, 
but if inflammatory parameters rise, prosthesis 
removal and cement spacer implantation should 
be done [14, 37].

One-stage revision surgery cannot be recom-
mended when late high-grade infection appears 
because one-stage revision is useful only from 
the first days after the onset of symptoms to first 
month. When a late high-grade infection occurs, 
a two-stage revision with reimplanation of the 
prosthesis should be intended [14, 37].

If this procedure is not possible, only an 
arthrodesis or an amputation can be performed. 
The most important factor to make possible a 

limb salvage surgery is the soft tissue condition 
to allow a sufficient coverage; otherwise, the risk 
of reinfection is increased, and an amputation is 
mandatory. A prosthesis reimplantation can be 
suggested at a minimum of 4–6  weeks after 
inflammatory parameters remain normal. During 
adjuvant chemotherapy, a reimplantation should 
be avoided because of a higher risk of reinfection 
in the immuno-compromised patient.

All the procedures useful to prevent infection 
should be applied to avoid these difficult surgical 
treatments. Prevention of this complication is of 
particular importance for patients undergoing 
tumor resection and endoprosthetic replacement 
for impending or pathologic fractures secondary 
to metastatic bone disease, to preserve mobility 
and independence for the longest time possible, 
and to spare them the drastic reduction in quality 
of life, invariably associated with prosthetic 
infection. Though the high infection rates (25%), 
the higher reinfection rates (43%), and the high 
incidence of amputation (35%), most experts in 
musculoskeletal infectious diseases considered 
excessively long perioperative antibiotic prophy-
laxis as an error even if certain conditions clearly 
benefit from pre-emptive therapy with adminis-
tration of antibiotics over several days. Therefore, 
standard guidelines for routine antibiotic prophy-
laxis should not be applied by most orthopedic 
oncologists to metastatic patients undergoing 
limb-preserving surgery [18, 39].

After a two-stage revision, an amputation due 
to a reinfection occurs in 10% [9], 17% [28], and 
27% [13], but in Shehade series, this can be 
observed up to 66% of cases [17]. When a pros-
thesis is used in failed internal fixation, infection 
rate increases to 10% [19] or 15% [1]. In this 
group of patients, amputation after infection 
reaches up to 75% [1]. In 46.7% of cases with 
deep infections, a recurrent or persisting infec-
tion was observed. The recurrent infections were 
observed from 21 to 49  months after the two- 
stage revisions [13].

19.3.2.2  Type 5: Tumor Progression
According to the classification by Alvi and 
Damron [15], the progression of the disease is 
divided into:
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Type I: local progression of the originally identi-
fied main lesion (Fig. 19.4)

Type II: local progression of originally identified, 
discretely separate lesions (lesions that were 
not the primary source of concern)

Type III: occurrence of an entirely new, previ-
ously unrecognized lesion (Fig. 19.5)

Type 5 failure due to disease progression has a 
different rate according different types of series 
reported in literature: 3.7% [1]. 5% [9], 5% [8]. 6% 
[2]. 7% [10]. 8% [14]. 11% [15]. 11% [5]. 17% [7]. 
and 20% [16].

Tumor progression failure is more frequent in 
distal humerus (33%) and proximal femur (25%) 

replacement, whereas it is less common in total 
femoral replacement (2.6%). The absolute risks 
of failure for all anatomic locations approximates 
4.3% [7].

The time of local relapse is different in 
reported studies and ranges from 9 to 46 months 
[7, 9, 16].

In 13% of cases, the disease progression 
occurs at the femur and in 4% at the humerus. 
72% were type I and occurred at a mean 
10 months: 18%, all with myeloma, were type II 
and occurred at a mean time of 20 months. Only 
9% of patients experienced type III progression 
at 24 months after surgery [15].

a b c d

Fig. 19.4 Pathologic 
fracture of the femur in 
patient with metastasis 
due to breast cancer (a). 
Patient was treated with 
curettage and cement, and 
femur was stabilized with 
locked nail (b). A local 

progression of the disease 
occurred at 6  months in 
spite of systemic therapy 
(c). Patient was treated 
with wide resection of the 
femur and reconstruction 
with diaphyseal prosthesis 
(d)
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Tumor progression failures occurred more 
often after primary tumor resection (4.7%) than 
after treatment of metastatic disease (2.2%). 
This significant difference in tumor progres-
sion failures is likely due to the relatively 

shorter survival of the patients with metastatic 
disease.

There were no significant differences in tumor 
progression when the joint type or extremity 

a b c

d e f

g h

Fig. 19.5 Pathologic fracture in bone metastasis due to 
kidney cancer (a). MRI showed the lesion in the right 
femur and a second lesion in the trochanteric area of the 
left femur (b). In a first time, patient was treated with wide 
resection and reconstruction of the right femur with mod-
ular prosthesis and in a second time with curettage and 
plate with cement in the left femur (c). However, after 

3  months, a pathologic fracture and loosening of the 
implant due to disease progression occurred (d). Patient 
was treated with another wide resection and prosthesis (e). 
At 6 months, a new bone metastasis of the left distal femur 
and proximal tibia was observed at x-rays and CT-scan (f, 
g). Patient was treated with a resection of the knee and 
reconstruction with prosthetic arthrodesis (h)

19 Management of Fractures and Failures Around Tumor Implants



208

were considered, and between cemented and 
non-cemented endoprostheses.

Disease progression is the most frequent cause 
of an amputation in metastatic patients. Therefore, 
all possible recommendations to prevent disease 
progression in various anatomic sites should be 
realized [7].

In Henrichs study, the incidence of local recur-
rence was more frequent in metastases from renal 
cell carcinoma [5]. Obviously, the mean survival 
rate is lower in patients with local recurrence 
(22  months) compared to those without disease 
progression (37 months). Resection of metastases 
and reconstruction with modular tumor endopros-
theses allows better oncological and functional 
outcomes in selected patients, whereas an incom-
plete or absent excision of metastatic lesions is 
associated with inadequate relief of pain and 
higher rates of local tumor progression [2, 5].

A resection of long bone metastases and 
replacement is suggested for large destructive 
solitary metastases when primary cancer type 
responds to treatment and is excised with a cura-
tive intent [5]. In Henrichs series, modular tumor 
endoprostheses were a successful option also in 
patients with multiple metastases [5], seen the 
high survival rate observed even in patients with 
multiple metastases (28  months for early-onset 
multiple metastases, 39  months for late-onset 
multiple metastases in patients with a good prog-
nosis). Patients with late single metastasis have 
the best survival: 91% at 1  year, and 29% at 
5  years. In these cases, a curative surgical 
approach is indicated, and in 92% of the meta-
static patients, the reconstruction outlives the 
patient. After a wide resection, the recurrence 
rate was 13.6%, and after marginal or intrale-
sional resection it was 33.3%. Mean event-free 
survival in solitary metastasis with wide resection 
was 41.0  months, and after intralesional resec-
tion, it was 29.2 months. However, Henrichs did 
not observe a statistically significant difference 
in survival between wide and marginal resec-
tions, even though it was suggested that tumor-
wide resection could increase the survival [5]. In 
type 5 failures, a second operation is necessary 

in 22% of cases; in 13%, tumor progression 
occurred in patients with previous surgical inter-
ventions [5, 14] with the need for component 
revision in 25%, and major revision in 50% of 
the patients [1].

Management of Disease Progression
The oncologic consultation is important to con-
sider chemotherapy, hormonal treatment, antian-
giogenic agents, and immunotherapy when 
appropriate. Bisphosphonates also should be 
considered for those patients that have the indica-
tions [5, 15].

Usually, preoperative radiotherapy has a nega-
tive effect when a subsequent reconstruction is 
performed in those patients that already had sur-
gery. The appropriate therapy in those with previ-
ous instrumentation and radiotherapy therefore 
remains unclear, and so the use of postoperative 
radiotherapy is often reduced even if in other 
series it showed to reduce the hardware failure 
rate and reoperation, probably by limiting the 
disease progression [1, 15]. However, more often 
disease progression occurs despite perioperative 
radiotherapy to the implanted region in meta-
static patients.

A short instrumentation in the affected long 
bone would be difficult to recommend owing to 
disease progression. However, the most frequent 
disease progression is due to the extension of the 
main initial lesion and not to another distant new 
bone metastasis, even though a prophylactic sta-
bilization of the entire bone with longer than 
standard implants can be indicated due to the 
high disease progression rate (11%), with 6% of 
implant revision. A resection and prosthetic 
reconstruction is preferred more commonly in 
kidney and myeloma bone lesions to avoid type 5 
failure that frequently occurs in these histotypes 
[15].

Due to contamination of canal after nailing of 
bone metastases, tumor progression is more fre-
quent because of intralesional surgery. Revision 
reconstruction due to tumoral progression should 
be considered a palliative intervention aimed at 
pain relief or preservation of function when 
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another type of fixation is performed or a curative 
surgery aimed at tumor excision when a pros-
thetic reconstruction is performed [1].

In Lee series, patients treated with arthro-
plasty for proximal femoral metastases showed a 
lower rate of surgical revision for disease pro-
gression (3%) compared to intramedullary nail 
fixation (41%) [40]. Therefore, patients who 
undergo intralesional surgery are at high risk of 
reoperation for type 5 failure.

Type I progression could be treated with 
internal fixation or arthroplasty, whereas type II 
progression could be treated initially by using 
appropriately sized longer devices based on pre-
operative templating, designed to cover the 
affected areas without necessarily protecting the 
entire bone or by routine prophylactic protection 
of the entire bone. Finally, type III progression 
could be treated adequately by longer fixation 
implants stabilizing the entire bone or by modu-
lar megaprostheses with long stems [15].

In the study by Alvi et al., 54% of the patients 
underwent reoperation: 36% in type I, 9% in type 
II, and 9% in type III progression [15].

Sometimes, a massive local recurrence of the 
neoplasm occurs early, and no surgery can be 
performed because of the bad performance status 
of the patient. Other patients could be referred for 
palliation radiotherapy, which temporarily results 
in a disease stabilization confirmed by the radio-
logical examination [2].

 Conclusions
The determination of the cause of failure is the 
key to address the strategy of patient manage-
ment. Prostheses dislocation can be treated 
conservatively, but usually a revision of the 
prosthesis is necessary. Soft tissue defect can 
be reinforced with Lars or Trevira’s mesh. 
Surgical wound dehiscence usually recovers 
with medications and antibiotic therapy, and 
sometimes a VAC therapy is necessary for a 
secondary closure. In all symptomatic asepting 
loosenings, a revision of the prosthesis is man-
datory. Osteosynthesis and endoprosthetic 
reconstruction are equally safe methods to treat 

fractures around the implants. Patient survival 
is not influenced by type of surgery or choice of 
implant. Patients with good performance status 
and with preoperatively ambulatory capacity 
might benefit from primary endoprosthetic 
reconstruction due to longer implant durability. 
Infection is the most common cause of peri-
prosthetic implant failure. In these patients, a 
two-staged procedure with antibiotic-coated 
spacer insertion and prolonged IV antibiotic 
therapy is recommended. Once the infection is 
resolved, a bigger megaprosthesis, with or 
without silver coating, can be implanted, or 
alternatively an arthrodesis can be performed.

If tumor recurrence/progression is the 
cause of the implant failure, the assessment of 
the operability and the estimation of the sur-
vival are crucial to determine the strategy of 
treatment. If the patient can undergo surgery, 
another megaprosthesis should be used; if it is 
possible or alternatively, joint arthrodesis is 
another option. Amputation should be taken 
into consideration only when the above-men-
tioned techniques cannot be used.
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Stop, Think, Stage, Then Act
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Abstract
The treatment of pathologic fractures should 
be the final stage of a concise pathway includ-
ing diagnostics, imaging, and survival predic-
tion. If the treatment of a pathologic fracture is 
rushed, this can lead to severe and needless 
complications. Several important pitfalls 
should be avoided:

 – The cause of a pathologic fracture or the ori-
gin of a solitary lesion should be known. 
Without a final diagnosis, a new solitary lesion 
should always be regarded as primary tumour.

 – One should be cautious of a spontaneous frac-
ture or of a fracture after minimal trauma, 
since there can be an underlying pathology.

 – It is important to realise that a pathologic frac-
ture does not heal like a traumatic fracture. 
This must be considered when deciding on the 
treatment strategy.

 – Pain is not a firm prognostic factor for the risk 
of an impending fracture. More than one 

lesion can be present in a bone, so complete 
imaging is essential.

 – The treatment strategy should depend in great 
part on the expected survival. The aim of the 
treatment should be to give the patient a stable 
limb in a single operation. The extent of the sur-
gery and the implant should thus be in balance 
with the expected survival, preventing over-
treatment and unnecessary complications.

Therefore, it is important to “stop, think, 
stage, then act”.

Keywords
Bone metastasis · Pathologic fracture · 
Primary bone tumour · Diagnostics · Biopsy · 
Imaging · Survival

When treating patients with impending or patho-
logic fractures, there are several pitfalls to be 
aware of and to avoid. These pitfalls will be dis-
cussed in this chapter, accompanied with clinical 
examples and recommendations on how to pre-
vent such complications. In general, if one 
adheres to a simple motto, many complications 
can be avoided. The motto is stop, think, stage, 
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then act. A pathologic fracture is not an emer-
gency, and there is no need to rush the treatment 
of pathologic fractures; prior to their  management, 
thorough diagnostics, staging, and treatment 
planning should be performed.

20.1  A New Solitary Lesion Is 
a Primary Bone Tumour Until 
the Contrary Is Proven

A bone lesion with unknown aetiology should be 
regarded as a primary bone tumour until proven 
otherwise. Adhering to this rule prevents us from 
erroneously regarding a primary bone tumour as 
a metastatic lesion and treating it consequently. 
Curative treatment of a primary bone tumour 
starts with the diagnostics and a biopsy and is 
often found impossible after surgical treatment of 
a pathological fracture [1–3]. All intra-lesional 
fixations will lead to further dissemination of 
tumour cells, and extensive salvage surgery and 
often amputations, in case of unsalvageable 
limbs, are required, as illustrated by Case 1. In 
worse cases, resection of the primary tumour is 
not even an option anymore due to its widespread 
dissemination.

Note: It is easy to prevent inadvertent fixation, 
if the origin of the lesion is determined before any 
action is undertaken.

When a patient presents with a bone lesion, 
there often are three scenarios:

1. The patient is known for metastatic bone 
disease.

2. The patient is known for a malignancy but 
not with metastatic (bone) disease.

3. The patient is not known for malignancy.
In the first case, the lesion is generally not 

solitary since previous bone metastases have 
been diagnosed, and an additional histological 
confirmation of the current lesion is not indicated 
as such. Note that a biopsy might still be war-
ranted if the lesion is not characteristic of the 
established primary tumour [4].

In the case of a solitary lesion, shown in the 
two other cases, a definitive diagnosis should be 
established prior to any treatment. Even in 
patients with a known primary malignancy, the 

possibility of a second primary tumour should 
not be ignored. Although the incidence of a bone 
tumour as second primary is low, it is not uncom-
mon [5]. Case 2 describes why it is important to 
stop and think before acting, even in patients with 
known malignant disease.

Adequate imaging of the lesion and of the 
chest, abdomen and pelvis (in patients without 
history of cancer), and laboratory analyses pro-
vide relevant information that will identify the 
origin of the lesion in approximately 85% of the 
patients [6]. Core needle biopsies are the final 
step to provide a conclusive diagnosis of meta-
static disease. Depending on the location, these 
can be obtained by an open or percutaneous 
approach, or CT-guided, according to the princi-
ples of musculoskeletal tumour biopsy [7]. The 
biopsy tract will require total excision if the diag-
nosis is a primary tumour, without compromising 
limb salvage, so the biopsy should be carefully 
planned and performed by, or after consultation 
with, a specialist oncology orthopaedic surgeon. 
Biopsies through the posterior gluteal flap, quad-
riceps muscles, and neurovascular structures 
should be avoided, and only one compartment 
should be affected [8]. Just like treating an undi-
agnosed bone lesion as bone metastasis, the ran-
dom placement of a biopsy needle can cause 
unnecessary problems and is a pitfall that can be 
prevented by stopping and thinking before 
acting.

The above diagnostic steps are widely recog-
nised and included in the Dutch, British, and 
American guidelines for the diagnostics and 
treatment of pathologic fractures [9–11].

20.2  A Fracture After a Low 
Impact Trauma Is Suspicious

It is essential to be alert for the signs of a patho-
logic fracture because failure to recognize the 
pathological origin of a fracture will lead to 
wrong treatments and poor outcomes. A patho-
logic fracture is a fracture occurring without ade-
quate trauma due to lack of local bone strength or 
to a systemic disease. Examples of low impact or 
inadequate traumata are falls from standing 
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height or less, torsional movements (e.g. turning 
in bed), collisions with objects during normal 
activities (e.g. bumping into table). Normal, 
healthy bone should be able to sustain such low- 
impact traumas without fractures. When a patient 
presents without adequate trauma to explain a 
fracture in the long bones, especially if the patient 
is >40 year old, a metastasis is the most common 
diagnosis. Differential diagnoses are osteoporo-
sis, multiple myeloma, and a primary malignant 
bone tumour. In patients with metastases, frac-
tures develop in approximately 10–15% of the 
patients, in most cases without any preceding 
(low impact) trauma [12]. X-rays of metastatic 
lesions commonly show well-defined lytic 
lesions with a narrow zone of transition, although 
blastic lesions also occur. Especially permeative 
lesions with cortical weakening without clear 
destruction on radiographs can be misread. In 
addition, fractures are commonly transverse.

20.3  A Pathologic Fracture Is Not 
a Normal Fracture

Pathologic fractures due to metastases should not 
be regarded as normal, traumatic fractures. While 
traumatic fractures occur in healthy bone that will 
be able to regenerate and heal, the disease process 
in the bone of a pathologic fracture hinders normal 
bone remineralisation. The mechanisms responsi-
ble for metastatic lesions fractures are based on the 
imbalance between bone resorption and forma-
tion. In healthy adults, weight- bearing bones are in 
a constant state of remodelling to adjust for func-
tional demands or to repair micro-fractures that 
appear as a part of normal activity. This remodel-
ling occurs as a result of a coupled activity of 
osteoclasts resorbing bone and osteoblasts laying 
down new bone [13]. In bone metastases, this cou-
pled process has become distorted. Depending on 
the stimulation of osteoclasts and osteoblasts, lytic 
or blastic lesions may develop. In osteolytic 
lesions, tumour-derived parathyroid hormone-
related peptide (PTHrP) leads to increased osteo-
clast activation [14], while overstimulation of the 
formation of osteoblasts leads to osteoblastic 
lesions [13].

Fracture-healing rates depend on the type of 
primary tumour and are reported to range from 
44% for kidney tumours, approximate 37% for 
breast cancer, and up to 0% for lung cancer 
[15]. A life expectancy of more than 6 months 
is the most positive factor predicting fracture 
healing [15]. Even when the bone healing is 
possible, it is often delayed [7]. This has impli-
cations, and we should amend our treatment 
strategies accordingly; a rigid stabilisation of 
the pathologic fractures should be pursued 
perioperatively. A conservative treatment with 
closed reduction and cast immobilisation is 
regarded as obsolete because of the minimal 
fracture healing that is expected. Only in spe-
cific patients, for example, in those with a very 
short expected survival, extensive comorbidi-
ties, or metastases in non- weight- bearing 
bones, the conservative treatment should be 
considered. Bone-ingrowth/press-fit prostheses 
are generally not recommended because the 
residual metastatic disease, after intra-lesional 
resections, will cause a rapid loosening and 
failure of the implant. Additionally, bone-
ingrowth/press-fit prostheses require a period 
of non-weight-bearing for osseointegration, 
while immediate weight-bearing is one of the 
primary aims of surgical treatment [3]. Also 
when using plates for internal fixation, the 
plate should be long enough to withstand the 
torsional forces of muscles on a fractured bone, 
as illustrated by Case 3.

20.4  Pain Is a Doubtful Indicator 
for an Impending Fracture

Fracture prediction is one of the most difficult 
and debatable aspects of the treatment of bone 
metastases. Multiple studies have described 
prognostic factors for fracturing: size, cortex 
breakthrough, circumferential involvement, 
lesion type, anatomic location, and pain [16, 17]. 
Although all prognostic factors are subject to 
considerable debate, pain calls for resistance, and 
one should be cautious in making decisions 
depending on it. Pain has been reported in only 
one study as a prognostic factor, but this study 
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and its corresponding score are commonly 
referred to [16]. Several authors have reported 
that pain is not a reliable sign, because of its 
 subjectivity (i.e. suppressed by the use of pain-
killers for other indications) [18, 19] and uncou-
pled relation to the size of the lesion [20, 21]. 
Dijkstra et al. found that pain in general was not 
related to the occurrence of a fracture, but that 
increasing pain in the short-term period before 
fracture was related to the event [21]. The latter 
might correspond to current thoughts on the role 
of functional pain, e.g. pain during weight-bear-
ing, but there are no studies reporting on the rela-
tion between functional pain and fractures.

Pain alone, in a small lesion without fracture 
risk, should never be a solitary indication for sur-
gical treatment. Only if the pain is nonresponsive 
to radiotherapy, surgery should be considered. 
Additionally, pain should never be a reason to 
hasten the diagnostics and staging process. Pain 
medication, ranging from paracetamol and non-
steroidal anti-inflammatory drugs to opioids, can 
reduce pain in most patients [22].

20.5  Bone Metastasis Often 
Implies Extensive Disease

Imaging of the entire affected long bone before 
surgical treatment is essential. If one bone metas-
tasis is present, it can be expected that multiple 
metastases are present, often located within the 
same bone. The majority of patients present with 
more than one bone metastasis, while 2% pres-
ents with a solitary bone metastasis [23]. Hasty 
treatment decisions without considering whether 
other lesions are present can lead to insufficient 
stabilisation of the affected bone and possibly the 
need for further stabilisation in a second stage. 
Knowledge of metastases in other long bones 
than the bone requiring treatment is also advis-
able, to detect whether there are other lesions in 
need of treatment and to give adequate post- 
operative and rehabilitation instructions. This can 
be obtained with X-rays of both humeri and 
femurs, and with a whole body bone scan or 
PET-CT.  A complete overview of the extent of 
bone disease can improve the care of patients, for 

example, by simultaneous treatments, and can 
prevent unexpected events in the recovery, e.g. 
when using crutches to mobilise with an unknown 
large lesion in the humerus.

When stabilising an actual or impending frac-
ture, the region of the lesion is the primary region 
of interest. Additionally, knowledge obtained 
with whole-bone X-rays should be taken into 
account when deciding on the method of stabili-
sation. When treating impending fractures with 
an intramedullary nail, prophylactic stabilisation 
of the entire long bone is considered the standard 
of care [24]. Also if fractures of the shaft or distal 
femur are treated with intramedullary nails, it is 
advisable to prophylactically stabilise the femur 
neck with a cephalomedullary nail. When treat-
ing the lesion of interest (e.g. the proximal femur) 
with prosthesis, it is less straightforward to stabi-
lise the entire femur because that implies far 
more extensive surgery. In all cases, the extent of 
the (prophylactic) surgery should weigh against 
the risk of developing another metastasis in need 
of treatment. As metastases develop more com-
monly in the proximal part of the bone than the 
distal part, prophylactic stabilisation of the proxi-
mal femur is more common.

20.6  “Once in a Lifetime” 
Palliative Surgery: The Need 
for Survival Prediction

The surgical stabilisation should be durable for 
the remaining lifetime of a patient, while the 
recovery and rehabilitation time should not 
exceed the life expectancy or be too demanding 
in the light of the expected survival [25]. This 
sounds very logical, but it is one of the most dif-
ficult aspects of the surgical treatment of bone 
metastases. It encompasses survival prediction 
on one hand and prediction of the longevity of an 
implant and disease progression on the other 
hand. Nonetheless, the aim of tailored treatment 
should be to suffice for the remaining lifetime, 
without the need of revision surgery because the 
implant failed or the fixation was insufficient. 
This puts an extra burden on patients and will sig-
nificantly influence their quality of life. In 
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patients who are in the last phase of life, all 
should be done to avoid unnecessary (extensive) 
operations. Adequate prediction of the remaining 
lifetime before deciding on the treatment strategy 
is thus required for each individual patient. To aid 
physicians in this prediction, several prognostic 
models have been developed as discussed in 
chapter 4. A simple, straightforward model to use 
is a model that requires only three variables: the 
clinical profile, which is based on the primary 
tumour; the Karnofsky performance score; and 
the presence or absence of visceral and/or brain 
metastases, as developed by  Willeumier et  al. 
[26]. This leads to four different categories which 
correlate with a median survival and survival 
rates at 1, 3, 6, 12, and 24 months (Fig. 20.1). The 
categories are further grouped into four clinically 
relevant categories (A–D) which correlate with a 
survival of >12  months, 6–12  months, 
3–6 months, and <3 months, respectively. These 
results are subsequently used when determining 
the treatment strategy. The impact of expected 
survival is especially large in patients with proxi-
mal femur metastases and in patients with soli-
tary bone metastases. In general, proximal femur 
metastases are treated with intramedullary nails 

or with (endo)prosthetic reconstructions. The 
choice between the two strategies is based on the 
amount of bone stock of the femur head, but 
more importantly on the expected survival. 
Although 1-year implant survival rates are diffi-
cult to analyse due to the extreme influence of the 
competing risk of death and they have not been 
reported in literature, the survival of a standard 
cephalomedullary nail (without adjuvant cement) 
can be expected to be 1–2 years. This is due to the 
load-sharing characteristics of the intramedullary 
nail, the fact that a pathologic fracture generally 
does not heal, and the risk of lysis over time. If a 
patient is expected to live longer, an intramedul-
lary nail is thus not the optimal solution, as fail-
ure of the implant might require revision surgery, 
as illustrated by Case 4. Likewise, patients with 
solitary lesions of kidney and thyroid cancer can 
be expected to have a long survival, especially if 
adequately treated with en bloc resection [27]. En 
bloc resection and prosthetic reconstruction 
should also be considered if the location of the 
lesion, in combination with the expected survival 
of the patient, does not ideally lend for internal 
fixation with an intramedullary nail or a plate, as 
Case 5 illustrates.
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Fig. 20.1 Flowchart for stratification of patients with long bone metastases
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Case 1
A 69-year-old lady with no relevant medical his-
tory was seen a week after she felt a sudden sharp 
pain in the left groin area after taking a step in the 
kitchen. X-ray showed a sub-trochanteric patho-
logic fracture (Fig.  20.2a), and subsequently an 
MRI was performed. Two radiologists reviewed 
the MRI and concluded the fracture was based on 
a fibrous dysplasia lesion. No other diagnostics 
were performed, and the fracture was stabilised 
with a lateral femoral nail with two screws in the 
neck (Fig. 20.2b). Iliac crest harvested autologous 
bone graft was used to fill the cavity of the lesion. 
The patient was instructed to refrain from weight-
bearing for 6 weeks and was discharged in overall 
good condition. Results from pathology however 
showed a grade II chondrosarcoma after which 
patient was referred to a tertiary referral centre for 
orthopaedic oncology. Due to the fact that there 
was possible contamination of the entire femur 
with the grade II chondrosarcoma, making a cura-
tive resection difficult, and the good overall health 
of the patient, it was discussed with the patient to 
follow a “watch and wait” strategy. Three months 

later, the patient presented with a large tumour 
mass in the soft tissue around the left hip causing 
pain and immobility. A proximal femur resection 
was then performed during which the intramedul-
lary nail was removed and alcohol was used as 
adjuvant for the intramedullary cavity. 
Peroperatively, it was clear that the tumour had 
progressed further distally. A modular bipolar 
proximal femur endoprosthesis with a stem length 
of 22  cm was placed (Fig.  20.2c). Ten months 
post-operatively, the patient was able to function 
sufficiently and without pain in the hip, although 
the distal femur and knee were getting increas-
ingly painful. Imaging showed recurrence of the 
chondrosarcoma in the distal femur and lung nod-
ules suspect for metastases. Unfortunately, the 
only remaining surgical option would be an ex-
articulation of the hip. Together with the patient, it 
was decided to follow a palliative line with radio-
therapy (20  Gy) to decrease the pain, although 
this did not have the desired effect. This left only 
pain medication to relieve the pain. Three years 
after her presentation with a painful hip, patient 
passed away due to progressive disease.

Fig. 20.2 Initial 
“whoops” treatment of a 
proximal femur 
pathologic fracture due 
to a primary tumour, 
requiring subsequent 
resection and 
reconstruction with a 
modular tumour 
prosthesis
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In this case, a biopsy should have been per-
formed beside the conventional (X-ray) and 
 additional imaging of the lesion (MRI or CT). 
This would have given the patient a chance at a 
curative resection of a primary chondrosarcoma.

Case 2
A 72-year-old man with coloncarcinoma in the 
past was admitted to the hospital with an impend-

ing fracture of the left distal femur (Fig. 20.3a). 
The bone scan was suspect for a solitary bone 
metastasis. With the working-diagnosis of an 
impending fracture due to bone metastasis, the 
femur was prophylactically stabilised with an 
intramedullary nail (Fig. 20.3b), and a periopera-
tive biopsy was taken. Pathological analysis 
showed no malignant cells; however, more exten-
sive histopathology tests showed a telangiectatic 

Fig. 20.3 Initial 
“whoops” treatment of 
an impending pathologic 
fracture of the femur 
shaft due to a second 
primary tumour, 
requiring total femur 
resection and 
reconstruction
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osteosarcoma. There was thus a second primary 
tumour without metastases. Treatment included 
preoperative chemotherapy (adriamycine; three 
cycles) followed by an en bloc resection of the 
entire femur and reconstruction with a total femur 
endoprosthesis (Fig.  20.3c). Resection margins 
were clear and chemotherapy was continued. 
Unfortunately, within a month, two complica-
tions occurred: an infected prosthesis with 
Staphylococcus aureus and luxation. Both were 
treated accordingly. The patient was discharged 
from the hospital 2  months after presentation 
with suppression therapy of the infected prosthe-
ses and is still alive 6 years after “whoops” sur-
gery and en bloc resection.

This is an example of a patient with a known 
malignancy and a second primary tumour. This 
case stresses the need of a biopsy in patients 
without diagnosed metastatic bone disease. Due 
to too quick surgical fixation, treatment of the 
bone tumour required very extensive surgery. 
This, and the fact that two operations were needed 
within short time, will have contributed to the 
chance of a periprosthetic joint infection. 
Fortunately, because the entire femur was 
resected, an oncologic good outcome was 
achieved.

Case 3
A 74-year-old man with a curatively treated car-
cinoma of the larynx in the past presented with a 
pneumonia and a painful left arm. CT scan of the 
thorax showed a large lung tumour.

X-ray of the arm showed a lytic lesion in the 
distal third of the humerus with such involvement 
of the cortex that a fracture was impending 
(Fig. 20.4a). Therefore, prophylactic stabilisation 
was performed with a small fragment (five hole) 
Locking Compression Plate (LCP) after curet-
tage, phenolisation (alcohol), and cementplasty 
of the lesion (Fig.  20.4b). The patient was 
instructed that the arm could be used as normal 
(unless limited by pain), and post-operative 
radiotherapy was initiated. Three weeks later, 
however, the arm was increasingly painful, and 
the patient felt more movement within the arm. 
The plate appeared to have broken out, and an 
actual fracture of the humerus was present 

(Fig.  20.4c). During revision surgery, the two 
proximal screws were entirely loose, and exten-
sive tumour tissue was visible. Refixation was 
performed with a large LCP (12 holes) and four 
proximal locking screws and four distal screws 
with adjuvant cement in the fracture cavity 
(Fig. 20.4d). Two months after the first LCP, the 
patient passed away.

Case 4
A 64-year-old woman with a history of breast 
cancer successfully treated 15 years earlier pre-
sented at the emergency department with a pain-
ful left hip after a light fall several weeks before. 
A pertrochanteric fracture was diagnosed and 
regarded as pathologic due to her medical history 
and the minimal trauma. A bone scan showed 
multiple other metastatic localisations in the cos-
tae and spinal column, but no other lesions in the 
left femur. To stabilise the fracture, a long gamma 
nail was placed (Fig. 20.5a). Post-operatively full 
weight-bearing was allowed, and adjuvant radio-
therapy (24Gy in 6 fractions) was administered. 
A year-and-a-half later, the patient presented 
again with a painful and shortened leg: the 
gamma nail was fractured at the height of the 
neck screw, and there was a dislocation of the 
fracture parts (Fig.  20.5b). A new gamma nail 
was placed with cement around the neck screw 
(Fig.  20.5c). Six months later, the patient 
remained painful, and the CT scan showed a sub-
trochanteric pseudoarthrosis with lysis around 
the neck screw and collapse of the cranial part of 
the femoral head. To prevent further lysis and 
collapse, cement augmentation around the neck 
screw was performed. Two months later, how-
ever, progressive migration of the neck screw 
through the femoral head was observed 
(Fig. 20.5d). It was decided to remove the gamma 
nail and place a proximal femoral endoprosthesis 
(Fig.  20.5e). This was complicated by a deep 
venous thrombosis 6  weeks post-operatively, 
which was treated accordingly. The patient was 
able to mobilise with the proximal femur pros-
thesis during the remaining 4 years of her life.

In this case, an adequate estimation of the 
expected survival could possibly have spared her 
several operations. At the initial diagnosis of the 
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a b c d

Fig. 20.4 Failed initial plate fixation of an impending pathologic fracture of the distal humerus, revised with a longer 
plate and cement augmentation

a b c d e

Fig. 20.5 Failed intramedullary nail 1.5 years after stabi-
lisation of a pathologic fracture of the proximal femur, 
initially treated with a new nail and cement augmentation, 

but eventually requiring resection and revision with a 
modular tumour prosthesis
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metastasis, there was a patient in good health, 
without visceral and/or brain metastases, with a 
primary breast cancer. All prognostic models 
would expect a survival of more than 1 year, and 
therefore this patient could have been treated 
with a prosthesis primarily.

Case 5
A 45-year-old woman with a clear medical his-
tory presented at the emergency department with 
a painful left leg, unable to bear weight. Her com-
plaints had started directly after turning in bed. 
Additionally, she mentioned that she had been 
having some complaints at the knee for the previ-
ous couple of months, she had been tired, and she 
was losing weight unintendingly. The X-ray 
showed a transverse distal femur fracture and a 
directly performed CT-thorax/abdomen which 
showed a large tumour in the kidney, without 
signs of visceral metastases (Fig.  20.6a). A 
biopsy of the lesion with the pathologic fracture 
was performed and confirmed the diagnosis of a 
metastasis from the clear cell carcinoma. A bone 
scan showed there were numerous other lesions 
in the pelvis and the other long bones, among 
others in the right femur. Subsequently a stabili-

sation of the distal femur fracture was performed 
with a plate osteosynthesis without cement 
(Fig. 20.6b). Post-operative radiotherapy (20Gy 
in 5 fractions) was administered. A maximum 
load of 25 kg was set for the left leg, so the patient 
could only mobilise with crutches. The patient 
also started with a tyrosine kinase inhibitor 
(pazopanib). Over the following 5 months, patho-
logic fractures of the right humerus and right 
femur occurred which were treated accordingly, 
but these significantly affected the ambulatory 
ability of the patient. The left knee had also 
remained painful despite optimal pain medica-
tion. Further imaging of the knee showed that 
there was no consolidation of the transverse frac-
ture, that there were also vertical fractures, and 
that the plate was not completely adjacent to the 
bone (Fig. 20.6c). To improve the quality of life 
of the patient (i.e. pain reduction and possibility 
for better mobilisation), it was decided to revise 
the insufficient plate osteosynthesis of the left 
femur. A distal femur resection was performed, 
and modular tumour knee prosthesis was 
implanted (Fig. 20.6d).

This case is an example in which a primary en 
bloc resection and prosthetic reconstruction 

a b c d

Fig. 20.6 A pathologic distal femur fracture, treated initially with a plate osteosynthesis but requiring revision to a 
modular distal femur prosthesis
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should have been considered. The location of the 
fracture, in combination with the presence of 
multiple other bone lesions which could impair 
the rehabilitation, and the expected medium-term 
survival of the patient were signs that a plate fixa-
tion could be insufficient. Keeping in mind that a 
stabilisation of a pathologic fracture should be 
“once in a lifetime” and that the aim of the sur-
gery is to maintain quality of life (i.e. being able 
to mobilise), a more durable option as primary 
stabilisation would have been preferable. 
Generally, such en bloc resections and recon-
structions are performed in tertiary orthopaedic 
oncology centres, so patients should be referred 
if a more straightforward stabilisation is expected 
to be insufficient.

Conclusions
These cases illustrate the importance of 
stopping, thinking, and staging before act-
ing. Patients with pathologic fractures do not 
require emergency stabilisation, and it can-
not be stressed enough that a diagnosis of 
the lesion should be present before any sur-
gical intervention. The next step is to decide 
on the adequate surgical modality for a frac-
ture that (unlike traumatic fractures) has 
minimal healing tendencies. In this decision, 
accurate survival estimation is the most 
important factor besides location, fracture 
type, and patient preference, because a stabi-
lisation should be “once and for all”, while 
the recovery should be in proportion with the 
expected survival.
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Common Pitfalls 
in the Management of Skeletal 
Metastases

Carol D. Morris and Maria Silvia Spinelli

Abstract
The surgical management of patients with 
skeletal metastases presents a unique set of 
challenges. The potential clinical scenarios 
and associated complications are endless. This 
chapter will review some of the common haz-
ards encountered when treating patients with 
impending and complete pathologic fractures. 
Specifically, the pitfalls around assumptions 
about metastatic status and life expectancy 
will be highlighted. In addition, intraoperative 
decision-making related to the underlying pri-
mary disease and associated complications 
will be emphasized.

Keywords
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21.1  Introduction

A pitfall is an unapparent source of trouble or 
danger that often leads to unexpected difficulties 
and a negative result. The treatment of patients 
with metastatic disease involves many potential 
pitfalls, many of which are based on the physi-
cian’s bias (intentional and unintentional) in 
treating patients with “palliative” intent. Palliative 
care is an evolving concept in patients with skel-
etal metastases. The advances in systemic thera-
pies for carcinoma are slowly turning skeletal 
metastases into a chronic disease for many 
patients. In some instances, metastatic cancer to 
bone should be given consideration similar to 
that of primary sarcomas of bone. In other 
instances, the palliative aims are straightforward, 
and the associated benefits are short-lived. Each 
patient requires an evaluation that maximizes the 
chances of achieving desired expectations and 
expected outcomes of surgery while minimizing 
morbidity. This chapter highlights some of the 
common pitfalls that lead to suboptimal out-
comes when treating patients with skeletal 
metastases.

21.2  Diagnostic Assumptions

Diagnostic accuracy is essential. If a patient’s 
metastatic status has not been confirmed, it 
should not be assumed. Many neoplastic and 
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nonneoplastic conditions have overlapping 
symptoms and imaging characteristics. If a bone 
metastasis presents as the first evidence of meta-
static disease, that metastasis should be biopsied. 
This is particularly true for patients with impend-
ing pathologic fractures in whom surgery is being 
considered and in patients who present with an 
isolated bone lesion. Although metastatic disease 
is the most common clinical scenario in older 
patients (>40 years) with bone lesions, primary 
bone sarcomas, of which chondrosarcoma is the 
most common, must be considered. Although 
metastatic disease is obvious in patients who 
present with multiple bony lesions, establishing a 
primary diagnosis is important to guide systemic 
treatment if applicable. For patients with an iso-
lated bone lesion, a work-up for an unknown pri-
mary cause should be undertaken [1]. Although 
the approach should be individualized, the work-
 up commonly includes a computed tomography 
scan of the chest, abdomen, and pelvis; a whole- 
body bone scan; and blood and urine chemistry 
profiles. If such a work-up fails to establish a pri-
mary carcinoma, the patient should be treated as 
though a primary bone sarcoma is the cause, and 

a biopsy via a limb-sparing approach should be 
performed.

A common pitfall is to assume that a history of 
cancer, whether remote or recent, is responsible 
for a new skeletal lesion. Figure  21.1a shows a 
lytic lesion in a 50-year-old woman with a history 
of breast cancer. A cephalomedullary nail was 
placed to prevent an impending pathologic frac-
ture from presumed metastatic disease 
(Fig. 21.1b). The final pathologic analysis showed 
an osteosarcoma of bone. Disease treatment after 
intramedullary nailing is now challenging, and 
options are limited because of contamination of 
the buttock for nail entry and involvement of the 
entire femoral canal during reaming (Fig. 21.1c). 
Such scenarios are common and often result in 
proximal amputations to achieve adequate local 
control. In addition, the act of reaming theoreti-
cally forces tumor emboli into the circulation and 
lungs. Adams et al. [2] reported on eight patients 
with primary bone sarcomas who underwent 
intramedullary nailing for presumed metastatic 
carcinoma. Six patients required amputation for 
tumor control. The recommended approach is to 
establish a diagnosis before surgical treatment.

a b c

Fig. 21.1 (a) Anteroposterior radiograph of an impend-
ing pathologic fracture in a 50-year-old woman. (b) 
Radiograph after intramedullary nailing of the femur. 
Final diagnosis was osteosarcoma. (c) Radiograph of the 

buttock showing that it is now contaminated with tumor 
(arrow), as is the soft-tissue envelope around the femur 
and the distal femur from medullary instrumentation
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Another scenario in which presuming meta-
static status can be detrimental is when a patient 
with pathologic fracture has a history of cancer 
but now has a new primary cancer. Studies have 
shown that adult and pediatric cancer survivors 
are at increased risk of developing a second pri-
mary cancer compared with the general popula-
tion [3, 4]. Failure to perform a biopsy can lead to 
a delay in diagnosis and can subject the patient to 
ineffective systemic or local treatment.

If a patient’s metastatic status has been docu-
mented by previous skeletal or visceral biopsy, a 
new biopsy is not required. When diagnostic tis-
sue is required, a needle or curettage specimen is 
preferred as an alternative to reaming. The impor-
tance of establishing the correct diagnosis before 
treatment of a skeletal lesion, whether surgical or 
nonsurgical, cannot be overstated.

There are instances in which a final diagnosis 
cannot be rendered in a timely manner. Patients 
who present with pathologic fractures often 
require immobilization to obtain the necessary 
diagnostic work-ups. Figure 21.2a shows a trans-

verse femur fracture of a patient who had experi-
enced a low-energy fall. The history and fracture 
pattern are representative of a pathologic frac-
ture. The next step in treatment would be to rule 
out a primary cancer, usually by computed 
tomography of the chest, abdomen, and pelvis. A 
frozen section analysis during open biopsy of the 
fracture does not yield a definitive diagnosis and 
requires further investigation. In these circum-
stances, a limited form of fixation such as a short 
plate provides temporary fracture immobilization 
and contains contamination (Fig.  21.2b). One 
cannot be faulted for staging procedures in the 
face of diagnostic uncertainty.

21.3  Estimating Life Expectancy

Attempts to quantify survival estimates for 
patients with past and impending pathologic frac-
tures have been rigorously studied [5, 6]. It is 
clear from the research that prognosis is difficult 
to predict. Multiple factors have been correlated 

a b

Fig. 21.2 (a) 
Conventional radiograph 
of a transverse 
pathologic femur 
fracture. (b) 
Conventional radiograph 
showing a short plate 
that allows for bone 
stabilization with 
minimal surrounding 
contamination until a 
final diagnosis can be 
rendered
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with life expectancy, including primary diagno-
sis, the presence of visceral metastases, hemoglo-
bin, age, and performance status [7]. Chapter 4 
(“Survival Estimation in Patients with Metastatic 
Bone Disease”) presents a scientific summary of 
the rationale and efficacy of survival estimation 
tools. The more accurate the prediction, the more 
likely the patient’s and surgeon’s expectations 
will overlap. Under- and overtreatment are unde-
sirable outcomes.

Perhaps the most common treatment dilemma 
involves the proximal femur, which is the most 
common site of long bone metastases. Although 
most surgeons agree that pathologic fractures of 
the femoral neck are best treated with arthro-
plasty, the treatment of peritrochanteric fractures 
is more controversial [8, 9]. Life expectancy is an 
important consideration when choosing an 
implant, which also depends on other factors, 
including response to systemic therapies. Various 
factors must be considered when choosing inter-
nal fixation for fractures of the proximal femur, 
including radiosensitivity of the primary disease 
and surgeon expertise. Patients whose life expec-
tancy is short might be best treated with palliative 
care, including pain management and radiation, 
rather than surgery. Patients with intermediate 
life expectancy are likely to benefit from devices 
that splint the bone such as intramedullary 
implants or plate-and-screw constructs. Patients 
with long life expectancy may be best served 
with implants that replace bone such as arthro-
plasty or megaprostheses.

Consider the case of a 57-year-old man with a 
history of thyroid carcinoma who presents with 
minimal visceral disease and a proximal ulnar 
metastasis (Fig.  21.3a). The fracture is treated 
with internal fixation and cement augmentation. 
The patient continues to experience good disease 
control systemically but experiences local dis-
ease progression. The device ultimately fails 
(Fig. 21.3b). A more accurate survival estimation 
might have guided the surgeon to choose a more 
durable reconstruction method (Fig. 21.3c).

21.4  Disease-Specific Treatment

Not all bone metastases behave the same. For 
example, myeloma is radiosensitive, whereas 
renal cancer is historically radioresistant. 
Prostate cancer may be hormone sensitive, 
whereas certain breast cancers may be hormone 
refractory. Knowledge of biologic behavior of 
the underlying disease aids physicians in deter-
mining how much internal fixation is adequate. 
This is especially important for cases of periar-
ticular disease, in which the choice of implant 
depends on the expected biologic behavior and 
perceived treatment sensitivity even during the 
short term. Consider the lytic lesion in the 
peritrochanteric or subtrochanteric femur shown 
in Fig. 21.4a. The implant choice depends on the 
biologic behavior of the primary cancer and its 
sensitivity to available adjuvant treatment. If the 
lesion represented is a plasmocytoma (myeloma), 

a b c

Fig. 21.3 (a) Conventional radiograph of a 57-year-old 
man with a painful proximal ulnar metastasis from thyroid 
cancer. (b) Conventional radiograph of the elbow showing 
local disease progression (arrows) 6 months later requir-

ing revision of the implant. (c) Conventional radiograph 
taken 2 years after the original surgery. The patient contin-
ues to experience adequate disease control and good 
function
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a cephalomedullary nail is an excellent fixation 
choice (Fig. 21.4b). The procedure is moderately 
invasive with predictable outcomes, and long-
term survival of the implant is likely given to the 
radiosensitivity of the tumor. If the disease is 
breast cancer, a hemiarthroplasty might be con-
sidered (Fig. 21.4c) because bone regeneration is 
less certain and radiosensitivity varies. If the pri-
mary diagnosis is renal cancer, resection and 
proximal femur replacement should be consid-
ered (Fig. 21.4d). Renal cancer is often radiore-
sistant, and systemic treatment has had a 
tremendously positive effect on life expectancy. 
This tenet holds true throughout the skeleton 
(e.g., proximal humerus, distal femur, proximal 
tibia). For lesions with uncertain biologic behav-
ior or when the treating surgeon lacks megapros-
thetic expertise, steps can be taken to increase 
the longevity of the internal fixation device 
through the liberal use of adjuvants (e.g., liquid 
nitrogen, argon beam coagulation) and cement 
augmentation. These supplements are also benefi-
cial for anatomic locations such as the distal tibia, 
in which reconstruction options are limited.

Renal cancer and melanoma deserve special 
mention. Many new systemic treatment options 
for these diseases have had considerable success 
at increasing life expectancy, which has resulted 
in an increase not only in the number of patients 

with metastases but also in the number of patients 
experiencing mechanical failure of fixation 
devices. Laitinen et  al. [10] reported on 253 
patients who underwent surgery for renal cell 
carcinoma metastasis to bone. A significant pro-
portion (55%) had bone as the only site of distant 
disease, and 39% had a solitary skeletal metasta-
sis. The risk of surgical failure was greatest in 
those treated with internal fixation and radiation. 
When implant failure occurred in this group, the 
incidence of amputation was high. The authors 
concluded that, when reasonable, resection and 
endoprosthetic replacement should be consid-
ered. Lin et al. [11] reported on 295 patients with 
oligometastatic disease in renal cell carcinoma. 
Although they could not prove a survival advan-
tage of wide excision compared with intralesional 
curettage, they noted that local control was more 
challenging in the patients who were treated 
intralesionally. A similar finding has been noted 
in metastatic melanoma. Krygier et  al. [12] 
reported on 37 patients with metastatic mela-
noma to bone. The osseous metastases in this 
series were locally aggressive with high local 
recurrence in patients treated with internal fixa-
tion and radiation. Two patients ultimately 
required amputation for symptomatic disease 
control. Metastasectomy with reconstruction 
appears to offer superior disease control in some 

a b c d

Fig. 21.4 (a) Conventional radiograph of the proximal 
femur showing a lytic lesion in the proximal femur at risk 
for pathologic fracture. (b) Treatment of a proximal femur 
lesion with a cephalomedullary nail as might be per-
formed for myeloma. (c) Treatment of an impending 

pathologic proximal femur fracture with long-stemmed 
cemented hemiarthroplasty as might be performed for 
metastatic breast cancer. (d) Excision and reconstruction 
of a proximal femur metastasis as might be performed for 
metastatic renal cancer

21 Common Pitfalls in the Management of Skeletal Metastases



230

patients with metastatic renal cancer or  melanoma 
to bone. Although the rehabilitation after recon-
struction for metastasectomy may be prolonged, 
the long-term benefits appear to be favorable. 
Appropriate patient selection is critical to suc-
cessful outcomes.

Finally, recent advancements in the systemic 
treatment of renal cancer have incorporated vas-
cular endothelial growth factor inhibitors as 
frontline treatment. These humanized monoclo-
nal antibodies selectively bind vascular endothe-
lial growth factor receptors, thereby inhibiting 
tumor growth by preventing endothelial cells 
from creating vascular channels. Although these 
antiangiogenic effects are desirable for tumor 
control, they have potential negative effects on 
wound healing. The first-generation compounds 
required patients to cease treatment for weeks. 
Current research is contradictory regarding the 
timing of surgery in patients taking these medi-
cations [13]. When treating patients who are tak-
ing these antiangiogenic agents (or any systemic 
agent that may compromise wound healing), the 
timing of surgery must be considered carefully. 
In some instances, it may be beneficial to pre-
emptively treat bones at risk before initiating 
lengthy treatment courses to avoid a break in 
systemic therapy or postoperative wound 
complications.

21.5  Operative Considerations

21.5.1  Adequate Fixation

There is a delicate balance between under- and 
overtreating osseous metastases. The goal is to 
provide a durable construct that allows immedi-
ate weight-bearing and that will last the patient’s 
lifetime while requiring minimal postoperative 
rehabilitation. “One bone, one operation” is a 
common mantra for surgeons who treat skeletal 
metastases. When planning reconstructions, 
physicians should consider the likelihood of dis-
ease progression and unlikely fracture healing 
(Fig. 21.4a–d). For example, a 65-year-old man 
has a symptomatic acetabular lesion from meta-
static prostate cancer as seen in Fig. 21.5a. The 

patient was treated with cemented total hip 
arthroplasty (Fig.  21.5b). His disease pro-
gressed, leading to failure of the acetabular 
component (Fig. 21.5c). Anticipation of disease 
progression would likely have directed alterna-
tive acetabular fixation such as a protrusion cage 
or rebar construct (Fig. 21.5d), thereby transfer-
ring the force of weight-bearing to intact areas 
of the bone [14, 15].

The proximal femur is a common site of 
instrumentation failure after treatment for meta-
static disease, with 50% of lesions occurring in 
the femoral neck, 30% in the subtrochanteric 
area, and 20% in the intertrochanteric area [16]. 
For peritrochanteric lesions, internal fixation 
devices are likely to fail in the setting of disease 
progression (Fig. 21.6). Revision of failed inter-
nal fixation devices is challenging. Steensma 
et  al. [17] reported on 298 patients with meta-
static disease to the proximal femur treated with 
nailing or endoprosthetic reconstruction. The 
endoprosthetic group experienced fewer implant 
failures and revisions compared with the group 
treated with nailing or internal fixation. When 
internal fixation is chosen instead of endopros-
thetic reconstruction, curettage of disease before 
nail placement and debulking of associated soft- 
tissue masses can increase implant longevity 
[18]. Augmentation with cement to bridge corti-
cal defects that are unlikely to heal also improves 
implant durability. Patients in whom the disease 
cannot be resected completely should be evalu-
ated by a radiation oncologist. The addition of 
postoperative radiation is associated with a 
decreased rate of revision surgery [19].

21.5.2  Bone Cement Implantation 
Syndrome

Long-stemmed femoral components commonly 
used for treating metastatic disease in the femur 
have drawbacks. Intraoperative cardiopulmonary 
complications secondary to the systemic effects 
of cement have been well- described. Bone 
cement implantation syndrome (BCIS) describes 
a complex of sudden physiologic changes that 
occur within seconds to minutes of cement 
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implantation: polymerization of cement leads to 
intramedullary hypertension; residual monomer 
acts as a vasodilator; fat, marrow elements, and 
cement particles are pushed into the circulation; 
and the complement system is activated. These 
actions lead to hemodynamic instability, which 
can lead to hypotension, hypoxia, bronchocon-
striction, arrhythmia, and ultimately death. 
Patterson et al. [20] described 7 cases of BCIS. In 
their series, four patients died during surgery. 
The authors associated BCIS with long- stemmed 
implants and the use of >2 bags of cement. Xing 
et  al. [21] questioned whether long-stemmed 

implants were necessary for the treatment of 
proximal femur metastases. In their series of 203 
patients, revision rates were the same for short-
stemmed and long-stemmed (>25  cm) compo-
nents. Patients in the long- stemmed group 
experienced twice as many cardiopulmonary 
complications, including death. This led the 
group to suggest that the benefits of long femoral 
stems did not outweigh the risks associated with 
their use. When using long- stemmed femoral 
components, precautions can minimize the bur-
den of embolic complications. Before cement-
ing, communication with the anesthesia team is 

a b

c d

Fig. 21.5 (a) Conventional radiograph of the pelvis in a 
65-year-old man with metastatic prostate cancer. The 
arrow indicates a symptomatic lytic lesion in the acetabu-
lum. (b) The patient has undergone reconstruction with a 

cemented total hip replacement. (c) The acetabular com-
ponent ultimately fails. (d) Revision to a more durable 
construct allows for immediate, full weight-bearing and is 
designed to last the patient’s lifetime
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paramount. Volume repletion with blood prod-
ucts should be performed such that the systolic 
blood pressure is adequate to withstand a sudden 
hypotensive episode. Because emboli affect the 
ability to oxygenate by blocking blood flow and 
gas exchange in the lungs, increasing the percent-
age of inhaled oxygen allows for a margin of 
safety if an embolism occurs. Placement of a vent 
hole within the femoral diaphysis, using, for 
example, a one-fourth-inch drill bit, has been 
described to decrease the embolic load. 
Collectively, these measures appear to decrease 
the severity of BCIS and the associated rate of 
deaths. Patients with severe underlying pulmo-
nary disease are likely best treated with shorter 
stems or with noncemented components.

21.5.3  Beware of Other Bones at Risk

Patients with metastatic disease often have more 
than one long bone at risk of fracture. A physical 
survey of all long bones should be undertaken 
during the preoperative evaluation. Limbs for 
which the patient reports a history of discomfort 

or those that are painful to palpation on physical 
examination should be evaluated with conven-
tional radiographs. Even mild patient-reported 
discomfort warrants additional attention with at 
least a thorough physical examination because 
patients with advanced cancer are often taking 
narcotic medications that may mask a pathologic 
process. When additional sites of clinically rele-
vant disease are located, the surgeon must decide 
whether surgery would be beneficial. 
Consideration of the rehabilitation plan influ-
ences the decision. For example, a patient with an 
impending hip fracture will need to bear weight 
through the upper extremities during rehabilita-
tion. If the patient has a humeral lesion at risk of 
fracture, consideration should be given to fixing 
the humerus prophylactically to maximize the 
lower extremity mobility goals and prevent a sub-
sequent pathologic fracture. In addition, the 
entire surgical team needs to be cognizant of 
other bones at risk of fracture to prevent inadver-
tent injury during patient positioning and other 
preparation activities.

Moon et al. [22] reported their experience of 
simultaneous nailing of two or more pathologic 
fractures during a single surgical encounter. Two 
of 16 patients experienced a fatal cardiopulmo-
nary complication. The authors concluded that 
the risk of simultaneous nailing was no greater 
than that of unilateral nailing. Patient selection 
remains crucial to achieve acceptable morbidity 
profiles.

21.6  Summary

Although the surgical principles of treating skel-
etal metastases are often straightforward, incorpo-
rating all the nuances of treatment takes 
considerable thought. Always biopsy the first 
metastasis when metastatic status has not been 
confirmed. With the number of prediction tools 
available, genuine attempts should be made to 
predict life expectancy. Consider disease biology 
in surgical planning because it will guide the most 
appropriate implant choice. Finally, expect the 
unexpected in the operating room. Be prepared to 
change quickly from plan A to plan B or C.

Fig. 21.6 Radiograph of the proximal femur showing 
implant fracture in the setting of metastatic lung cancer

C. D. Morris and M. S. Spinelli
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Rehabilitation of Patients 
with Bone Metastatic Disease

Sandra Miccinilli, Federica Bressi, Marco Bravi, 
and Silvia Sterzi

Abstract
Treatment of patients affected by bone metas-
tases requires a multidisciplinary team of dif-
ferent specialists. Rehabilitation medicine 
works beside oncology, radiotherapy, orthope-
dics, and palliative care to reduce the impact 
of this pathology on patients’ quality of life. 
Medical evidence shows that, even if rest pre-
vents the occurrence of fractures in bone met-
astatic patients, rehabilitation seems to be 
effective in providing pain relief, preventing 
joint degeneration, increasing survival, and 
therefore reducing the occurrence of disuse 
syndrome in cancer patients. This condition, 
in fact, increases the risk of death and compli-
cations, such as muscle contractures, weak-
ness and atrophy, osteoporosis, orthostatic 
hypotension, pressure sores, pneumonia, con-
fusion and disorientation, and increased risk 
of thromboembolic disease. Rehabilitative 
interventions do not differ from rehabilitative 
treatments for patients affected by disabilities 
caused by other pathologies; however, they 
will depend on the subjects’ general health 
conditions, on the site of the metastases, and 

on the involvement of other organs. In all 
cases, the ultimate goal for the patient will be 
the achievement of the highest possible func-
tional status within the limits of the disease.

Keywords
Rehabilitation · Bone metastases · Cancer

22.1  Introduction

The increased survivorship of patients affected 
by cancer due to the development of more effec-
tive therapies has raised interest toward reha-
bilitation in this field. Rehabilitation improves 
the quality of life of patients affected by 
advanced cancer, aims to achieving the highest 
possible functional status within the condition 
of the disease, and is directed toward the limit-
ing of the disability due to neoplasms and 
related therapies. Patients affected by advanced 
cancer need a multidisciplinary approach and 
several professional figures involved in relation 
to the stage of the disease and to the patients’ 
specific issues. The identification of methods of 
intervention and of different roles of the various 
characters, and their integration in a team, can 
provide effective responses to the needs of 
patients. The clinical pathway of patients 
affected by cancer, in fact, is an exclusive model 
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of interaction between neoplastic disease and 
various kinds of disabilities, often characterized 
by chronicity. Many patients, even in the case of 
being healed from tumor, often do not show 
complete recovery of functions. Rehabilitative 
treatments are variable and depend on cancer 
typology, location, aggressiveness and staging, 
on the patients’ age, on their comorbidities, and 
on cultural, social, or family environment; 
therefore, these require a highly customized 
plan which needs to be frequently updated. 
Disabilities in cancer patients can be organ-spe-
cific (related to the localization of the primary 
tumor and to its surgical exeresis) or common to 
all kinds of tumors (due to iatrogenic causes or 
to the progression of the disease). The rehabili-
tation project is elaborated on the basis of the 
evaluation of the clinical and functional overall 
picture, by defining intervention strategies, 
objectives of autonomy, and quality of life, 
selecting and giving priority to the rehabilita-
tion of patients at increased risk of functional 
damage, and limiting permanent damage and 
the resulting health and social consequences.

22.2  Cancer Rehabilitation

The different stages of the neoplastic disease are 
responsible for different gradients of clinical sta-
bility and autonomy. Rehabilitation can take 
place, therefore, in different care settings at the 
time of diagnosis, staging, treatment, recurrence, 
and palliative phase. In all phases of the therapeu-
tic process, rehabilitative medicine is able to 
diversify the settings to ensure appropriate treat-
ments. Flexibility of rehabilitation is necessary in 
this field, since cancer patients rarely present con-
ditions of stability, and the changes in the clinical 
status impose continuous revision of the rehabili-
tative interventions in relation to the new 

 disabilities. The American Cancer Society distin-
guishes five stages of symptoms and functional 
disabilities according to the stage of cancer.

Stage IV and V are characterized by the pres-
ence of bone metastases. In these stages, we can 
also recognize other sub-phases, as described in 
Fig. 22.1. Each one is characterized by different 
disabilities, clinical evaluations, rehabilitative 
programs, and settings.

However, is rehabilitation always recom-
mended in bone metastatic patients? Shibata 
et al. in 2016 [1], in a guideline for the diagnosis 
and treatment of bone metastases, analyze the 
medical evidence from meta-analyses, random-
ized controlled trials published from 2003 to 
2013, and a guideline developed in Japan in 
2014, according to the Medical Information 
Network Distribution Service Handbook for 
Clinical Practice Guideline Development. This 
analysis reveals that it is not strongly suggested 
that rehabilitation improves ADL and quality of 
life and that it prevents disuse syndrome in bone 
metastatic subjects. Conversely, rehabilitation 
seems to be effective in providing pain relief, 
preventing degeneration, and increasing sur-
vival [1]. In spite of these considerations, it is 
generally accepted, however, that even if bed 
rest prevents skeletal fractures, it also reduces 
autonomy and quality of life, resulting in disuse 
syndrome. This condition increases the risk of 
death and complications, such as muscle con-
tractures, weakness and atrophy, osteoporosis, 
orthostatic hypotension, pressure sores, pneu-
monia, confusion and disorientation, and throm-
boembolic disease [1, 2]. If an accurate 
evaluation of risks and benefits assesses that no 
major contraindications to rehabilitation treat-
ment are present, it might then be preferable to 
make the rehabilitation treatment to prevent 
hypomobility complications rather than forcing 
the patient to rest.

S. Miccinilli et al.
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22.3  Rehabilitation in Bone 
Metastases

To draft a rehabilitative program, a correct clinical 
evaluation should be done. Bone metastatic 
patients assessment requires particular attention, 
since the manual testings could be detrimental. To 
prevent pathologic fractures, the examinator 
should elicit only active movements, which should 
be limited by the evocation of pain. Resistive exer-
cise involving an affected area is generally contra-
indicated. The presence of rib metastases should 
be ascertained before starting physical examina-
tion of the thorax [2]. Rehabilitative programs 
should reduce  hypomobility, improve decondition-
ing and osteopenia, prevent joint limitations, and 
increase autonomy by educating the patient to the 
usage of assistive devices. Bone metastases are 
usually distinguished into vertebral metastases and 
long bone metastases. This distinction is important 
since there are different rehabilitative issues 
depending on the site of the disease.

22.4  Vertebral Metastases

Bone metastases are mainly localized in the ver-
tebral column [3]. Since this structure is the main 
support for our body, its integrity is of crucial 
importance. The principal concern with vertebral 
metastases is therefore the risk of fracture and the 
possible involvement of the spinal cord. Once the 
nature of the lesion and the possible involvement 
of the spinal cord are ascertained, a multidisci-
plinary evaluation of oncologists, radiotherapists, 
and orthopedics is needed to define which thera-
peutic treatment is more appropriate. According 
to the guidelines of Italian Association of Medical 
Oncology (AIOM) of 2015, radiation therapy is 
required in the following situations: when cancer 
is radiosensitive or moderately responsive to 
radiotherapy in patients with minimal or no neu-
rologic deficits, when there is an epidural isolated 
compression, when pain is confined, when life 
expectancy is of less than 3 months, when the 
patient cannot undergo surgery, or, in the worst 
case, when the neurologic injury is no more 
reversible. Conversely, surgery aims to ensure the 

local control of the disease consistent in remis-
sion of painful symptoms, prevention of deterio-
ration of neurological function, and possible 
improvement and stabilization of the column. It 
is the only possible treatment in case of lesions 
resistant to radiotherapy or chemotherapy; other-
wise, it can be used in association with radiother-
apy treatments. Surgery of vertebral metastases 
can be classified as palliative therapy, adjuvant, 
or excisional and can be performed by anterior, 
posterior, or combined technique [4]. The guide-
lines of AIOM of 2015 also suggest the use of 
surgery in case of bone fragments causing neural 
compression, spinal deformities causing pain or 
neurologic compression, spinal instability, pro-
gressive neurologic deficit, no radiotherapy 
response, and unknown primary tumor. 
Rehabilitation treatment will be different depend-
ing on the presence of stable and unstable lesions 
and in case of involvement of the spinal cord. 
Common objectives of the rehabilitative program 
are pain control, prevention of secondary hypo-
mobility damages, maintenance of articular range 
of movement of immobilized segments, practice 
of neuromuscular facilitation techniques, hyper-
tone prevention or inhibition, optimization of 
residual functions and development of compen-
satory strategies, training for the management of 
sphincter functions, and training for the autono-
mous management of activities of daily living 
and for the management of aid and orthoses [5].

Clinical manifestation of vertebral bone 
metastases are common to those of other spine 
disorders (e.g., pain at rest, pain during move-
ment, sensory-motor deficits, paraplegia, tetra-
plegia, cauda equina syndrome, sphincter 
disorders, spasticity, pressure sores, joint con-
tractures, etc.). Neurologic deficits can present 
insidiously or acutely, according to the growth 
speed, location, and appearance of pathologic 
fractures. Low progression deficits are more fre-
quent in lumbar-sacral tumors involving cauda 
equina, whereas thoracic tumors can cause sud-
den vertebral fractures with direct compression 
signs or medullary ischemia. Thoracic metasta-
ses are almost the 70% of all spine compressions 
causing paraplegia. As for frequency, 60% of 
patients present with thoracic metastases, 30% of 
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patients present with lumbar-sacral metastases, 
and 10% with cervical metastases [6].

A correct initial assessment of neurological 
level and of completeness of the lesion and of 
consequent impairments is therefore needed. 
Administration of clinical scales, such as 
American Spinal Injury Association (ASIA) 
Impairment Scale, Spinal Cord Injury Measure 
(SCIM), Barthel Index (BI) for activities of daily 
independence, Rivermead Mobility Index (RMI), 
Walking Index for Spinal Cord Injury (WISCI), 
etc., helps clinicians with the definition of the 
main domains of intervention.

The rehabilitative treatment of patients 
affected by vertebral metastases will be the same 
adopted for vertebral fractures and for spinal cord 
injuries. Rehabilitation treatment of patients 
without spinal cord involvement will aim to pain 
relief, maintenance of muscle tropism and articu-
lar functions, education to the proper manage-
ment of the spine, education to the proper transfer 
activities (e.g., from supine to sitting position, 
from sitting to standing position, from standing 
position to the toilet, etc.), ambulatory training 
when needed, education to the use of aids and 
orthoses, reinforcement of abdominal muscles 
and of the stabilizing muscles of the spine, and 
improvement of proprioception, coordination, 
and balance. Spinal cord involvement can lead to 
different clinical presentations: involvement of a 
single limb, paraplegia, tetraplegia, cauda equina 
syndrome, conus medullaris syndrome, with loss 
of movement, loss of sensitivity, loss of vasomo-
tor control, loss of voluntary control of bladder 
and bowel, and loss of sexual functionality. Pain, 
pressure sores, deep vein thrombosis, pulmonary 
embolism, heterotopic ossification, spasticity, 
joint contractures, vasomotor, urological, and 
bowel and respiratory problems are the most 
common complications for these patients. Such 
variability requests rehabilitative programs which 
need to be tailored on each patient. Rehabilitation 
program is systematically reviewed on the basis 
of clinical conditions and disease phases.

Unstable lesions with no surgical treatment 
indication or in patients in bad clinical conditions 
who could not undergo surgery need spinal ortho-
ses to be stabilized. Orthoses typology choice 

vary according to the grade of the instability, to 
the function of the orthoses (kinetic immobiliza-
tion, immobilization and static support, immobi-
lization and support associated with distraction) 
and to the vertebral level (cervical, dorsal, or 
lumbar). Cervical unstable lesions necessarily 
request orthoses for the elevated risk of spinal 
involvement (e.g., Halo Jacket, SOMI Brace, 
etc.) and can be integrated with an halo except in 
the case of concomitant skull metastases. The use 
of cervical-thoracic orthoses is recommended in 
case of more stable lesions (e.g., Philadelphia 
collar with sternal support or SOMI Brace with-
out halo). Semirigid collars, such as Schanz 
Collar, are suggested, instead, in case of cervical 
contractures in patients with small stable lesions. 
As for dorsal and lumbar metastases C35 ortho-
ses can be used in case of stable small lesions. 
Dorsal and lumbar unstable lesions, instead, 
require tailored plastic orthoses with distal iliac 
or acromial support (e.g., Cheneau/antigravity 
corset). In cases of elevated instability or in 
patients with multiple lesions, tailored plastic 
orthoses with both occipitocervical and iliac dis-
tal support are needed [5].

22.5  Long Bone Metastases

Long bone metastases are less frequent than ver-
tebral metastases; however, there is an elevated 
risk of pathological fracture, and, in case this 
event occurs, patients can experience a sudden 
loss of function and disability. Treatment strategy 
for the management of metastatic limbs depends 
on biological and biomechanical characteristics 
of the lesions, which can be distinguished into 
four classes, described in Table 22.1.

Treatment of long bone metastases is usually 
surgical and varies from osteosynthesis to endo-
prostheses or tumor endoprostheses. It aims to 
relief pain and restore the patient lost function. 
The choice of surgery technique should consider 
patient’s life expectancy, should save as much tis-
sue as possible (within the limits of disease 
extent), should preserve limb function, and 
should influence recovery prognosis and rehabili-
tation programs. Recent studies show that modu-
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lar tumor endoprosthesis, which requires tumor 
resection, is also associated with an increased 
survival, whereas osteosynthesis is associated 
with incomplete pain relief and with increased 
risk of local progression of tumor [8]. An impend-
ing fracture could also require a surgical treat-
ment. There are definite limitations in the clinical 
ability to predict which lesions are at risk of frac-
ture, whether the system used to identify them is 
based on the size or the percentage of erosion of 
the cortex. Criteria for definition of impending 
fractures are osteolytic lesion of the cortex 
>2.5 cm large; dysruption of cortex of ≥50% of 
the diameter; persistent pain or progression after 
radiotherapy or chemotherapy; >30 mm of axial 
cortex; and >50% of circumferential extension. It 
is generally accepted that wide resection and 
reconstruction are indicated in case of good prog-
nosis, whereas rigid internal osteosynthesis and 
radiotherapy are suggested in case of poor prog-
nosis. In particular prosthesis is indicated for 
femoral head or neck fractures and in solitary 
metastases with a good prognosis, whereas intra-
medullary nailing is locked for metadiaphyseal 

and diaphyseal fractures in patients with cancer 
in advanced stage.

Main concerns with prosthesis are immediate 
stability, good fixation, high mechanical strength, 
fast mobilization and loading, implant survival 
10  years >80%, early mobilization, early load, 
early recovery of ADL and IADL, and mainte-
nance of the best possible QoL [9].

Upper limb metastases mainly interest 
humerus, whereas pathologic fractures in the dis-
tal humerus are uncommon [10–13]. Humeral 
metastases can be distinguished into type I (prox-
imal humerus), type II (humeral diaphysis), and 
type III (distal humerus). Prosthesis in humerus 
metastases is more functional than osteosynthesis 
and is indicated in lesion with large osteolysis, 
whereas reverse prosthesis is indicated in rotator 
cuff-deficient patient. Results are dependent from 
rotator cuff functionality, deltoid preservation, 
and patient’s endurance, strength, and participa-
tion in rehabilitation. Type I metastases can be 
treated with cemented prosthesis which allow the 
attachment of rotator cuff tendons to the pros-
thetic head, whereas in type II metastases, a nail 

Table 22.1 Differentiation in classes of bone metastases patients according to Capanna and Campanacci [7]

I

Phase of
cancer

Pre-treatment
and evaluation

Information about treatment,
options and impact of illness

Pain
Anxiety
Depression

Daily routines
Sleep/Fatigue

Daily routines
Sleep/Stamina
Self-care
Cosmesis
Communication

Sleep/Fatigue
Disability
Disruptions of routines
Cosmesis
Vocational/Avocational

Sleep/Fatigue
ADL
Vocational/Avocational
Cosmesis

Pain
Anxiety
Loss of mobility
Wound/skin care
Speech/Swallowing

Pain/Weakness
Anxiety/Depression
Loss of mobility
Edema
Fatigue/Stamina

Pain/Weakness
Anxiety/Depression
Fatigue/Stamina
Edema
Anorexia
Bone instability

Pain
Fatigue
Anorexia

Dependence
Immobility

Information
Support
Rehabilitation interventions
Help with daily routines
Vocational, home, etc...

Support,
Rehabilitation intervention

Education
Support
Rehabilitation intervention

Education
Support
Palliative Rehabilitation

Treatment

Post-treatment

Recurrence

End of life

Patient needs Symptoms Impact of symptoms on
functions

II

III

IV

V
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is introduced in the tumor cavity, which is filled 
with cement. Nail stability is reinforced either 
with interlocking screws or with a side plate. In 
case of intercalary resection, cement is used for 
bone filling. In order to cover the humeral diaph-
ysis, the deltoid and brachialis muscles are 
sutured over the bone. Rehabilitative program in 
type I and type II metastases should consider the 
necessary initial immobilization of the arm in a 
sling for 3 weeks, during which the physiothera-
pist should work on the maintenance of the range 
of motion of the elbow, wrist, and fingers. After 
sling removal, gradual passive and active mobili-
zation in flexion and abduction of the shoulder is 
started. In case of bone curettage only, arm mobi-
lization should not be delayed after drainage 
tubes removal. Type III metastases, which involve 
humeral condyles, are generally treated with 
curettage, intramedullary rod, and cement recon-
struction. Only in rare cases of massive destruc-
tion of the distal humerus, endoprosthetic 
reconstruction is performed. Passive and active 
mobilization of the elbow is started after drainage 
tubes removal [14–16].

Proximal femur metastases can be treated either 
with tumor removal by curettage and osteosynthe-
sis (introduction of an intramedullary nail and 
cement filling or introduction of a side plate and a 
sliding screw) or with osteotomy below the lower 
border of the tumor and cemented tumor prosthe-
sis placement. The abductor tendon is joined later-
ally to the prosthesis, whereas psoas muscle is 
attached medially. When a proximal femur resec-
tion is done, the gluteus medius muscle is detached 
and reflected from its insertion site at the greater 
trochanter muscle. Drainage tubes are left for 
3–5 days. In case of tumor curettage, rehabilitation 
should include early mobilization of the hip joint 
for range of motion recovery and early ambulation 
with free weight-bearing. In case of endopros-
thetic reconstruction, the extremity is kept in sus-
pension for 5 days, and subsequently mobilization 
is started. Finally, in case of total hip replacement, 
the same precautions adopted for usual prostheses 
are adopted, even though an abduction brace and 
weight-bearing as tolerated can be continued for 
6 weeks. Up to 3 months, in order to prevent hip 
prosthesis dislocation, it is also suggested to avoid 

maximum adduction and internal rotation move-
ments and hip flexion to more than 80°. Patients 
are then required to respect specific daily rules, 
such as avoiding low seats, using WC aids, avoid-
ing leg crossing, using aids for dressing, and 
undressing to limit forward bending.

Femoral diaphysis metastases are treated with 
curettage, introduction of an intramedullary nail, 
and cement. After drainage tube removal, patients 
can start rehabilitation programs, which should 
include passive and active mobilization of the 
knee joint and early ambulation with unrestricted 
weight-bearing and global muscular strengthen-
ing exercises, such as ankle rotations, bed-sup-
ported knee bends, buttock contractions, 
abduction exercise, quadriceps isometric con-
tractions, straight leg raises, standing exercises, 
standing knee raises, standing hip abduction, 
standing hip extensions, walking, and stair climb-
ing and descending.

Distal femur metastases are treated with 
cemented tumor prostheses. If tumor curettage 
had been done, rehabilitation should include early 
ambulation with unrestricted weight-bearing as 
well as passive and active range of motion of the 
knee joint. In the case of distal femur resection, 
the lower extremity is elevated for 3 days to pre-
vent wound edema. Knee motion is restricted in 
an immobilizing brace for 2–3  weeks to allow 
healing of the surgical flaps and until the extensor 
mechanism is again functional. During that time, 
isometric exercises are carried out and weight-
bearing is allowed [16–23].
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Abstract
It is estimated that each year around 5% of all 
cancer patients develop metastases to the 
spine. In these patients, pain is the most cardi-
nal symptom. The treatment of bone metasta-
ses is determined by a multidisciplinary team 
where the interventional radiologist is increas-
ingly taking on a crucial role. Open surgery is 
not frequently used for treatment of bone 
metastases, owing to its morbidity and the 
often short life span of the patients. Surgical 
indications include a fracture with associated 
a neurologic compromise or high risk of 
developing pathologic fracture, which could 
result in neurological damage. Percutaneous 
cryoablation and thermoablation procedures 
are the therapeutic choices with a good effi-
cacy in the treatment of painful metastatic 
lesions refractory to traditional therapies. 
These ablative methods can also be performed 
in combination with percutaneous cemento-
plasty to support and stabilisation for metasta-
ses in weight-bearing bones at risk for 
pathologic fracture.

23.1  Metastatic Bone Disease

The incidence of many cancers is increasing 
globally. Concurrently, the earlier diagnosis and 
modern treatments have attributed to the 
improved survival rates for many common 
forms of cancer and for all cancers combined [1, 
2]. As the number of new cases and of long-term 
cancer survivors is growing, the incidence of 
metastatic bone disease (MBD) is increasing [3, 
4]. The rise in occurrence of bone metastases is 
also accented by better diagnostic detection of 
distant malignant growths in various sites. Bone 
is the third most common target for the meta-
static spread after the lung and liver, and preva-
lent primary malignancies to disseminate to 
bone are breast, prostate, thyroid, lung and kid-
ney cancer [3, 5]. In autopsy studies, ca 70–80% 
of patients, dying with breast or prostate cancer, 
have evidence of MBD [3, 5]. The most com-
monly involved skeletal sites are the spine, pel-
vis (Fig. 23.1), femur and rib [3].

It is estimated that each year around 5% of 
all cancer patients develop metastases to the 
spine [6]. In these patients, pain is the most car-
dinal symptom and affects around 80% of 
patients with MBD [7]. In addition, patients 
with bone metastases are at risk to develop skel-
etal complications, termed as skeletal-related 
events (SRE). The SREs include debilitating 
bone pain requiring radiotherapy or surgery, 
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pathological fracture, spinal cord compression 
or hypercalcaemia. In a large study, 20% of 
patients with skeletal metastases had a SRE 
concomitant with the diagnosis of bony metas-
tases. The rate increased to 40–50% in the fol-
low-up studies [3]. Pain and other SREs are 
common causes of morbidity in cancer patients 
with osseous metastases and affect negatively 
mobility. Reduced quality of life and mood 
changes with depression and anxiety are often 
present in this patient group [8].

The treatment methods for patients with 
MBD are critical to sufficiently control pain, to 
reduce tumour mass and to prevent SREs with 
the objective to improve quality of life and to 
maintain functional status of patients. The 
evaluation of every patient is interdisciplinary 
and includes various specialist, among others, 
oncologists, orthopaedic surgeons, interven-
tional radiologists and palliative care specialists. 
The collaborative approach in choosing the opti-
mal treatment or combined treatments should 
consider manifold factors, such as the histology 
of the primary tumour, the site and the extent 
of the metastatic spread and the general status 
of the patients. Analgesia with non-steroidal 
anti-inflammatory drugs or opioids is the first-
line treatment in cancer patients with bone pain 
[8]. In addition, specific oncologic systemic 
or local therapies would be considered where 
appropriate. The systemic ones include chemo-, 

hormonal and immunotherapies, radiopharma-
ceuticals and bisphosphonates. Chemotherapy 
is a systemic method that can deal even with 
small foci of metastases [9]. The treatment is 
effective in pain relief and also in reducing the 
burden of primary tumour and its related lesion 
[8]. However, pain in patients with MBD is 
often refractory to standard chemotherapy [10, 
11]. Furthermore, it is not always well toler-
ated and associated with various side effects. 
The systemic radiopharmaceuticals are used 
to palliate pain in patients with diffuse painful 
bone metastases but are not suitable for patients 
with oligometastatic disease. Bisphosphonates 
are systemic bone-targeted agents that inhibit 
osteoclast activity. The agents are used as addi-
tional method alongside with other treatments 
to control bone pain and to prevent SREs [5]. 
Locally applied external beam radiation therapy 
stays the standard treatment for bone metastases 
[12]. Radiation therapy is effective in 60% of 
patients but requires several weeks to occur [12, 
13]. Around 20–30% of patients do not expe-
rience pain relief after radiotherapy and 50% 
will suffer from recurrent pain [13]. Surgery is 
considered for patients with limited MBD, who 
present with pathological fracture or to resolve 
complications from the fracture. However, pain, 
from osseous metastases, is often undertreated, 
and patients experience moderate to severe pain 
and rely on the increasing doses of analgesics.

a b

Fig. 23.1 A 60-year-old man affected by a large hip 
metastasis from lung cancer. Axial T1-weighted image (a) 
and coronal T2-SPIR-weighted image (b) show the pres-

ence of a metastatic osteolytic lesion located in the right 
hip with infiltrative phenomena on surrounding muscle 
and subcutaneous tissues
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23.2  Image-Guided Thermal 
Ablation Techniques

The minimally invasive percutaneous procedures 
are the alternative choices of locally administered 
treatments. These include thermal or chemical 
ablation techniques, cementoplasty or percuta-
neous grafting. There are techniques which use 
the energy of heat to destroy a target tissue: i.e. 
thermal ablation procedures of radiofrequency, 
microwave, high-intensity focused ultrasound and 
laser ablation. In contrary, cryoablation technique 
damages the tissue with generated freezing tem-
peratures of below −20 °C. Thermal ablation pro-
cedures are monitored by imaging. Ultrasound, 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) provides the possibility to 
choose the optimal route before the procedure, 
to monitor the placement of the cannula from the 
entry point to the selected site in real time or with 
small steps and to monitor the anatomical site 
during the procedure when necessary.

The main goal of the thermal ablation proce-
dures is to reduce pain and to reduce the amount 
of analgesic opioid treatment. The procedures are 
considered in patients with refractory pain for 
conventional therapies. The indications for the 
procedures include pain intensity of more than 
4/10 on visual analogue scale (VAS), localised 
pain in one or two places with the corresponding 
lesions seen on the imaging and life expectancy 
of more than 2 months [13]. Contraindications 
for the procedure include disseminated painful 
metastases, risk of fracture, prevalently osteo-
blastic metastases and a distance of less than 
1 cm from a critical structure [7].

23.2.1  Radiofrequency Ablation

The energy of the radiofrequency (RF) current is 
the source for various interventional radiology 
procedures. The common aspect in these proce-
dures is to generate and disperse heat and achieve 
the anomalous tissue coagulation in the specific 
site. Radiofrequency ablation (RFA) is the most 
widespread thermal ablation procedure for 

tumours in different sites (Fig.  23.2). It has 
become the gold standard as the curative treat-
ment of benign bone tumour of osteoid osteoma. 
The use of RF for the malignant tumours is 
largely palliative, although the method may have 
effect to the local tumour growth [7].

Dupuy et al. were the first to report RFA method 
for the palliative treatment of painful bone metasta-
ses in 1998 [13]. Two large multicentre studies 
have shown the method to be effective and safe for 
the treatment of painful bone metastases [14, 15]. 
In the first multicentre study by Goetz et  al., 43 
patients were treated with RFA.  From these, 41 
patients (95%) experienced pain relief that was 
considered clinically significant. The reduction in 
worst pain, average pain, pain interference and sig-
nificant improvement in pain relief was extending 
up to 24 weeks [14]. In the other multicentre study 
by Dupuy et al., 55 patients, who completed RFA, 
had on a 100-point scale an average increase of 
pain relief by around 26 points [15]. In addition, 
other scales of mood, pain intensity and pain sever-
ity showed significant improvement during follow-
up studies [15]. Both of the multicentric studies 
reported a few significant adverse events related to 
the procedure. Other single site studies confirmed 
the efficacy and safety of the RFA treatment [9]. In 
addition to the positive effect on the pain scores, all 
of the conducted studies reported the decrease in 
the need for opioid analgesics [14, 15].

The aim of RFA is the destruction of cancer 
cells with the high temperature, with the final 
destruction or with the stop of the progression of 
the tumour mass. In single-electrode RFA sys-
tems, a closed-loop circuit is created with a RF 
generator, a large dispersive electrode (ground 
pad), the patient and a needle electrode in series 
[16]. The RFA procedure uses the alternating elec-
trical current that oscillates in the radiofrequency 
band in the range of 400–500 kHz. The electrode 
has a non-insulated tip which leads the energy into 
the tissue, where the energy is dissipated as heat.

The current is lead into the site of the bone 
lesion through the inserted electrode [17]. The 
local ionic agitation and subsequent frictional 
heat are the final effect with a significant increase 
in temperature. Endosteal nerve endings are also 
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destroyed, with a reduction in production of 
chemicals involved in pain signalling, such as 
prostaglandins and bradykinin, substance P or 
histamine, released by the destroyed bone [13]. 
Cortical bone has heat insulating activity, which 
protects neighbouring structures [18].

Some studies proved the cells die, resulting in 
tissue necrosis, when the temperature exceeds 
60 °C [19]. Authors then supposed the use of a 
‘higher-than-ideal temperatures’, typically over 
90–100 °C, for ablation of tissues with a greater 
distance from the RF source: a complete cover-
age of the tumour should be obtained by the abla-
tion zone with an adequate margin, typically 
1 cm otherwise the boundary of the treated can-
cer lesion [20].

There are many types of electrodes, which dif-
fer for the length and the thickness of the tip, and 
the choice depends on the characteristics of the 

lesion to be treated. The area of tissue coagula-
tion necrosis is a sphere and its size increases lin-
early in function of the tip length [21]. There is a 
major ionic agitation in the molecules of the 
neighbour tissues to the electrode tip, therefore, a 
higher temperature increase [22]. A lot of sys-
tems include a single active electrode. Some 
companies produce bipolar electrodes: two seri-
ally non-insulated metallic surfaces at the tip 
electrode act as double poles [23, 24]. For larger 
tumours, RFA systems with multiple electrodes 
are preferred because of their faster and wider 
coagulation than single-electrode systems: multi-
tine conventional or cooled electrode systems 
range from 3 to 12 active tips of variable size and 
cluster configurations, with a final ablation zone 
of 3–4 cm [25, 26].

RFA is performed under fluoroscopy or 
combined fluoroscopy/CT guidance, in  local 

a

c

b

Fig. 23.2 A 50-year-old woman affected by a metastasis 
from breast cancer. (a, b) Axial PET and CT image shows 
a metastatic osteolytic lesion localised in the sternum. (c) 

CT axial image showing the results of radiofrequency 
treatment with air microbubbles in the context of the 
treated lesion
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anaesthesia. With the patient in prone position 
and two rolls of soft material under the chest 
and the pelvis, a stiff cannula of a diameter 
between 11 and 13 gauge is introduced with uni-

lateral or bilateral trans-pedicular pathway (or 
inter-costovertebral for thoracic vertebrae or 
posterolateral for the lumbar levels) in the verte-
bral body (Fig. 23.3). A flexible working cannula 

a

c

b

Fig. 23.3 A 66-year-old woman affected by a spinal 
metastases from breast cancer. (a) Placement under 
fluoroscopic guidance of the radiofrequency needle 
(white arrow) within the lesion. (b) Axial CT image 

showing the metastatic osteolytic lesion in a thoracic 
vertebral body. (c) CT axial image showing the results 
of the treatment after the stabilisation with PMMA 
augmentation
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is introduced to allow the subsequent introduc-
tion of RF electrode that is then positioned with 
a coaxial technique in the target lesion.

There are contraindications to RFA: vertebral 
fractures with fragments within neural foramen, 
spread of tumour within the epidural space, local 
or systemic infection, coagulative disorders, 
asymptomatic fractures and tumour involvement 
of posterior arc [27]. The RFA induces tempera-
ture of over 45 °C; with this temperature, the heat 
sensitive nerve tissues may be damaged perma-
nently. Damage to the nerve or vascular tissues is 
one of the most severe complications occurring 
[12]. Furthermore, the ablation margin of the tar-
geted tissue cannot be visualised with ultrasound 
or CT, and significant increase of pain is reported 
immediately after the procedure [11].

Skin heat injuries and damages to neurovascu-
lar structure or other closer soft tissues should be 
prevented with thermal protection techniques: 
gas dissection (air or CO2 in the soft tissues) or 
hydro-dissection with subcutaneous fluid injec-
tion as saline solution or the anaesthetic drugs, 
which have an insulating function [28]. Sterile 
gloves containing cooled fluid can be placed on 
the skin near to the entry site to prevent burns 
[28]. Some companies created temperature moni-
toring system as a thermocouple included in the 
RFA electrodes [28].

23.2.2  Cryoablation

Cryoablation (CA) is a thermal ablation tech-
nique with alternating rapid freezing and thawing 
cycles, with the aim to achieve tumour destruc-
tion. The freezing temperature is reached by rap-
idly conducting argon gas through the probe. The 
passage decompresses argon gas (Joule-Thomson 
effect) and leads within a few seconds to cooling 
with temperatures of below −100 °C. Thawing is 
achieved passively or by circulation of helium 
gas in the probe. During the procedure, the freez-
ing temperature causes formation of ice crystals 
in the target site. Tissue destruction is complete at 
temperature from −20 to −40 °C. With very low 
temperature, direct cell destruction is obtained, 
while less icy temperature causes osmotic differ-

ences across the cell membranes, with resulting 
cellular dehydration and ischaemia [13].

Patients are treated under general anaesthesia 
or moderate sedation. There are two major pro-
ducers of cryoprobes, Galil Medical (Yokneam, 
Israel) and Endocare, Inc. (HealthTronics/
Endocare Incorporated, Irvine, California). Both 
industries produce an argon/helium pairing-
based system and possess independent console to 
evaluate statistics of probes status and the differ-
ent temperatures recorded. Galil Medical pro-
duces an MRI-compatible system. Following 
sterile preparation, one or more cryoprobes are 
straight inserted, introduced through the skin 
under CT or both CT and ultrasound guidance. 
Hydro-dissection is used to differentiate directly 
contiguous structures. This is a potential advan-
tage over the RFA to visualise the ablation mar-
gins and adjacent critical structures. Cryoprobes 
localisation is monitored by CT imaging. 
Although, the ultrasound provides the real-time 
visualisation, its use is limited to the more super-
ficial sites, including breast, thoracic or abdomi-
nal wall. CT is preferred for lung, bone, kidney 
and visceral structures. A series of freeze-thaw-
freeze cycles are used for the treatment of metas-
tasis with a goal of 10  min–8  min–10  min, 
respectively, for a single cycle (Fig.  23.4). The 
temperature at the outer edge of the iceball is 
around 0 °C [11]. However, the cell death reliably 
has been found around 3–5 mm from the edge. 
Non-contrast-enhanced CT is performed every 
2–5  min of freezing cycles and displayed with 
good body window width and level settings (W 
400 HU, L 40 HU) to show location and dimen-
sions of the iceball. A limitation of CA is the long 
time-consuming procedure.

Percutaneous CA was used first for the curative 
treatment of lesions in the liver and consequently 
has been used for lesions in the kidney, lung, 
breast, bone and soft tissues [29]. In the first pro-
spective study evaluating the efficacy and safety 
of CA procedure, 14 patients were treated with 
CA for the painful osseous metastases. During the 
follow-up evaluations up to 24 weeks, 12 patients 
of 14 had a drop of 3 points in the worst pain at 
some point during the follow-up [10]. In addition, 
the average pain intensities decreased at 1, 4, 6 
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and 8  weeks post-procedurally [10]. The multi-
centre single-arm trial of the efficacy of cryoabla-
tion by Callstrom et  al. evaluated 61 cancer 
patients with MBD and reported highly significant 
reductions in pain scores [30]. In that study, 75% 
of patients achieved 90% or higher pain relief at 
some point in the follow-up period.

CA has been utilised in combination with 
radiotherapy for the treatment of solitary painful 
bone metastases. The combined approach had 
favourable impact on pain and quality of life 
scores compared with the radiotherapy treatment 
only [31]. The study by Zugaro et al. compared 
the outcomes of pain relief and quality of life in 
patients with painful osseous metastases treated 
with CA or RFA [32]. Pain relief has evaluated 
post-procedurally with complete and partial 
response. The study demonstrated that CA sig-
nificantly improved complete or partial response 
with respect to baseline at 12  weeks following 

ablation. By contrast, only partial response sig-
nificantly improved with respect to baseline fol-
lowing RFA treatment [32].

23.3  Image-Guided Bone 
Augmentation Techniques

Vertebral cementoplasty (VP) is a well-estab-
lished percutaneous technique to stabilise the 
spine with the injection of viscous material or 
cement into the weakened and pathological verte-
bral body. The VP was first performed in 1984 for 
the treatment of haemangioma in the cervical 
metamer and after a few years later was applied to 
treat porotic vertebral fractures [33]. The VP has 
been used to treat pain in various  pathological 
processes involving the vertebrae, including 
Paget’s disease, osteogenesis imperfecta, 
Langerhans cell histiocytosis and spinal pseudo-

a b

c d

Fig. 23.4 A 60-year-old man affected by a large metasta-
sis from lung cancer and hip pain. (a, b) Axial and sagittal 
CT images show the correct position of the cryoprobes in 

the centre of the lesion. (c, d) Axial and sagittal CT images 
show the iceball lesion formed in the metastatic target 
after the freezing cycles
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arthrosis [34]. However, the main indications 
remain the painful osteoporotic and malignant 
vertebral compression fractures refractory to 
medical conservative treatment and aggressive 
vertebral haemangiomas. VP has been validated 
extensively and is an efficient pain management 
procedure in patients with spinal neoplasms who 
have classified as stable and possibly unstable 
[33]. Eighty-four to ninety-two percent of 
patients in these groups have shown rapid pain 
relief and the recorded safety data showed 
4–9.2% of patients with asymptomatic paraverte-
bral cement leakage [33]. The use of the radiofre-
quency ablation (RFA) before the cementoplasty 
appears to be useful to achieve tumour necrosis 
and stabilise the ablated lesions. The combined 
use of cryoablation and cementoplasty is thought 
to provide additional pain relief [35].

Polymethyl methacrylate (PMMA) is injected 
via the percutaneously inserted needles into the 
site of interest under imaging guidance. The opti-
mal needle placement into the bone and accurate 
cement injection and distribution, including 
detection of cement leaks during the procedure, 
should be monitored sufficiently under fluoros-
copy or CT guidance. The PMMA or cement 
flows into the cavities and spaces of bone and the 
viscous fluid hardens in 8–18 min [36]. The char-
acteristic of the cement is that it is extremely 
stable but does not attach strongly to the bone. 
Therefore, it is considered as a treatment option 
for vertebral bodies or acetabulum, where the 
compression forces are present, but less so to 
treat meta-diaphysis of long-bone that are sub-
jected to shear forces [36].

The main indication for the VP is the treat-
ment of pain due to osteopenic or osteolytic 
lesions in the vertebral bodies that has not been 
sufficiently controlled with 3 weeks of conserva-
tive medical treatment. The baseline evaluation 
of patients before the VP treatment must be thor-
ough to decide the probable site of pain in cases 
of involvement of multiple sites, to exclude the 
contraindications for the VP procedure or to eval-
uate the risk factors that are associated with com-
plications. The contraindications for the VP 
procedure include the spinal cord compression, 
local or systemic infections, response to medical 

therapy, allergy to cement or diffuse bone metas-
tases or uncorrectable coagulopathy [33, 34].

Over 70% of patients undergoing VP will have 
a visible leakage on CT scans into the soft tis-
sues, perivertebral veins and intervertebral disks 
[36]. These leaks are usually asymptomatic. The 
complication of leakage into the spinal canal is 
also relatively well tolerated if the volume of the 
cement is small [36]. However, rarely the poste-
rior cement overflow into the spinal canal and 
subsequent spinal cord compression may require 
urgent intervention. Less often complication is 
the leakage into the intervertebral foramen caus-
ing radiculopathy. Cement embolism is usually 
asymptomatic and has been estimated to be pres-
ent 4.0–6.8% of cases [34]. As with all interven-
tional procedures, sterile conditions and strict 
procedural protocol must be followed to mini-
mise the risk of local infections [37].

 Conclusions
The thermal ablation procedures are promis-
ing technique that could be part in the man-
agement plan for cancer patients with skeletal 
metastases. PMMA augmentation can be 
finally performed with good results in term of 
pain relief and bone stabilisation, by prevent-
ing pathologic fractures. However, especially 
for CA, the procedures are still relatively new, 
and more published data about the efficacy 
would be needed.
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Electrochemotherapy

Laura Campanacci and Flavio Fazioli

Abstract
Bone metastatic disease is a major cause of 
pain and decreased quality of life in patients 
with cancer. In addition to systemic therapy 
and pain control with narcotic analgesics, 
standard local treatments include palliation 
with radiation therapy, surgery, embolization 
or focused ultrasound treatment. However 
20–30% of patients do not respond to conven-
tional treatments, increasing the interest in 
alternative therapies.

Electrochemotherapy (ECT) – a combina-
tion of high-voltage electric pulses and of an 
anticancer drug  – has demonstrated high 
effectiveness in the treatment of cutaneous 
and subcutaneous tumours and proved to be 
successfully used in the treatment of tumours 
regardless of its histological origin. Because 
of its demonstrated efficacy in the treatment of 
cutaneous and subcutaneous tumours, its 
application deserves to be extended to the 

treatment of internal tumours. To advance 
electrochemotherapy to treating internal solid 
tumours, new technological developments 
enabled treatment of internal tumours in daily 
clinical practice. Preclinical studies and clini-
cal trial demonstrated the feasibility and effi-
cacy of electrochemotherapy for the treatment 
of bone metastases.

ECT should be considered a new feasible 
tool in the treatment of bone metastases in 
place or in combination with standard local 
treatments; further developments are required 
to extend the use of this technique to spine 
metastases.

Keywords
Electroporation · Electrochemotherapy  
Cancer treatment · Treatment planning

24.1  Introduction

Bone cancers greatly impact patients’ quality of 
life due to associated symptoms such as pain, 
pathological fractures, spinal cord compression, 
hypercalcaemia and reduction of movement and 
performance status [1, 2].

The metastatic pain without mechanical fail-
ure of the skeletal segment is often effectively 
treated with analgesics, radiotherapy, hormone 
therapy, chemotherapy and bisphosphonates. 
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The surgical treatment is often necessary to 
 prevent or stabilize pathological fractures or 
decompress the spinal cord in case of vertebral 
metastasis in order to preserve the function and 
allow a rapid patient mobilization. When surgery 
is not indicated, for example in the case of hardly 
accessible metastases, radiotherapy in divided 
doses is considered the treatment of choice with 
success rates of around 60% as regards the con-
trol of pain and to 25% for the control of local 
disease. Adjuvant radiation therapy, when possi-
ble, is also performed to complete the surgical 
treatment. Radiotherapy is more effective in 
some histological type metastases, mainly 
breast, prostate and lung, while its effectiveness 
in other types of metastases (as for metastases 
from kidney carcinomas) is lower. But radiother-
apy cannot be repeated in the same anatomical 
area over 40–50  Gy, and there is a cumulative 
dose-dependent risk of collateral effects due to 
its toxicity to the surrounding healthy tissues.

Other local treatments may be selective arterial 
embolization, radiofrequency thermal ablation, 
focused ultrasound treatment and cryosurgery, 
with similar results or inferior to radiotherapy in 
terms of local progression or pain control.

Radiofrequency thermal ablation has been 
described to induce as well connective and vascu-
lar degeneration due to the heat dissipation, and 
when applied to the bone tissue, it leaves the tra-
becular structure brittle and not mechanically 
competent. Cryosurgery is particularly time con-
suming, requires multiple probes, and has a num-
ber of side effects [3–8].

Although the treatment of patients suffering 
from bone metastases has always been primarily 
aimed at palliation of pain, currently the local 
control of the disease is becoming an important 
goal, especially in a growing population of oligo-
metastatic patients with a long life expectancy. 
The progression of neoplastic disease limited to 
one anatomical region can significantly impair 
the patient’s quality of life with serious local 
complications.

When surgery finds no indication, for  example, 
in difficult sites as pelvis and extended metasta-
ses, fractional dose radiotherapy is  considered 
the treatment with success rates of about 60%  

for pain control and 25% for the control disease 
site [5]. Adjuvant radiotherapy, whenever possi-
ble, is also performed upon completion of the 
surgical treatment.

However, some bone metastases may not ben-
efit from radiotherapy because they are not radio-
sensitive (e.g. kidney cancer metastases) or 
because they are located in districts already irra-
diated at the maximum dose allowed.

24.2  Electrochemotherapy

Electrochemotherapy is a local treatment for 
malignant tumours, which was first described by 
Mir in 1991 for cutaneous nodules of head and 
neck malignant tumours [9, 10].

Electrochemotherapy is based on electropora-
tion associated to intravenous infusion of a che-
motherapeutic drug to which the cellular 
membranes are usually poor or not permeant.

Electroporation is the local application of 
pulses of electric current to the tumour tissue: 
this opens the transmembrane canals of the cel-
lular membranes, rendering the cell membranes 
permeable to otherwise impermeant or poorly 
permeant anticancer drugs, thereby facilitating a 
potent localized cytotoxic effect.

The permeabilization can be temporary 
(reversible electroporation) or permanent (irre-
versible electroporation) as a function of the elec-
trical field magnitude and duration and the 
number of pulses. The appropriate electric pulses 
(short and intense square-wave electric pulses) 
have no apparent cytotoxic or systemic effects 
[11–16].

Among several clinically approved drugs that 
have been tested in preclinical studies, bleomycin 
and cisplatin have been demonstrated to be the 
most effective and suitable drugs for clinical use 
of electrochemotherapy.

After electroporation of the tumoral cells, to 
electroporation, the cytotoxicity of bleomycin 
increases of almost 8000-fold compared to its 
normal activity and that of cisplatin increases of 
80-fold. In vivo application of electric pulses to 
the tumours significantly increases antitumour 
effectiveness of bleomycin given intravenously 
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or cisplatin given intratumourally. The treatment 
results in complete responses of the tumours 
with drug doses that by themselves have mini-
mal or no antitumour activity and induce no side 
effects [17].

The antitumoural activity of bleomycin 
depends on its capability to enter the cellular 
membrane and interact with the DNA; thus, with 
electroporation, the drug is forced to enter the 
cell, and its activity does not depend on the his-
tology of the tumour. The real limit of its effec-
tiveness is the possibility to completely induce 
electroporation in the entire tumoural mass.

24.3  Electrochemotherapy 
for Bone Metastases

In 2006 the European Standard Operating 
Procedures of Electrochemotherapy (ESOPE) 
has been published. It is a multicentre study 
which demonstrated the feasibility and safety of 
electrochemotherapy for the treatment of superfi-
cial tumours, with an objective response rate of 
85% (74% complete response rate) in treated 
tumour lesions [18]. In 2013, a meta-analysis of 
the use of electrochemotherapy in the treatment 
of cutaneous metastasis confirmed that the cyto-
toxicity of bleomycin and cisplatin is vastly 
increased when electroporation pulses are deliv-
ered to tumours in the presence of sufficiently 
high extracellular concentration of chemothera-
peutic drug [19].

24.4  Preclinical Studies

Following extensive clinical studies confirming 
the safety and efficacy of ECT, clinicians and 
researchers have developed new strategies to 
extend its use to the treatment of deep-seated 
tumours [20–24]. Before applying the ECT to the 
bone tissue, it was necessary to verify the effec-
tiveness of the method in the presence of a miner-
alized matrix. In particular it was necessary to 
assess whether the electric fields inside a calci-
fied matrix were equally effective in the permea-
bilization of the cell membranes. Fini et  al. 

published a preclinical study on the use of ECT 
on the bone [21, 22]. They first performed elec-
troporation on healthy bone tissue with the aim of 
developing a reproducible technique to introduce 
electrodes into the target bone tissue in order to 
identify the electroporation protocols (applied 
voltage and numbers of pulses) sufficient to 
ablate all bone cells in the target area. Furthermore 
they investigated the biological activity in the 
electroporation area 30 days after complete cell 
ablation and finally tested the mechanical compe-
tence of the mineralized bone trabeculae after 
electroporation, demonstrating that electropora-
tion did not alter bone mineral structure, regen-
erative activity and mechanical competence. In 
order to investigate not only the effectiveness but 
also the safety of the treatment in the vicinity of 
noble structures such as peripheral nerves or the 
spinal cord, the effect of the electric field applied 
directly at the level of the sciatic nerve of the rab-
bit and at the spinal cord of sheep through elec-
trodes inserted through the vertebral pedicles was 
evaluated. Histological examination of the ner-
vous structures showed that these had a transient 
oedema in the absence of irreversible structural 
alterations [23, 25].

24.5  Clinical Application

Based on these encouraging results, the technol-
ogy was developed to permit the use of ECT for 
bone malignant tumours, and the first clinical 
trial was performed to demonstrate the feasibility 
and safety of the procedure in vivo. Bianchi et al. 
reported the results of ECT performed in 29 
patients affected by bone metastases [26]. 
Primary endpoints of the study were the feasibil-
ity and safety of ECT when applied to metastases 
to the bone; secondary endpoints were patients’ 
clinical and radiological outcome. The inclusion 
criteria were metastatic involvement of the 
appendicular skeleton from melanoma or carci-
noma confirmed histologically, maximum length 
of metastases below 6 cm, the absence of local 
treatment in the previous 3  months and life 
expectancy greater than 3 months. The exclusion 
criteria were pathological fractures, visceral 
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involvement, allergy to bleomycin, cumulative 
doses of bleomycin in excess of 250  mg/m2, 
bleeding disorders, chronic renal failure, arrhyth-
mias and pregnancy and breastfeeding.

Feasibility was assessed by evaluating the 
possibility of reliably inserting electrodes percu-
taneously in bone, according to a predefined 
geometry to ensure proper electroporation of cell 
membranes in the bone metastasis. All adverse 
events after treatment and at follow-up were 
recorded and evaluated according to Common 
Terminology Criteria for Adverse Events.

Tumour cell electroporation was performed 
using the Cliniporator-VG (Variable Geometry) 
(Igea, Modena, Italy), which has been designed 

to treat large volumes of tissue (up to several tens 
of cubic centimetres) and uses up to six indepen-
dent electrodes that can be freely positioned to 
completely treat the tumour regardless of its 
shape and size [27–29]. This pulse generator 
delivers standard electric pulses of 100 μs of up 
to 3000 V in amplitude being able to provide up 
to 50 A of current. New needle-like electrodes 
were developed of 1.8 mm diameter with trocar 
tip to be inserted directly into the bone and bone 
metastasis by means of drilling machine. The 
electrodes are 20, 16 or 12 cm long with insula-
tion except for the upper 3 or 4 cm. An external 
reference system was designed to keep the rela-
tive positioning of the electrodes (Fig. 24.1).

Fig. 24.1 Scheme of 
the ECT treatment in the 
bone: needle-like 
electrodes of 1.8 mm 
diameter with trocar tip 
are inserted directly into 
the bone lesion by 
means of drilling 
machine. The electrodes 
are 20, 16 or 12 cm long 
with insulation except 
for the upper 3 or 4 cm. 
An external reference 
system maintains the 
relative position of the 
electrodes
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ECT procedure was performed according to the 
ESOPE study: eight pulses of 1000  V/cm are 
delivered between each couple of electrodes to 
homogeneously cover the lesion with local electric 
field (>350 V/cm) to induce cell membrane elec-
troporation. Bleomycin, 15 mg/m2 of body surface 
(Bleomycin Nippon Kayaku, Sanofi-Aventis, 
Milan, Italy), is administrated intravenously in 
bolus 8  min before applying the electric pulses. 
The time is required to allow the distribution of the 
drug in all the interstitial spaces at an effective 
concentration. The treatment has to be completed 
within 25 min from bleomycin injection.

The patients may be treated under general or 
peripheral anaesthesia. Usually when peripheral 
anaesthesia is performed, a deep sedation is associ-
ated during the electric current administration to 
the patient. The type of anaesthesia does not influ-
ence the ECT treatment outcome. ECT could be 

performed in the proximity of vital structures con-
sidered there is no thermal denaturing effect; fur-
thermore, applied electric pulses have showed no 
damaging effect on nerves and vessels [14, 15, 20].

Under radiological control (CT or image 
intensifier, depending on lesion accessibility), six 
to eight electrodes were inserted, depending on 
the volume and geometry of the metastases 
(Fig. 24.2). The treatment was repeated in some 
patients (43 ECT in 29 patients); in fact, after a 
significant clinical benefit after the first treat-
ment, the procedure was repeated in order to fur-
ther improve local control of the disease. One 
patient developed a pathological fracture at the 
target site after the second treatment and required 
internal fixation (Fig. 24.3).

Two major complications were observed. 
The first was an extensive ulceration of the skin 
of patient whose proximal tibia had previously 

a

c

b

d

Fig. 24.2 (a–d) 68-year-old patient: (a) right peri-ace-
tabular region bone metastasis, clear cell kidney carci-
noma, radiation therapy already performed; pre-ECT 
planning with Pulsar® software: (b) the tumour area is 

drawn on the CT image, and (c) the software simulates the 
best positioning of the electrodes for optimal treatment. 
(d) CT-guided ECT needles positioning, coronal plane, 
reproducing the preoperative planning
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been irradiated and that required thigh amputa-
tion. The second was the appearance of a neuro-
genic bladder after the third treatment with ECT 
in the sacral region, which was attributed to dis-
ease progression.

Pain relief was achieved in 84% of patients. 
Use of pain killers, quality of night’s sleep and 
daily activities improved in 55–73% of patients. 
Local tumour control (stable disease) was 
achieved in most patients, with only 10% of the 
lesions showed progression at follow-up.

On CT, a progression of the disease was 
observed in only 10% of patients.

The results of the study showed that ECT was 
safe and effective in the treatment of painful bone 
metastases even when previous treatments have 
proved ineffective.

The spine ideally represents the main goal of 
treatment with ECT. In fact it is not only the seat 
skeletal more frequently affected by metastases, 
but in consideration of the contiguity with the 
spinal cord, it is technically complex to approach 
surgically. Moreover, it shows some limits to 
radiation treatment because of the limit dose of 
radiation to which the spinal cord may be 
exposed. Other minimally invasive treatments 

such as microwave ablation or vertebroplasty 
are incomplete and poorly effective therapeutic 
strategies. The first aims at tumour ablation 
which is however often partial to the need to 
save the adjoining noble structures and compro-
mises the mechanical competence of the verte-
bra. The second mechanically stabilizes the 
vertebral body by preventing or supporting a 
pathological fracture but is devoid of meaning 
oncology leaving room for local progression of 
neoplastic disease.

In the case of painful vertebral metastasis not 
candidates for radiation therapy (e.g. melanoma, 
renal cell carcinoma) or in the case where it has 
proved to be ineffective, in order to avoid a surgi-
cal vertebrectomy, complex and burdened with 
high morbidity, a mini-invasive approach through 
ECT may be indicated.

Gasbarrini et al. performed a minimally inva-
sive treatment with ECT in a metastatic lesion 
from melanoma of the fifth lumbar vertebra [30] 
in order to avoid an en bloc resection of the 
involved vertebra. Through L5 hemilaminectomy, 
four electrodes were positioned in the vertebral 
body, and after the intravenous administration of a 
bolus of bleomycin, electrical impulses were 

a b d e

c

Fig. 24.3 (a–e) 65-year-old patient. (a) T2-weighted MRI 
of left femur painful bone metastasis, follicular thyroid carci-
noma. (b) Fluoroscopy-guided ECT needle positioning. The 
patient was treated with two ECT settions: treatments one 

3 months after the other. (c) A pathological fracture occurred 
4 months after the second treatment, treated with reduction 
and intramedullary nail (d). (e) Radiograph performed 
2 years later shows the complete healing of the fracture
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conveyed. At 48-month follow-up, the patient was 
free of pain with FDG-PET  negative for examina-
tion for tumour recurrence. Development of elec-
trodes dedicated to the percutaneous treatment of 
spinal lesions is on study, because electrodes spe-
cifically developed for the treatment of bone 
lesions are unable to maintain the parallelism nec-
essary for optimal electroporation.

 Conclusions
Choosing the best therapeutic strategy for 
bone metastases is often difficult and depends 
on many factors which include patients’ life 
expectancy and quality of life, clinical symp-
toms (pain, neurological symptoms), the risk 
of fracture and the risk/benefit ratio of 
surgery.

The ECT includes many benefits by com-
bining the effectiveness in local control of the 
disease to the preservation of the mechanical 
competence of the skeletal segment. 
Furthermore, the selective cytotoxicity saves 
vascular and nerve structures that may be 
included in the volume of cancer treatment by 
allowing large margins when radical surgery is 
not feasible [14, 16, 23].

ECT has the advantage of avoiding surgical 
exposure, allowing to reach anatomical dis-
tricts difficult to access through percutaneous 
approach.

A dedicated software (Pulsar®) allows to 
plan the placement of each individual elec-
trode, so as to ensure complete coverage of the 
tumour volume with the electric field, minimiz-
ing the risk of disease recurrence. Furthermore, 
the electrical insulation of the electrode portion 
that crosses the skin and the subcutaneous tis-
sue prevents the necrosis of the integuments in 
case of repeated treatments [26–29].

The ECT in the treatment of bone metasta-
ses is currently an effective treatment option 
with low morbidity for the patient, repeatable, 
and good cost/benefit ratio; in particular, its 
use is possible even when other strategies 
have failed.

Although palliation is the main objective in 
the treatment of patients suffering from bone 
metastases, currently oligometastatic patients 

with long life expectancy local control of dis-
ease deserve to be prosecuted. Local compli-
cations arising from local progression of 
neoplastic disease, such as pathological frac-
tures, failure of osteosynthesis, neurological 
disorders, skin ulceration, etc., will have time 
to manifest itself in the long-surviving patients 
resulting in impaired quality of life and 
increased health and social costs.

ECT allows reduction of pain and local 
control of the disease. In case of impending 
fracture, ECT can be performed during the 
same surgical session of preventive osteosyn-
thesis, with slight increase of the surgical 
time. In patients who are not candidates for 
surgery, ECT can be performed percutane-
ously, under CT or intensifier guidance, thus 
minimizing the risks and morbidity for the 
patient. In view of these advantages, it is cur-
rently included in the guidelines of the Italian 
Society of Orthopaedics and Traumatology 
(SIOT) for the treatment of non-resectable 
tumours of the sacrum [31].

The preclinical evidence and clinical experi-
ence support the use of ECT in the treatment of 
bone metastases. The selection of the candidate 
who can most benefit from treatment with ECT 
is multidisciplinary and must consider not only 
the characteristics of the patient but also the dif-
ferent available therapeutic possibilities, their 
limitations and their success rates.

It has recently been developed by the 
Registry on Electrochemotherapy in Bone 
(ReinBone) study, a national registry which 
collects all the cases of bone metastases 
treated by ECT. The increased knowledge that 
will result from the sharing of different clini-
cal and surgical experiences will form the 
basis for improving the quality of care offered 
to cancer patients.
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MR-Guided Focused Ultrasound 
Treatment
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Abstract
Magnetic resonance-guided focused ultra-
sound (MRgFUS) is an innovative noninva-
sive technique for pain management in skeletal 
metastases. This technology enables the per-
formance of three-dimensional treatment 
planning with MR imaging and continuous 
real-time temperature monitoring of target 
zone with MR thermometric map, ensuring an 
accurate identification of the lesion and its 
margins and preventing surrounding healthy 
tissues from unwanted procedure-related 
damages. Acoustic energy application on the 
intact bone surface determines a rapid heating 
that induces critical thermal damage to the 
adjacent periosteum, with necrosis of local 
nerve endings and effective pain management. 
This procedure has also a potential role in 
effective local tumor control, allowing the 
complete ablation of target lesion, or the 
reduction of its size, and remineralization of 
trabecular bone. The whole MRgFUS proto-
col for ablation of bone metastases includes a 

pre-procedural imaging study, the choice for a 
strategy of simple palliation of pain or of local 
tumor control, the choice of the most appro-
priate anesthetic approach, the technical plan-
ning stage, the focal ablation treatment, the 
post-intervention management, and the clini-
cal and imaging evaluation of treatment out-
comes at different subsequent follow-ups.

Keywords
MRgFUS · Skeletal metastases · Pain 
management · High-intensity focused 
ultrasound · Ablative treatment

25.1  Introduction

Magnetic resonance-guided focused ultrasound 
(MRgFUS) has emerged as an innovative and 
promising technique that can treat a variety of 
solid benign and malignant lesions [1, 2]. The 
application of this procedure is under current 
investigation for pancreas, liver, prostate, and 
breast carcinomas and for soft-tissue sarcomas, 
while uterine fibroids represent the target with the 
most consolidated experience; this technique also 
represents a feasible option for bone lesions, such 
as osteoid osteoma and painful bone metastasis 
[3]. Another FDA and CE marked application of 
high interest is the treatment of functional neuro-
logical disorders (essential tremor or Parkinson).
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MRgFUS couples the use of focused ultra-
sound mechanical energy with MR scan. The first 
one induces a rise of target tissue temperature, 
resulting in a focal thermal ablation, while the 
second ensures an accurate three-dimensional 
visualization for treatment planning, thermal 
real-time monitoring, and immediate assessment 
of therapy.

Differently from other ablative procedures, 
such as cryoablation or radiofrequency, MRgFUS 
is completely noninvasive and does not require 
ionizing radiation, so it can be easily repeated in 
case of symptom recurrence or new tumor 
appearance. The treatment can be performed in 
an outpatient protocol.

The procedure is performed by an interven-
tional radiologist, who has direct control over the 
areas to be ablated, while a dedicated software 
automatically determines the optimal treatment 
parameters.

25.2  MR-Guided Focused 
Ultrasound Technique: Basic 
Technical Principles

25.2.1  Interaction Between High-
Intensity Focused Ultrasound 
and Biological Tissues

Acoustic energy of focused ultrasound systems 
(ExAblate, InSightec, Tirat Carmel, Israel) is gen-
erated by a piezoelectric transducer housed within 
the MR patient table. The transducer features a 
208-element annular phased array (diameter, 
120 mm; radius of curvature, 160 mm; focal dis-
tance, 60–200 mm; frequencies, 0.95–1.35 MHz; 
and energy range, 100–7200 J) and operates at fre-
quency values between 200 kHz and 4 MHz, with 
an intensity that ranges between 100 and 10,000 W/
cm2 in the focal region, and with peak compres-
sion pressure of up to 70 MPa and peak rarefaction 
pressure of up to 20 MPa. At these energy levels, 
the focused ultrasound beams determine a heating 
of biological tissues inside the treated region. The 
increased cell temperature leads to coagulative 

necrosis at a thermal range of 65–85 °C, depend-
ing on the tissue absorption coefficient [4].

In order to pursue an accurate control of the 
borders of the treated area, to maximize the effi-
cacy of the focal ablation, and to guarantee an 
optimal synergy with MR temperature monitor-
ing, focused ultrasound delivery is usually frac-
tioned in sequential sonications, each of those is 
usually limited to focal volumes of 0.2–5 mm3. A 
single sonication has duration of only a few sec-
onds, and therefore, the potential detrimental 
effects of perfusion and blood flow on energy dis-
tribution are reduced. Thereby, multiple subse-
quent sonications are required to ensure the 
ablation of large volumes and to create homoge-
neous thermal damage and coagulative necrosis 
of the target lesion [5].

Another potential effect induced by focused 
ultrasound energy on biologic tissues is repre-
sented by cavitations, a nonthermal phenomenon 
due to microbubbles formation at high acoustic 
intensities within the treated area; when the size 
of the microbubbles exceeds a critical threshold, 
they may implode, producing micro-shock waves 
that can damage surrounding tissues. Cavitations 
can have unpredictable results; therefore, their 
application in clinical practice is usually avoided.

25.2.2  Role of MR Imaging Guidance

High-intensity focused ultrasound treatment is 
usually performed under imaging control with a 
1.5T or 3T MR scanner that ensures the optimal 
US beam delivery. Specifically, the quantitative 
thermometry map is a technique based on phase-
difference fast spoiled gradient-echo MR 
sequences that enables calculation of thermal 
dose and its distribution over anatomic MR struc-
tures, with particular attention to the regions in 
which it has reached cytotoxic levels. In other 
words, this technique provides a real-time map-
ping of the thermal dose on a preferred imaging 
plane during MRgFUS treatment, allowing for a 
closed-loop control of energy deposition, with 
temperature accuracy of 1 °C, spatial resolution 
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of 1 mm, and temporal resolution of 3 s. In the 
specific clinical application of bone lesions, MR 
thermometry does not measure direct tempera-
ture variations in the bone (because of the absence 
of mobile protons in the cortical bone), so it is 
necessary to evaluate the tightly adjacent soft 
 tissues that instead present a linear response to 
bone temperature increase.

Sapareto and Dewey equation [6] allows to 
establish the needed time for each employed 
temperature in order to obtain a critical treatment 
(defined as the 100% killing of target tissue 
cells). The treatment can be modulated according 
to the real-time MR feedback: US energy can be 
increased or decreased, if the measured tempera-
ture is insufficient or excessive, respectively; the 
possibility of modifying previously established 
sonication parameters represents one of the great-
est strengths of MR control and provides an opti-
mization of the treatment plan.

25.3  MRgFUS Application 
in Clinical Practice for Bone 
Lesions Ablation

Cortical bone is characterized by a particularly 
high ultrasound absorption rate, so that the wide 
majority of delivered energy is reflected by the 
interface between bone surface and adjacent soft 
tissue, while only a minimal fraction penetrates 
across the cortex [5]. Consequently, the first 
years of experience with MRgFUS application 
to the bone were limited to the palliation of pain 
from superficial lesions, while deep lesions 
inside the bone structure were considered as 
non-feasible targets.

As it was shown in subsequent works [7], the 
application of acoustic energy on the cortical 
bone intact surface determines a critical thermal 
damage to the adjacent periosteum, the highest 
innervated component of mature bone, and its 
ablation is an extremely effective approach for 
pain management.

Moreover, even if cortical bone is character-
ized by high acoustic absorption and low ther-

mal conductivity that significantly limit the 
diffusion of US energy to the bone cortex sur-
face in conventional protocols, innovative pro-
tocols with modulated parameters seem to reach 
a therapeutic effective heating threshold even at 
deeper levels within the bone [8]. In particular, 
the increase of acoustic energy levels, the 
increase of sonication duration, and the decrease 
of the frequency are potential modulations that 
can be used separately or in conjunction to facil-
itate penetration inside intact cortical bone. If 
cortical bone disruption is present, there is no 
absorption barrier, and the ultrasound beam can 
be delivered following standard protocols, thus 
potentially obtaining local tumor control.

25.4  Patient Selection

25.4.1  Clinical Indications

MRgFUS treatment can be considered as a rea-
sonable option for the management of painful 
bone lesions from metastatic disease; this tech-
nique should address only patients with known 
history of malignancy, and the clinical condition 
should always be confirmed by imaging exami-
nations [7]. MRgFUS is particularly recom-
mended in those cases known as radiation 
failures: this category includes patients with no 
adequate clinical benefit after radiation adminis-
tration, those who refuse additional radiation 
treatment, and those who can no longer receive 
radiation therapy because of safety issues.

25.4.2  Inclusion Criteria

• Accessible sites to MRgFUS treatment are 
posterior parts of the dorsal, lumbar, and 
sacral vertebra, ribs, sternum, pelvis, shoul-
ders, or extremities (excluding the joints).

• The lesion must be identified on MR or CT 
images.

• The ultrasound beam path must reach the target 
lesion without crossing shielding or reflecting 
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anatomic structures, such as hollow viscera, 
nontargeted bone, or extensive scarring.

• The interface bone lesion should be deeper 
than 10 mm from the skin surface.

25.4.3  Exclusion Criteria

• General contraindications to MR (e.g., severe 
claustrophobia, permanent cardiac pacemaker, 
metallic implant likely to contribute signifi-
cant artefact to images) and to gadolinium 
injection

• Concomitant acute or chronic medical condi-
tions (e.g., cardiovascular, respiratory, neuro-
logic, or infectious disorders) that may impair 
imaging acquisition, anesthesia, or technical 
intervention

• Affected bone at high risk of fracture, requir-
ing surgical stabilization, or affected bone 
already surgically stabilized with metallic 
tools.

• Planned US beam path passing through exten-
sive scarring or other reflecting structures (see 
inclusion criteria)

• Target lesion localization inside the skull, the 
vertebral body, at less than 1 cm from the skin 
surface, or at less than 1  cm from nerve 
bundles

25.5  MRgFUS Procedure Protocol

25.5.1  Pre-procedural Imaging Study

An optimal treatment planning requires an accu-
rate preliminary lesion localization and charac-
terization with imaging; both CT and MR scans 
should be acquired in order to guarantee the best 
quality of the study. Key parameters that must be 
considered during this process are tumor size, 
location, and extent, device accessibility to the 
tumor, and the presence of scarring, metal clips, 
or other reflecting structure along the planned 
ultrasound beam path.

Unenhanced CT is highly indicated to evalu-
ate bone structures: it allows to study only the 
mineralized component of the lesions and to dis-
tinguish between osteoblastic and osteolytic 
metastases; the integrity or infiltration of adja-
cent cortical bone can also be investigated.

MR imaging exploits both T1- and 
T2-weighted morphologic sequences, with and 
without fat signal saturation. Additional func-
tional studies are performed with diffusion-
weighted imaging sequences (including 
calculation of apparent diffusion coefficient 
[ADC]) and three-dimensional dynamic contrast-
enhanced T1-weighted sequences and are a fun-
damental starting point for the evaluation of 
treatment outcomes at follow-up.

Pre-procedural imaging is essential for the 
establishment of the optimal acoustic window and 
the ultrasound beam conformation, two technical 
issues that lead the whole MRgFUS procedure. 
Target volume must be accurately defined, 
because tumor margins must be correctly identi-
fied and included inside it. Air and nontarget bone 
structures must be avoided by the energy path, as 
they shield the propagation of ultrasound and 
obscure targets beyond them, generating potential 
reflection phenomena along their interfaces. Rib 
metastases are a feasible target only if there is 
enough bone thickness interposed between the 
lesion and the lung that blocks the undesirable 
heating of lung tissue, as a safety measure.

25.5.2  Choice of Anesthetic 
Approach

Case-specific factors, such as target lesion local-
ization, clinical presentation, and anamnesis 
(age, allergies, renal function, current pharmaco-
logic therapy, cardiovascular and respiratory risk 
factors, infections), guide the choice of anesthet-
ics. In our experience, the use of local anesthetics 
is not a first choice due to the poor pain control 
during treatment that can be highly painful at 
high energy dose.
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General anesthetics are usually reserved to 
procedures targeting upper trunk lesions (proxi-
mal humerus, scapula, sternum, and clavicle); 
on the contrary, lesions involving the limbs can 
be managed by ultrasound-guided peripheral 
nerve blocks, and lesions located in the lower 
trunk, spine, or proximal femur, through a spi-
nal block.

25.5.3  Planning Phase

The planning phase is conducted just before the 
actual treatment, with the patient already on the 
table inside the MR unit. Patient positioning is an 
important step of planning procedure and aims to 
center target lesion directly over the focused ultra-
sound transducer; an MR acquisition is obtained 
afterward to confirm the optimal position.

Subsequent steps include calibration, loading, 
segmentation, planning, and verification.

• During the calibration step, the operator 
chooses the most appropriate initial position 
and orientation of the ultrasound transducer, 
consistently with previous patient positioning.

• In the loading step, MR scans are collected, 
and these images represent the base for subse-
quent planning stages.

• In the segmentation step, the interventional radi-
ologist manually defines the region of treat-
ment, the skin surface, the bone cortex, and the 
areas surrounding the target lesion; particular 
attention is needed for the so-called limited 
energy density regions, sensitive structures 
close to target region that may determine energy 
dispersion and unwanted thermal damage: these 
critical areas must be carefully identified and 
highlighted in order to avoid side effects during 
the treatment phase. During the segmentation 
step, the treatment volume may be limited to the 
superficial periosteum, or it can involve also the 
deeper tumor tissue to attempt a complete abla-
tion of the lesion. During this step, the operator 
establishes on MR images fiducial anatomic 

markers, useful for detection and compensation 
of physiologic or accidental motion of the 
patient during the treatment.

• In the planning step, starting from previous 
RM images, the dedicated software automati-
cally calculates the optimal treatment plan 
that aims to cover the target with the minimal 
number of needed sonications, preventing 
unwanted damages to sensible adjacent tissue. 
Each established parameter can be modified 
by the operator at any moment: the sonication 
locations, the number of sonications, the 
energy levels, the sonication duration, the 
cooling duration, or the spot sizes.

• In the verification step, a low-energy sonica-
tion test, below ablation threshold, is per-
formed to confirm the beam path into the target 
area. The direction of generated ultrasound can 
be modified to reach the optimal result.

25.5.4  Ablative Treatment

Once that all the steps of planning phase are 
completed and show favorable outcomes, the 
actual treatment phase can be started; at this 
point, target lesions receive full-energy soni-
cations. Sonications are considered completely 
therapeutic beyond a threshold of 65  °C for 
both periosteum and target tissue. Intact cor-
tical bone usually requires a lower level of 
ultrasound energy (1500–3000  J) to produce 
periosteal damage. When cortical erosion is 
present, the treatment can be limited to the 
surrounding vital periosteum. In addition, 
the soft-tissue component of the tumor can 
be ablated by using higher acoustic energies 
(2500–6500 J).

During ablation phase, real-time MR ther-
mometric map is used to evaluate the tempera-
ture rise of neoplastic and healthy tissues and 
ensures a careful real-time monitoring of the 
delivered thermal dose into the desired tumor 
location that is monitored throughout the 
therapy.
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25.5.5  Post-intervention 
Management

Posttreatment management is usually based on the 
anesthetic strategy: patients receiving local anes-
thetics or a spinal block follow an outpatient proto-
col, while patients under general anesthesia require 
24-h hospitalization. During  post-procedural man-
agement, it is important to evaluate the skin surface 
to identify skin burns, to monitor vital signs (oxy-
gen saturation, ECG), and to administrate pain 
drug if necessary.

Nonsignificant or minor side effects of 
MRgFUS normally resolve without sequelae 
within 10–14 days after the procedure: pain in 
the area of treatment, first/second degree skin 
burns less than 2 cm in diameter or bruising in 
the treated area, and transient fever. Significant 
or major side effects may require medical treat-
ment, may have sequelae, and their time of res-
olution is not defined: necrosis of tissue outside 
the targeted volume because of heat conduction 
from heated bone, bowel perforation, skin burns 
with ulceration, and complications of anesthet-
ics (cardiac, pulmonary complications, drug 
reactions).

25.5.6  Assessment of Treatment 
Success

Treatment success is defined with both clinical 
evaluation of pain resolution and imaging studies 
to assess tumor control.

25.5.6.1  Clinical Evaluation
For the clinical evaluation, data are collected at 1, 
3, 7, and 14  days after procedure and then at 
30-day intervals for 1 year. Clinical data include 
an evaluation of a visual analog pain scale (VAS), 
changes in the drug schedule, and improvements 
in quality of life.

The VAS is a 0–10 pain scale, where 0 
describes a complete absence of pain, and 10 is 

the worst possible pain. A complete response is 
defined as a VAS of 0 without an increase in med-
ication, while a partial response is defined as a 
drop of two points in the VAS from the baseline 
conditions, with no increase in pain medication, 
or a reduction of 25% in pain medication without 
an increase in VAS score.

A change in the drug schedule is defined by a 
decrease in the analgesics or opiates intake.

The improvement in quality of life (as mea-
sured by the Brief Pain Inventory Quality of Life 
questionnaire) assesses changes in the impact of 
pain on key domains of daily living, such as 
physical activity, work, mood, ambulation, and 
sleep.

25.5.6.2  Imaging Evaluation
Real-time assessment of thermal damage with 
MR thermometry during treatment is completed 
by other MR studies after therapy, including 
immediately afterward and at 1-, 3-, 6-, and 
12-month follow-up.

After treatment, diffusion-weighted imaging 
sequences and three-dimensional dynamic con-
trast-enhanced T1-weighted sequences are used 
to estimate the potential increase in ADC values 
and potential NPV of the lesions; NPV is defined 
as the ratio between the non-perfused posttreat-
ment lesion volume and the whole pretreatment 
lesion volume and provides information about 
the ablated volume in both the periosteum and 
metastases. A complete overlap of the NPV with 
the original perfused lesion volume is consid-
ered as a successful ablation of both the perios-
teal component and metastasis. If the lesion was 
not completely accessible for ablation, the NPV 
should at least overlap with the periosteal com-
ponent to achieve pain relief. ADC variations 
are not sensible for bone metastases, even after 
a complete ablation, especially at first follow-
ups: ADC should always be combined with con-
trast-enhanced imaging to obtain a more reliable 
assessment of effective tissue ablation.
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a b

c

d

Fig. 25.1 74-year-old man affected by melanoma with 
multiple bone metastases previously treated with 
EBRT. Patient-reported high-intensity pain and disability 
(VAS = 8) on his right shoulder and right arm, due to the 
lesion located on the right scapula (a, axial T2-weighted 
MR image showing solid mass (white arrow) replacing 
the scapula bone); MRI perfusion sequence of the metas-

tasis was also obtained (b) showing highly perfused 
peripheral zone of the metastasis with necrotic core. The 
lesion was then treated with single MRgFUS procedure 
(c) treatment lasted for 1 h and 20 min, requiring 26 soni-
cations and average energy deposition of 2450  J. Three 
days after treatment, the patient discontinued medication 
for pain management (VAS = 0): the metastasis was suc-
cessfully ablated at MRI perfusion control (d)

At 1, 3, 6, and 12  months after treatment, 
both MR imaging and CT examinations are used 
to assess treatment effects in the target zone and 
to evaluate potential tumor necrosis or recur-
rence. CT scan is used to demonstrate potential 
signs of de novo mineralization in the treated 
area as a further indicator of treatment success, 

while MR imaging evaluation follows the same 
criteria and sequences used for the aftertreat-
ment control.

Figures 25.1 and 25.2 present two exemplifi-
cative cases of patients with bone metastasis 
treated with MRgFUS and provide specific imag-
ing results together with clinical outcomes.
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 Conclusions
MR imaging-guided focused ultrasound abla-
tion is an extremely promising alternative 
therapy for pain palliation and tumor control 
in patients suffering from bone metastases. 
The major advantages of the technique include 

its noninvasive nature; the ability to perform 
three-dimensional MR imaging visualization 
for precise treatment planning; continuous 
temperature mapping of treated tissue with 
MR thermometry, which enables real-time 
monitoring of thermal damage in the target 

a b
Fig. 25.2 36-year-old 
woman with breast 
cancer and multiple 
bone metastases that had 
exhausted the allowed 
X-ray maximum dose 
for EBRT; the patient 
presented high pain level 
(VAS = 10) at the right 
hip with dramatic impact 
on the quality of life, 
due to the lesion located 
on the right pelvic bone, 
just above the 
acetabulum roof. Images 
on the left column (a) 
show baseline condition 
detected on the 
pretreatment CT scan, 
while the right column 
(b) illustrates the 
corresponding images 
on 2-month CT 
follow-up; the first 
image of each column is 
taken from a frontal 
section, while the other 
two are axial views on 
different levels. The 
comparison of 
tomographic images 
highlights the effective 
impact of MRgFUS 
ablation. The large 
osteolytic lesion, located 
in a weight-bearing 
zone, demonstrated 
partial de novo 
mineralization as effect 
of the single MRgFUS 
treatment. The beneficial 
effect detected on 
imaging matches with a 
noticeable clinical 
improvement (VAS = 0 
at 2 months)

A. Napoli et al.



271

zone; and immediate posttreatment assess-
ment of therapy. Furthermore, MRgFUS treat-
ment can be performed to patients regardless 
of concomitant chemotherapy regimen, limit-
ing—wherever possible—radiation exposure 
and related toxic effects.
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Abstract
Metastatic tumors are the most common 
malignancy of the bone. Traditional manage-
ment techniques involve a combination of 
pharmacotherapy, radiotherapy, and surgical 
procedures. Novel medical treatments com-
bined with less invasive surgical procedures 
can offer an effective palliative option in 
patients with limited life expectancy. 
Denosumab, a monoclonal antibody targeting 
receptor activator of nuclear factor kappa-B 
ligand (RANKL), was found to be a promising 
new therapeutic strategy for patients with 
bone metastases by restricting bone destruc-
tion. However, the scientific community 
should be aware of the possible association of 
denosumab treatment with occurrence of new 
malignancies.

Advancements in surgical techniques have 
led to the development of the concept of less 
invasive surgical procedures with the aim of 
achieving the same clinical results with less 
morbidity related to the surgical approach. 
Less invasive procedures include the follow-
ing: endoscopic surgery, computer-assisted 
surgery, and minimally invasive percutaneous 

surgery. Benefits of less invasive techniques 
include decreased blood loss, less postopera-
tive pain, and shortened recovery time. Less 
invasive procedures also allow earlier initia-
tion of postoperative adjuvant treatments. 
Considering the limited expectancy of most 
patients with bone metastases, the main goal 
of novel medical and surgical treatments is to 
improve the quality of life of patients with 
bone metastases reducing the adverse effects 
related to the traditional medical or surgical 
treatments.

Keywords
Bone metastases · Novel therapies · 
Denosumab · Endoscopic surgery · 
Computer-assisted surgery · Minimally 
invasive percutaneous surgery

26.1  Introduction

The prevalence of metastatic bone disease in the 
United State is high (280,000 per year) [1] and is 
expected to increase as patients with cancer live 
longer [2]. The bone is the third most common 
site of metastatic disease after the lung and liver. 
Postmortem analysis shows that around 70% of 
all patients with breast and prostate cancer have 
skeletal metastases, and between 35 and 42% of 
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patients with lung, thyroid, and renal cancer [3]. 
The economic costs of treating metastatic bone 
disease in the United States per year are an esti-
mated $12.6 billion, which is 17% of the total 
annual cost of cancer treatments [4].

Although malignant primary bone tumors are 
usually managed by orthopedic surgeons with 
expertise in oncology, patients with metastatic 
disease of the bone may be treated by general 
orthopedic surgeons at community hospitals [2].

Metastatic bone lesions have more similarities 
than differences. For the most part, surgical inter-
vention is similar across the spectrum. Predicting 
survival in patients with bone metastasis often 
helps in directing care [5].

Over the last few decades, advances in medi-
cal and surgical treatment have been proposed 
regarding the management of metastatic bone 
disease. Immediate pain relief and improvement 
of the functional status is particularly important 
for patients with a short life expectancy [6]. If 
surgical or medical treatment is necessary, we 
have to consider the expected life span of the 
patient. Shorter life expectancies may require 
less invasive procedures that do not need pro-
longed rehabilitation [7]. New medical and surgi-
cal treatments should have the purpose of 
reducing trauma compared to conventional 
approaches.

26.2  New Medical Treatment

Bone metastases lead to local bone destruction 
and skeletal complications. Osteoclast inhibitors, 
such as bisphosphonates, have been used as the 
standard treatment for solid cancer or myeloma 
with bone metastases [8]. Bisphosphonates have 
been one of the key pharmaceutical treatments in 
patients with bone metastases. Within the class of 
bisphosphonates, zoledronic acid has been shown 
to effectively decrease the risk of pathologic frac-
ture and other skeletal-related events, including 
hypercalcemia [9]. Some studies have shown that 
denosumab, a new monoclonal antibody, may 
delay and prevent skeletal-related events in meta-
static bone disease more effectively than zole-

dronic acid [10]. However, other authors found 
similar results between denosumab and zole-
dronic acid in the treatment of bone metastases 
[9]. Denosumab is a new human monoclonal 
antibody that binds to the receptor activator of 
nuclear factor-k B ligand (RANKL). By binding 
to RANKL, denosumab inhibits the interaction 
between receptor activator of nuclear factor-k B 
(RANK) and RANKL, which in turn decreases 
osteoclast activity, decreases bone resorption, 
and increases bone mass [9]. Henry et al. reported 
a randomized double-blind study of denosumab 
versus zoledronic acid in the treatment of patients 
with bone metastases. Denosumab was found to 
be as effective as zoledronic acid in preventing or 
delaying skeletal-related events, including patho-
logic fractures [9]. A meta-analysis of six ran-
domized controlled trials involving 13,733 
patients confirmed only slightly superior effec-
tiveness of denosumab compared to zoledronic 
acid in decreasing the rate of skeletal-related 
events. However, occurrences of adverse events 
such as hypocalcemia, renal adverse events, and 
new primary malignancy were significantly dif-
ferent between denosumab and zoledronic acid. 
Only the occurrence of osteonecrosis of the jaw 
showed no significant difference between the 
denosumab and zoledronic acid. Chen and Pu 
recently performed a meta-analysis of random-
ized controlled trials showing the safety of deno-
sumab versus zoledronic acid in patients with 
bone metastases. They found that a new primary 
malignancy occurred significantly more fre-
quently in patients treated with denosumab than 
with zoledronic acid [10]. Expression of RANKL 
plays an important role in B- and T-cell differen-
tiation, and its inhibition could eventually 
increase the risk of new malignancies due to 
immunosuppression [11]. Zheng et al. [8] com-
pared three randomized controlled trials with a 
total of 5544 patients with advanced solid tumors 
and bone metastases; there were 2776 patients 
treated with denosumab, and 2768 patients 
treated with zoledronic acid. This meta-analysis 
showed that denosumab was superior to zole-
dronic acid in delaying time to skeletal-related 
events. However, no significant difference was 
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found in overall survival improvement between 
denosumab and zoledronic acid [8].

These data do not support denosumab as a 
potential novel treatment option for the manage-
ment of bone metastases in advanced solid 
tumors, showing that the long-term safety of 
denosumab has not yet been assessed, and long-
term treatment surveillance is still ongoing [11].

26.3  New Surgical Treatments

New surgical approaches for the management of 
patients with bone metastases include the follow-
ing: endoscopic surgery, computer-assisted sur-
gery, and minimally invasive percutaneous 
surgery (Table 26.1).

26.3.1  Endoscopic Surgery

Only few previous reports have shown the use of 
minimally invasive approaches using an endo-
scopic technique for the treatment of primary 
bone tumors [12, 13]. Minimally invasive tech-

niques using an arthroscope seem to be a method 
for accessing lesions in difficult locations, such 
as juxta-articular or spinal tumors. In fact, direct 
endoscopic visualization allows safer and less 
destructive excision. This minimal surgical 
approach could minimize morbidity and facilitate 
rapid functional recovery without compromising 
oncological principles [12].

Endoscopic surgery seems to have selective 
indications for the treatment of bone metastases 
in the thoracic spine, as an alternative to classic 
open anterior approaches [14]. The indications 
for spinal endoscopy are lesions of the anterior 
column caused by metastatic bone disease. The 
main advantage of endoscopy is that the upper 
thoracic spine (T2–T4) and the thoracolumbar 
junction (T11–L2) can be approached with no 
disinsertion of the scapula or minimal disinser-
tion of the diaphragm, enabling complex recon-
structions without additional trauma [14]. The 
endoscopic surgery seems also be a useful 
adjunct to surgery in completing lateral 
approaches to the craniovertebral junction [15]. 
Severe pulmonary restriction and the impossi-
bility of performing selective intubation are the 
most important contraindications for this proce-
dure [14].

A cervical approach does not allow for good 
spinal cord decompression at levels T1, T2, or T3 
because of the instability of seeing the posterior 
vertebral ligament and the difficulty of perform-
ing an osteosynthesis is not easy due to the obliq-
uity of access [16]. Le Huec et  al. reported an 
endoscopic approach to the cervicothoracic junc-
tion in two patients with spinal metastases. A 
strut graft was fixed anteriorly after decompres-
sion of the spinal cord. The use of the endoscope 
was the key to providing a good view of the spine 
without an extensile exposure [16]. The operat-
ing time for the two patients was 2 h 15 min and 
3  h, and the blood loss was 300 and 400  cc, 
respectively [16].

The video-assisted technique could be a prom-
ising less invasive surgical procedure. The indi-
cations still seem limited, but in selected cases, 
this method could minimize the surgical approach 
and optimize visualization.

Table 26.1 Indications and limits of recently developed 
technologies in bone metastasis surgery

Procedure Indications Limits
Endoscopic 
surgery

•  Bone metastases 
of cranio-
vertebral 
junction

•  Bone metastases 
of upper 
thoracic spine 
(T2–T4)

•  Bone metastases 
of thoracolumbar 
junction

• Pachypleuritis
•  Pneumonectomy 

on the contralateral 
side of the 
approach

•  Severe pulmonary 
restriction

•  Selective 
intubation not 
possible

Computer-
assisted 
surgery

•  Pelvic bone 
metastases

•  Sacral bone 
metastases

•  Bone metastases 
with extra-osseous 
soft tissue mass

Minimally 
invasive 
percutaneous 
stabilization

•  Spinal bone 
metastases

•  Patients with 
potentially long 
survival (>24 
months)

•  Need for neural 
decompression
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26.3.2  Computer-Assisted Surgery

In literature to date, computer-navigated surgery 
has been used to assist with the resection of pri-
mary musculoskeletal tumors [17]. The use of 
computer navigation systems seems to be prom-
ising in difficult tumor resections from regions 
with complex local anatomy, such as the pelvis or 
sacrum [17].

Young et  al. reported 18 resections for sar-
coma using computer-assisted surgery. The mean 
intraoperative registration error was 0.9  mm 
(0.2–1.6). All patients underwent a wide exci-
sion. Surgery was carried out under computer 
navigation as planned in 16 of the 18 patients. In 
one patient, the authors were unable to resect the 
tumor with computer navigation due to the 
patient’s high body mass index (BMI). In the sec-
ond patient, while planning the plane of acetabu-
lar osteotomy for an extra-articular resection of 
the proximal femur, the authors incorrectly used 
a mobile bone segment (the femoral head) during 
preoperative planning when marking the levels 
and planes of the acetabular osteotomy. Therefore, 
the authors concluded that a high BMI could 
increase the error during intraoperative registra-
tion by making fixed bony landmarks difficult to 
find [17].

Wong and Kumta evaluated the accuracy of 
computer-assisted tumor surgery in 21 malignant 
tumors. The diagnosis was primary bone sarcoma 
in 18 and solitary metastatic carcinoma in 3. 
These three solitary metastatic carcinomas were 
located in the pelvis, the right acetabulum, the 
left acetabulum, and the left ischial tuberosity, 
respectively. A histological examination of all 
resected specimens showed a clear tumor margin. 
The resulting bone resection matched the planned 
one with a difference of <2  mm. Four patients 
affected by chordoma developed local recur-
rence, and three were located at the sacral region. 
The authors postulated that all four patients had 
local recurrence because they all had large soft 
tissue extra-osseous tumor extension. In fact, 
navigation by itself could only assist and guide 
the bone resection at surgery. Moreover, surgeons 
still have to adopt a conventional technique in 
soft tissue resection [18].

The indication of computer-assisted surgery 
includes bone metastases of the pelvis or sacrum; 
limits are tumors with extra-osseous soft tissue 
mass.

26.3.3  Minimally Invasive 
Percutaneous Surgery

The incidence of spinal metastases is increasing 
due to early detection and advances in medical 
treatment of the primary tumor [19]. Recent stud-
ies have demonstrated better quality of life in 
patients with spinal metastases who were treated 
with surgery compared to radiotherapy [20]. 
Open surgical procedures are associated with sig-
nificant risk and morbidities, such as higher risk 
of infection, postoperative pain, and longer hos-
pitalization [21, 22]. With the development of 
minimally invasive stabilization of spinal metas-
tases using percutaneous screws, the morbidity 
associated with open surgery can be avoided 
[23].

Several authors reported that a minimally 
invasive approach aims to reduce the amount of 
muscle dissection required, therefore reducing 
postoperative pain and duration of hospital stay 
[23–25].

Kwan et al. reported 50 cases of spinal metas-
tases with pathological fractures treated by mini-
mally invasive spinal stabilization using 
fluoroscopic-guided percutaneous screws. 
Thirty-seven patients (74%) required minimally 
invasive decompression in addition to percutane-
ous stabilization. The mean number of vertebral 
levels with pathological fractures was 1.8. The 
average number of instrumented vertebrae was 
7.8 with the longest instrumentation spanning 
across 15 levels. The average operation time was 
3.1 h (range, 1–7 h). The average blood loss was 
1.4 L [23].

There was significant pain reduction 2 weeks 
and 3 months after surgery compared to preop-
erative pain (both p < 0.001). For patients with 
neurological deficit, 70% displayed improvement 
of one Frankel grade, and 5% had an improve-
ment of two Frankel grades. There were no surgi-
cal complications. However, there was one case 
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of implant failure diagnosed with renal cell carci-
noma; this case had a breakage of both rods at the 
thoracolumbar junction 27 months after the index 
surgery [23]. The reason for the failure was 
attributed to the long survival of the patient.

Versteeg et al. performed a minimally invasive 
spinal stabilization in 101 patients with unstable 
spinal metastases between 2009 and 2014. The 
median operating time was 122  min with a 
median blood loss of 100  mL.  Eighty-eight 
patients (87%) ambulated within the first 3 days 
after surgery. A complication rate of 18% was 
reported, suggesting that minimally invasive spi-
nal stabilization may lead to fewer complications 
compared to open surgical procedures [26].

The limitation of minimally invasive percuta-
neous spinal stabilization is that this technique 
does not allow for any fusion of the diseased 
bone segment. Therefore, patients with poten-
tially long survival (over 24 months) could pres-
ent the risk of implant failure. In such cases, 
minimally invasive fusion in addition to mini-
mally invasive percutaneous spinal stabilization 
could be safely performed [27].

Minimally invasive percutaneous stabilization 
of spinal metastases seems to be a promising sur-
gical procedure. Using this technique, spinal sta-
bilization and direct neural decompression could 
be achieved with minimal morbidity for patients 
with limited life expectancy [25].

The indication of minimally invasive percuta-
neous stabilization of the spine includes all spinal 
bone metastases in patients with a life expectancy 
shorter than 24 months.

 Conclusions
Cancer survival has increased annually. Impr-
ovements in oncologic management have 
also increased the survival of patients with 
a metastatic disease [6]. Skeletal metastases 
influence the quality of life of patients with a 
metastatic disease. The indication for surgery 
depends on pain or impending or pathologi-
cal fractures and differs between nations [7]. 
In the United States, up to 71% of patients 
have been treated due to impending fracture 
compared with only 18% in Nordic countries 
[6]. Decisions regarding potential surgery for 

metastatic disease require reliable data about 
the patient’s survival and quality of life [28].

Patients with metastatic disease are often 
treated at community centers [2]. Therefore, 
general orthopedic surgeons need to be famil-
iar with the treatment of these patients. As the 
treatment of metastatic disease is multidisci-
plinary, it is imperative that orthopedic sur-
geons are involved at an early stage with 
impending fractures and not only following 
pathological fractures. Immediate pain relief 
and improvement of the functional status is 
particularly important for patients with a short 
life expectancy [6].

The orthopedic surgeon who treats patients 
with metastatic bone disease needs to be 
familiar with the biological behavior of meta-
static bone lesions that may not heal reliably 
[2]. Potential advantages of less invasive pro-
cedures consist of a decreased need for blood 
transfusion, a decreased need for analgesics, a 
shorter hospital stay, an early functional 
recovery, and an early initiation of postopera-
tive adjuvant therapies [26].
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Treatment of Bone Metastases: 
Future Directions

Guido Scoccianti and Rodolfo Capanna

Abstract
Four main future directions in the treatment of 
bone metastases can likely be envisaged: 
fewer tumors in general population, fewer 
bone metastases in patients affected by tumors, 
less invasive therapies, and in selected cases 
highly invasive surgery also in metastatic 
patients who have been often banished to pal-
liative treatment so far. Development and 
improvements of current techniques and intro-
duction of new technological achievements 
are expected to improve actual therapeutic 
regimens. Nanotechnologies and a combina-
tion of diagnosis and treatment in the same 
time (theranostics) are likely to deeply change 
our approach to bone metastatic disease and, 
we hope, its results. New and less invasive sur-
gical procedures are going to progressively 
decrease the surgical burden on most of the 
metastatic patients who will still need surgery, 
but at the same time, a growing number of 
these patients will undergo highly invasive 
surgery, due to the application of the criteria 

of primary tumor surgery also to metastatic 
patients, thanks to the improved survival. The 
future of the treatment of bone metastases will 
surely be a varied and variegated future, rang-
ing from the use of extremely small devices, 
like nanoprobes, to the use of megaprostheses, 
and maybe also combinations of them. The 
clinician will have to be ready to manage a 
continuously growing range of therapeutic 
options and to have the capability to choose 
the right one for the specific patient.

Keywords
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Future treatments

27.1  Introduction

Predicting the future is always a hard job and 
that’s particularly true when dealing with an ever-
evolving matter like medicine.

Innovations in the future treatment of bone 
metastases are likely to include some procedures 
which are already at their start today or which can 
already be envisaged on the basis of our actual 
knowledge and practice but also (at least, we hope 
so) completely new treatments following upcom-
ing new theoretical and technical achievements. 
It’s therefore very difficult to write a chapter about 
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future treatments, and maybe we can only focus 
on the main directions which have to be addressed 
in the forthcoming years to take us to the future of 
our practice on bone metastatic disease.

The most important directions, which we have 
to move to, are four:

 1. Fewer tumors in our population
 2. Fewer bone metastases in patients affected by 

tumors
 3. Less invasive therapies
 4. In selected cases, highly invasive surgery also 

in metastatic patients (who have been often 
banished to palliative treatment so far)

In this paper, we mostly address the third and 
fourth of the abovementioned directions, which 
are the ones which directly involve the surgical 
care of metastatic patients.

27.1.1  Direction 1: Fewer Tumors 
in Our Population

Lowering tumor rate in our population is the first 
and most important target. Addressing this issue is 
out of the aim and possibility of this chapter. Key 
factors to move in this direction will be a better 
understanding of tumor pathogenesis and spread-
ing, together with an improved knowledge about 
tumor risk factors and causative agents. Consequent 
actions will have to be adopted about environment 
(pollution, climate, etc.), diet, and habits.

27.1.2  Direction 2: Less Bone 
Metastases Occurring 
in Patients Affected by Tumor

Bone metastatic disease is a heavy complication 
for patients affected by oncological diseases.

Spreading of the tumor to the bone causes to the 
patient pain, functional impairment, and the need 
of additional medical and surgical therapies. For 
many patients affected by tumor bone metastases 
constitute the first and worst cause of symptoms.

On this basis, reducing the rate of bone meta-
static disease in a patient after the diagnosis of 
cancer is of outstanding importance.

Several pathways should be followed to obtain 
this result.

First, an earlier diagnosis of cancer can help 
us to prevent tumor progression with a treatment 
applied earlier and against tumors at their initial 
stage. More efficient, less invasive, and also 
cheaper screening methods of the population 
should be developed, involving a wider number 
of tumors in comparison with the few screening 
programs activated at the moment.

Not only an earlier but also a better diagnosis 
will be hopefully made available in the forthcom-
ing decades. A better understanding of tumor 
characteristics of every single case could help us 
in choosing the best therapeutic approach case by 
case, with a tailor-made treatment choice. 
Identification of new methods of tumor tracing 
and follow-up diagnostics could anticipate metas-
tases detection and treatment.

Improvements in medical treatment of onco-
logical diseases could reduce the number of 
patients developing metastatic disease, making the 
prognosis of cancer patients better and lowering the 
burden of treatments necessary for oncological 
patients. Some aspects of the modalities for these 
improvements will be discussed in the following 
section.

27.1.3  Direction 3: Less Invasive 
Therapies

When bone metastatic disease has occurred, 
treatment must be undertaken. The metastatic 
cancer patient is a frail patient, affected by a 
widespread oncological disease with its direct 
and indirect (paraneoplastic) consequences and 
also affected by the effects of chemotherapy 
regimens on bone marrow, liver, kidney, and 
immunological system. Moreover, the life 
expectancy is still generally short. In this set-
ting, treatments least invasive as possible are 
usually advocated, also to lessen the possibility 
of occurrence of postsurgical complications 
which can negatively affect the chances of 
undergoing further systemic treatment for the 
primary oncological disease.

A better understanding of cancer biology 
can lead to the introduction in the near future 
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of more efficient and more selective medical 
therapies with the development of targeted 
therapeutic strategies designed to attack a 
single or a few targets governing the survival 
and proliferation of cancer cells. New thera-
pies should address the survival strategies of 
tumor cells in order to kill cancer cells while 
sparing normal cells. Cancer cells have dis-
tinctive patterns of development, growing, and 
spreading, the so-called hallmarks of cancer 
[1, 2], which can be used as specific pathways 
to be targeted to succeed in inhibiting tumor 
growth. Therapeutic targeting of the hallmarks 
of cancer could and should be the keystone 
of development of more selective therapies 
[3]. These targets can involve genetic aberra-
tions including mutations (single-base substitu-
tions), amplifications, translocations (e.g., gene 
fusion), deletions, and insertions/deletions [4].

How can we get there? Definition of specific 
single or few targets governing the proliferation of 
genetically distinct populations of cancer cells can 
make it possible to find out selective and more effi-
cient drugs. This is what is already ongoing and is 
generally called “targeted therapy,” but it’s nowa-
days still at its beginning, and major advancements 
are expected in the near future or, at least, we hope 
so. A better molecular understanding of cancer 
pathways can lead us to the production of new 
molecular weapons to fight tumors, optimizing not 
only drug mechanism of action but also drug deliv-
ering and on-site activation, thus obtaining 
increased drug efficacy and safety.

Another key factor in this evolution of our 
treatments can be molecular imaging. Imaging 
specific molecular patterns in  vivo can in fact 
make us able to choose the best treatment and to 
monitor its effect in the patient. Direct monitor-
ing of the response to treatment can let us mod-
ify our therapeutical choices and treat any patient 
with a tailor-made plan.

A personalized cancer therapy thus relies on a 
targeted therapy and on innovations in imaging 
technology. The introduction of nanoprobe tech-
nology and the possibility that nanomedicine 
offers for selective tracking and hitting of specific 
molecular targets has recently open the doors to 
enormous advancements in our capabilities of 
fighting cancer.

27.1.3.1  Theranostics 
and Nanomedicine

A combination of diagnostics and treatment in 
the same action can reduce treatment starting 
time and, most important, improve efficacy of 
treatment by a guided delivery of the drug. 
Furthermore, diagnostics monitoring can help to 
confirm or modify treatment schedule on the 
basis of its results.

This kind of approach has gained more and 
more interest in the latest years, and it’s now 
known as “theranostics.” This term describes any 
material that combines the modalities of therapy 
and diagnostic imaging into a single unit, and it’s 
now used to describe image-guided therapy or 
therapeutic agents which concomitantly possess 
imaging capabilities. Theranostics includes diag-
nostic tests to identify patients most likely to be 
helped by a therapeutic procedure, targeted ther-
apy, and in  vivo imaging to tailor and monitor 
treatment.

For example, ErbB2  in breast cancer can be 
directly visualized, improving the MRI image 
with an ErbB2-specific antibody-conjugated MRI 
nanoprobe (molecular imaging); at the same time, 
therapeutic agents can be delivered to the tumor 
together with the ErbB2-specific nanoprobe, and 
the response to treatment can be monitored, thus 
completing the theranostics approach [3].

Nanoprobes can be conjugated with aptamers 
or antibodies to target specific molecules with the 
aim of both a diagnostic and therapeutic improve-
ment, and they can be loaded with drugs or other 
agents with antitumoral activity. Furthermore, 
nanoprobes have an inherent tendency to a prefer-
ential delivery to tumor sites due to the EPR effect 
because of the leaky neovasculature of tumors and 
the absence of lymphatic drainage [5].

Treatment of bone metastases can greatly 
benefit from these ongoing technological 
developments.

A drug can be covalently bonded to an osteo-
tropic moiety like bisphosphonates and thus tar-
geted to the bone [6], or it can be added to a 
nanoprobe, using its tendency to target tumor envi-
ronment. Using both strategies can furtherly 
enhance the efficacy of our treatment, and with this 
aim, bone-seeking osteotropic drug delivery sys-
tems (ODDS) were introduced in recent years, 
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adding to the surface of a nanoprobe a targeting 
molecule (bisphosphonates) and loading the nano-
probe with an antitumoral drug [7–10]. This can 
offer several advantages, like protection of the drug 
from biodegradation in the bloodstream, higher 
drug delivery doses, and longer circulation times.

To selectively deliver drugs to bone metasta-
ses, we can use different targets, including bone 
(bisphosphonates), tumor cells (antibodies, 
aptamers), and tumor environment (nanocarriers 
exploiting EPR effect due to leaky tumor neovas-
culature; nanoprobes which can respond to spe-
cific characteristics of tumor environment like 
acidic condition).

Nanocarriers can deliver to the tumor not only 
drugs (cytotoxic or antiangiogenetic) but also radio-
pharmaceuticals, gene therapy vectors (DNA or 
RNA), hyperthermia, and photodynamic therapy.

Thermoablation with a temperature higher 
than 50  °C causes tumor destruction by direct 
cell necrosis, but normal tissue is involved by the 
necrosis as well. Hyperthermia with a temperature 
of 41–45 °C induces damages to intracellular pro-
teins and consequently to cellular function; tumor 
cells are generally significantly more prone to 
this kind of damage, while normal tissue is mini-
mally affected. Thus, delivery of a hyperthermic 
treatment at the site of the tumor can produce 
important damages to the neoplastic cells with 
only minor effects on normal tissues. Magnetic 
nanoparticles and gold nanoparticles are prom-
ising hyperthermia-inducing agents. Magnetic 
nanoparticles produce heat via energy loss path-
ways when an external alternating electromagnetic 
field is applied. If we deliver these nanoparticles 
to the tumors, we can then activate the heat pro-
duction through application of an external electro-
magnetic field. First, clinical applications of this 
technique were recently reported in prostate and 
brain cancer [11, 12]; utilization in bone metasta-
ses could be available in the future.

Local heat can also be produced by nanopar-
ticles able to absorb near-infrared light like gold 
nanoparticles, and their action can also be aug-
mented by adding chemotherapeutics to the gold 
nanoparticle with a combined effect of hyperther-
mia and chemotherapy [13, 14].

Photodynamic therapy could be another treat-
ment option. In this kind of treatment, photosen-

sitizer molecules are activated by light, and, 
when this happens, they generate reactive oxygen 
species (ROS), which can kill cancer cells by 
damage to DNA, RNA, and proteins. The use of 
photosensitizer able to absorb near-infrared light 
permits to penetrate more deeply in the tissues. 
Some clinical experiences were reported in liter-
ature for different kinds of cancer [15–18].

27.1.3.2  Radiotherapy and Nuclear 
Medicine

Radiation therapy has always had a primary role in 
bone metastases treatment, and it’s going to main-
tain it. In the last decades, huge technological 
advancements were made, improving both efficacy 
and delivery to the target of the radiation treatment. 
Nowadays, we can use several different radiation 
modalities, from the traditional (and still most used 
and widespread) photons to electrons, protons, 
neutrons, Π-mesons (pions), heavy-charged nuclei 
(carbon, helium, neon), and antiprotons.

If most bone metastases can be effectively 
treated with photons, the use of charged particles 
(hadrontherapy) in selected cases can increase 
efficacy and allow better sparing of the surround-
ing tissues. The limited availability and the cost 
of these treatments are actually limiting their use, 
but an increase in the number of centers with 
hadrontherapy facilities could make these treat-
ments more widely available in the future.

In the last decades, great improvements have 
been obtained not only in efficacy but also in 
delivery modalities, leading to the development of 
techniques like intensity-modulated radiation 
therapy (IMRT), stereotactic radiotherapy 
(Gamma Knife, Cyberknife), and image-guided 
and electronic brachytherapy. These techniques 
allow us to perform a more precise and effective 
(higher dose) radiation treatment on the target 
with a better sparing of surrounding tissues. This 
possibility has led also to the development of new 
concepts on treatment of the metastatic patients 
like stereotactic body radiotherapy in oligometa-
static disease [19, 20]. If we assume that at the 
beginning of metastatic disease a patient can pres-
ent with only a few metastases before widespread 
dissemination of the disease and that in this phase 
we can still eradicate the disease [21], the role of 
radiotherapy in the management of metastatic 
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disease can be no more limited only to palliation 
but could also constitute an attempt to really 
change disease progression, delivering radical 
ablative doses of radiation instead of subradical 
palliative doses. Such a treatment can nowadays 
be performed, targeting also several sites, because 
of the reduction of collateral effects and damages 
to the healthy tissues determined by the introduc-
tion of the abovementioned new techniques.

Developments in nuclear medicine techniques 
are also leading to important opportunities for a 
better control of bone metastatic disease. 
Different bone-seeking radiopharmaceuticals 
have been introduced to selectively deliver treat-
ment to the bone, from beta-emitter strontium-89 
to gamma-emitter samarium-153 and, more 
recently, alpha-emitter radium-223. Radium-223 
dichloride is a bone-seeking calcium mimetic 
that selectively binds to areas of increased bone 
turnover (osteoblastic or sclerotic bone metasta-
ses), emitting short-range alpha particles which 
induce DNA damages with a consequent cyto-
toxic effect; the short range of these particles per-
mits substantial sparing of nontarget tissue. 
Interesting results were reported in treatment of 
osteoblastic metastatic disease with radium-223, 
particularly in prostate cancer [22–24].

Combining of radiopharmaceuticals and 
bisphosphonates is also possible to selectively 
deliver the radiopharmaceutical to the bone [25]. 
Nanomedicine will further improve this delivery 
because of the higher doses of radiopharmaceuti-
cal which can be taken to the target by a nano-
probe, and development of similar delivery 
systems is ongoing [26].

27.1.3.3  Minimally Invasive Surgery
Minimally invasive surgery to treat bone metasta-
ses has greatly developed in the last years. Now 
we can percutaneously ablate a tumor with sev-
eral different techniques. Radiofrequency abla-
tion was the first technique to find a widespread 
use, but treatment of bone metastases can be per-
formed also with cryotreatment by argon-helios 
cryoprobes, microwaves, and laser. Moreover, a 
transcutaneous treatment (without any incision) 
can be delivered with the expanding technology 
of MRI-guided high-intensity focused ultra-
sounds (HIFU). All these techniques are based on 

a thermal (with heat or cold) ablation of the 
tumor. A different strategy has led to the develop-
ment of electrochemotherapy, recently expanded 
also to the bone [27], which is based on a percu-
taneous electric shock to the target area, which 
makes the tissue hundreds of times more vulner-
able to the effects of chemotherapeutics systemi-
cally delivered.

All these techniques are showing interesting 
results in selected indications, but few consistent 
series were reported up to now and with usually 
short follow-up [28–34]. Specific description of 
percutaneous treatments of bone tumors and its 
results can be found in previous chapters, and it’s 
not the matter of this paper. A recent review on 
different ablation techniques can be found in a 
paper of Kurup and Callstrom [35].

Minimally invasive treatment of bone metas-
tases is surely destined to gain a more and more 
widespread use in the near future.

At the moment, there are some questions 
which remain open and unanswered:

 – When choosing a percutaneous ablation treat-
ment versus a radiation treatment?

 – Which is the best technique?
 – Are there specific characteristics which can 

lead us to a case-by-case patient-tailored 
choice of the ablation technique?

We hope that in the next years, we will have 
enough data to get these answers.

As far as we can now evaluate, among abla-
tion treatments cryoablation and HIFU appear 
particularly promising. Cryoablation has in fact 
some advantages in comparison to radiofre-
quency ablation, particularly the possibility to 
visualize on CT images the treated area as an “ice 
ball” (Fig.  27.1), the chance to use multiple 
probes simultaneously to increase the treatment 
area and to better adapt it to the geometry of the 
target, a better toleration of the procedure by the 
patient due to a reduced postoperative pain, a 
reduced risk of damage to nearby critical struc-
tures due to visualization of the ablation margin 
on CT, and the possibility of tissue displacement 
with catheter-guided balloon [33, 36]; also a 
reduced damage to joint cartilage in iuxtarticular 
sites can be presumed.
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HIFU technique has the advantage of being a 
completely “closed” procedure with ultrasound 
delivered transcutaneously and not percutane-
ously and with the possibility to obtain a delivery 
which is well conformed to the geometry of the 
target [37, 38]. The MRI guide of the procedure 
permits to treat also the bone, but at the moment 
its diffusion is limited due to the high costs. A 
more widespread use of this technique is likely to 
occur in the forthcoming years.

Also, electrochemotherapy is a promising 
technique, particularly for its much higher effect 
on tumor cells than on healthy tissue and the pos-
sibility, at least theoretically, of a better sparing 
of normal bone in comparison to other ablative 
procedures, but further experience is needed to 
define its results and indications. In electroche-
motherapy, an active drug is administered sys-
temically and a local sensitizing treatment is 
performed. Also, the opposite can be hypothe-
sized: for example, the systemic administration 
of a photosensitizer compound, and then a local 
percutaneous treatment with laser was recently 
proposed [39].

27.1.3.4  Improving Open Surgery
Surgical treatment of bone metastases presents 
peculiar aspects in diagnosis, treatment, and fol-
low-up, which differentiate this field of orthope-

dic surgery from trauma surgery or primary 
tumors surgery.

Following improvements in cancer patient 
survival during last decades, surgical treatment of 
bone metastases is not any more a minor issue, 
limited to procedures intended to offer a pallia-
tive treatment in pathological fractures, but it is 
becoming a major task in orthopedic surgery, 
particularly in centers devoted to oncological sur-
gery but also in the general orthopedic units.

In this setting, new and specifically designed 
devices have been developed in recent years, and 
an increased attention should be expected for this 
kind of surgery in the future.

New Intramedullary Devices
In other chapters of this book, some of the recent 
most outstanding innovations are described, like 
carbon fiber nails and plates, which permit a bet-
ter delivery of postoperative radiation treatment 
and allow a more effective follow-up with 
 imaging diagnostics [40], or intramedullary 
implants with minimal invasiveness, which can 
conform to the intramedullary cavity, thanks to a 
combination of balloons, light-activated mono-
mers, and flexible catheters [41].

These are important improvements for our 
surgical practice, and others are likely to follow 
in the near future, due to the increased interest in 
this field of orthopedic surgery.

Improving Excision of  Metastatic Tissue
If in many cases a closed nailing can still be the 
treatment of choices in metastatic patients, a 
growing number of patients today can and should 
be better treated with excision of the tumor to 
avoid local oncological progression in patients 
who can present nowadays a long survival.

Excision of the tumor can be accomplished 
either with intralesional or wide procedures, 
according to tumor site and extension, to residual 
bone stability and prognosis of the patient, and to 
the expected response of the metastatic tumor to 
the adjuvant therapies.

Patients most fit for an excision procedure are 
the patients affected by one or a few bone metasta-
ses, in accordance to the definition of oligometa-
static patient above reported when dealing with 
radiation treatment strategies, but also patients 

Fig. 27.1 CT visualization of the area of treatment (“ice 
ball”) during cryoablation of a metastasis of the iliac wing 
from renal cell carcinoma
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affected by plurimetastatic disease can need 
extended and even wide procedures due to the local 
condition of the bone. This is particularly true 
when dealing with metastases from tumors usually 
poor responding to radiation treatment, like renal 
cell carcinoma, where surgery is often the mainstay 
of treatment also for metastatic disease.

Improvements in curettage procedure can be 
expected in the near future, both in the identifica-
tion and use of adjuvant local treatments for the 
residual bone walls and in the effectiveness of the 
procedure of excision itself.

For example, delivery of cryotreatment in the 
residual cavity after curettage, which has a long 
history with the use of liquid nitrogen, has 
recently become safer and more conforming to 
the different anatomical sites with the introduc-
tion of argon probes systems. This is going to 
expand the use of this technique, which seems to 
be at the moment the more effective for its capac-
ity to act more deeply on the bone than the other 
commonly used adjuvant treatments.

Filling with cement with addition of chemo-
therapeutics or bisphosphonates can be another 
useful step to enhance our treatment effect on the 
residual bone after curettage, and further innova-
tions are likely to appear in the future in this field.

We can expect also technological improvements 
to help us in the future to increase the precision 
itself and completeness of our curettage proce-
dures. Fluorescence-guided surgery is a promising 
technique for in-the-field detection of tumor cells. 
First in-human results were reported in different 
fields of oncological surgery, mostly using fluores-
cence for lymph node mapping but also using spe-
cific tumor receptors to track tumor cells in glioma 
[42–44], pancreatic cancer [45], and ovarian cancer 
[46]. A similar technique could be quite helpful 
also in bone metastatic disease, using specific 
tumor receptors as targets. At the best of our knowl-
edge, no in-human experience on bone metastases 
were reported so far, but some experimental works 
are already moving in this direction, for example, 
in experimental bone metastases from prostate can-
cer, demonstrating a better result after excision 
using fluorescence-guided surgery [47, 48]. 
Application of these techniques is rapidly growing 
in oncological surgery, and also bone metastases 
surgery could benefit of it in the forthcoming years.

27.1.4  Direction 4: Highly Invasive 
Surgery Also in Metastatic 
Patients

Also in surgery of bone metastases, minimally 
invasive or less invasive procedures are not 
always the procedures which best fit the patient 
requirements. Bone metastatic patients have been 
often banished to palliative treatment so far, but 
due to the improvements in medical treatments 
and prolonged survival, another direction of 
future treatment of bone metastases will be a 
growing application to the metastatic patient of 
procedures usually dedicated to primary bone 
tumors.

Revision surgery in bone metastases has 
become a not rare occurrence, due to a local pro-
gression of disease or a mechanical failure of the 
reconstruction in patients who present long sur-
vival (Fig. 27.2). It’s therefore important to select 
the patients with better prognosis and to apply 
also to these patients the concepts of surgical 
treatment of primary bone tumors.

Resection and reconstruction with megapros-
theses in metastatic patient is therefore likely to 
become a more and more frequent surgery in the 
near future.

Also in difficult locations, like the spine and 
pelvis, surgical treatment is going to increase its 
indications and applications, with major surgery 
applied also to secondary disease, when needed.

Improvements in anesthesiologic periopera-
tive support to the patients make today possible 
to perform highly invasive procedures also in 
these patients. Dedicated medical teams are 
advised for this kind of surgery. In these settings, 
and in a frail patient like the metastatic patient, 
every effort to reduce the surgical burden on the 
patient is to be attempted. To reduce periopera-
tive blood loss, preoperative selective arterial 
embolization will continue to be a fundamental 
aid for the surgeon. Another aid which can be 
used and maybe will increase its application in 
the near future is the application of intraoperative 
cryotreatment to reduce blood loss. The introduc-
tion of argon cryoprobes has made possible to 
freeze a tumor and to curette it with a minimum 
bleeding, also in highly vascularized tumors like 
many bone metastases (Fig. 27.3).
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a b c d e

Fig. 27.2 Metastasis of the distal humerus from hepatic 
carcinoma with local progression after intramedullary 
nailing. (a, b) Preoperative X-ray and CT view. (c) 

Resected specimen. (d) Postoperative X-ray view after 
reconstruction with elbow megaprosthesis. (e) 
Postoperative elbow flexion

a

c d e

b

Fig. 27.3 Metastasis of the periacetabular region from 
renal cell carcinoma. (a) Preoperative MRI axial view. (b, c) 
Intraoperative views during freezing of the tumor to decrease 

bleeding while curetting the metastatic disease. (d) 
Intraoperative view after curettage. (e) Postoperative X-ray 
view after reconstruction with cement and hip arthroplasty
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 Conclusions
There are not conclusions when talking about 
future directions. We can say that the future of 
the treatment of bone metastases will surely 
be varied and variegated, ranging from the use 
of extremely small devices, like nanoprobes, 
to the use of megaprostheses, and maybe also 
combinations of them. The clinicians will 
have to be ready to manage a continuously 
growing range of therapeutic options and to 
have the capability to choose the right one for 
the specific patient.

They will have to be always ready to 
change their practices and to adopt new ideas 
and techniques, without forgetting the experi-
ence of the past. A multidisciplinary approach 
is and will be mandatory in this field.
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