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Simple Summary: Patients with bone metastases often suffer with complications, such as bone
fractures, which have a substantial negative impact on clinical outcomes. To optimize clinical results,
a tailored approach should be defined for managing impending or pathologic fractures in each
individual case. The ability to control systemic disease, the extent, location and nature of bone
metastases, and the biology of the underlying tumor, are the main factors that will define the strategy
to follow.

Abstract: Advances in medical and surgical treatment have played a major role in increasing the
survival rates of cancer patients with metastatic bone disease. The clinical course of patients with bone
metastases is often impaired by bone complications, such as bone fractures, which have a substantial
negative impact on clinical outcomes. To optimize clinical results and prevent a detrimental impact
on patients’ health, a tailored approach should be defined for any given patient. The optimal
management of impending or pathologic fractures is unknown and relies on a multidisciplinary
approach to tailor clinical decisions to each individual patient. The ability to control systemic disease,
the extent, location and nature of bone metastases, and the biology of the underlying tumor, are the
main factors that will define the strategy to follow. The present review covers the most recent data
regarding impending and pathologic fractures in patients with bone metastases, and discusses the
medical and surgical management of patients presenting with metastatic bone disease in different
clinical settings.

Keywords: bone metastasis; clinical management; impending fracture; pathologic fracture; tai-
lored approach

1. Introduction

The skeleton is a common site of metastatic disease in patients with advanced solid
tumors, particularly breast, prostate, renal, thyroid and lung tumors [1]. Medical advances
over the last decades have been responsible for a progressive and remarkable increase
in the survival of patients with cancer, and thus in the number of patients living with
bone metastases (BM) [1]. The greater number of patients with BM also increases the
overall number of skeletal-related events (SREs), with a relevant detrimental impact on
clinical outcomes [2,3]. Among SREs, pathologic fractures are particularly pernicious,
increasing morbidity, reducing quality of life, and shortening overall survival in these
patients [2–6]. Additionally, the economic and social burden associated with pathologic
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fractures is high [7,8]. As such, the ideal approach is to prevent fractures by treating
the impending fracture. However, its diagnosis is often challenging, and scores used
in clinical practice frequently overestimate the risk of fracture, leading to unnecessary
interventions [9,10]. In addition, the management of pathologic or impending fractures can
be complex, with earlier orthopedic evaluation potentially precluding the need for complex
procedures [11].

Depending on the tumor of origin, the approach to BM may differ, not only re-
garding systemic therapy, but also in indications for surgery, radiotherapy (RT) and
bone-targeted therapies.

This review focuses on the need for personalized approaches for appendicular im-
pending and pathologic fractures associated with BM, according to histologic subtype,
based on the available clinical evidence.

2. Epidemiology of Metastatic Bone Disease

More than 75% of patients with metastatic cancer have bone involvement at the time
of death, with the spine, ribs, pelvis and long bones being the most common sites of
BM [12,13]. Few epidemiologic studies on skeletal metastases are available, but according
to data from the United States (US), approximately 280,000 adults live with metastatic bone
disease, with breast and prostate cancer being the dominant tumors [14,15]. This lack of
data is even more striking regarding pathologic fractures. Nonetheless, among patients
with metastatic carcinomas, US estimates indicate a 20% rate of relevant clinical symptoms
and a 10% rate of pathologic fractures [15]. Therefore, thousands of pathologic fractures
per year would be expected in the US population alone [16]. These numbers could be
even higher, as studies suggest that 1.4 million people are diagnosed with cancer every
year in the country, and half of the patients have cancers that frequently metastasize to
the bone [16]. In 2018, Nikkel et al. reported 17,313 hospitalizations due to pathologic
fractures and 12,770 due to non-pathologic fractures (related to metastases, secondary to
minor trauma) in patients with metastatic bone disease between 2003 and 2010 in the US. In
this report, kidney cancer had the highest hospitalization rate for pathologic fractures [17].
In 2011, Jensen et al. reported a 45% rate of SREs, including pathologic fractures, among
patients with BM in Denmark [18]. Other studies have reported data on the incidence of
pathologic fractures among patients with BM and SREs, with pathologic fracture rates of
16% in breast carcinoma [19], 22.1% in prostate cancer [20], 21.6% in lung cancer [21], and
42% in renal cancer [22]. Given the high incidence and prevalence reported for some of
these tumors, the real incidence of pathologic fractures will predictably become even more
relevant during the 21st century.

An increasingly relevant discussion is emerging regarding BM and the prognostic
impact of pathologic fractures on survival. Oefelein et al. conducted a study on 195 prostate
cancer patients and reported a negative correlation between bone fractures and overall
survival [23]. Another study by Saad et al., including 3059 patients with multiple myeloma
and various solid tumors, showed that pathologic fractures were related to an increased
risk of death [24]. Additionally, Yong et al. conducted a population-based cohort study
and reported that, among 2216 patients with BM, the median survival was far superior
in patients without SREs compared with those with SREs [2]. However, although several
studies have reported increased mortality rates associated with SREs or pathologic fractures
in solid tumors, the causes for this correlation are not entirely understood. Some of the
factors thought to be involved include mortality due to surgery for pathologic fractures,
and increased risk of thromboembolic events (namely, deep vein thrombosis and secondary
pulmonary embolism), to which diminished mobility also contributes [24]. Altogether,
these data highlight the importance of preventing pathologic fractures.

3. Physiopathology of Osteolysis and Bone Fragility

Although low bone mineral density (BMD) is a strong risk factor for fractures, bone
size, shape and microarchitecture may also influence skeletal fragility [25]. Therefore,
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the concept of bone quality has evolved to include toughness, strength, resistance to
failure, load-bearing ability, geometry, micro-damage and bone mass [25]. Altogether, these
characteristics are summarized as bone architecture, turnover, and mineralization, which
depend on a tightly controlled skeletal homeostasis. Unbalanced bone turnover elicits bone
fragility and weakens the skeleton, increasing fracture risk whenever the force applied to
the bone exceeds its load-bearing capacity.

The coupling between bone resorption and formation is a multifaceted process, as
reviewed by Sims and Martin [26]. The key physiological controller of osteoclast formation
and activity is the RANKL/RANK/osteoprotegerin (OPG) axis, the RANKL decoy recep-
tor [27]. The pivotal roles of the RANKL/RANK/OPG system in osteoclast differentiation
and function, and of dual signaling in bone resorption and formation coupling, were re-
cently reviewed by Yasuda [28]. Pathologic fractures in the context of BM are the result of
de novo or exacerbated bone fragility due to unbalanced bone remodeling towards osteol-
ysis (Figure 1). Bone osteolysis releases multiple growth factors that fuel tumor growth,
rendering the so-called ‘vicious cycle’ of BM, in which the expansion of cancer metastases
within bone involves paracrine signaling between tumor cells and normal cells in the bone
microenvironment [29]. Several diseases of high bone remodeling—like postmenopausal
osteoporosis, idiopathic male osteoporosis, corticosteroid-induced osteoporosis, hyper-
parathyroidism and hyperthyroidism, all linked to bone fragility [30]—may increase the
risk of pathologic fractures in cancer patients. BM may have different radiologic presenta-
tions, spanning from pure osteolytic, like in renal cell carcinoma and multiple myeloma, to
osteoblastic, like in prostate cancer. However, in most cases, the phenotype is mixed, and
bone fragility is increased [31,32].
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Figure 1. Bone remodeling in physiologic conditions and in metastatic disease. In physiologic
conditions, bone resorption and bone formation are perfectly coordinated by bone cells (osteo-
clasts, osteoblasts and osteocytes), regulated by hormones, like parathyroid hormone (PTH) and
1,25-dihydroxyvitamin-D3, paracrine growth factors, and cytokines [26,33], to guarantee skeletal
homeostasis. Bone-resorbing osteoclasts originate from hematopoietic stem cells, and bone-forming
osteoblasts differentiate from mesenchymal precursors. The main bone remodeling regulator is the
receptor activator of the nuclear factor-κB (RANK)/RANK ligand (RANKL)/osteoprotegerin (OPG)
axis. Osteoblasts release osteoclastogenic factors, such as the macrophage-colony-stimulating factor
(M-CSF) and RANKL. Osteocytes also contribute to the bone remodeling balance by inhibiting os-
teoblast or promoting osteoclast differentiation. In metastatic disease, bone homeostasis is disrupted,
and bone remodeling is unbalanced towards osteolysis. Tumor cells secrete growth factors that stim-
ulate osteoclast differentiation and activity, like parathyroid hormone-related peptide (PTHrP) and
interleukin-11 (IL-11). The bone destruction process releases bone-derived growth factors supporting
tumor cell growth, like transforming growth factor β (TGFβ) and bone morphogenetic proteins
(BMPs), creating a vicious cycle. This unbalanced bone turnover elicits or increases bone fragility,
increasing fracture risk.
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The bone is a favorable metastatic niche for different cancers, including breast (70%),
prostate (85%), lung (40%) and kidney (40%) cancers and multiple myeloma (95%) [34].
The axial skeleton is most affected, reflecting the role of the red bone marrow as an active
microenvironment that promotes cellular growth [31]. Circulating cancer cells enter the
bone through the wide-channeled sinusoids of the bone marrow cavity, invade the marrow
stroma, and travel to the endosteal bone surface, in a process mediated by stromal cell-
derived factor 1 (SDF1), also known as the C-X-C motif chemokine 12 (CXCL12)—C-X-C
chemokine receptor type 4 (CXCR4) pathway [35,36]. Activated RANK–RANKL signaling
has also been implicated in bone colonization during metastatic development in prostate
and breast cancers [37–39]. Following bone seeding, disseminated tumor cells may undergo
dormancy, which can last decades, with signals triggering tumor growth still unknown.
Conversely, the subsequent bone colonization step, which accounts for the critical transition
between micro and macrometastases, is well understood [40,41]. Physical factors within
the bone microenvironment, namely hypoxia, acid pH and extracellular Ca2+, and bone-
derived growth factors, such as transforming growth factor β (TGFβ) and insulin growth
factor (IGF), activate the tumor expression of osteoblast-stimulatory factors, including bone
morphogenetic proteins (BMPs), VEGF and endothelin 1 (ET-1). Osteoclast-stimulatory
factors, like parathyroid hormone-related peptide (PTHrP) and interleukin 11 (IL-11), are
also increased and up-regulate RANKL on early osteoblasts, stimulating bone resorption
via the RANK receptor on osteoclasts. The exacerbated release of matrix proteases by
osteoclasts, like matrix metalloproteases (MMPs) and cathepsins, further increases the
release of matrix-trapped factors and tumor growth [40,41].

Factors like ET-1 are particularly relevant for the development of osteoblastic metas-
tases, stimulating osteoblast proliferation and differentiation via the endothelin A receptor
(ETR) and activating Wnt signaling [42,43], whereas osteolytic metastases are mainly re-
lated to PTHrP and IL-11-mediated RANKL upregulation [44] and Jagged1-induced fusion
of osteoclast precursors [45].

4. Impending and Pathologic Fractures Associated with Solid Metastases

The accurate risk assessment of pathologic fractures (impending fractures) is challeng-
ing and still lacks an optimal method. Fidler et al. estimated a 2.3% pathologic fracture risk
in patients with less than 50% of cortical involvement [46]. On the other hand, a 75% cortical
involvement correlated with 80% of pathologic fractures [46]. In another study, Menck
et al. estimated that more than 90% of patients with at least a 0.6 ratio between metastasis
width and bone diameter eventually suffered fractures [47]. Subsequently, Harrington et al.
proposed criteria to guide clinical decision making, including cortical involvement of 50%,
metastasis length superior to 2.5 mm, and persistent pain even after RT, introducing for the
first time a symptomatic factor (pain) into the equation, to estimate the pathologic fracture
risk [48]. In the late 19802, Mirels developed a 12-point score to estimate the pathologic
fracture risk (Table 1) based on the following four items: bone involved, anatomic region,
radiologic presentation of metastases (lytic, sclerotic or mixed), and presence of pain under
physiologic load [9]. The pathologic fracture risk was estimated at 33% for a score ≥9, sug-
gesting the need for preventative surgical stabilization. However, Damron et al. exposed
the low specificity of this score, which in practice represented an overestimation of the need
for surgical stabilization [10].

More recently, van der Wal et al. conducted a study to evaluate the feasibility of using
bone axial cortical involvement by metastases using a 30 mm threshold on conventional
radiographs to assess the fracture risk in femoral BM [49]. The authors observed that
patients with metastases with more than 30 mm of axial cortical involvement had a 5.3-times
higher fracture risk compared with patients with smaller lesions. Based on these findings,
they considered the 30 mm axial cortical involvement criteria in femoral metastases as an
adequate tool for assessing pathologic fracture risk [49]. Additionally, new evaluations
based on CT imaging using the finite element method, enabled a more accurate estimation
of fracture risk in the presence of metastases [50,51]. Nonetheless, this technology is far
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from being easily accessible in clinical practice. Therefore, more practical and replicable
systems are desirable to estimate the real and accurate risk of pathologic fractures in
patients with metastatic bone disease. Currently, tools such as the Mirels’ score, together
with accurate patient clinical evaluation and clinical sense, are the mainstay for accurate
decisions on how to proceed.

Table 1. Mirels’ scoring system for identifying impending fractures: ≥9 high risk for pathologic
fracture, >8 intermediate risk for pathologic fracture, ≤7 low risk for pathologic fracture [9].

Parameter 1 2 3

Site Upper limb Lower limb Peritrochanteric

Size <1/3 1/3 to 2/3 >2/3

Lesion Blastic Mixed Lytic

Pain Mild Moderate Functional

5. The Treatment of Impending and Pathologic Fractures Secondary to
Bone Metastases

The treatment of BM associated with impending or actual pathologic fractures cur-
rently comprises of surgery, external beam radiotherapy (EBRT), bone-targeted agents
(BTAs), or different associations of the three modalities. Still, treatment is greatly depen-
dent on tumor histotype and staging, and the main goal in the management of patients
with metastatic bone disease is ultimately pain relief and the improvement of quality of
life [31].

EBRT is usually an option for the prevention of bone fractures and/or spinal cord
compression, but most of the supporting evidence focuses on the treatment of appendic-
ular or spinal bone metastases [52,53]. Most EBRT clinical trial endpoints focus on pain
relief or, in cases of spinal cord compression, mobility recovery. EBRT is not indicated
as monotherapy where there is a high risk of fractures or mechanical instability, and if
combinations with other treatments (e.g., surgery) are available. All EBRT prescriptions
with conformal 3D radiotherapy technique (3D-CRT) follow the practical rule of short
hypofractionation schemes (e.g., single fraction of 8 Gy, 20 Gy in 5 fractions, or 30 Gy in
10 fractions). This rule considers patients’ low performance status and short life expectancy,
to reduce Radiotherapy Department visits [54,55]. According to meta-analyses, 3D-CRT
is associated with a low incidence of pathologic fractures (≤5%, pooled odds ratio [OR]
1.21, 95% confidence interval [CI] 0.76–1.95) and spinal cord compression (≤3%, pooled OR
1.40, 95% CI 0.73–2.67) [56–58]. In addition, a trend for these events to occur more often
in single- compared to multi-fractionated schemes, was also observed [56–58], making
the latter preferred for patients at risk of fractures or spinal cord compression. Evidence
regarding postoperative 3D-CRT is more robust for spinal metastases. In the study by
Patchell et al., 101 patients with spinal cord compression were assessed to see whether
decompressive surgical resection before EBRT (30 Gy in 10 fractions) could increase their
ability to walk compared to EBRT alone [59]. The interim analysis showed an improvement
in this endpoint (84% vs. 57%, OR 6.2, 95% CI 2.0–19.8). Although postoperative 3D-CRT is
frequently employed in cases of appendicular metastases, evidence for its use is currently
lacking, according to the systematic review by Willeumier et al. [60]. The NCCN task force
recommends radiation therapy for 2–3 weeks after surgery, for wound healing and removal
of metallic skin staples [61]. Metallic prosthesis is not a contraindication for EBRT, but
interferes with procedure planning. Here also, the trend is for the use of multi-fractionated
regimens whenever possible.

As stated above, surgery for pathologic and impending fractures is affected by sev-
eral factors, such as patient prognosis, histology, number of metastases and anatomic
location [62]. Despite these considerations, common goals exist, and when a surgical pro-
cedure is planned to stabilize a pathologic or impending fracture, it is crucial to obtain a
construct with enough stability to allow immediate full weight-bearing, restore function,
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minimize pain, prevent (if possible) tumor progression, and last beyond expected patient
lifetime [63,64]. The surgical options for addressing BM in any given anatomic segment
are wide. For long bone metastases, orthopedic surgeons tend to use nails for diaphy-
seal lesions, plates and screws when the metaphyseal region needs to be addressed, or
megaprosthesis in cases in which reconstruction around the articulation cannot be success-
fully achieved (usually meta-epiphyseal lesions with poor bone stock) [65,66]. Additionally,
polymethylmethacrylate (PMMA) is often used as an adjuvant to all implants to improve
stability of the final construct [67].

The pelvis has a very particular and challenging anatomy, which is relevant in the
context of BM surgery. Some metastases are located at pelvic sites that do not impact
pelvic stability and function, while others can impair hip function and weight-bearing
ability, like those located in the posterior ilium and acetabulum [68]. As such, the surgical
treatment of pelvic metastases is usually reserved for lesions with a high risk of fracture
and, in rare cases, for solitary pelvic metastases [68]. Depending on the type, extension, and
location, reconstruction is possible using plates, pins, screws and PMMA [69,70]. However,
arthroplasty will be required for some cases, and in others, surgery should be avoided due
to the low probability of success. In any case, the decision should be patient-tailored.

Despite being the most common bone site for solid tumor metastases, the spine is
an anatomic location where BM are also difficult to approach [68]. As previously men-
tioned regarding pelvic metastases, surgical procedures for spinal metastases can range
from relatively simple to extremely complex or even life threatening [71]. Importantly,
newer instrumentation systems are now available, which facilitate spine stabilization and
reconstruction [72]. Most procedures for spine metastatic disease are performed using these
systems, which aim to improve patients’ quality of life and, indirectly, life expectancy. Al-
though there is also a place for complete tumor lesion excision, surgery is more aggressive
and has a potentially high rate of serious complications [59,73,74]. Overall, considering
the general principles of metastatic bone disease treatment, the surgical decision and tech-
niques employed should always involve a multidisciplinary assessment of the best option
in every given clinical situation.

Surgery and RT are by far the preferred treatments for impending and pathologic
fractures in the appendicular skeleton. However, some BTAs, such as bisphosphonates and
denosumab, can also be considered to prevent new fractures and eventually strengthen the
bone after fractures occur (secondary prevention) [75]. Several experimental models of BM
have shown that RANKL antagonists prevent tumor-associated osteolysis and significantly
reduce skeletal tumor burden [76]. Bisphosphonates inhibit osteoclastic activity by strongly
binding to hydroxyapatite on the bone surface and inducing osteoclast apoptosis upon
internalization [77]. In clinical trials, bisphosphonates have been shown to diminish the
incidence of SREs when used in addition to systemic anticancer therapies, compared to
anticancer therapies alone [31]. Denosumab acts by binding to and inhibiting RANKL,
leading to a decrease in osteoclast differentiation and activity [78]. Clinical trials (including
phase III) comparing denosumab to bisphosphonates (namely, zoledronate (ZA)) in patients
with solid tumors and multiple myeloma, have shown that denosumab was at least non-
inferior to ZA in preventing SREs (time to first SRE) [31,79,80]. Moreover, in a phase III
trial in metastatic breast cancer, denosumab was superior to ZA, in addition to standard
anticancer therapies, delaying the time to the first on-study SRE and the time to the first
and subsequent (multiple) on-study SREs [81]. Similar results were seen in castration-
resistant metastatic prostate cancer [82]. The median time to first on-study SRE was
20.7 months with denosumab, compared with 17.1 months with ZA. In a post hoc analysis
of a phase III trial in patients with solid tumors and multiple myeloma with bone metastases,
denosumab significantly delayed the time to the first on-study SRE and the time to the
first and subsequent SREs, compared to ZA [83]. These results support the use of BTAs
in the prevention of SREs (including pathologic fractures) and seem to favor the use of
denosumab over ZA.
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The combination of RANKL inhibition with hormonal therapy or chemotherapy, re-
sulted in significantly greater skeletal tumor growth inhibition than either single agent
alone in breast, prostate and lung cancer models [84]. In addition to mediating tumor-
induced bone destruction, RANKL also seems to be involved in tumorigenesis and metas-
tases development [85,86]. This was mostly studied in breast cancer, as the role of
RANK/RANKL/OPG in normal breast development is important to understand breast
cancer tumorigenesis [87]. The activation of progesterone receptor-positive mammary ep-
ithelial cells by progesterone leads to RANKL expression, thus resulting in the proliferation
of neighboring RANK+ mammary epithelial progenitor cells. Through the induction of
R-spondin, RANKL can also elicit the proliferation of RANK-positive ductal epithelial
cells. Postmenopausal women with higher levels of RANKL and progesterone are at
increased risk of breast cancer [88], and higher levels of serum RANKL seem to be associ-
ated with a higher risk of estrogen receptor-positive breast cancer [87]. Additionally, the
RANKL/RANK/OPG axis plays a role in the progression of solid tumors, by inducing the
loss of apical–basal polarity, promoting tumor cell migration and invasion, and stimulating
tumor neovascularization—processes involved in metastasis development [86,89,90]. The
addition of either bisphosphonates or denosumab to the treatment regimen can be useful
for patients with pathologic fractures. Current international clinical guidelines advocate the
use of BTAs (such as ZA or denosumab) concomitantly to sequential systemic treatments
in the setting of bone metastases, as the control of the underlying disease is important for
preventing the further development of bone metastases and reducing the risk of pathologic
fractures and other SREs, such as bone pain [31,75,91,92]. However, issues regarding choice
of BTA, the dosing schedule and the duration of treatment are not yet well established [93].
Besides these factors, additional questions rise when discussing the use of bisphosphonates
and denosumab, namely, the need of a previous oral evaluation and regular follow-up by
a dentist (bringing the matter of poor dental care access in many countries to light) [94].
Another consideration to be accounted for is hypocalcemia, an expected adverse effect
(patients should start on calcium and vitamin D supplementation) of both bisphosphonates
and denosumab, as well as the association of these agents with atypical fractures. To con-
sider also, is the risk of vertebral fracture returning to pretreatment levels upon denosumab
suspension and the risk of renal insufficiency with the use of bisphosphonates.

A recent review by Coleman et al. addressed emerging therapeutic agents that could
act as bone resorption antagonists [31]. Among those were firstly the mTOR inhibitor
everolimus, based on the fact that the osteoclast differentiation factor RANKL signals
through the mTOR/p70 S6 kinase axis, making osteoclast activity dependent on the mTOR
pathway [95,96]; secondly, cathepsin K inhibitors, since the main osteoclast-derived pro-
tease cathepsin K is responsible for digesting collagen type I in bone; thirdly, tyrosine kinase
inhibitors, like the MET and VEGFR inhibitor cabozantinib, as MET and VEGF signaling
are important for osteoclast and osteoblast growth and activity [97]; and fourthly, hormone
therapy (e.g., abiraterone), among other drug classes. Clinical studies are still ongoing [31].
Regarding the use of immunotherapy, a recent review by Liu et al. explored the role
of immunotherapy in common solid malignancies and the possible clinical application
of immune checkpoint inhibitors in combination with RANKL inhibitors or the VEGFR
inhibitor to counteract the immunosuppressive microenvironment in bone metastases
and achieve better clinical outcomes [98]. With new medical approaches with targeted
therapies and immunotherapy, survival is expected to improve along with quality of life in
advanced disease.

6. The Management of Appendicular Impending and Pathologic Fractures Based on
Tumor Histology

A multidisciplinary approach to managing BM and impending and pathologic frac-
tures is paramount in order to find the best treatment strategy [99]. Cancer boards focusing
on musculoskeletal oncology in general and bone metastases in particular, seems to de-
liver a higher probability of successful decisions [100,101]. Following these principles, we
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developed a musculoskeletal oncology board meeting at our institution, which is held
twice a month, where patients with bone metastases are discussed and decisions made in a
patient-centered fashion.

Among several factors affecting the management of appendicular impending or patho-
logic fractures, tumor histology is of tremendous relevance (Table 2). The vast majority of
BM occur in the setting of breast, prostate, lung, renal and thyroid carcinomas [1].

Table 2. Expected therapeutic response to radiotherapy, surgery and bone-targeted agents, according
to histologic subtype.

Tumor Histology Breast Prostate Lung Kidney Thyroid

External beam
radiotherapy +++ +++ +++ + +

Surgery ++ + ++ +++ +++

Bone-targeted agents +++ +++ ++ ++ ++

6.1. Breast Cancer Metastases

Breast cancer is among the carcinomas most frequently presenting BM. Breast BM
typically exhibit lytic or mixed lesions [102]. For patients with solitary or oligometastatic
disease (an unusual presentation), the treatment goal should be wide resection of metastases
to enable long-term survival without evidence of disease [103,104]. Most often, however,
patients with breast cancer BM present with multimetastatic disease. In this setting, non-
invasive treatments, such as RT and BTAs without surgery, are plausible options, even
with impending fractures (Figure 2) and when surgical treatment is particularly difficult.
Nonetheless, this approach is always more straightforward for lesions presenting in the
upper limbs compared with the lower limbs.
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Figure 2. Right acetabular impending fracture in a female patient with breast cancer and multi-
metastatic bone disease: (A) anteroposterior pelvic radiograph showing a lytic lesion located in the
right acetabulum, (B) pelvic coronal computed tomography showing in more detail the lytic bone
metastasis on the right acetabulum, visible in plain radiograph, (C) sagittal computed tomography
showing a detailed characterization of the lytic bone metastasis on the right acetabulum, (D) magnetic
resonance coronal image showing the extension of breast cancer metastasis, occupying the right
acetabulum, (E) pelvic anteroposterior radiograph showing an exceptional result three months after
radiation and denosumab treatment of the impending fracture in (A), (F) alar view of the right
acetabulum after radiation and denosumab treatment.
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For pathologic fractures, and if stable bone reconstruction is achievable, osteosynthesis
followed by RT and BTAs represents the first option. However, if stable reconstruction is
not possible, bone segment replacement followed by EBRT and BTAs should be preferred
(Figure 3).
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Figure 3. Extensive breast cancer bone metastasis in a female patient with multimetastatic bone
disease: (A) anteroposterior pelvic radiograph showing a pathologic fracture in the right femur,
not amenable for reconstruction due to extension of the metastatic bone disease, (B) immediate
postoperative radiograph showing anteroposterior view of the right femur with a bipolar tumoral
hip megaprosthesis, used to provide stability and pain relief. After surgery, the patient underwent
local radiotherapy and bone-targeted agents.

6.2. Prostate Cancer Metastases

Prostate cancer often presents with BM, which are typically osteoblastic [105]. The
process behind the development of osteoblastic metastases is still largely unknown but it
seems to be related to the tumor production of osteoblastic factors, such as ET-1, growth
differentiation factor 15, and bone morphogenic proteins [106]. Due to their osteoblastic
nature, prostate BM display a lower probability of generating impending or pathologic
fractures compared to other tumors, which is reflected in score systems, such as the one
presented by Mirels (Table 1) [9].

Resection is the strategy of choice for patients presenting with solitary or oligometastatic
disease, but similarly to breast carcinoma, these cases are extremely rare. For the more
common cases, where patients have multimetastatic disease, the osteoblastic nature of
metastases allows a watchful waiting approach, which is even more suitable for non-
weight-bearing segments. Nonetheless, for impending (Mirels ≥ 9) or pathologic fractures,
surgical stabilization or bone segment replacement should be performed as soon as possible.
However, these procedures are extremely difficult due to the hardness and rigidity of
prostate metastases, which can create drill or screw fractures during the surgical process
(Figure 4).

6.3. Lung Cancer Metastases

Lung carcinomas typically present with extensive metastatic disease and extremely
osteolytic and destructive BM [107]. Similar to other tumor types, a wide resection should
be attempted in the rare cases of patients with solitary metastatic disease. Despite the
expected good response to radiation, bone metastases in the setting of lung carcinoma
often present with pathologic fractures due to the highly destructive nature of the lesions
(Figure 5). This destructive pattern makes reconstructive techniques difficult to execute.
Although the same principle is true for impending fractures, radiation combined with BTAs
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can be attempted in cases with a Mirels score ≤7, and particularly for non-weight-bearing
segments, since the probability of progress towards fracture is lower. Nevertheless, RT and
additional BTAs should be added after the surgical procedure [108].
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Figure 4. (A) Anteroposterior pelvic radiograph showing countless prostate carcinoma metastases
around the lower spine, pelvis and proximal femur. Extensive invasion of the pertrochanteric area of
the right proximal femur associated with mechanical pain can also be observed. (B) Postoperative
anteroposterior radiograph of the pelvis after surgical stabilization of the right proximal femur
metastasis using a cephalomedullary nail. (C) Anteroposterior radiograph of the right hip after
surgical stabilization of prostate cancer metastasis in the proximal femur. A broken drill is visible in
the medullary canal.
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Figure 5. Shoulder megaprosthesis in a solitary proximal humerus lung metastasis: (A) preoperative
image showing the left humerus with pathologic fracture secondary to lung carcinoma. An important
soft tissue component is visible. (B) Postoperative image showing shoulder reverse megaprosthesis.

6.4. Renal Cancer Metastases

Renal cancer metastases are characterized by extensive lytic, highly vascularized
bone lesions with the particular feature of being radiation-resistant [109,110]. Due to
these features, renal cancer metastases almost always require surgery, either to provide
stabilization or perform substitution of the bone segment or articulation (Figure 6). If open
surgery is planned, preoperative embolization is of paramount importance to technically
facilitate the procedure and minimize potentially life-threatening blood loss [111].
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Figure 6. Shoulder megaprosthesis in a solitary kidney cancer metastasis in the proximal humerus:
(A) preoperative image showing the right humerus with an extensive osteolytic lesion and pathologic
fracture secondary to kidney carcinoma. An important soft tissue component is visible. (B) Tumor
specimen after en bloc resection, (C) intraoperative image showing the tumoral megaprosthesis in
place, (D) immediate postoperative anteroposterior radiograph.

As with all other carcinomas, patients with solitary or oligometastatic bone disease
should undergo total tumor resection, while those with multimetastatic disease are candi-
dates for a less aggressive surgical approach.

6.5. Thyroid Cancer Metastases

Similar to renal cancer metastases, thyroid BM are extensive lytic bone lesions, highly
vascularized and radiation resistant [112]. Due to these features, surgery is the preferential
approach for this histotype, with EBRT and BTAs providing more limited responses.

Due to similar features with renal carcinoma, also for thyroid carcinomas, preoperative
embolization is required if open surgery is planned [111], and the same principles regarding
localized or multimetastatic disease apply.

7. Primary Malignant Bone Tumors and Bone Metastases

Primary malignant bone tumors (PMBT) are extremely rare neoplasms across all ages
with an overall estimated incidence between 0.8–0.9 cases per 100,000 per year [113]. While
osteosarcoma (OS) and Ewing sarcoma (ES) have a relatively high incidence in young
patients (mostly around the second decade of life), chondrosarcoma (CS) will often arise in
older ages [113].

Among all PMBT, osteosarcoma is the most common, presenting a higher incidence in
adolescents and arising most often in the appendicular skeleton, such as the distal femur,
proximal tibia and proximal humerus [114,115]. In a similar fashion, ES will affect mostly
children and adolescents, with more than 50% of cases arising in the extremity bones.
However, in comparison with OS, ES will present a higher incidence in the pelvis, ribs and
vertebrae [115]. CS is the most common malignant bone tumor in adults and arises most
frequently in the pelvis and distal and proximal femur, as de novo or as result of the differ-
entiation from pre-existing lesions, such as osteochondroma or enchondroma [113,116].

The clinical presentation for PMBT is characterized by bone pain, predominantly
at night, swelling and functional impairment, however, these clinical features can be
overlapped by any BM or even other diseases, such as osteomyelitis [113]. Nonetheless, BM
or bone lesions arising in a multiple myeloma setting are much more common. Additionally,
patient’s age will be extremely useful in guiding the diagnosis, since BM and myeloma
will be dominant in adulthood after 40 years of age [113]. Conventional radiography (the
first imaging exam that should be required in a primary evaluation for bone lesions) will
typically show permeative osteolytic bone lesions in BM (with the exception of prostate
metastases), while PMBT as OS will often demonstrate a lytic lesion with extensive bone
destruction, associated with some sclerotic areas arising from the mineralized osteoid matrix
typically produced by the tumor [117,118]. Another aspect to evaluate on conventional
radiographs in OS, should be the periosteal reaction, which can be exuberant and with
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classic radiographic findings, such as the Codman triangle or the sunburst appearance [119].
ES are another example of a bone tumor where an exuberant periostic reaction occurs, often
presenting with the appearance of onion layers [119]. CS on the other hand, similarly to OS,
will present sclerotic areas on radiographs due to the mineralized cartilage matrix produced
by these tumors [119]. BM and PMBT can both present with an associated surrounding soft
tumoral mass, which will be more easily visible on the magnetic resonance imaging [117].
However, these masses are typically hard in malignant bone tumors due to bone and
cartilage matrix production, while they are soft in a BM setting.

The setup around BM and PMBT regarding clinical and imaging presentation is usually
enough to differentiate one from the other. Nonetheless, for solitary bone metastasis, a
biopsy should always be obtained to establish the proper diagnosis [113,120].

8. Discussion

The skeleton is one of the most frequent sites of metastatic carcinoma dissemination [1].
Although bone involvement usually means incurable disease, a significant number of pa-
tients survive for a long period of time [121,122]. These patients are thus more likely to
develop SREs, and pathologic fractures in particular [2–6]. Although empirically easy to
perform, risk assessment for pathologic fractures is objectively complex. Different authors
have sought to develop clinical tools to predict the risk of pathologic fractures and facilitate
the clinical decision, but an optimal method remains elusive [9,46–51]. Therefore, manage-
ment decisions for patients with BM are based on clinical data supported by one of several
available systems, with good clinical sense also playing a crucial role (Figure 7). Ultimately,
the predisposition of cancer patients to develop pathologic fractures is multifactorial.
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BM are directly related to reduced bone strength and hence increased fracture risk,
but other factors (e.g., immobility, malnutrition, radiotherapy and chemotherapy) may also
enhance the probability of fractures. To add even more uncertainty, factors such as anatomic
location and tumor biology, also influence the risk of pathologic fractures, although the
extent and degree of that influence remain largely unknown [29,31,34,35,37,40,41].

Therapeutic options are available to prevent the development of pathologic fractures
in the setting of metastatic bone disease. Several experimental models of BM have shown
that RANKL antagonists prevent tumor-associated osteolysis and effectively reduce tumor
skeletal events. Bisphosphonates are pyrophosphate analogues with a strong affinity for
divalent metal ions (such as calcium) and bone [123]. These drugs are incorporated into the
bone matrix by binding to hydroxyapatite crystals and directly inhibiting osteoclastic activ-
ity. Nitrogen-containing bisphosphonates also inhibit farnesyl pyrophosphatase, which
is essential for osteoclast function and structural integrity, and for apoptosis prevention,
affecting osteoclast differentiation and maturation [124]. Denosumab acts by binding to
and inhibiting RANKL activity [125,126]. In both cases, the benefit to pathologic fracture
risk has been shown and is established both in the literature and clinical practice.

EBRT and surgery remain the cornerstones of pathologic or impending fracture treat-
ment and are often jointly used [62–64]. The treatment approach for BM depends on several
variables, with a wide range of solutions available in different clinical settings, which,
combined with radiation and medical treatment, provide options for a wide spectrum of
patients suffering from metastatic bone disease [67,68]. Among these variables, primary
tumor histology plays an important role and should guide these patients’ management.
The present article presented an overview of options for a tailored approach for patients
with metastatic bone disease, beyond treatments such as chemotherapy, hormone therapy
and radionuclides, and based on primary tumors, which is an uncommon strategy in this
setting. Besides pathology, tumor biology and genomics is likely to play a more significant
role in the medical approach of bone metastases in the coming years, as new medical
treatments with targeted therapies (including immunotherapy) may lead to better survival
and quality of life outcomes, highlighting the importance of precision oncology. BM from
different tumors present specific features, which not only generate different responses to
EBRT and BTAs, but also require adjusted surgical management. Further research is ongo-
ing in different medical fields, hopefully improving treatment options for these patients
and reinforcing the clinical ability to intervene in the near future.

Cancer patients in general, and those with metastatic bone disease in particular, require
a systematic multidisciplinary approach. Despite the exhausting discussion about the need
for a multidisciplinary management of patients with BM, orthopedic surgeons are still
marginally involved in their treatment. Because of this, patients are often submitted to
other therapies rather than being offered the possibility of surgical treatment, associated
with a potentially positive impact on their quality of life and survival [127]. However,
objective criteria for orthopedic evaluation are difficult to establish. The authors strongly
believe that orthopedic surgeons should be involved in every clinical decision regarding
BM management, as this offers a better chance for the right treatment at the right timing.
An integrated and tailored approach represents the best option towards an optimal decision
for patients presenting with BM from different solid tumors.

9. Conclusions

The management of patients with metastatic bone disease has witnessed substantial
improvements over the last two decades. Knowledge of the bone metastatic process
and biology has grown exponentially, effective medical treatments and new treatment
modalities have emerged, surgical techniques have greatly evolved, and radiotherapy has
been optimized.

The successful prevention and management of bone fractures associated with metastatic
bone disease in solid tumors relies on several distinct factors, including the ability to control
the systemic disease, the extent and location of bone metastases, the nature of metastases
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within the bone, and the biology of the underlying tumor. Tailoring the approach to each
individual patient based on these premises will enable the best patient management and
hopefully the best outcomes.
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