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cord compression and the need for palliative radiation therapy or surgery to the bone. SRE are associated
with substantial pain and morbidity leading to frequent hospitalization, impaired quality of life and poor
prognosis. The past 25 years of research on the pathophysiology of bone metastases led to the devel-
opment of highly effective treatment options to delay or prevent osseous metastases and SRE. Man-
agement of bone metastases has become an integral part of cancer treatment requiring expertise of

f\(/eleg:/:gtr:tsi.c breast cancer multidisciplinary teams of medical and radiation oncologists, surgeons and radiologists in order to find

Skeletal-related events an optimal treatment for each individual patient.

Bone metastases A group of international breast cancer experts attended a Skeletal Care Academy Meeting in November

Radiotherapy 2012 in Istanbul and discussed current preventive measures and treatment options of SRE, which are

Bisphosphonates summarized in this evidence-based consensus for qualified decision- making in clinical practice.

Denosumab © 2014 Elsevier Ltd. All rights reserved.
Introduction

During the last two decades bone health has emerged as an
important topic in the management of early as well as metastatic
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65—70% of patients during the metastatic phase of the disease.
More than two thirds of these patients will suffer from skeletal
related events (SRE) including pathologic fracture, bone surgery,
spinal cord compression, palliative radiation therapy to bone, and
hypercalcemia of malignancy. Less commonly, bone metastases can
invade through the bone marrow cavity and disrupt hematopoiesis
leading to bone marrow failure [1]. Nearly 20% of patients with
MBC have “bone only disease” without involvement of other or-
gans. Although this particular subgroup has a relatively favorable
outcome in terms of overall survival, still the SRE frequently
encountered in these patients are ultimately associated with sub-
stantial morbidity that leads to severe pain, loss of autonomy,
impairment of quality of life, frequent hospitalization, and marked
increase of health care costs [2].

In early breast cancer patients, bone health may also be
compromised as a result of the adjuvant treatment, which is known
to enhance the process of bone resorption. The increased use of
aromatase inhibitors in post menopausal women and the use of
adjuvant chemotherapy and/or ovarian-ablative therapy in the
premenopausal women have been reported to induce accelerated
bone loss with subsequent osteoporosis and increasing risk for
fractures [3,4].

The extensive research on bone homeostasis and pathophysi-
ology of bone metastases over the past 25 years has identified
osteoclastic activation as the main cellular mechanism responsible
for both osteoporosis and osteolytic metastases. This has led to the
development of drugs that can effectively maintain bone health in
early breast cancer, and reduce SRE in patients with osseous
metastases.

A group of international breast cancer experts including medical
and radiation oncologists, radiologists and surgeons attended a
Skeletal Care Academy Meeting in November 2012 in Istanbul. The
meeting was organized by CECOG (Central European Cooperative
Oncology Group) in cooperation with SAKK (Swiss Group for Clin-
ical Cancer Research). The main goal of the meeting was to discuss
recent progress in the treatment and prevention of SRE in patients
with bone metastases from breast cancer. This statement summa-
rizes the key issues in this area and provides an international
evidence-based consensus for qualified decision- making in the
treatment of bone metastases.

Diagnostic imaging

Imaging plays a major role in the identification of skeletal me-
tastases. Four modalities are used in clinical practice: plain radi-
ography, radionuclide bone scintigraphy, computed tomography
(CT), and magnetic resonance imaging (MRI).

Plain X-rays are commonly used as initial evaluation in patients
with bone pain and in the assessment of the risk for pathologic
fractures. However, they have a very low sensitivity and specificity
as lesions only become visible when 50% of the bone mass are
already lost [5].

Radionuclide bone scintigraphy is widely used in screening for
suspected metastases, because it provides visualization of the
entire skeleton. 99mTc-methylene diphosphonate (99mTc- MDP) is
the most commonly used tracer. Intense accumulation occurs in
areas of increased osteoblastic activity and of increased blood flow
[6]. However, in pure osteolytic lesions and in fast growing bone
metastases false negative results are common [7]. Furthermore,
bone scintigraphy lacks anatomic resolution, which increases the
difficulty in distinguishing tumor from non-tumor uptake (e.g.
traumatic, inflammatory and degenerative processes) and may lead
to false-positive results.

Suspicious scintigraphic findings, which appear equivocal on
radiographs, require further evaluation with computed

tomography (CT) or magnetic resonance imaging (MRI). Both im-
aging techniques are able to better display anatomic and pathologic
changes (Fig. 1).

CT is more sensitive in detecting bone metastases than plain
radiographs. It offers high bony detail and can detect subtle osseous
metastases as well as — though to a lesser extent than MRI — the
early metastases in bone marrow [5].

MRI is a very sensitive technique for detecting bone marrow
metastases even before the osseous infiltration occurs as well as for
spinal cord compression [8]. Furthermore, MRI offers a way to
visualize the lesions with good spatial and contrast resolution, and
without using ionizing radiation [9)].

With the use of CT or MRI the local extent of metastatic disease
can be determined prior to the planning of palliative surgery or
radiotherapy. Both modalities are used in image-guided in-
terventions such as radiofrequency ablation or laser-induced ther-
mography [10].

Fluoro-deoxy-glucose positron emission tomography (FDG-PET)
detects the tumor directly by its metabolic activity, rather than
indirectly by showing tumor involvement due to increased bone
mineral turnover [11] and has shown superiority to bone scintig-
raphy in the detection of metastases [12]. It is more sensitive in
detecting osteolytic lesions, but less sensitive for detection of
osteoblastic lesions than bone scintigraphy [13].

In the recent meta-analysis of seven trials and 668 patients with
breast cancer and bone metastases, the higher sensitivity of FDG-
PET/CT compared to bone scintigraphy was demonstrated (0.93
and 0.81, respectively) [ 14]. The specificity of the two methods was
comparable (0.99 and 0.96, respectively). As an older meta-analysis
showed sensitivity of FDG PET to be only 0.81 [15], the authors
concluded that integration of CT scan to FDG-PET improved the
sensitivity of the combined method.

Limitations of FDG-PET — in addition to higher cost and limited
availability — exist in regard to histological subtypes of breast
cancer. Invasive lobular breast cancer has lower FDG uptake
compared to invasive ductal carcinoma (median SUV 3.4 vs. 6.6. for
lobular and ductal type, respectively; p = 0.0003), which is of
relevance for clinicians when deciding on the type of diagnostic
imaging both at staging and in metastatic disease [16].

Increasing interest exists for PET-CT in assessment of treatment
response. In abstract presented at San Antonio Breast Cancer
Symposium in 2013 (SABCS), Mongomery et al. reported that SUV
changes in FDG-PET during the treatment were predictive of time
to progression (TTP). In contrast, SUV changes in 18 F-fluoride PET
did not show a correlation with TTP [17].

Moderate to severe
(intractable) Pain

Suspected Bone Metastases
without Pain

Increased tracer uptake

Plain X-rays Scintigraphy

CT or MRI
(PET/CT)

Fig. 1. Algorithm for radiological detection of bone metastases.
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Whole-body MRI with diffusion-weighted imaging (DWI) is a
novel approach in which the MRI signal intensity is influenced by
self-diffusion of water molecules [18]. MR-DWI seems to be
particularly useful for the distinction of benign and malignant
vertebral compression fractures and may be able to predict treat-
ment response to chemotherapy based on assessments of cellu-
larity and tumor vascularity, which often precede morphologic
alterations [19—22].

Treatment of bone metastases and SRE

The optimal management of bone metastases is rather complex,
requiring a multidisciplinary team of medical oncologists, radio-
therapists, orthopedic surgeons and radiologists.

The therapeutic objectives should entail maximal control of
pain, stabilization of the affected bone, preservation/restoration of
patient independence, and securing local tumor control. The choice
of treatment is influenced by several factors such as severity of
skeletal symptoms, location and extent of the osseous lesion,
presence of symptomatic visceral metastases, performance status
of the patient and vital organ functions. Current treatment options
include a variable combination of radiation therapy, surgery, ver-
tebroplasty/balloon kyphoplasty and systemic therapy with bone-
modifying agents.

Radiotherapy

Radiotherapy is the mainstay in the treatment of bone metas-
tases, which provides an effective and non-toxic therapeutic tool
for almost all patients. It is indicated for pain relief, local tumor
control, prevention/control of pathological fractures and neurologic
deficits (e.g. spinal cord compression). For localized pain, radio-
therapy is a well-accepted treatment modality with a 60—80%
likelihood of overall pain relief reported [23—25].

A complete response is usually defined as complete freedom
from pain, while partial response is defined as improvement by two
points on the visual analog scale without increase of pain medi-
cation, or a reduction of the pain medication by 25% without in-
crease of pain on the visual analog scale [26].

Numerous clinical studies have compared different radiation
fractionation regimens for 3 main end points: pain response, the
rate of re-irradiation due to recurrent pain, and the rate of patho-
logical fractures following radiotherapy. For pain relief, randomized
trials and meta-analyses have unequivocally shown that single-
fraction radiotherapy with 1 x 8 Gy is as effective as multi-
fraction regimens such as 5 x 4 Gy, 6 x 4 Gy or 10 x 3 Gy
[23,24,27-30].

In a recent meta-analysis which included 25 randomized
controlled trials the overall response rate documented was similar
in patients receiving single fractions (1696 of 2818; 60%) and
multiple fractions (1711 of 2799; 61%) [30]. The rates of complete
response were seen in 620 of 2641 (23%) patients in the single
fraction arm and in 634 of 2622 (24%) patients in the multiple
fraction arm. Pathological fracture rate was the same in the two
arms, but spinal cord compression trended insignificantly in favor
of multiple fractions (p = 0.13). However, the likelihood of requiring
re-irradiation was the only significant advantage that favored
protracted radiation regimen over a single fraction (2.6-fold greater
in the single fraction arm; 95% confidence interval: 1.92—3.47;
p < 0.00001) [30].

Another potential benefit of multiple fraction regimen is related
to post treatment bone re-calcification. In a prospective study,
Koswig and Budach demonstrated a significant increase in bone
density after 10 x 3 Gy compared with 1 x 8 Gy (173% versus 120%,

p < 0.001). However, the authors did not correlate the data to
pathological fracture rates [31].

In case of pain recurrence after a single fraction radiation ther-
apy, re-irradiation is indicated, often with no technical concerns. In
such cases the response rates after re-irradiation are usually similar
to those observed after the first course of radiotherapy. In a retro-
spective series of 105 patients, the overall response rate was 87%
[32], while in another study, the overall response rate to re-
irradiation was 73% (80/109), and the complete response rate was
31% [33]. In the less likely event of pain recurrence after the
10 x 3 Gy radiation course, re-irradiation is still feasible, but it
should consider the radiobiological rules for critical organ toler-
ance, notably the spinal cord. In these cases, high-precision radio-
therapy techniques (e.g. 3D-conformal, stereotactic body radiation
therapy [SBRT], dynamic arc radiotherapy, and intensity-modulated
radiotherapy [IMRT]), are certainly indicated in order to guarantee
maximum sparing of normal tissues exposure and reduce potential
late toxic effects.

SBRT represents a very useful radiation modality for spinal
metastases, which allows delivering of high doses of radiation
(20—30 Gy) in 1-5 fractions to spinal metastases while sparing the
spinal cord a toxic radiation dose [34]|. SBRT may be an ideal
treatment in patients with bone only oligometastases, which can
potentially be cured with local therapies. In such cases the very
high response rate achieved by SBRT (around 80%) may provide an
unprecedented chance for long-term survival in these patients [35].

Toxic effects of radiotherapy

Radiation-related acute toxic effects depend essentially on the
local sites to be irradiated and the extensiveness of the radiation
portals, and to a lesser extent to the radiation treatment regimen. In
the RTOG 97-02 trial the rate of acute toxic effects was significantly
higher in the multiple fraction arm compared to the single fraction
arm (17% versus 10%, p = 0.002) [36]. However, in a large meta-
analysis, no significant differences in acute toxic effects was seen
with multi-fraction radiotherapy compared with single-fraction
radiotherapy [25]. Interestingly, several studies have shown that
re-irradiation does not seem to significantly add to acute radiation
toxicity. The most common acute side effects were skin reactions
and gastrointestinal toxic effects such as nausea and/or vomiting
and diarrhea. A transient aggravation of bone pain (‘pain flare’) may
occur during radiotherapy. In clinical trials pain flares occurred in
14—44% of patients [37,38]. In a non-randomized phase II trial
dexamethasone (at 8 mg, administered just before radiation ther-
apy, and for three consecutive days after treatment) has been
shown to be effective in the prophylaxis of radiation induced-pain
flares [39]. Hematologically, localized field radiotherapy to the
bones is generally considered as a safe treatment; still, if several
metastatic sites have to be irradiated simultaneously, radiotherapy
would have a profound effect on bone marrow function that may
compromise the administration of subsequent chemotherapy.

Some recent studies have encountered vertebral compression
fractures (VCF) as a potential complication appearing several
months after SBRT [40—42]. In one study of 93 patients, SBRT has
been associated with a significant risk (20%) of VCF [43]. Risk factors
for VCF include age >55 years, a pre-existing fracture, low bone
mineral density and baseline pain. It has been suggested that these
risk factors should be carefully assessed and all candidate patients
have to undergo prophylactic vertebral stabilization or augmenta-
tion procedures prior to treatment by SBRT. Further studies are
needed to determine the radiation dose tolerance of the vertebral
body to prevent vertebral collapse in patients with clinical risk
factors for pathologic fractures. Meanwhile oncologists should be
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Table 1
Mirels' Score for assessment of pathological fracture risk [49].
Variable Risk Score
1 2 3
Site Upper limb Lower limb Peri-trochanteric
Pain Mild Moderate Aggravated by function
Lesion type Blastic Mixed Lytic

Size relative to
bone diameter

<1/3 of cortex 1/3 to 2/3 of cortex >2/3 of cortex

The four variables are scored between 1 and 3 giving a total score out of 12.

Mirels’ recommendations

Mirels® score Clinical recommendation

<7 Radiotherapy and observation
8 Use clinical judgment

29 Prophylactic fixation

alert to the potential risk of bone toxicity caused by this novel
treatment.

Surgery

In the past three decades, advances in orthopaedic techniques
and implants have expanded the treatment options for patients
with skeletal metastases allowing for reconstruction of even the
most challenging pathologic fractures [44].

Clear indications for operative interventions in metastatic bone
disease are pathologic fractures of long weight-bearing bones and
spinal cord compression with rapidly progressive neurologic
deficit. Further indications are worsening of neurologic deficit
during radiotherapy or when the spinal cord tolerance is reached.

Major goals of an operative management of bone metastases are
relief of intractable pain that is non-responsive to conservative
treatment and restoration of mechanical stability and ambulatory
function. Additionally, aggressive treatment of solitary skeletal me-
tastases may improve long-term survival in selected patients [45].

A meta-analysis of uncontrolled cohort studies concluded that
surgery should be considered as a primary treatment option for
patients with metastatic spinal disease, followed by radiotherapy
[46]. In the surgical group patients were 1.3 times more likely to be
ambulatory after treatment and twice as likely to regain ambulatory
function than in the radiation group. Furthermore, pain relief was
also higher in the surgical group compared to the radiation therapy
group (85% versus 64% respectively, p < 0.001) and the same applied
to sphincteric control (66% versus 26%, respectively) [46]. In a ran-
domized trial in patients with spinal cord compression caused by
metastatic lesion, decompressive surgery followed by radiotherapy
was compared to radiation alone. The primary end point — ability to
walk — was significantly higher in the surgery group [47].

A separate analysis of the same trial showed that the benefit of
the surgery was limited to the patients younger than 65 years [48].
Preservation of ambulatory function in those patients was signifi-
cantly higher if treated with surgery compared to radiation alone
(p=0.002). For patients older than 65 years there was no difference
in ambulation time among two treatment groups, indicating
importance of careful patient selection if more intensive treatment
is considered [48].

In case of an impending pathological fracture, surgical stabili-
zation should be considered since prophylactic fixation of a lesion
prior to an actual pathological fracture prevents pain and loss of
function, which are associated with pathologic fractures.

The risk of pathological fracture can be assessed with Mirels'
score [49]. The composite weighted scoring system is based on four

variables believed to contribute to pathologic fracture risk: location,
radiographic appearance of the lesion, size and pain level (Table 1).
Lesions with scores of 7 or less have a low risk of fracture. Scores of 8
and higher predict high risk and require referral to an orthopaedic
surgeon for consideration of prophylactic stabilization [50,51].

Mirels' system is based on plain radiographs and clinical ex-
amination. It has been shown to be reproducible and valid as well
as more sensitive than clinical judgment.

A variety of techniques, including prosthetic reconstruction or a
combination of internal fixation with polymethyl methacrylate
(PMMA), provide immediate fixation and stability [43]. Post-
operative long-course radiotherapy should be utilized in all cases
after the wound has healed to arrest local tumor growth, permit
bone repair, and prevent re-growth of tumor around the fixation
device [45,52,53].

Vertebroplasty and balloon kyphoplasty

Vertebroplasty (VP) and balloon kyphoplasty (BKP) are inter-
ventional techniques performed by surgeons, anesthesia pain spe-
cialists, and interventional radiologists used to stabilize vertebral
compression fractures and reduce pain. Vertebroplasty is a proce-
dure where bone cement, usually PMMA, is injected into the verte-
bral body. In the kyphoplasty procedure, a balloon is first inserted
into the vertebral body, followed by inflation and then deflation,
before cement is added. Those procedures are indicated in patients
with vertebral compression fractures (VCFs), which occur in up to
30% of patients with bone metastases [54]. VCFs can cause significant
acute and long-term pain, can compromise pulmonary function, and
impair activities of daily living and mobility. There is a good body of
evidence that balloon kyphoplasty in these patients is well tolerated,
provides rapid pain relief, and improves patients' functional capacity,
quality of life, and vertebral height compared with pre-treatment
status for up to 2 years after the procedure. The main adverse
events are back pain, which occurs in less than 10% of the patients,
and cement extravasation, which is more common in VP (up to 40%,
depending on the series) than in BKP (up to 13%) [55]. Of notice,
cement leaks are rarely symptomatic [56].

Both procedures have been subject to controversy after two
randomized trials in patients with painful osteoporotic fractures
failed to show pain improvement following vertebroplasty [57,58].
However, two trials published shortly afterwards demonstrated a
significant pain reduction in patients with osteoporotic fractures
after treatment with BKP [59] and VP [60]. In a recent systematic
review the authors found that there was a benefit of vetre-
broplasty and kyphoplasty compared to non-surgical treatment
[61].

In the recently published CAFE study, 134 patients with painful
VCFs from bone metastases were randomly assigned to BKP
(n = 70) or non-surgical management (n = 64) [62]. Compared to
the baseline status, BKP was shown to rapidly reduce pain and
improve the back-specific functional status by almost 50%
(p < 0.0001) versus no improvement in the conservative group.

Percutaneous VP has a similar efficacy and safely profile as BKP,
with 70—90% of patients reported to have markedly reduced pain
and improved function.

Given the safety and efficacy of these minimally invasive pro-
cedures, they should be considered as part of a multidisciplinary
approach to patients with painful VCFs.

Radiopharmaceuticals
Radionuclide therapy has emerged as an alternate modality for

the palliation of bone pain in patients with multiple osseous me-
tastases and predominantly osteoblastic lesions.
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Radioactive agents are systemically administered and deliver
focal radiation to sites of bone metastases through B-emission
(strontium-89, samarium-153, rhenium-186) or a-particles
(radium-223). These compounds have several advantages including
convenience of administration and ability to treat multiple me-
tastases simultaneously. Clinical studies as well as case series
report pain response rates between 40% and 95% [63 ]. However, the
vast majority of these studies and case reports have focused on pain
due to osteoblastic bone lesions in prostate cancer [64]. Only
several randomized trials enrolled subsets of patients with breast
cancer [65—67].

In these small groups, response rates were quite promising,
ranging from 44% to 92% and duration of pain relief lasting as long
as 14 months [66].

In the only published randomized controlled trial of radionu-
clides for metastatic breast cancer patients were randomized to
receive either 89 Sr or 186 Re-HEDP [66]. While pain response and
duration were similar between groups, patients receiving 186 Re-
HEDP obtained pain relief more quickly and recovered from tran-
sient myelosuppression significantly faster than did patients
treated with 89 Sr.

Recently, the combination of Sm-153 oxabifore and denosumab
proved highly effective in breast cancer patients with painful bone
metastases and disease progression in spite of previous
bisphosphonate therapy [68]. Pain relief occurred within 4.4 + 1.25
days and the pain score decreased significantly from 7.8 at baseline
to 0.2 (p < 0.0001) after six months of combined treatment. In one
patient the number of metastases and intensity of radiotracer up-
take was significantly reduced as documented on whole body scan.
In four patients complete disappearance of osteoblastic lesions was
observed.

While in these small studies all agents have shown to be safe
and effective with repeated doses, large, randomized controlled
trials are needed to confirm the usefulness of bone-seeking radio-
nuclides for pain palliation in breast cancer patients [64].

Bone targeting therapies in metastatic breast cancer
Molecular basis of bone targeting therapy

One of the most peculiar aspects of bone physiology is known as
bone remodeling, which is a dynamic process of continuous cycles
of bone resorption and bone formation, required to preserve the
bone mass and structural integrity, while maintaining mineral
homeostasis [69]. Physiological bone remodeling entails a well-
balanced interplay between osteoclasts, dissolving old bones; and
osteoblasts; laying down new bones, so that the amount and con-
tour of new bone deposition are always equivalent to what has
been resorbed (balanced & coupled remodeling). At the molecular
level, bone remodeling is primarily regulated by a complex inter-
action between the triad of RANK/RANK Ligand (RANKL)/Osteo-
protegerin (OPG). RANK (Receptor Activator of Nuclear Factor-
kappa B) is a surface receptor mainly expressed on mature osteo-
clasts and their progenitors [70,71]. Its primary function is to
induce osteoclastogenesis and control calcium homeostasis [72].
RANK is activated when it binds to its cognate ligand (RANKL),
which is expressed on the surface of osteoblasts and bone stromal
cells. Signaling through RANK leads to differentiation of osteoclast
progenitors, formation of mature activated osteoclasts and
increased survival of activated osteoclasts. Stimulatory effects of
RANKL on osteoclasts are opposed by OPG, which is also secreted by
the osteoblasts and stromal cells, and functions as a soluble decoy
receptor for RANKL [73]. OPG competes with RANK for RANKL, thus
it prevents the RANKL—RANK interaction on the osteoclast cell
membrane, leading to cessation of osteoclastogenesis and bone

resorption. Conceptually, the level of osteoclastogenesis and bone
remodeling is primarily regulated by the RANKL/OPG ratio, in as
much as a relative increase of RANKL results in excessive bone
resorption while a relative increase in OPG inhibits resorption [73].
Since bone is mainly composed of hard-mineralized matrix, it is
more resistant to invasion and destruction by cancer cells,
compared to other metastatic sites [74]. Therefore and in order to
grow within the bone matrix, the cancer cells must recruit and
activate osteoclasts, which are the most efficient cells to induce
bone resorption. This provides the space in which cancer cells can
grow and allows them to induce further cross talks with the
different cellular and molecular components of the bone micro-
environment, thus creating a milieu that is conducive for tumor
invasion (“soil and seed hypothesis of bone metastases”). During
the osteoclastic phase of bone remodeling a multitude of growth
factors and cytokines is released from the bone matrix (e.g. TGF-f,
IGF II and calcium ions). These cytokines can mediate several
cellular and molecular interactions to support the survival of cancer
cells within the bone matrix. Cancer cells — in return — are able to
induce osteoclastogenesis through the release of many soluble
mediators (e.g. IL-1, PTHrP). Interestingly, the vast majority of these
osteoclastic activating factors induce bone resorption via the up-
regulation of RANKL expression by osteoblasts and stromal cells,
which results in enhanced RANKL to OPG ratio and excessive bone
resorption [75]. This reciprocal feedback between cancer cells and
bone microenvironment has been referred to as the “vicious cycle
of bone destruction”, in which osteoclasts are the key cellular
player, whereas RANKL stands as the final effector of osteoclasto-
genesis. The cellular and molecular interactions between breast
cancer cells and bone microenvironment are shown in Fig. 2.

Bisphosphonates

Identifying osteoclasts as the main cellular component in the
development and progression of bone metastasis has promoted the
use of bisphosphonates, which are potent inhibitors of osteoclastic
bone resorption in the treatment of almost all types of bone me-
tastases [3,76]. Bisphosphonates localize predominantly to skeletal
areas of high bone turnover including osteolytic bone metastases
[Hadji, 2011] [77]. The two negatively charged phosphonate groups
give these compounds the ability to bind with a very high affinity to
calcium ions within the hydroxyapatite crystals in mineralized
bones [78,79], where they are concentrated for a very long half-life
that may exceed one year (as in case of zoledronic acid) [80].
Bisphosphonates are subsequently released from the bone mineral
during bone resorption, to be internalized by the activated osteo-
clasts [78,79]. Once taken up by an osteoclast, several biochemical
processes involved in osteoclast function are disrupted (Fig. 3).

In general, all bisphosphonates inhibit osteoclast formation and
migration, increase production of OPG by osteoblasts and promote
osteoclast apoptosis [81,82]. Of note, bisphosphonates are rapidly
removed from the blood stream via their avid binding to mineral-
ized bone and via renal filtration of unbound drug [83]. As these
agents do not readily cross the plasma membrane, the intracellular
concentration of bisphosphonates in most tissues is very low. In
clinical practice, four bisphosphonates (clodronate, pamidronate,
ibandronate, and zoledronic acid) have been used to treat breast
cancer patients with bone metastases. In a Cochrane review on
placebo-controlled studies, the benefits of bisphosphonates to
reduce SREs were clearly demonstrated [84]. The range of SRE risk
reductions for bisphosphonates versus placebo were reported as
41% for intravenous zoledronic acid, 33% for intravenous pamidr-
onate, and 18% for intravenous ibandronate. The SREs reduction
with oral formulation of bisphosphonates was less impressive;
with ibandronate producing 14% reduction of SREs compared to
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Cancer cells within the bone matrix

Stimulation of PTH-rP (TGFp, Ca+2)
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Fig. 2. Activation of osteoclasts (OC) and its interplay with breast cancer cells and bone microenvironment. PTHrP: parathyroid hormone related protein; TGFp: transforming
growth factor beta; Ca: calcium; IGF1: insulin growth factor 1; OPG: osteoprotegerin : RANKL: RANK ligand. Osteoclasts (OC) precursors differentiate from a population of
monocytes (CFU-M), by virtue of their expression of the receptor RANK. RANKL — expressed by osteoblasts, and stromal cells — will bind to OC precursors with subsequent dif-
ferentiation and fusion of these cells together to form multinucleated OCs and finally mature bone-resorbing OCs. Activated osteoclasts will then attach to the bone surface and via a
proton pump mechanism it secrets hydrogen ions that dissolve bone minerals thus releasing calcium ions into the extracellular space. Osteoclasts also secret many proteolytic
enzymes like matrix metalloproteinases, collagenases, to induce collagen degradation and digestion of the organic matrix. Large amount of TGF-b and IGF II and other cytokines
stored in the mineralized bone matrix, will be released during OC bone resorption. When breast cancer cells colonize within the bone matrix, they start to secrete PTHrP and other
osteolytic cytokines, which stimulate osteoblastic production of RANKL while reducing OPG levels, leading to enhanced bone resorption. Consequently the local milieu will be
enriched by growth factors and other products of osteolysis (extracellular Ca++ and collagen fragments) which will induce: 1-stimulation of PTH-rP secretion (via TGF, Ca+ 2), 2-
stimulation of tumor growth (via TGF, IGFII) and 3-chemotaxis of circulating tumor cells to arrest in bone matrix (via IGF I,collagen fragments). This evokes further PTHIP release

€ RANK

with worsening osteolysis, in addition to supporting the growth of breast cancer cells within the bone matrix.

Adapted from: Azim & Azim, 2013

placebo (p = 0.08), whereas the oral clodronate studies suffered
from lack of consistency, particularly with regard to improvement
of bone pain [84] (Table 2).

In a phase III trial of bisphosphonates in patients with advanced
breast cancer and osseous metastases or with multiple myeloma,
4 mg of zoledronic acid was compared to 90 mg pamidronate in
reducing skeletal complications [89]. After 25 months of follow-up,
zoledronic acid reduced the overall proportion of patients experi-
encing a second SRE by about one third compared with pamidro-
nate, denoting the importance of maintaining these patients on a
potent anti-resorption drug even after the development of a SRE
[90]. The benefit was more evident among patients receiving
endocrine therapy (30% reduction of skeletal complications;
p = 0.009).

In patients with bone metastases and hypercalcemia, intrave-
nous  bisphosphonates in  combination with  saline
rehydration + corticosteriods therapy is the treatment of first
choice [92—94].

In a pooled analysis of two randomized double-blind studies
including 185 patients, zoledronic acid has shown a significant
benefit in patients with hypercalcemia compared to pamidronate,
in terms of complete response (82.6% versus 63.6%, respectively at
day 7 of treatment (p = 0.005), and duration of response (30 days
versus 17 days, respectively; p = 0.001) [95].

Other clinically relevant benefits of bisphosphonate treatment
have been consistently reported, including significant pain relief,
improved performance status and quality of life [84,96—100].

In spite of the considerable benefits of bisphosphonates in pa-
tients with bone metastases, a substantial proportion of the treated
patients still suffer from repeated SREs and deterioration of bone
pain as well as performance status. Hence, there is a clear need for
improvement of what already has been achieved by these agents.

Denosumab

As previously mentioned, the imbalance in the RANKL/OPG ratio
induced by bone metastases is considered as the main molecular
event responsible for bone destruction. Therefore, targeting RANKL
seems to be a very rational approach to treat bone metastases.
Earlier attempts have tried to inhibit RANKL via increasing OPG
levels. A genetically engineered recombinant OPG-Fc construct
(AMGN-0007) was developed as a potential therapeutic agent for
bone metastases, however, its use was associated with the forma-
tion of anti-AMGN-0007 antibodies, which precluded repeat
administration of the drug. Furthermore, OPG is not specific to
RANKL, as it can also block TRAIL [TNF related apoptosis inducing
ligand], which is a principal mediator of tumor cell death induced
by the host immune cells [101]. Therefore and as an alternative
approach, an antibody specific to RANKL (Denosumab) was devel-
oped, which simulates the beneficial effects of OPG on bone health
while avoiding any potential reaction with TRAIL [73]. Denosumab
is a fully human monoclonal antibody that binds with a very high
affinity and specificity to RANKL, with no detectable neutralizing
antibodies in treated patients. Denosumab is able to inhibit
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Fig. 3. Anti-osteoclastic and anti-tumor molecular mechanism of action of nitrogen-containing bisphosphonates. A: BPs localize with a very high affinity to skeletal areas of high
bone turnover including osteolytic bone metastases where they are concentrated underneath the activated osteoclasts. B: BPs are subsequently released from the bone mineral
during bone resorption, to be internalized by the activated osteoclasts. C: Within the osteoclasts (and also breast cancer cells) the N-BPs inhibit the activity of farnesyl
diphosphonate (FPP) synthase, a key enzyme in the mevalonate pathway. FPP an enzyme necessary for prenylation of small guanine triphosphatases (GTPases)—such as Ras, Rac,
and Rho, which are involved in intracellular signaling. D: Inhibition of the mevalonate pathway will ultimately cause osteoclasts to undergo apoptosis.

Adapted from: Azim et al.,, 2013

osteoclastic recruitment, maturation and function, with ultimate
induction of apoptosis of the activated osteoclasts, and cessation of
bone resorption [102].

Some mechanistic differences exist between the action of
bisphosphonates and RANKL inhibitors (e.g. denosumab) in pa-
tients with bone metastases. In experimental models, bisphosph-
onates act only when taken up by the mature, actively resorbing
osteoclasts, and thus residual osteoclasts can still be observed in
bisphosphonate-treated bones. On the other hand, RANKL in-
hibitors block the activation, survival, and differentiation of oste-
oclasts from their precursors resulting in complete absence of
osteoclasts in the treated bones (Fig. 4).

It should be emphasized that the therapeutic benefits of
bisphosphonates and denosumab may not be restricted to their
anti-resorptive effects in bone metastases. Accumulating evidence
has shown that these agents may also exert — via different mech-
anisms — some potential anti-tumor effects in early breast cancer,
which are beyond the scope of this manuscript [103—106].

The anti-osteoclastic promptness of RANKL inhibition over
bisphosphonates, as shown in preclinical studies, was further
confirmed by a randomized phase-II trial in patients with different
solid tumors, mostly with prostate cancer [107]. All patients had
elevated bone resorption markers (urinary NTx) despite ongoing
bisphosphonate therapy. In this trial denosumab (180 mg either
every 4 weeks or every 12 weeks) normalized uNTx levels signifi-
cantly more frequently than the continuation of bisphosphonates.
Fewer patients receiving denosumab (especially with the monthly
dosing) experienced on-study SREs than those receiving

intravenous bisphosphonates [107]. This study suggested a poten-
tial benefit of denosumab in patients lacking response to intrave-
nous bisphosphonates.

A level one evidence of a clinically relevant superiority of
denosumab over zoledronic acid has evolved from the results of
three phase III studies of identical design, which included patients
with bone metastases from breast cancer, prostate cancer, and
other solid tumors (Table 3) [108—111]. In the breast cancer study
(n = 2046), denosumab was significantly superior to zoledronic
acid in delaying time to first on-study SRE (hazard ratio, 0.82; 95%
CI, 0.71 to 0.95; p = 0.01) and time to first and subsequent (mul-
tiple) on-study SREs (rate ratio, 0.77; 95% CI, 0.66 to 0.89; p = 0.001)
[109]. Denosumab was also superior to zoledronic acid in the
reduction of the episodes of malignant hypercalcaemia (p = 0.007)
[109].

An exploratory analysis for pain palliation and prevention has
shown that the two drugs can provide similar beneficial effects in
pain improvement (defined as > 2 point decrease in worst pain
score of brief pain inventory) as well as in median time to mean-
ingful improvement of the worst pain score and the time to
decreased pain interference [112]. In patients with no or mild pain
(BPI Score 0—4) at baseline, denosumab significantly delayed pain
worsening compared to zoledronic acid (295 days versus 176 days
respectively; HR = 0.78 (95% ClI: 0.67—0.92; p = 0.0024), with fewer
denosumab-treated patients requiring strong opioid medications
compared to zoledronic acid. [112]

This trial had a two-year open-label extension treatment phase
in which the long-term safety profile of denosumab was confirmed
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Table 2
Major clinical trials of intravenous bisphosphonates for SRE prevention in patients
with breast cancer.

Reduction of risk
or rate of SREs*

Study Tumor type (N) Therapy

Conte et al., 1996 [85] BC (N =224) PAM vs.no PAM 1 20% (p = NA)

Hultborn et al., 1999 [86] BC (N =404) PAM vs. placebo ¢ 30% (p < 0.01)

Lipton et al.,, 2000 [87] BC (N =751) PAM vs. placebo 1 35% (p < 0.001)

Body et al., 2003 [88] BC (N =462) IBNvs. placebo ¢ —18% (p = 0.03)

Rosen et al., 2001, BC, MM ZOL vs. PAM +20% (p = 0.025)
2003 [89,90] (N = 1648)

Kohno et al.,, 2005 [91] BC(N =228) ZOLvs. placebo 41% (p = 0.019)

Abbreviations: BC, breast cancer; IBN, ibandronate; MM, multiple myeloma; NA, not
available; PAM, pamidronate; SRE, skeletal-related event; ZOL, zoledronic acid.
4 Ratio event rate bisphosphonate/control.

in patients who continued treatment with denosumab for up to 5
years or who switched from zoledronic acid to denosumab [113].
Overall survival over the entire study period was comparable with a
median of 34.4 months (95% CI 31.5—39.3) for denosumab and 34.2
months (95% CI 31.0—37.6) for zoledronic acid.

Safety issues of bone-targeting therapies

The most common adverse effect encountered with intravenous
bisphosphonates (zoledronic acid, ibandronate, and pamidronate)
is acute-phase reactions (APR), which occur in approx. 40% of the
treated patients. However, the exact frequency and severity of AFR
reported in clinical trials seem to vary markedly and comparison
between these trials is difficult to interpret, because of differences
in the definitions and methodologies used for reporting APR.
Importantly, not all bisphosphonates induce APR to the same
extent, with zoledronic acid apparently producing more APR than
other bisphosphonates. Most evidence indicates that AFR is

(mostly TNF-a, IL-6, interferon y) from y & T-lymphocytes, which
are activated in response to bisphosphonates [114—116]. The clin-
ical presentation comprises fever, chills, myalgia, arthralgia, nausea,
vomiting and bone pain that occur typically after the initial in-
fusions. These flu-like symptoms are, generally mild, self-limited
and usually resolve over 3 days. APR respond well to nonsteroidal
anti-inflammatory drugs and antipyretic agents such as paraceta-
mol or acetaminophen [117]. Although not life-threatening and not
precluding subsequent bisphosphonate treatment, APR is often
perceived by the patient as a stressful condition that occasionally
may be severe and lead to treatment withdrawal. Hence, prior to
treatment with bisphosphonates, the patients should be informed
about the manifestations of APR and pretreated accordingly.

The mechanism of action of denosumab does not entail similar
immunostimulatory reactions, and therefore, its use is not associ-
ated with release of pro-inflammatory cytokines. Accordingly,
denosumab treatment is not expected to induce any clinically
relevant APR. A pooled analysis of adverse events in the clinical
trials investigating efficacy and safety of denosumab found a
significantly lower incidence of these reactions with denosumab
compared to zoledronic acid (8% versus 20%, respectively) [118].

Although this difference is clinically meaningful, the occurrence
of APR in denosumab treated patients is still not fully explained.
This data may reflect the inherent difficulty to report about the
components of APR in a population of patients who have a wide-
spread cancer, receive a multitude of medications, and in whom
fever, arthralgia, nausea, vomiting and skeletal pains can also occur
for other reasons. No cases of APR have been reported with deno-
sumab in a huge data set of osteoporosis studies.

APR should not be mixed up with a chronic form of musculo-
skeletal pain that is also associated with bisphosphonates use. An
FDA alert [1/7/2008] has highlighted the possibility of severe and
sometimes incapacitating bone, joint, and/or muscle pain in
bisphosphonate-treated patients that may occur within days,
months, or years after starting a bisphosphonate. Although this
notion is included in the prescribing information for all
bisphosphonates, this form of musculoskeletal pain may be over-
looked by healthcare professionals. Some patients have reported

) . . . complete relief of symptoms after discontinuing the
attributed to a transient release of pro-inflammatory cytokines
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Fig. 4. Mechanistic differences between the anti-osteoclastic action of RANKL inhibition (denosumab) and bisphosphonate. BPs act only when taken up by the mature, actively
resorbing osteoclasts, and thus residual osteoclasts can still be observed in bisphosphonate-treated bones. On the other hand, RANKL inhibitors block the activation, survival, and
differentiation of osteoclasts from their precursors resulting in complete absence of osteoclasts in the treated bones. Adapted from: Azim et al., 2013.
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Table 3

Three identically designed phase III clinical trials of denosumab (120 mg s.c. g4 weeks) vs. zoledronic acid (4 mg iv g4 weeks) in patients with breast cancer/prostate cancer/

other solid tumors or myeloma and at least one skeletal metastasis.

Author Patients (n) Results
(denosumab vs.

zoledronic acid)

Patient Population

Stopeck et al.,, 2010 [109] 1026 vs 1020 Breast cancer

Delayed time to first on-study SRE (HR 0.82, p < 0.0001 non- inferiority, p = 0.001 superiority)

Delayed time to first and subsequent on-study SRE (rate ratio 0.77, p = 0.001)

Fizazi et al., 2011 [108] 951 vs. 950
prostate cancer
NSCLC, SCLC, renal,

myeloma, other

Henry et al.,, 2011 [111] 886 vs. 890

Castration resistant Delayed time to first on-study SRE (HR 0.82, p < 0.0002 for non- inferiority, p = 0.008 superiority)
Delayed time to first and subsequent on-study SRE (rate ratio 0.82, p = 0.008)

Delayed time to first on-study SRE (HR 0.84, p < 0.0007 for non- inferiority; NS (p = 0.03)for
superiority; No difference in time to first and subsequent on-study SRE (rate ratio 0.90, p = 0.14)

bisphosphonate, whereas others have reported slow or incomplete
resolution. The pathophysiology of this type of musculoskeletal
pain is still unknown.

In general, all bisphosphonates can induce renal tubular
damage, but there are considerable differences between the indi-
vidual drugs to cause such a potential damage. Following admin-
istration, bisphosphonates are eliminated through the kidney by
filtration and active secretion [119]. Influx of these drugs into the
renal tubular cells is passive and depends only on serum concen-
tration and protein binding in addition to renal tissue half-life. An
active, albeit limited transportation mechanism forms the basis for
their excretion into the lumen. If this mechanism is overloaded (e.g.
higher than standard doses or with rapid intravenous infusion)
[120]. Bisphosphonates will accumulate in the tubular cells,
resulting in cellular damage and renal impairment.

The renal tissue half-life is especially high with zoledronic acid
(150—200 days) compared to ibandronate (24 days), which could
explain the cumulative renal toxicity of the former compound
[108]. According to the prescribing information, zoledronic acid and
pamidronate are not recommended in patients with severe renal
impairment (serum creatinine > 3 mg/dl or creatinine
clearance < 30 ml/min) [121]. This does not apply to ibandronate,
which can be administered at a reduced dose in patients with
CrCl < 30 ml/min [122].

To ensure safety, monitoring of serum creatinine levels before
each bisphosphonate infusion and subsequent dosing and/or
infusion rate adjustments are recommended [119,123]. Further
preventive measures include adequate hydration and avoiding
concurrent nephrotoxic agents (e.g. non-steroidal inflammatory
drugs, radiographic contrast dye). If these agents must be applied in
patients treated with zoledronic acid, they should be administered
at least 24 h after the zoledronic acid infusion [124].

Although renal toxicity has been reported with denosumab, it
was significantly less common than with zoledronic acid in the
breast cancer study (4.9% vs 8.5%, respectively; p = 0.001) [109].
Unlike bisphosphonates, denosumab is not excreted via the kid-
neys, and has been consistently acknowledged as safe to use in
chronic kidney disease (CKD). In general, denosumab does not
require renal monitoring or dose adjustment even in patients with
renal impairment [125,126]. Relatively small number of patients
with CKD stage 3 and 4 were enrolled in denosumab pivotal trials.
However, a special warning should be made for patients with bony
metastases and CKD stage 4 and 5, a population with renal osteo-
dystrophy who are much more prone to develop severe potentially
fatal hypocalcemia in response to denosumab.

Hypocalcemia can occur with both bisphosphonates and
denosumab due to their potent inhibition of the process of bone
resorption including suppression of calcium ion release. Patients
with pre-existing hypocalcemia and patients with severe renal
insufficiency are especially susceptible to develop severe symp-
tomatic hypocalcemia, hence this electrolyte imbalance should be

corrected prior to initiation of bone-targeting therapies and regular
monitoring of calcium levels is recommended throughout the
treatment period [127]. Furthermore, daily calcium intake and
vitamin D supplementation is highly recommended during treat-
ment with all bone-targeting therapies. In the integrated analysis of
the three pivotal trials, the incidence of hypocalcemia was signifi-
cantly higher in patients treated with denosumab (9.6% compared
to zoledronic acid 5%) [128,129].

Osteonecrosis of the jaw (ON]) is an uncommon albeit poten-
tially long-lasting and serious adverse event of bisphosphonates
and denosumab [109,118,129,130].

In a reported pivotal phase III trial ON]J occurred infrequently
after 2—3 years of treatment (2.0%, denosumab; 1.4%, zoledronic
acid; p = 0.39) with a cumulative incidence of 4.7% for denosumab
patients and 3.5% for zoledronic acid patients for the entire study
duration of 5 years [113].

In prospective clinical trials and retrospective data analyses
several risk factors for the development of ONJ have been identified
such as longer treatment and higher cumulative doses of intrave-
nous bisphosphonate therapy, poor oral health, and dental ex-
tractions [130,131]. Additional risk factors include concurrent
administration of certain chemotherapeutic agents, anti-
angiogenic drugs or corticosteroids given for a prolonged period
of time [132].

Preventive dental measures include a pre-therapy dental
assessment, periodical dental examinations, and limitation of
invasive dental procedures while on treatment. Furthermore, pa-
tients should be encouraged to proactively follow a thorough and
consistent oral hygiene routine to reduce the risk of infection and
ONJ. In several studies these preventive measures have proven to
significantly reduce the annual incidence of ON]J in patients treated
with bisphosphonates [131—-134].

Guidelines for the treatment of bone metastases from breast
cancer

Current international guidelines for prevention of SRE recom-
mend the use of denosumab or intravenous bisphosphonates such
as ibandronate, pamidronate and zoledronic acid, which are
approved for the prevention of SRE in patients with advanced
breast cancer and bone metastases. Most guidelines suggest that,
given the potential of bone-modifying agents to delay time to first
SRE, these agents should be started when bone metastases are
diagnosed, even when patients are asymptomatic.

While the ASCO guidelines recommend initiating treatment
with bisphosphonates or denosumab only for patients with evi-
dence of bone destruction due to bone metastases [135], other
guidelines recommend treatment with these agents in the pres-
ence of bone metastases confirmed by X-ray, CT or MRI without
further specifications [136—138]. All the available guidelines and
expert panels do recommend treatment to be continued
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indefinitely until the patient's performance status is substantially
decreased. Indeed, most patients will remain on these agents “on a
monthly basis throughout patients' lifetime”. Of note, all of these
guidelines have been recommended in the absence of convincing
data from clinical trials for optimal use of bone-modifying agents,
mainly in regard to initiation and treatment duration.

The components of the most recent versions of these guidelines
are outlined in Table 4.

Expert panel recommendations for clinical practice
Radiation therapy

The single-fraction treatment approach has been clearly shown
to provide equal efficacy in terms of pain control with similar or
probably less acute toxicity. Moreover, it is more economical and
convenient to patients and caregivers [139]. Nevertheless, and
despite numerous randomized trials, meta-analyses and guidelines,
which recommend against multi-fraction regimens, the literature
survey has shown that the 10-fraction regimen continues to be the
preferred treatment adapted by the majority of radiation oncolo-
gists. We strongly encourage to adapt the single dose fraction for
uncomplicated painful bone metastases without pathological
fractures or spinal cord compression, especially in patients with
dominant visceral disease or with a life expectancy of less than 6
months.

Solitary bone metastases

The concept of oligometastasis, introduced by Hellman and
Weichselbaum in 1995, implied that local treatments such as sur-
gery or radiation therapy are potentially curative in a proportion of
patients with metastases [140]. Oligometastases have long been
considered a rare exception, but are becoming more frequently
identified with highly sensitive radiological procedures for their
detection [141].

Solitary metastatic disease should be confirmed by biopsy
whenever possible since some benign osseous conditions can be
difficult to distinguish from metastasis solely by imaging.

For single bone lesions surgery is a viable option. Surgical pro-
cedures are guided by anatomical site of the lesion. More aggressive
treatment may be beneficial in patients with a higher expected
survival rate.

If the lesion is in the cervical spine, prophylactic radiation
should also be considered since a fracture in this segment of the
spine is very difficult to treat.

Table 4
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More recently, single osseous lesions have also been the focus of
studies with different SBRT schedules [142]. Several non-
randomized studies have shown that SBRT for single lesions is a
safe and effective treatment option with high local tumor control
rates of about 80% [143]. However, larger randomized controlled
studies with longer follow-up are required to determine the cura-
tive potential of SBRT.

Currently evidence from clinical trials is lacking to recommend
one treatment approach over the other.

Evaluation of response to treatment

For the assessment of response to treatment in skeletal sites no
universally accepted single method exists, thus response is
commonly assessed by a combination of symptom evaluation, im-
aging tests and biochemical markers. Biochemical markers of bone
turnover such as collagen type I telopeptides (NTX and CTX) have
shown promising results in correlative studies, but they are not
widely used in clinical practice due to their lack of sensitivity and
specificity [129,144].

In an observational study of patients with prostate cancer, pa-
tients with the highest baseline levels had also the worst prognosis,
although there was no correlation between biomarker levels and
disease progression [145].

Accurate assessment of response to treatment in bone metas-
tases requires visualizing not only the tumor burden but also the
structural changes in the bone. All of the commonly used imaging
modalities (plain radiography, skeletal scintigraphy, MRI, PET)
have their advantages and disadvantages: with plain radiography,
it may take 3—6 months and more than 30—50% of mineral loss
might occur before changes become visible. Moreover, it can only
depict changes in bone structure, but not changes in the tumor
itself. With skeletal scintigraphy, which reflects bone blastic ac-
tivity, it can also take 6 months or longer to reliably detect a
response because of the confounding phenomenon of a treatment-
induced healing flare, a spurious increase in radionuclide uptake,
which occurs due to the reparative mineralization around healing
metastases [146,147].

With CT scans both structural changes in the bone and
anatomic changes associated with the target tumor can be
depicted. MRI can optimally show spinal cord status and changes
in the bone marrow, but it is not useful to show lytic or blastic
changes in bone structure.

PET/CT is recognized as an appealing functional tool in assessing
response to therapy because it is sensitive to the metabolic changes
in the tumor mass that not only precede morphological changes but

Indications and guidance for treatment of bone metastases in breast cancer with bone-targeted therapies in current guidelines.

ASCO 2011136 NCCN V.2.2013'%7

ESMO 2012'38 ABC-12012'%°

Women with evidence of bone
destruction on plain
radiographs/CT/MRI

Bone scan alone provides not
enough evidence

Presence of bone metastases as confirmed by
imaging (X-ray, CT or MRI)

Expected survival >3 mo and renal function
adequate

Presence of bone metastases

Optimal timing and duration of
treatment with bone modifying agent is
less clear in case of an isolated bone
lesion

Hypercalcaemia and clinically evident
bone metastases

Denosumab 120 mg sc every 4
weeks

Pamidronate 90 mg iv2 h Q
every 3—4

Weeks

Zoledronic acid 4 mg iv 15 min
every 3—4 weeks

Insufficient evidence
supporting efficacy of one
bisphosphonate over the
other

Zoledronic acid may be superior to pamidronate
in lytic metatases

Zoledronic acid 4 mg iv 15 min every 3—5
weeks

Pamidronate 90 mg iv 90 min every 3—5 weeks
Calcium (1200—1500 mg/day)

Vitamin D (400—800 IU/day)

Bisphosphonates

Recent studies showed superior activity
and favorable toxicity profile of
denosumab in breast cancer

Choice of drugs, timing, optimal
duration, methods of administration
and side effects should be considered
individually

Bisphosphonate or denosmab in
combination with other systemic
agents
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also precede changes in markers of tumor viability. PET/CT is
considered as one of the most encouraging diagnostic tools in the
emerging field of theranostics, which hold promise of increasing
the efficiency and effectiveness of cancer care [148].

18F-fluoride PET is being used for evaluation of blastic metas-
tases, but widespread use is limited. Improved imaging techniques
such as WBD-MRI in combination with anatomic imaging may be
able to identify patients who are responding to therapy at very early
stages — even prior to gross morphological changes — based on
cellularity through both qualitative and quantitative assessments
rendering this a promising tool in the verification of response to
therapies aimed at metastatic bone disease [19].

Choice of bone-targeted agent

While we certainly acknowledge the fact that all of the
approved bone-modifying agents are able to provide a significant
benefit to the patients in terms of prevention of SREs and reduc-
tion of bone pain, we can't agree with the ASCO statement that
there is “insufficient evidence to demonstrate greater efficacy of
one bone-modifying agent over another” [135]. As mentioned
earlier, head-to-head comparative phase III trials have shown a
significant superiority of zoledronic acid over pamidronate in
multiple event analysis, and a significant advantage of denosumab
compared to zoledronic acid in the reduction of SRE as well as
multiple event analysis. When considering an adequate long-term
treatment in a given patient, other issues beyond efficacy should
also be taken into account such as tolerability and safety, espe-
cially in the presence of comorbidities, in addition to convenience
and time of treatment administration. All of these factors would
favor the use of denosumab in breast cancer patients with bone
metastases over zoledronic acid and other bisphosphonates.
Denosumab did not improve progression free survival, disease free
survival or overall survival in either one of the phase Il trials
mentioned.

However, in many institutions, selection of bone-modifying
agents will also be influenced by other factors like treatment
availability and costs. Denosumab is not universally registered and/
or reimbursed and its costs is markedly higher than the costs of
bisphosphonates.

Regardless of which agent is used, the available guidelines and
expert panels do recommend treatment to be continued indefi-
nitely until the patient's performance status is substantially
decreased. Indeed, most patients will remain on these agents “on
monthly basis for life long” [120,149].

Whenever a SRE occurs while on treatment, the consensus is
never to stop treatment with the bone-modifying agents, as this
treatment is still able to reduce subsequent SREs. In fact, the risk of
subsequent SREs increases after the first SRE which will have
negative consequences for patients' functional independence, as
well as overall survival especially in patients with fractures. The
idea of switching to a more potent bisphosphonate or to denosu-
mab may be clinically plausible, with some small clinical studies
suggesting improved response with this approach [107,150,151].

In one study, which prospectively evaluated radiological
changes assessed by thoraco-lumbar CT, switching from early
generation bisphosphonates to the more potent zoledronic acid
was associated with a significant increase in bone density and in
osteoblastic volume in the vertebrae [152]. Also, the data on
denosumab's ability to significantly suppress bone resorption
markers in patients with elevated markers despite intravenous
bisphosphonates, may also suggest that shifting to a more potent
agent might be potentially advantageous. However, it is not yet
clear, whether this approach will be able to actually reduce SREs
significantly, which is the primary objective of this class of agents.

Dose frequency

The recommended dose and schedule of bone-modifying agents
therapy have been established in registration trials. Nevertheless,
one of the most frequently asked questions is whether we may shift
to a more protracted dose schedule (e.g. 12 weeks), after an initial
phase of the standard monthly regimen, as this may contribute to
improved safety and reduced cost. The issue may be specifically
relevant in non-symptomatic patients with ongoing disease
response. This question was addressed by a recent phase Il study —
the ZOOM trial — in which patients (n = 425) who finished 9—12
monthly treatment with zoledronic acid, were further randomized
to receive the drug on a monthly or quarterly basis. The skeletal
morbidity rate (SMR; number of SREs/patient/year) was the pri-
mary endpoint, and it was similar in both arms, with likewise no
significant difference in the toxicity profile. The authors reported
that bone resorption markers were significantly more suppressed
with the monthly regimen and concluded that further follow-up is
needed for a final answer [153].

The results of several other trials are awaited and should provide
further information of the treatment outcome with reduced fre-
quency zoledronate. OPTIMIZE-2 is an ongoing trial with patient
population and design similar to ZOOM trial. In the BISMARK trial,
patients are randomized to either standard schedule of zoledronic
acid or to resorption marker-directed regimen. Reported data
suggest that zoledronate every three to four weeks may be neces-
sary when bone resorption markers (urinary N-terminal telopep-
tide) are increased [154].

CALGB 70604 is a large randomized phase 3 trial of standard vs
prolonged dosing interval of zolendronate in patients with breast
cancer, prostate cancer and multiple myeloma. The accrual has
been completed.

Untill more data are available, we prefer to treat all patients
according to the label indications of the registered bone-targeted
therapies.

Data on frequency of administration available for denosumab is
limited. In a phase II study suppression of uNTx as primary end
point was sustained through 12 weeks in patients dosed every 4
weeks with denosumab, but the same did not happen in patients
treated with the every 12 weeks dosing schedule. Evidence of
escape from suppression was observed at week 13 [155]. In a
similar Japanese phase I study also a trend to superior efficacy of
denosumab every 4 weeks was seen [156].

A special situation may be in patients with oligo-/solitary bone
metastases whose disease may be in a perfect control by SBRT. For
these cases the ABC guidelines stated that “Optimal timing and
duration of treatment with bone-modifying agent is less clear in
case of an isolated bone lesion”. Having the preliminary results of
the ZOOM study may be a good rational to discuss the merits of the
monthly versus the 3 monthly schedule with those patients.

In case of a complete radiographic remission and irrespective to
the agent used and the schedule adapted the expert panel recom-
mends not to stop treatment.

Management of ONJ

For patients who are on intravenous bisphosphonate therapy
and require dental procedures there is a suggestion that prophy-
lactic antibiotic use prior and after the procedure is performed
might be helpful in reducing ON]J risk [157]. If a surgical procedure
is necessary, bone-targeted agents may be stopped and restarted
after healing. However, there is insufficient evidence that a “drug
holiday” may prevent ON] [158]. Moreover, because of their long
half-life any effect of stopping bisphosphonates on the risk of
developing ON] is unlikely [159].
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If a patient develops ON]J, current recommendations are to treat
ONJ conservatively and avoid additional invasive surgeries
[149,160]. There is no evidence that discontinuing bone-targeted
therapy improves the outcome of ON]J [158,161].

In a combined analysis of three trials with denosumab and
zoledronic acid, ONJ occurred infrequently (89 patients of 5723,
1.6%) [162]. Resolution of ON]J occurred in 36.0% (32 of 89) of pa-
tients. 25 (78.1%) of these patients discontinued treatment, while 7
(21.9%) received at least one active dose of drug after diagnosis of
ON]. As all patients with ON]J stopped treatment for a period of time,
this analysis is unable to shed further light on this issue [162].

Therefore, any decisions concerning any change in bisphosph-
onate or denosumab treatment should be based on a balanced risk-
benefit assessment for each individual patient.

Conclusions

Bone metastases are extremely common in patients with
advanced breast cancer. Due to their propensity to cause severe
symptoms and incapacitating complications, they add a lot to the
already compromised patient's quality of life. In the vast majority of
patients, treatment of bone metastasis is palliative, and the goals
are to relieve pain, maintain skeletal integrity, improve function,
and prevent SRE. Ideally, a multidisciplinary approach is required in
order to tailor the treatment strategy according to the specific
clinical scenario in each patient. The different treatment options
should be discussed with the patient and carefully considered to
give the best palliative care while minimizing potential side effects.

Bisphosphonates have an established role in the treatment of
bone metastases, with zoledronic acid apparently producing the
most convincing efficacy data in breast cancer as well as in other
solid tumors. Recently, denosumab has been added to the thera-
peutic armamentarium and has shown a significant superiority
compared to zoledronic acid, both in the prevention of SREs and in
delaying of significant pain. These two clinically relevant advan-
tages of denosumab over zoledronic acid, would strongly suggest
the need for a wider patients' accessibility to this new drug.

The optimal use of these agents in breast cancer patients with
bone metastases still requires further fine-tuning, which awaits
answers from clinical trials — such as what is the role of bone
turnover markers to identify low- and high-risk patients for SREs?
Is there a possibility of less frequent administration of bone-
targeted agents? More research is required to answer these ques-
tions and thereby enhancing the evidence base guiding current
treatment strategies. Finally, new osteoclast inhibitors are currently
under investigation, and these agents may offer further therapeutic
benefit for patients with bone metastases.
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