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 Introduction 

 In men over the age of 50 years, prostate cancer (PCa) 
is the most commonly diagnosed cancer and the second 
leading cause of death by cancer  [1] . PCa is one of the 
carcinomas with the highest rate of bone metastases. The 
standard first-line treatment of metastatic PCa is andro-
gen deprivation therapy (ADT). ADT induces bone loss 
and can lead to osteoporosis  [2, 3] . Treatment with ADT 
requires control of bone density and treatment accord-
ingly. Maintaining bone health is therefore a very impor-
tant issue for patients with advanced PCa early and late in 
their disease. Bone metastases can lead to skeletal-related 
events (SREs) or hypercalcemia. SREs include the need 
for analgetic radiotherapy to the bone, pathological frac-
tures requiring radiotherapy or surgery and spinal cord 
compression. SREs are associated with an increased risk 
of death as well as increased health care costs and affect 
all aspects of quality of life, including physical, functional 
and emotional aspects  [4] .

 Key Words 

 Prostate cancer · Bone metastases · Skeletal-related events · 
Bone-targeted therapy · Radiotherapy · Surgery 

 Abstract 

 Bone metastases are a very common problem in prostate 
cancer. They are associated with considerable morbidity, ad-
versely affect quality of life and frequently lead to advanced 
bone events (so-called skeletal-related events, SREs); SREs 
include fractures, spinal cord compression and the require-
ment for bone surgery or bone radiation. The aim of this pa-
per was to evaluate currently available treatment options in 
the prevention and management of SREs and bone metasta-
ses in men with castration-resistant prostate cancer and to 
outline the importance of interdisciplinary management 
strategies. It also discusses the diagnostic workup of osseous 
metastases and practical considerations for the utilization of 
bone-targeted therapies in accordance with current guide-
lines to provide a consensus for special and/or difficult clini-
cal situations.  © 2014 S. Karger AG, Basel 
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necessitates interventions and cooperation from different 
medical disciplines, including radiologists, orthopedic 
surgeons, neurosurgeons, radiation oncologists, medical 
oncologists, urologists, pain medicine specialists, den-
tists, physical medicine rehabilitation physicians and pal-
liative care specialists. This review focuses on the man-
agement of bone metastases in patients with metastatic 
castration-resistant PCa (CRPC).

  Preservation of Bone Health in PCa Patients Treated 

with ADT 

 Medically induced hypogonadism leads to bone loss 
and increased risk of fractures. All patients on long-term 
ADT (luteinizing hormone-releasing hormone analogs 
or after orchiectomy) should therefore be screened for 
bone mineral density and vitamin D levels should be mea-
sured. Daily supplementation of calcium and vitamin D 
is strongly suggested. Patients should be encouraged to 
eliminate risk factors for osteoporosis such as smoking 
and alcohol abuse and to exercise regularly for prevention 
of bone loss. A phase III trial demonstrated that the use 
of denosumab (60 mg every 6 months) significantly in-
creased bone mineral density and reduced the risk of frac-
tures in men under ADT  [5] . Similar effects have been 
shown for the bisphosphonates zoledronate, pamidro-
nate and alendronate, albeit in smaller trials.

  Bone Metastases in Patients with Metastatic CRPC 

 In approximately 80% of PCa patients bone metastases 
represent the initial and main metastatic site and are an 
important prognostic factor  [6, 7] . About half of PCa pa-
tients with untreated bone metastases will experience at 
least one SRE over the period of 2 years  [8] .

  The knowledge of the mechanisms underlying the de-
velopment of bone metastases and the correlation be-
tween bone and cancer cells is of special importance with 
regard to the different therapeutic options for the man-
agement and prevention of SREs. Bone metastases in PCa 
are frequently osteoblastic, however an osteolytic element 
has also been confirmed in various reports  [9–13] , and 
the majority of lesions tend to be heterogeneous  [14] .

  Bone is a dynamic tissue remodeling itself permanent-
ly through the balanced activity of osteoblasts, cells that 
form new bone, and osteoclasts, which mediate bone re-
sorption  [15, 16] . Osteoblasts also express receptor acti-

vator of nuclear factor kappa-B ligand (RANKL), which 
binds to receptor activator of nuclear factor kappa-B 
(RANK) receptors on osteoclasts and their precursor 
cells. This binding of RANKL to RANK promotes the dif-
ferentiation, activation and survival of osteoclasts. In 
healthy bone the regulation of RANK activity balances 
bone formation and bone resorption  [15] . Tumor cells 
that have invaded bone secrete factors that increase 
RANKL expression by osteoblasts. The increased expres-
sion of RANKL results in excessive osteoclast activity, 
thus driving increased bone resorption, releasing growth 
factors from the bone matrix that may perpetuate tumor 
activity and drive the vicious cycle of bone destruction, 
potentially leading to SREs  [16, 17] .

  In clinical trials of bone-modifying agents for the treat-
ment of bone metastases, the incidence of SREs was used 
as a composite primary endpoint (e.g. time to first or sub-
sequent SRE, incidence of SREs)  [18] , and they are recog-
nized by the US Food and Drug Administration as a suit-
able endpoint to assess the efficacy of agents for the treat-
ment of bone metastases in patients with cancer  [19] .

  In patients with PCa, the levels of urinary cross-linked 
N-telopeptide of type I collagen (uNTx), a marker of bone 
resorption  [20] , and bone-specific alkaline phosphatase 
(BSAP), a marker of increased osteoblast activity and bone 
formation  [21] , are elevated, indicating a high bone turn-
over  [22] . High concentrations of uNTx have been shown 
to be correlated with an increased risk of SREs and death 
in patients with bone metastases and PCa. Measurements 
of serum levels of BSAP, aminoterminal propeptide of 
procollagen type I (P1NP) and beta-isomer of carboxyter-
minal telopeptide of collagen I (β-CTX) were performed 
in a small prospective study in patients with PCa and bone 
metastases undergoing treatment with zoledronic acid 
 [23] . β-CTX and P1NP were found to be predictors of 
mortality risk, while BSAP and P1NP predicted SREs.

  Imaging of Bone Metastases 

 Many bone metastases are diagnosed incidentally and 
cause no or few symptoms. In symptomatic patients, pain 
is the most frequent symptom in about 75% of patients 
 [24] .

  In the management of patients with PCa it is impor-
tant to identify those patients who have progressed to an 
advanced stage of the disease and to assess the presence 
of metastatic bone lesions. For the detection of osseous 
lesions conventional radiography, computed tomogra-
phy (CT), nuclear imaging and magnetic resonance im-
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aging (MRI) are the four principal modalities used in the 
clinic  [25, 26]  ( table 1 ). Most international guidelines still 
consider technetium-99 ( 99m Tc) bone scintigraphy and 
plain X-ray radiography as the mainstay of imaging meth-
ods to detect and follow bone metastases  [27, 28] .

  A plain X-ray radiograph is often an initial diagnostic 
test for evaluation of painful sites, but it is relatively in-
sensitive in the detection of early or small metastatic le-
sions and does not detect osteolytic changes until a bone 
mineral loss of 50% has occurred  [29] .

   99m Tc is a nonspecific marker of osteoblastic activity and 
therefore used in nuclear imaging. It has relatively low costs 
and often represents the initial imaging technique for de-
tection of bone metastases  [30] . Radionuclide bone scans 
have a slightly lower sensitivity for purely osteolytic lesions, 
but they are highly sensitive to osteoblastic and mixed os-
teolytic-osteoblastic lesions such as from PCa  [31] .

  However, due to the well-known lack of specificity of 
 99m Tc bone scans, anatomic imaging such as CT or MRI is 
sometimes required for further evaluation  [29] . Both CT 
and MRI can further assess suspicious findings on bone 
scans. MRI is especially valuable in detecting spinal metas-
tases and in determining disease extension around the spi-
nal cord as well as in aiding surgical and radiation therapy 
planning  [32] . MRI has also shown some promise as a tool 
for evaluation of treatment response  [25] . The role of MRI 
in identifying bone metastases is limited because it is more 
expensive and not as readily available as CT in several 
countries. Further development will focus on whole-body 
MRI  [33] . The use of positron emission tomography in pa-
tients with PCa is under intense investigation. So far, the 
routine use of positron emission tomography for the diag-
nosis of bone metastases cannot be recommended.

  Standard of Care for Patients with Metastatic CRPC 

and Bone Metastases 

 Several systemic treatment options have recently dem-
onstrated excellent results with improvement of overall 
survival and disease control. They include the cytotoxic 

agents docetaxel and cabazitaxel, the antihormonal treat-
ments abiraterone and enzalutamide as well as the radio-
nuclide radium-223. In addition, the current medical 
treatment options for the prevention of SREs in CRPC 
patients with osseous metastases are bone-modifying 
therapies including bisphosphonates and the RANKL an-
tibody denosumab  [34] . The primary goal of treatment is 
to reduce the morbidity due to SREs so that quality of life 
and functional independence can be preserved or im-
proved. Clinical guidelines recommend that treatment 
with bone-targeted drugs should be started in patients 
with CRPC who have evidence of bone metastases  [28, 35, 
36] , although the point of time to initiate the treatment is 
at the physician’s discretion  [37, 38] . In case of symptom-
atic bone metastases local radiotherapy, surgery or treat-
ment with radionuclides can be beneficial. Most of the 
mentioned systemic and local treatments have demon-
strated a significant impact on pain control and hence on 
quality of life. Additionally, correct pain assessment and 
adequate analgetic treatment according to the principles 
of pain management as published in guidelines has to be 
applied at any time  [39] .

  Radiotherapy 
 The main indications for radiotherapy are localized 

constant or breakthrough pain not sufficiently controlled 
by analgesia, pathological fractures following surgical fix-
ation (postoperative radiotherapy), spinal cord compres-
sion after surgery or if surgery is not possible, prevention 
of morbidity from uncomplicated bone metastases and 
inoperable pathological fractures. In the treatment of 
bone metastases two kinds of radiotherapy can be distin-
guished, external beam radiation and systemic radiother-
apy with radioisotopes.

  Different fractionation schedules can provide signifi-
cant palliation of symptoms and prevent morbidity of 
bone metastases. With external beam radiation, pain re-
lief is obtained in 50–80% of patients, with complete pain 
relief in up to 30% of patients. The onset of pain relief 
varies from a few days to 4 weeks, re-irradiation should 
therefore not be considered sooner than 4 weeks after the 
initial radiotherapy. In clinical studies, the median dura-
tion of pain relief obtained was 3–6 months  [40–42] .

  Historically, the treatment of multiple bone metastases 
comprises half-body irradiation  [43, 44]  and systemic 
β-emitter radionuclides such as strontium-89  [45]  and sa-
marium-153. The side effects of radiopharmaceuticals 
and half-body irradiation include bone marrow suppres-
sion, which may be worse in heavily pretreated patients 
 [32]  and may compromise future chemotherapy treat-

 Table 1.  Diagnosis of bone metastases in PCa

Standard imaging
Bone scan
CT scan

Special situations
MRI: especially before surgery, spinal cord compression
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strated with these techniques, and pain flare has been de-
scribed. Contraindications for treatment with radionu-
clides are risk of fracture, nerve or spinal cord compression 
and urinary incontinence. While half-body irradiation, 
strontium and samarium have not been used extensively, 
the results of a new radionuclide, radium-223, will like-
ly increase the use of radionuclides in the near future: 
A randomized placebo-controlled phase III study (the 
 ALSYMPCA trial)  [46]  of patients with CRPC and two or 
more bone metastases evaluated radium-223, an α-particle 
emitter with high affinity for the bone matrix. 921 patients 
were randomized to receive radium-223 (50 kBq/kg) in 6 
injections at 4-week intervals or placebo. The radionu-
clide demonstrated a significantly prolonged overall sur-
vival of 14.0 months (versus 11.2 months in the placebo 
group, p = 0.00185) with no differences in grade 3 or 4 
hematologic adverse events. Moreover, a remarkable ad-
vantage in favor of radium-223 compared to placebo was 
found regarding SREs: time to the first SRE was signifi-
cantly delayed (median 13.6 vs. 8.4 months, p = 0.00046).

  Surgery 
 The operative management of skeletal metastases is 

determined by factors such as expected duration of sur-
vival, potential of rehabilitation, overall medical condi-
tion and type of intervention required. The role of ortho-
pedic surgery can be to confirm the diagnosis, to treat 
spinal cord compression and to prevent existing or im-
pending pathological fractures. Surgery may be required 
to provide stabilization, to restore function and ambula-
tion, even in patients with very short life expectancies, 
and to relieve pain that does not respond to any nonop-
erative methods  [47–49] . Treatment of impending frac-
tures is associated with a shorter hospital stay, a greater 
likelihood of discharge to home versus extended care, and 
a greater likelihood of support-free ambulation  [50] .

  An adequate and detailed preoperative assessment 
should be conducted to evaluate the scope of local bone 
destruction and soft tissue involvement as well as overall 
medical and oncological status. Decisions should be tak-
en in a multidisciplinary team.

  Management of Spinal Cord Compression 
 In case of vertebral column instability, vertebral com-

pression, neurological symptoms and/or acute paraple-
gia, immediate workup with MRI is mandatory. This spe-
cific category of patients with spinal cord compression 
due to metastatic bone and neurological symptoms is an 
oncological emergency and needs swift interdisciplinary 

cooperation between radiation oncologists, urologists, 
orthopedic surgeons, neurosurgeons and medical oncol-
ogists. Surgical decompression with tumor debulking fol-
lowed by radiotherapy is the procedure of choice  [51] , 
taking into account that laminectomy additionally desta-
bilizes the vertebral column  [52, 53] . It is important to 
urgently perform MRI as short as possible after the onset 
of neurological symptoms, and treatment should be initi-
ated within 24–48 h after onset of the symptoms if pos-
sible. Surgery provides a greater probability of return to 
ambulatory condition than radiation alone; local tumor 
control is generally accomplished by postoperative radia-
tion therapy, with or without prior operative removal of 
the tumor  [54] . A randomized study evaluated the effi-
cacy of surgical treatment and radiation therapy com-
pared with that of radiation therapy alone in patients with 
spinal metastasis and spinal cord compression  [52] . The 
primary endpoint in this study was the capability to walk. 
The results demonstrated that significantly more patients 
were able to walk after treatment in the surgery group 
than in the radiation therapy group (odds ratio 6.2, 95% 
confidence interval 2.0–19.8, p = 0.001). Thus, it can be 
concluded that decompressive surgery followed by post-
operative radiation therapy can be superior to radiation 
therapy alone for selected patients with spinal metastases 
and spinal cord compression  [54] . Only in selected cases 
may external beam radiation as monotherapy be chosen 
for treatment of spinal cord compression  [51] .

  Techniques like radiosurgery and stereotactic body ra-
diation therapy could be beneficial for selected patients, 
including those with recurrent spinal cord compression 
 [55, 56]  and vertebral metastases. Stereotactic body ra-
diation therapy may be particularly helpful in the re-irra-
diation setting  [32] .

  Bisphosphonates 
 The nitrogen-containing bisphosphonates or amino-

bisphosphonates (pamidronate, zoledronic acid, iban-
dronate) interfere with the mevalonate metabolism by 
blocking specific enzymes of cholesterol biosynthesis in 
osteoclasts, which promotes subsequent changes in the 
cytoskeletal function and osteoclast apoptosis.

  Zoledronic acid is the most extensively evaluated 
bisphosphonate for PCa and has been shown to prevent 
bone loss in patients with PCa undergoing ADT  [57]  and 
to reduce the incidence of SREs in metastatic PCa  [8, 58] . 
The bisphosphonates pamidronate and clodronate failed 
to show a significant impact on progression of bone me-
tastases in randomized trials  [59, 60] . Of note, however, 
an update of the clodronate study demonstrated an im-
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provement of overall survival in nonmetastatic PCa pa-
tients, but not in metastatic patients  [61] . Due to the small 
patient numbers and the unplanned nature of this sub-
group analysis, this study is not widely accepted and has 
not had any impact on clinical practice or guidelines. A 
prospective, randomized, placebo-controlled phase III 
study of zoledronic acid assessed the treatment with zole-
dronic acid versus placebo in 643 patients with metastatic 
CRPC  [58] . The primary endpoint was the proportion of 
patients with  ≥ 1 SRE (defined as radiation to bone, path-
ological fracture, spinal cord compression, surgery to 
bone or change in antineoplastic therapy). Zoledronic 
acid 4 mg reduced the proportion of patients with  ≥ 1 SRE 
versus placebo: at 15 months the incidence of at least one 
SRE was seen in significantly more patients who received 
placebo than in the 4 mg zoledronic acid group (44.2 vs. 
33.2%, respectively, p = 0.021). Despite the differences in 
SREs, there were no differences in measures of disease 
progression or overall survival. After 24-month follow-
up, the time to first SRE for the 4 mg zoledronic acid group 
was prolonged (321 vs. 488 days, p = 0.0009); furthermore 
the continuing risk of an SRE was reduced by 36% com-
pared with placebo (p = 0.002), and fewer patients in the 
4 mg zoledronic acid group than in the placebo group had 
at least one SRE (38 vs. 49%, p = 0.028)  [8] .

  Denosumab 
 Denosumab is a fully human monoclonal IgG2 anti-

body that binds human RANKL with high affinity and 
specificity. Subsequently denosumab prevents RANKL 

from activating its receptor RANK on the surface of os-
teoclasts and their precursor cells, which results in inhibi-
tion of osteoclast-mediated bone resorption in bone me-
tastases from solid tumors and multiple myeloma  [62] . 
Denosumab is administered as a subcutaneous injection 
and is not excreted through the kidney.

  In a randomized, double-blind phase III study, patient 
with metastatic CRPC were randomized between deno-
sumab and zoledronic acid  [63] . 951 patients were as-
signed to receive zoledronic acid (4 mg i.v. every 4 weeks) 
and 950 received denosumab (120 mg s.c. every 4 weeks). 
The primary endpoint was the time to first SRE (includ-
ing pathological fracture, radiation therapy, surgery to 
bone or spinal cord compression). Adverse events in pa-
tients receiving zoledronic acid or denosumab are listed 
in  table 2 .

  Denosumab delayed the time to first SRE by 18% (rel-
ative reduction) compared to zoledronic acid, with a be-
tween-group difference of 3.6 months (denosumab 20.7 
months, zoledronic acid 17.1 months; hazard ratio 0.82, 
95% confidence interval 0.71–0.95, p = 0.0002 for non-
inferiority and 0.008 for superiority). Pain severity out-
comes from this study showed that a numerically lower 
proportion of patients treated with denosumab experi-
enced pain severity progression from baseline compared 
with zoledronic acid at each assessment time point  [64] .

  Denosumab has also been tested in CRPC patients 
with no evidence of bone metastases. This large double-
blind, randomized, placebo-controlled, phase III trial 
demonstrated that treatment with denosumab could de-
lay bone metastasis in men with CRPC: 1,432 patients 
with nonmetastatic CRPC at high risk of bone metastasis 
(defined as prostate-specific antigen (PSA)  ≥ 8.0 μg/l or 
PSA doubling time  ≤ 10.0 months, or both) were random-
ly assigned to receive denosumab 120 mg or placebo every 
4 weeks. The primary endpoint was bone metastasis-free 
survival. In summary, denosumab was related to im-
proved bone metastasis-free survival by a median of 4.2 
months compared with placebo (median 29.5 vs. 25.2 
months; hazard ratio 0.85, 95% confidence interval 0.73–
0.98, p = 0.028), representing a relative risk reduction of 
15%  [65] . However, no impact on overall survival was 
noted.

  Safety 
 Current antiresorptive therapies are generally well tol-

erated. Nevertheless, it is important to recognize adverse 
events and to understand the common class effects and 
class-specific differences in order to increase the safety for 
patients.

 Table 2.  Adverse events in patients receiving zoledronic acid or 
denosumab

Adverse events Zoledronic acid
4 mg i.v.

Denosumab
120 mg s.c.

Renal toxicity +++ +
Nausea + +
Fatigue + +
Bone pain + +
Asthenia + +
Arthralgia + +
Acute-phase reactions +++ +
Hypocalcemia + ++
Cumulative ONJ (year 2) + ++
CTCAE grade 3 or 4 

adverse events
++(+) +++

 CTCAE = Common Terminology Criteria for Adverse Events 
(version 3.0) [63].
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ciated side effects, especially with intravenous bisphos-
phonates, include a rise in body temperature accompa-
nied by flu-like symptoms (chills, flushing, bone pain 
and/or arthralgias, myalgias) that resemble a typical 
acute-phase response  [66–69] . These clinical features oc-
cur mainly after the initial infusions of aminobisphos-
phonates in up to one third of patients  [69, 70] . They are 
generally transient, mild, reversible and decrease in se-
verity after the first or second infusion  [71, 72] . In pa-
tients with bone metastases from PCa, acute-phase reac-
tions occurred significantly more often with zoledronic 
acid than with denosumab (18 vs. 8%)  [63] . Similar re-
sults were found in the phase III trials for breast cancer 
and other solid tumors  [73, 74] .

   Hypocalcemia.  Another reported adverse event during 
the use of antiresorptive therapies is hypocalcemia which, 
untreated, may result in cataract formation, prolonged 
QT interval, seizures, hypotension, congestive heart fail-
ure or dementia  [75] . To reduce the risk of hypocalcemia, 
calcium levels should be monitored and patients receiv-
ing bisphosphonates or denosumab should receive ade-
quate calcium and vitamin D supplementation. In clinical 
trials, hypocalcemia was more frequent in patients treated 
with denosumab compared with zoledronic acid in the 
advanced cancer setting  [63, 73, 74] . Patients with a cre-
atinine clearance <30 ml/min or receiving dialysis are at 
higher risk for developing hypocalcemia  [76] .

   Renal Side Effects.  Each bisphosphonate has known 
dose- and infusion rate-dependent effects on renal func-
tion  [77] , thus renal monitoring before each bisphospho-
nate therapy with following dose adjustments is recom-
mended for some intravenous bisphosphonates. The dose 
for zoledronic acid must be adjusted for impaired renal 
function with a glomerular filtration rate <60 ml/min and 
zoledronic acid is contraindicated if the glomerular fil-
tration rate is <30 ml/min. Unless creatinine clearance is 
>30 ml/min, denosumab has no effect on renal function 
and therefore renal monitoring or dose adjustments are 
not required  [78–80] .

   Osteonecrosis of the Jaw (ONJ).  ONJ lesions have been 
reported in patients with advanced cancers treated with 
oral and intravenous antiresorptive therapies  [81–83] . 
The phase III trials with denosumab in patients with bone 
metastases from solid tumors or multiple myeloma pro-
spectively assessing the incidence of ONJ showed a simi-
lar or numerically higher rate of ONJ with denosumab 
(2.2% for PCa, 1.1% for solid tumors/multiple myeloma, 
2.0% for breast cancer; 52 cases in total) as compared with 
zoledronic acid (1.1% for PCa, 1.3% for solid tumors/

multiple myeloma, 1.4% for breast cancer)  [63, 73, 74] . 
Known risk factors for developing ONJ are invasive den-
tal procedures and poor oral hygiene  [84] . The risk for the 
development of an ONJ lesion may also be related to du-
ration of therapy, timing of administration of antiresorp-
tive therapy relative to dental surgery concomitant che-
motherapy and other medications, and the underlying 
disease  [85, 86] . According to current guidelines, oral hy-
giene, baseline dental evaluation for high-risk individuals 
and avoidance of invasive dental surgery during therapy 
are recommended to reduce the risk of ONJ  [35] . It is 
therefore recommended to have a baseline dental evalua-
tion before the start of therapy and work closely together 
with a dentist experienced in this field.

   Ocular Complications.  Rarely, ocular adverse events 
have been noticed in patients receiving intravenous 
bisphosphonates and denosumab, including eyelid ede-
ma, scleritis, episcleritis, conjunctivitis, orbital inflamma-
tion and cranial nerve palsy. They usually occur within 
48 h after infusion and are transient and well treatable 
with steroids  [87] .

  Conclusive Recommendations 

 In patients with CRPC and documented bone metas-
tases, treatment and monitoring should integrate a mul-
tidisciplinary approach that if indicated involves system-
ic therapy, bone-targeted therapy as well as surgery and 
radiation therapy.

  Bone-targeted drugs have been widely evaluated in 
randomized clinical trials in metastatic CRPC patients, 
and currently two bone-targeted therapies are approved 
for use in CRPC patients with bone metastases. Both zole-
dronic acid and the RANKL inhibitor denosumab have 
been shown to decrease the proportion of SREs and to 
delay the median time to the first event. According to 
clinical evidence, denosumab is superior to zoledronic 
acid in delaying the median time to the first on-study SRE 
 [60] . None of the two substances demonstrated clear ef-
fects on overall survival or quality of life outcomes. 
Choosing whether to start therapy and which therapy to 
use should be based on the advantages and disadvantages 
of each therapy as well as the needs of each individual pa-
tient.

  The use of denosumab in clinical routine has some ad-
vantages: there is no contraindication in patients with im-
paired renal function, the route of administration is more 
convenient and the incidence of acute-phase reactions is 
lower  [88] .
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crotic lesions is increased in patients who have tooth ex-
tractions, poor dental hygiene or a dental appliance. 
Therefore oral hygiene and dental status (best during the 
hormone-sensitive phase, invasive procedures before 
start) have to be examined prior to start, and avoidance 
of invasive dental surgery during therapy is also recom-
mended to reduce risk. The risk of ONJ is cumulative and 
increases with extended bone-targeted therapy. It is help-
ful to have an experienced dentist as part of the multidis-
ciplinary team.

  Factors surrounding the use of zoledronic acid and de-
nosumab are differences in administration, cost-effec-
tiveness considerations, sequence of agents and the use of 
agents with concomitant systemic therapy including che-
motherapy, biologic therapy as well as side effects of dis-
ease and treatment. The decision to treat is often indi-
vidualized, based on different patient categories, the pa-
tient’s clinical presentation, life expectancy and quality of 
life. The treatment with bone-targeted drugs (in doses 
used for prevention of SREs) should for the time being 
only be initiated in patients with PCa if (1) the patient has 
castration-resistant disease and (2) bone metastases are 
present. In the authors’ opinion the following further 
points should be fulfilled to consider the use of bone- 
targeted drugs: (3) the patient’s life expectancy should 
be at least 6 months, (4) PSA doubling time should be 
<6 months, and (5) performance status should be 0–2 (or 
performance status 3 due to symptomatic bone metasta-
ses). Furthermore it is debatable whether patients with 
oligometastatic disease (1–3 bone metastases) derive the 
same benefit of the treatment. Response to tumor-specif-
ic treatment or the patient’s Gleason score should not be 
used for the decision to start treatment. Bone-targeted 
therapy is never an emergency treatment. Prior to start, 
validation of serum calcium and renal function is manda-
tory.

  The optimal duration of treatment for either zoledron-
ic acid or denosumab as well as a potential sequential use 
of denosumab following bisphosphonate therapy remain 
uncertain and will be based on clinical judgment.

  Switching from one bone-targeted therapy to another 
can be considered in case of drug intolerance (e.g. acute-
phase reaction) or increased pain, although there are lim-
ited data and further trials are necessary.

  Regarding antiresorptive therapies in metastatic hor-
mone-sensitive patients there is lack of data, hence the use 
of denosumab or zoledronic acid in this setting cannot be 
recommended outside of clinical trials. It is important to 
note that denosumab and zoledronic acid have been 
shown to prevent and treat osteoporosis induced by ADT. 
For this indication, denosumab and zoledronic acid are 
used in different doses and schedules.

  Due to missing information on differences in quality 
of life and lacking impact on overall survival, the cost-
effectiveness of denosumab versus zoledronic acid is dif-
ficult to calculate. The identification of selected patients 
with higher benefit from treatment with denosumab in 
the future (bone turnover/predictive markers) could lead 
to improved cost-effectiveness calculations.

  In summary, the treatment of bone metastases in 
CRPC patients and the choice of treatment requires a 
close cooperation between oncologists, radiologists, urol-
ogists, orthopedic surgeons, dentists and pain medicine 
specialists. Interdisciplinary management remains the 
mainstay for the management of these patients.
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