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      In the last two decades, bisphosphonates and 
denosumab have been instrumental in the treat-
ment of patients suffering with prostatic cancer 
bone metastases [ 17 ]. Recently abiraterone and 
enzalutamide have demonstrated potential bene-
fi cial effects on bone metabolism delaying and 
reducing skeletal complications. Even with 
recent improvements in medical treatment of 
skeletal metastases in prostate cancer, the devel-
opment of effective and precise therapies aimed 
to improve patients’ prognosis and quality of life 
remains a clinical challenge. 

15.1     Bisphosphonates 

 Bisphosphonates are well established as success-
ful agents for the management of osteoporosis as 
well as bone metastases in patients with solid 
cancer and multiple myeloma [ 38 ]. 

 Bisphosphonates are analogues of pyrophos-
phate with a strong affi nity for divalent metal 
ions, such as calcium ions, and for the skeleton. 

Indeed bisphosphonates are incorporated into 
bone matrix by binding to exposed hydroxyapa-
tite crystals that provide a barrier to osteoclast- 
mediated bone resorption and have direct 
inhibitory effects on osteoblasts. In particular, 
bisphosphonates are embedded in bone at active 
remodeling sites, are released in the acidic envi-
ronment of the resorption lacunae under active 
osteoclasts, and are taken up by them. There are 
two classes of bisphosphonates, non-nitrogen- 
containing and nitrogen-containing bisphospho-
nates (N-BPs). The nitrogen-containing 
bisphosphonates (alendronate, ibandronate, 
pamidronate, risedronate, and zoledronic acid) 
are more potent osteoclast inhibitors than are 
non-nitrogen-containing bisphosphonates (e.g., 
clodronate, etidronate, and tiludronate) [ 28 ]. 
Moreover, nitrogen-containing bisphosphonates 
inhibit farnesyl pyrophosphatase, an enzyme 
responsible for the prenylation of GTPases that 
are essential for osteoclast function, structural 
integrity, and the prevention of apoptosis [ 28 ,  31 , 
 56 ]. The inhibition of farnesyl pyrophosphatase 
also results in the accumulation of isopentenyl 
diphosphate that is incorporated into a cytotoxic 
nucleotide metabolite, ApppI [ 31 ]. Therefore, 
bisphosphonates affect osteoclast differentiation 
and maturation and thereby act as potent inhibi-
tors of bone resorption (Fig.  15.1 ). Preclinical 
evidence demonstrated that bisphosphonates do 
not affect only the bone microenvironment but 
have also a direct effect on macrophages, gamma 
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delta T cells, osteoblasts, and cancer cells show-
ing antitumor and/or antiangiogenic effects [ 6 ]. 

 The effi cacy of bisphosphonate treatment on 
patients with bone metastatic cancer depends on 
the specifi c bisphosphonate and on the adminis-
tered doses (Table  15.1 ). In a combined analysis 
of two placebo-controlled studies of 378 men 
with metastatic prostate cancer, pamidronate 
(90 mg every 3–4 weeks) failed to demonstrate a 
signifi cant overall treatment benefi t compared to 
placebo in terms of reduction of SREs and pallia-
tion of bone pain [ 50 ]. In particular, Small et al. 
did not observe sustained or signifi cant differ-
ences between the pamidronate and placebo 
groups for self-reported pain, analgesic use, or 
mobility [ 50 ]. In a double-blind placebo- 
controlled randomized trial, clodronate did not 
improve bone progression-free survival (BPFS) 
among men with bone metastases from prostate 
cancer. Heidenreich A et al. showed that clodro-
nate treatment (300 mg for 8 days) of painful 
osseous metastases due to hormone-refractory 
prostate cancer resulted in a signifi cant pain 
decrease with a concomitant reduction in the 
daily consumption of analgesics in 75 % of 
patients [ 16 ]. Similarly, ibandronate (6 mg over 
1 h each day for 3 days followed by a single infu-

sion of 6 mg every 4 weeks) showed a signifi cant 
improvement in bone pain in patients with 
hormone- refractory prostate cancer and bone 
metastases [ 15 ]. Zoledronic acid is the most 
potent bisphosphonate currently used in men 
with bone metastatic prostate cancer that has pro-
gressed after initial hormone therapy. The benefi t 
of zoledronic acid (4 mg every 3 weeks) was 
demonstrated in a randomized, placebo- 
controlled trial in patients with hormone- 
refractory metastatic prostate carcinoma. This 
study showed a signifi cant reduction in the fre-
quency of SREs, a longer median time to develop 
SREs, and lower pain and analgesic scores [ 44 ]. 
In particular, a greater proportion of patients who 
received placebo had SREs than those who 
received zoledronic acid at 4 mg (44.2 % versus 
33.2 %); median time to fi rst SRE was 321 days 
for patients who received placebo and was not 
reached for patients who received zoledronic acid 
at 4 mg. In a subsequent placebo-controlled ran-
domized clinical trial, zoledronic acid reduced 
the incidence of SREs (38 % versus 49 % for the 
placebo group) in men with hormone-refractory 
metastatic prostate cancer. Moreover, zoledronic 
acid increased the median time to the fi rst SRE 
(488 days versus 321 days in the placebo group) 
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  Fig 15.1    Mechanism of action of bisphosphonate, denosumab, and anti-androgen on the bone metastases “vicious 
cycle.”  OCLs  osteoclasts,  OBLs  osteoblasts       
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    Table 15.1    Summary of main randomized controlled trials evaluating in men with prostate cancer   

 N° of patients/primary cancer  Scheduling  Study  Results  References 

  Clodronate  
 Hormone refractory metastatic 
prostate cancer 

 3 mg i.v. for 8 days  Open, uncontrolled 
study 

 Signifi cant decrease 
in bone pain score in 
75 % of patients ( p  < 
0.001) 

 8 

  Ibandronate  
 Hormone refractory metastatic 
prostate cancer 

 6 mg i.v. on days 
1-3 then 6 mg every 
4 weeks 

 Open, uncontrolled 
study 

 92 % of patients had 
signifi cant pain 
reduction, and 39 % 
of patients were 
completely pain free 

 9 

  Pamidronate  
 Hormone refractory metastatic 
prostate cancer 

 90 mg i.v. every 3 
weeks for 27 weeks 

 Double-bind, 
placebo-controlled 
trial 

 No signifi cant or 
sustained effect o 
pain score 

 7 

  Zoledronic acid  
 Hormone refractory metastatic 
prostate cancer 

 4 or 8 mg i.v every 
3 weeks for 15 
months 

 Double-bind, 
placebo-controlled 
trail 

 SRE incidence 
reduction (44.2 % 
placebo group vs 
33.2 % ZA group) 
and signifi cant 
decrease in bone 
pain and analgesic 
use 

 10 

 Hormone refractory metastatic 
prostate cancer 

 4 or 8 mg i.v every 
3 weeks for 15 
months 

 Double-bind, 
placebo-controlled 
trail 

 SRE incidence 
reduction (38 % 
placebo group vs 49 
% ZA group) and 
median time to fi rst 
SRE increase (321 
days placebo group 
vs 488 days ZA 
group) 

 11 

 Nonmetastatic prostate cancer  4 mg i.v. every 6 
months 

 Randomized 
placebo-controlled 
trial 

 BMD improvement 
in ZA group 
compared to 
placebo: lumbar 
spine (6 % vs 5 %), 
left total hip (1 % vs 
8 %) and left femoral 
neck (3 % vs 8 %) 

 12 

 Nonmetastaticprostate cancer  4 mg i.v. only in 
day 1 

 Randomized 
controlled trial 

 BMD improvement 
in ZA group 
compared to placebo 
in lumbar spine and 
in total hip 

 13 

 Nonmetastatic prostate cancer  4 mg i.v. every 3 
months 

 Randomized 
controlled trial 

 BMD improvement 
in ZA group 
compared to placebo 
in lumbar spine, 
femoral neck, and in 
trochanter and total 
hip 

 14 

(continued)

15 Bone-Targeted Agents



184

and reduced the ongoing risk of SREs by 36 % 
compared with placebo [ 45 ]. Further evidence of 
zoledronic acid effi cacy in preventing bone frac-
tures was demonstrated in a randomized phase III 
trial (RTOG 0518) in patients with high-grade 
and/or locally advanced, nonmetastatic prostate 
adenocarcinoma receiving luteinizing hormone- 
releasing hormone (LHRH) agonist and radio-
therapy (RT). Data showed that zoledronic acid 
treatment was associated with improved bone 
mineral density (BMD) [ 21 ]. Similar results were 
obtained in another study that showed an increase 
in BMD and a durable suppression of serum 
N-telopeptide levels for 12 months in men receiv-
ing a gonadotropin-releasing hormone (GnRH) 
agonist in combination with zoledronic acid [ 29 ].

   In the adjuvant setting of hormone-sensitive 
prostate cancer, zoledronic acid can be given to 
prevent and treat tumor therapy-induced bone 
loss. A randomized phase III trial demonstrated 
that this agent increased bone density in patients 
with nonmetastatic prostate cancer receiving 
androgen deprivation therapy (ADT) [ 51 ]. Data 
showed that lumbar spine bone mineral density 
increased 5.6 % from baseline in 1 year in the 
zoledronic acid group and decreased 2.2 % in 
the placebo group (mean difference 7.8 %). 
Bone mineral density signifi cantly increased 
from baseline also in the femoral neck, trochan-

ter, and total hip [ 51 ]. Currently, the key ques-
tion is what is the role of zoledronic acid in 
hormone- sensitive prostate cancer? In the 
STAMPEDE trial, the addition of zoledronic 
acid to docetaxel did not improve survival out-
comes or delay the SRE incidence [ 20 ]. In the 
CALGB/ALLIANCE 90202 study comparing 
early treatment in hormone- sensitive prostate 
cancer versus delayed treatment in castration-
resistant prostate cancer (CRPC), no difference 
in SRE-free survival and no change in survival 
outcomes were noted. Thus, zoledronic acid did 
not improve SRE in hormone-sensitive disease 
(median time to fi rst SRE was 31.9 months in 
the zoledronic acid group and 29.8 months in 
the placebo group) [ 53 ].  

15.2     Denosumab 

 Bone metabolism is a dynamic process that bal-
ances bone formation and bone resorption. Bone 
resorption is performed by active osteoclasts, while 
bone formation implies inhibition of bone- 
resorbing activity and stimulation of osteoblast 
bone deposition [ 25 ]. The receptor activators of 
nuclear factor-kappaB ligand (RANKL)/RANK/
osteoprotegerin (OPG) are members of the TNF 
and TNF-receptor superfamily and act as essential 

Table 15.1 (continued)

 N° of patients/primary cancer  Scheduling  Study  Results  References 

 High-risk, locally advanced, 
metastatic or recurrent prostate 
cancer 

 4 mg for six 
3-weekly cycles, 
then 4-weekly in 
combination with 
docetaxel 75 mg/ml 
(six 3-weekly 
cycles) + 
prednisolone 10 mg 
daily 

 Randomized 
controlled trial 

 No improvement in 
overall survival in 
ZA group or delay in 
SRE 

 15 

 Castration-sensitive metastatic 
prostate cancer 

 4 mg i.v. every 4 
weeks 

 Double-bind, 
placebo-controlled 
trial 

 Early ZA treatment 
did not increase time 
to fi rst SRE (median 
time 31 months in 
ZA group vs 29,8 
months in placebo 
group) 

 16 

   ZA  zoledronic acid,  BMD  bone mineral density,  SRE  skeletal-related event  
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mediators of OCL formation, function, and sur-
vival. RANKL normally secreted by osteoblast 
binds to its receptor RANK, which is expressed by 
precursors and mature osteoclasts, stimulating 
bone resorption activity; in contrast, OPG, the 
decoy receptor for RANKL, prevents osteoclast 
activation [ 10 ]. In addition to its role as a regulator 
of bone remodeling, the RANKL/RANK/OPG 
network also has a key role in osteolytic bone 
metastasis [ 10 ]. The morphometric analysis of 
immunohistochemical staining showed that 
RANK, OPG, and RANKL were not signifi cantly 
expressed in hyperplastic prostate, while their 
expression levels were increased 50, 45, and 
52.5 %, respectively, in prostate cancer tissue [ 23 ]. 
Understanding the molecular mechanisms that 
trigger the vicious cycle of bone metastases has 
provided potential targets such as the RANKL/
RANK pathway. It has proven to be an effective 
target for translational research due to its central 
role in the cascade of events leading to metastatic 
bone disease. Indeed it has been demonstrated that 
RANK expression level in the primary tumor cor-
related with the occurrence of bone metastases, and 
RANK-expressing cancer could be found in up to 
80 % of bone metastases originating from solid 
tumors [ 27 ,  47 ], suggesting that RANK enables 
cancer cells to migrate to bone where RANKL is 
abundantly expressed by osteoblasts. Furthermore, 
RANKL was also able to directly induce prostate 
cancer cell proliferation increasing this vicious 
cycle [ 30 ] (Fig.  15.1 ). Recent evidence suggests 
an important role for RANKL/RANK in the 
immune system including in lymph node develop-
ment, lymphocyte differentiation, dendritic cell 
survival, T-cell activation, and tolerance induction. 

 Denosumab (AMG162) is a human non- 
cytotoxic IgG2 monoclonal antibody with an 
extremely high affi nity and specifi city for human 
RANKL. It is approved for the treatment of 
osteoporosis, cancer treatment-induced bone 
loss, bone metastases, and other skeletal 
 pathologies mediated by osteoclasts [ 22 ]. Several 
clinical trials demonstrated the ability of deno-
sumab to prevent the development of bone metas-
tasis in high-risk prostate cancer patients 
(Table  15.2 ).

   In a randomized double-blind phase III study 
of castration-resistant prostate cancer patients with 
bone metastases, the median time to fi rst SRE for 
the denosumab arm was signifi cantly prolonged 
(21 months) compared to the zoledronic acid 
arm (17 months) with no improvement in OS or 
progression of disease [ 12 ]. In particular, 1904 
patients were randomly assigned to treatment, 
of whom 951 received zoledronic acid and 950 
received denosumab. Denosumab signifi cantly 
delayed the time to fi rst on-study skeletal-related 
event by 18 % compared with zoledronic acid, 
with a between-group difference of 3.6 months. 
Overall survival and investigator- reported dis-
ease progression were not signifi cantly different 
between treatment groups [ 12 ]. In another phase 
III trial, 1432 men with nonmetastatic castration-
resistant prostate cancer were randomly assigned 
to denosumab or placebo. Denosumab increased 
the time to development of fi rst bone metastasis by 
a median of 4.2 months compared with placebo, 
in a population of men deemed to be at high risk 
for the development of metastatic disease (base-
line PSA value ≥8.0 ng/mL and/or PSA doubling 
time (PSADT) ≤10.0 months). No difference in 
OS was noted (median 44 versus 45 months; HR, 
1.01) [ 55 ]. To determine the effi cacy of deno-
sumab in men at greatest risk for bone metasta-
ses, the researchers evaluated bone-metastasis-free 
survival (BMFS) in a subset of men with PSADT 
≤6 months. Median BMFS in the placebo group 
of men with PSADT ≤6 months was 6.5 months 
shorter than for the placebo group (18.7 months 
versus 25.2 months) [ 55 ]. 

 It has been demonstrated that denosumab pre-
vented bone loss in men at high risk for fractures 
receiving ADT for nonmetastatic prostate cancer 
[ 52 ,  54 ]. In a phase III study, it was found that 
denosumab is able to decrease the incidence of 
new vertebral fractures at 12, 24, and 36 months. 
The cumulative incidence of new vertebral frac-
tures at 36 months was 3.9 % in the placebo group 
and 1.5 % in the denosumab group with a signifi -
cant decrease of 62 %. This drop was signifi cant 
even at 12 months (1.9 for placebo versus 0.3 for 
denosumab) and 24 months (3.3 for placebo ver-
sus 1.0 for denosumab) [ 52 ,  54 ].  
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15.3     Safety of Bone Target 
Therapies 

 One of the most commonly reported adverse 
events related to bisphosphonates and denosumab 
treatment is hypocalcemia that is most often 
asymptomatic with these agents [ 17 ]. In particu-
lar, hypocalcemia occurred more frequently with 
denosumab than with zoledronic acid as shown in 
the phase III trial in patients with CRPC and bone 
metastases (13 % versus 6 %,  p < 0.0001) [ 12 ]. In 
an integrated analysis of 5723 patients from three 
randomized phase III trials, the safety profi le for 
denosumab was better than for zoledronic acid, 
demonstrating no effect on renal function and no 
need for dose adjustment or renal monitoring 
[ 24 ]. In patients receiving zoledronic acid, the 
incidence of hypocalcemia was lower than in 
patients receiving denosumab (1.3 % versus 
3.1 % for grade 3 or grade 4 toxicities), though 
most cases were asymptomatic [ 24 ]. Thus, reple-
tion of vitamin D levels before and during the 

therapy and monitoring of calcium levels during 
therapy are recommended in the prescribing 
information of denosumab [ 18 ].  

15.4     Osteonecrosis of the Jaw 
(ONJ) 

 Osteonecrosis of the jaw (ONJ) is a relatively 
uncommon but potentially serious adverse event 
reported in patients treated with antiresorptive 
agents such as bisphosphonates (BPs) and the 
RANKL inhibitor denosumab [ 43 ]. The reported 
incidence of ONJ is 1.2–9.9 % (mostly derived 
from retrospective analyses) with pooled risk 
estimated incidence, in BPs users of 2.4 % [ 37 ]. 
In RCTs comparing zoledronic acid and deno-
sumab in 5677 patients who underwent screening 
dental procedure, 89 ONJ cases were reported, of 
which 52 are in the denosumab group [ 43 ]. ONJ 
was defi ned as the persistence of exposed bone in 
the oral cavity, despite an adequate treatment for 

   Table 15.2    Summary of main randomized controlled trials evaluating denosumab in men with prostate cancer   

 N° of patients/primary 
cancer  Scheduling  Study  Results  References 

  Denosumab  
 Bone metastatic 
castration resistant 
prostate cancer 

 120 mg subcutaneous 
denosumab plus 
intravenous placebo, or 
4 mg intravenous 
zoledronic acid plus 
subcutaneous placebo 
every 4 weeks 

 Multicenter, 
double-blind study, 
randomized 

 Median time to fi rst 
SRE was 20.7 
months with 
denosumab 
compared with 17.1 
months with 
zoledronic acid 

 24 

 Nonmetastatic castration 
resistant prostate cancer 

 Denosumab 120 mg or 
subcutaneous placebo 
every 4 weeks 

 Double-blind, 
randomized, 
placebo-controlled 
study 

 Denosumab 
signifi cantly 
increased bone- 
metastasis- free 
survival by a median 
of 4.2 months 
compared with 
placebo 

 25 

 Nonmetastatic 
hormone-sensitive 
prostate cancer receiving 
androgen-deprivation 
therapy (ADT) 

 Denosumab at a dose of 
60 mg subcutaneously 
every 6 months or 
placebo 

 Double-bind, 
multicenter study 

 BMD of the lumbar 
spine had increased 
by 5.6 % in the 
denosumab group as 
compared with a loss 
of 1.0 % in the 
placebo group 

 26 

   BMD  bone mineral density,  SRE  skeletal-related event  
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6 weeks, without local evidence of malignancy 
and no prior RT to the affected region [ 41 ]. 
However, ONJ may present with the nonexposed 
variant of ONJ. Recently Fedele et al. [ 11 ] per-
formed a secondary analysis of data from 
MISSION, a cross-sectional study of a large pop-
ulation of patients with bisphosphonate- 
associated ONJ recruited in 13 European centers 
[ 3 ]. A total of 886 consecutive patients were 
recruited and 799 were studied after data clean-
ing. Of these, 607 (76 %) were diagnosed accord-
ing to the traditional defi nition. Diagnosis in the 
remaining 192 (24 %) could not be adjudicated as 
they had several abnormal features relating to the 
jaws but no visible necrotic bone. The groups 
were similar for most of the phenotypic variables 
tested. Thus the authors showed that the use of 
the traditional defi nition may result in one quar-
ter of patients remaining undiagnosed. The 
American Association of Oral and Maxillofacial 
Surgeons (AAOMS) recommend the term 
medical- related osteonecrosis of the jaw 
(MRONJ) as preferred [ 39 ] because of the recog-
nition of jaw necrosis as a complication of other 
drugs including the RANK ligand inhibitor deno-
sumab and antiangiogenic agents. Table  15.1  
shows the MRONJ staging [ 39 ]. Among the risk 
factors, we must consider the presence of chronic 
periodontal pathologies; poor oral hygiene; use, 
duration, and type of BP therapy or denosumab; 
oral infections; dental caries; tooth extractions; 
use of dental appliances; denture traumatisms; 
fractures; invasive dental surgery during the 
course of BP therapy; concurrent disease (e.g., 
diabetes, peripheral vasculopathy); and presence 
of anemia [ 39 ,  41 ]. In a retrospective study on 
567 cases with ONJ, [ 57 ] found that, in 205 of 
them (36.2 %), no invasive procedure was per-
formed. MRONJ is linked to concomitant use of 
different drugs such as chemotherapy, anti- 
retrovirals, steroids, thalidomide, bevacizumab, 
docetaxel, TKI sunitinib or sorafenib, and 
 anthracyclines [ 5 ]. The role of genetic factors is 
receiving increased attention [ 32 ]. 

 ONJ may be asymptomatic for weeks or 
months. Lesions become symptomatic when 
there is associated infl ammation of surrounding 

soft tissues, infection, and loosening of teeth 
drainage and when exposed bone produces 
trauma to adjacent soft tissues (cutaneous fi stula, 
mucosal fi stula, bone exposed through the skin). 
Preventive dental measures, after dental screen-
ing examination [ 1 ,  7 ,  40 ,  41 ,  59 ], are advocated 
to reduce the ONJ incidence [ 9 ,  29 ,  37 ] due to 
their effi cacy in patients with bone metastases. 
Active oral infections should be treated, and sites 
at high risk for infection should be eliminated. 
Oral care should be provided by a dentist or den-
tal professional who is familiar with cancer ther-
apy. Patient education on the importance of oral 
hygiene, the regular dental evaluation, and the 
risk of ONJ is paramount. Treatment of MRONJ 
is based on a conservative therapy with limited 
debridement, oral antibiotics, oral rinsed with 
chlorhexidine or hydrogen peroxide, antibacte-
rial mouth rinse, and pain control. Major surgery 
is indicated after the formation of necrotic bone 
sequestrum. Total sequestration of necrotic bone 
was obtained in ten patients with ONJ lesions 
≤2.5 cm treated with topical application of an oil 
suspension enriched with  medical 03 gas after the 
failure of various cycles of antibiotics [ 35 ]. No 
patient required surgical intervention. In another 
open-label prospective study, [ 36 ] evaluated the 
effi cacy and tolerability of medical ozone (03) 
treatment delivered as gas insuffl ation on each 
ONJ lesion >2.5 cm developed in 24 patients 
treated with zoledronic acid after failure of vari-
ous antibiotics. Six patients had the sequestrum 
and spontaneous expulsion of the necrotic bone 
followed by oral mucosa re-epithelization. In 12 
patients with the largest and deeper ONJ lesions, 
03 gas therapy produced the sequestrum of the 
necrotic bone after 10–38 insuffl ations; surgery 
was necessary to remove it in 11 patients. 
Removal was possible without the resection of 
healthy mandible edge because of the presence of 
bone sequestrum. No adverse event was reported 
and no ONJ relapse appeared. There are reports 
that low-level laser therapy improves healing and 
symptoms related to ONJ [ 49 ,  58 ]. Future 
research is required to better understand the indi-
vidualized treatment of ONJ in cancer patients as 
well as in patients with osteoporosis.   
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15.5      Other Molecules 

 Several molecules that are under intensive clinical 
testing on humans, although they target directly 
the tumor cell and not the bone microenviron-
ment, have demonstrated over an improved sur-
vival, of being able to modify the natural history 
of bone metastases, resulting in a delay of the 
occurrence of SRE, a reduction of bone pain, and 
an improvement in quality of life. These therapeu-
tic options include abiraterone and enzalutamide. 

15.5.1     Abiraterone 

 Abiraterone acetate (ABI) (Zytiga, Janssen) is a 
selective inhibitor of androgen biosynthesis; it 
acts potently and irreversibly blocks Cyp17 
resulting in virtually undetectable serum and 
intratumoral androgen production in the adre-
nals, testes, and prostate cancer cells [ 2 ,  33 ]. ABI 
is currently approved in both pre- and post- 
docetaxel setting of mCRPC. 

 In phase III studies in metastatic castration- 
resistant prostate cancer (mCRPC) patients, it was 

demonstrated that ABI treatment is associated not 
only with a signifi cant survival advantage in both 
chemotherapy-naive and chemotherapy-treated 
patients but also, in docetaxel treated patients, with 
a better pain control from skeletal metastases and 
a delay in time to development SREs and in radio-
logical skeletal progression [ 7 ,  13 ,  14 ,  26 ,  42 ]. 

 In particular, in the pivotal study COU-301, 
involving patients with metastatic castration- 
resistant prostate cancer who previously received 
chemotherapy, De Bono showed an improvement 
in overall survival in the abiraterone with predni-
sone arm (14.8 months) versus the prednisone- 
only treated patients’ group (10.9 months), with a 
35 % reduction in the risk of death in the abi-
raterone arm [ 8 ]. In addition, abiraterone acetate 
and prednisone offer effective pain relief, delayed 
pain progression, and prevention of skeletal- 
related events compared with prednisone alone. 
Indeed, 25 % of patients developed a skeletal 
event in 9.9 months when treated with abiraterone 
and 4.9 months with placebo, and the median 
time to occurrence of fi rst SRE was 25.0 months 
with abiraterone compared to 20.3 months with 
placebo [ 7 ,  13 ,  14 ]. In addition, in patients with 
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clinically signifi cant pain at baseline, abiraterone 
acetate and prednisone offer effective pain relief 
and delayed pain progression. Indeed, in patients 
with signifi cant pain at baseline, abiraterone ace-
tate and prednisone obtained a more signifi cative 
palliation in 157 of 349 (45.0 %) of patients ver-
sus 47 of 163 (28.8 %) in those who did not 
receive abiraterone and faster palliation (median 
time to palliation 5.6 months versus 13.7 months) 
of pain intensity than did prednisone only [ 26 ]. 

 In the COU-302 trial, abiraterone acetate plus 
prednisone before docetaxel was shown to yield a 
signifi cant improvement in radiographic 
progression- free survival associated with a trend 
toward improved overall survival [ 42 ]. 

 An interim analysis of the COU-302 study 
confi rmed that patients treated with abiraterone 
showed a statistically signifi cant improvement in 
rPFS (HR 0.52;  p  < 0.0001). The overall survival 
(OS) analysis favored abiraterone over predni-
sone alone (median 35.3 versus 30.1 months), 
and the OS benefi t of abiraterone was supported 
in an exploratory multivariate analysis (HR 0.74; 
 p  = 0.0017) that adjusted for baseline prognostic 
factor. In addition, analyses of prespecifi ed mea-
sures of patient-reported outcomes confi rmed 
that abiraterone treatment delayed pain progres-
sion and deterioration in functional status com-
pared with prednisone alone [ 34 ]. 

 Finally a more recent post hoc analysis [ 46 ] of 
study COU-AA-302 demonstrated that treatment 
with abiraterone acetate and prednisone with 
concomitant bone-targeted therapy (BTT; zole-
dronic acid (93 %), denosumab (6 %), and other 
BTTs (1 %)) for treatment of bone metastases 
was safe and well tolerated and that the effi cacy 
of abiraterone is maintained with concomitant 
BTT, with a possible added benefi t of delaying 
the need for opiates to control pain. In this analy-
sis, the comparisons among all patient groups 
favored abiraterone over prednisone alone, and 
concomitant BTT was associated with increased 
effectiveness of abiraterone regarding clinical 
outcomes. In particular, among patients treated 
with abiraterone, BTT was associated with a lon-
ger time to ECOG PS deterioration. Abiraterone 
in combination with BTT, compared with predni-

sone with BTT, delayed the median time to dete-
rioration in ECOG PS by 3.9 months. These 
fi ndings confi rm the effi cacy of abiraterone plus 
BTT combination in clinical practice. In conclu-
sion, it is reasonable to speculate that the ABI 
effects on metastatic bone disease may be sec-
ondary to a systemic control of the disease due to 
a direct antitumor effect that, in turn, leads to a 
decrease of cancer cells/OCLs/OBLs vicious 
circle or, alternatively, to a specifi c action directed 
to bone microenvironment [ 19 ] (Fig.  15.1 ).  

15.5.2     Enzalutamide 

 Other new drugs are being tested in metastatic 
prostate cancer with potential therapeutic effect 
even on bone metastases (enzalutamide, cabo-
zantinib, etc.). In particular, enzalutamide (for-
merly MDV3100, trade name XTANDI™, 
Astellas) is a latest-generation drug able to bind 
the androgen receptor, to prevent its translocation 
within the nucleus and its deregulatory function 
on DNA, and currently approved for the treat-
ment of adult men with metastatic castration- 
resistant prostate cancer (mCRPC). 

 The AFFIRM study evaluated enzalutamide in 
men with mCRPC who had previously received 
docetaxel [ 13 ,  14 ,  48 ]. This trial has demon-
strated that enzalutamide increases survival with 
a median of 18.4 months versus 13.6 months in 
the placebo group. 

 A subanalysis of AFFIRM trial [ 13 ,  14 ] 
focused on the effect of enzalutamide versus pla-
cebo on SRE, pain, and QOL. The subanalysis 
showed that enzalutamide signifi cantly retard 
SREs with delayed time to the fi rst SRE at 
16.7 months versus 13.3 months in those who 
received placebo, representing a 31 % reduction 
in risk of SRE ( P  = .0001). The distribution of 
fi rst SRE showed a generally favorable effect of 
enzalutamide, with fewer patients experiencing 
radiation to the bone (20 % for enzalutamide ver-
sus 25 % for placebo) and spinal cord compres-
sion (6 % versus 8 %), but about 4 % in each 
group experiencing pathological fracture. In 
addition, all parameters of pain palliation, includ-
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ing time to pain progression, mean reduction in 
pain intensity, and reduction in pain interference 
with daily activity, were all in favor of the enzalu-
tamide compared to the placebo arm. 

 More recently, the mCRPC chemo-naive 
patients were investigated in a new phase III 
trial; the PREVAIL trial aimed to evaluate 
enzalutamide in men with chemo-naïve mCRPC 
that had progressed despite the use of androgen 
deprivation therapy (ADT) (luteinizing 
hormone- releasing hormone analogue or orchi-
ectomy) [ 4 ]. The study demonstrated a statisti-
cally signifi cant delay in the growth or spread 
of metastatic prostate cancer, a reduction in the 
risk of death, and a delay of the time to initia-
tion of chemotherapy compared with the pla-
cebo arm. More in detail, the results showed a 
reduction of risk of radiographic progression or 
death by 81 % (HR = 0.19;  p  < 0.0001), com-
pared with placebo and a rate of radiographic 
progression-free survival at 12 months of fol-
low-up of 65 % among patients treated with 
enzalutamide versus 14 % among patients 
receiving placebo. 

 The secondary endpoint of the study included 
the time until the initiation of cytotoxic chemo-
therapy, the time until the fi rst skeletal-related 
event, the best overall soft-tissue response, the 
time until PSA progression, and a decline in the 
PSA level of 50 % or more from baseline; the 
results showed the superiority of enzalutamide 
over placebo with respect to all the prespecifi ed 
endpoints. The median time until the initiation 
of cytotoxic chemotherapy was 28 months in the 
enzalutamide group versus 10.8 months in the 
placebo group. Treatment with enzalutamide 
also resulted in a reduction in the risk of a fi rst 
SRE; indeed at a median of approximately 31 
months, the SRE occurred in 32 % of patients in 
the enzalutamide group and in 37 % in the pla-
cebo group. 

 Enzalutamide was also superior to placebo 
with respect to the time until a decline in the 
quality of life. The median time until a quality- 
of- life deterioration, as measured on the 
FACT-P scale, was 11.3 months in the enzalu-
tamide group and 5.6 months in the placebo 
group.
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