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A B S T R A C T

Background

DiHerent bone-modifying agents like bisphosphonates and receptor activator of nuclear factor-kappa B ligand (RANKL)-inhibitors are
used as supportive treatment in men with prostate cancer and bone metastases to prevent skeletal-related events (SREs). SREs such
as pathologic fractures, spinal cord compression, surgery and radiotherapy to the bone, and hypercalcemia lead to morbidity, a poor
performance status, and impaired quality of life. EHicacy and acceptability of the bone-targeted therapy is therefore of high relevance.
Until now recommendations in guidelines on which bone-modifying agents should be used are rare and inconsistent.

Objectives

To assess the eHects of bisphosphonates and RANKL-inhibitors as supportive treatment for prostate cancer patients with bone metastases
and to generate a clinically meaningful treatment ranking according to their safety and eHicacy using network meta-analysis.

Search methods

We identified studies by electronically searching the bibliographic databases Cochrane Controlled Register of Trials (CENTRAL), MEDLINE,
and Embase until 23 March 2020. We searched the Cochrane Library and various trial registries and screened abstracts of conference
proceedings and reference lists of identified trials.

Selection criteria

We included randomized controlled trials comparing diHerent bisphosphonates and RANKL-inihibitors with each other or against no
further treatment or placebo for men with prostate cancer and bone metastases. We included men with castration-restrictive and
castration-sensitive prostate cancer and conducted subgroup analyses according to this criteria.
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Data collection and analysis

Two review authors independently extracted data and assessed the quality of trials. We defined proportion of participants with pain
response and the adverse events renal impairment and osteonecrosis of the jaw (ONJ) as the primary outcomes. Secondary outcomes
were SREs in total and each separately (see above), mortality, quality of life, and further adverse events such as grade 3 to 4 adverse events,
hypocalcemia, fatigue, diarrhea, and nausea. We conducted network meta-analysis and generated treatment rankings for all outcomes,
except quality of life due to insuHicient reporting on this outcome. We compiled ranking plots to compare single outcomes of eHicacy
against outcomes of acceptability of the bone-modifying agents. We assessed the certainty of the evidence for the main outcomes using
the GRADE approach.

Main results

Twenty-five trials fulfilled our inclusion criteria. Twenty-one trials could be considered in the quantitative analysis, of which six
bisphosphonates (zoledronic acid, risedronate, pamidronate, alendronate, etidronate, or clodronate) were compared with each other,
the RANKL-inhibitor denosumab, or no treatment/placebo. By conducting network meta-analysis we were able to compare all of these
reported agents directly and/or indirectly within the network for each outcome. In the abstract only the comparisons of zoledronic acid
and denosumab against the main comparator (no treatment/placebo) are described for outcomes that were predefined as most relevant
and that also appear in the 'Summary of findings' table. Other results, as well as results of subgroup analyses regarding castration status
of participants, are displayed in the Results section of the full text.

Treatment with zoledronic acid probably neither reduces nor increases the proportion of participants with pain response when compared
to no treatment/placebo (risk ratio (RR) 1.46, 95% confidence interval (CI) 0.93 to 2.32; per 1000 participants 121 more (19 less to 349 more);
moderate-certainty evidence; network based on 4 trials including 1013 participants). For this outcome none of the trials reported results
for the comparison with denosumab.

The adverse event renal impairment probably occurs more oMen when treated with zoledronic acid compared to no treatment/placebo
(RR 1.63, 95% CI 1.08 to 2.45; per 1000 participants 78 more (10 more to 180 more); moderate-certainty evidence; network based on 6 trials
including 1769 participants). Results for denosumab could not be included for this outcome, since zero events cannot be considered in the
network meta-analysis, therefore it does not appear in the ranking.

Treatment with denosumab results in increased occurrence of the adverse event ONJ (RR 3.45, 95% CI 1.06 to 11.24; per 1000 participants
30 more (1 more to 125 more); high-certainty evidence; 4 trials, 3006 participants) compared to no treatment/placebo. When comparing
zoledronic acid to no treatment/placebo, the confidence intervals include the possibility of benefit or harm, therefore treatment with
zoledronic acid probably neither reduces nor increases ONJ (RR 1.88, 95% CI 0.73 to 4.87; per 1000 participants 11 more (3 less to 47 more);
moderate-certainty evidence; network based on 4 trials including 3006 participants).

Compared to no treatment/placebo, treatment with zoledronic acid (RR 0.84, 95% CI 0.72 to 0.97) and denosumab (RR 0.72, 95% CI 0.54
to 0.96) may result in a reduction of the total number of SREs (per 1000 participants 75 fewer (131 fewer to 14 fewer) and 131 fewer (215
fewer to 19 fewer); both low-certainty evidence; 12 trials, 5240 participants).

Treatment with zoledronic acid and denosumab likely neither reduces nor increases mortality when compared to no treatment/placebo
(zoledronic acid RR 0.90, 95% CI 0.80 to 1.01; per 1000 participants 48 fewer (97 fewer to 5 more); denosumab RR 0.93, 95% CI 0.77 to 1.11;
per 1000 participants 34 fewer (111 fewer to 54 more); both moderate-certainty evidence; 13 trials, 5494 participants).

Due to insuHicient reporting, no network meta-analysis was possible for the outcome quality of life. One study with 1904 participants
comparing zoledronic acid and denosumab showed that more zoledronic acid-treated participants than denosumab-treated participants
experienced a greater than or equal to five-point decrease in Functional Assessment of Cancer Therapy-General total scores over a range
of 18 months (average relative diHerence = 6.8%, range −9.4% to 14.6%) or worsening of cancer-related quality of life.

Authors' conclusions

When considering bone-modifying agents as supportive treatment, one has to balance between eHicacy and acceptability. Results
suggest that Zoledronic acid likely increases both the proportion of participants with pain response, and the proportion of participants
experiencing adverse events However, more trials with head-to-head comparisons including all potential agents are needed to draw the
whole picture and proof the results of this analysis.

P L A I N   L A N G U A G E   S U M M A R Y

Bone-modifying agents for men with prostate cancer and bone metastases

Review question

In this systematic review we aimed to compare diHerent agents to prevent skeletal complications in men with prostate cancer and bone
metastases and to provide a ranking of these treatment options. We looked at diHerent outcomes like reduction in pain, prevention of
diHerent skeletal-related events, occurrence of adverse events, and quality of life. We wanted to find out which bone-modifying agent
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is most eHective while causing the fewest adverse events when given as supportive treatment to men with prostate cancer and bone
metastases.

Background

The prostate is a gland in the male reproductive system. Prostate cancer can spread to other parts of the body (called metastases) including
the bones. Bone metastases in men with prostate cancer may lead to skeletal complications like fractures or pain. DiHerent bone-modifying
agents are used as supportive treatment to prevent skeletal complications through formation of new bone mass. Until now no clear
recommendations could be given about which agents are the most eHective while also causing the fewest adverse events. We used
statistical methods to compare all agents with each other based on the available information.

Study characteristics

We conducted thorough searches in various databases until 23 March 2020. We included 25 studies comparing diHerent bone-modifying
agents with each other or against no further treatment or placebo treatment (dummy treatment) in men with prostate cancer and bone
metastases.

Key results

Twenty-one of the 25 included studies reported data for our predefined patient-relevant outcomes. A total of seven diHerent agents were
included, six bisphosphonates (zoledronic acid, risedronate, pamidronate, alendronate, etidronate, and clodronate) and one other agent,
denosumab. Analysis was only possible for each outcome of interest separately. Considering skeletal-related events, zoledronic acid and
denosumab appeared to be the most eHective, but also seemed to cause the most and worst adverse events (like renal impairment for
treatment with zoledronic acid and osteonecrosis of the jaw for denosumab). Most of the included studies did not report data on quality
of life or reported it very poorly, so that we could not analyse this outcome combining the information from diHerent studies. The results
were therefore described with words.

Certainty of the evidence

We rated the certainty of the evidence as high to low for the diHerent agents and outcomes. A limitation of this review is that an overall
ranking considering all outcomes at the same time is not possible. In order to make an informed decision about which treatment option
should be used, one therefore must look at all the outcomes of interest and balance the pros and cons of each option.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Di9erent bone-modifying agents compared with each other and no treatment/placebo for
men with prostate cancer and bone metastases

Different bone-modifying agents compared with each other and no treatment/placebo for men with prostate cancer and bone
metastases

Patient or population: prostate cancer patients with bone metastases

Setting: castration-resistant and castration-sensitive patients

Intervention: zoledronic acid, denosumab

Comparison: no treatment/placebo

Absolute effects and relative effects with 95% CIs. Main comparator: no
treatment/placebo

Outcomes

Assumed risk
with no treat-
ment/placebo*

Corresponding risk with
zoledronic acid

Corresponding risk
with denosumab

Response 265 per
1000

(26.5%)

Response 386 per 1000

(246 to 614)

-

RR 1.46

(0.93 to 2.32)

-

Proportion of participants with pain response

(network based on 4 studies including 1013 partici-
pants; follow-up 5-12 months)

 

⊕⊕⊕⊝

Moderate1

-

124 per 1000

(12.4%)

202 per 1000

(134 to 304)

-

RR 1.63

(1.08 to 2.45)

-

Adverse event: renal impairment

(network based on 6 studies including 1769 partici-
pants; follow-up 5-36 months)

 

⊕⊕⊕⊝

Moderate2

-

12 per 1000

(1.2%)

23 per 1000

(9 to 59)

42 per 1000

(13 to 137)

RR 1.88

(0.73 to 4.87)

RR 3.45

(1.06 to 11.24)

Adverse event: osteonecrosis of the jaw

(network based on 4 studies including 3006 partici-
pants; follow-up 5-24 months)

 

⊕⊕⊕⊝

Moderate1
⊕⊕⊕⊕
High

Skeletal-related events total

(network based on 12 studies including 5240 par-
ticipants; follow-up 5-60 months)

468 per 1000

(46.8%)

393 per 1000

(337 to 454)

337 per 1000

(253 to 449)
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RR 0.84

(0.72 to 0.97)

RR 0.72

(0.54 to 0.96)

 

⊕⊕⊝⊝

Low2,3
⊕⊕⊝⊝

Low2,3

484 per 1000

(48.4%)

436 per 1000

(387 to 489)

450 per 1000

(373 to 538)

RR 0.90

(0.80 to 1.01)

RR 0.93

(0.77 to 1.11)

Mortality

(network based on 13 studies including 5494 par-
ticipants; follow-up 12-60 months)

 

⊕⊕⊕⊝

Moderate1
⊕⊕⊕⊝

Moderate1

More zoledronic acid-treated patients than denosumab-treated patients ex-
perienced a greater than or equal to five-point decrease in Functional Assess-
ment of Cancer Therapy-General total scores (average relative difference =
6.8%, range -9.4 to 14.6%) or worsening of cancer-related quality of life

Quality of life

(narrative based on 1 study including 1904 partici-
pants)

Assessed via Functional Assessment of Cancer
Therapy-General questionnaire, follow-up 18
months)

⊕⊕⊕⊝

Moderate1

*The basis for the assumed risk/response (e.g. the median control group risk/response across studies) was calculated from the in-
cluded trials in the network of each outcome. The corresponding likelihood (and its 95% CI) is based on the assumed risk in the
comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low certainty: We are very uncertain about the estimate.

1Downgraded 1 level for imprecision since 95% confidence interval wide and cross unity.
2Downgraded 1 level for inconsistency (heterogeneity) since prediction intervals compared to confidence intervals would change clinical
decision (but not the ranking of treatment options).
3Downgraded 1 level for serious risk of bias, mostly regarding blinding. Downgraded if outcome of interest was considered subjective in
these cases.
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B A C K G R O U N D

Description of the condition

Prostate cancer is the second most commonly diagnosed form of
cancer and the sixth-leading cause of cancer-related death among
men worldwide (Jin 2011). Over the past few decades, improved
early-stage disease detection and advances in medical treatments
have decreased the overall mortality rate of prostate cancer, but
its metastatic progression has been found to be the major cause
of prostate cancer-associated morbidity and mortality (Thobe
2011). Researchers have shown that men with prostate cancer
metastases have a 29.8% five-year survival rate, as compared to
100% survival rate in men with localized or regional prostate cancer
(Howlader 2013). Similar to other cancer diseases, prostate cancer
can metastasize to organs like the liver, lungs, and brain, but it has
a very high aHinity for bone metastases, which was found to have
80% prevalence in men who have died from prostate cancer (Jin
2011). Bone metastasis aHects quality of life: it is painful and causes
pathological fractures, spinal cord compression, and high calcium
levels in the blood (Coleman 1997). Androgen deprivation therapy
(ADT), the mainstay of treatment for men with prostate cancer, has
been reported to contribute to skeletal morbidity by causing an
annual 3% to 5% decrease in bone mineral density, putting men
at a higher risk for ADT-induced osteoporosis and bone fractures
(Sountoulides 2013). As a result, treatments that specifically target
bone metastasis have been established and are being used as
supplementary therapies to reduce or prevent the occurrence of
skeletal-related events.

Description of the intervention

Supportive treatments with bone-modifying agents, such as
bisphosphonates and receptor activator of nuclear factor-
kappa B ligand (RANKL)-inhibitors are widely used to prevent
bone resorption (Macherey 2017). When prostate cancer cells
metastasize to bone, cancer cells produce parathyroid hormone-
related protein that stimulates the osteoblasts to produce RANKL,
which in turn binds and activates the RANK receptor on osteoclast
precursors, leading to their growth and maturation (Ramaswamy
2003). Osteoclasts are multinucleated cells of hematopoietic origin,
capable of bone resorption, and play a major role in bone-related
conditions, such as rheumatoid arthritis, Paget's disease, and
osteoporosis (Soysa 2012).

Bisphosphonates prevent osteoclastic bone resorption by
inducing osteoclast apoptosis (Oades 2002). Recent studies have
furthermore shown evidence supporting direct antitumor activity
of bisphosphonates by inhibiting tumor self-seeding, tumor-
associated angiogenesis, and recruitment of tumor-associated
macrophages to tumors (Clezardin 2013). In contrast, RANKL-
inhibitors work by binding to RANKL, eHectively preventing it
from binding to receptor activator of nuclear factor-kappa B
(RANK) in osteoclasts and osteoclast precursors, thus blocking
the transduction pathway that stimulates osteoclast formation,
activation, and survival (Gomez-Veiga 2013). RANKL has also been
shown to mediate increased invasion and migration of RANK-
expressing cancer cells, therefore pharmacological inhibition of
RANKL not only prevents osteolysis but also reduces bone and lung
metastasis (Dougall 2014).

Adverse events of the intervention

Skeletal-related adverse events such as osteonecrosis of the jaw
(ONJ), an adverse event directly mediated by bone remodeling
inhibition, was reported in 0.1% of participants receiving
bisphosphonates treatment and in 1.7% of participants receiving
denosumab (RANKL-inhibitor) treatment (Hellstein 2011; Qi 2014).

A number of non-skeletal adverse events associated with the
interventions have been reported to aHect the gastrointestinal
tract (Bartl 2007; Bartl 2008; Reyes 2016). Nausea, emesis,
diarrhea, or gastric pain have been reported in 2% to 10%
of men receiving bisphosphonates (Bartl 2008). Additionally,
reported gastrointestinal complications include esophagitis,
gastrointestinal bleeding, or ulcers (Bartl 2008; Reyes 2016). Other
non-skeletal adverse events caused by bisphosphonates and
RANKL-inhibitors include hypocalcemia and reduction of renal
function (Bartl 2008; Gartrell 2014). In particular, intravenous
administration of bisphosphonates has been reported to be
associated with an increased risk of renal impairment and requires
hemostasis of the patient's fluid balance (Bartl 2008). Furthermore,
RANKL is a co-stimulatory cytokine for T-cell activation, and its
inhibition with denosumab has been found to be associated
with increased infection rates in men receiving the intervention
(Anastasilakis 2009).

How the intervention might work

Over the past two decades, several randomized controlled
trials and meta-analyses have demonstrated the eHectiveness of
bisphosphonates in reducing bone pain and skeletal morbidity
caused by breast cancer and multiple myeloma (Coleman 2008;
Mhaskar 2017). The use of zoledronic acid has reduced the risk of
skeletal complications by 30% to 50% (Neville-Webbe 2010). This
reduction was reported across a range of solid tumors aHecting the
bone, and as a result bisphosphonates are increasingly being used
in parallel with specific anticancer treatments to prevent skeletal
complications.

Bisphosphonates are analogues of pyrophosphate that are
subgrouped to either amino-bisphosphonates or non-amino-
bisphosphonates, and target osteoclastic cells (Reyes 2016).
Examples of amino-bisphosphonates are zoledronic acid,
risedronate, pamidronate, ibandronate, and alendronate. They
aHect the osteoclast metabolism by targeting the farnesyl
diphosphate synthase, which is responsible for post-translational
modification of guanosine-5'-triphosphate-binding proteins (Reyes
2016). The group of non-amino-bisphosphonates includes
etidronate and clodronate. These substances function by forming
an analogue of adenosine triphosphate. The resulting metabolite
has toxic properties and induces apoptosis of osteoclasts (Reyes
2016). Both groups of bisphosphonates, amino- and non-amino
bisphosphonates, inhibit the eHect of prostacyclines and cytokines
in bone tissue and reduce the number of osteoclasts by down-
regulation of the reticuloendothelial system (Bartl 2007). They also
bind hydroxyapatite in bone matrix (Gartrell 2015).

Denosumab, a fully humanized monoclonal antibody, functions
by targeting and neutralizing RANKL, which has been found to
be a major contributor to the progression of bone metastases
(Hanley 2012). In a phase III clinical trial conducted for men with
prostate cancer receiving ADT in parallel with 60 mg denosumab
administered subcutaneously every six months, it was reported
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that participants had a 5.6% increase in bone mass density in the
lumbar spine and a decreased incidence of 1.5% vertebral fractures
when compared to the placebo group, which had a 3.9% incidence
rate (Smith 2009a). Similarly, a phase III clinical trial of participants
with metastatic castration-resistant prostate cancer receiving 120
mg denosumab administered subcutaneously every four weeks
showed that denosumab treatment could significantly lower the
risk of developing symptomatic skeletal events, in addition to
reducing bone turnover markers (Fizazi 2011). These findings have
led to the approval of denosumab by both the US Food and Drug
Adminstration (FDA) and European Medicines Agency (EMA) to be
used as an osteoprotective agent for the treatment of ADT-induced
osteoporosis (Hegemann 2017).

Why it is important to do this review

Although bone-targeted therapy is common in men with prostate
cancer at risk of skeletal complications, recommendations in
current guidelines are rare and inconsistent. Guidelines from the
European Association of Urology (EAU) and the German Guideline
Program in Oncology (GGPO) recommend the use of zoledronic
acid (bisphosphonate) or the RANKL-inhibitor denosumab in men
with advanced, relapsed, or castration-resistant prostate cancer,
without evidence to demonstrate greater eHicacy of one drug over
another (Mottet 2017). Guidelines from the European Society of
Medical Oncology (ESMO) and Cancer Care Ontario (CCO) suggest
denosumab or zoledronic acid for men with bone metastases from
castration-resistant prostate carcinoma at high risk for clinically
relevant skeletal-related events (Alibhai 2017; Parker 2015). Neither
the National Comprehensive Cancer Network (NCCN) nor the
European Organisation for Research and Treatment of Cancer
(EORTC) oHers strong, evidence-based recommendations to use
denosumab or bisphosphonates for preventing skeletal-related
events in men with prostate cancer (Fitzpatrick 2014; Mohler 2019).
Despite extensive research eHorts in the field, suHicient evidence
from randomized head-to-head comparisons of the eHicacy of
various types of bisphosphonates or compared to RANKL-inhibitors
is lacking. This review therefore aimed to provide the highest level
of evidence for treatment decisions and a hierarchy of treatment
options via a network meta-analysis that summarizes the direct and
indirect evidence.

O B J E C T I V E S

To assess the eHects of bisphosphonates and RANKL-inhibitors
as supportive treatment for prostate cancer patients with bone
metastases and to generate a clinically meaningful treatment
ranking according to their safety and eHicacy using network meta-
analysis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs) that were full
journal publications, with the exception of online clinical trial
results and summaries of otherwise unpublished clinical trials and
abstracts with suHicient data for analysis. In the case of cross-over

trials, we would only analyze the first period of the trial; however,
we did not identify any cross-over trials. There was no limitation
with respect to the length of follow-up. Studies were included
regardless of their publication status or language of publication.
We excluded studies that were non-randomized, case reports, or
clinical observations.

Types of participants

We included studies involving adult participants according to the
definition in the studies (usually ≥ 18 years of age), with a confirmed
diagnosis of prostate cancer and bone metastases, irrespective of
stage of disease or type of therapy. We included studies in the
analysis involving both hormone-sensitive and castrate-refractory
participants receiving either bisphosphonates or RANKL-inhibitors.

If we identified studies in which only a subset of participants was
relevant to this review, we would include such studies if data were
available separately for the relevant subset.

Types of interventions

We included trials comparing bisphosphonates or RANKL-inhibitors
versus control regimens for the treatment of bone metastases
from prostate cancer. We considered any type of bisphosphonate
or RANKL-inhibitor, apart from radioactive bisphosphonates. We
did not impose any restriction on the dose, route, frequency,
or duration of bisphosphonate treatment, nor on the duration
of follow-up. We investigated the following comparisons of
experimental interventions versus comparator interventions.
Concomitant interventions had to be the same in the experimental
and comparator groups to establish fair comparisons.

Experimental interventions

• Bisphosphonates

• RANKL-inhibitors

Comparator interventions

• Bisphosphonates

• RANKL-inhibitors

• No treatment/placebo

Comparisons

• Bisphosphonates versus no treatment/placebo

• RANKL-inhibitors versus no treatment/placebo

• Bisphosphonates versus RANKL-inhibitors

• Bisphosphonate A versus bisphosphonate B

• RANKL-inhibitor A versus RANKL-inhibitor B

We compared combinations of these interventions at any dose
and by any route to each other in a full network meta-analysis.
We included all RCTs comparing at least two study arms for
the intervention of interest, either bisphosphonates with no
treatment/placebo, RANKL-inhibitors with no treatment/placebo,
or bisphosphonates with RANKL-inhibitors, for a full network of
direct and indirect comparisons (for ideal network see Figure 1).
Participants who fulfilled the inclusion criteria were, in principle,
equally likely to be randomized to any of the eligible interventions.
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Figure 1.   Ideal network diagram of all comparisons.

 
Types of outcome measures

We included all trials meeting the inclusion criteria mentioned
above, irrespective of reported outcomes. We estimated the
relative ranking of the competing interventions according to each
of the following outcomes.

Primary outcomes

• Proportion of participants with pain response. We considered
all trials reporting on the proportion of participants with pain
response. We did not impose restrictions on pain assessment
tools or the definition of pain response in the trials. We defined
pain response as a reduction in pain scores as defined in
the trials (see EHects of interventions under Primary outcome:
proportion of participants with pain response; Network meta-
analysis).

• Adverse events

◦ Renal impairment. We considered all trials reporting
renal adverse events. As drugs might be described with
nephrotoxicity with variable expression, we considered
creatinine elevation and renal failure as renal adverse events.

◦ Osteonecrosis of the jaw

Secondary outcomes

• Skeletal-related events (SREs) as reported by the study authors
with or without hypercalcemia
◦ Total number of SREs

◦ Pathological fractures

◦ Spinal cord compression

◦ Bone radiotherapy

◦ Bone surgery

◦ Hypercalcemia
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• Overall survival/mortality. We were unable to retrieve the
necessary information to analyze the time-to-event outcome
overall survival, so we assessed the number of events per total
for the dichotomized outcome mortality.

• Quality of life

• Further adverse events
◦ Grade 3 to 4 adverse events overall

◦ Hypocalcemia

◦ Fatigue

◦ Diarrhea

◦ Nausea

Method and timing of outcome measurement

• Proportion of participants with pain response: assessed
using validated generic and disease-specific questionnaires;
measured at baseline, six months, one year, two years, or at the
longest reported follow-up.

• Adverse events (renal adverse events, osteonecrosis of the jaw,
and further adverse events): grade 3 and 4 according to the
Common Terminology Criteria for Adverse Events (CTCAE) or as
defined in the trial, measured at any time aMer participants were
randomized to intervention/comparator groups.

• Skeletal-related events: combined outcome evaluating
pathological fractures (in total), spinal cord compression, bone
radiotherapy, bone surgery, and hypercalcemia if defined as an
SRE in the trial at any time aMer participants were randomized
to intervention/comparator groups.

• Mortality: defined as the time from randomization to the date
of death. Since we were unable to retrieve the necessary
information to analyze time-to-event outcomes, we assessed
the number of events per treatment group for these outcomes
at six months, one year, two years, or at the longest reported
follow-up.

• Quality of life: assessed using validated generic and disease-
specific questionnaires; measured at baseline, six months, one
year, two years, or at the longest reported follow-up.

We compared and analyzed each of these measures separately. To
determine the validity of data synthesis across separate studies, we
extracted definitions used by each study to describe all outcomes
of interest.

Main outcomes for 'Summary of findings' table

We presented a 'Summary of findings' table reporting the following
outcomes, listed according to priority.

• Proportion of participants with pain response

• Adverse events: renal impairment

• Adverse event: osteonecrosis of the jaw (ONJ)

• Total number of SREs

• Overall survival/mortality

• Quality of life

Search methods for identification of studies

We ran a comprehensive search with no restrictions on language
of publication or publication status. We ran searches in Embase,
MEDLINE and CENTRAL until 23 March 2020, which was within three
months prior to anticipated publication of the review. We included
all studies meeting our inclusion criteria in the analyses.

Electronic searches

We searched the following databases from their inception.

• Cochrane Library (until 23 March 2020) (via Wiley.com; see
Appendix 1)
◦ Cochrane Database of Systematic Reviews (CDSR)

◦ Cochrane Central Register of Controlled Trials (CENTRAL)

◦ Database of Abstracts of Reviews of EHects (DARE)

• MEDLINE (via Ovid, 1946 to 23 March 2020) (see Appendix 2)

• Embase (via Ovid, 1988 to 23 March 2020) (see Appendix 3)

We searched the following trial registers (23 March 2020).

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (who.int/trialsearch)

• EU Clinical Trials Register (www.clinicaltrialsregister.eu)

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov/)

• UMIN clinical trial registration (www.umin.ac.jp)

We used medical subject headings (MeSH) or equivalent and text
word terms. We did not impose any language restrictions. We
tailored searches to individual databases.

Searching other resources

We attempted to identify other potentially eligible trials or ancillary
publications by searching the reference lists of retrieved included
trials, reviews, meta-analyses and health technology assessment
reports. We also contacted the authors of included trials to identify
any further studies that we may have missed. We contacted drug/
device manufacturers for ongoing or unpublished trials. We also
contacted experts in the field in an eHort to identify further trials.

We searched abstract proceedings of relevant meetings of the last
five years (2013 to 2018) if they were not included in CENTRAL.

• American Society of Clinical Oncology (ASCO)

• European Society of Medical Oncology (ESMO)

• Multinational Association of Supportive Care in Cancer (MASCC)

Data collection and analysis

Selection of studies

Two review authors (TJ, YMT) independently screened the results
of the search strategies for potential eligibility by reading the
abstracts. We coded the abstracts as either 'retrieve' or 'do not
retrieve' (the latter in the case of studies that clearly did not
satisfy the inclusion criteria). We obtained the full-text publications
for those abstracts coded as 'retrieve,' and two review authors
(TJ, YMT) independently evaluated the full texts for inclusion in
the review. In the case of disagreement a third review author
(NS or AH) was consulted. The studies were not anonymized
in any way before assessment. A PRISMA flow chart shows the
status of identified studies (see Figure 2), as recommended in
Part 2, Section 11.2.1 of the Cochrane Handbook for Systematic
Reviews of Interventions (Moher 2009; Schünemann 2011a). We
included studies in the review irrespective of whether measured
outcome data were reported in a 'useable' way. We used reference
management soMware to identify and remove potentially duplicate
records. We documented reasons for the exclusion of studies that
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may have reasonably been expected to be included in the review in
a 'Characteristics of excluded studies' table.
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Figure 2.   Study flow diagram.
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Figure 2.   (Continued)

 
Data extraction and management

Two review authors (TJ, YMT) independently extracted data using a
standardized data extraction form that was piloted for two included
trials and adapted as necessary. If the two review authors were
unable to reach a consensus, a third review author (NS) was
consulted for final decision. If required, we contacted authors of
individual studies for additional information.

AMer agreement we entered data into Review Manager 5 (Review
Manager 2014). We extracted the following information.

• General information: author, title, source, publication date,
country, language, duplicate publications.

• Quality assessment: sequence generation, allocation
concealment, blinding (participants, personnel, outcome
assessors), incomplete outcome data, selective outcome
reporting, other sources of bias.

• Study characteristics: trial design, aims, setting and
dates, source of participants, inclusion/exclusion criteria,
comparability of groups, subgroup analysis, statistical methods,
compliance with assigned treatment, length of follow-up, time
point of randomization.

• Participant characteristics: participant details, baseline
demographics, age, ethnicity, number of participants recruited/
allocated/evaluated, participants lost to follow-up, cancer type
and stage, additional diagnoses, type and intensity of pain,
skeletal-related events risk.

• Interventions: type and dosage of drugs used, route, frequency,
duration of treatment, duration of follow-up.

• Outcomes: proportion of participants with pain response, renal
adverse events, adverse event (osteonecrosis of the jaw), total
number of skeletal-related events and SREs separately, overall
survival/mortality, quality of life, other adverse events; we
extracted data at the arm level, not summary eHects.

• Notes: sponsorship/funding for trial and notable conflicts of
interest of study authors.

We collected multiple reports of the same study, so that each study,
rather than each report, was the unit of interest in the review. We
collected characteristics of the included studies in suHicient detail
to populate a 'Characteristics of included studies' table.

We extracted outcome data relevant to this Cochrane Review,
as needed for calculation of summary statistics and measures
of variance. For dichotomous outcomes, we attempted to obtain
the numbers of events and totals for population of a two-by-two
table, as well as summary statistics with corresponding measures
of variance. For continuous outcomes, we attempted to obtain
means and standard deviations or data necessary to calculate this
information. We provided information, including trial identifier,

about potentially relevant ongoing studies in the 'Characteristics of
ongoing studies' table.

Data on potential e�ect modifiers

We extracted the following information that could act as eHect
modifiers from each included study.

• Year of publication

• Type of anticancer drug used for treatment

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents,
or multiple reports of a primary study, we maximized yield of
information by mapping all publications to unique studies and
collating all available data. We used the most complete data
set aggregated across all known publications. If in doubt, we
gave priority to the publication reporting the longest follow-up
associated with our primary or secondary outcomes.

Assessment of risk of bias in included studies

We completed a 'Risk of bias' table for each included study using the
'Risk of bias' tool in Review Manager 5 (Review Manager 2014). Two
review authors (TJ, YMT) independently assessed the risk of bias for
each study, consulting a third review author (NS) for a final decision
if necessary. We assessed whether the trials met the criteria for
the following 'Risk of bias' domains as outlined in Chapter 8 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011b). If a domain did not fit the trial for which risk of bias was
being judged, it was leM empty.

• Sequence generation

• Allocation concealment

• Blinding (participants, personnel, outcome assessors)

• Incomplete outcome data

• Selective outcome reporting

• Other sources of bias

We made a judgement for each domain, using one of the following
categories.

• 'Low risk': if the criteria are adequately fulfilled in the study (i.e.
the study is at low risk of bias for the given domain).

• 'High risk': if the criteria are not fulfilled in the study (i.e. the
study is at high risk of bias for the given domain).

• 'Unclear': if the study report does not provide suHicient
information to allow a clear judgement, or if risk of bias is
unknown for a given domain.

For performance bias (blinding of participants and personnel) and
detection bias (blinding of outcome assessment), we evaluated
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the risk of bias separately for each outcome, and grouped
outcomes according to whether they were measured subjectively
or objectively when reporting our findings in the 'Risk of bias'
tables.

We also assessed attrition bias (incomplete outcome data) on an
outcome-specific basis, and presented the judgement for each
outcome separately when reporting our findings in the 'Risk of bias'
tables.

We further summarized the risk of bias across domains for each
outcome in each included study, as well as across studies and
domains for each outcome, in accordance with the approach for
summary assessments of risk of bias presented in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).
In sensitivity analyses, we compared trials with at least two criteria
assessed as being at high risk of bias with those with no or only one
criterion at high risk of bias.

We decided to group our outcomes into three categories as follows
in order to make our 'Risk of bias' judgement more plausible.

• Objective outcomes, meaning these are not influenced by
blinding
◦ Adverse event: renal impairment

◦ Adverse event: osteonecrosis of the jaw

◦ Total number of SREs*

◦ SRE: pathological fractures

◦ SRE: spinal cord compression

◦ SRE: hypercalcemia

◦ Overall survival/mortality

◦ Grade 3 to 4 adverse events*

◦ Adverse event: hypocalcemia

• Outcomes subjective to assessor
◦ Total number of SREs*

◦ SRE: radiotherapy

◦ SRE: surgery

• Outcomes subjective to participant
◦ Proportion of participants with pain response

◦ Quality of life

◦ Grade 3 to 4 adverse events*

◦ Adverse event: fatigue

◦ Adverse event: diarrhea

◦ Adverse event: nausea

*Total number of SREs and grade 3 to 4 adverse events are
each mentioned in double since they are comprised of diHerent
outcomes of which some can be judged as objective, subjective to
assessor, or subjective to participant.

Measures of treatment e9ect

Relative treatment e�ect

We used intention-to-treat data. For binary outcomes, we used
risk ratios (RRs) with 95% confidence intervals (CIs) as the
measure of treatment eHect. We calculated continuous outcomes
as mean diHerences (MDs) with 95% CI. In case we had found
continuous outcomes measured with diHerent instruments we
would have used standardized mean diHerences (SMD) with 95% CI.
If participant-related outcomes were reported both as binary and

continuous outcomes, we would analyze binary outcomes in one
analysis and continuous outcomes in another analysis. For time-to-
event outcomes, we planned to use hazard ratios (HRs) and their
95% CIs and to extract data from publications according to Parmar
1998 and Tierney 2007. In addition to pooled estimates with CIs, we
reported prediction intervals.

Relative treatment ranking

We obtained a treatment hierarchy using P-scores (Rücker 2015)
for all outcomes for which network meta-analysis was possible. P-
scores allow ranking treatments on a continuous 0-to-1 scale in
a frequentist network meta-analysis; scores close to 0 intend the
worst treatment options, while scores close to 1 intend the best
treatment options.

Unit of analysis issues

The unit of analysis was the individual participant. If the authors
did not report the number of participants with a respective adverse
event, but rather the number of the occurrence of a certain adverse
event in general, we did not consider these data in our analysis.

Studies with multiple treatment groups

As recommended in Chapter 16 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c), for studies with
multiple treatment groups we combined arms, as long as they
could be regarded as subtypes of the same intervention.

When arms could not be pooled this way, we included multiarm
trials using a network meta-analysis approach that accounts for the
within-study correlation between the eHect sizes by re-weighting
all comparisons of each multiarm study (Rücker 2012; Rücker
2014). For pairwise meta-analysis, we treated multiarm studies as
multiple independent comparisons and did not combine these data
in any analysis. Since pairwise comparisons for bisphosphonates
were reported elsewhere, here we only reported pairwise meta-
analysis for RANKL-inhibitors compared to no treatment/placebo.
For this purpose, for dichotomous outcomes, we divided up both
the number of events and the total number of participants.
For network meta-analysis, instead of subdividing the common
comparator, we used an approach that accounts for the within-
study correlation between the eHect sizes by re-weighting all
comparisons of each multiple-arm study (Rücker 2012; Rücker
2014).

Dealing with missing data

As suggested in Chapter 16 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c), we took the
following steps to deal with missing data.

If the number of participants evaluated for a given outcome was
not reported, we used the number of participants randomized per
treatment arm as the denominator. If only percentages, but no
absolute number of events, were reported for binary outcomes,
we calculated numerators using percentages. If estimates for
mean and standard deviations were missing, we calculated
these statistics from reported data whenever possible, using the
approaches described in Chapter 7 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011d). If standard
deviations were missing and we were not able to calculate them
from reported data, we calculated values according to a validated
imputation method (Furukawa 2006). If data were not reported
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numerically but graphically, we estimated missing data from
figures. We performed sensitivity analyses to assess how sensitive
results were to imputing data in some way. We addressed the
potential impact of missing data on the findings of the review in the
Discussion section.

Assessment of heterogeneity

Pairwise meta-analyses

For each direct comparison, we used visual inspection of the

forest plots as well as Cochran's Q based on a Chi2 statistic and

the I2 statistic in order to detect the presence of heterogeneity.

We interpreted I2 values according to Chapter 9 of the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2011), as
follows.

• 0% to 40% may not be important.

• 30% to 60% represents moderate heterogeneity.

• 50% to 90% represents substantial heterogeneity.

• 75% to 100% represents considerable heterogeneity.

We used the P value of the Chi2 test only for describing the extent
of heterogeneity and not for determining statistical significance. In

addition, we reported Tau2, the between-study variance in random-
eHects meta-analysis. When we found heterogeneity, we attempted
to determine possible reasons for it by examining individual
study and subgroup characteristics. In the event of excessive
heterogeneity that was unexplained by subgroup analyses, we did
not report outcome results as the pooled eHect estimate in a meta-
analysis, but provided a narrative description of the results of each
study.

Network meta-analysis

A very important presupposition for using network meta-analysis
is to make sure that the network is consistent, meaning that
direct and indirect evidence on the same comparisons agree.
Inconsistency can be caused by incomparable inclusion and
exclusion criteria of the trials in the network.

We evaluated the assumption of transitivity epidemiologically by
comparing the distribution of the potential eHect modifiers across
the diHerent pairwise comparisons. We extracted important clinical
and methodological characteristics of each included study in the
'Characteristics of included studies' table. We visually inspected the
similarity of these factors, including the inclusion and exclusion
criteria of every trial in the network.

To evaluate the presence of inconsistency locally, we compared
direct and indirect treatment estimates of each treatment
comparison. This can serve as a check for consistency of a network
meta-analysis (Dias 2010). For this purpose, we used the 'netsplit'
command in the R package netmeta, which enables the splitting
of the network evidence into direct and indirect contributions
(Netmeta 2017; R 2017). For each treatment comparison, we
presented direct and indirect treatment estimates plus the network
estimate using forest plots. In addition, for each comparison we
reported the P value of the test for disagreement (direct versus
indirect). It should be noted that in a network of evidence there
may be many loops, and with multiple testing there is an increased
likelihood that we might find an inconsistent loop by chance. We
were therefore cautious in deriving conclusions from this approach.

To evaluate the presence of inconsistency in the entire network,
we gave the generalized heterogeneity statistic Qtotal and the

generalized I2 statistic, as described in Schwarzer 2015. We used
the 'decomp.design' command in the R package netmeta for
decomposition of the heterogeneity statistic into a Q statistic
for assessing the heterogeneity between studies with the same
design, and a Q statistic for assessing design inconsistency to
identify the amount of heterogeneity/inconsistency within, as well
as between, designs (Netmeta 2017; R 2017). Furthermore, we
created a net heat plot (Krahn 2013), a graphical tool for locating
inconsistency in network meta-analysis, using the command
'netheat' in the R package netmeta (Netmeta 2017). We used Qtotal

and its components as well as netheat plots based on fixed-eHect
and random-eHects models to identify diHerences between these

approaches. For random-eHects models, we reported Tau2, which
describes the between-study variance.

If we found substantive heterogeneity or inconsistency, or both, we
explored possible sources by performing prespecified sensitivity
analyses (see Sensitivity analysis). In addition, we reviewed the
evidence base, reconsidered inclusion criteria, and discussed the
potential role of unmeasured eHect modifiers to identify further
sources.

In order to present the best treatment options regarding eHicacy
and acceptability, we presented ranking plots. Performing network
meta-analysis, a ranking of treatment options is only possible
for each outcome separately. By presenting ranking plots, two
outcomes can be analyzed together. We therefore chose the total
number of SREs to express eHicacy and several adverse event
outcomes individually to express acceptability. The results are
shown in ranking plots and related leaguetables.

Assessment of reporting biases

In pairwise comparisons with at least 10 trials, we planned
to examine the presence of small-study eHects graphically by
generating funnel plots. We planned to use linear regression tests to
test for funnel plot asymmetry (Egger 1997). We planned to consider
a P value less than 0.1 to be significant for this test (Sterne 2011).
We planned to examine the presence of small-study eHects for the
primary outcomes only. Moreover, we searched study registries to
identify completed but not published trials.

Data synthesis

Methods for direct treatment comparisons

We performed analyses according to recommendations in Chapter
9 of the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2011), and used Review Manager 5 and R for analyses (R
2017; Review Manager 2014).

Pairwise comparisons are part of the network meta-analysis.
However, in order to outline the available direct evidence, we
provided forest plots for pairwise comparisons if these were
not already reported elsewhere (Macherey 2017), and trials were
clinically homogenous. We performed these standard pairwise
meta-analyses using a random-eHects model. We calculated
corresponding 95% CIs as well as 95% prediction intervals for all
analyses, and graphically presented the results using forest plots.
When trials were clinically too heterogenous to be combined, we
performed only subgroup analyses without calculating an overall
estimate.
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Methods for indirect and mixed comparisons

If we considered the data to be suHiciently similar to be combined,
we performed a network meta-analysis for all outcomes for which
two or more studies reported data using the frequentist weighted
least-squared approach described by Rücker 2012, employing the
random-eHects model. Studies for which zero events were reported
in both the intervention and the control group for an outcome could
not be considered in the network meta-analysis. We used a random-
eHects model, taking into account the correlated treatment
eHects in multiarm studies. We assumed a common estimate
for the heterogeneity variance across the diHerent comparisons.
To evaluate the extent to which treatments were connected, we
present network graphs for our primary and secondary outcomes,
which we generated using CINeMA soMware (Nikolakopoulou 2020).
For each comparison, we gave the estimated treatment eHect
along with its 95% CI and 95% prediction interval. We graphically
presented the results using forest plots, with placebo/no treatment
as reference. We used the R package netmeta for statistical analyses
(Netmeta 2017; R 2017).

We presented the results in leaguetables in which treatment-
ranking by P-scores as well as network estimates with 95% CIs are
given.

P-scores allow the ranking of treatments on a continuous 0-to-1
scale in a frequentist network meta-analysis. P-scores are based
solely on the point estimates and standard errors of the network
estimates and measure the degree of certainty that one treatment
is better than another treatment, averaged over all competing
treatments (Rücker 2015). The P-score of the treatment can be
interpreted as the median degree of certainty that one treatment is
better than the other.

In leaguetables diHerent treatments options are ranked as
indicated by arrows in the graph from top: greater chance of being
the best treatment (higher P-scores) to bottom: lower chance of
being the best treatment (lower P-score). Leaguetables also show
the network estimates with 95% CIs of every treatment option
compared to every other treatment option.

In order to get an idea of best eHicacy and best acceptability
of treatment options at one time, ranking plots were introduced
simultaneously representing one outcome of the eHicacy (x axis,
e.g. total number of SREs) and one outcome of acceptability (y
axis, e.g. adverse event renal impairment, ONJ, grade 3 to 4
adverse events, or hypocalcemia). Optimal treatment should be
characterized by both high eHicacy and acceptability and should
be in the right upper corner of the resulting graphs. Only studies
reporting both eHicacy (total numbers of SREs) and acceptability
(adverse event renal impairment) were considered in the ranking
plots. Studies only reporting one of the two were not included in
the statistical analysis for these plots.

GRADE

Certainty of the evidence

Two review authors (TJ, NS) independently rated the certainty of
the evidence of each network estimate for each outcome shown in
the 'Summary of findings' table. We used the GRADE approach to
rank the certainty of the evidence using GRADEpro GDT soMware
(GRADEpro GDT 2015), as well as the guidelines provided in
Chapter 12 of the Cochrane Handbook for Systematic Reviews of

Interventions (Schünemann 2011b), and specifically for network
meta-analyses (Puhan 2014; Salanti 2014).

The GRADE approach uses five considerations (study limitations,
consistency of eHect, imprecision, indirectness, and publication
bias) to assess the certainty of the body of evidence for each
outcome. The GRADE system uses the following criteria for
assigning certainty of evidence.

• High certainty: we are very confident that the true eHect lies
close to that of the estimate of the eHect.

• Moderate certainty: we are moderately confident in the eHect
estimate: the true eHect is likely to be close to the estimate of
eHect, but there is a possibility that it is substantially diHerent.

• Low certainty: our confidence in the eHect estimate is limited:
the true eHect may be substantially diHerent from the estimate
of the eHect.

• Very low certainty: we have very little confidence in the eHect
estimate: the true eHect is likely to be substantially diHerent
from the estimate of eHect.

The GRADE system uses the following criteria for assigning a
certainty level to a body of evidence (Schünemann 2011b).

• High: randomized trials; or double-upgraded observational
studies.

• Moderate: downgraded randomized trials; or upgraded
observational studies.

• Low: double-downgraded randomized trials; or observational
studies.

• Very low: triple-downgraded randomized trials; or downgraded
observational studies; or case series/case reports.

We decreased the certainty level if we found:

• serious (−1) or very serious (−2) limitation to study quality;

• important inconsistency (−1);

• some (−1) or major (−2) uncertainty about directness;

• imprecise or sparse data (−1);

• high probability of reporting bias (−1).

'Summary of findings' table

We included one 'Summary of findings' table to present the main
findings in a transparent and simple tabular format. As stated above
we included the main outcomes: proportion of participants with
pain response, adverse events renal impairment and ONJ, total
number of SREs, mortality, and quality of life. We included the two
most relevant treatment options in the 'Summary of findings' table.
In particular, we included key information concerning the certainty
of the evidence, the magnitude of eHect of the interventions
examined, and the sum of available data on the outcomes
mentioned above. We adapted the table, which was created using
GRADEpro GDT (GRADEpro GDT 2015), to comply with the results of
the network meta-analysis. In case data were too heterogenous for
network meta-analysis or network meta-analysis was not possible,
we presented results narratively.

Subgroup analysis and investigation of heterogeneity

We planned on conducting subgroup analysis for the following
comparisons: participant age (due to age-related decreases
in bone marrow density); tumor status and grading of the
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cohorts (according to the TNM-staging system referring to tumor
size, node-involvement and existence of metastases); castration
resistance or sensitivity of maligancy; route of administration
(oral or intravenous); and type of bisphosphonate (amino-
bisphosphonates and non-amino-bisphosphonates).

We conducted subgroup analysis regarding castration resistance
status. We conducted analysis for metastasized castration-resistant
prostate cancer (mCRPC) patients and metastasized castration-
sensitive prostate cancer (mCSPC) separately.

We did not analyze subgroups regarding participant age or
tumor status as initially planned. AMer discussion with clinical
experts we decided that this was not necessary, since participants
in each study were similar in age and tumor status. We
considered performing subgroup analyses according to the type
of bisphosphonate and the route of administration. As previously
described (see How the intervention might work), amino-
bisphosphonates and non-amino-bisphosphonates work through
similar but also diHerent mechanisms of action. Subgroup analysis
was intended to reveal whether these diHerences in mechanism
of action might aHect participant outcome. Bisphosphonates
are potentially nephrotoxic substances. Since these subgroups
were shown for the most important outcomes as pairwise
analysis elsewhere (Macherey 2017), and the only non-amino
bisphosphonate included in this review was clodronate, we
decided to not analyze this subgroup again.

There are hints in the literature that intravenously administered
bisphosphonates increase the risk of nephrotoxicity in comparison
with oral application (Bartl 2007). Moreover, Lee 2014 found
that participants on intravenously administered bisphosphonates
were at higher risk for ONJ. We therefore planned on
conducting a subgroup analysis comparing intravenous versus
oral administration. AMer discussion with our clinical experts
and a thorough evaluation of the included studies, we decided
this would not make sense, since bisphosphonates are oMen
given intravenously in the beginning to concentrate in bone and
aMerwards orally.

Since the comparator is combined of 'placebo' and 'no further
treatment,' we conducted analysis with these two separately. For
further information, see EHects of interventions.

Sensitivity analysis

To test the robustness of our results, we additionally conducted
fixed-eHect model network meta-analyses. We reported the
estimates of the fixed-eHect model only if they were diHerent from
that of the random-eHects model. We explored the influence of
quality components with regard to low and high risk of bias (see
Assessment of risk of bias in included studies: we evaluated trials
being at high risk of bias in at least two domains versus those with
one or no domain being at high risk of bias). We decided to restrict
sensitivity analysis to the outcomes that we had predefined for
presentation in the 'Summary of findings' table.

We performed sensitivity analyses comparing studies at high risk
of bias with studies at low risk of bias. We focused on the primary
outcomes and reported the results of studies with low risk of bias.
We compared these results with the initial results and checked for
alterations.

R E S U L T S

Description of studies

Results of the search

Our literature search led to 3645 potentially relevant references
related to the treatment of patients with prostate cancer and bone
metastases. Additionally, 19 records were identified through other
resources. AMer removal of duplicates we screened 3340 references
and excluded 3232 obviously irrelevant references.

We checked the abstracts or full-text publications of the remaining
108 articles for further information. AMer detailed review of each
reference, we excluded 13 studies (13 references) and included 25
(78 references) trials in the qualitative synthesis and 21 trials in the
quantitative synthesis (69 references) (Figure 2).

Included studies

See also Characteristics of included studies tables.

Of the 25 included studies, 18 were already included in a Cochrane
Review with meta-analysis on bisphosphonates (Macherey 2017).
We included an additional seven trials, two of them analyzing
denosumab as a bone-modifying agent in prostate cancer patients
with bone metastases (Fizazi 2009; Fizazi 2011), but also newly
identified trials on bisphosphonates (Michaelson 2012; Robertson
1995; Ryan 2007), or trials excluded by Macherey and colleagues
as they evaluated one bisphosphonate versus another or did not
then report subgroups with patients with bone metastases (CALGB
90202; STAMPEDE; Wang 2013). Four trials did not report outcomes
of interest and were therefore not included in the quantitative
analysis (Abetz 2006; Michaelson 2012; Robertson 1995; Ryan
2007). Abetz 2006 focused on pain outcomes without reporting
the proportion of participants with pain response. Michaelson
2012 examined biomedical markers of bone turnover, disease
progression, and adverse events. Robertson 1995 did report some
of our outcomes interest, but unfortunately not data for the
subgroup of men with prostate cancer and bone metastases
separately; and Ryan 2007 determined bone mass density instead
of SREs as a predictor of eHectiveness of the bone-modifying
agents.

Design

Most of the included studies were two-armed controlled trials
(Abetz 2006; CALGB 90202; Elomaa 1992; Ernst 2003; Figg 2005;
Fizazi 2009; Fizazi 2011; GU02-4; Kylmala 1993; Kylmala 1997;
Meulenbeld 2012; Michaelson 2012; Pan 2014; PR05; Robertson
1995; Ryan 2007; Small 2003; STAMPEDE; Strang 1997; Wang 2013;
ZABTON-PC; ZAPCA).

The remaining three studies were three- or four-armed trials.

Saad 2010 investigated the eHect of zoledronic acid 4 mg
intravenous (IV) versus zoledronic acid 8 mg IV versus placebo in
a three-armed trial. Notably, the second group experienced a dose
reduction from 8 mg to 4 mg due to renal toxicity of zoledronic acid.
We merged the data of the active arms for meta-analysis.

Smith 1989 evaluated the eHect of etidronate and randomized
57 participants to a four-armed trial: arm I (etidronate 7.5 mg/
kg IV followed by sodium etidronate 400 mg orally) versus arm II
(etidronate 7.5 mg/kg IV followed by placebo orally) versus arm III
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(placebo IV followed by sodium etidronate 400 mg orally) versus
arm IV (placebo IV followed by placebo orally). We considered arms
I, II, and III as one intervention arm in the statistical analysis of this
review.

TRAPEZE 2016 compared the eHect of zoledronic acid and
strontium chloride Sr89 in a four-armed trial. Participants in the
four arms were therefore treated as follows: arm I (control regimen:
docetaxel and prednisone) versus arm II (zoledronic acid IV,
docetaxel, and prednisone) versus arm III (strontium chloride Sr89
IV, docetaxel, and prednisone) versus arm IV (zoledronic acid IV,
strontium chloride Sr89 IV, docetaxel, and prednisone). However, as
the authors summarized all participants receiving zoledronic acid
and compared these to all participants not receiving zoledronic
acid, we extracted data for participants in arm I and arm III as the
'control group' and in arm II and arm IV as the 'bisphosphonate
group.'

Two included studies compared bisphosphonates against RANKL-
inhibitors. Fizazi 2009 and Fizazi 2011 compared denosumab
against zoledronic acid.

One study compared the two bisphosphonates zoledronic acid and
clodronate with each other (Wang 2013).

Sample sizes

The 25 studies reported on 7435 participants. The smallest
trial included 42 participants (Ryan 2007), and the largest trial
randomized 1904 participants (Fizazi 2011). The median sample
size per trial was 297 participants.

Setting

The included trials were performed by a range of research groups
and in diHerent countries. Eight studies took place in a single
country: Canada (Ernst 2003), the USA (Michaelson 2012; Ryan 2007;
Small 2003), China (Pan 2014; Wang 2013), and Japan (ZABTON-
PC; ZAPCA). Three trials took place in a continental setting: Europe
(Meulenbeld 2012, Netherlands and Norway; STAMPEDE, the UK
and Switzerland) and North America (CALGB 90202, the USA
and Canada). Five trials were conducted in an intercontinental
setting: Fizazi 2009 (Europe and North America); Fizazi 2011 (39
countries worldwide); PR05; Robertson 1995 (the UK and New
Zealand); and Saad 2010 (Argentina, Australia, Austria, Belgium,
Brazil, Canada, Chile, France, Germany, Italy, New Zealand, Peru,
Sweden, Switzerland, the UK, Uruguay, the USA). There was no
precise information regarding the country in which the study had
been conducted for nine trials (Abetz 2006; Elomaa 1992; Figg 2005;
GU02-4; Kylmala 1993; Kylmala 1997; Smith 1989; Strang 1997;
TRAPEZE 2016).

Participants

All participants had a confirmed diagnosis of primary prostate
cancer. All participants had at least one bone metastasis confirmed
by imaging or histologic exam. Of the 25 included studies, 15 studies
included mCRPC patients (CALGB 90202; Ernst 2003; Figg 2005;
Fizazi 2009; Fizazi 2011; Kylmala 1993; Kylmala 1997; Meulenbeld
2012; Michaelson 2012; Pan 2014; Saad 2010; Small 2003; Smith
1989; Strang 1997; TRAPEZE 2016), and three studies included
mCSPC patients (PR05; Ryan 2007; Wang 2013). In another seven
studies participants were treatment- or hormone-naive (GU02-4;

STAMPEDE; ZABTON-PC; ZAPCA), or no information was given
(Abetz 2006; Elomaa 1992; Robertson 1995).

Interventions

Bisphosphonates and receptor activator of nuclear factor-kappa B
ligand (RANKL)-inhibitors

For an overview of all seven included bone-modifying agents and
the main comparator no treatment/placebo see ideal network
diagram in Figure 1.

Twelve trials used zoledronic acid (Abetz 2006; CALGB 90202;
Fizazi 2011; Michaelson 2012; Pan 2014; Ryan 2007; Saad 2010;
STAMPEDE; TRAPEZE 2016; Wang 2013; ZABTON-PC; ZAPCA).
Eleven studies used a 4 mg dose of zoledronic acid IV (Abetz
2006; CALGB 90202; Fizazi 2011; Pan 2014; Ryan 2007; Saad 2010;
STAMPEDE; TRAPEZE 2016; Wang 2013; ZABTON-PC; ZAPCA), but
the studies had diHerent treatment intervals, mostly every three or
four weeks. Saad 2010 compared the eHect of zoledronic acid 4 mg
IV (every three weeks) with zoledronic acid 8 mg IV and placebo, but
observed renal toxicity led to a dose reduction of zoledronic acid
from 8 mg to 4 mg IV during the study. TRAPEZE 2016 investigated
the interaction of zoledronic acid IV with strontium chloride IV in a
four-armed setting.

Eight trials used clodronate (Elomaa 1992; Ernst 2003; Kylmala
1993; Kylmala 1997; PR05; Robertson 1995; Strang 1997; Wang
2013). Elomaa 1992 and Kylmala 1993 tested clodronate 3200 mg
orally (for one month) followed by clodronate 1600 mg orally (two
to six months). Robertson 1995 and Wang 2013 tested 1600 mg
clodronate orally. Kylmala 1997 investigated clodronate 300 mg IV
(one to five days) followed by clodronate 1600 mg orally (for five
months). Ernst 2003 tested clodronate 1500 mg IV versus placebo.
PR05 used clodronate 2080 mg orally as the active drug. Strang 1997
investigated the eHect of clodronate 300 mg IV (one to three days)
followed by clodronate 3200 mg orally in comparison with placebo.

One trial tested zoledronic acid (4 mg IV) against clodronate (1600
mg orally) (Wang 2013).

Two trials used risedronate (GU02-4; Meulenbeld 2012). Both trials
investigated the eHects of risedronate 30 mg orally.

One trial compared the eHects of alendronate 40 mg with placebo
(Figg 2005).

One trial tested pamidronate 90 mg (every three weeks for 27
weeks) against placebo (Small 2003).

One four-armed trial explored the eHect of etidronate 7.5 mg/
kg IV (one to three days) followed by etidronate 400 mg orally
in comparison with etidronate 7.5 mg/kg IV (one to three days)
followed by placebo; placebo IV followed by etidronate 400 mg IV;
or placebo IV followed by oral placebo (Smith 1989).

Two trials investigated the eHects of bisphosphonates compared
to denosumab. Fizazi 2009 compared zoledronic acid against 180
mg denosumab, and Fizazi 2011 compared 4 mg IV zoledronic acid
against 120 mg subcutaneous denosumab.
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Antineoplastic therapy

Androgen deprivation therapy

Twelve studies reported on the use of androgen deprivation
therapy (CALGB 90202; Elomaa 1992; Fizazi 2009; Fizazi 2011;
GU02-4; Kylmala 1993; Kylmala 1997; PR05; Ryan 2007; STAMPEDE;
ZABTON-PC; ZAPCA). Three trials used a therapy regimen consisting
of estramustine 560 mg orally, daily for six months (Elomaa 1992;
Kylmala 1993; Kylmala 1997). Two trials used a double androgen
blockade with a luteinizing hormone-releasing hormone (LHRH)
agonist with bicalutamide (ZABTON-PC; ZAPCA. Five trials provided
no specific information regarding androgen deprivation therapy
(CALGB 90202; GU02-4; PR05; Ryan 2007; STAMPEDE).

Chemotherapy

Six studies reported on the use of chemotherapy (Ernst 2003;
Meulenbeld 2012; Michaelson 2012; Pan 2014; STAMPEDE; TRAPEZE

2016). Participants in Ernst 2003 received mitoxantrone 12 mg/m2

IV (21-day cycles) and prednisone 10 mg daily. Four trials used
docetaxel (21-day cycles) in combination with daily prednisone
(doses from 5 mg to 10 mg) (Meulenbeld 2012; Pan 2014;
STAMPEDE; TRAPEZE 2016). Participants in Michaelson 2012
received atrasentan 10 mg administered by mouth, once daily.

Supplemental therapy

One trial used daily supplemental therapy with 260 mg elemental
calcium orally (Ryan 2007), while six other trials gave or
recommended to supplement 500 mg calcium per day (CALGB
90202; Fizazi 2009; Fizazi 2011; GU02-4; Pan 2014; Saad 2010; Wang

2013). In seven trials vitamin D was supplemented as 400 IU to 500
IU per day (Fizazi 2009; Fizazi 2011; GU02-4; Pan 2014; Saad 2010;
Smith 1989; Wang 2013).

Other interventional therapies

One trial tested the eHect of antimycotic therapy with ketoconazole
1200 mg daily in combination with hydrocortisone 30 mg daily (Figg
2005).

Excluded studies

We excluded 12 studies, which are presented in the Characteristics
of excluded studies table, for the following reasons:

• no control group (Beer 2007; Lang 2011; Lang 2013);

• inclusion of participants with other primary neoplasms (Body
2010);

• no subgroup analysis for participants with prostate cancer
or participants with diHerent therapy regimens (Doria 2017;
Sawyer 1990);

• non-randomized study design (Heidenreich 2001; Heidenreich
2002);

• non-metastatic prostate cancer (Brown 2011; Doria 2016; Patrick
2013; Smith 2009).

Risk of bias in included studies

See the 'Risk of bias' tables in the Characteristics of included studies
table. The 'Risk of bias' is summarized in Figure 3, which presents
our judgements for each study in a cross-tabulation. In summary,
we considered the risk of bias of included trials to be high to low.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
Spaces are leL blank in the case a judgement is not applicable (e.g. study reports only outcomes subjective to
participants).
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Abetz 2006 ? ? ? ? ? ? ? ? -
CALGB 90202 + ? + + + + + + + ? + + +

Elomaa 1992 ? ? ? ? ? + ? ? ? ? ? +
Ernst 2003 + ? + + + + + + ? ? +
Figg 2005 ? ? - - - ? + + + + ? +

Fizazi 2009 ? ? - - - ? + + + ? + +
Fizazi 2011 + + + + + + + + + + ? +

GU02-4 ? ? ? ? ? + ? ? + +
Kylmala 1993 ? ? ? ? ? + ? ? ? +
Kylmala 1997 ? ? ? ? ? ? ? ? +

Meulenbeld 2012 ? ? - - - ? + + + + + +
Michaelson 2012 ? ? ? ? ? + ? ? +

Pan 2014 ? ? ? ? ? ? + + + + ? ? +
PR05 ? + + + + + + + + + + +

Robertson 1995 ? ? + + + ? + ? ? ? ? +
Ryan 2007 ? ? + + + ? + - ? ? +
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Figure 3.   (Continued)

Robertson 1995 ? ? + + + ? + ? ? ? ? +
Ryan 2007 ? ? + + + ? + - ? ? +
Saad 2010 + + + + + ? + + ? ? + ? +

Small 2003 ? ? + + + ? + - - - ? +
Smith 1989 ? ? ? ? ? - ? -

STAMPEDE + ? - - - ? + + ? + +
Strang 1997 ? ? + + + ? - ? ? -

TRAPEZE 2016 + + - - - ? + ? ? ? ? - +
Wang 2013 ? ? ? ? ? ? + + ? ? ? ? +

ZABTON-PC ? ? - - - ? + ? ? ? ? - +
ZAPCA + + - - - ? + + + + + - +

 
Allocation

Random sequence generation

Seven trials described a random component in the sequence
generation process and were at low risk of selection bias (CALGB
90202; Ernst 2003; Fizazi 2011; Saad 2010; STAMPEDE; TRAPEZE
2016; ZAPCA). The other 18 trials were randomized studies, but
without any further report on the sequence generation process
(Abetz 2006; Elomaa 1992; Figg 2005; Fizazi 2009; GU02-4; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Michaelson 2012; Pan 2014;
PR05; Robertson 1995; Ryan 2007; Small 2003; Smith 1989; Strang
1997; Wang 2013; ZABTON-PC); hence we judged the risk of
selection bias for these studies as unclear.

Allocation concealment

Six studies reported on the method to conceal allocation and
were at low risk of selection bias (Ernst 2003; Fizazi 2011; PR05;
Ryan 2007; TRAPEZE 2016; ZAPCA). Nineteen trials provided no
further information addressing allocation concealment and were
considered to be at unclear risk of selection bias (Abetz 2006;
CALGB 90202; Elomaa 1992; Figg 2005; Fizazi 2009; GU02-4; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Michaelson 2012; Pan 2014;
Robertson 1995; Saad 2010; Small 2003; Smith 1989; STAMPEDE;
Strang 1997; Wang 2013; ZABTON-PC).

Blinding

Blinding of participants (performance bias)

Twelve trials described some type of blinding of participants and
were at low risk of performance bias (CALGB 90202; Ernst 2003;
Fizazi 2011; Kylmala 1997; Pan 2014; PR05; Robertson 1995; Ryan
2007; Saad 2010; Small 2003; Smith 1989; Strang 1997). Six trials
provided no information and were therefore at unclear risk of
performance bias (Abetz 2006; Elomaa 1992; GU02-4; Kylmala 1993;
Michaelson 2012; Wang 2013). Seven trials were designed as open-
label studies and were at high risk of bias (Figg 2005; Fizazi 2009;
Meulenbeld 2012; STAMPEDE; TRAPEZE 2016; ZABTON-PC; ZAPCA).

Blinding of personnel (performance bias)

Nine trials described some type of blinding of personnel and were
at low risk of performance bias (CALGB 90202; Ernst 2003; Fizazi
2011; GU02-4; PR05; Robertson 1995; Saad 2010; Small 2003; Strang

1997). Nine trials provided no information and were at unclear
risk of performance bias (Abetz 2006; Elomaa 1992; Kylmala 1993;
Kylmala 1997; Michaelson 2012; Pan 2014; Ryan 2007; Smith 1989;
Wang 2013). Seven trials were designed as open-label studies and
were at high risk of bias (Figg 2005; Fizazi 2009; Meulenbeld 2012;
STAMPEDE; TRAPEZE 2016; ZABTON-PC; ZAPCA).

Blinding of outcome assessment (detection bias)

Outcomes subjective to participants

Of the 25 included trials, 24 reported outcomes subjective to
participants as defined in the Assessment of risk of bias in
included studies section. Eight trials reported blinding of outcome
assessment for subjective outcomes and were at low risk of
detection bias (CALGB 90202; Ernst 2003; Fizazi 2011; Kylmala 1997;
Robertson 1995; Saad 2010; Small 2003; Strang 1997). Nine trials
provided insuHicient information and were therefore judged as at
unclear risk of bias (Abetz 2006; Elomaa 1992; GU02-4; Kylmala
1993; Pan 2014; PR05; Ryan 2007; Smith 1989; Wang 2013). Seven
trials were open-label studies, which we judged as at high risk of
bias (Figg 2005; Fizazi 2009; Meulenbeld 2012; STAMPEDE; TRAPEZE
2016; ZABTON-PC; ZAPCA).

Outcomes subjective to outcome assessor

Eighteen of the 25 included studies reported outcomes defined as
subjective to outcome assessor in the Assessment of risk of bias
in included studies section. Three studies reported that outcome
assessment was blinded and were judged as at low risk of detection
bias (CALGB 90202; Fizazi 2011; PR05). FiMeen trials provided
insuHicient information on blinding of outcome assessment and
were therefore judged as at unclear risk of bias (Figg 2005; Fizazi
2009; Meulenbeld 2012; Michaelson 2012; Pan 2014; Robertson
1995; Ryan 2007; Saad 2010; Small 2003; STAMPEDE; Strang 1997;
TRAPEZE 2016; Wang 2013; ZABTON-PC; ZAPCA).

Objective outcomes

Of the 25 included trials, 19 reported objective outcomes as
defined in the Assessment of risk of bias in included studies
section. Twelve studies provided detailed information on blinding
of outcome assessment for objective outcomes and were at low
risk of detection bias (CALGB 90202; Ernst 2003; Fizazi 2011;
GU02-4; Meulenbeld 2012; Michaelson 2012; Pan 2014; PR05;
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Robertson 1995; Ryan 2007; Saad 2010; Wang 2013). Seven trials
provided no further information and were judged as at unclear
risk of detection bias because objective outcomes are by nature
unaHected by blinding (Elomaa 1992; Figg 2005; Fizazi 2009; Small
2003; STAMPEDE; TRAPEZE 2016; ZABTON-PC).

Mortality

Eighteen of the 25 included studies reported mortality as an
outcome (CALGB 90202; Elomaa 1992; Ernst 2003; Figg 2005; Fizazi
2009; Fizazi 2011; GU02-4; Kylmala 1993; Meulenbeld 2012; Pan
2014; PR05; Robertson 1995; Saad 2010; STAMPEDE; TRAPEZE 2016;
Wang 2013; ZABTON-PC; ZAPCA); these were all judged as at low risk
of detection bias given that mortality is not influenced by blinding.

Incomplete outcome data

We assessed attrition bias for diHerent types of outcomes
separately, which we categorized as follows as time-to-event data,
patient-reported outcomes (other than safety data), safety data,
and other outcomes.

Seventeen trials reported time-to-event data, of which 12 trials
addressed incomplete outcome data adequately, describing
reasons for missing data or including all randomized participants in
the statistical analysis; we assessed these studies as at low risk of
attrition bias (CALGB 90202; Ernst 2003; Figg 2005; Fizazi 2009; Fizazi
2011; Meulenbeld 2012; Pan 2014; PR05; Saad 2010; STAMPEDE;
Wang 2013; ZAPCA). Five studies provided insuHicient information
and were at unclear risk of attrition bias (Elomaa 1992; GU02-4;
Kylmala 1993; TRAPEZE 2016; ZABTON-PC).

Eighteen trials reported patient-reported outcomes, of which five
were judged as at low risk of attrition bias (Ernst 2003; Meulenbeld
2012; Pan 2014; PR05; ZAPCA). Ten studies provided insuHicient
information and were judged as at unclear risk of attrition bias
(Abetz 2006; CALGB 90202; Elomaa 1992; Kylmala 1993; Kylmala
1997; Robertson 1995; Saad 2010; TRAPEZE 2016; Wang 2013;
ZABTON-PC). Small 2003 excluded 7.4% of randomized participants
from statistical eHicacy analysis because of protocol violations;
we therefore judged the risk of bias as high. Smith 1989 excluded
10.5% of randomized participants from statistical analysis because
they did not complete one month of treatment. Consequently, we
judged the risk of bias as high. Strang 1997 mentioned two diHerent
numbers of randomized participants (55 and 52 participants). We
judged the risk of bias as high because of a potential loss of data of
three participants with no information on what happened to these
participants.

Of the 25 included trials, 21 reported safety data. We judged the
risk of attrition bias as low for seven studies (Figg 2005; Fizazi 2009;
Fizazi 2011; Meulenbeld 2012; Pan 2014; PR05; ZAPCA). Twelve trials
provided insuHicient information and were judged as at unclear
risk of attrition bias (CALGB 90202; Elomaa 1992; Ernst 2003;
GU02-4; Kylmala 1997; Michaelson 2012; Robertson 1995; Saad
2010; STAMPEDE; TRAPEZE 2016; Wang 2013; ZABTON-PC). Ryan
2007 reported that adverse events were retrospectively abstracted
from patient charts, and Small 2003 excluded 7.4% of randomized
participants from statistical eHicacy analysis because of protocol
violations, for which we judged the risk of attrition bias as high.

For other outcomes, we judged risk of attrition bias as low for five
trials (CALGB 90202; Figg 2005; Fizazi 2011; Saad 2010; ZAPCA),
unclear for 10 trials (Abetz 2006; Elomaa 1992; Fizazi 2009; Pan

2014; Robertson 1995; Ryan 2007; Strang 1997; TRAPEZE 2016;
Wang 2013; ZABTON-PC), and high for Small 2003 for the previously
mentioned reasons.

Selective reporting

Six trials published a study protocol or included all expected
outcomes and were at low risk of reporting bias (CALGB
90202; Fizazi 2009; GU02-4; Meulenbeld 2012; PR05; STAMPEDE).
FiMeen trials provided little information on primary or secondary
outcomes and their definition and were therefore judged as at
unclear risk for reporting bias (Abetz 2006; Elomaa 1992; Ernst 2003;
Figg 2005; Fizazi 2011; Kylmala 1993; Kylmala 1997; Michaelson
2012; Pan 2014; Robertson 1995; Ryan 2007; Saad 2010; Small 2003;
Smith 1989; Strang 1997; Wang 2013). ZABTON-PC initially planned
per protocol to analyze survival data, but excluded survival data in
the final publication. TRAPEZE 2016 and ZAPCA did not analyze all
prespecified outcomes (e.g. quality of life). Hence, we judged the
risk of bias for these three studies as high.

Other potential sources of bias

Abetz 2006 did not report on methods suHiciently. Smith 1989
provided no information on statistical analysis of observed results.
Strang 1997 was prematurely terminated because of low accrual.
We judged the risk of bias for these three studies as high.

E9ects of interventions

See: Summary of findings 1 DiHerent bone-modifying agents
compared with each other and no treatment/placebo for men with
prostate cancer and bone metastases

Bisphosphonates and RANKL-inhibitor versus no treatment/
placebo

We performed network meta-analysis where possible. Risk ratios
represent network estimates unless reported diHerently. Figures
showing plots present network meta-analysis unless reported
diHerently. Plots with green or orange eHect estimates refer
to network meta-analysis results. We calculated pairwise meta-
analysis only for outcomes if studies included denosumab, since
other results were already shown elsewhere (Macherey 2017).
Pairwise meta-analysis plots are shown with blue eHect estimates.
An overview of included studies and comparisons and extracted
data used for each outcome is shown in Appendix 4.

An overview of the results of the most relevant treatment options,
denosumab and zoledronic acid, compared to no treatment/
placebo is shown in Summary of findings 1.

Primary outcome: proportion of participants with pain response

Network meta-analysis

Four studies reported on the outcome proportion of participants
with pain response and are included in the statistical analysis
(Ernst 2003; Meulenbeld 2012; Smith 1989; Wang 2013). Eight
other studies planned to analyze pain, but did not report on the
proportion of participants with pain response and were therefore
not included in the analysis Abetz 2006; Elomaa 1992; Kylmala 1993;
Kylmala 1997; Pan 2014; Small 2003; Strang 1997; ZAPCA).

The network diagram is presented in Figure 4. It includes 1013
participants comparing zoledronic acid, clodronate, risedronate,
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and etidronate and the main comparator no treatment/placebo.
The network includes no closed loops.
 

Figure 4.   Network diagram for outcome pain response. Any two treatments are connected by a line when there is at
least one study comparing the two treatments. Line width: number of participants.

 
Ernst 2003 and Meulenbeld 2012 used Present Pain Intensity (PPI)
scales from the 'McGill Pain Questionnaire' to measure pain. Smith
1989 described using a numeric and a linear scale as assessment
tools. Wang 2013 used a 10-centimeter visual analogue scale (VAS)
to assess participant pain during the trial.

In these four trials, definitions of pain response were as follows.

• Ernst 2003: PPI score = 0 or decrease of 2 points without an
increase in analgesic score or evidence of disease progression;
or a greater than 50% decrease in analgesic score without an
increase in PPI. These criteria had to be maintained on two
consecutive evaluations at least three weeks apart.

• Meulenbeld 2012: at least 2-point reduction from baseline PPI
score without an increase in analgesic class or decrease in
analgesic class without increased PPI score.

• Smith 1989: no definition provided.

• Wang 2013 considered the improvement of at least 2-points as
reasonable to identify perceptible pain relief.

Treatment with zoledronic acid probably neither reduces nor
increases the proportion of participants with pain response when
compared to no treatment/placebo (risk ratio (RR) 1.46, 95%
confidence interval (CI) 0.93 to 2.32; moderate-certainty evidence).
Treatment with clodronate also likely does not increase the
proportion of participants with pain response compared to no
treatment/placebo (RR 1.23, 95% CI 0.80 to 1.89; moderate-
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certainty evidence). Treatment with etidronate and risedronate
may not increase the proportion of participants with pain response
compared to no treatment/placebo (RR 1.30, 95% CI 0.31 to
5.43 and RR 1.12, 95% CI 0.87 to 1.44, respectively; Figure

5). By comparing the di9erent bone-modifying agents with
each other, only the comparison between zoledronic acid and
clodronate results in a di9erence (RR 1.19, 95% CI 1.03 to 1.39),
favoring zoledronic acid (Figure 6).

 

Figure 5.   Forest plot for outcome pain response: random-e9ects model. Reference treatment: no treatment/
placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields similar results.

 
 

Figure 6.   Leaguetable of network meta-analysis for the outcome proportion of participants with pain response.
Treatment options are ranked as indicated by the arrow from top: greater chance of being the best treatment
(higher P-scores) to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95%
confidence intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment
option in column better than treatment option in row. No. of studies: 4. No. of treatments: 5. No. of pairwise

comparisons: 4. No. of designs: 4 Heterogeneity/inconsistency: Qtotal = 0, P = not available; I2 = not available; Tau2 =

not available
Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates zoledronic acid as the
best treatment option followed by etidronate, clodronate, and
risedronate (Figure 5; Figure 6). The fixed-eHect model yields
similar results (data/results not shown). For pain response, data
were not suHicient to estimate prediction intervals. Generalized

heterogeneity statistic Qtotal and generalized I2 statistic could not

be analyzed.

Subgroup analysis

When no treatment and placebo were observed separately, the
network split in two subnetworks without connection. A statement
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on diHerences by observing them separately was therefore not
possible.

• mCRPC versus mCSPC

Three of the four studies that reported proportion of participants
with pain response included participants with mCRPC (Ernst 2003;
Meulenbeld 2012; Smith 1989). Network meta-analysis of only
these three studies resulted in a slight change of the relative
ranking of treatment options according to P-score: clodronate and
etidronate exchanged compared to ranking in Figure 6 (data not
shown). The network meta-analysis (NMA) eHect estimates only
considering mCRPC continue to suggest no diHerences between
the treatment options (clodronate, etidronate, risedronate, and no
treatment/placebo).

Since the only study reporting on treatment with zoledronic
acid included mCSPC patients (Wang 2013), we were not able

to include zoledronic acid in the comparison with the other
treatment options, and no analysis could be performed regarding
this subgroup.

Sensitivity analysis

We included three studies in the sensitivity analysis due to low risk
of bias (Ernst 2003; Smith 1989; Wang 2013). The network includes
421 participants. The treatments considered were zoledronic acid,
clodronate, etidronate, and the main comparator no treatment/
placebo. There is no closed loop (network diagram not shown).

Compared to no treatment/placebo, treatment with zoledronic
acid (RR 1.46, 95% CI 0.93 to 2.32), etidronate (RR 1.30, 95% CI 0.31
to 5.43), and clodronate (RR 1.23, 95% CI 0.80 to 1.89) likely results
in little to no diHerence in pain response (Figure 7). By comparing
the diHerent bone-modifying agents with each other, zoledronic
acid compared to clodronate still results in diHerences favoring
zoledronic acid (RR 1.19, 95% CI 1.03 to 1.39; Figure 8).

 

Figure 7.   Forest plot for sensitivity analysis for outcome pain response (risk of bias (RoB) low): random-e9ects
model. Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-
e9ect model yields similar results.

 
 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 8.   Leagutetable of sensitivity network meta-analysis including only studies with low risk of bias for outcome
proportion of participants with pain response. Treatment options are ranked as indicated by the arrow from top:
greater chance of being the best treatment (higher P-scores) to bottom: lower chance of being the best treatment
(lower P-score). Network estimates with 95% confidence intervals indicating an e9ect between two of the treatment
options are marked in yellow: treatment option in column better than treatment option in row. No. of studies: 3. No.
of treatments: 4. No. of pairwise comparisons: 3. No. of designs: 3 Heterogeneity/inconsistency: Qtotal = 0, P = not

available; I2 = not available; Tau2 = not available
Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores still indicates zoledronic acid as
the best treatment option followed by etidronate and clodronate
(Figure 7; Figure 8). The fixed-eHect model yields similar results
(data not shown). For the sensitivity analysis of pain response, data
were not suHicient to estimate prediction intervals. Generalized

heterogeneity statistic Qtotal and generalized I2 statistic could not

be analyzed.

Pairwise meta-analysis

Since no studies with denosumab reported the proportion of
participants with pain response as an outcome, no pairwise meta-
analysis is shown.

Primary outcome: adverse event: renal impairment

Network meta-analysis

Eight studies reported the adverse event renal impairment, and
six studies with at least one event are included in the statistical
analysis (CALGB 90202; Elomaa 1992; Figg 2005; Saad 2010; Wang
2013; ZAPCA). Two studies with zero events could not be included
in the final network (Kylmala 1997; Pan 2014). The network diagram
is presented in Figure 9. The network includes 1769 participants.
Treatments considered were zoledronic acid, clodronate, and
alendronate as well as the main comparator no treatment/placebo.
There is one closed loop.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 9.   Network diagram for outcome adverse event: renal impairment. Any two treatments are connected by a
line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid likely increases renal impairment (RR 1.63, 95% CI 1.08 to
2.45; moderate-certainty evidence). Treatment with clodronate
likely results in little to no diHerence in renal impairment (RR
1.25, 95% CI 0.7 to 2.23; moderate-certainty evidence) as well

as with alendronate (RR 2.00, 95% CI 0.19 to 21.09) (Figure 10).
By comparing the di9erent bone-modifying agents with each
other, no meaningful di9erences between the three active
treatments are shown (Figure 11).

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 10.   Forest plot for the outcome adverse events: renal impairment. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields
similar results.

 
 

Figure 11.   Leaguetable of network meta-analysis for outcome adverse event: renal impairment. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to
bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals
indicating an e9ect between two of the treatment options are marked in yellow: treatment option in column better

than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics, I2. No. of studies:
6. No. of treatments: 4. No. of pairwise comparisons: 6. No. of designs: 4 Qtotal = 0.92, P = 0.82/Qwithin = 0.56; P =

0.76/Qbetween = 0.36, P = 0.55; I2 = 0.0%, Tau2 = 0

Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates zoledronic acid as the
worst treatment option followed by alendronate and clodronate
(Figure 10; Figure 11). Prediction intervals, to be interpreted as the
95% range of true RR to be expected in similar future trials, are

given in Figure 12; related leaguetables with prediction intervals are
shown in Table 1. The fixed-eHect model yields similar results (data
not shown).
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Figure 12.   Forest plot of splitting direct and indirect evidence for the outcome adverse event: renal impairment.
In addition to the confidence interval for the network estimate, prediction intervals are shown as bars for each
comparison. Local approach to check inconsistency—comparison of direct and indirect estimates for closed loops.
As presented in Figure 9, there is one closed loop in the network (zoledronic acid—clodronate—no treatment/
placebo). There is no significant di9erence between direct and indirect estimate (P value of test for disagreement: P
= 0.547).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 0.92, P = 0.82/Qwithin = 0.56, P = 0.76/Qbetween

= 0.36, P = 0.55; I2 = 0.0%, Tau2 = 0). Net heat plot does not

show any hot spots of inconsistency (Figure 13). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.55, Figure
12).
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Figure 13.   Net heat plot for outcome adverse events: renal impairment (random-e9ects model). There are
negligible signs of inconsistency in the net heat plot. Local approach to check inconsistency—comparison of direct
and indirect estimates for closed loops.

 
Renal impairment is not considered an adverse event of treatment
with denosumab. One study that compared zoledronic acid with
denosumab reported adverse events "potentially associated with
renal impairment occurred in 139 patients (15%) in the denosumab
group and 153 patients (16%) in the zoledronic acid group" (Fizazi
2011). Since these were not further defined, we did not include
these in our analysis or the ranking. Another study reported that
"denosumab had no eHect on renal function – creatinine levels 0.0
at 25 weeks" (Fizazi 2009).

Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did diHer slightly, but the results showed that
treatment with zoledronic acid likely neither reduces nor decreases
renal impairment compared to no treatment or placebo (network
diagram and data not shown).

• mCRPC versus mCSPC

Three of the six studies that reported the adverse event renal
impairment included participants with mCRPC (CALGB 90202; Figg
2005; Saad 2010). Network meta-analysis of only these three
studies resulted in no change of the relative ranking of treatment

options according to P-score compared to ranking in Figure 11 (data
not shown). Clodronate is no longer included in the ranking. The
direction of NMA eHect estimates did not change, and the eHect
estimates and confidence intervals only changed slightly without
impact on interpretations.

One study included mCSPC patients (Wang 2013). No analysis could
be performed regarding this subgroup.

Sensitivity analysis

We included four studies in the sensitivity analysis due to low
risk of bias (CALGB 90202; Elomaa 1992; Saad 2010; Wang 2013).
The network includes 1473 participants. Treatments considered
were zoledronic acid, clodronate, and the main comparator no
treatment/placebo. There is one closed loop (network diagram not
shown).

Compared to no treatment/placebo, treatment with zoledronic
acid likely increases renal impairment (RR 1.60, 95% CI 1.06 to
2.41), and clodronate likely results in little to no diHerence (RR 1.22,
95% CI 0.68 to 2.19) (Figure 14). By comparing the diHerent bone-
modifying agents with each other, no diHerences between the two
active treatments were shown (Figure 15).
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Figure 14.   Forest plot for sensitivity analysis of the primary outcome adverse event: renal impairment (risk of bias
(RoB) low): random-e9ects model. Reference treatment: no treatment/placebo. Treatments are ordered by P-score
(descending). The fixed-e9ect model yields similar results.

 
 

Figure 15.   Leaguetable of sensitivity network meta-analysis including only studies with low risk of bias for outcome
adverse event: renal impairment. Treatment options are ranked as indicated by the arrow from top: greater chance
of being the best treatment (higher P-scores) to bottom: lower chance of being the best treatment (lower P-score).
Network estimates with 95% confidence intervals indicating an e9ect between two of the treatment options
are marked in yellow: treatment option in column better than treatment option in row. No. of studies: 4. No. of
treatments: 3. No. of pairwise comparisons: 4. No. of designs: 3 Qtotal = 0.38, P = 0.83/Qwithin = 0.00, P = 0.95/

Qbetween = 0.38, P = 0.54; I2 = 0.0%, Tau2 = 0

Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model).

 
Ranking according to P-scores still indicates zoledronic acid as the
worst treatment option followed by clodronate (Figure 14; Figure
15). Prediction intervals, to be interpreted as the 95% range of true

RR to be expected in similar future trials, are given in Figure 16;
related leaguetables with prediction intervals are shown in Table 2.
The fixed-eHect model yields similar results (data not shown).
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Figure 16.   Forest plot of splitting direct and indirect evidence for outcome adverse event: renal impairment (risk
of bias: low). In addition to the confidence interval for the network estimator, a prediction interval is shown. Local
approach to check inconsistency—comparison of direct and indirect estimate for closed loops. There is one closed
loop in the network (graph not shown; zoledronic acid—clodronate—no treatment/placebo). There is no significant
di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.538).

 
Primary outcome: adverse event: osteonecrosis of the jaw

Network meta-analysis

Seven studies reported the adverse event ONJ (CALGB 90202;
Fizazi 2011; Meulenbeld 2012; Pan 2014; Wang 2013; ZABTON-PC;
ZAPCA), of which four studies with at least one event are included
in the statistical analysis (CALGB 90202; Fizazi 2011; Wang 2013;

ZAPCA). Three studies with zero events could not be included
in the final network (Meulenbeld 2012; Pan 2014; ZABTON-PC).
The network diagram is presented in Figure 17. The network
includes 3006 participants. Treatments considered were zoledronic
acid, clodronate, denosumab, as well as the main comparator no
treatment/placebo. The network includes no closed loops.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

31



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 17.   Network diagram for the outcome adverse event: osteonecrosis of the jaw. Any two treatments
are connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with denosumab
results in an increased occurrence of ONJ (RR 3.45, 95% CI 1.06
to 11.24; high-certainty evidence), and treatment with zoledronic
acid likely results in little to no diHerence in ONJ (RR 1.88, 95% CI
0.73 to 4.87; moderate-certainty evidence). The evidence suggests

that treatment with clodronate also results in little to no diHerence
in ONJ (RR 0.64, 95% CI 0.02 to 17.63; low-certainty evidence;
Summary of findings 1) (Figure 18). By comparing the di9erent
bone-modifying agents with each other, no di9erences between
the three active treatments were shown (Figure 19).
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Figure 18.   Forest plot for the outcome adverse event: osteonecrosis of the jaw. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields
similar results. Since there are no closed loops in the network, no local approach to check inconsistency comparing
direct and indirect estimates was done. Also, prediction intervals could not be calculated.

 
 

Figure 19.   Leaguetable of network meta-analysis for outcome adverse event: osteonecrosis of the jaw. Treatment
options are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-
scores) to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95%
confidence intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 4. No. of treatments: 4. No. of pairwise comparisons: 4. No. of designs: 3 Heterogeneity/

inconsistency: Qtotal = 0.45, P = 0.50; I2 = 0.0%, Tau2 = 0

Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab as the worst
treatment option followed by zoledronic acid and then clodronate,
which ranks similar to no treatment/placebo (Figure 18; Figure 19).
The fixed-eHect model yields similar results (data not shown). For
ONJ, data were not suHicient to estimate prediction intervals.

In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 0.45, P = 0.50; I2 = 0.0%, Tau2 = 0).

Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer, but the results of the comparison
between treatment with denosumab and no treatment or placebo
were not shown (network diagram and data not shown).

• mCRPC versus mCSPC

Two of the four included studies that reported the adverse event
ONJ included participants with mCRPC (CALGB 90202; Fizazi 2011).
Network meta-analysis of only these three studies resulted in no
change of the relative ranking of treatment options according
to P-score compared to ranking in Figure 19 (data not shown).
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Clodronate is no longer included in the ranking. The direction of
NMA eHect estimates did not change, but the confidence interval
of the eHect estimate comparing denosumab to no treatment/
placebo includes the line of no eHect and therefore suggests no
evidence for a diHerence any longer.

One study included mCSPC patients (Wang 2013). No analysis could
be performed regarding this subgroup.

Sensitivity analysis

We included three studies in the sensitivity analysis due to
low risk of bias (CALGB 90202; Fizazi 2011; Wang 2013). The

network includes 2782 participants. Treatments considered were
zoledronic acid, denosumab, clodronate, and the main comparator
no treatment/placebo. There is no closed loop (network diagram
not shown).

Compared to no treatment/placebo, treatment with denosumab
(RR 3.10, 95% CI 0.92 to 10.52) and treatment with zoledronic acid
(RR 1.69, 95% CI 0.62 to 4.60) likely results in little to no diHerence in
occurrence of ONJ. The evidence suggests the same for clodronate
(RR 0.57, 95% CI 0.02 to 16.07) (Figure 20).

 

Figure 20.   Forest plot for sensitivity analysis of outcome adverse event: osteonecrosis of the jaw (risk of bias
(RoB) low): random-e9ects model. Reference treatment: no treatment/placebo. Treatments are ordered by P-score
(descending). The fixed-e9ect model yields similar results.

 
Ranking according to P-scores shows denosumab as the worst
treatment option followed by zoledronic acid, no treatment/
placebo, and clodronate (Figure 20; Figure 21). The fixed-eHect

model yields similar results (data not shown). For the sensitivity
analysis of ONJ, data were not suHicient to estimate prediction
intervals.
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Figure 21.   Leaguetable of sensitivity network meta-analysis including only studies with low risk of bias for outcome
adverse event: osteonecrosis of the jaw. Treatment options are ranked as indicated by the arrow from top: greater
chance of being the best treatment (higher P-scores) to bottom: lower chance of being the best treatment (lower P-
score). Network estimates with 95% confidence intervals indicating an e9ect between two of the treatment options
would have been marked in yellow: treatment option in column better than treatment option in row. No. of studies:
3. No. of treatments: 4. No. of pairwise comparisons: 3. No. of designs: 3 Heterogeneity/inconsistency: Qtotal = 0, P =

not available; I2 = not available, Tau2 = not available
Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: total number of skeletal-related events
(SREs)

Network meta-analysis

Twelve studies reported total number of SREs (CALGB 90202;
Fizazi 2009; Fizazi 2011; GU02-4; Pan 2014; PR05; Saad 2010;
Small 2003; TRAPEZE 2016; Wang 2013; ZABTON-PC; ZAPCA), all

of which are included in the statistical analysis. Other studies
focused on bone mineral density instead of SREs (Elomaa
1992; Kylmala 1993; Kylmala 1997; Michaelson 2012; Ryan 2007);
did not report results for the subgroup of prostate cancer
patients with metastases (Robertson 1995; STAMPEDE); or only
focused on other outcomes like pain (Abetz 2006; Ernst 2003;
Figg 2005; Meulenbeld 2012; Smith 1989; Strang 1997). The
network diagram is presented in Figure 22. The network includes
5240 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, risedronate, pamidronate, as well as the
main comparator no treatment/placebo. There is one closed loop.
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Figure 22.   Network diagram for outcome total number of skeletal-related events. Any two treatments are
connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid (RR 0.84, 95% CI 0.72 to 0.97) and denosumab (RR 0.72, 95% CI
0.54 to 0.96) may reduce total number of SREs (both low-certainty
evidence). The evidence suggests that treatment with clodronate
results in little to no diHerence in total number of SREs (RR 0.93, 95%
CI 0.72 to 1.20; low-certainty evidence). Compared to no treatment/

placebo, risedronate (RR 0.97, 95% CI 0.40 to 2.32) and pamidronate
(RR 0.98, 95% CI 0.64 to 1.49) may not reduce the total number
in SREs (Figure 23; Figure 24). By comparing the di9erent bone-
modifying agents with each other, no di9erences between the
five active treatments were shown (Figure 24).
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Figure 23.   Forest plot for the outcome total number of skeletal-related events (SREs). Random-e9ects model.
Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect
model yields slightly di9erent results (Figure 99).

 
 

Figure 24.   Leaguetable of network meta-analysis for outcome total number of skeletal-related events. Treatment
options are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores)
to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence
intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment option in
column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics,

I2. No. of studies: 12. No. of treatments: 6. No. of pairwise comparisons: 12. No. of designs: 6 Qtotal = 11.48, P = 0.12/

Qwithin = 11.38, P = 0.077/Qbetween = 0.09, P = 0.76; I2 = 39%, Tau2 = 0.0124

Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab as the best
treatment option followed by zoledronic acid, and then clodronate,
risedronate, and pamidronate (Figure 23; Figure 24; Figure 25).
Prediction intervals, to be interpreted as the 95% range of true RR

to be expected in similar future trials, are given in Figure 26; related
leaguetables with prediction intervals are shown in Table 3. The
fixed-eHect model yields slightly diHerent results (Figure 25).
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Figure 25.   Forest plot for the outcome: total number of skeletal-related events (SREs). Fixed-e9ect model.
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Figure 26.   Forest plot of splitting direct and indirect evidence for the outcome total number of skeletal-related
events. In addition to the confidence interval for the network estimate, prediction intervals are shown as bars
for each comparison. Local approach to check inconsistency—comparison of direct and indirect estimates for
closed loops. As presented in Figure 22, there is one closed loop in the network (zoledronic acid—clodronate—
no treatment/placebo). There is no significant di9erence between direct and indirect estimate (P value of test for
disagreement: P = 0.847).
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In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 11.48, P = 0.12/Qwithin = 11.38, P = 0.077/Qbetween

= 0.09, P = 0.76; I2 = 39%, Tau2 = 0.0124). Net heat plot does not

show any hot spots of inconsistency (Figure 27). The splitting into
the contribution of direct and indirect evidence reveals the same
results: test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.85, Figure
26).

 

Figure 27.   Net heat plot for outcome total number of skeletal-related events (random-e9ects model). There are no
signs of inconsistency in the net heat plot.

 
Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer (network diagram and data not
shown).

• mCRPC versus mCSPC

Seven of the 12 studies that reported total number of adverse
events included participants with mCRPC (CALGB 90202; Fizazi
2009; Fizazi 2011; Pan 2014; Saad 2010; Small 2003; TRAPEZE 2016).
Network meta-analysis of only these seven studies resulted in
no change of the relative ranking of treatment options according
to P-score compared to ranking in Figure 24 (data not shown).
Clodronate and risedronate are no longer included in the ranking.
The direction of NMA eHect estimates did not change, and eHect
estimates and confidence intervals only changed slightly without

impact on interpretations. Inconsistency represented by I2 was
reduced from 39% to 6.9%.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in
no change of the relative ranking only consisting of zoledronic
acid, clodronate, and no treatment/placebo according to P-score
compared to ranking in Figure 24 (data not shown). The direction
of NMA eHect estimates did not change. The NMA eHect estimate
and confidence interval of the comparison zoledronic acid and no
treatment/placebo do not suggest evidence for a diHerence any
longer.

Sensitivity analysis

We included seven studies in the sensitivity analysis due
to low risk of bias (CALGB 90202; Fizazi 2011; GU02-4; Pan
2014; PR05; Saad 2010; Wang 2013). The network includes
3805 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, risedronate, and the main comparator no
treatment/placebo. There is one closed loop (network diagram not
shown).
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Compared to no treatment/placebo, treatment with denosumab
may reduce total number of SREs (RR 0.78, 95% CI 0.66 to 0.93),
and treatment with zoledronic acid or clodronate may result in little
to no diHerence (RR 0.89, 95% CI 0.79 to 1.00 and RR 0.93, 95%
CI 0.78 to 1.09). Compared to no treatment/placebo, risedronate

may not reduce total number of SREs (RR 0.97, 95% CI 0.42 to 2.26)
(Figure 28; Figure 29). By comparing the diHerent bone-modifying
agents with each other, the confidence interval for the comparison
of denosumab and zoledronic acid suggests a better eHectiveness
for denosumab (RR 0.88, 95% 0.79 to 0.99) (Figure 29).

 

Figure 28.   Forest plot for sensitivity analysis of outcome total number of skeletal-related events (SREs) (risk of bias
(RoB) low). Random-e9ects model. Reference treatment: no treatment/placebo. Treatments are ordered by P-score
(descending). The fixed-e9ect model yields similar results.
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Figure 29.   Leaguetable of sensitivity network meta-analysis including only studies with low risk of bias for outcome
total number of skeletal-related events. Treatment options are ranked as indicated by the arrow from top: greater
chance of being the best treatment (higher P-scores) to bottom: lower chance of being the best treatment (lower P-
score). Network estimates with 95% confidence intervals indicating an e9ect between two of the treatment options
are marked in yellow: treatment option in column better than treatment option in row. Global approach to check

inconsistency/heterogeneity: Q-statistics, I2. No. of studies: 7. No. of treatments: 5. No. of pairwise comparisons: 7.

No. of designs: 5 Qtotal = 2.09, df = 3, P = 0.55/Qwithin = 1.95, df = 2, P = 0.38/Qbetween = 0.14, df = 1, P = 0.71; I2 = 0%,

Tau2 = 0
Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab as the best
treatment option followed by zoledronic acid, clodronate, and
risedronate (Figure 29). Prediction intervals, to be interpreted as
the 95% range of true RR to be expected in similar future trials, are

given in Figure 30; related leaguetables with prediction intervals are
shown in Table 4. The fixed-eHect model yields similar results (data
not shown).
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Figure 30.   Forest plot of sensitivity analysis of splitting direct and indirect evidence for the outcome total number
of skeletal-related events (risk of bias low). In addition to the confidence interval for the network estimator, a
prediction interval is shown. Local approach to check inconsistency—comparison of direct and indirect estimate for
closed loops. There is one closed loop in the network (graph not shown; zoledronic acid—clodronate—no treatment/
placebo). There is no significant di9erence between direct and indirect estimate (P value of test for disagreement: P
= 0.710).

 
Pairwise meta-analysis

Two studies are included in the pairwise meta-analysis regarding
total number of SREs through treatment with denosumab
compared to zoledronic acid. Compared to zoledronic acid,

denosumab likely does not reduce total number of SREs (pairwise

RR 0.54, 95% CI 0.12 to 2.45; I2 = 57%, moderate heterogeneity)
(Figure 31).
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Figure 31.   Results of pairwise meta-analysis of denosumab versus zoledronic acid for the outcome total number of
skeletal-related events (SREs).

 
Secondary outcome: SRE: pathological fractures

Network meta-analysis

Eight studies reported the SRE pathological fractures (Fizazi 2011;
Pan 2014; PR05; Saad 2010; Small 2003; TRAPEZE 2016; Wang 2013;

ZABTON-PC), all of which are included in the statistical analysis. The
network diagram is presented in Figure 32. The network includes
4264 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, and pamidronate, as well as the main
comparator no treatment/placebo. There is one closed loop.
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Figure 32.   Network diagram for outcome skeletal-related event: pathological fractures. Any two treatments
are connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid and denosumab may reduce pathological fractures (RR 0.57,
95% CI 0.42 to 0.76 and RR 0.54, 95% CI 0.38 to 0.78, respectively).
Treatment with clodronate and pamidronate may result in little to
no diHerence in reducing pathological fractures (RR 0.74, 95% CI

0.35 to 1.58 and RR 1.22, 95% CI 0.71 to 2.07, respectively) (Figure
33; Figure 34). By comparing the di9erent bone-modifying
agents with each other, no di9erences between the four active
treatments are shown (Figure 34).
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Figure 33.   Forest plot for the outcome skeletal-related event (SRE): pathological fractures. Random-e9ects model.
Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect
model yields similar results.

 
 

Figure 34.   Leaguetable of network meta-analysis for the outcome skeletal-related event: pathological fractures.
Treatment options are ranked as indicated by the arrow from top: greater chance of being the best treatment
(higher P-scores) to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95%
confidence intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 8. No. of treatments: 5. No. of pairwise comparisons: 8. No. of designs: 5 Qtotal = 1.73,

df = 4, P = 0.78/Qwithin = 1.73, df = 3, P = 0.63/Qbetween = 0.00, df = 1, P = 0.96; I2 = 0.0%, Tau2 = 0 Treatment e9ects +

95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab and
zoledronic acid as the best treatment options followed by
clodronate, no treatment/placebo, and pamidronate (Figure 33;
Figure 34). Prediction intervals, to be interpreted as the 95% range

of true RR to be expected in similar future trials, are given in
Figure 35; related leaguetables with prediction intervals are shown
in Table 5. The fixed-eHect model yields similar results (data not
shown).
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Figure 35.   Forest plot of splitting direct and indirect evidence for outcome skeletal-related event: pathological
fractures. In addition to the confidence interval for the network estimator, a prediction interval is shown. Local
approach to check inconsistency—comparison of direct and indirect estimate for closed loops. As presented in
Figure 32, there is one closed loop in the network (zoledronic acid—clodronate—no treatment/placebo). There is no
significant di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.958).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 1.73, P = 0.78/Qwithin = 1.73, P = 0.63/Qbetween

= 0.00, P = 0.96; I2 = 0.0%, Tau2 = 0). Net heat plot does not

show any hot spots of inconsistency (Figure 36). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.96, Figure
35).
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Figure 36.   Net heat plot for outcome skeletal-related event: pathological fractures (random-e9ects model). There
are no signs of inconsistency in the net heat plot.

 
Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer (network diagram and data not
shown).

• mCRPC versus mCSPC

Five of the eight studies that reported pathological fractures
included participants with mCRPC (Fizazi 2011; Pan 2014; Small
2003; Smith 1989; TRAPEZE 2016). Network meta-analysis of only
these five studies resulted in no change of the relative ranking of
treatment options according to P-score compared to ranking in
Figure 34 (data not shown). Clodronate is no longer included in
the ranking. The direction of NMA eHect estimates did not change,
and eHect estimates and confidence intervals only changed slightly
without impact on interpretations.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in
no change of the relative ranking only consisting of zoledronic
acid, clodronate, and no treatment/placebo according to P-score

compared to ranking in Figure 34 (data not shown). The direction
of NMA eHect estimates did not change. The NMA eHect estimate
and confidence intervals of the comparison zoledronic acid and
no treatment/placebo do not suggest evidence for a diHerence any
longer.

Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: SRE: spinal cord compression

Network meta-analysis

Nine studies reported the SRE spinal cord compression (Elomaa
1992; Fizazi 2011; Pan 2014; PR05; Saad 2010; Small 2003; TRAPEZE
2016; Wang 2013; ZABTON-PC), all of which are included in the
statistical analysis. The network diagram is presented in Figure 37.
The network includes 4339 participants. Treatments considered
were zoledronic acid, denosumab, clodronate, and pamidronate,
as well as the main comparator no treatment/placebo. There is one
closed loop.
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Figure 37.   Network diagram for outcome skeletal-related event: spinal cord compression. Any two treatments
are connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with denosumab
and zoledronic acid may reduce spinal cord compression (RR
0.43, 95% CI 0.24 to 0.79 and RR 0.60, 95% CI 0.43 to 0.84,
respectively). Treatment with clodronate and pamidronate may
result in little to no diHerence in reducing spinal cord compression

(RR 0.83, 95% CI 0.45 to 1.52 and RR 1.79, 95% CI 0.43 to 7.35,
respectively) (Figure 38; Figure 39). By comparing the di9erent
bone-modifying agents with each other, no di9erences between
the four active treatments were shown (Figure 39).
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Figure 38.   Forest plot for outcome skeletal-related event (SRE): spinal cord compression. Random-e9ects model.
Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect
model yields similar results.

 
 

Figure 39.   Leaguetable of network meta-analysis for the outcome skeletal-related event: spinal cord compression.
Treatment options are ranked as indicated by the arrow from top: greater chance of being the best treatment
(higher P-scores) to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95%
confidence intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 9. No. of treatments: 5. No. of pairwise comparisons: 9. No. of designs: 5 Qtotal = 2.43,

P = 0.79/Qwithin = 2.38, P = 0.67/Qbetween = 0.05, P = 0.82; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence

intervals (risk ratios, random-e9ects model).

 
Ranking according to P-scores indicates denosumab as the
best treatment option followed by zoledronic acid, clodronate,
no treatment/placebo, and pamidronate (Figure 38; Figure 39).
Prediction intervals, to be interpreted as the 95% range of true RR

to be expected in similar future trials, are given in Figure 40; related
leaguetables with prediction intervals are shown in Table 6. The
fixed-eHect model yields similar results (data not shown).
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Figure 40.   Forest plot of splitting direct and indirect evidence for the outcome skeletal-related event: spinal cord
compression. In addition to the confidence interval for the network estimator, a prediction interval is shown. Local
approach to check inconsistency—comparison of direct and indirect estimate for closed loops. As presented in
Figure 37, there is one closed loop in the network (zoledronic acid—clodronate—no treatment/placebo). There is no
significant di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.822).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 2.43, P = 0.79/Qwithin = 2.38, P = 0.67/Qbetween

= 0.05, P = 0.82; I2 = 0.0%, Tau2 = 0). Net heat plot does not

show any hot spots of inconsistency (Figure 41). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.82, Figure
40).

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

51



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 41.   Net heat plot for the outcome skeletal-related event: spinal cord compression (random-e9ects model).
There are no signs of inconsistency in the net heat plot.

 
Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer (network diagram and data not
shown).

• mCRPC versus mCSPC

Five of the nine studies that reported SRE spinal cord compression
included participants with mCRPC (Fizazi 2011; Pan 2014; Small
2003; Smith 1989; TRAPEZE 2016). Network meta-analysis of only
these five studies resulted in no change of the relative ranking of
treatment options according to P-score compared to ranking in
Figure 39 (data not shown). Clodronate is no longer included in
the ranking. The direction of NMA eHect estimates did not change,
and eHect estimates and confidence intervals only changed slightly
without impact on interpretations.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in a
change of the relative ranking—zoledronic acid and clodronate
exchanged, pamidronate and denosumab no longer in ranking—

according to P-score compared to ranking in Figure 39 (data not
shown). The direction of NMA eHect estimates did not change. The
NMA eHect estimate and confidence intervals of the comparison
zoledronic acid and no treatment/placebo do not suggest evidence
for a diHerence any longer.

Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: SRE: bone radiotherapy

Network meta-analysis

Eight studies reported the SRE bone radiotherapy (Ernst 2003;
Fizazi 2011; Pan 2014; PR05; Saad 2010; Small 2003; Wang 2013;
ZABTON-PC), all of which are included in the statistical analysis. The
network diagram is presented in Figure 42. The network includes
3716 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, and pamidronate, as well as the main
comparator no treatment/placebo. There is one closed loop.
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Figure 42.   Network diagram for the outcome skeletal-related event: radiotherapy. Any two treatments are
connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with denosumab
may reduce the need for bone radiotherapy (RR 0.70, 95% CI 0.51
to 0.95). Treatment with zoledronic acid (RR 0.80, 95% CI 0.62 to
1.03), pamidronate (RR 0.98, 95% CI 0.64 to 1.50), and clodronate
(RR 0.97, 95% CI 0.78 to 1.21) may result in little to no diHerence

in reducing the need for bone radiotherapy (Figure 43; Figure 44).
By comparing the di9erent bone-modifying agents with each
other, no di9erences between the five active treatments are
shown (Figure 44).

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 43.   Forest plot for the outcome skeletal-related event (SRE): radiotherapy. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields
similar results.

 
 

Figure 44.   Leaguetable of network meta-analysis for the outcome skeletal-related event: radiotherapy. Treatment
options are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores)
to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence
intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment option in
column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics,

I2. No. of studies: 8. No. of treatments: 5. No. of pairwise comparisons: 8. No. of designs: 5 Qtotal = 0.29, P = 0.99/

Qwithin = 0.28, P = 0.96/Qbetween = 0.00, P = 0.95; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals

(risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab as the
best treatment option followed by zoledronic acid, and then
pamidronate and clodronate (Figure 43; Figure 44). Prediction
intervals, to be interpreted as the 95% range of true RR to be

expected in similar future trials, are given in Figure 45; related
leaguetables with prediction intervals are shown in Table 7. The
fixed-eHect model yields similar results (data not shown).
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Figure 45.   Forest plot of splitting direct and indirect evidence for the outcome skeletal-related event: radiotherapy.
In addition to the confidence interval for the network estimator, a prediction interval is shown. Local approach to
check inconsistency—comparison of direct and indirect estimate for closed loops. As presented in Figure 42, there
is one closed loop in the network (zoledronic acid—clodronate—no treatment/placebo). There is no significant
di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.955).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 0.29, P = 0.99/Qwithin = 0.28, P = 0.96/Qbetween

= 0.00, P = 0.95; I2 = 0.0%, Tau2 = 0). Net heat plot does not

show any hot spots of inconsistency (Figure 46). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.95, Figure
45).
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Figure 46.   Net heat plot for the outcome skeletal-related event: radiotherapy (random-e9ects model). There are no
signs of inconsistency in the net heat plot.

 
Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer (network diagram and data not
shown).

• mCRPC versus mCSPC

Five of the eight studies that reported SRE radiotherapy included
participants with mCRPC (Ernst 2003; Fizazi 2011; Pan 2014; Saad
2010; Small 2003). Network meta-analysis of only these five studies
resulted in a change of the relative ranking of treatment options
—clodronate and no treatment/placebo exchanged—according to
P-score compared to ranking in Figure 44 (data not shown). The
direction of NMA eHect estimates changed for the comparisons
of pamidronate with clodronate and no treatment/placebo with
clodronate, and eHect estimates and confidence intervals only
changed slightly without impact on interpretations, meaning that
still only for the comparison of denosumab with no treatment/
placebo do confidence intervals suggest evidence for a diHerence
in eHectiveness to prevent the SRE radiotherapy.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in

no change of the relative ranking only consisting of zoledronic
acid, clodronate, and no treatment/placebo according to P-score
compared to ranking in Figure 44 (data not shown). The direction
of NMA eHect estimates did not change. The NMA eHect estimate
and confidence intervals of the comparison zoledronic acid and
no treatment/placebo do not suggest evidence for a diHerence any
longer.

Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: SRE: surgery

Network meta-analysis

Seven studies reported the SRE surgery (Fizazi 2011; Pan 2014;
Saad 2010; Small 2003; TRAPEZE 2016; Wang 2013; ZABTON-
PC), of which Pan 2014 reported zero events in both study arms
and was therefore excluded from the statistical analysis. The
network diagram is presented in Figure 47. The network includes
3848 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, and pamidronate, as well as the main
comparator no treatment/placebo. There is no closed loop.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

56



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 47.   Network diagram for the outcome skeletal-related event: bone surgery. Any two treatments are
connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid may reduce the need for surgery to the bone slightly (RR 0.45,
95% CI 0.23 to 0.88). Treatment with denosumab (RR 0.11, 95%
CI 0.01 to 1.14), clodronate (RR 0.15, 95% CI 0.01 to 4.01), and
pamidronate (RR 0.89, 95% CI 0.27 to 2.97) may result in little to no

diHerence in reducing the need for bone surgery (Figure 48; Figure
49). By comparing the di9erent bone-modifying agents with
each other, no di9erences between the four active treatments
are shown (Figure 49).
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Figure 48.   Forest plot for the outcome skeletal-related event: surgery. Random-e9ects model. Reference treatment:
no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields slightly
di9erent confidence intervals (Figure 50).

 
 

Figure 49.   Leaguetable of network meta-analysis for the outcome skeletal-related event: surgery. Treatment
options are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-
scores) to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95%
confidence intervals indicating an e9ect between two of the treatment options are marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 6. No. of treatments: 5. No. of pairwise comparisons: 6. No. of designs: 4 Heterogeneity/

inconsistency: Qtotal = 2.11, P = 0.35; I2 = 5.3%, Tau2 = 0.0216 Treatment e9ects + 95% confidence intervals (risk

ratios, random-e9ects model)

 
Ranking according to P-scores indicates denosumab as the best
treatment option followed by clodronate, zoledronic acid, and
pamidronate (Figure 48; Figure 49). The fixed-eHect model yields

slightly diHerent confidence intervals than the random-eHects
model (Figure 50). For the SRE bone surgery, data were not
suHicient to estimate prediction intervals.
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Figure 50.   Forest plot for outcome skeletal-related event (SRE): surgery. Fixed-e9ect model. Reference treatment:
no treatment/placebo. Treatments are ordered by P-score (descending). Since there are no closed loops in the
network, no local approach to check inconsistency was conducted.

 
In the entire network, generalized heterogeneity statistic Q and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 2.11, P = 0.35; I2 = 5.3%, Tau2 = 0.0216). Since there

are no closed loops in the network, no local approach to check
inconsistency could be conducted.

Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer (network diagram and data not
shown).

• mCRPC versus mCSPC

Four of the six studies that reported SRE surgery included
participants with mCRPC (Fizazi 2011; Pan 2014; Saad 2010; Small
2003). Network meta-analysis of only these five studies resulted in
no change of the relative ranking of treatment options according
to P-score compared to ranking in Figure 49 (data not shown). The
direction of NMA eHect estimates did not change. The confidence
interval of the eHect estimate comparing zoledronic acid and no
treatment/placebo includes the line of no-eHect and therefore

suggests no evidence for a diHerence any longer. I2 rose from
5.3% to 52.1%, suggesting far higher inconsistency within the
comparison.

One study included mCSPC participants (Wang 2013). No analysis
could be performed regarding this subgroup.

Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: SRE: hypercalcemia

Network meta-analysis

Five studies reported the SRE hypercalcemia (Fizazi 2009; Pan
2014; Small 2003; TRAPEZE 2016; Wang 2013), of which Fizazi 2009
reported zero events in both arms and could therefore not be
incorporated in the statistical analysis. The network diagram is
presented in Figure 51. The network includes 1349 participants.
Treatments considered were zoledronic acid, clodronate, and
pamidronate, as well as the main comparator no treatment/
placebo. There is no closed loop.
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Figure 51.   Network diagram for the outcome skeletal-related event: hypercalcemia. Any two treatments are
connected by a line when there is at least one study comparing the two treatments. Line width: number of
participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid (RR 0.48, 95% CI 0.06 to 3.69), pamidronate (RR 0.54, 95% CI
0.05 to 5.85), and clodronate (RR 0.98, 95% CI 0.04 to 22.37) may
result in little to no diHerence in hypercalcemia (Figure 52; Figure

53). By comparing the di9erent bone-modifying agents with
each other, no di9erences between the three active treatments
were shown (Figure 53).
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Figure 52.   Forest plot for the outcome skeletal-related event (SRE): hypercalcemia. Random-e9ects model.
Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-
e9ect model yields similar results. Since there are no closed loops in the network, no local approach to check
inconsistency was conducted.

 
 

Figure 53.   Leaguetable of network meta-analysis for the outcome skeletal-related event: hypercalcemia. Treatment
options are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores)
to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence
intervals indicating an e9ect between two of the treatment options would have been marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 4. No. of treatments: 4. No. of pairwise comparisons: 4. No. of designs: 3 Heterogeneity /

inconsistency: Qtotal = 0.57, P = 0.45; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals (risk ratios,

random-e9ects model)

 
Ranking according to P-scores indicate zoledronic acid and
pamidronate as the best treatment option followed by clodronate
(Figure 52; Figure 53). The fixed-eHect model yields similar results
(data not shown). For the SRE hypercalcemia, data were not
suHicient to estimate prediction intervals.

In the entire network, generalized heterogeneity statistic Q and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 0.57, P = 0.45; I2 = 0.0%, Tau2 = 0). Since there

were no closed loops in the network, no local approach to check
inconsistency could be conducted.

Subgroup analysis

When no treatment and placebo were observed separately, the
network split in two subnetworks without connection, therefore
a statement on diHerences by observing them separately was not
possible.

• mCRPC versus mCSPC

Three of the four studies that reported SRE hypercalcemia included
participants with mCRPC (Pan 2014; Small 2003; TRAPEZE 2016).
Network meta-analysis of only these three studies resulted in no
change of the relative ranking of treatment options according
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to P-score compared to ranking in Figure 53 (data not shown).
The direction of NMA eHect estimates did not change, and eHect
estimates and confidence intervals were only changed slightly
without impact on interpretations.

One study included mCSPC participants (Wang 2013). No analysis
could be performed regarding this subgroup.

Secondary outcome: mortality

Network meta-analysis

Thirteen studies reported mortality (CALGB 90202; Elomaa 1992;
Ernst 2003; Fizazi 2011; GU02-4; Kylmala 1993; Meulenbeld 2012;

PR05; Saad 2010; Small 2003; STAMPEDE; Wang 2013; ZABTON-
PC), all of which were included in the statistical analysis. The
network diagram is presented in Figure 54. The network includes
5494 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, risedronate, and pamidronate, as well as
the main comparator no treatment/placebo. There is one closed
loop.
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Figure 54.   Network diagram for the outcome mortality. Any two treatments are connected by a line when there is at
least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid (RR 0.90, 95% CI 0.80 to 1.01; moderate-certainty evidence),
denosumab (RR 0.93, 95% CI 0.77 to 1.11; moderate-certainty
evidence), clodronate (RR 0.94, 95% CI 0.86 to 1.03; moderate-
certainty evidence), pamidronate (RR 0.90, 95% CI 0.53 to 1.53), and

risedronate (RR 1.06, 95% CI 0.97 to 1.17) probably do not decrease
mortality (Figure 55; Figure 56). By comparing the di9erent bone-
modifying agents with each other, a di9erence was shown
between zoledronic acid and risedronate in favor of zoledronic
acid (RR 0.85, 95% 0.73 to 0.98) (Figure 56).
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Figure 55.   Forest plot for the outcome mortality. Random-e9ects model. Reference treatment: no treatment/
placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields similar results.

 
 

Figure 56.   Leaguetable of network meta-analysis for the outcome mortality. Treatment options are ranked as
indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to bottom: lower
chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals indicating
an e9ect between two of the treatment options are marked in yellow: treatment option in column better than

treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics, I2. No. of studies: 13.
No. of treatments: 6. No. of pairwise comparisons: 13. No. of designs: 6 Qtotal = 3.35, P = 0.91/Qwithin = 3.15, P =

0.87/Qbetween = 0.20, P = 0.65; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals (risk ratios, random-

e9ects model)

 
Ranking according to P-scores indicates zoledronic acid as the
best treatment option followed by denosumab, clodronate,
pamidronate, no treatment/placebo, and risedronate (Figure 55;
Figure 56). Prediction intervals, to be interpreted as the 95% range

of true RR to be expected in similar future trials, are given in
Figure 57; related leaguetables with prediction intervals are shown
in Table 8. The fixed-eHect model yields similar results (data not
shown).
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Figure 57.   Forest plot of splitting direct and indirect evidence for the outcome mortality. In addition to the
confidence interval for the network estimator, a prediction interval is shown. Local approach to check inconsistency
—comparison of direct and indirect estimate for closed loops. As presented in Figure 54, there is one closed loop in
the network (zoledronic acid—clodronate—no treatment/placebo). There is no significant di9erence between direct
and indirect estimate (P value of test for disagreement: P = 0.654).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 3.35, P = 0.91/Qwithin = 3.15, P = 0.87/Qbetween

= 0.20, P = 0.65; I2 = 0.0%, Tau2 = 0). Net heat plot also shows
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negligible signs of inconsistency (Figure 58). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence

does not find local inconsistency for the closed loop (P = 0.65, Figure
57).

 

Figure 58.   Net heat plot for outcome mortality (random-e9ects model). There are negligible signs of inconsistency
in the net heat plot.

 
Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking diHered, but the results suggest no evidence
for a diHerence between the diHerent treatment options (network
diagram and data not shown).

• mCRPC versus mCSPC

Seven of the 13 studies that reported mortality included
participants with mCRPC (CALGB 90202; Ernst 2003; Fizazi 2011;
Kylmala 1993; Meulenbeld 2012; Saad 2010; Small 2003). Network
meta-analysis of only these seven studies resulted in a change
of the relative ranking of treatment options - clodronate and
pamidronate exchanged - according to P-score compared to
ranking in Figure 56 (data not shown). The direction of NMA eHect
estimates did not change. The confidence interval of the eHect
estimate comparing zoledronic acid and no treatment/placebo
includes the line of no-eHect and therefore suggests no evidence for
a diHerence between the two any longer.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in
no change of the relative ranking only consisting of zoledronic
acid, clodronate, and no treatment/placebo according to P-score
compared to ranking in Figure 56 (data not shown). The direction
of NMA eHect estimates did not change. The confidence interval of
the eHect estimate comparing zoledronic acid and no treatment/
placebo includes the line of no-eHect and therefore suggests no
evidence for a diHerence between the two any longer.

Sensitivity analysis

We included nine studies with low risk of bias in sensitivity
analysis (CALGB 90202; Elomaa 1992; Ernst 2003; Fizazi 2011;
GU02-4; Kylmala 1993; PR05; Saad 2010; STAMPEDE; Wang 2013).
The network diagram is not shown. The network includes
4088 participants. Treatments considered were zoledronic acid,
denosumab, clodronate, and risedronate, as well as the main
comparator no treatment/placebo. There is one closed loop.
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Compared to no treatment/placebo, treatment with zoledronic
acid (RR 0.88, 95% CI 0.76 to 1.02), denosumab (RR 0.90, 95% CI 0.74
to 1.11), clodronate (RR 0.94, 95% CI 0.86 to 1.03), and risedronate

(RR 0.97, 95% CI 0.38 to 2.44) probably results in no diHerence in
mortality (Figure 59; Figure 60). By comparing the diHerent bone-
modifying agents with each other, no diHerences between the four
active treatments were shown (Figure 60).

 

Figure 59.   Forest plot for sensitivity analysis of outcome: mortality (low risk of bias (RoB)). Random-e9ects model.
Reference treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect
model yields similar results.
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Figure 60.   Leaguetable of sensitivity network meta-analysis including only studies with low risk of bias for the
outcome mortality. Treatment options are ranked as indicated by the arrow from top: greater chance of being the
best treatment (higher P-scores) to bottom: lower chance of being the best treatment (lower P-score). Network
estimates with 95% confidence intervals indicating an e9ect between two of the treatment options would have
been marked in yellow: treatment option in column better than treatment option in row. Global approach to check

inconsistency/heterogeneity: Q-statistics, I2. No. of studies: 9. No. of treatments: 5. No. of pairwise comparisons: 9.

No. of designs: 5 Qtotal = 2.98, P = 0.70/Qwithin = 2.85, P = 0.58/Qbetween = 0.13, P = 0.72; I2 = 0%, Tau2 = 0 Treatment

e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates zoledronic acid as the
best treatment option followed by denosumab, clodronate, and
risedronate (Figure 59; Figure 60). Prediction intervals, to be
interpreted as the 95% range of true RR to be expected in similar

future trials, are given in Figure 61; related leaguetables with
prediction intervals are shown in Table 9. The fixed-eHect model
yields similar results (data not shown).
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Figure 61.   Forest plot for sensitivity analysis of splitting direct and indirect evidence for the outcome mortality (low
risk of bias). In addition to the confidence interval for the network estimator, a prediction interval is shown. Local
approach to check inconsistency—comparison of direct and indirect estimate for closed loops. There is one closed
loop in the network (graph not shown; zoledronic acid—clodronate—no treatment/placebo). There is no significant
di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.721).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between
studies (Qtotal = 2.98, P = 0.70/Qwithin = 2.85, P = 0.58/Qbetween

= 0.13, P = 0.72; I2 = 0%, Tau2 = 0). Net heat plot also shows

negligible signs of inconsistency (Figure 62). The splitting into
the contribution of direct and indirect evidence reveals the same
results; test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.72, Figure
61).
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Figure 62.   Net heat plot for sensitivity analysis of the outcome mortality (low risk of bias; random-e9ects model).
There are negligible signs of inconsistency in the net heat plot. The fixed-e9ect model yields the same results.

 
Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2011), therefore no pairwise meta-analysis was conducted.

Secondary outcome: quality of life

Due to insuHicient reporting, no analysis was possible for the
outcome quality of life. Descriptive results of this outcome
regarding bisphosphonates were already reported elsewhere
(Macherey 2017). One trial analyzing the eHects of zoledronic
acid and denosumab reported cancer-related quality of life in
an abstract (Fizazi 2011). In this trial, participants completed the
Functional Assessment of Cancer Therapy-General questionnaire
at baseline and at each monthly visit to determine cancer-specific
quality of life scores. Declining scores point to worsening cancer-
related quality of life, with a greater than or equal to five-
point decrease considered to be clinically meaningful. Over an

18-month period, more zoledronic acid-treated participants than
denosumab-treated participants experienced a greater than or
equal to five-point decrease in Functional Assessment of Cancer
Therapy-General total scores (average relative diHerence = 6.8%,
range −9.4% to 14.6%) or worsening of cancer-related quality of life.

Secondary outcome: adverse event: grade 3 to 4

Network meta-analysis

Eight studies reported participants with adverse events grade 3
to 4 (CALGB 90202; Ernst 2003; Figg 2005; Fizazi 2009; Fizazi 2011;
Meulenbeld 2012; Small 2003; ZAPCA), all of which are included in
the statistical analysis. The network diagram is presented in Figure
63. The network includes 4053 participants. Treatments considered
were zoledronic acid, denosumab, clodronate, risedronate,
pamidronate, and alendronate, as well as the main comparator no
treatment/placebo. There is no closed loop.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

70



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 63.   Network diagram for the outcome adverse event: grade 3 to 4. Any two treatments are connected by a
line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with denosumab
may slightly increase grade 3 to 4 adverse events (RR 1.46, 95% CI
1.06 to 1.99). Compared to no treatment/placebo, treatment with
zoledronic acid (RR 1.34, 95% CI 0.99 to 1.83), pamidronate (RR 1.20,
95% CI 0.80 to 1.79), alendronate (RR 1.25, 95% CI 0.37 to 4.28),
clodronate (RR 1.10, 95% CI 0.81 to 1.50), and risedronate (RR 1.02,
95% CI 0.88 to 1.18) may result in little to no diHerence in grade

3 to 4 adverse events (Figure 64; Figure 65). By comparing the
di9erent bone-modifying agents with each other, di9erences
were shown between zoledronic acid and denosumab in favor
of zoledronic acid (RR 0.92, 95% CI 0.87 to 0.98) and between
risedronate and denosumab in favor of risedronate (RR 0.70,
95% CI 0.50 to 0.99) (Figure 65).
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Figure 64.   Forest plot for the outcome adverse event: grade 3 to 4. Random-e9ects model. Reference treatment: no
treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields similar results.
Since there are no closed loops in the network, no local approach to check inconsistency was conducted.

 
 

Figure 65.   Leaguetable of network meta-analysis for the outcome adverse event: grade 3 to 4. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to
bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals
indicating an e9ect between two of the treatment options are marked in yellow: treatment option in column better

than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics, I2. No. of studies:
8. No. of treatments: 7. No. of pairwise comparisons: 8. No. of designs: 6 Heterogeneity/inconsistency: Qtotal = 0.44,

P = 0.80; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)
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Ranking according to P-scores indicates risedronate as the
best treatment option aMer no treatment/placebo followed
by clodronate, alendronate, pamidronate, zoledronic acid, and
denosumab (Figure 64; Figure 65). The fixed-eHect model yields
similar results (data not shown). For grade 3 to 4 adverse events,
data were not suHicient to estimate prediction intervals.

In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 0.44, P = 0.80; I2 = 0.0%, Tau2 = 0). A test of

agreement between direct and indirect evidence to find local
inconsistency could not be conducted since there is no closed loop
in the network.

Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did diHer slightly, but the results suggest no
evidence for a diHerence between the diHerent treatment options
(network diagram and data not shown).

• mCRPC versus mCSPC

Seven of the eight studies that reported grade 3 to 4 adverse
events included participants with mCRPC (CALGB 90202; Ernst
2003; Figg 2005; Fizazi 2009; Fizazi 2011; Meulenbeld 2012; Small
2003). Network meta-analysis of only these seven studies resulted
in no change of the relative ranking of treatment options according
to P-score compared to ranking in Figure 65 (data not shown). The
direction of NMA eHect estimates did not change. The confidence
intervals of the eHect estimate comparing denosumab with no
treatment/placebo and denosumab with risedronate include the
line of no-eHect and therefore suggest no evidence for a diHerence
between each of the two compared treatment options any longer.

No study reported including only participants with mCSPC.

Pairwise meta-analysis

Two studies reported grade 3 to 4 adverse events for treatment
with denosumab (Fizazi 2009; Fizazi 2011). Finally, 628/961
participants in the zoledronic acid arm and 680/976 participants
in the denosumab arm experienced grade 3 to 4 adverse events.
Treatment with denosumab may increase the occurrence of grade
3 to 4 adverse events compared to zoledronic acid (RR 0.92, 95% CI

0.87 to 0.98; I2 = 0%, Figure 66).
 

Figure 66.   Results of pairwise meta-analysis for the outcome adverse event: grade 3 to 4 (random-e9ects model).

 
Secondary outcome: adverse event: hypocalcemia

Network meta-analysis

Nine studies reported hypocalcemia as an adverse event (CALGB
90202; Fizazi 2009; Fizazi 2011; Meulenbeld 2012; Pan 2014; PR05;
Saad 2010; Wang 2013; ZABTON-PC). Two studies with zero events

were excluded from the statistical analysis (Pan 2014; ZABTON-
PC). The network diagram is presented in Figure 67. The network
includes 4235 participants. Treatments considered were zoledronic
acid, denosumab, clodronate, and risedronate, as well as the main
comparator no treatment/placebo. There is one closed loop.
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Figure 67.   Network diagram for the outcome adverse event: hypocalcemia. Any two treatments are connected by a
line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with denosumab
(RR 5.74, 95% CI 0.57 to 57.43), risedronate (RR 3.10, 95% CI 0.07
to 133.60), zoledronic acid (RR 2.38, 95% CI 0.47 to 11.96), and
clodronate (RR 1.97, 95% CI 0.20 to 19.85) may result in little to no

diHerence in the occurrence of hypocalcemia (Figure 68; Figure 69).
By comparing the di9erent bone-modifying agents with each
other, no di9erences between the four active treatments are
shown (Figure 69).
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Figure 68.   Forest plot for secondary outcome: adverse event: hypocalcemia. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). There are strong di9erences
between the fixed-e9ect and random-e9ects estimates and confidence intervals. In addition, the treatments are
ranked in a di9erent order (Figure 70).

 
 

Figure 69.   Leaguetable of network meta-analysis for the outcome adverse event: hypocalcemia. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to
bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals
indicating an e9ect between two of the treatment options would have been marked in yellow: treatment option in
column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics,

I2. No. of studies: 7. No. of treatments: 5. No. of pairwise comparisons: 7. No. of designs: 5 Qtotal = 6.90, P = 0.075/

Qwithin = 2.39, P = 0.30/Qbetween = 4.51, P = 0.034; I2 = 56.5%, Tau2 = 1.0252 Treatment e9ects + 95% confidence

intervals (risk ratios, random-e9ects model)

 
There are strong diHerences between the fixed-eHect and random-
eHects estimates and confidence intervals (Figure 68; Figure 70). In
the random-eHects model, ranking according to P-scores indicates
clodronate as the best treatment option aMer no treatment/
placebo, followed very closely by zoledronic acid, and then

risedronate and denosumab (Figure 68; Figure 69). In addition, the
treatments are ranked in a diHerent order (Figure 70). Prediction
intervals, to be interpreted as the 95% range of true RR to be
expected in similar future trials, are given in Figure 71; related
leaguetables with prediction intervals are shown in Table 10.
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Figure 70.   Forest plot for secondary outcome adverse event: hypocalcemia. Fixed-e9ect model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending).
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Figure 71.   Forest plot of splitting direct and indirect evidence for the secondary outcome adverse event:
hypocalcemia. In addition to the confidence interval for the network estimator, a prediction interval is shown.
Local approach to check inconsistency—comparison of direct and indirect estimate for closed loops. As presented in
Figure 67, there is one closed loop in the network (zoledronic acid—clodronate—no treatment/placebo). There is no
significant di9erence between direct and indirect estimate (P value of test for disagreement: P = 0.20).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed moderate inconsistency between
studies (Qtotal = 6.90, P = 0.075/Qwithin = 2.39, P = 0.30/Qbetween

= 4.51, P = 0.034; I2 = 56.5%, Tau2 = 1.0252). Net heat plot also
shows signs of inconsistency in the comparison clodronate versus

no treatment/placebo (Figure 72). The fixed-eHect model shows
inconsistency a little bit stronger (not shown). The splitting into
the contribution of direct and indirect evidence reveals the same
results: test of agreement between direct and indirect evidence
does not find local inconsistency for the closed loop (P = 0.20, Figure
71).
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Figure 72.   Net heat plot for secondary outcome adverse event: hypocalcemia (random-e9ects model). There are
signs of inconsistency in the net heat plot in the comparison clodronate versus no treatment/placebo. The fixed-
e9ect model shows even stronger inconsistency (not shown).

 
Subgroup analysis

When no treatment and placebo were observed separately, the
network split in two subnetworks without connection, therefore
a statement on diHerences by observing them separately is not
possible (network diagram not shown).

• mCRPC versus mCSPC

Five of the seven studies that reported the adverse event
hypocalcemia included participants with mCRPC (CALGB 90202;
Fizazi 2009; Fizazi 2011; Meulenbeld 2012; Saad 2010). Network
meta-analysis of only these five studies resulted in no change
of the relative ranking of treatment options according to P-score
compared to ranking in Figure 69 (data not shown). The direction
of NMA eHect estimates changed slightly for the comparison
denosumab versus risedronate. The confidence interval of the
eHect estimate comparing zoledronic acid and denosumab now
excludes the line of no-eHect and therefore suggests evidence for a
diHerence between the two favoring zoledronic acid.

Two studies included participants with mCSPC (PR05; Wang 2013).
Network meta-analysis of only these two studies resulted in
no change of the relative ranking only consisting of zoledronic
acid, clodronate, and no treatment/placebo according to P-score
compared to ranking in Figure 69 (data not shown). The direction
of NMA eHect estimates did not change. The confidence interval of
the eHect estimate comparing zoledronic acid and no treatment/
placebo now excludes the line of no-eHect and therefore suggests
evidence for a diHerence between the two favoring no treatment/
placebo.

Pairwise meta-analysis

Two studies reported hypocalcemia as an adverse event of
treatment with denosumab (Fizazi 2009; Fizazi 2011). Eventually,
56/961 participants in the zoledronic acid arm and 127/976
participants in the denosumab arm experienced hypocalcemia.
Treatment with denosumab may increase the occurrence of
hypocalcemia compared to zoledronic acid (RR 0.45, 95% CI 0.33 to

0.61; I2 = 0%, Figure 73).
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Figure 73.   Results of pairwise meta-analysis for secondary outcome adverse event: hypocalcemia (random-e9ects
model).

 
Secondary outcome: adverse event: fatigue

Network meta-analysis

Seven studies reported on participants experiencing fatigue
(CALGB 90202; Figg 2005; Fizazi 2011; Pan 2014; Saad 2010; Small
2003; TRAPEZE 2016), all of which are included in the statistical

analysis. All of these studies included participants with mCRPC
only. The network diagram is presented in Figure 74. The network
includes 4454 participants. Treatments considered were zoledronic
acid, denosumab, pamidronate, and alendronate, as well as the
main comparator no treatment/placebo. There is no closed loop.
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Figure 74.   Network diagram for secondary outcome adverse event: fatigue. Any two treatments are connected by a
line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with alendronate
(RR 0.86, 95% CI 0.56 to 1.31), zoledronic acid (RR 1.07, 95% CI
0.91 to 1.24), pamidronate (RR 1.26, 95% CI 0.85 to 1.87), and
denosumab (RR 1.24, 95% CI 0.99 to 1.54) may result in little to

no diHerence in fatigue (Figure 75; Figure 76). By comparing the
di9erent bone-modifying agents with each other, no di9erences
between the four active treatments are shown (Figure 76).
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Figure 75.   Forest plot for the secondary outcome adverse event: fatigue. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields
similar results.

 
 

Figure 76.   Leaguetable of network meta-analysis for the outcome adverse event: fatigue. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores)
to bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence
intervals indicating an e9ect between two of the treatment options would have been marked in yellow: treatment
option in column better than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-

statistics, I2. No. of studies: 7. No. of treatments: 5. No. of pairwise comparisons: 7. No. of designs: 4 Heterogeneity/

inconsistency: Qtotal = 2.36, P = 0.50; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals (risk ratios,

random-e9ects model)

 
Ranking according to P-scores indicates alendronate as the best
treatment option followed by no treatment/placebo, zoledronic
acid, pamidronate, and denosumab (Figure 75; Figure 76).
The fixed-eHect model yields similar results (data not shown).
Prediction intervals, to be interpreted as the 95% range of true RR
to be expected in similar future trials, are given in Table 11.

In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 2.36, P = 0.50; I2 = 0.0%, Tau2 = 0). A test of

agreement between direct and indirect evidence to find local
inconsistency could not be conducted since there is no closed loop
in the network.

Subgroup analysis

When no treatment and placebo were observed separately, the
order of the ranking did not diHer, but when compared to placebo
denosumab may result in an increased occurrence of fatigue (RR
0.78, 95% CI 0.62 to 0.89; network diagram and data not shown).
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Secondary outcome: adverse event: diarrhea

Network meta-analysis

Six studies reported participants experiencing diarrhea (CALGB
90202; Figg 2005; Fizazi 2009; Meulenbeld 2012; Saad 2010; Small
2003), all of which are included in the statistical analysis. All

of these studies included participants with mCRPC only. The
network diagram is presented in Figure 77. The network includes
2345 participants. Treatments considered were zoledronic acid,
denosumab, pamidronate, risedronate, and alendronate, as well
as the main comparator no treatment/placebo. There is no closed
loop.

 

Figure 77.   Network diagram for the secondary outcome adverse event: diarrhea. Any two treatments are connected
by a line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with zoledronic
acid (RR 1.58, 95% CI 1.04 to 2.39) may increase diarrhea slightly.
Treatment with risedronate (RR 1.11, 95% CI 0.78 to 1.59),
alendronate (RR 1.29, 95% CI 0.51 to 3.21), pamidronate (RR 1.32,
95% CI 0.69 to 2.52), and denosumab (RR 3.82, 95% CI 0.46 to 31.91)

may result in little to no diHerence in diarrhea (Figure 78; Figure 79).
By comparing the di9erent bone-modifying agents with each
other, no di9erences between the five active treatments are
shown (Figure 79).
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Figure 78.   Forest plot for secondary outcome adverse event: diarrhea. Random-e9ects model. Reference
treatment: no treatment/placebo. Treatments are ordered by P-score (descending). There are slight di9erences
between the fixed-e9ect and random-e9ects estimates and confidence intervals (Figure 80).

 
 

Figure 79.   Leaguetable of network meta-analysis for the outcome adverse event: diarrhea. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to
bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals
indicating an e9ect between two of the treatment options are marked in yellow: treatment option in column better

than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics, I2. No. of studies:
6. No. of treatments: 6. No. of pairwise comparisons: 6. No. of designs: 5 Heterogeneity/inconsistency: Qtotal = 1.23,

P = 0.27; I2 = 18.7%, Tau2 = 0.0197 Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model)

 
Ranking according to P-scores indicates risedronate as the
best treatment option aMer no treatment/placebo followed by
alendronate, pamidronate, zoledronic acid, and denosumab

(Figure 78; Figure 79). The fixed-eHect model yields slightly diHerent
results (Figure 80). For the adverse event diarrhea, data were not
suHicient to estimate prediction intervals.
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Figure 80.   Forest plot for secondary outcome adverse event: diarrhea. Fixed-e9ect model. Reference treatment: No
treatment/placebo. Treatments are ordered by P-score (descending).

 
In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 1.23, P = 0.27; I2 = 18.7%, Tau2 = 0.0197). A test

of agreement between direct and indirect evidence to find local
inconsistency could not be conducted since there is no closed loop
in the network.

Subgroup analysis

When no treatment and placebo were observed separately, the
network split in two subnetworks without connection, therefore
a statement on diHerences by observing them separately is not
possible (network diagram not shown).

Pairwise meta-analysis

Only one study reported a comparison with denosumab (Fizazi
2009), therefore no pairwise meta-analysis was conducted.

Secondary outcome: adverse event: nausea

Network meta-analysis

Nine studies reported nausea as an adverse event (CALGB 90202;
Ernst 2003; Figg 2005; Fizazi 2009; Fizazi 2011; Kylmala 1997;
Meulenbeld 2012; Saad 2010; Small 2003), all of which are included
in the statistical analysis. All of these studies included participants
with mCRPC only. The network diagram is presented in Figure 81.
The network includes 4499 participants. Treatments considered
were zoledronic acid, denosumab, clodronate, pamidronate,
risedronate, and alendronate, as well as the main comparator no
treatment/placebo. There is no closed loop.
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Figure 81.   Network diagram for the secondary outcome adverse event: nausea. Any two treatments are connected
by a line when there is at least one study comparing the two treatments. Line width: number of participants.

 
Compared to no treatment/placebo, treatment with denosumab
(RR 1.28, 95% CI 1.01 to 1.63) may increase nausea slightly.
Treatment with pamidronate (RR 1.25, 95% CI 0.88 to 1.78),
risedronate (RR 1.14, 95% CI 0.93 to 1.41), zoledronic acid (RR 1.15,
95% CI 0.95 to 1.38), clodronate (RR 0.99, 95% CI 0.57 to 1.69), and

alendronate (RR 0.75, 95% CI 0.42 to 1.35) may result in little to
no diHerence in nausea (Figure 82; Figure 83). By comparing the
di9erent bone-modifying agents with each other, no di9erences
between the six active treatments are shown (Figure 83).
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Figure 82.   Forest plot for secondary outcome adverse event: nausea. Random-e9ects model. Reference treatment:
no treatment/placebo. Treatments are ordered by P-score (descending). The fixed-e9ect model yields similar
results.

 
 

Figure 83.   Leaguetable of network meta-analysis for the outcome adverse event: nausea. Treatment options
are ranked as indicated by the arrow from top: greater chance of being the best treatment (higher P-scores) to
bottom: lower chance of being the best treatment (lower P-score). Network estimates with 95% confidence intervals
indicating an e9ect between two of the treatment options are marked in yellow: treatment option in column better

than treatment option in row. Global approach to check inconsistency/heterogeneity: Q-statistics, I2. No. of studies:
9. No. of treatments: 7. No. of pairwise comparisons: 9. No. of designs: 6 Heterogeneity/inconsistency: Qtotal = 2.33,

P = 0.51; I2 = 0.0%, Tau2 = 0 Treatment e9ects + 95% confidence intervals (risk ratios, random-e9ects model).

 
Ranking according to P-scores indicates alendronate as the best
treatment option followed by no treatment/placebo, clodronate,
zoledronic acid, risedronate, pamidronate, and denosumab (Figure

82; Figure 83). The fixed-eHect model yields similar results (data not
shown). For the adverse event nausea, data were not suHicient to
estimate prediction intervals.
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In the entire network, generalized heterogeneity statistic Qtotal and

generalized I2 statistic showed no notable inconsistency between

studies (Qtotal = 2.33, P = 0.51; I2 = 0.0%, Tau2 = 0). A test of

agreement between direct and indirect evidence to find local
inconsistency could not be conducted since there is no closed loop
in the network.

Subgroup analysis

When no treatment and placebo were observed separately, the
network split in two subnetworks without connection, therefore

a statement on diHerences by observing them separately is not
possible (network diagram not shown).

Pairwise meta-analysis

Two studies reported nausea as an adverse event of treatment with
denosumab (Fizazi 2009; Fizazi 2011). Finally, 248/961 participants
in the zoledronic acid arm and 283/976 participants in the
denosumab arm experienced nausea. Treatment with denosumab
may not increase nausea compared to zoledronic acid (RR 0.89, 95%

CI 0.77 to 1.03; I2 = 0%, Figure 84).

 

Figure 84.   Results of pairwise meta-analysis for outcome adverse event: nausea (fixed-e9ect and random-e9ects).

 
E�icacy versus acceptability

Total number of SREs versus adverse event renal impairment

Optimal treatment should be characterized by both high eHicacy
and acceptability. A ranking plot between the outcomes total
number of SREs and adverse event renal impairment is shown
in Figure 85; the related leaguetable with network estimates (RR)

and 95% CIs is given in Figure 86. Only studies reporting both
eHicacy (total number of SREs) and acceptability (adverse event
renal impairment) are considered in the ranking plot (zoledronic
acid, clodronate, and the main comparator no treatment/placebo).
No treatment option can be found in the right upper corner, which
would suggest superiority of both eHicacy and acceptability at the
same time.
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Figure 85.   Ranking plot representing simultaneously the e9icacy (x axis, total number of skeletal-related events
(SREs)) and the acceptability (y axis, adverse event: renal impairment) of all bone-modifying agents for patients
with prostate cancer and bone metastases. Optimal treatment should be characterized by both high e9icacy and
acceptability and should be in the right upper corner of this graph. Only studies reporting both e9icacy (total
numbers of SREs) and acceptability (adverse event: renal impairment) are considered in the ranking plot. Studies
reporting only one of the two are not included in the statistical analysis for this plot.
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Figure 86.   Leaguetable with network estimates of all pairwise comparisons for e9icacy (total number of skeletal-
related events) and acceptability (adverse event: renal impairment). Treatments are presented in alphabetical
order. Data are risk ratios (RRs) with corresponding 95% confidence intervals. For both e9icacy and acceptability,
RRs lower than 1 favor the first treatment in alphabetical order. To obtain RRs for comparisons in the opposite
direction, reciprocals should be taken. Results not including the line of no e9ect in their confidence intervals and
therefore suggesting evidence for a di9erence, are marked bold.

 
Total number of SREs versus adverse event osteonecrosis of the jaw

A ranking plot between the outcomes total number of SREs and
adverse event osteonecrosis of the jaw is shown in Figure 87;
the related leaguetable with network estimates (RR) and 95%
CIs is given in Figure 88. Only studies reporting both eHicacy

(total number of SREs) and acceptability (adverse event ONJ)
are considered in the ranking plot (zoledronic acid, denosumab,
clodronate, and the main comparator no treatment/placebo). No
treatment option can be found in the right upper corner, which
would suggest superiority of both eHicacy and acceptability at the
same time.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

89



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 87.   Ranking plot representing simultaneously the e9icacy (x axis, total number of skeletal-related events
(SREs)) and the acceptability (y axis, adverse event: osteonecrosis of the jaw) of all bone-modifying agents for
patients with prostate cancer and bone metastases. Optimal treatment should be characterized by both high
e9icacy and acceptability and should be in the right upper corner of this graph. Only studies reporting both e9icacy
(total numbers of SREs) and acceptability (adverse event: osteonecrosis of the jaw) are considered in the ranking
plot. Studies reporting only one of the two are not included in the statistical analysis for this plot.
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Figure 88.   Leaguetable with network estimates of all pairwise comparisons for e9icacy (total number of
skeletal-related events) and acceptability (adverse event: osteonecrosis of the jaw). Treatments are presented in
alphabetical order. Data are risk ratios (RRs) with corresponding 95% confidence intervals. For both e9icacy and
acceptability, RRs lower than 1 favor the first treatment in alphabetical order. To obtain RRs for comparisons in
the opposite direction, reciprocals should be taken. Results not including the line of no e9ect in their confidence
intervals and therefore suggesting evidence for a di9erence, are marked bold.

 
Total number of SREs versus grade 3 to 4 adverse events

A ranking plot between the outcomes total number of SREs and
grade 3 to 4 adverse events is shown in Figure 89; the related
leaguetable with network estimates (RR) and 95% CIs is given in
Figure 90. Only studies reporting both eHicacy (total number of

SREs) and acceptability (grade 3 to 4 adverse events) are considered
in the ranking plot (zoledronic acid, denosumab, clodronate,
risedronate, pamidronate, and the main comparator no treatment/
placebo). No treatment option can be found in the right upper
corner, which would suggest superiority of both eHicacy and
acceptability at the same time.
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Figure 89.   Ranking plot representing simultaneously the e9icacy (x axis, total number of skeletal-related events
(SREs)) and the acceptability (y axis, grade 3 to 4 adverse events) of all bone-modifying agents for patients with
prostate cancer and bone metastases. Optimal treatment should be characterized by both high e9icacy and
acceptability and should be in the right upper corner of this graph. Only studies reporting both e9icacy (total
numbers of SREs) and acceptability (grade 3 to 4 adverse events) are considered in the ranking plot. Studies only
reporting one of the two are not included in the statistical analysis for this plot. Results not including the line of no
e9ect in their confidence intervals and therefore suggesting evidence for a di9erence, are marked bold.
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Figure 90.   Leaguetable with network estimates of all pairwise comparisons for e9icacy (total number of skeletal-
related events) and acceptability (grade 3 to 4 adverse events). Treatments are presented in alphabetical order.
Data are risk ratios (RRs) with corresponding 95% confidence intervals. For both e9icacy and acceptability, RRs
lower than 1 favor the first treatment in alphabetical order. To obtain RRs for comparisons in the opposite direction,
reciprocals should be taken. Results not including the line of no e9ect in their confidence intervals and therefore
suggesting evidence for a di9erence, are marked bold.

 
Total number of SREs versus adverse event hypocalcemia

A ranking plot between the outcomes total number of SREs
and adverse event hypocalcemia is shown in Figure 91; the
related leaguetable with network estimates (RR) and 95% CIs
is given in Figure 92. Only studies reporting both eHicacy (total

number of SREs) and acceptability (adverse event hypocalcemia)
are considered in the ranking plot (zoledronic acid, denosumab,
clodronate, risedronate, and the main comparator no treatment/
placebo). No treatment option can be found in the right upper
corner, which would suggest superiority of both eHicacy and
acceptability at the same time.
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Figure 91.   Ranking plot representing simultaneously the e9icacy (x axis, total number of skeletal-related events
(SREs)) and the acceptability (y axis, adverse event: hypocalcemia) of all bone-modifying agents for patients
with prostate cancer and bone metastases. Optimal treatment should be characterized by both high e9icacy and
acceptability and should be in the right upper corner of this graph. Only studies reporting both e9icacy (total
numbers of SREs) and acceptability (adverse event: hypocalcemia) are considered in the ranking plot. Studies
reporting only one of the two are not included in the statistical analysis for this plot.
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Figure 92.   Leaguetable with network estimates of all pairwise comparisons for e9icacy (total number of skeletal-
related events) and acceptability (adverse event: hypocalcemia). Treatments are presented in alphabetical order.
Data are risk ratios (RRs) with corresponding 95% confidence intervals. For both e9icacy and acceptability, RRs
lower than 1 favor the first treatment in alphabetical order. To obtain RRs for comparisons in the opposite direction,
reciprocals should be taken.

 

D I S C U S S I O N

Summary of main results

In this systematic review we aimed to compare diHerent bone-
modifying agents as supportive therapy for men with treatment-
naive, castration-resistant and hormone-sensitive prostate cancer
and bone metastases. Of the 25 (7435 participants) trials meeting
our inclusion criteria, 21 (6892 participants) could be analyzed
in network meta-analysis. The four trials that could not be
included reported biomedical markers of bone turnover and
disease progression (Michaelson 2012), changes in bone mass
density (Ryan 2007), or focused on pain outcomes, but their
reporting was insuHicient to be included (Abetz 2006; Robertson
1995). The main results are listed as follows.

• The evidence suggests that use of any of the reported
bisphosphonates may not increase the proportion of
participants with pain response when compared to no
treatment/placebo. For this outcome, none of the trials reported
results for the use of denosumab or the other bisphosphonates.
Since proportion of participants with pain response is reported
subjectively, the risk for bias due to unblinded trials was high
for one and unclear for one of the four studies reporting this
outcome. Eight other studies also reported outcomes related to
proportion of participants with pain response but could not be
included in the analysis.

• The use of zoledronic acid likely increases the adverse event
renal impairment, while the evidence suggests little to no
diHerence for this outcome with the use of clodronate and
alendronate compared to no treatment/placebo. Since renal
impairment has not previously been observed as an adverse
event with the use of denosumab, studies likely do not
report this outcome when analyzing the eHects of denosumab.
Denosumab was therefore not included in the quantitative
analysis for this outcome and does not appear in the ranking.

• Treatment with denosumab results in increased occurrence
of the adverse event osteonecrosis of the jaw, while the
evidence suggests that the bisphosphonates zoledronic acid
and clodronate result in little to no diHerence for this outcome
when compared to no treatment/placebo.

• Zoledronic acid and denosumab may reduce SREs, while other
bisphosphonates may result in little to no diHerence for this
outcome when compared to no treatment/placebo. Considering

sensitivity analysis only including trials at low risk of bias,
these results changed slightly. The evidence of the sensitivity
analysis suggests that zoledronic acid may reduce SREs when
compared to no treatment/placebo, but the confidence interval
includes the possibility of no eHect, whereas the results for
denosumab do not diHer. When zoledronic acid was compared
to denosumab in the main analysis, confidence intervals suggest
an eHect between the two favoring denosumab.

• The evidence suggests little to no diHerence in mortality for
the comparison of any of the bone-modifying agents against no
treatment/placebo. Compared to risedronate, zoledronic acid
may be more eHective in preventing mortality; however, this
small eHect does not persist when looking at the results of the
sensitivity analysis only including trials considered as at low risk
of bias.

• We could not analyze quality of life quantitatively in a network
meta-analysis due to poor and inconsistent reporting of this
outcome.

• Comparing eHicacy and acceptability of the bone-modifying
agents at the same time by choosing the prevention of SREs
as the measure of eHicacy versus diHerent types and measures
of adverse events as the measure of acceptability did not
show a summary conclusion. The four ranking plots showed
heterogenous results regarding the best treatment option which
cannot be seen clearly from the ranking plots.

Regarding the three assumptions that need to hold to conduct
network meta-analysis, we epidemiologically judged transitivity
between the trials by comparing the characteristics of included
participants, interventions, basic anticancer therapy, and settings,
and it holds. Regarding consistency and homogeneity, we looked
at the statistics for each outcome. We only found inconsistency
between direct and indirect evidence for one analysis, and the
comparison of clodronate versus no treatment/placebo when
analyzing the adverse event hypocalcemia. No relevant eHect is
shown either for direct evidence or the indirect evidence, but the
eHects are in diHerent directions and contain wide CIs.

To illustrate eHicacy against acceptability, we generated ranking
plots with the aim of displaying the balancing of most important
benefits against the most important harms. No clear statement
could be made on which agent is the most eHective and at the same
time least harmful from the plots or the corresponding leaguetables
for any of the comparisons.
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The pairwise meta-analyses we conducted only contained two
included trials comparing denosumab with zoledronic acid. Since
one of the trials contains only 49 participants, Fizazi 2009, and
the other 1901 participants, Fizazi 2011, the results of the smaller
trial only showed little to no influence on the results of the meta-
analyses, and neither trial showed relevant eHects for the outcomes
total number of SREs, adverse events grade 3 to 4, hypocalcemia,
and nausea.

Overall completeness and applicability of evidence

We considered all seven possible bisphosphonates (zoledronic
acid, risedronate, pamidronate, alendronate, etidronate,
ibandronate, and clodronate) and RANKL-inhibitors (denosumab)
as supportive treatment for men with prostate cancer and bone
metastases. We compared the diHerent agents with each other
and against no treatment/placebo, which we chose as our main
comparator. We could not identify a randomized controlled trial
reporting ibandronate for prostate cancer patients with bone
metastases, excluding one trial reporting on ibandronate because
it was non-randomized (Heidenreich 2002).

We were able to conduct network meta-analysis for 15 of 16
planned outcomes with some restrictions regarding the timing
of outcome measurement (see DiHerences between protocol and
review). No analysis was possible only for the outcome quality of
life.

Not all trials reported all of the patient-relevant outcomes,
resulting in diHerent graphical networks for each outcome. For
each outcome, all comparisons formed one connected network,
so no subnetworks with separate analyses exist. It should be
noted that in the treatment rankings not all bone-modifying agents
appear depending on how they were reported, and that the P-
scores through which the rankings are generated represent mean
chances of being the best/worst treatment. Only by looking at
the corresponding league tables can relevant diHerences between
treatment options be identified.

The focus of this analysis was the comparison of diHerent bone-
modifying agents. However, diHerent anticancer treatments given
in the included trials might also influence our outcomes of interest,
especially overall survival/mortality. We did consider the included
participants and given anticancer treatments as homogenous
enough to calculate the analysis.

We considered studies including participants with metastasized
castration-resistant and castration-sensitive prostate cancer. To
consider potential diHerences between the two, we conducted
subgroup analyses regarding castration status. For most of the
outcomes we found that analyses including only mCRPC or only
mCSPC patients did not change the relative treatment rankings
substantially compared to the combined analysis including both
types of patients. Inconsistency was reduced for the total number
of adverse events when including only mCRPC patients in the
analysis, but was increased for the outcome SRE bone surgery.
Considering mCSPC, where separate analysis was possible, NMA
eHect estimates and confidence intervals suggested no evidence
of a diHerence for all eHectiveness outcomes including SREs, pain
response, and mortality; overall results for participants with mCSPC
should therefore be interpreted with caution.

Since this analysis provides a comprehensive overview on
the availability of data for patient-relevant outcomes and
demonstrates treatment rankings for each of them, the results can
be used to increase the precision of guideline recommendations
and inform decision-making in clinical practice considering eHicacy
and acceptability. The analysis also reveals research gaps of head-
to-head comparisons.

Quality of the evidence

We rated the risk of bias for each trial and every reported outcome
of interest. We took into consideration if outcomes were objective
or subjective to participants and outcome assessors. Overall, the
risk of bias was low to unclear, with 11 studies showing high risk
of bias in 2 or more domains, which was due mostly to unblinded
trials.

We used the GRADE approach to evaluate the certainty in the
evidence for three of the treatment options (zoledronic acid,
denosumab, clodronate). Overall, the certainty was judged as
high to low for the 25 included studies and the main outcomes.
Specifically, our certainty in the evidence on the proportion of
participants with pain response was moderate due to imprecision
of the results for zoledronic acid and clodronate. Our certainty
in the evidence of the adverse event renal impairment was also
judged as moderate, due to inconsistency for zoledronic acid, since
the prediction intervals shown in Figure 12 compared to confidence
intervals would change clinical decision (but not the ranking of
treatment options). For clodronate, our certainty in the evidence
was judged as moderate due to imprecision of results. We were
unable to judge certainty of the evidence for denosumab, since the
included trials did not report the two above-mentioned outcomes.
We judged the certainty of the evidence as moderate for zoledronic
acid, high for denosumab, and low for clodronate for the outcome
adverse events: ONJ. The results for zoledronic acid showed some
imprecision, and the certainty of the evidence for clodronate was
downgraded twice for imprecision and wide confidence intervals.
We judged the certainty of the evidence for total number of SREs as
low for all three treatment options due to inconsistency and serious
risk of bias for zoledronic acid and denosumab and imprecision
and serious risk of bias for clodronate. Considering mortality, we
judged the certainty of the evidence for all three treatment options
as moderate due to imprecision of the results. Since quality of life
could not be analyzed quantitatively, no judgement on the certainty
of the evidence was possible.

Potential biases in the review process

We considered diHerent dosages and types of application of
one agent as one comparator, since our aim was to compare
the diHerent agents with each other and not compare diHerent
dosages, for which other types of studies would be beneficial.
Only by doing this were networks connected, and we were able
to perform a thorough statistical analysis. We considered placebo
and no further treatment as the same comparator, even though we
are aware of potential placebo eHects. When considering placebo
and no treatment separately, the network split in two subnetworks
without connection for four outcomes (SRE hypercalcemia and
the adverse events hypocalcemia, diarrhea, and nausea). If one
network existed, the ranking of treatment options did not diHer
when considering placebo and no treatment as one or two separate
comparators for seven outcomes. In three cases, the ranking
diHered when considering placebo and no treatment separately,
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but the results suggest no evidence for a diHerence between the
diHerent treatment options.

Furthermore, we planned to perform funnel plots to assess
publication bias, but the number of studies was insuHicient to do
so.

Agreements and disagreements with other studies or
reviews

The already cited Cochrane Review analyzing bisphosphonates per
se as supportive treatment for men with prostate cancer and bone
metastases includes the same, but not all, trials included in this
review (Macherey 2017). Still, the results are in parallel with our
results.

Compared to a Cochrane Review analyzing the use of
bisphosphonates on women with breast cancer with bone
metastases, our results are in parallel regarding the use of
bisphosphonates leading to a reduction in SREs (O'Carrigan 2017).
They report no benefit for bisphosphonates regarding overall
survival, which was also shown in our mortality analysis. Bone pain
and quality of life could not be analyzed quantitatively.

In a systematic review looking at the eHects of bisphosphonates as
supportive treatment for women with breast cancer, the authors
were not able to perform network meta-analysis for most of
the outcomes, but an eHect was seen for zoledronic acid and
denosumab as well as for pamidronate regarding SREs when
compared to placebo (Tesfamariam 2019). These results are in
parallel with our results, with the exception that we did not see an
eHect for pamidronate.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

When considering bone-modifying agents as supportive treatment,
one has to balance eHicacy and acceptability. As our analyses
suggest, the most potent agents also likely bear the most adverse
events.

Our results do give an overview of treatment rankings for each
outcome, but do not show the whole picture since the included
trials did not report results for each outcome consistently, leading
to rankings of only three or four of the eight treatment options
included in the analysis. Additionally, not all potential agents were

included in the analysis due to missing data from randomized
controlled trials. More trials with head-to-head comparisons
including all potential agents are needed to draw the whole picture
and proof the results of this analysis.

As current guidelines and organizations recommend denosumab
or zoledronic acid for men with bone metastases from castration-
resistant prostate cancer (Alibhai 2017; Fitzpatrick 2014; Mohler
2019; Mottet 2017; Parker 2015), our results align with these
recommendations for the most part.

Our analyses did not show eHicacy of bone-modifying agents
for metastasized castration-sensitive prostate cancer (mCSPC)
patients only. Results of the overall analyses should therefore be
interpreted with caution regarding this population.

Implications for research

Even though direct and/or indirect comparisons of the diHerent
bone-modifying agents are possible through performing network
meta-analysis, head-to-head trials are needed to be able to provide
clear recommendations. Future trials should consider reporting
all patient-relevant outcomes more consistently. The finding that
for every outcome a diHerent graphical network emerged shows
how the 25 included trials reported patient-relevant outcomes
inconsistently. The arising ranking of treatment options for many
cases included only three or four of all potential treatment options,
which makes an overall judgement impossible.

More studies should also include participants with mCSPC. Results
should be reported separately for participants with metastasized
castration-resistant prostate cancer (mCRPC) and mCSPC.
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Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• pain response

Pain assessment tool:
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• Brief Pain Inventory (BPI): pain severity scale score, pain interference scale score (McGill Pain Ques-
tionnaire)

Randomization:

• intervention vs control

Participants Eligibility criteria:

• not reported

Exclusion criteria:

• not reported

Participants randomized:

• 402 randomized, 201 zoledronic acid, 201 placebo

Mean age:

• not reported

Country of participants:

• not reported

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: zoledronic acid 4 mg

• control: placebo

Outcomes Reported and analyzed in this review:

• pain response (pain at its worst, pain at its least, pain on average, pain right now)

Funding sources Funding sources:

• not reported

Declarations of interest Conflicts of interest: see meeting.ascopubs.org/cgi/content/abstract/24/18 sup-
pl/4638?sid=2d509f53-6021-4c00-8de9-6bbec9c7cf92

• authors were employed at Novartis, received honoraria from Novartis, or were consultants of Novartis

Notes Only abstracts available, insufficient reporting on methods.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information on sequence generation

Allocation concealment
(selection bias)

Unclear risk No information on allocation concealment

Abetz 2006  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Placebo-controlled trial, but no information about blinding of participants or
personnel

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk Placebo-controlled trial, but no information about blinding of participants or
personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk Insufficient information on blinding of outcome assessment

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk "Post-baseline missing data was replaced by Last Observation Carried Forward
(LOCF)"; insufficient information regarding discontinuations and intention-to-
treat

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk No reporting on outcomes other than patient-reported outcomes. Insufficient
information regarding discontinuations and ITT

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias High risk Insufficient reporting on methods

Abetz 2006  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• January 2004 to May 2012

Outcomes:

• overall survival, disease progression, skeletal-related events, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• castration-sensitive prostate cancer

• age > 18 years

• histologically confirmed prostate adenocarcinoma

• ≥ 1 bone metastasis evident on radiographic imaging

• Eastern Cooperative Oncology Group (ECOG) performance status ≤ 2

CALGB 90202 
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• creatinine clearance > 30 mL/minute

Exclusion criteria:

• prior use of bisphosphonates, denosumab, or radiopharmaceuticals

• androgen-deprivation therapy > 6 months before enrollment

• external beam radiation therapy within 4 weeks prior to enrollment

• corrected serum calcium < 8 mg/dL or ≥ 11.6 mg/dL

Participants randomized:

• 645 randomized, 323 intervention, 322 control

Mean age:

• intervention: 66.1 years

• control: 66.7 years

Country of participants:

• USA and Canada

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: zoledronic acid 4 mg intravenous every 4 weeks (dose reduction for participants with
creatinine clearance < 60 mL/minute), androgen-deprivation therapy, supplemental calcium 500 mg,
supplemental vitamin D 400 to 500 IU

• control: placebo IV every 4 weeks, androgen-deprivation therapy, supplemental calcium 500 mg, sup-
plemental vitamin D 400 to 500 IU

Outcomes Reported and analyzed in this review:

• overall survival

• SREs (radiation to bone, clinical fracture, spinal cord compression, surgery to bone)

• adverse events (including renal impairment, osteonecrosis of the jaw, grade 3 to 4 adverse event, fa-
tigue, hypocalcemia)

Funding sources Funding sources:

• National Cancer Institute, Novartis Oncology, and research awards from the Prostate Cancer Founda-
tion

Declarations of interest Conflicts of interest:

• employment or leadership position: Nicholas Vogelzang, US Oncology Network

• consultant or advisory role: Nicholas Vogelzang, Novartis, Dendreon, Janssen Pharmaceuticals, Bay-
erHealthCare Pharmaceuticals, GlaxoSmithKline, Pfizer, Astellas Pharma/Medivation; Walter Stadler,
Novartis; Fred Saad, Amgen, Novartis; Michael Morris, Millennium Pharmaceuticals, Bayer HealthCare
Pharmaceuticals

• the corporate sponsor provided study drug and financial support

Notes Prematurely completed after corporate supporter withdrew study drug supply

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk “Randomized block design was used.”

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk Quote from protocol: “Masking: Double Blind (Subject, Caregiver, Investigator,
Outcomes Assessor).”

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk Quote from protocol: “Masking: Double Blind (Subject, Caregiver, Investigator,
Outcomes Assessor).”

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk Quote from protocol: “Masking: Double Blind (Subject, Caregiver, Investigator,
Outcomes Assessor).”

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Low risk Quote from protocol: “Masking: Double Blind (Subject, Caregiver, Investigator,
Outcomes Assessor).”

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk Quote from protocol: “Masking: Double Blind (Subject, Caregiver, Investigator,
Outcomes Assessor).”

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "An intention-to-treat approach was used in the analysis for all clinical
end points, with the exception of toxicity"

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk "An intention-to-treat approach was used in the analysis for all clinical
end points, with the exception of toxicity"

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk "Sixty-five patients in the zoledronic acid group and 38 patients in the placebo
group withdrew from the study because of adverse events."

Incomplete outcome data
(attrition bias)
Other outcomes

Low risk "An intention-to-treat approach was used in the analysis for all clinical end
points, with the exception of toxicity."

Selective reporting (re-
porting bias)

Low risk Report on every endpoint (primary and secondary) mentioned in the original
protocol.

Other bias Low risk None identified

CALGB 90202  (Continued)
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Methods Recruitment period:

• not reported

Outcomes:

• overall survival, bone pain, analgesic consumption, performance status, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• prostate cancer metastatic to bone

• estimated life expectancy ≥ 3 months

• intermittent or continuous bone pain with daily analgesic use

• no radiation therapy 2 weeks before study enrollment or during study treatment

Exclusion criteria:

• not reported

Participants randomized:

• 75 randomized, 36 intervention, 39 control

Mean age:

• intervention: 73 years

• control: 72 years

Country of participants:

• not reported

Interventions Previous interventions:

• 35 participants underwent orchiectomy, 17 in intervention group, 18 in control group

• 21 participants received estrogens, 8 in intervention group, 13 in control group

• 22 participants received LH-Releasing Hormons (LHRH) agonists, 11 in intervention group, 11 in con-
trol group

• 3 participants received antiandrogens, 2 in intervention group, 1 in control group

• 5 participants underwent other previous treatment, 3 in intervention group, 2 in control group

Interventions during study period:

• intervention: clodronate 3200 mg orally and estramustine 280 mg orally twice daily for 1 month, clo-
dronate 1600 mg orally and estramustine 280 mg orally twice daily for 5 months

• control: placebo and estramustine 280 mg orally twice daily

Outcomes Reported and analyzed in this review:

• overall survival

• pain response

• adverse events (nausea, diarrhea, renal failure)

Funding sources Funding sources:

Elomaa 1992  (Continued)
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• Finnish Cancer Foundation

• Leiras Pharmaceutical Company

Declarations of interest Conflicts of interest:

• Quote: “We are grateful to the Finnish Cancer Foundation and to Leiras Pharmaceutical Company for
their support of this work.”

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Placebo-controlled trial. Insufficient information on blinding of participants
and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk Insufficient information on blinding of participants

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk Insufficient information on blinding of outcome assessment, but no known
reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Unclear risk No information regarding discontinuations and ITT

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk No information regarding discontinuations and ITT

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk No information regarding discontinuations and ITT

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk No information regarding discontinuations and ITT

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Low risk None identified

Elomaa 1992  (Continued)
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Study characteristics

Methods Recruitment period:

• October 1997 to May 2001

Outcomes:

• overall survival, pain response, disease progression and time to progression, SRE, quality of life, bio-
medical markers of bone resorption

Pain assessment tool:

• present pain intensity scale by McGill Pain Questionnaire, 0 = no pain to 5 = excruciating pain

• analgesic score, 1 analgesic unit = standard doses of non-opioids to 2 analgesic units = opioid doses
of morphine 10 mg equivalents

Randomization:

• intervention vs control

Participants Eligibility criteria:

• radiologically confirmed progressive bone disease (defined as increasing bone pain, new lesion on
bone scan, or increased isotope uptake at previous sites of disease)

• castrate levels of testosterone (3 nmol/L) by bilateral orchidectomy or therapy with LHRH agonist

• intermittent or continuous bone pain with daily analgesic use

• no radiation therapy 2 weeks before study enrollment or during study treatment

• ECOG performance status < 3

• withdrawal of antiandrogens with a minimum of 4 or 6 weeks

• leM ventricular ejection fraction > 50%

• ability to complete pain and QoL scores

• white blood cell count ≥ 3 × 109/L

• granulocyte count ≥ 1.5 × 109/L

• platelet count ≥ 100 × 109/L

• bilirubin ≤ 54 μmol/L

• serum calcium ≤ 3.1 mmol/L

• serum creatinine < 200 μmol/L

Exclusion criteria:

• prior malignancy other than non-melanoma skin cancer

• ≥ 1 chemotherapy regimen or a previous chemotherapy regimen with mitoxantrone or a previous
chemotherapy regimen with an anthracycline

• previous use of bisphosphonates

• radiation therapy within 4 weeks before study enrollment

• radioisotope therapy within 8 weeks before study enrollment

• radicular or back pain suggestive of epidural metastases

• spinal cord or nerve root compression

• impending pathologic fracture

• uncontrolled cardiac failure

• active infection

Participants randomized:

• 227 randomized, 115 intervention, 112 control

Ernst 2003 
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Median age:

• intervention: 70.1 years

• control: 70.6 years

Country of participants:

• Canada

Interventions Previous interventions:

• 22 participants received corticosteroids prior to study entry, 13 in intervention group, 9 in control
group

Interventions during study period:

• intervention: clodronate 1500 mg IV (until disease progression in responding participants), pred-

nisone 5 mg twice a day, mitoxantrone 12 mg/m2 IV every 3 weeks (until a cumulative dose of 140

mg/m2)

• control: saline IV (until disease progression), prednisone 5 mg twice a day, mitoxantrone 12 mg/m2 IV

every 3 weeks (until a cumulative dose of 140 mg/m2)

Outcomes Reported and analyzed in this review:

• overall survival

• pain response

• adverse events (grade 3 to 4)

• QoL

Funding sources Funding sources:

• Immunex Corporation, Seattle, WA, USA

• Aventis Pharma, Laval, Quebec, Canada

Declarations of interest Conflicts of interest:

• Quote: “Supported by a grant from Immunex Corporation, Seattle, WA, and Aventis Pharma, Laval,
Quebec, Canada.”

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk “Patients were randomly assigned using a block-randomization procedure
with equal probability of assignment to either arm.”

Allocation concealment
(selection bias)

Unclear risk “The treating staH and patients were blinded to treatment allocation.” Howev-
er, the concealment process was not described in detail.

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk “The treating staH and patients were blinded to treatment allocation.”

Blinding of participants
and personnel (perfor-
mance bias)

Low risk “The treating staH and patients were blinded to treatment allocation.”

Ernst 2003  (Continued)
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Blinding of personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk “The treating staH and patients were blinded to treatment allocation.”

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk “The treating staH and patients were blinded to treatment allocation.”

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "All patients were seen and reviewed every 3 weeks.... response rates, survival,
time to progression, and health-related quality of life were undertaken on an
intent-to-treat basis for all eligible patients."

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk "All patients were seen and reviewed every 3 weeks.... response rates, survival,
time to progression, and health-related quality of life were undertaken on an
intent-to-treat basis for all eligible patients."

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk "Safety and drug exposure analyses were based on the actual drug received."

Selective reporting (re-
porting bias)

Unclear risk Protocol available (NCT00003232), but outcomes not prespecified in the proto-
col.

Other bias Low risk None identified

Ernst 2003  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• overall survival, disease progression, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• men with castration-resistant prostate adenocarcinoma metastatic to bone and progression after
combined androgen blockade and antiandrogen withdrawal

• ECOG performance status ≤ 2

• increasing prostate-specific antigen despite continued testicular suppression or progression on com-
puter tomographie (CT)/bone scan, or both

Exclusion criteria:

Figg 2005 
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• not reported

Participants randomized:

• 72 randomized, 36 intervention, 36 control

Mean age:

• intervention: 72 years

• control: 70 years

Country of participants:

• not clearly reported

Interventions Previous interventions:

• majority of participants received second-line hormonal therapy

• 15 participants received chemotherapy

Interventions during study period:

• intervention: alendronate 40 mg daily, ketoconazole 1200 mg daily (dose reduction of alendronate
and ketoconazole in participants with drug toxicity), hydrocortisone 30 mg daily

• control: ketoconazole 1200 mg daily (dose reduction of ketoconazole in participants with drug toxic-
ity), hydrocortisone 30 mg daily

Outcomes Reported and analyzed in this review:

• overall survival

• adverse events (fatigue, diarrhea, nausea)

Funding sources Funding sources:

• support from the National Cancer Institute (USA)

Declarations of interest Conflicts of interest:

• not reported

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk “This was an open label, randomized, phase II study [...]”

Blinding of participants
and personnel (perfor-
mance bias)

High risk “This was an open label, randomized, phase II study [...]”

Figg 2005  (Continued)
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Blinding of personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk “This was an open label, randomized, phase II study [...]”

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk No information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No information on blinding of outcome assessor, but no known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "The primary analysis was conducted on all patients who were randomized"

Incomplete outcome data
(attrition bias)
Safety data

Low risk "Safety analyses were performed on randomized patients who received at
least 1 dose of investigational drug"

Incomplete outcome data
(attrition bias)
Other outcomes

Low risk Complete analysis of all randomized participants

Selective reporting (re-
porting bias)

Unclear risk Protocol available (NCT00019695); more outcomes reported than prespecified
in the protocol (e.g. overall survival).

Other bias Low risk None identified

Figg 2005  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• 2 December 2004 to 20 January 2008

Outcomes:

• primary endpoint: proportion of participants with Urinary N-telopeptide (uNTx) less than 50 at week
13

• secondary endpoints: proportion of participants achieving uNTx less than 50 at week 25, time to re-
duction of uNTx to less than 50, duration of uNTx level less than 50, pathological bone fracture, spinal
cord compression, surgery or radiation therapy to bone

Pain assessment tool:

• not given

Randomization:

• denosumab vs bisphosphonates

Fizazi 2009 
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• "Patients were randomly assigned in a 1:1:1 ratio to continue intravenous bisphosphonate therapy
every 4 weeks or to discontinue IV BP therapy and receive subcutaneous injections of denosumab 180
mg Q4W or Q12W"

Participants Eligibility criteria:

• 18 years of age or older, with prostate cancer, other solid carcinomas (except lung cancer), or multiple
myeloma with radiographic evidence of 1 or more bone lesions

• ECOG performance status of 2 or less

Exclusion criteria:

• patients with more than 2 prior SREs, osteonecrosis or osteomyelitis of the jaw

• patients with planned oral surgery

• patients with radiotherapy treatment to bone less than 2 weeks before randomization

• patients with evidence of impending fracture in weight-bearing bones

Participants randomized:

• 50 participants randomized, 33 in denosumab arm and 17 in bisphosphonate arm

Mean age:

• denosumab 65.9

• bisphosphonate 69.5

Country of participants:

• Europe and North America

Interventions Previous interventions:

• most participants with prostate cancer had prior treatment with zoledronic acid and androgen depri-
vation therapy

Interventions during study period:

• denosumab 180 mg

• IV bisphosphonates

Outcomes Reported and analyzed in this review:

• skeletal complications (pathological bone fracture, spinal cord compression, surgery or radiation
therapy to bone, hypercalcemia)

• adverse events

Funding sources Funding sources: supported by Amgen Inc.

Declarations of interest Conflicts of interest:

• Karim Fizazi: financial interest and/or other relationship with Amgen, Novartis, AstraZeneca, Sanofi-
Aventis, Ipsen-Beaufour, Pharmion, Bristol Myers Squibb, and Takeda

• Linda Bosserman: financial interest and/or other relationship with Amgen and Pfizer

• Guozhi Gao, Tomas Skacel, and Richard Markus: financial interest and/or other relationship with Am-
gen

Notes  

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk "phase II, randomized, open label, active controlled study"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk "phase II, randomized, open label, active controlled study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk "phase II, randomized, open label, active controlled study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk "phase II, randomized, open label, active controlled study," but no information
on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No information on blinding of outcome assessor, but bias unlikely for objec-
tive outcomes

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "The primary analysis was conducted on all patients who were randomized."
In both groups there were discontinuations and loss to follow-up with reasons
described.

Incomplete outcome data
(attrition bias)
Safety data

Low risk "Safety analyses were performed on randomized patients who received at
least 1 dose of investigational drug." In both groups there were discontinua-
tions and loss to follow-up with reasons described.

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk In both groups there were discontinuations and loss to follow-up with reasons
described, but not for prostate cancer subgroup alone.

Selective reporting (re-
porting bias)

Low risk Study protocol available (NCT00104650); no bias found.

Other bias Low risk None identified

Fizazi 2009  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• May 2006 to October 2009

Fizazi 2011 
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Outcomes:

• primary endpoint "time to first on-study skeletal-related event (pathological fracture, radiation ther-
apy, surgery to bone, or spinal cord compression)," adverse events, hypocalcemia, osteonecrosis of
the jaw, mortality/overall survival

Pain assessment tool:

• not given

Randomization:

• computer-generated randomization was used to assign participants (1:1 ratio) to receive 120 mg sub-
cutaneous denosumab plus intravenous placebo, or 4 mg intravenous zoledronic acid plus subcuta-
neous placebo

Participants Eligibility criteria:

• men aged 18 years or older

• patients with histologically confirmed prostate cancer

• existing or previous radiographic evidence of at least 1 bone metastasis

• patients with documented failure of at least 1 hormonal therapy, indicated by a rising prostate-spe-
cific antigen concentration, with a final concentration of 0.4 µg/L or higher within 8 weeks of random-
ization in the setting of castrate serum testosterone concentrations (< 1.72 nmol/L by chemical or
surgical castration)

• other inclusion criteria were adequate organ function, an albumin-adjusted serum calcium concen-
tration of 2.0 to 2.9 mmol/L, and an Eastern Cooperative Oncology Group (ECOG) performance status
of 0, 1, or 2

Exclusion criteria:

• current or previous treatment with intravenous bisphosphonate or oral bisphosphonate for bone
metastasis

• planned radiation therapy or surgery to bone

• life expectancy of less than 6 months

• current or previous osteonecrosis or osteomyelitis of the jaw or any planned invasive dental proce-
dure during the study

• a malignant disease other than prostate cancer within the past 3 years, or creatinine clearance of less
than 0.5 mL/s

Participants randomized:

• 1904 participants were randomly assigned to treatment, 951 to receive zoledronic acid (4 mg) and 950
to receive denosumab (120 mg)

Mean age:

• zoledronic arm: 71

• denosumab arm: 71

Country of participants:

• quote: "patients were enrolled from 342 centres in 39 countries worldwide"

Interventions Previous interventions:

• previous oral bisphosphonate use reported by 24 participants (3%) on denosumab and 33 participants
(3%) on zoledronic acid

• long-term hormone therapy

Interventions during study period:

Fizazi 2011  (Continued)
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• 120 mg denosumab subcutaneous or 4 mg zoledronic acid intravenous every 4 weeks until primary
analysis cutoff date "(or equivalent creatinine clearance-adjusted dose of zoledronic acid in patients
with baseline creatinine clearance of ≤1·0 mL/s)"

• on-study use of calcium and vitamin D was reported by 850 participants (90% of 943) in the denosum-
ab group and 822 participants (87% of 945) in the zoledronic acid group

Outcomes Reported and analyzed in this review:

• overall survival/mortality

• SRE: pathological fracture, radiation therapy, surgery to bone, or spinal cord compression

• adverse events
◦ hypocalcemia

◦ osteonecrosis of the jaw

Funding sources Funding sources: Amgen

Declarations of interest Conflicts of interest:

• KF has received consultancy fees and travel support from Amgen for this study and from Novartis;
participated in speakers’ bureau and advisory boards for Amgen and Novartis; and provided expert
testimony for Amgen.

• MC has received consultancy fees from Amgen for this study and for other agents in development, and
from Novartis; and received research funding from Amgen.

• MS has received consultancy fees from Amgen; and participated in sponsored clinical research with
Amgen and Novartis.

• RD has received research funding from Amgen and the Center of Research in Urology Sergio Aguinaga
(CEPUSA).

• JB has received travel support and payment for lectures from Amgen and Novartis.

• JB has received payment for membership of advisory boards from Amgen, Novartis, and GlaxoSmithK-
line.

• JB and JB’s institution has received consultancy fees from Amgen.

• LK has received consultancy fees, travel support, and honoraria for lectures and development of ed-
ucational presentations from Amgen.

• LK’s institution has received research funding from Amgen.

• PM has received research funding from Amgen; and been a board member and principal investigator
for, and received travel support from, Amgen.

• NS has received consultancy fees and travel support from Amgen for this study and research funding
and honoraria from Amgen.

• MR has received travel support and honoraria for membership of advisory boards and lectures from
Amgen; and MR’s institution has received research funding from Amgen for this study.

• HW, QJ, ST, RD, and CG are employees of Amgen, and have received stock or stock options from Amgen.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The computer-generated randomization schedule was prepared by an indi-
vidual independent of the study team"

Allocation concealment
(selection bias)

Low risk "An interactive voice response system was used to assign patients (1:1 ratio)"

Blinding of participants
and personnel (perfor-
mance bias)

Low risk "Patients, study staH, and investigators were masked to treatment assignment
throughout the primary analysis period"

Fizazi 2011  (Continued)

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

120



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "Patients, study staH, and investigators were masked to treatment assignment
throughout the primary analysis period"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk "Patients, study staH, and investigators were masked to treatment assignment
throughout the primary analysis period"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Low risk "Patients, study staH, and investigators were masked to treatment assignment
throughout the primary analysis period"

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk "Patients, study staH, and investigators were masked to treatment assignment
throughout the primary analysis period"

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "The main analysis of both primary and secondary efficacy endpoints included
all randomized patients, irrespective of administration of study treatments"

Incomplete outcome data
(attrition bias)
Safety data

Low risk "The main analysis of both primary and secondary efficacy endpoints included
all randomized patients, irrespective of administration of study treatments"

Incomplete outcome data
(attrition bias)
Other outcomes

Low risk "The main analysis of both primary and secondary efficacy endpoints included
all randomized patients, irrespective of administration of study treatments"

Selective reporting (re-
porting bias)

Unclear risk NCT00321620; not all reported outcomes predefined in the protocol

Other bias Low risk None identified

Fizazi 2011  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• December 2003 to August 2005

Outcomes:

• overall survival, disease progression, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

GU02-4 
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Participants Eligibility criteria:

• performance status: ECOG 0 to 2

• life expectancy: ≥ 12 weeks

• histologically or cytologically confirmed adenocarcinoma of the prostate with metastatic bone dis-
ease (by CT, Magnetic resonance imaging (MRI) or bone scan) with plans to start or be < 30 days from
beginning androgen deprivation therapy

• patients may have received palliative radiation therapy at the investigator's discretion during the first
4 weeks of beginning protocol therapy

Exclusion criteria:

• no neuroendocrine, small cell, or transitional cell cancer of prostate

• no abnormal bone metabolism (i.e. Paget disease, untreated hyperthyroidism, untreated hyperpro-
lactinemia, untreated Cushing disease)

• no use of calcitonin within 14 days before being registered for protocol therapy or any previous use
of bisphosphonates

• no major surgery within 4 weeks of registration to protocol therapy

• no adjuvant chemotherapy within 6 months of registration to protocol therapy

• no previous chemotherapy for metastatic disease

Participants randomized:

• 63 randomized, 32 intervention, 31 control

Mean age:

• intervention: 70.5 years

• control: 71 years

Country of participants:

• not clearly reported

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: risedronate orally daily combined with androgen deprivation

• control: placebo orally daily combined with androgen deprivation

Outcomes Reported and analyzed in this review:

• overall survival

• adverse events

Funding sources Funding sources:

• support from the National Cancer Institute (USA)

Declarations of interest Conflicts of interest:

• not reported

Notes  

Risk of bias
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Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

122



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk Placebo-controlled trial, no further information

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk No information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Unclear risk Insufficient information on incomplete outcome data

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk Insufficient information on incomplete outcome data

Selective reporting (re-
porting bias)

Low risk Protocol available (NCT00216060)

Other bias Low risk None identified

GU02-4  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• overall survival, bone pain, analgesic consumption

Pain assessment tool:

• not reported

Randomization:

Kylmala 1993 
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• intervention vs control (no further treatment)

Participants Eligibility criteria:

• prostate cancer metastatic to bone

• estimated life expectancy ≥ 3 months

• intermittent or continuous bone pain with daily analgesic use

• no radiation therapy 2 months before study enrollment or during study treatment

Exclusion criteria:

• not reported

Participants randomized:

• 99 randomized, 50 intervention, 49 control

Mean age:

• intervention: 72 years

• control: 71 years

Country of participants:

• not reported

Interventions Previous interventions:

• 2 participants underwent orchiectomy, 20 in intervention group, 22 in control group

• 35 participants received estrogens, 18 in intervention group, 17 in control group

• 22 participants received LHRH agonists, 12 in intervention group, 10 in control group

Interventions during study period:

• intervention: clodronate 3200 mg orally and estramustine 280 mg orally twice daily for 1 month, clo-
dronate 1600 mg orally and estramustine 280 mg orally twice daily for 5 months

• control: estramustine 280 mg orally twice daily

Outcomes Reported and analyzed in this review:

• overall survival/mortality

• pain response

Funding sources Funding sources:

• Finnish Cancer Foundation

• Leiras Pharmaceutical Company

Declarations of interest Conflicts of interest:

• not reported

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Kylmala 1993  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Unclear risk No information regarding discontinuations and ITT

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk No information regarding discontinuations and ITT

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Low risk None identified

Kylmala 1993  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• bone pain, analgesic consumption, performance status, clinical response

Pain assessment tool:

• visual analouge scale (VAS) for pain assessment

• verbal ordinal scale for pain assessment, 0 = no pain to 4 = intolerable pain

Randomization:

• intervention vs control

Kylmala 1997 
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Participants Eligibility criteria:

• prostate cancer metastatic to bone

• estimated life expectancy ≥ 6 months

• oral consent

• no radiation therapy within 2 weeks before study enrollment

• no peptic ulcer treated with antacids

• no clinically relevant renal or hepatic insufficiency

Exclusion criteria:

• not reported

Participants randomized:

• 57 randomized, 28 intervention, 29 control

Mean age:

• intervention: 72 years

• control: 76 years

Country of participants:

• not reported

Interventions Previous interventions:

• 42 participants underwent orchiectomy, 20 in intervention group, 22 in control group

• 12 participants received estrogens, 5 in intervention group, 7 in control group

• 6 participants received LHRH agonists, 1 in intervention group, 5 in control group

• 4 participants received antiandrogens, 3 in intervention group, 1 in control group

• 2 participants underwent radiation of prostate, 2 in intervention group, 0 in control group

Interventions during study period:

• intervention: clodronate 300 mg IV daily and estramustine 280 mg orally twice daily for 5 days, clo-
dronate 1600 mg orally daily and estramustine 280 mg orally twice daily for 5 months

• control: placebo IV daily and estramustine 280 mg orally twice daily for 5 days, placebo orally daily
and estramustine 280 mg orally twice daily for 5 months

Outcomes Reported and analyzed in this review:

• pain response

• adverse events

Funding sources Funding sources:

• Finnish Cancer Foundation

• Leiras, Clinical Research

• Finnish Academy of Sciences

• Finnish Medical Society Duodecim

• Reino Lathikari Foundation

Declarations of interest Conflicts of interest:

• not reported

Notes  
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Placebo-controlled trial, no further information on blinding

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk No information on blinding of personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk Placebo-controlled trial, no further information on blinding

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk No information regarding discontinuations and ITT

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk No information regarding discontinuations and ITT

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified

Kylmala 1997  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• January 2004 to April 2010

Outcomes:

• overall survival, disease progression, pain response, adverse events

Pain assessment tool:

• PPI scale

Randomization:

Meulenbeld 2012 
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• intervention vs control

Participants Eligibility criteria:

• men with castration-resistant prostate cancer

• age ≥ 18 years

• ECOG performance status ≤ 2

• adequate hepatic, renal, and hematologic function

• people with disease-related pain with ≥ 1 week on stable analgesic regimen

Exclusion criteria:

• prior use of bisphosphonates

• radiation therapy within 4 weeks of enrollment

• central nervous system (CNS) involvement or other serious illness

Participants randomized:

• 592 randomized, 291 intervention, 301 control

Mean age:

• intervention: 68 years

• control: 69 years

Country of participants:

• the Netherlands and Norway

Interventions Previous interventions:

• LHRH analogues for some participants

Interventions during study period:

• intervention: risedronate 30 mg orally daily, docetaxel 75 mg/m2 IV every 3 weeks, prednisone 5 mg
orally daily

• control: docetaxel 75 mg/m2 IV every 3 weeks, prednisone 5 mg orally daily

Outcomes Reported and analyzed in this review:

• overall survival

• pain response

• adverse events

Funding sources Funding sources:

• Sanofi-Aventis, Gouda, the Netherlands

Declarations of interest Conflicts of interest:

• senior author received honoraria and research funding from Sanofi-Aventis, Gouda, the Netherlands

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Meulenbeld 2012  (Continued)
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Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk "This randomized, open label, phase II/III trial [...]."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk "This randomized, open label, phase II/III trial [...]."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk "This randomized, open label, phase II/III trial [...]."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk No information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "All participants with bone metastasis from prostate cancer were included in
the analysis of efficacy and safety." Reasons given for every dropout.

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk "All participants with bone metastasis from prostate cancer were included in
the analysis of efficacy and safety." Reasons given for every dropout.

Incomplete outcome data
(attrition bias)
Safety data

Low risk "All randomized patients were analyzed for safety."

Selective reporting (re-
porting bias)

Low risk Protocol available (ISRCTN22844568), prespecified outcomes reported.

Other bias Low risk None identified

Meulenbeld 2012  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• December 2001 to June 2004

Michaelson 2012 
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Outcomes:

• serum concentrations of bone alkaline phosphatase (BAP) and n-telopeptide (NTX)

• serum concentrations of hemoglobin, PSA, and alkaline phophatase

• adverse events

Randomization:

• intervention vs control

Participants Eligibility criteria:

• histologically confirmed adenocarcinoma of the prostate

• history of bilateral orchiectomy or ongoing treatment with gonadotropin-releasing hormone (GnRH)
agonist therapy

• radiographically documented bone metastases

• disease progression according to criteria from the PSA Working Group

Exclusion criteria:

• Paget disease

• hyperthyroidism

• hyperparathyroidism

• Cushing disease

• hyperprolactinemia

• cardiovascular disability of New York Heart Association (NYHA) class 2

• chronic renal insufficiency (serum creatinine > 2.0 mg/dL)

• received atrasentan or zoledronic acid within 12 months

• received chemotherapy, palliative radiation therapy, estrogens, steroids, or PC-SPES (herbal supple-
ment to treat prostate cancer) within 6 weeks

• received radionuclides or bisphosphonates within 12 weeks of study entry

Participants randomized:

• 44 randomized, 22 to intervention, 22 to control

Mean age:

• intervention: 72.7 years

• control: 75.6 years

Country of participants:

• USA

Interventions Interventions during study period:

• atrasentan (Abbott Laboratories, Abbott Park, IL, USA) alone (Group 1)

• combination treatment with atrasentan and zoledronic acid (Group 2)

• "Atrasentan was administered by mouth, once daily, at 10 mg per day. ... Zoledronic acid (dosis not
given) was administered intravenously over 15 minutes every 4 weeks."

• "After 12 weeks, men in each group who continued on study were treated with combination therapy."

Outcomes Reported and analyzed in this review: none

Funding sources John and Claire Bertucci Center for Genitourinary Malignancies (Massachusetts General Hospital), Ab-
bott Laboratories, and the National Institutes of Health (NIH; grant 1K12CA87723 to MDM)

Declarations of interest Not reported
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk No information on blinding of participants

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk No information on blinding of personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk No information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No information on blinding, but no known reason for bias

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk Short follow-up duration

Selective reporting (re-
porting bias)

Unclear risk NCT00181558; adverse events were reported, but not preplanned in the trial
registry

Other bias Low risk None identified

Michaelson 2012  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• June 2008 to April 2010

Outcomes:

• overall survival, SREs, disease progression, pain response, adverse events

Pain assessment tool:

• 10-centimeter VAS

Randomization:

Pan 2014 
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• intervention vs control

Participants Eligibility criteria:

• men with histologically confirmed castration-resistant prostate cancer (defined by 3 sequential rises
in serum PSA level with castrate levels of serum testosterone (50 ng/dL) or increase in cancer-related
pain or new metastatic lesions on hormonal therapy, or a combination of these)

• age > 18 years

• ECOG performance status ≤ 2

• life expectancy > 3 months

• evidence of bone metastases by 2 radiographic methods

Exclusion criteria:

• previous use of bisphosphonates within 1 year prior to study enrollment

• previous chemotherapy

• radiation therapy or surgery to metastatic bone lesions within 1 month at time of study enrollment

• brain metastasis

• psychological symptoms

• significant renal, hepatic, or non-malignant-related disease

Participants randomized:

• 105 randomized, 53 intervention, 52 control

Mean age:

• intervention: < 71 years: 34%, > 71 years: 66%

• control: < 71 years: 38.5%, > 71 years: 61.5%

Country of participants:

• China

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: zoledronic acid 4 mg IV every 3 weeks, 75 mg/m2 docetaxel IV on day 1 of a 21-day cycle,
prednisone 10 mg daily, supplemental calcium 500 mg orally daily, supplemental vitamin D 400 IU
orally daily

• control: saline (placebo) IV every 3 weeks, 75 mg/m2 docetaxel IV on day 1 of a 21-day cycle, pred-
nisone 10 mg daily, supplemental calcium 500 mg orally daily, supplemental vitamin D 400 IU orally
daily

Outcomes Reported and analyzed in this review:

• overall survival

• SREs

• pain response

• adverse events

Funding sources Funding sources:

• Wenzhou science bureau project

Declarations of interest Conflicts of interest:

Pan 2014  (Continued)
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• none of the authors had a conflict of interest

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient report on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Placebo-controlled trial, no further information on blinding

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk No information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk No information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient reporting on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "All patients were evaluated for the efficacy and safety every one treatment cy-
cle until death or severe toxicity"

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk No participants lost to follow-up.

All participants were included in the ITT analysis.

Incomplete outcome data
(attrition bias)
Safety data

Low risk "All patients were evaluated for the efficacy and safety every one treatment cy-
cle until death or severe toxicity"

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk No participants lost to follow-up.

All participants were included in the ITT analysis.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Pan 2014  (Continued)
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Other bias Low risk None identified

Pan 2014  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• June 1994 to July 1998

Outcomes:

• overall survival, SREs, disease progression, adverse events, analgesic consumption

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• response to initial hormone therapy (orchiectomy, LHRH analogues, cyproterone acetate, flutamide
or androgen blockade)

• normocalcemia

• world health organisation (WHO) performance status ≤ 2

• serum creatinine level less than the upper local limit

Exclusion criteria:

• previous or current use of bisphosphonates

• other active malignancy within the past 5 years

• acute severe inflammation of the gastrointestinal tract

• serious concomitant physical or psychiatric disease

• previous use of long-term hormone therapy

• use of any investigational drug within 12 months of the first dose of study tablets

Participants randomized:

• 311 randomized, 155 intervention, 156 control

Median age:

• intervention: 71 years

• control: 71 years

Country of participants:

• UK and New Zealand

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: clodronate 2080 mg orally daily up to a maximum of 3 years and standard hormone ther-
apy

PR05 
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• control: placebo orally daily and standard hormone therapy

Outcomes Reported and analyzed in this review:

• overall survival

• pain response

• adverse events

Funding sources Quote: "This trial was sponsored by the U.K. Medical Research Council (MRC)."

"The trial was initiated with the support of Boehringer Mannheim. The company provided trial tablets
(Loron 520 and matching placebo) free of charge, plus financial support (£250) on a per patient basis,
which was sufficient to contribute toward the administrative costs of the trial. The financial support
was distributed proportionately between the participating clinicians and the coordinating center [...]
During the trial, Boehringer Mannheim was taken over by Roche Products Ltd., which honored all com-
mitments regarding this trial."

Declarations of interest Insufficient reporting on potential conflicts of interest

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Low risk "Randomization was performed centrally at the MRC CTU [...] No patient infor-
mation, other than their drug number and hospital, was revealed to the phar-
maceutical companies."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk Double-blind, placebo-controlled trial

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk Double-blind, placebo-controlled trial

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk Double-blind, placebo-controlled trial

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Low risk "Full, blinded interim analyses, including those of the primary and secondary
outcome measures, were produced for an independent Data Monitoring
and Ethics Committee (DMEC) on three occasions (July 1996, July 1997, and
September 1999)."

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)

Low risk All participants were included in the ITT analysis.

PR05  (Continued)
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Time-to-event data

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk All participants were included in the ITT analysis.

Incomplete outcome data
(attrition bias)
Safety data

Low risk All participants were included in the ITT analysis.

Selective reporting (re-
porting bias)

Low risk Study protocol available (ISRCTN38477744). All prespecified outcomes were
reported.

Other bias Low risk None identified

PR05  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• symptomatic response and morbid event rate: change in bone pain from entry (VAS score), change
in well-being from entry (VAS score), increase in analgesic use, death, chemotherapy/radiotherapy,
fracture, hypercalcemia, leukopenic anemia/transfusion, cord compression, morbid events/patient,
median survival

Randomization:

• intervention vs control

Participants Eligibility criteria:

• proven malignant disease and bone pain in association with progressing bone metastases that were
resistant to first-line antitumor therapy

Exclusion criteria:

• life expectancy less than 2 months

• inability to swallow oral medication

• presence of significant renal dysfunction (creatinine concentration > 250 pmol/L)

• previous or current treatment with bisphosphonates

Participants randomized:

• 55 randomized, 27 intervention, 28 placebo (only 7 in each group = prostate cancer)

Median age:

• intervention: 60 years

• control: 65 years

Country of participants:

Robertson 1995 
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• UK

Interventions Interventions during study period:

• clodronate disodium (Loron; 400 mg capsules; Boehringer Mannheim, Livingston, UK) 1600 mg/d oral-
ly in divided doses

• matching placebo

Outcomes Reported and analyzed in this review: none

Funding sources Supported by Boehringer Mannheim, Livingston, UK

Declarations of interest Not reported

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk "A double-blind, placebo-controlled study"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "A double-blind, placebo-controlled study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk "A double-blind, placebo-controlled study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Double-blind, but unclear if for outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk "A double-blind, placebo-controlled study"

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk No report on ITT

Incomplete outcome data
(attrition bias)

Unclear risk No report on ITT

Robertson 1995  (Continued)
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Safety data

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk No report on ITT

Selective reporting (re-
porting bias)

Unclear risk No protocol given.

Other bias Low risk None identified

Robertson 1995  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• January 2000 to December 2002

Outcomes:

• bone mass density, NTX and BAP levels, adverse events

Randomization:

• intervention vs control

Participants Eligibility criteria:

• histological diagnosis of adenocarcinoma of the prostate and a life expectancy of ≥ 1 year

• patients must have been receiving androgen deprivation therapy (ADT) with an LHRH agonist or or-
chidectomy and have received ADT for ≤ 1 year

• patients who were scheduled to start ADT at the time of study entry

Exclusion criteria:

• received previous bisphosphonate therapy

Participants randomized:

• 42 randomized (of which half had bone metastases), 22 intervention (zoledronic acid), 20 placebo

Median age:

• intervention group: 64.9

• placebo group: 65.2

Country of participants:

• USA

Interventions Intervention during study period:

• intervention group: zoledronic acid 4 mg in 100 mL of sterile 0.9% natriumchloride (NaCl), adminis-
tered over 15 min, every 3 months

• placebo group: equal volume of sterile 0.9% NaCl administered in the same fashion

"All patients were instructed to take calcium carbonate supplementation equivalent to 260 mg elemen-
tal calcium orally, four tablets daily."

Ryan 2007 
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Outcomes Reported and analyzed in this review: none

Funding sources Supported in part by grant M01-RR00055-46 to the University of Chicago General Clinical Research Cen-
ter and by Novartis Pharmaceuticals

Declarations of interest Christopher Ryan, Walter Stadler, and Nicholas Vogelzang have served as paid consultants to Novartis.
Christopher Ryan and Walter Stadler are study investigators funded by the sponsor.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk "Patients were randomized with equal probability, and in a double-blind fash-
ion," but the concealment process was not described in detail.

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk "Patients were randomized with equal probability, and in a double-blind fash-
ion"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "Patients were randomized with equal probability, and in a double-blind fash-
ion"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk Participants blinded to treatment, but: "Adverse events were retrospectively
abstracted from patient charts."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information. Randomization process was double-blinded, but no
information on blinding of outcome assessors.

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Safety data

High risk "Adverse events were retrospectively abstracted from patient charts."

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk No information on ITT and reasons for dropouts

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified

Ryan 2007  (Continued)
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Study characteristics

Methods Recruitment period:

• June 1998 to January 2001

Outcomes:

• overall survival, SREs, disease progression, QoL, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• ≥ 1 bone metastasis currently or in patient's history

• 3 consecutive increases in serum PSA levels despite hormone therapy

• serum testosterone < 50 ng/dL

• ECOG performance status ≤ 2

• written informed consent

Exclusion criteria:

• previous or current use of bisphosphonates

• bone pain requiring strong narcotic therapies

• cytotoxic chemotherapy

• radiation within 3 months

• severe cardiovascular disease, refractory hypertension, symptomatic coronary artery disease

• serum creatinine level > 3 mg/dL

• corrected serum calcium < 8 mg/dL or > 11.6 mg/dL

Participants randomized:

• 643 randomized, 214 intervention I, 221 intervention II, 208 control

Mean age:

• intervention I: 71.8 years

• intervention II: 71.2 years

• control: 72.2 years

Country of participants:

• Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, France, Germany, Italy, New Zealand, Pe-
ru, Sweden, Switzerland, the UK, Uruguay, the USA

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention I: zoledronic acid 4 mg IV every 3 weeks for 15 months and calcium 500 mg and vitamin
D 400 to 500 international units (IU)

Saad 2010 
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• intervention II: zoledronic acid 8 mg IV every 3 weeks for 15 months (dose reduction from 8 mg to 4
mg due to renal toxicity) and calcium 500 mg and vitamin D 400 to 500 IU

• control: placebo IV every 3 weeks for 15 months and calcium 500 mg and vitamin D 400 to 500 IU

Outcomes Reported and analyzed in this review:

• overall survival

• SRE

• pain response

• adverse events

• QoL

Funding sources Quote: "Supported by a grant from Novartis Pharmaceuticals Corporation, East Hanover, NJ."

Declarations of interest Quote: "The following have conducted or are currently conducting research sponsored by Novartis
Pharmaceuticals Corp.: F. Saad, D. M. Gleason, R. Murray, L. Lacombe, J. L. Chin, and J. J. Vinholes. F.
Saad is a consultant on an advisory board to Novartis Pharmaceuticals Corp."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The 643 patients who met the inclusion criteria after the screening visit were
randomly assigned to treatment according to a computer-generated list of
randomization numbers provided to each center."

Allocation concealment
(selection bias)

Low risk "Treatment assignments were revealed to study personnel and any other per-
sons involved in study conduct or monitoring only after the last patient had
completed the last study visit, all data had been entered into the database,
any inconsistencies in the data had been reconciled, and the database had
been closed to any further changes."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk "Our study was a double-blind study. The pharmacist at each participating
center was responsible for maintaining the blinding of the study."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "Our study was a double-blind study. The pharmacist at each participating
center was responsible for maintaining the blinding of the study."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk "Our study was a double-blind study. The pharmacist at each participating
center was responsible for maintaining the blinding of the study."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient reporting on blinding of outcome assessment

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Saad 2010  (Continued)

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

141



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "Statistical analyses were performed on the intent-to-treat population, which
included all randomly assigned patients."

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk "Statistical analyses were performed on the intent-to-treat population, which
included all randomly assigned patients."

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk "Statistical analyses were performed on the intent-to-treat population, which
included all randomly assigned patients."

Incomplete outcome data
(attrition bias)
Other outcomes

Low risk "Statistical analyses were performed on the intent-to-treat population, which
included all randomly assigned patients."

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Low risk None identified

Saad 2010  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• February 1998 to November 1999

Outcomes:

• pain response, SREs, adverse events, analgesic consumption

Pain assessment tool:

• numeric 11-point rating scale as part of brief pain inventory (BPI), 0 = no pain to 10 = pain as severe
as can be imagined

Randomization:

• intervention vs control

Participants Eligibility criteria:

• men age ≥ 18 years

• prostate cancer with bone or skeletal metastases confirmed by radiology review

• bone pain due to bone or skeletal metastases

• life expectancy ≥ 6 months

• progressive systemic disease despite androgen deprivation

Exclusion criteria:

• white blood cell count ≤ 3 × 109/L

• platelet count < 50 × 109/L

• total bilirubin > 2.5 mg/dL

Small 2003 
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• serum magnesium ≤ 0.9 mg/dL

• corrected serum calcium ≥ 11.0 mg/dL or ≤ 8.4 mg/dL

• serum creatinine ≥ 5.0 mg/dL

• untreated brain metastases

• prior use of bisphosphonates

• clinically significant abnormal electrocardiography (ECG)

• ascites

• impending spinal cord compression or spinal orthosis

• SRE (pathologic fracture, radiation to bone, surgery to bone) within 1 month before randomization

• drugs or therapies affecting osteoclast activity

Only CGP 032:

• change in chemotherapy or hormone therapy regimen within 6 weeks before randomization

Participants randomized:

• 378 randomized, INT-05: 138, CGP 032: 240; 182 intervention group, 196 control group

Median age:

• intervention: 72 years

• control: 71 years

Country of participants:

• CGP 032: USA

• INT-05: not reported

Interventions Previous interventions:

• CGP 032: all participants underwent prior androgen deprivation. 46 in intervention group and 53 in
control group received prior chemotherapy.

• INT-05: all but 1 participant underwent prior androgen deprivation

Interventions during study period:

• intervention: pamidronate disodium 90 mg IV every 3 weeks for 27 weeks

• control: 5% dextrose IV every 3 weeks for 27 weeks

Outcomes Reported and analyzed in this review:

• SREs

• pain response

• adverse events

• QoL

Funding sources Funding sources:

• not reported

Declarations of interest Conflicts of interest:

• owns stock (not including shares held through a public mutual fund): John Seaman, Novartis Pharma-
ceuticals; Mildred Kowalski, Novartis Pharmaceuticals; Stephanie Petrone, Novartis Pharmaceuticals

• acted as a consultant within the last 2 years: Matthew Smith, Novartis Pharmaceuticals; Eric Small,
Novartis Pharmaceuticals

Small 2003  (Continued)
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• received more than USD 2000 a year from a company for either of the last 2 years: John Seaman, No-
vartis Pharmaceuticals; Mildred Kowalski, Novartis Pharmaceuticals; Matthew Smith, Novartis Phar-
maceuticals

Notes 2 multicenter, randomized, double-blind, placebo-controlled trials (INT-05 as international trial and
CGP 032 as national trial in the USA)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient reporting on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk "randomized, double-blind, placebo-controlled
trial"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "randomized, double-blind, placebo-controlled
trial"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk "randomized, double-blind, placebo-controlled
trials"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk Insufficient information on blinding of outcome assessor, but no known rea-
son for bias

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

High risk "For assessment of pain and analgesic use, 147 patients in the pamidronate
group and 154 patients in the placebo group were assessable at 9 weeks; 110
and 108 patients were assessable in the respective treatment groups at 27
weeks"

Incomplete outcome data
(attrition bias)
Safety data

High risk "Because of protocol violations, 350 patients were included in the intent-to-
treat efficacy analysis (169 patients in the pamidronate group and 181 patients
in the placebo group)."

Incomplete outcome data
(attrition bias)
Other outcomes

High risk "Because of protocol violations, 350 patients were included in the intent-to-
treat efficacy analysis (169 patients in the pamidronate group and 181 patients
in the placebo group)."

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Small 2003  (Continued)

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

144



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Other bias Low risk None identified

Small 2003  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• not reported

Outcomes:

• bone pain, analgesia consumption

Pain assessment tool:

• numerical analogue scales

• linear analogue scales

• bone pain rating scale (investigator)

Randomization:

• intervention vs control

Participants Eligibility criteria:

• prostate cancer metastatic to bone documented by bone scan

• 1 site of bone pain requiring analgesics caused by bone metastasis

• no radiation therapy within 1 month before study enrollment and during treatment period

Exclusion criteria:

• serum creatinine > 2.5 mg/dL

Participants randomized:

• 57 randomized, 14 intervention I (etidronate IV and etidronate orally), 14 intervention II (etidronate IV
and placebo orally), 15 intervention III (placebo IV and etidronate orally), 14 control (placebo IV and
placebo orally)

Mean age:

• not reported

Country of participants:

• not reported

Interventions Previous interventions:

• all participants underwent hormonal therapy with no chance of hormonal therapy within 2 months
before study enrollment

Interventions during study period:

• intervention I: sodium etidronate 7.5 mg/kg IV daily for 3 days following sodium etidronate 200 mg
orally twice a day

• intervention II: sodium etidronate 7.5 mg/kg IV daily for 3 days following 1 placebo tablet orally twice
a day

• intervention III: placebo IV daily for 3 days following sodium etidronate 200 mg orally twice a day

Smith 1989 
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• control: placebo IV daily for 3 days following 1 placebo tablet orally twice a day

Outcomes Reported and analyzed in this review: none

Funding sources Funding sources: not reported

Declarations of interest Conflicts of interest: not reported

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Placebo-controlled trial, no further information on blinding

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk No information on blinding of outcome assessors

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

High risk "Six patients [...] were considered unevaluable because they failed to com-
plete 1 month of treatment."

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias High risk No statistical analysis of observed results

Smith 1989  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• 5 October 2005 to 6 April 2011

Outcomes:

• overall survival, biochemical failure-free survival (PSA levels), adverse events

STAMPEDE 
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Pain assessment tool:

• none

Randomization:

• Arm A: standard of care (SOC)

• Arm D: SOC + celecoxib

• Arm F: SOC + celecoxib + zoledronic acid

Participants Eligibility criteria:

• men with castration-resistant prostate cancer that was newly diagnosed and either metastatic, node
positive, or high-risk locally advanced (with > 2 of T3/4, Gleason 8 to 10, and PSA > 40 ng/mL)

• patients who had been treated previously with radical surgery or radiotherapy relapsing with high-
risk features at the time of the study

• patients fit for chemotherapy with no history of severe cardiovascular disease

Exclusion criteria:

• not given

Participants randomized:

• 1245 randomized, Arm A 622, Arm D 312, Arm F 311

Mean age:

• Arm A: 65 years

• Arm D: 66 years

• Arm F: 65 years

Country of participants:

• UK and Switzerland

Interventions Previous interventions:

• LHRH analogues for some participants

Interventions during study period:

• intervention: celecoxib 400 mg administered twice a day for 1 year, zoledronic acid 4 mg administered
for six 3-weekly cycles, then 4-weekly for 2 years

• control: SOC hormone therapy

Outcomes Reported and analyzed in this review:

• overall survival/mortality

Funding sources Funding sources:

• Novartis, Pfizer (Inst)

Declarations of interest Conflicts of interest:

• Malcolm D Mason: Consulting or Advisory Role: Sanofi, Bayer AG

• Nicholas D James: Consulting or Advisory Role: Sanofi, Bayer AG, Merck, Astellas Pharma, Janssen
Pharmaceuticals

• David P Dearnaley: Consulting or Advisory Role: Takeda Pharmaceuticals, Janssen Research and De-
velopment, Sandoz, Cadence Research and Consulting, Janssen Pharmaceuticals

STAMPEDE  (Continued)
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• Melissa R Spears: Research Funding: Sanofi, Novartis, Pfizer, Janssen Pharmaceuticals, Astellas Phar-
ma

• Gerhardt Attard: Consulting or Advisory Role: Janssen-Cilag, Veridex, Ventana Medical Systems, Astel-
las Pharma, Medivation, Novartis, Millennium Pharmaceuticals, Abbott Laboratories, ESSA Pharma,
Bayer AG

• William Cross: Consulting or Advisory Role: Takeda Pharmaceuticals

• Rob J Jones: Consulting or Advisory Role: Novartis, Pfizer

• Christopher C Parker: Consulting or Advisory Role: Bayer Schering Pharma, AAA

• J Martin Russell: Travel, Accommodations, Expenses: Janssen-Cilag

• Estelle Cassoly: Research Funding: Pfizer (Inst)

• John Logue: Travel, Accommodations, Expenses: Bayer AG

• Anna Lydon: Travel, Accommodations, Expenses: Sanofi, Pfizer, Janssen Pharmaceuticals

• Joe M O'Sullivan: Consulting or Advisory Role: Bayer AG, Janssen Pharmaceuticals, Astellas Pharma,
Sanofi

• Emilio Porfiri: Consulting or Advisory Role: BMS, Novartis, Pfizer

• Narayanan Nair Srihari: Research Funding: Novartis (Inst)

• John WagstaH: Consulting or Advisory Role: Bristol-Myers Squibb, Novartis/Ipsen, Roche, Pfizer, Merck

• Jan Wallace: Travel, Accommodations, Expenses: Astellas Pharma

• Mahesh KB Parmar: Research Funding: Novartis, Sanofi, Pfizer, Janssen Pharmaceuticals, Astellas
Pharma

• Matthew R Sydes: Research Funding: Astellas Pharma, Janssen-Cilag, Pfizer, Novartis, Sanofi, Clovis
Oncology

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "A computerized algorithm implemented minimization-based random assign-
ment."

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk "Open label"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk "Open label"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk "Open label"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias)

Low risk Insufficient information on blinding of outcome assessors, but no known rea-
son for bias

STAMPEDE  (Continued)
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Objective outcomes

Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "Patients were included in the efficacy analyses according to allocated treat-
ment on an intention-to-treat (ITT) basis, unless stated."

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk Number of participants analyzed for safety is not the same as the number of
participants randomized to the study arms.

Selective reporting (re-
porting bias)

Low risk Quote: "Accumulating data were reviewed by the Independent Data Monitor-
ing Committee." Protocol available (NCT00268476).

Other bias Low risk None identified

STAMPEDE  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• June 1993 to May 1995

Outcomes:

• bone pain

Pain assessment tool:

• 10-centimeter VAS

Randomization:

• intervention vs control

Participants Eligibility criteria:

• primary or secondary hormone-refractory prostate cancer with persisting pain > 2 cm on VAS caused
by bone metastasis

• life expectancy > 3 months

Exclusion criteria:

• impaired renal function

• use of bisphosphonates or other drugs affecting calcium metabolism within 3 weeks before study
enrollment

• palliative radiation therapy within 3 weeks before study enrollment

Participants randomized:

• 55 randomized, but only 52 participants evaluable for efficacy analysis, 25 intervention (clodronate IV
and clodronate orally), 27 control (placebo IV and placebo orally)

Mean age:

• intervention: 71 years

• control: 74 years

Country of participants:

Strang 1997 
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• not reported

Interventions Previous interventions:

• not reported

Interventions during study period:

• intervention: clodronate 300 mg IV daily for 3 days following clodronate 3200 mg orally daily for 4
weeks

• control: isotonic saline IV daily for 3 days following placebo tablets orally daily for 4 weeks

Outcomes Reported and analyzed in this review:

• pain response

Funding sources Funding sources:

• Leiras OY Finland

• ASTRA Lakemedel Sweden

Declarations of interest Conflicts of interest: not reported

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient reporting on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Low risk "randomized double-blind multicenter study"

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Low risk "randomized double-blind multicenter study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Low risk "randomized double-blind multicenter study"

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient reporting on blinding of outcome assessors

Incomplete outcome data
(attrition bias)

High risk Number of randomized participants is more than the number of participants
that underwent efficacy analyses.

Strang 1997  (Continued)
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Patient-reported out-
comes (other than safety
data)

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias High risk Terminated prematurely due to low recruiting.

Strang 1997  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• 2005 to 2012

Outcomes:

• safety, progression-free survival, pain response, overall survival (hazard ratio given), QoL

Pain assessment tool:

• not reported

Randomization:

• intervention I vs intervention II vs control I vs control II

Participants Eligibility criteria:

• men age ≥ 18 years

• histologically or cytologically confirmed prostate adenocarcinoma or multiple sclerotic bone metas-
tases with PSA ≥ 100 ng/mL without histologic confirmation

• radiologic evidence of bone metastases

• life expectancy ≥ 3 months

• prior hormonal therapy (bilateral orchiectomy or LHRH agonist)

• disease progression (defined as progression after discontinued hormonal therapy, 2 consecutive in-
creases in serum PSA, PSA > 5 ng/mL, progression of any measurable malignant lesion, ≥ 1 new lesion
on bone scan)

• ECOG performance status ≤ 2

• hemoglobin ≥ 10 g/dL

• neutrophil count ≥ 1500/mm3

• platelet count ≥ 100,000/mm3

• serum creatinine ≤ 1.5 times of upper limit of normal for serum (ULN)

• alanin-aminotransferase (ALT) or aspartat-amninotransferase (AST) ≤ 1.5 times of ULN

• serum bilirubin ≤ 1.5 times of ULN

Exclusion criteria:

• brain of leptomeningeal metastases

• any malignant disease within the past 5 years other than basal cell carcinoma

• symptomatic peripheral neuropathy ≥ grade 2

• known hypersensitivity to bisphosphonates

• prior treatment with any other investigational compound within 30 days

• prior cytotoxic chemotherapy other than estramustine

TRAPEZE 2016 
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• prior radionuclide therapy for hormone-resistant prostate cancer

• prior radiation therapy to whole pelvic or ≥ 25% of bone marrow

Participants randomized:

• 757 in total in a 2 × 2 factorial design

• intervention: 188

• control: 191

Median age:

• 68 years

Country of participants:

• not clearly reported

Interventions Previous interventions:

• all participants underwent prior hormonal therapy (bilateral orchiectomy or LHRH agonist, or both)

• 337 participants underwent prior radiotherapy

Interventions during study period:

• intervention: zoledronic acid 4 mg IV and docetaxel 75 mg/m2 IV every 3 weeks (21 days/cycle, 10
cycles in total), prednisolone 10 mg daily orally

• intervention II: zoledronic acid 4 mg IV and docetaxel 75 mg/m2 IV every 3 weeks (21 days/cycle, 10
cycles in total), prednisolone 10 mg daily orally, and a single dose 150 MBq strontium chloride Sr89
IV on day 28

• control: docetaxel 75 mg/m2 IV every 3 weeks (21 days/cycle, 10 cycles in total), prednisolone 10 mg
daily orally

• control II: docetaxel 75 mg/m2 IV every 3 weeks (21 days/cycle, 10 cycles in total), prednisolone 10 mg
daily orally, and a single dose 150 MBq strontium chloride Sr89 IV on day 28

Outcomes Reported and analyzed in this review:

• fatigue

• pain response

• QoL

• SREs (spinal cord compression, surgery, pathological fractures, total number of SREs, hypercalcemia)

Funding sources Funding sources:

• Sanofi Aventis, Novartis Pharmaceuticals, and GE Healthcare

Declarations of interest Conflicts of interest:

• James ND:
◦ honoraria: Astellas Pharma; Bayer; Janssen Pharmaceuticals; Oncogenex; Pierre Fabre; Sanofi

◦ consulting or advisory role: Astellas Pharma; Bayer; Janssen Pharmaceuticals; Merck; Sanofi

◦ speakers' bureau: Astellas Pharma; Ferring; Pierre Fabre; Sanofi

◦ research funding: Astellas Pharma (Inst); Janssen Pharmaceuticals (Inst); Pfizer (Inst); Sanofi (Inst)

• Parker C:
◦ consulting or advisory role: Bayer Schering Pharma; BN ImmunoTherapeutics; Janssen Pharma-

ceuticals

◦ research funding: Bayer Schering Pharma (Inst)

◦ travel, accommodations, expenses: Bayer Schering Pharma; Janssen Pharmaceuticals

• Brown JE:
◦ consulting or advisory role: Amgen; Novartis

TRAPEZE 2016  (Continued)
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◦ speakers' bureau: GlaxoSmithKline

◦ research funding: Novartis (Inst)

◦ patents, royalties, other intellectual property: patent pending for biomarker for bone metastasis
(Inst)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were stratified by investigation center and ECOG performance status
at trial entry in a 1:1:1:1 allocation ratio using a computerized minimization al-
gorithm accessed by telephone to the trials unit."

Allocation concealment
(selection bias)

Low risk "Patients were stratified by investigation center and ECOG performance status
at trial entry in a 1:1:1:1 allocation ratio using a computerized minimization al-
gorithm accessed by telephone to the trials unit."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk "TRAPEZE was a randomized, open-label, phase 3 trial using a 2 × 2 factorial
design."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk "TRAPEZE was a randomized, open-label, phase 3 trial using a 2 × 2 factorial
design."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk "TRAPEZE was a randomized, open-label, phase 3 trial using a 2 × 2 factorial
design."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessment

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk Open-label, but no known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Unclear risk "Of 757 participants, 349 (46%) completed docetaxel treatment." However, in-
tention-to-treat analysis was carried out for all participants.

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk "Of 757 participants, 349 (46%) completed docetaxel treatment." However, in-
tention-to-treat analysis was carried out for all participants.

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk "Of 757 participants, 349 (46%) completed docetaxel treatment." However, in-
tention-to-treat analysis was carried out for all participants.

TRAPEZE 2016  (Continued)
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Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk "Of 757 participants, 349 (46%) completed docetaxel treatment." However, in-
tention-to-treat analysis was carried out for all participants.

Selective reporting (re-
porting bias)

High risk Not all prespecified outcomes reported on (e.g. QoL). Protocol available
(NCT00554918).

Other bias Low risk None identified

TRAPEZE 2016  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• July 2008 to March 2010

Outcomes:

• Bone PFS, overall survival, bone mineral density, SREs, VAS scores for pain relief, analgesic use, toxicity
and adverse events

Pain assessment tool:

• VAS

Randomization:

• "eligible patients are randomly divided into two groups"

Participants Eligibility criteria:

• patients’ > 18 years with life expectancy of > 6 months

• patients with histologically confirmed prostate cancer, with at least 2 radiographic (ECT and CT or
MRI) evidences of bone metastases

• patients were required to have castrated level of PSA (< 2 ng/mL), achieved by bilateral orchidectomy
or administration of a luteinizing-hormone releasing hormone agonist

Exclusion criteria:

• patients with significant renal, hepatic, or non-malignant-related diseases

• previous radical prostatectomy, chemotherapy, or radiotherapy

• previous use of bisphosphates and calcium supplement

• Paget’s diseases, primary hyperparathyroidism, or osteoporosis

Participants randomized:

• 137 randomized, 69 zoledronic acid, 68 clodronate

Mean age:

• 71.3 zoledronic acid group

• 73.6 clodronate group

Country of participants:

• China

Interventions Previous interventions:

Wang 2013 
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• not mentioned

Interventions during study period:

• all participants received a calcium supplement of 500 mg and vitamin D of 400 IU daily; participants
received either 4 tablets of clodronate (1600 mg) once daily, at least 1 h before breakfast, or zoledronic
acid 4 mg over a 30 min IV infusion) every 1 month

Outcomes Reported and analyzed in this review:

• SREs

• adverse events

• overall survival

• pain relief

Funding sources Funding sources:

• Wenzhou science technology bureau (Y20100023)

Declarations of interest Conflicts of interest:

• all authors state that they have no conflict of interest

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

Unclear risk Insufficient information on blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Wang 2013  (Continued)
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Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "All the recruited patients were evaluated for the efficacy and safety every 1
month until death." Intention-to-treat-analysis was used.

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk "All the recruited patients were evaluated for the efficacy and safety every 1
month until death." No information on discontinuation

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk "All the recruited patients were evaluated for the efficacy and safety every 1
month until death." No information on discontinuation

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk "All the recruited patients were evaluated for the efficacy and safety every 1
month until death." No information on discontinuation

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified

Wang 2013  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• July 2006 to June 2011

Outcomes:

• SREs, disease progression, adverse events

Pain assessment tool:

• not reported

Randomization:

• intervention vs control

Participants Eligibility criteria:

• histologically confirmed prostate cancer and bone metastases present in bone scintigraphy

• non-therapy prostate cancer (possible inclusion of men with hormone therapy for < 1 month)

• ECOG performance status ≤ 3

• leukocyte count > 3000/mm3

• platelet count > 100,000/mm3

• hemoglobin level > 9 mg/dL

• serum ALT ≥ 3 times the institutional reference

• blood urea nitrogen (BUN) < 30 mg/dL, ≥ 3 times the institutional reference

• serum creatinine < 3.0 mg/dL

• serum calcium 8.5 to 11.5 mg/dL

Exclusion criteria:

ZABTON-PC 
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• prior use of bisphosphonates

• radiation therapy within 3 months of therapy initiation

• serum correction calcium values < 8.0 mg/dL or in active cancer ≥ 11.6 mg/dL

• other active malignancy within 3 years prior to therapy initiation

• grave complications

• planned invasive dental treatment or a treatment within 6 months prior to study entry

• anaphylactic medical history regarding bisphosphonates

Participants randomized:

• 60 randomized, 29 intervention, 31 control

Mean age:

• intervention: 71.1 years

• control: 71.8 years

Country of participants:

• Japan

Interventions Previous interventions:

• participants had no prior intervention

Interventions during study period:

• intervention: zoledronic acid 4 mg IV infusion every 4 weeks (started 1 month after combined andro-
gen blockade), combined androgen blockade with bicalutamide 80 mg and an LHRH agonist

• control: combined androgen blockade with bicalutamide 80 mg and an LHRH agonist

Outcomes Reported and analyzed in this review:

• SREs

• adverse events

Funding sources Funding sources:

• not reported

Declarations of interest Conflicts of interest:

• not reported

Notes Inclusion of "bone pain" in SREs

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk "This study was under a still ongoing randomized multicenter collaborative
open-labeled project [...]."

ZABTON-PC  (Continued)

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

157



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk "This study was under a still ongoing randomized multicenter collaborative
open-labeled project [...]."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk "This study was under a still ongoing randomized multicenter collaborative
open-labeled project [...]."

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

Incomplete outcome data
(attrition bias)
Time-to-event data

Unclear risk All participants were included in statistical analysis. 3 participants out of 60
were lost to follow-up, and 20 participants died. No information on inten-
tion-to-treat analysis.

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Unclear risk All participants were included in statistical analysis. 3 participants out of 60
were lost to follow-up, and 20 participants died. No information on inten-
tion-to-treat analysis.

Incomplete outcome data
(attrition bias)
Safety data

Unclear risk All participants were included in statistical analysis. 3 participants out of 60
were lost to follow-up, and 20 participants died. No information on inten-
tion-to-treat analysis.

Incomplete outcome data
(attrition bias)
Other outcomes

Unclear risk All participants were included in statistical analysis. 3 participants out of 60
were lost to follow-up, and 20 participants died. No information on inten-
tion-to-treat analysis.

Selective reporting (re-
porting bias)

High risk Protocol available (UMIN000001137). Survival data not reported as planned.

Other bias Low risk None identified

ZABTON-PC  (Continued)

 
 

Study characteristics

Methods Recruitment period:

• May 2008 to December 2010

Outcomes:

• overall survival, SREs, disease progression, adverse events

Pain assessment tool:

• not reported

ZAPCA 
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Randomization:

• intervention vs control

Participants Eligibility criteria:

• men age ≥ 20 years

• histopathologically or cytologically confirmed prostate cancer

• bone metastasis on bone scan

• sensitivity to androgen blockade therapy

• ECOG performance status ≤ 2

• PSA level ≥ 30 ng/mL

• leukocyte count ≥ 3000/µL

• hemoglobin ≥ 9.0 g/dL

• platelet count 7.5 × 104/µL

• serum creatinine level ≤ 3.0 mg/dL

• corrected serum calcium ≥ 8.5 mg/dL and ≤ 11.5 mg/dL

• total bilirubin ≤ 1.8 mg/dL

• AST level ≤ 90 IU/L

• ALT level ≤ 100 IU/L

Exclusion criteria:

• poorly controlled dental caries

• poorly controlled hypertension or cardiovascular disease

• double cancer requiring treatment

• systematical use of steroid drugs

• active HIV or hepatitis virus infections

• prior androgen blockade therapy

• prior or concurrent other anticancer therapy

• prior or concurrent immunologic adjuvant therapy

• prior or concurrent use of bisphosphonates (excluding zoledronic acid)

• prior systemic chemotherapy

Participants randomized:

• 227 randomized, 115 intervention, 112 control

Median age:

• 72.0 years, 73.0 years intervention, 71.5 years control

Country of participants:

• Japan

Interventions Previous interventions:

• all participants were treatment-naive

Interventions during study period:

• intervention: zoledronic acid 4 mg IV every 4 weeks from study entry and androgen blockade therapy
with LHRH analogue + bicalutamide for 2 years

• control: androgen blockade therapy with LHRH analogue + bicalutamide for 2 years

Outcomes Reported and analyzed in this review: none

Funding sources Funding sources:

ZAPCA  (Continued)
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• "The ZAPCA trial was supported by Grant for Urologic Research No. 200040700148 from Kyoto Univer-
sity Hospital."

Declarations of interest Conflicts of interest:

• Tomomi Kamba: honorarium from Astellas Pharma

• Toshiyuki Kamoto: research funding and honoraria from Astellas Pharma

• Fuminori Sato: research funding from Janssen Pharmaceutical and Astellas Pharma

• Naoya Masumori: honoraria from Novartis Pharma and Daiichi Sankyo, and research funding from
Daiichi Sankyo

• Shin Egawa: research funding from Astellas Pharma and Takeda Pharmaceutical

• Hideki Sakai: research funding from Astellas Pharma and Takeda Pharmaceutical, and honoraria from
Astellas Pharma and AstraZeneca

• Osamu Ogawa: honorarium from Astellas Pharma

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Computer-based randomization was conducted at the Translational Re-
search Informatics Center (TRI; Kobe, Japan) with stratification according to
the treatment institution, baseline PSA concentration (<200 or ≥200 ng/mL),
baseline extent of disease (EOD) grade [13] (≤2 or ≥3), and biopsy Gleason
score (≤7 or ≥8). [...] The system automatically evaluated the eligibility of each
patient and randomly assigned participants to each group."

Allocation concealment
(selection bias)

Low risk "Computer-based randomization was conducted at the Translational Re-
search Informatics Center (TRI; Kobe, Japan) with stratification according to
the treatment institution, baseline PSA concentration (<200 or ≥200 ng/mL),
baseline extent of disease (EOD) grade [13] (≤2 or ≥3), and biopsy Gleason
score (≤7 or ≥8). [...] The system automatically evaluated the eligibility of each
patient and randomly assigned participants to each group."

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of participants

High risk Open-label trial

Blinding of participants
and personnel (perfor-
mance bias)
Blinding of personnel

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
participants

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias)
Outcomes subjective to
outcome assessors

Unclear risk Insufficient information on blinding of outcome assessor

Blinding of outcome as-
sessment (detection bias)
Objective outcomes

Low risk No known reason for bias

ZAPCA  (Continued)
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Incomplete outcome data
(attrition bias)
Time-to-event data

Low risk "Eight patients did not obtain evaluable efficacy data and were excluded from
the full analysis set—three were found to be ineligible, two in the CZ group did
not receive ZA, and three in the CZ group did not receive any treatment since
the beginning of the study. Therefore, 110 patients in the CAB group and 109 in
the CZ group were included in the full analysis set."

165 participants discontinued intervention, most due to progression (reasons
clearly given).

Incomplete outcome data
(attrition bias)
Patient-reported out-
comes (other than safety
data)

Low risk "Eight patients did not obtain evaluable efficacy data and were excluded from
the full analysis set—three were found to be ineligible, two in the CZ group did
not receive ZA, and three in the CZ group did not receive any treatment since
the beginning of the study. Therefore, 110 patients in the CAB group and 109 in
the CZ group were included in the full analysis set."

165 participants discontinued intervention, most due to progression (reasons
clearly given).

Incomplete outcome data
(attrition bias)
Safety data

Low risk "All 224 patients who received at least one dose of LH–RH agonist were includ-
ed in the Safety Assessment Set (SAS)."

Incomplete outcome data
(attrition bias)
Other outcomes

Low risk "Eight patients did not obtain evaluable efficacy data and were excluded from
the full analysis set—three were found to be ineligible, two in the CZ group did
not receive ZA, and three in the CZ group did not receive any treatment since
the beginning of the study. Therefore, 110 patients in the CAB group and 109 in
the CZ group were included in the full analysis set."

165 participants discontinued intervention, most due to progression (reasons
clearly given).

Selective reporting (re-
porting bias)

High risk Study investigators initially planned to analyze QoL and pain as outcomes, but
the authors did not provide any data on these endpoints in their publications.
Protocol available (NCT00685646).

Other bias Low risk None identified

ZAPCA  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Beer 2007 No comparator arm reported.

Body 2010 No report on prostate cancer patients

Brown 2011 Participants with non-metastatic prostate cancer

Doria 2016 Participants treated for non-metastatic prostate cancer.

Doria 2017 Prostate cancer patients with osteoporosis were enrolled. Not specific to metastatic prostate can-
cer

Heidenreich 2001 Non-randomized study design

Heidenreich 2002 Non-randomized study design
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Study Reason for exclusion

Lang 2011 No comparator arm reported.

Lang 2013 No comparator arm reported.

NTR503 Study never recruited participants (as we were informed by the contact person).

Patrick 2013 Men with non-metastatic castration-resistant prostate cancer were enrolled.

Sawyer 1990 Reported on the effectiveness of fast or slow infusion of pamidronate disodium

Smith 2009 Non-metastatic prostate cancer patients

 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Recruitment period:

• ongoing

Randomization:

• no details given

Participants Eligibility criteria:

• metastatic castration-resistant prostate cancer; not given in English

Exclusion criteria:

• not given in English

Number of planned included participants:

• not given

Country of participants:

• France

Interventions Interventions during study period:

• intervention: zoledronic acid 4 mg tablet orally

• control: no information provided

Other active substances given:

• abiraterone acetate 250 mg

Outcomes Planned (without data):

• bone mineral density; other given in French

Notes Funding sources:

• Janssen-Cilag

Registry entry:

EUCTR2013-001146-34-FR 
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• EudraCT number: 2013-001146-34

Study abbreviation:

• AZALEE

EUCTR2013-001146-34-FR  (Continued)

 
 

Methods Recruitment period:

• 2009 to 2013

Randomization:

• no details given

Participants Eligibility criteria:

• hormone-sensitive prostate cancer

• untreated prostate cancer patients with bone metastasis

• age ≤ 85 years

• keeping liver and kidney function and filled following criteria:
◦ white blood count (WBC): >= 3000/mm3

◦ platelets: >= 10,000/mm3

◦ hematocrit: <= normal range

◦ aspartat-aminotransferase (AST): <= 2.5 times high end of the normal range

◦ alanin-aminotrasnferase (ALT): <= 2.5 times high end of the normal range

◦ gamma-glutamyl transpeptidase: <= 2.5 times high end of the normal range

◦ alkaline phophatase: <= 2.5 times high end of the normal range

◦ lactate dehydrogenase: <= 1.5 times high end of the normal range

◦ serum creatinine: <= 3.0 times high end of the normal range

• Eastern Cooperative Oncology Group (ECOG) performance status 0, 1 (including seeming perfor-
mance status 2 to 4 by only bone metastasis)

• agreement of participation from patients by document with sufficient explanation

Exclusion criteria:

• creatinine clearance rate (CCr) < 30 mL/min by calculation of Codkcroft-Gault equation

• another cancer that requires treatment

• coexisting psychiatric disease or neurological symptom

• continuous systematic treatment with steroids

• participation in the present study is considered inappropriate by a clinical investigator

Number of planned included participants:

• 96

Country of participants:

• Japan

Interventions Interventions during study period:

• intervention: 4 mg zoledronic acid every 4 weeks

• control: no details

Other active substances given:

JPRN-UMIN000002577 
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• MAB (combination of gonadotropin-releasing hormone (LHRH) agonist and non-steroidal antian-
drogen) therapy until prostate-specific antigen refractory

Outcomes Planned (without data):

• PSA nadir rate

• time to PSA nadir

• refractory-free survival

• safety

Notes Funding sources:

• self funding

Registry entry:

• UMIN000002577

JPRN-UMIN000002577  (Continued)

 
 

Methods Recruitment period:

• not given

Randomization:

• no details given

Participants Eligibility criteria:

• 20- to 80-year-old men

• ECOG performance status 0 to 2

• written informed consent

• histologically confirmed prostate cancer, existing radiographic evidence of at least 1 bone metas-
tasis

• patients who satisfy the following criteria:
◦ white blood count >= 3000/mm3

◦ AST <= 100 IU/L

◦ ALT <= 100 IU/L

◦ Serum creatinine <= 2.0 mg/dL

◦ Serum adjusted calcium 8.0 to 10.0 mg/dL

Exclusion criteria:

• patients who had prior bisphosphonate

• patients who are on hemodialysis

• patients who are treated with chemotherapy

• patients with poorly controlled hepatic disorder or renal dysfunction or diabetes

• patients who are receiving or planning treatment of tooth extraction or dental implant for oral
infection

• patients considered to be inappropriate for trial by physicians

Number of planned included participants:

• 80

Country of participants:

JPRN-UMIN000012967 
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• Japan

Interventions Interventions during study period:

• intervention I: 120 mg denosumab every 4 weeks

• intervention II: 4 mg zoledronic acid every 4 weeks

Other active substances given:

• combined androgen blockade with gonadotropin-releasing hormone (LHRH) analogue or surgical
castration, and antiandrogen

Outcomes Planned (without data):

• biochemical markers of bone turnover

• serum prostate specific antigen

• serum calcium

• skeletal-related events

• progression-free survival

• overall survival

• adverse events

• quality of life

Notes Funding sources:

• Chiba Cancer Center, self funding

Registry entry:

• UMIN000012967

JPRN-UMIN000012967  (Continued)

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name BonEnza

Methods Recruitment period:

• December 2017 to still recruiting

Endpoints:

• evaluation of change in bone response after 6 and 12 months of treatment compared to baseline

• evaluation of bone repair

• changes in bone mineral density after 18 months of treatment compared to baseline

• Functional Assessment of Cancer Therapy-Prostate (FACT-P) Questionnaire, including a global
quality of life score

• Brief Pain Inventory-Short Form Questionnaire (BPI-SF)

• weight evaluation

• C-terminal telopeptide analysis (CTX, ng/mL)

• bone alkaline phosphatase analysis

Randomization:

• intervention vs control

Participants Eligibility criteria:

NCT03336983 
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• histological diagnosis of prostate carcinoma

• age > 18 years

• metastatic disease documented as the presence of bone lesions on bone scan associated or not
to soM tissue lesions measurable at computed tomography scan or magnetic resonance imaging

• no previous hormone or chemotherapeutic treatments given for prostate carcinoma (patients re-
ceiving gonadotropin-releasing hormone (LHRH) analogues therapy for less than 4 months are
admitted)

• Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 1

• expected life expectancy ≥ 6 months

• patient capable of swallowing study medication and complying with study requirements

• signed informed consent

Exclusion criteria:

• presence of active serious disease, active infection, or comorbidity that may prevent study enroll-
ment (at the discretion of the clinical investigator)

• known or suspected brain metastases or active leptomeningeal dissemination

• history of other malignant neoplasm except non-melanoma skin carcinoma during the previous
5 years

• absolute neutrophil count < 1500/µL, platelet < 100,000/µL, or hemoglobin < 5.6 mmol/L (< 9 g/
dL) at screening visit (notably: patients must not receive any growth factor during the previous 7
days or any blood transfusion during the 28 days preceding the hematology sampling performed
at screening)

• total bilirubin, alanine aminotransferase, or aspartate aminotransferase > 2.5 x upper limit of nor-
mal at screening visit

• creatinine > 177 µmol/L (> 2 mg/dL) at screening visit

• albumin ≤ 30 g/L (≤ 3.0 g/dL) at screening visit

• history of seizures or any other seizure-predisposed pathology; history of loss of consciousness
or transitory ischemic attack during the 12 months preceding the screening visit

• clinically significant cardiovascular disease including:
◦ myocardial infarction (6 months preceding the screening)

◦ uncontrolled angina (3 months preceding the screening)

◦ congestive heart failure New York Heart Association (NYHA) class 3 or 4, congestive heart failure
NYHA class 3 or 4 in the past, unless a screening echocardiogram or multigated acquisition
scan performed within 3 months results in a leM ventricular ejection fraction ≥ 45%

◦ history of clinically significant ventricular arrhythmias (e.g. ventricular tachycardia, ventricular
fibrillation, torsades de pointes)

◦ history of Mobitz II second- or third-degree heart block without a permanent pacemaker in
place

◦ hypotension as indicated by systolic blood pressure < 86 mmHg at the screening visit

◦ bradycardia as indicated by a heart rate of < 50 beats per minute on the screening electrocar-
diogram

◦ uncontrolled hypertension as indicated by systolic blood pressure > 170 mmHg or diastolic
blood pressure > 105 mmHg at the screening visit

• gastrointestinal disorder affecting absorption (e.g. gastrectomy, active peptic ulcer disease with-
in last 3 months)

• major surgery within 4 weeks of enrollment (Day 1 visit)

• radiation therapy for treatment of the primary tumor within 3 weeks of enrollment (Day 1 visit)

• use of herbal products that may have hormonal anti-prostate cancer activity and/or are known
to decrease prostate-specific antigen (PSA) levels (e.g. saw palmetto) or systemic corticosteroids
greater than the equivalent of 10 mg of prednisone per day within 4 weeks of enrollment (Day 1
visit)

• any condition or reason that, in the opinion of the investigator, interferes with the ability of the
patient to participate in the trial, which places the patient at undue risk, or complicates the inter-
pretation of safety data

NCT03336983  (Continued)
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Participants randomized:

• 120 planned, still recruiting

Country of participants:

• Italy

Interventions Interventions during study period:

• enzalutamide

• enzalutamide + zoledronic acid

"in combination with luteinizing hormone-releasing hormone (LHRH) analogue with the use of
Whole Boby (WB) DW-MRI"

Outcomes Reported and analyzed in this review: none

Starting date not given

Contact information Alfredo Berruti alfredo.berruti@gmail.com and Elisa Saba, PhD elisa.saba4@gmail.com

Notes  

NCT03336983  (Continued)
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95% prediction intervals (risk ratios, random-effects model)

No treatment/placebo [ 0.35, 4.45 ] [ 0.01, 352.23 ] [ 0.67, 3.98 ]

[ 0.22, 2.86 ] Clodronate [ 0.01, 329.39 ] [ 0.52, 3.28 ]

[ 0, 88.06 ] [ 0, 128.15 ] Alendronate [ 0, 154.88 ]

[ 0.25, 1.5 ] [ 0.31, 1.92 ] [ 0.01, 233.44 ] Zoledronic acid

Table 1.   Results of network meta-analysis for outcome adverse event: renal impairment. Prediction intervals.
Treatments are ordered by P-score (descending) 

 
 

95% prediction intervals (risk ratios, random-effects model)

No treatment/placebo [ 0.03, 53.14 ] [ 0.11, 22.89 ]

[ 0.02, 35.56 ] Clodronate [ 0.09, 19.76 ]

[ 0.04, 8.99 ] [ 0.05, 11.6 ] Zoledronic acid

Table 2.   Results of sensitivity network meta-analysis for outcome adverse event: renal impairment (risk of bias
low). Prediction intervals. Treatments are ordered by P-score (descending). Only subnetworks with > 1 design 
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95% prediction intervals (risk ratios, random-effects model)

Denosumab [ 0.77, 1.74 ] [ 0.74, 2.21 ] [ 0.41, 4.35 ] [ 0.68, 2.7 ] [ 0.88, 2.16 ]

[ 0.57, 1.3 ] Zoledronic acid [ 0.71, 1.74 ] [ 0.37, 3.62 ] [ 0.63, 2.18 ] [ 0.86, 1.66 ]

[ 0.45, 1.35 ] [ 0.57, 1.42 ] Clodronate [ 0.32, 3.37 ] [ 0.54, 2.07 ] [ 0.71, 1.65 ]

[ 0.23, 2.43 ] [ 0.28, 2.7 ] [ 0.3, 3.09 ] Risedronate [ 0.29, 3.5 ] [ 0.34, 3.18 ]

[ 0.37, 1.48 ] [ 0.46, 1.59 ] [ 0.48, 1.87 ] [ 0.29, 3.43 ] Pamidronate [ 0.56, 1.85 ]

[ 0.46, 1.13 ] [ 0.6, 1.16 ] [ 0.61, 1.42 ] [ 0.31, 2.98 ] [ 0.54, 1.77 ] No treat-
ment/placebo

Table 3.   Results of network meta-analysis for outcome total number of skeletal-related events. Prediction
intervals. Treatments are ordered by P-score (descending). Only subnetworks with > 1 design 

 
 

95% prediction intervals (risk ratios, random-effects model)

Denosumab [ 0.88, 1.45 ] [ 0.71, 1.96 ] [ 0.19, 8.21 ] [ 0.89, 1.84 ]

[ 0.69, 1.14 ] Zoledronic acid [ 0.67, 1.62 ] [ 0.17, 7.14 ] [ 0.87, 1.47 ]

[ 0.51, 1.41 ] [ 0.62, 1.49 ] Clodronate [ 0.16, 6.95 ] [ 0.75, 1.55 ]

[ 0.12, 5.38 ] [ 0.14, 5.98 ] [ 0.14, 6.34 ] Risedronate [ 0.16, 6.62 ]

[ 0.54, 1.13 ] [ 0.68, 1.15 ] [ 0.64, 1.33 ] [ 0.15, 6.21 ] No treatment/placebo

Table 4.   Results of sensitivity network meta-analysis for outcome total number of skeletal-related events
(sensitivity risk of bias). Prediction intervals. Treatments are ordered by P-score (descending). Only subnetworks
with > 1 design 

 
 

95% prediction intervals (risk ratios, random-effects model)

Denosumab [ 0.73, 1.48 ] [ 0.36, 5.13 ] [ 1.01, 3.34 ] [ 0.78, 6.41 ]

[ 0.67, 1.36 ] Zoledronic acid [ 0.37, 4.69 ] [ 1.09, 2.86 ] [ 0.8, 5.79 ]

[ 0.19, 2.75 ] [ 0.21, 2.74 ] Clodronate [ 0.39, 4.63 ] [ 0.36, 7.41 ]

[ 0.3, 0.99 ] [ 0.35, 0.92 ] [ 0.22, 2.54 ] No treatment/placebo [ 0.51, 2.89 ]

[ 0.16, 1.28 ] [ 0.17, 1.25 ] [ 0.13, 2.75 ] [ 0.35, 1.95 ] Pamidronate

Table 5.   Results of network meta-analysis for outcome skeletal-related events: pathological fractures. Prediction
intervals. Treatments are ordered by P-score (descending) 
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95% prediction intervals (risk ratios, random-effects model)

Denosumab [ 0.68, 2.79 ] [ 0.57, 6.34 ] [ 0.99, 5.38 ] [ 0.47, 36.34 ]

[ 0.36, 1.46 ] Zoledronic acid [ 0.52, 3.65 ] [ 1.04, 2.67 ] [ 0.38, 23.38 ]

[ 0.16, 1.74 ] [ 0.27, 1.92 ] Clodronate [ 0.51, 2.88 ] [ 0.24, 19.2 ]

[ 0.19, 1.01 ] [ 0.37, 0.96 ] [ 0.35, 1.96 ] No treatment/placebo [ 0.24, 13.27 ]

[ 0.03, 2.14 ] [ 0.04, 2.64 ] [ 0.05, 4.11 ] [ 0.08, 4.16 ] Pamidronate

Table 6.   Results of network meta-analysis for outcome skeletal-related events: spinal cord compression. Prediction
intervals. Treatments are ordered by P-score (descending) 

 
 

95% prediction intervals (risk ratios, random-effects model)

Denosumab [ 0.85, 1.54 ] [ 0.6, 3.31 ] [ 0.76, 2.55 ] [ 0.86, 2.38 ]

[ 0.65, 1.17 ] Zoledronic acid [ 0.55, 2.74 ] [ 0.72, 2.07 ] [ 0.83, 1.89 ]

[ 0.3, 1.67 ] [ 0.37, 1.81 ] Pamidronate [ 0.46, 2.14 ] [ 0.51, 2.03 ]

[ 0.39, 1.31 ] [ 0.48, 1.39 ] [ 0.47, 2.18 ] Clodronate [ 0.72, 1.46 ]

[ 0.42, 1.16 ] [ 0.53, 1.21 ] [ 0.49, 1.95 ] [ 0.69, 1.38 ] No treatment/placebo

Table 7.   Results of network meta-analysis for outcome skeletal-related events: bone radiotherapy. Prediction
intervals. Treatments are ordered by P-score (descending) 

 
 

95% prediction intervals (risk ratios, random-effects model)

Zoledronic acid [ 0.87, 1.22 ] [ 0.88, 1.24 ] [ 0.52, 1.93 ] [ 0.97, 1.27 ] [ 0.99, 1.41 ]

[ 0.82, 1.15 ] Denosumab [ 0.8, 1.29 ] [ 0.5, 1.92 ] [ 0.87, 1.34 ] [ 0.9, 1.47 ]

[ 0.81, 1.14 ] [ 0.77, 1.25 ] Clodronate [ 0.5, 1.84 ] [ 0.95, 1.19 ] [ 0.96, 1.32 ]

[ 0.52, 1.92 ] [ 0.52, 2.02 ] [ 0.54, 2 ] Pamidronate [ 0.58, 2.1 ] [ 0.61, 2.26 ]

[ 0.79, 1.03 ] [ 0.75, 1.15 ] [ 0.84, 1.05 ] [ 0.48, 1.71 ] No treatment/place-
bo

[ 0.95, 1.19 ]

[ 0.71, 1.01 ] [ 0.68, 1.11 ] [ 0.75, 1.04 ] [ 0.44, 1.63 ] [ 0.84, 1.06 ] Risedronate

Table 8.   Results of network meta-analysis for outcome mortality. Prediction intervals. Treatments are ordered by P-
score (descending) 
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95% prediction intervals (risk ratios, random-effects model)

Zoledronic acid [ 0.84, 1.25 ] [ 0.84, 1.36 ] [ 0.29, 4.15 ] [ 0.92, 1.4 ]

[ 0.8, 1.19 ] Denosumab [ 0.76, 1.42 ] [ 0.28, 4.09 ] [ 0.83, 1.48 ]

[ 0.74, 1.19 ] [ 0.71, 1.31 ] Clodronate [ 0.28, 3.84 ] [ 0.94, 1.21 ]

[ 0.24, 3.42 ] [ 0.24, 3.56 ] [ 0.26, 3.61 ] Risedronate [ 0.28, 3.82 ]

[ 0.71, 1.08 ] [ 0.68, 1.21 ] [ 0.83, 1.07 ] [ 0.26, 3.59 ] No treatment/placebo

Table 9.   Results of sensitivity network meta-analysis for the outcome mortality (low risk of bias). Prediction
intervals. Treatments are ordered by P-score (descending). Only subnetworks with > 1 design 

 
 

95% prediction intervals (risk ratios, random-effects model)

No treatment/placebo [ 0, 1576.09 ] [ 0.01, 654.71 ] [ 0, 35260.46 ] [ 0.01, 4541.37 ]

[ 0, 405.24 ] Clodronate [ 0, 710.22 ] [ 0, 64752 ] [ 0, 4419.4 ]

[ 0, 116.04 ] [ 0, 489.59 ] Zoledronic acid [ 0, 28482.19 ] [ 0.01, 688.08 ]

[ 0, 3662.25 ] [ 0, 26156.52 ] [ 0, 16690.04 ] Risedronate [ 0, 75668.22 ]

[ 0, 137.66 ] [ 0, 521.01 ] [ 0, 117.67 ] [ 0, 22083.49 ] Denosumab

Table 10.   Results of network meta-analysis for outcome adverse event: hypocalcemia. Prediction intervals.
Treatments are ordered by P-score (descending) 

 
 

95% prediction intervals (risk ratios, random-effects model)

Alendronate [ 0.46, 2.98 ] [ 0.46, 3.37 ] [ 0.41, 5.28 ] [ 0.5, 4.14 ]

[ 0.34, 2.19 ] No treatment/placebo [ 0.76, 1.5 ] [ 0.53, 3 ] [ 0.76, 2 ]

[ 0.3, 2.18 ] [ 0.67, 1.32 ] Zoledronic acid [ 0.46, 3 ] [ 0.83, 1.63 ]

[ 0.19, 2.45 ] [ 0.33, 1.9 ] [ 0.33, 2.16 ] Pamidronate [ 0.36, 2.66 ]

[ 0.24, 1.99 ] [ 0.5, 1.31 ] [ 0.61, 1.21 ] [ 0.38, 2.75 ] Denosumab

Table 11.   Results of network meta-analysis for outcome adverse event: fatigue. Prediction intervals. Treatments
are ordered by P-score (descending) 
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#1 MeSH descriptor: [Prostatic Neoplasms] explode all trees

#2 (prostat* near/3 (cancer* or carcinoma* or malignan* or tumor* or tumour* or neoplas* or intraepithelial* or adenocarcinoma*))

#3 MeSH descriptor: [Prostatitis] explode all trees

#4 (prostatitis or prostatitides or prostatosis)

#5 #1 or #2 or #3 or #4

#6 MeSH descriptor: [Diphosphonates] explode all trees

#7 (diphosphonate* or diphosph*nate*)

#8 (bisphosph*nate* or biphosph*nate*)

#9 #6 or #7 or #8

#10 MeSH descriptor: [Alendronate] explode all trees

#11 (alendronat* or aledronic*)

#12 (fosamax* or binosto* or adronat* or alendros* or onclast*)

#13 #10 or #11 or #12

#14 MeSH descriptor: [Clodronic Acid] explode all trees

#15 (clodronic* or clodronat*)

#16 (bonefos* or clasteon* or difosfonal* or ossiten* or mebonat* or loron* or ostac*)

#17 Cl2MDP

#18 #14 or #15 or #16 or #17

#19 MeSH descriptor: [Etidronic Acid] explode all trees

#20 (etidronic* or etidronat*)

#21 (didronel* or xidifon* or dicalcium or xidiphon*)

#22 (HEDP or EHDP)

#23 #19 or #20 or #21 or #22

#24 MeSH descriptor: [Technetium Tc 99m Medronate] explode all trees

#25 (medronat* or medronic*)

#26 (Technetium near/2 Tc99m near/2 Medronat*)

#27 #24 or #25 or #26

#28 MeSH descriptor: [Pamidronate] explode all trees

#29 (pamidronat* or pamidronic* or amidronat*)

#30 (aredia* or ADP sodium* or aminomux*)

#31 (GCP23339A or GCP-23339A or YM529 or YM-529)

#32 #28 or #29 or #30 or #31

#33 MeSH descriptor: [Zoledronic Acid] explode all trees

#34 (zoledronic* or zoledronat*)

#35 (zometa* or zomera* or aclasta* or reclast* or aredia* or zoldron*)
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#36 (m05BA08 or CGP-42446* or CGP42446* or zol-446 or zol446)

#37 #33 or #34 or #35 or #36

#38 MeSH descriptor: [Ibandronic Acid] explode all trees

#39 (ibandronic* or ibandrovic* or ibandronat*)

#40 (bon*iva* or bondronat* or bondranat* or adronil*)

#41 (RPR102289A or RPR-102289A)

#42 (BM210955 or BM-210955)

#43 #38 or #39 or #40 or #41 or #42

#44 MeSH descriptor: [Risedronic Acid] explode all trees

#45 (risedronic* or risedronat*)

#46 (actonel* or atelvia* or benet*)

#47 (NE58095 or NE-58095)

#48 #44 or #45 or #46 or #47

#49 (neridronat* or neridronic*)

#50 ("AHHexBP" or "6AHHDP" or "6-AHHDP")

#51 #49 or #50

#52 MeSH descriptor: [RANK Ligand] explode all trees

#53 (rank near/3 ligand*)

#54 RANK ligand inhibitor*

#55 (protein* near/2 (RANKL or TRANCE))

#56 Tumor Necrosis Factor-Related Activation-Induced Cytokin*

#57 #52 or #53 or #54 or #55 or #56

#58 MeSH descriptor: [Denosumab] explode all trees

#59 denosumab*

#60 (xgeva* or prolia*)

#61 (AMG162 or AMG-162)

#62 #58 or #59 or #60 or #61

#63 tiludronat* or tiludronic* or skelid*

#64 Incadronat* or YM175 or YM-175

#65 olpadronat* or olpadronic*

#66 #63 or #64 or #65

#67 #9 or #13 or #18 or #23 or #27 or #32 or #37 or #43 or #48 or #51 or #57 or #62 or #66

key: *: truncation, near/#: adjacent within # number of words

Appendix 2. MEDLINE search strategy
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# Searches until March 2020

1 exp PROSTATIC NEOPLASMS/

2 ((prostat* adj3 cancer*) or (prostat* adj3 carcinoma*) or (prostat* adj3 malignan*) or (prostat* adj3
tumo?r*) or (prostat* adj3 neoplas*) or (prostat* adj3 intraepithelial) or (prostat* adj3 adenocarci-
noma*)).tw.

3 ((prostat* adj6 cancer*) or (prostat* adj6 carcinoma*) or (prostat* adj6 tumo?r*) or (prostat* adj6
neoplas*) or (prostat* adj6 adenocarcinoma*)).ab,ti.

4 PROSTATITIS/

5 (prostatitis or prostatitides or prostatosis).tw.

6 or/1-5

7 exp DIPHOSPHONATES/

8 (diphosphonate* or diphosph#nate*).tw,kf,ot,nm.

9 (bisphosph#nate* or biphosph#nate*).tw,kf,ot,nm.

10 or/7-9

11 ALENDRONATE/

12 (alendronat* or aledronic*).tw,kf,ot,nm.

13 (fosamax* or binosto* or adronat* or alendros* or onclast*).tw,kf,ot,nm.

14 or/11-13

15 CLODRONIC ACID/

16 (clodronic* or clodronat*).tw,kf,ot,nm.

17 (bonefos* or clasteon* or difosfonal* or ossiten* or mebonat* or loron* or ostac*).tw,kf,ot,nm.

18 Cl2MDP.tw,kf,ot,nm.

19 or/15-18

20 ETIDRONIC ACID/

21 (etidronic* or etidronat*).tw,kf,ot,nm.

22 (didronel* or xidifon* or dicalcium* or didrocal* or xidiphon*).tw,kf,ot.

23 (HEDP or EHDP).tw,kf,ot.

24 or/20-23

25 TECHNETIUM TC 99M MEDRONATE/

26 (medronat* or medronic*).tw,kf,ot,nm.
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27 (Technetium adj2 Tc 99m adj2 Medronat*).tw,kf,ot,nm.

28 or/25-27

29 PAMIDRONATE/

30 (pamidronat* or pamidronic* or amidronat*).tw,kf,ot,nm.

31 (aredia* or ADP sodium* or incadron* or aminomux*).tw,kf,ot,nm.

32 (GCP23339A or GCP-23339A or YM529 or YM-529 or ahprbp).tw,kf,ot,nm.

33 or/29-32

34 ZOLEDRONIC ACID/

35 (zoledronic* or zoledronat*).tw,kf,ot,nm.

36 (zometa* or zomera* or aclasta* or zoldron* or reclast* or aredia*).tw,kf,ot,nm.

37 (m05BA08 or CGP-42446* or CGP42446* or zol-446 or zol446).tw,kf,ot,nm.

38 or/34-37

39 IBANDRONIC ACID/

40 (ibandronic* or ibandrovic* or ibandronat*).tw,kf,ot,nm.

41 (bon?iva* or bondronat* or bondranat* or adronil*).tw,kf,ot,nm.

42 (RPR102289A or RPR-102289A).tw,kf,ot,nm.

43 (BM210955 or BM-210955).tw,kf,ot,nm.

44 or/39-43

45 RISEDRONIC ACID/

46 (risedronic* or risedronat*).tw,kf,ot,nm.

47 (actonel* or atelvia* or benet*).tw,kf,ot,nm.

48 (NE58095 or NE-58095).tw,kf,ot,nm.

49 or/45-48

50 (neridronat* or neridronic*).tw,kf,ot,nm.

51 (AHHexBP or 6AHHDP or 6-AHHDP).tw,kf,ot,nm.

52 or/50-51

53 RANK Ligand/

54 (rank* adj3 ligand*).tw,kf,ot,nm.

  (Continued)
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55 RANK ligand inhibitor*.tw,kf,ot,nm.

56 (protein* adj2 (RANKL or TRANCE)).tw,kf,ot,nm.

57 Tumor Necrosis Factor-Related Activation-Induced Cytokin*.tw,kf,ot,nm.

58 or/53-57

59 DENOSUMAB/

60 denosumab*.tw,kf,ot,nm.

61 (xgeva* or prolia*).tw,kf,ot,nm.

62 (AMG162 or AMG-162).tw,kf,ot,nm.

63 or/59-62

64 (tiludronat* or tiludronic* or skelid*).tw,kf,ot,nm.

65 (Incadronat* or YM175 or YM-175).tw,kf,ot,nm.

66 (olpadronat* or olpadronic*).tw,kf,ot,nm.

67 10 or 14 or 19 or 24 or 28 or 33 or 38 or 44 or 49 or 52 or 58 or 63 or 64 or 65 or 66

68 6 and 67

69 randomized controlled trial.pt.

70 controlled clinical trial.pt.

71 randomi?ed.ab.

72 placebo.ab.

73 drug therapy.fs.

74 randomly.ab.

75 trial.ab.

76 groups.ab.

77 or/69-76

78 exp ANIMALS/ not HUMANS/

79 77 not 78

80 68 and 79

  (Continued)

 
key: tw: text word, kf: keyword heading word, ot: original title, pt: publication type, ab: abstract; nm: substance name, fs: floating
subheading; sh: medical subject heading word
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Appendix 3. Embase search strategy

 

# Searches until March 2020

1 exp PROSTATE TUMOR/

2 ((prostat* adj3 cancer*) or (prostat* adj3 carcinoma*) or (prostat* adj3 malignan*) or prostat* tu-
mor* or (prostat* adj3 tumour*) or (prostat* adj3 neoplas*) or (prostat* adj3 intraepithelial*) or
(prostat* adj3 adenocarcinoma*)).tw.

3 exp PROSTATITIS/

4 (prostatitis or prostatitides or prostatosis).tw.

5 or/1-4

6 exp BISPHOSPHONIC ACID DERIVATIVE/

7 (diphosphonate* or diphosph*nate*).tw,kw.

8 (bisphosph*nate* or biphosph*nate*).tw,kw.

9 or/6-8

10 ALENDRONIC ACID/

11 (alendronat* or aledronic*).tw,kw.

12 (fosamax* or binosto* or adronat*).tw,kw.

13 (alendros* or onclast*).tw,kw.

14 or/10-13

15 CLODRONIC ACID/

16 (clodronic* or clodronat*).tw,kw.

17 (bonefos* or clasteon* or difosfonal*).tw,kw.

18 (ossiten* or mebonat* or loron* or ostac*).tw,kw.

19 Cl2MDP.tw,kw.

20 or/15-19

21 ETIDRONIC ACID/

22 (etidronic* or etidronat*).tw,kw.

23 (didronel* or xidifon*).tw,kw.

24 (dicalcium* or xidiphon*).tw,kw.

25 (HEDP or EHDP).tw,kw.

 

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

176



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

26 or/21-25

27 MEDRONATE TECHNETIUM TC 99M/

28 (medronat* or medronic*).tw,kw.

29 (Technetium adj2 'Tc 99m' adj2 Medronat*).tw,kw.

30 or/27-29

31 PAMIDRONIC ACID/

32 (pamidronat* or pamidronic* or amidronat*).tw,kw.

33 (aredia* or ADP sodium* or aminomux*).tw,kw.

34 (GCP23339A or GCP-23339A or YM529 or YM-529).tw,kw.

35 or/31-34

36 ZOLEDRONIC ACID/

37 (zoledronic* or zoledronat*).tw,kw.

38 (zometa* or zomera* or aclasta* or reclast* or aredia* or zoldron*).tw,kw.

39 (m05BA08 or CGP-42446* or CGP42446* or zol-446 or zol446).tw,kw.

40 or/36-39

41 IBANDRONIC ACID/

42 (ibandronic* or ibandrovic* or ibandronat*).tw,kw.

43 (bon*iva* or bondronat* or bondranat* or adronil*).tw,kw.

44 (RPR102289A or RPR-102289A).tw,kw.

45 (BM210955 or BM-210955).tw,kw.

46 or/41-45

47 RISEDRONIC ACID/

48 (risedronic* or risedronat*).tw,kw.

49 (actonel* or atelvia* or benet*).tw,kw.

50 (NE58095 or NE-58095).tw,kw.

51 or/47-50

52 NERIDRONIC ACID/

53 (neridronat* or neridronic*).tw,kw.

  (Continued)
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54 (AHHexBP or 6AHHDP or 6-AHHDP or nerixia).tw,kw.

55 or/52-54

56 OSTEOCLAST DIFFERENTIATION FACTOR/

57 'osteoclast differentiation factor*.tw,kw.

58 osteoprotegerin ligand*.tw,kw.

59 (rank adj3 ligand*).tw,kw.

60 (RANK ligand inhibitor* or receptor activator of NF kappa B ligand).tw,kw.

61 ((protein* adj2 RANKL) or (protein* adj2 TRANCE) or (protein* adj2 TNFSF 11) or (protein* adj2 TN-
FSF11)).tw,kw.

62 (antigen* adj1 cd254).tw,kw.

63 or/56-62

64 DENOSUMAB/

65 denosumab*.tw,kw.

66 (xgeva* or prolia*).tw,kw.

67 (AMG162 or AMG-162).tw,kw.

68 or/64-67

69 TILUDRONIC ACID/

70 (tiludronat* or tiludronic* or skelid*).tw,kw.

71 (sr 41319 or sr 41319b or sr41319 or sr41319b).tw,kw.

72 or/69-71

73 INCADRONIC ACID/

74 (YM175 or YM-175 or ym 21175 or ym21175).tw,kw.

75 (incadronat* or incadronic* or cimadronat* or cimadronic* or bisphonal*).tw,kw.

76 or/73-75

77 OLPADRONIC ACID/

78 (olpadronat* or olpadronic*).tw,kw.

79 (ig 8801 or ig8801).tw,kw.

80 or/77-79

81 9 or 14 or 20 or 26 or 26 or 30 or 35 or 40 or 46 or 51 or 55 or 63 or 68 or 72 or 76 or 80
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82 RANDOMIZED CONTROLLED TRIAL/

83 CONTROLLED CLINICAL STUDY/

84 random*.ti,ab.

85 RANDOMIZATION/

86 INTERMETHOD COMPARISON/

87 placebo.ti,ab.

88 (compare or compared or comparison).ti.

89 (open adj label).ti,ab.

90 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

91 double blind procedure/

92 parallel group$1.ti,ab.

93 (crossover or cross over).ti,ab.

94 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or pa-
tient$1 or subject$1 or participant$1)).ti,ab.

95 (controlled adj7 (study or design or trial)).ti,ab.

96 (volunteer or volunteers).ti,ab.

97 trial.ti.

98 or/82-97

99 (ANIMAL EXPERIMENT/ or ANIMAL EXPERIMENT/) not (HUMAN EXPERIMENT/ or HUMAN/)

100 98 not 99

101 5 and 81 and 100

102 limit 101 to em=201801-201918

  (Continued)

 

Appendix 4. Descriptive figures of comparisons of each outcome

Figure 93; Figure 94; Figure 95; Figure 96; Figure 97; Figure 98; Figure 99
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Figure 93.   Overview of included studies and comparisons for outcome proportion of participants with pain
response (A) and adverse event: renal impairment (B).
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Figure 94.   Overview of included studies and comparisons for the outcome adverse event: osteonecrosis of the jaw
(A) and total number of skeletal-related events (SREs) (B).
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Figure 95.   Overview of included studies and comparisons for the outcome skeletal-related event (SRE):
pathological fractures (A) and SRE: spinal cord compression (B).
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Figure 96.   Overview of included studies and comparisons for the outcome skeletal-related event (SRE): bone
surgery (A) and SRE: hypercalcemia (B).
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Figure 97.   Overview of included studies and comparisons for the outcome mortality (A) and grade 3 to 4 adverse
events (B).
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Figure 97.   (Continued)
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Figure 98.   Overview of included studies and comparisons for the outcome adverse event: hypocalcemia (A) and
adverse event: fatigue (B).
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Figure 99.   Overview of included studies and comparisons for the outcome adverse event: diarrhea (A) and adverse
event: nausea (B).
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W H A T ' S   N E W

 

Date Event Description

17 December 2020 Amended Under Abstract>Main results,

the sentence "The adverse event renal impairment probably
occurs more often when treated with zoledronic acid treat-
ment/placebo compared to treatment/placebo.." was changed
to "...compared to no treatment/placebo..."

 

H I S T O R Y
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Yonas Mehari Tesfamariam: extracted data, wrote the review
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Regarding outcomes:

• We decided to add some relevant outcomes and define adverse events and skeletal-related events more precisely. We added the
outcome skeletal-related event hypercalcemia. We adapted the outcome pathological fractures to 'in total' and not diHerentiated into
vertebral versus non-vertebral. We increased the precision of adverse events to grade 3 to 4 adverse events, hypocalcemia, fatigue,
diarrhea, and nausea.

• Due to poor reporting of outcomes, we only analyzed proportion of participants with pain response and mortality at the longest reported
follow-up, and not as additionally planned at six months, one year, and two years.

• We planned to extract and analyze time-to-event data, but due to poor reporting did not.

Regarding publication bias:

• Since for no pairwise comparison were 10 or more trials identified, we did not conduct funnel plots.

Regarding subgroups:

• We did not analyze subgroups regarding participant age, tumor status, type of bisphosphonate, or route of administration as initially
planned; for reasons see Subgroup analysis and investigation of heterogeneity.

Regarding considering all phases of cross-over trials:

• In future updates of this review, if cross-over trials are identified, we will consider all phases using caution with regard to potential carry-
over eHects.

To give an overview on outcomes regarding eHicacy and acceptability, we decided to introduce ranking plots at the end of the Results
section comparing one outcome of eHicacy with one outcome of acceptability. This would provide a clearer idea of which treatment options
showed the best eHicacy and acceptability at the same time (Figure 99; Figure 86; Figure 99; Figure 88; Figure 99; Figure 90; Figure 99;
Figure 92).

N O T E S

We have based parts of the Methods section of this review on a standard template developed by the Cochrane Metabolic and Endocrine
Disorders Group, which has been modified and adapted for use by the Cochrane Urology Group. In addition, this review is partly based on
suggested wording from the Pain, Palliative and Supportive Care Review Group (PaPaS CRG), the Cochrane Haematological Malignancies
Review Group, and the protocol templates for a Cochrane intervention review that compares multiple interventions (Chaimani 2014;
Chaimani 2017).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Alendronate  [adverse eHects]  [therapeutic use];  Antineoplastic Agents, Hormonal  [therapeutic use];  Bisphosphonate-Associated
Osteonecrosis of the Jaw  [etiology];  Bone Density Conservation Agents  [adverse eHects]  [*therapeutic use];  Bone Neoplasms
 [*drug therapy]  [*secondary];  Clodronic Acid  [adverse eHects]  [therapeutic use];  Denosumab  [adverse eHects]  [*therapeutic use];
  Diphosphonates  [adverse eHects]  [*therapeutic use];  Etidronic Acid  [adverse eHects]  [therapeutic use];  Network Meta-Analysis; 
Pamidronate  [adverse eHects]  [therapeutic use];  Prostatic Neoplasms  [drug therapy]  [*pathology];  Prostatic Neoplasms, Castration-
Resistant  [pathology];  Quality of Life;  Randomized Controlled Trials as Topic;  RANK Ligand  [*antagonists & inhibitors];  Risedronic Acid
 [adverse eHects]  [therapeutic use];  Zoledronic Acid  [adverse eHects]  [therapeutic use]

MeSH check words

Adult; Humans; Male

Bisphosphonates or RANK-ligand-inhibitors for men with prostate cancer and bone metastases: a network meta-analysis (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

191


