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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effects of bisphosphonates and RANK-ligand (RANKL)-inhibitors for supportive treatment in prostate cancer with bone

metastases and to generate a clinically meaningful treatment ranking according to their safety and efficacy.

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 localised or regional prostate cancer (Howlader

2013). Similar to other cancer diseases, prostate cancer can metas-

tasise to organs like the liver, lungs and brain, but it has a very high

affinity for bone metastases which was found to have 80% preva-

lence in men who have died from prostate cancer (Jin 2011). Bone

metastasis affects quality of life; it is painful and causes patho-

logical fractures, spinal cord compression and high calcium lev-

els in the blood (Coleman 1997). Androgen deprivation therapy

(ADT), being 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
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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

Palliative treatments with bone-modifying agents, such as bispho-

sphonates and receptor activator of nuclear factor-kappa B lig-

and (RANKL)-inhibitors are widely used to prevent bone resorp-

tion (Macherey 2017). When prostate cancer cells metastasise 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). Os-

teoclasts are multinucleated cells of haematopoietic origin, capable

of bone resorption, and play a major role in bone-related condi-

tions, such as rheumatoid arthritis, Paget’s disease and osteoporo-

sis (Soysa 2012).

Bisphosphonates prevent osteoclastic bone resorption by induc-

ing osteoclast apoptosis (Oades 2002). Recent studies have fur-

thermore shown evidence supporting direct antitumour activ-

ity of bisphosphonates by inhibiting tumour self-seeding, tu-

mour-associated angiogenesis and recruitment of tumour-associ-

ated macrophages (TAMs) to tumours (Clezardin 2013). On the

contrary, RANKL-inhibitors work by binding to RANKL, effec-

tively 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 in-

hibition 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,

an adverse event directly mediated by bone remodeling inhibi-

tion, was reported in 0.1% of participants receiving bisphospho-

nates 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 in-

terventions have been reported to affect the gastrointestinal tract

(Bartl 2007; Bartl 2008; Reyes 2016). Nausea, emesis, diarrhoea

or gastric pain have been reported in 2% to 10% of men receiv-

ing bisphosphonates (Bartl 2008). Additionally, reported gastroin-

testinal complications include oesophagitis, gastrointestinal bleed-

ing or ulcera (Bartl 2008; Reyes 2016). Other non-skeletal ad-

verse events caused by bisphosphonates and RANKL-inhibitors in-

clude hypocalcaemia and reduction of renal function (Bartl 2008;

Gartrell 2014). In particular, intravenous administration of bis-

phosphonates has been reported to be associated with an increased

risk of renal impairment and requires haemostasis of the patient’s

fluid balance (Bartl 2008). Furthermore, RANKL is a co-stimu-

latory cytokine for T-cell activation and its inhibition with deno-

sumab 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 randomised controlled trials

(RCTs) have demonstrated the effectiveness of bisphosphonates in

reducing bone pain and skeletal morbidity caused by breast cancer

and multiple myeloma (Coleman 2008). Usage of the most potent

bisphosphonate, zoledronic acid, has reduced the risk of skeletal

complications by 30% to 50% (Neville-Webbe 2010). This re-

duction was reported across a range of solid tumours affecting 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 sub-

grouped to either amino-bisphosphonates or non-amino-bispho-

sphonates, and target osteoclastic cells (Reyes 2016). Examples of

amino-bisphosphonates are zoledronate, risedronate, pamidronate

or alendronate. They affect 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, clodronate or tiludronate. 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 effect of prostacy-

clines and cytokines in bone tissue and reduce the number of osteo-

clasts by down-regulation of the reticuloendothelial system (Bartl

2007). They also bind hydroxyapatite in bone matrix (Gartrell

2015).

Denosumab, a fully humanised monoclonal antibody, functions

by targeting and neutralising 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 (Prolia)

administered subcutaneously every six months, it was reported

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 2009). Similarly, a phase III clinical trial of participants

with metastatic castration-resistant prostate cancer, receiving 120

mg denosumab (Xgeva) 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
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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 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 cur-

rent guidelines are rare and inconsistent. The guidelines by the

European Association of Urology (EAU) and by 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 efficacy

of one drug over another (Mottet 2017). The guidelines by the

European Society of Medical Oncology (ESMO) suggest deno-

sumab or zoledronic acid for men with bone metastases from cas-

tration-resistant prostate carcinoma at high-risk for clinically rel-

evant skeletal-related events (Parker 2015). Neither the National

Comprehensive Cancer Network (NCCN) nor the European Or-

ganisation for Research and Treatment of Cancer (EORTC) give

strong recommendations to use denosumab or bisphosphonates

for handling skeletal-related events in men with prostate cancer

(Fitzpatrick 2014; Mohler 2016). Despite extensive research ef-

forts in this field, sufficient evidence from randomised head-to-

head comparisons of the efficacy of various types of bisphospho-

nates or compared to RANKL-inhibitors is lacking. Therefore,

this review aims to provide the highest level of evidence for treat-

ment decisions and a hierarchy of treatment options via a network

meta-analysis that summarises the direct and indirect evidence.

O B J E C T I V E S

To assess the effects of bisphosphonates and RANK-ligand

(RANKL)-inhibitors for supportive treatment in prostate cancer

with bone metastases and to generate a clinically meaningful treat-

ment ranking according to their safety and efficacy.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include studies if they are randomised controlled trials

(RCTs). We require full journal publication, with the exception

of online clinical trial results and summaries of otherwise unpub-

lished clinical trials and abstracts with sufficient data for analysis.

In the case of cross-over trials, we will only analyse the first pe-

riod of the trial. We will not impose any limitation with respect

to the length of follow-up. We will include studies regardless of

their publication status or language of publication. We will ex-

clude studies that were non-randomised, case reports and clinical

observations.

Types of participants

We will include 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, ir-

respective of stage of disease or type of therapy. We will include

studies in the analysis involving both hormone-sensitive and cas-

trate-refractory participants receiving either bisphosphonates or

RANKL-inhibitors.

Should we identify studies in which only a subset of participants

are relevant to this review, we will include such studies if data are

available separately for the relevant subset.

Types of interventions

We will include trials comparing bisphosphonates or RANKL-in-

hibitors to control regimens for the treatment of bone metastases

from prostate cancer. We will consider any type of bisphosphonate

or RANKL-inhibitor, apart from radioactive bisphosphonates. We

will not impose any restriction on the dose, route, frequency or

duration of bisphosphonate treatment, nor duration of follow-up.

We plan to investigate the following comparisons of experimen-

tal interventions versus comparator interventions. Concomitant

interventions will have to be the same in the experimental and

comparator groups to establish fair comparisons.

Experimental interventions

• Bisphosphonates

• RANK-ligand (RANKL)-inhibitors

Comparator interventions

• Bisphosphonates

• RANKL-inhibitors

• Placebo/no further treatment

Comparisons

• Bisphosphonates versus placebo/no further treatment

• RANKL-inhibitors versus placebo/no further treatment

• Bisphosphonates versus RANKL-inhibitors

• Bisphosphonate A versus Bisphosphonate B

• RANKL-inhibitor A versus RANKL-inhibitor B
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We will compare combinations of these interventions at any dose

and by any route to each other in a full network meta-anal-

ysis. We will include all RCTs comparing at least two study

arms for the intervention of interest, either bisphosphonates with

placebo, RANKL-inhibitors with placebo, or bisphosphonates

with RANKL-inhibitors for a full network of direct and indirect

comparisons (Figure 1). Participants who fulfil the inclusion crite-

ria are, in principle, equally likely to be randomised to any of the

eligible interventions. We plan to perform two separate analyses:

one by merging doses according to the product characteristics, the

other one with the exact doses as described in the individual stud-

ies without merging.

Figure 1. Direct and indirect comparisons of interventions (strength of line represents number of trials

evaluating the comparison; dotted lines are indirect comparisons).

Types of outcome measures

We will include all trials fitting the inclusion criteria mentioned

above, irrespective of reported outcomes. We will estimate the

relative ranking of the competing interventions according to each

of the following outcomes.

Primary outcomes

• Proportion of participants with pain response

◦ We will consider all trials reporting on the proportion

of participants with pain response; we will not impose

restrictions on pain assessment tools or the definition of pain

response in the trials

• Adverse events
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◦ Renal adverse events

⋄ We will consider all trials reporting renal adverse

events; as drugs might be described with nephrotoxicity with

variable expression, we consider creatinine elevation and renal

failure as renal adverse events

◦ Osteonecrosis of the jaw

Secondary outcomes

• Skeletal-related events

◦ Any skeletal-related event

◦ Pathological fractures (in total and subgrouped by

vertebral or non-vertebral fractures)

◦ Spinal cord compression

◦ Bone radiotherapy

◦ Bone surgery

• Overall survival or mortality

◦ If we are unable to retrieve the necessary information

to analyse time-to-event outcomes, we will attempt to assess the

number of events per total for dichotomised outcomes

• Quality of life

◦ If measured by validated instruments

• Further adverse events

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 after participants were

randomised to intervention/comparator groups

• Skeletal-related events: combined outcome evaluating

pathological fractures (in total and subgrouped by vertebral or

non-vertebral fractures), spinal cord compression, bone

radiotherapy and bone surgery at any time after participants were

randomised to intervention/comparator groups

• Mortality: defined as the time from randomisation to the

date of death. If we are unable to retrieve the necessary

information to analyse time-to-event outcomes, we will assess 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 will compare and analyse separately each of these measures. To

determine the validity of data synthesis across separate studies, the

review author extracted definitions used by each study to describe

all outcomes of interest.

Main outcomes for ’Summary of findings’ table

We will present a ’Summary of findings’ table reporting the fol-

lowing outcomes, listed according to priority.

• Proportion of participants with pain response.

• Renal adverse events.

• Adverse event: osteonecrosis of the jaw.

• Total number of skeletal-related events.

• Overall survival/mortality.

• Quality of life.

Search methods for identification of studies

We will perform a comprehensive search with no restrictions on

the language of publication or publication status. We plan to rerun

searches within three months prior to anticipated publication of

the review and will include all studies fitting our inclusion criteria

in the analyses.

Electronic searches

We will search the following sources from inception of each

database.

• Cochrane Library (until present) (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 Effects (DARE).

• MEDLINE (via Ovid, 1946 to present) (see Appendix 2).

• Embase (via Ovid, 1988 to present) databases of ongoing

trials

◦ World Health Organization (WHO) International

Clinical Trials Registry Platform (ICTRP) search portal (

who.int/trialsearch)

◦ EU clinical trials register (www.clinicaltrialsregister.eu)

◦ ClinicalTrials.gov (www.clinicaltrials.gov/)

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

• Handsearching of references

◦ We will check references of all identified trials, relevant

review articles and current treatment guidelines for further

literature.

• Personal contacts

◦ We will contact experts in the field in order to retrieve

other trials.

We will use medical subject headings (MeSH) or equivalent and

text word terms. We will not impose any language restrictions. We

will tailor searches to individual databases.

Searching other resources

We will try to identify other potentially eligible trials or ancillary

publications by searching the reference lists of retrieved included
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trials, reviews, meta-analyses and health technology assessment

reports. We will also contact study authors of included trials to

identify any further studies that we may have missed. We will

contact drug/device manufacturers for ongoing or unpublished

trials.

We will search abstract proceedings of relevant meetings of the last

five years if they are not included in CENTRAL.

• American Society of Clinical Oncology (ASCO).

• Prostate Cancer World Congress.

• European Society of Medical Oncology (ESMO).

• Multinational Association of Supportive Care in Cancer

(MASCC).

Data collection and analysis

Selection of studies

Two review authors (YMT, TJ) will independently screen the re-

sults of the search strategies for eligibility for this review by reading

the abstracts using Covidence software (Covidence 2017). We will

code the abstracts as either ’retrieve’ or ’do not retrieve’. In the case

of disagreement or if it is unclear whether we should retrieve the

abstract or not, we will obtain the full-text publication for further

discussion. Independent review authors will eliminate studies that

clearly do not satisfy inclusion criteria, and obtain full copies of

the remaining studies. Two review authors (YMT, TJ) will read

these studies independently to select relevant studies, and in the

event of disagreement, a third review author (NS) will adjudicate.

We will not anonymise the studies in any way before assessment.

We will include a PRISMA flow chart in the full review (Moher

2009), which will show the status of identified studies, as rec-

ommended in Part 2, Section 11.2.1 of the Cochrane Handbook

for Systematic Reviews of Interventions (Schünemann 2011a). We

will include studies in the review irrespective of whether measured

outcome data are reported in a ’usable’ way. We will use reference

management software (Endnote 2016) to identify and remove po-

tential duplicate records. We will document reasons for exclusion

of studies that may have reasonably been expected to be included

in the review in a ’Characteristics of excluded studies’ table.

Data extraction and management

Two review authors (YMT, TJ) will extract data independently

using a standardised data extraction form developed in Covidence

(Covidence 2017). We will pilot this data extraction form for two

included trials and adapt if necessary. If the review authors are

unable to reach a consensus, we will consult a third review author

(NS) for final decision. If required, we will contact the authors of

specific studies for supplementary information (Higgins 2011a).

After agreement we will enter data into Review Manager 5 (Review

Manager 2014). We will extract 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, power

calculations, treatment cross-overs, compliance with assigned

treatment, length of follow-up, time point of randomisation.

• 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 prophylaxis, 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, overall survival/mortality,

quality of life, proportion of participants with disease

progression). Where possible, we will extract data at the arm

level, not summary effects.

• Notes: sponsorship/funding for trial and notable conflicts

of interest of review authors.

We will collect multiple reports of the same study, so that each

study, rather than each report, is the unit of interest in the review.

We will collect characteristics of the included studies in sufficient

detail to populate a ’Characteristics of included studies’ table in

the full review.

We will extract outcome data relevant to this Cochrane Review,

as needed for calculation of summary statistics and measures of

variance. For dichotomous outcomes, we will attempt to obtain

numbers of events and totals for population of a two-by-two table,

as well as summary statistics with corresponding measures of vari-

ance. For continuous outcomes, we will attempt to obtain means

and standard deviations or data necessary to calculate this infor-

mation. We will provide information, including trial identifier,

about potentially relevant ongoing studies in the ’Characteristics

of ongoing studies’ table.

Data on potential effect modifiers

We will extract from each included study, the following informa-

tion that may act as effect modifiers.

• Year of publication.

• Type of anticancer drug used for treatment.

• Intervention

• Population characterisitcs
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Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents or

multiple reports of a primary study, we will maximise yield of

information by mapping all publications to unique studies and

collating all available data. We will use the most complete data

set aggregated across all known publications. If in doubt, we will

give 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 will complete a ’Risk of bias’ table for each included study us-

ing the ’Risk of bias’ tool in Review Manager 5 (Review Manager

2014). Two review authors (YMT, TJ) will independently assess

risk of bias for each study and if they are unable to reach a consen-

sus, we will consult a third review author (NS) for a final decision.

We will assess the following criteria as outlined in Chapter Eight

of the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2011b).

• Sequence generation.

• Allocation concealment.

• Blinding (participants, personnel, outcome assessors).

• Incomplete outcome data.

• Selective outcome reporting.

• Other sources of bias.

We will make a judgement for each criterion, 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 criteria).

• ’High risk’: if the criteria are not fulfilled in the study (i.e.

the study is at high risk of bias for the given criteria).

• ’Unclear’: if the study report does not provide sufficient

information to allow a clear judgement, or if risk of bias is

unknown for one of the criterion listed above.

For performance bias (blinding of participants and personnel) and

detection bias (blinding of outcome assessment), we will evaluate

the risk of bias separately for each outcome, and we will group

outcomes according to whether measured subjectively or objec-

tively when reporting our findings in the ’Risk of bias’ tables.

We define the following endpoint as not being influenced by blind-

ing (objective outcome).

• Overall survival/mortality.

We define the following endpoints as subjective outcomes.

• Proportion of participants with pain response.

• Quality of life.

• Total number of skeletal-related events.

• Adverse events: renal adverse events, osteonecrosis of the

jaw, further adverse events.

We will also assess attrition bias (incomplete outcome data) on an

outcome-specific basis, and will present the judgement for each

outcome separately when reporting our findings in the ’Risk of

bias’ tables.

We will further summarise 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 the risk of bias presented in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011b).

In sensitivity analyses, we will compare trials with at least two

criteria assessed as being at high risk of bias with those with no, or

only one criterion, being high risk of potential bias.

Measures of treatment effect

Relative treatment effect

We will use intention-to-treat data. For binary outcomes, we will

use risk ratios (RRs) with 95% confidence intervals (CIs) as the

measure of treatment effect. We will calculate continuous out-

comes as mean differences (MDs) with 95% CI. In case different

instruments are used to assess effects in continuous outcomes, we

will use standardised mean differences (SMD) with 95% CI. If

participant-related outcomes are reported both as binary and con-

tinuous outcomes, we will analyse binary outcomes in one analysis

and continuous outcomes in another analysis. For time-to-event

outcomes, we will use hazard ratios (HRs) and their 95% CIs. We

will extract data from publications according to Parmar 1998 and

Tierney 2007. In addition to pooled estimates with CIs, we will

report prediction intervals.

Relative treatment ranking

We will obtain a treatment hierarchy using P-scores (Rücker

2015). P-scores allow ranking treatments on a continuous 0 to 1

scale in a frequentist network meta-analysis.

Unit of analysis issues

The unit of analysis will be the individual participant. Should we

identify cross-over trials, cluster-randomised trials, or trials with

more than two intervention groups for inclusion in the review,

we will handle these in accordance with guidance provided in the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011a).

Studies with multiple treatment groups

As recommended in Chapter 16.5.4 of the Cochrane Handbook

for Systematic Reviews of Interventions (Higgins 2011c), for studies

with multiple treatment groups we will combine arms, as long as

they can be regarded as subtypes of the same intervention.

When arms can not be pooled this way, we will compare each

arm with the common comparator separately. For pairwise meta-
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analysis, we will split the ’shared’ group into two or more groups

with smaller sample sizes, and include two or more (reasonably in-

dependent) comparisons. For this purpose, for dichotomous out-

comes, we will divide up both the number of events and the total

number of participants, and for continuous outcomes, we will di-

vide up the total number of participants with unchanged means

and standard deviations. For network meta-analysis, instead of

subdividing the common comparator, we will use an approach

that accounts for the within-study correlation between the effect

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 theCochrane Handbook for Systematic

Reviews of Interventions (Higgins 2011c), we will take the following

steps to deal with missing data.

Whenever possible, we will contact the original investigators to

request relevant missing data. If the number of participants evalu-

ated for a given outcome is not reported, we will use the number

of participants randomised per treatment arm as the denominator.

If only percentages, but no absolute number of events are reported

for binary outcomes, we will calculate numerators using percent-

ages. If estimates for mean and standard deviations are missing,

we will calculate these statistics from reported data whenever pos-

sible, using approaches described in Chapter 7.7 of the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011d).

If standard deviations are missing and we are not able to calculate

them from reported data, we will calculate values according to a

validated imputation method (Furukawa 2006). If data are not re-

ported numerically, but graphically, we will estimate missing data

from figures. We will perform sensitivity analyses to assess how

sensitive results are to imputing data in some way. We will address

in the Discussion section the potential impact of missing data on

findings of the review.

Assessment of heterogeneity

Pairwise meta-analyses

For each direct comparison, we will use 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

will interpret I2 values according to Chapter 9.5.2 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 will use the P value of the Chi2 test only for describing the

extent of heterogeneity and not for determining statistical signif-

icance. In addition, we will report Tau2 , the between-study vari-

ance in random-effects meta-analysis. When we find heterogene-

ity, we will attempt to determine possible reasons for it by exam-

ining individual study and subgroup characteristics. In the event

of excessive heterogeneity, unexplained by subgroup analyses, we

will not report outcome results as the pooled effect estimate in a

meta-analysis, but provide 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 di-

rect and indirect evidence on the same comparisons agree. Incon-

sistency can be caused by incomparable inclusion and exclusion

criteria of the trials in the network.

We will evaluate the assumption of transitivity epidemiologically

by comparing the distribution of the potential effect modifiers

across the different pairwise comparisons. For each set of studies,

grouped by treatment comparison, we will create a table of impor-

tant clinical and methodological characteristics. We will visually

inspect 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 will compare

direct and indirect treatment estimates of each treatment compar-

isons. This can serve as a check for consistency of a network meta-

analysis (Dias 2010). For this purpose, we will use 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 will

present direct and indirect treatment estimates plus the network

estimate using forest plots. In addition, for each comparison we

will give the z-value and P value of 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. Therefore, we will be cautious deriving conclusions from

this approach.

To evaluate the presence of inconsistency in the entire network,

we will give the generalised heterogeneity statistic Qtotal and the

generalised I2 statistic, as described in Schwarzer 2015. We will

use 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 will create a

net heat plot (Krahn 2013), a graphical tool for locating incon-

sistency in network meta-analysis, using the command netheat in

the R package netmeta (Netmeta 2017). We will use Qtotal and
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its components as well as netheat plots based on fixed-effect and

random-effects models to identify differences between these ap-

proaches. For random-effects models, we will report Tau2 .

If we find substantive heterogeneity,or inconsistency, or both, we

will explore possible sources by performing prespecified sensitivity

and subgroup analyses (see below). In addition, we will review

the evidence base, reconsider inclusion criteria, and discuss the

potential role of unmeasured effect modifiers to identify further

sources.

Assessment of reporting biases

In pairwise comparisons with at least 10 trials, we will examine

the presence of small study effects graphically by generating funnel

plots. We will use linear regression tests to test for funnel plot

asymmetry (Egger 1997). We will consider a P value less than

0.1 to be significant for this test (Sterne 2011). We will examine

the presence of small study effects for the primary outcome only.

Moreover, we will search study registries to identify completed but

not published trials.

Data synthesis

Methods for direct treatment comparisons

We will perform analyses according to recommendations provided

in Chapter 9 of the Cochrane Handbook for Systematic Reviews of

Interventions (Deeks 2011), and we will use Review Manager 2014

and R 2017 for analyses.

Pairwise comparisons are part of the network meta-analysis. How-

ever, in order to outline available direct evidence, we will provide

forest plots for pairwise comparisons with at least 10 trials, and if

trials are clinically homogenous. We will perform these standard

pairwise meta-analyses using a random-effects model. We will cal-

culate corresponding 95% CIs as well as prediction intervals for all

analyses, and will graphically present the results using forest plots.

When trials are clinically too heterogenous to be combined, we

will perform only subgroup analyses without calculating an overall

estimate.

Methods for indirect and mixed comparisons

Should we consider the data to be sufficiently similar to be com-

bined, we will perform a network meta-analysis using the frequen-

tist weighted least-squared approach described by Rücker 2012.

We will use a random-effects model, taking into account the cor-

related treatment effects in multiple-arm studies. We will assume

a common estimate for the heterogeneity variance across the dif-

ferent comparisons. To evaluate the extent to which treatments

are connected, we will give a network plot for our primary and

secondary outcomes. For each comparison, we will give the es-

timated treatment effect along with its 95% CI and prediction

interval. We will graphically present the results using forest plots,

with placebo/no treatment as reference. We will use the R package

netmeta for statistical analyses (Netmeta 2017; R 2017).

GRADE

Quality of the evidence

Two review authors (YMT, TJ) will independently rate the quality

of each outcome. We will use the GRADE system to rank the qual-

ity of the evidence using the GRADEprofiler Guideline Develop-

ment Tool software (GRADEpro GDT 2015), and the guidelines

provided in Chapter 12.2 of the Cochrane Handbook for Systematic

Reviews of Interventions (Schünemann 2011b), and specifically for

network meta-analyses (Puhan 2014).

The GRADE approach uses five considerations (study limitations,

consistency of effect, imprecision, indirectness and publication

bias) to assess the quality of the body of evidence for each out-

come. The GRADE system uses the following criteria for assign-

ing quality of evidence.

• High-quality: we are very confident that the true effect lies

close to that of the estimate of the effect;

• Moderate-quality: we are moderately confident in the effect

estimate; the true effect is likely to be close to the estimate of

effect, but there is a possibility that it is substantially different;

• Low-quality: our confidence in the effect estimate is

limited; the true effect may be substantially different from the

estimate of the effect;

• Very low-quality: we have very little confidence in the effect

estimate; the true effect is likely to be substantially different from

the estimate of effect.

The GRADE system uses the following criteria for assigning a

quality level to a body of evidence (Schünemann 2011b).

• High: randomised trials; or double-upgraded observational

studies.

• Moderate: downgraded randomised trials; or upgraded

observational studies.

• Low: double-downgraded randomised trials; or

observational studies.

• Very low: triple-downgraded randomised trials; or

downgraded observational studies; or case series/case reports.

We will decrease the quality level if:

• 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).
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’Summary of findings’ table

We will include one ’Summary of findings’ table to present the

main findings in a transparent and simple tabular format. In par-

ticular, we will include key information concerning the quality of

evidence, the magnitude of effect of the interventions examined,

and the sum of available data on the outcomes mentioned above.

In case data are too heterogenous to meta-analyse or meta-analysis

is not possible, we will present results in a narrative way.

Subgroup analysis and investigation of heterogeneity

We will perform subgroup analyses related to participant charac-

teristics which might have an effect on the outcomes.

• Participant age (due to age-related decreases in bone

marrow density).

• Tumor status of the cohorts (TNM classification of

malignant tumours (TNM) and grading, as well as castration

resistance).

We consider 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 different mechanisms of action. Subgroup

analysis is intended to reveal whether these differences in mecha-

nism of action might affect participants’ outcome.

• Amino-bisphosphonates: alendronate, ibandronate,

pamidronate, risedronate, zoledronate.

• Non-amino-bisphosphonate: clodronate, etidronate.

Bisphosphonates are potentially nephrotoxic substances. There are

hints in the literature that intravenously administered bisphospho-

nates increased the risk of nephrotoxicity in comparison with oral

application (Bartl 2007). Moreover, Lee 2014 found participants

on intravenously administered bisphosphonates to be at higher

risk for osteonecrosis of the jaw.

• Intravenous administration.

• Oral administration.

Sensitivity analysis

To test the robustness of the results, we will conduct fixed-effect

pairwise and network meta-analyses. We will report the estimates

of the fixed-effect only if they show a difference to the random-

effects model. We will explore the influence of quality components

with regard to low and high risk of bias (see Assessment of risk

of bias in included studies: we will evaluate trials being at risk of

potential bias in at least two criteria versus those with one or no

criterion being at high risk of potential bias).
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A P P E N D I C E S

Appendix 1. Cochrane Central Register of Controlled Trials search strategy

ID Search

#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
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#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 Tc 99m near/2 Medronat*)

#27 #24 or #25 or #26

#28 (pamidronat* or pamidronic* or amidronat*)

#29 (aredia* or ADP sodium* or aminomux*)

#30 (GCP23339A or GCP-23339A or YM529 or YM-529)

#31 #28 or #29 or #30

#32 (zoledronic* or zoledronat*)

#33 (zometa* or zomera* or aclasta* or reclast* or aredia* or zoldron*)

#34 (m05BA08 or CGP-42446* or CGP42446* or zol-446 or zol446)

#35 #32 or #33 or #34

#36 (ibandronic* or ibandrovic* or ibandronat*)

#37 (bon*iva* or bondronat* or bondranat* or adronil*)

#38 (RPR102289A or RPR-102289A)

#39 (BM210955 or BM-210955)

#40 #36 or #37 or #38 or #39

#41 (risedronic* or risedronat*)

#42 (actonel* or atelvia* or benet*)

#43 (NE58095 or NE-58095)

#44 #41 or #42 or #43

#45 (neridronat* or neridronic*)

#46 (AHHexBP or 6AHHDP or 6-AHHDP)

#47 #45 or #46

#48 MeSH descriptor: [RANK Ligand] explode all trees

#49 (rank near/3 ligand*)

#50 RANK ligand inhibitor*

#51 (protein* near/2 (RANKL or TRANCE))

#52 Tumor Necrosis Factor-Related Activation-Induced Cytokin*

#53 #48 or #49 or #50 or #51 or #52

#54 MeSH descriptor: [Denosumab] explode all trees

#55 denosumab*

#56 (xgeva* or prolia*)

#57 (AMG162 or AMG-162)

#58 #55 or #56 or #57

#59 tiludronat* or tiludronic* or skelid*

#60 Incadronat* or YM175 or YM-175

#61 olpadronat* or olpadronic*

#62 #9 or #13 or #18 or #23 or #27 or #31 or #35 or #40 or #44 or #47 or #53 or #58 or #59 or #60 or #61

#63 #5 and #62 in Trials
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Appendix 2. MEDLINE search strategy

# Searches

1 exp PROSTATIC NEOPLASMS/

2 (prostat$ adj3 (cancer$ or carcinoma$ or malignan$ or tumo?r$ or neoplas$ or intraepithelial or adenocarcinoma$)).tw

3 (prostat$ adj6 (cancer$ or carcinoma$ or tumo?r$ or neoplas$ or adenocarcinoma$)).ab,ti

4 PROSTATITIS/ or prostatitis.tw. or prostatitides.tw. or prostatosis.tw

5 or/1-4

6 exp DIPHOSPHONATES/

7 (diphosphonate$ or diphosph#nate$).tw,kf,ot,nm.

8 (bisphosph#nate$ or biphosph#nate$).tw,kf,ot,nm.

9 or/6-8

10 ALENDRONATE/

11 (alendronat$ or aledronic$).tw,kf,ot,nm.

12 (fosamax$ or binosto$ or adronat$ or alendros$ or onclast$).tw,kf,ot,nm

13 or/10-12

14 CLODRONIC ACID/

15 (clodronic$ or clodronat$).tw,kf,ot,nm.

16 (bonefos$ or clasteon$ or difosfonal$ or ossiten$ or mebonat$ or loron$ or ostac$).tw,kf,ot,nm

17 Cl2MDP.tw,kf,ot,nm.

18 or/14-17

19 ETIDRONIC ACID/

20 (etidronic$ or etidronat$).tw,kf,ot,nm.

21 (didronel$ or xidifon$ or dicalcium$ or didrocal$ or xidiphon$).tw,kf,ot

22 (HEDP or EHDP).tw,kf,ot.

23 or/19-22
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(Continued)

24 TECHNETIUM TC 99M MEDRONATE/

25 (medronat$ or medronic$).tw,kf,ot,nm.

26 (Technetium adj2 Tc 99m adj2 Medronat$).tw,kf,ot,nm.

27 or/24-26

28 (pamidronat$ or pamidronic$ or amidronat$).tw,kf,ot,nm.

29 (aredia$ or ADP sodium$ or incadron$ or aminomux$).tw,kf,ot,nm

30 (GCP23339A or GCP-23339A or YM529 or YM-529).tw,kf,ot,nm.

31 or/28-30

32 (zoledronic$ or zoledronat$).tw,kf,ot,nm.

33 (zometa$ or zomera$ or aclasta$ or zoldron$ or reclast$ or aredia$).tw,kf,ot,nm

34 (m05BA08 or CGP-42446$ or CGP42446$ or zol-446 or zol446).tw,kf,ot,nm

35 or/32-34

36 (ibandronic$ or ibandrovic$ or ibandronat$).tw,kf,ot,nm.

37 (bon?iva$ or bondronat$ or bondranat$ or adronil$).tw,kf,ot,nm

38 (RPR102289A or RPR-102289A).tw,kf,ot,nm.

39 (BM210955 or BM-210955).tw,kf,ot,nm.

40 or/36-39

41 (risedronic$ or risedronat$).tw,kf,ot,nm.

42 (actonel$ or atelvia$ or benet$).tw,kf,ot,nm.

43 (NE58095 or NE-58095).tw,kf,ot,nm.

44 or/41-43

45 (neridronat$ or neridronic$).tw,kf,ot,nm.

46 (AHHexBP or 6AHHDP or 6-AHHDP).tw,kf,ot,nm.

47 or/45-46
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(Continued)

48 RANK Ligand/

49 (rank$ adj3 ligand$).tw,kf,ot,nm.

50 RANK ligand inhibitor$.tw,kf,ot,nm.

51 (protein$ adj2 (RANKL or TRANCE)).tw,kf,ot,nm.

52 Tumor Necrosis Factor-Related Activation-Induced Cytokin$.tw,kf,ot,nm

53 or/48-51

54 DENOSUMAB/

55 denosumab$.tw,kf,ot,nm.

56 (xgeva$ or prolia$).tw,kf,ot,nm.

57 (AMG162 or AMG-162).tw,kf,ot,nm.

58 or/54-57

59 (tiludronat$ or tiludronic$ or skelid$).tw,kf,ot,nm.

60 (Incadronat$ or YM175 or YM-175).tw,kf,ot,nm.

61 (olpadronat$ or olpadronic$).tw,kf,ot,nm.

62 9 or 13 or 18 or 23 or 27 or 31 or 35 or 40 or 44 or 47 or 53 or 58 or 59 or 60 or 61

63 5 and 62

64 randomized controlled trial.pt.

65 controlled clinical trial.pt.

66 randomi?ed.ab.

67 placebo.ab.

68 drug therapy.fs.

69 randomly.ab.

70 trial.ab.

71 groups.ab.
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(Continued)

72 or/64-71

73 exp animals/ not humans/

74 72 not 73

75 63 and 74
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N O T E S

We have based parts of the Methods section of this protocol 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 protocol is partly

based on suggested wording from the Pain, Palliative and Supportive Care Review Group (PaPaS CRG), the Cochrane Heamatological

Malignancies Review Group and the protocol templates for a Cochrane intervention review that compares multiple interventions

(Chaimani 2014; Chaimani 2017).
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