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A B S T R A C T

Background

The prevalence and incidence of pain and skeletal complications of metastatic bone disease such as pathologic fractures, spinal cord
compression and hypercalcemia is high and an important contributor to morbidity, poor performance status and decreased quality of
life. Moreover, pathologic fractures are associated with increased risk of death in people with disseminated malignancies. Therefore,
prevention of pain and fractures are important goals in men with prostate cancer at risk for skeletal complications.

Objectives

To assess the eLects of bisphosphonates in men with bone metastases from prostate cancer.

Search methods

We identified studies by electronic search of bibliographic databases including the Cochrane Controlled Trials Register and MEDLINE on 13
July 2017 and trial registries. We handsearched the Proceedings of American Society of Clinical Oncology (to July 2017) and reference lists
of all eligible trials identified. This is an update of a review last published in 2006.

Selection criteria

We included randomized controlled studies comparing the eLectiveness of bisphosphonates in men with bone metastases from prostate
cancer.

Data collection and analysis

Two review authors independently extracted data and assessed the quality of trials. We defined the proportion of participants with pain
response as the primary end point; secondary outcomes were skeletal-related events, mortality, quality of life, adverse events, analgesic
consumption and disease progression. We assessed the quality of the evidence for the main outcomes using the GRADE approach.

Main results

We included 18 trials reporting on 4843 participants comparing the eLect of bisphosphonate administration to control regimens.

Primary outcome: there was no clear diLerence in the proportion of participants with pain response (RR 1.15, 95% CI 0.93 to 1.43; P =

0.20; I2 = 0%; 3 trials; 876 participants; low quality evidence). In absolute terms, bisphosphonates resulted in a pain response in 40 more
participants per 1000 (19 fewer to 114 more).
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Secondary outcomes: bisphosphonates probably reduced the incidence of skeletal-related events in participants with prostate cancer

metastatic to bone (RR 0.87, 95% CI 0.81 to 0.94; P = 0.27; I2 = 19%; 9 trials; 3153 participants; moderate quality evidence). In absolute
terms, bisphosphonates resulted in 58 fewer SREs per 1000 (85 fewer to 27 fewer).

We found no clinically relevant diLerences in mortality (RR 0.97, 95% CI 0.91 to 1.04; P = 0.43; I2 = 1%; 9 trials; 2450 participants; moderate
quality evidence). In absolute terms, bisphosphonates resulted in 16 fewer deaths per 1000 (47 fewer to 21 more).

Outcome definition of quality of life and the measurement tools varied greatly across trials and we were unable to extract any quantitative
data for meta-analysis.

Bisphosphonates probably increased the number of participants aLected by nausea (RR 1.19, 95% CI 1.00 to 1.41; P = 0.05; I2 = 0%; 9 trials;
3008 participants; moderate quality evidence). In absolute terms, bisphosphonates resulted in seven more cases of nausea per 1000 (0

fewer to 14 more). Bisphosphonates probably increased the number of renal adverse events (RR 1.65, 95% CI 1.11 to 2.46; P = 0.01; I2 =
0%; 7 trials; 1794 participants; moderate quality evidence). In absolute terms, bisphosphonates resulted in 22 more renal adverse events
per 1000 (4 more to 50 more). We found no clear diLerence in the number of participants with osteonecrosis of the jaw between groups

(RR 1.92, 95% CI 0.75 to 4.90; P = 0.17; I2 = 0%; 5 trials; 1626 participants; very low quality evidence). In absolute terms, bisphosphonates
resulted in seven more cases with osteonecrosis of the jaw per 1000 (2 fewer to 29 more). We observed no clinically relevant diLerence in the

proportion of participants with decreased analgesic consumption (RR 1.19, 95% CI 0.87 to 1.63; P = 0.28; I2 = 37%; 4 trials; 416 participants).
Statistical analysis revealed that bisphosphonates probably reduced the number of participants with disease progression (RR 0.94, 95%

CI 0.90 to 0.98; P = 0.006; I2 = 0%; 7 trials; 2115 participants; moderate quality evidence). In absolute terms, bisphosphonates resulted in
36 fewer cases of disease progression per 1000 (71 fewer to 7 fewer).

Findings of our predefined subgroup and sensitivity analyses were no diLerent from those of the primary analyses.

Authors' conclusions

Based on low quality evidence, there may be no clinically relevant diLerence in the proportion of men with pain response between
bisphosphonates and control regimens in men with bone metastases from prostate cancer. Bisphosphonates probably decrease the
number of skeletal-related events and disease progression. These benefits need to be weighed against the increased risk of renal
impairment and nausea in men receiving bisphosphonates. Future studies should explicitly evaluate patient important outcomes such as
quality of life and pain by using standardized and comparable assessment tools.

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

Bisphosphonates for advanced prostate cancer

Review question

This review and analysis compared the chance of pain reduction, number of bone complications (skeletal-related events), number of
deaths, quality of life, side eLects, use of analgesics (pain killers) and progression of cancer in men with bone metastases (bone cancer)
from prostate cancer.

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 fractures and compression of the spinal cord are feared complications in addition to death due to prostate cancer.
Bisphosphonates are medicines that interact with the formation of new bone and might be useful to prevent the men from experiencing
bone pain, fractures or other skeletal complications. We focused this review on pain because pain frequently occurs and can restrict the
daily life activities and might require further treatment.

Study characteristics

We searched medical databases to 13 July 2017. Two review authors independently screened, summarized and analyzed the findings. This
led to the inclusion of 18 clinical trials.

Key results

We found low quality evidence that bisphosphonates provided no clinically relevant diLerence in pain response (three studies involving
876 men) compared to placebo (pretend treatment) or no additional treatment. Bisphosphonates reduced pain in 40 more men per 1000
men (19 fewer to 114 more).

We found moderate quality evidence that bisphosphonates probably resulted in 58 fewer skeletal-related events per 1000 (85 fewer
to 27 fewer). Bisphosphonates showed no clear diLerence in the number of men who died or the number of men with decreased use
of pain killers. We observed moderate quality evidence that bisphosphonates probably increased the number of men with nausea.
Bisphosphonates resulted in seven more men with nausea per 1000 men (0 fewer to 14 more). We found moderate quality evidence that
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bisphosphonates probably increased the number of men with kidney problems. In this case, bisphosphonates resulted in 22 more men with
renal complications per 1000 men (4 more to 50 more). For osteonecrosis of the jaw (where the jaw bone weakens and dies), we found very
low quality evidence that bisphosphonates showed no clear diLerence. We observed moderate quality evidence that bisphosphonates
probably decreased the number of men aLected by disease progression (where the disease got worse). This means that bisphosphonates
resulted in 36 fewer men with disease progression per 1000 men (71 fewer to 7 fewer). We found no useable data on quality of life.

Quality of the evidence

We judged the quality of evidence as moderate to very low.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Bisphosphonates compared to placebo/no treatment for advanced prostate cancer

Bisphosphonates compared to control for advanced prostate cancer

Patient or population: men with advanced prostate cancer

Settings: -

Intervention: bisphosphonate

Comparison: control

Anticipated absolute effects* (95% CI)Outcomes No of participants
(studies)
Follow-up

Quality of the evi-
dence
(GRADE)

Relative effect
(95% CI)

Risk with control Risk difference with bisphospho-
nates

Study populationProportion of participants with pain re-
sponse

Follow-up: 5-12 months

876
(3 RCTs)

⊕⊕⊝⊝

Low1,2

RR 1.15
(0.93 to 1.43)

265 per 1000 40 more per 1000
(19 fewer to 114 more)

Study populationSkeletal-related events: any, composite
outcome
Follow-up: 5-60 months

3153
(9 RCTs)

⊕⊕⊕⊝

Moderate3

RR 0.87
(0.81 to 0.94)

448 per 1000 58 fewer per 1000
(85 fewer to 27 fewer)

Study populationMortality
Follow-up: 12-60 months

2450
(9 RCTs)

⊕⊕⊕⊝

Moderate3

RR 0.97
(0.91 to 1.04)

517 per 1000 16 fewer per 1000
(47 fewer to 21 more)

Quality of life - - Not estimable -

Study populationAdverse events: nausea
Follow-up: 5-36 months

3008
(9 RCTs)

⊕⊕⊕⊝

Moderate3

RR 1.19
(1.00 to 1.41)

35 per 1000 7 more per 1000
(0 fewer to 14 more)

Study populationAdverse events: renal

Follow-up: 5-36 months

1794
(7 RCTs)

⊕⊕⊕⊝

Moderate3

RR 1.65
(1.11 to 2.46)

34 per 1000 22 more per 1000
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(4 more to 50 more)

Study populationAdverse events: osteonecrosis of the
jaw
Follow-up: 5-24 months

1626
(5 RCTs)

⊕⊝⊝⊝

Very low3,4

RR 1.92
(0.75 to 4.90)

7 per 1000 7 more per 1000
(2 fewer to 29 more)

        

   

Study populationProportion of participants with disease
progression
Follow-up: 12-60 months

2115
(7 RCTs)

⊕⊕⊕⊝

Moderate3

RR 0.95
(0.90 to 0.99)

710 per 1000 36 fewer per 1000
(71 fewer to 7 fewer)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; RCT: randomized controlled trial; RR: risk ratio.

GRADE Working Group grades 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 the effect, but there is a possibility that it is sub-
stantially 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.

1Potential risk of performance, detection and attrition bias leading to downgrading (one point).
2Small number of events leading to downgrading (one point).
3Potential risk of performance and attrition bias leading to downgrading (one point).
4Very small number of events leading to downgrading (two points).
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B A C K G R O U N D

Description of the condition

Prostate cancer is the second most common cancer in men.
Approximately 1.1 million men worldwide were diagnosed with
prostate cancer in 2012 (Ferlay 2013). The reported age-adjusted
incidence rate of prostate cancer in the US was 137.9 per 100,000
from 2008 to 2012 (Howlader 2015). Mortality was 21.4 per 100,000
persons per year from 2008 to 2012 (Howlader 2015). About 80%
of men with advanced prostate cancer develop bone metastases
(Bubendorf 2000).

The prevalence and incidence of skeletal complications of
metastatic bone disease such as bone pain, pathologic fractures,
spinal cord compression and hypercalcemia is high and an
important contributor to morbidity, poor performance status and
decreased quality of life (QoL) (Coleman 1997). Despite the bone
metastases themselves, androgen deprivation therapy, which is
oPen given to men with bone metastases, is known to reduce
bone mineral density and increase the risk of fractures (Alibhai
2017). As pathologic fractures are associated with increased risk of
death in men with malignant bone disease (Fizazi 2015; Saad 2010),
preventing fractures is an important goal in men with prostate
cancer at risk for skeletal complications.

Description of the intervention

Therapeutic options for men with bone metastases are bone-
modifying agents such as bisphosphonates or inhibitors of RANK-
ligands (receptor activator of NF-κB ligand) (Coleman 2012).

The clinical use of bisphosphonates started in the 1970s for
the treatment of Paget disease (Reid 2003). Since then, their
eLectiveness has been shown in other diseases, including
osteoporosis, hypercalcemia of malignancy, multiple myeloma and
bone metastases (Devogelaer 2000). More than 70% of people
with hypercalcemia of malignancy responded to bisphosphonate
treatment (Saunders 2004). Meta-analyses have also shown their
eLectiveness in reducing pain, bone loss and vertebral fractures in
people with multiple myeloma (Mhaskar 2012) and breast cancer
(Wong 2012). The mechanism through which bisphosphonates
prevent fractures and therefore bone pain is related to the
inhibition of disease-induced, osteoclast-mediated bone loss
(Clohisy 2002). Nowadays, there are hints that despite the bone
resorption properties, bisphosphonates even have a preventive
potential against breast and colon cancer (Newcomb 2010; Thosani
2013).

Adverse events of the intervention

Bisphosphonates might have beneficial eLects, but they are
associated with adverse events. These can be structured according
to aLected organs. Bisphosphonates might increase the risk of
atypical femur fracture or osteonecrosis of the jaw (ONJ) as skeletal
complications (Bartl 2007; Bartl 2008; Hellstein 2011; Lee 2014;
Reyes 2016). Bisphosphonates are associated with a prevalence
of approximately 0.10% agent-induced ONJ (Hellstein 2011). Non-
skeletal adverse events might aLect the gastrointestinal tract (Bartl
2007; Bartl 2008; Reyes 2016). Two percent to 10% of people
receiving bisphosphonates experience nausea, emesis, diarrhea
or gastric pain (Bartl 2008). Additional reported gastrointestinal
complications are esophagitis, gastrointestinal bleeding or ulcers
(Bartl 2008; Reyes 2016). Other non-skeletal adverse events

probably caused by bisphosphonates are hypocalcemia or
reduction of renal function (Bartl 2008; Gartrell 2014). In particular,
intravenous (IV) administration of bisphosphonates seems to be
associated with an increased risk of renal impairment and requires
hemostasis of the person's fluid balance (Bartl 2008).

How the intervention might work

Bisphosphonates are analogues of pyrophosphate and they
target osteoclastic cells. They can be subgrouped to amino-
bisphosphonates or non-amino-bisphosphonates (Reyes 2016).

Examples for amino-bisphosphonates are zoledronate,
risedronate, pamidronate and alendronate. They aLect osteoclast
metabolism by targeting 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 and
tiludronate. These substances function by forming an analog
of adenosine triphosphate. The resulting metabolite has toxic
properties and induces apoptosis of osteoclasts (Reyes 2016). Both
groups of bisphosphonates inhibit the eLect of prostacyclins and
cytokines in bone tissue and reduce the number of osteoclasts
by downregulation of the reticuloendothelial system (Bartl 2007).
They also bind hydroxyapatite in bone matrix (Gartrell 2015).

Addressing pharmacokinetics, orally administered
bisphosphonates have a low bioavailability, which can even be
decreased by concomitant consumption of calcium-containing
food (Bartl 2008). Consequently, oral bisphosphonates should not
be taken with food or milk, but with water with a low content
of calcium. Bisphosphonates are eliminated by the kidneys (Bartl
2007; Bartl 2008). The kidneys eliminate 50% to 80% of serum
bisphosphonates, depending on the type of bisphosphonate (Bartl
2008).

Why it is important to do this review

Skeletal complications from bone metastases lead to a significant
clinical burden such as pain, decreased QoL and increased
mortality (Fizazi 2015; Saad 2010). The decision-making process
for prevention of pain and skeletal-related events (SREs) in men
with prostate cancer and bone metastases is usually challenging
men and their physicians, as there are deviating recommendations
on diLerent approaches of bone-modifying agents in national and
international guidelines (Conford 2017; Cookson 2013; Wirth 2016).
One systematic review on the use of bisphosphonates in men
with prostate cancer described an increased risk for ONJ (Lee
2014). Liu 2015 and Gartrell 2015 found that bisphosphonates
reduced the incidence of SREs. Furthermore, current evidence
suggests that bisphosphonates delay the onset of SREs (Alibhai
2017; Gartrell 2015). One systematic review from Vignani 2016
and colleagues. emphasized that zoledronate has no impact on
overall survival. All of these systematic reviews frequently focused
on clinically important outcomes, but did not assess information
on patient-important outcomes (e.g. pain or QoL). Most of these
systematic reviews performed descriptive analysis and only two
provided data from pooled data analysis (Lee 2014; Liu 2015).
None of the systematic reviews used the GRADE approach. In
awareness of these weaknesses, we carried out an update of this
review considering patient-important outcomes and conducted
this Cochrane Review using the GRADE approach.
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The aim of our systematic review and meta-analysis was to provide
a comprehensive overview on the eLects of bisphosphonates
compared to placebo or no treatment or compared to
chemotherapy. By systematically identifying all randomized trials
and critically reviewing their reliability and validity considering
similar trials in the meta-analysis, we overcame statistical
limitations of individual studies. This comprehensive overview
is necessary for clinical decision making, and it will have a
great impact on international guidelines and clinical pathways.
Moreover, it will contribute to a high-grade decision support for
eLective therapeutic strategies for the individual person.

Current guidelines and recommendations

Although bone-targeted therapy is common in men with prostate
cancer at risk for skeletal complications, recommendations in
current guidelines are inconsistent. The guidelines by the European
Association of Urology and by the German Oncologic Guidelines
Program recommend the usage of zoledronic acid or the RANK-
ligand-inhibitor, denosumab, in men with advanced, relapsed
or castration-resistant prostate cancer, with no evidence to
demonstrate greater eLicacy of one drug over another (Conford
2017; Wirth 2016). The guidelines by the American Urology
Association (AUA) and the guidelines by the European Society
of Medical Oncology (ESMO) suggest denosumab or zoledronic
acid for men with bone metastases from castration-resistant
prostate cancer at high risk for clinically relevant SREs (Cookson
2013; Horwich 2013). Neither the National Comprehensive Cancer
Network (NCCN) (Mohler 2016) nor the European Organisation for
Research and Treatment of Cancer (EORTC) (Fitzpatrick 2014) give
strong recommendations to use denosumab or bisphosphonates
for SREs in men with prostate cancer.

Even though bisphosphonates are recognized as a reliable
treatment option in bone metastases from prostate cancer, there
is disagreement whether potentially beneficial eLects would be
outweighed by adverse events. In this context, the choice of the
bisphosphonate is still a subject of discussion. In consideration
of the presented guidelines, zoledronic acid might be the drug of
choice. This review analyzed data of diLerent bisphosphonates to
determine the advantages and disadvantages.

O B J E C T I V E S

To assess the eLects of bisphosphonates in men with
bone metastases from castration-resistant or castration-sensitive
prostate cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs) without any
language restrictions. We excluded cross-over trials and quasi-
randomized trials. We included full-text, abstracts and unpublished
data if suLicient information on study design, participant
characteristics, interventions and outcomes was available.

Types of participants

We included men with a confirmed diagnosis of bone metastases
from castration-resistant, hormone-sensitive or hormone-naive
prostate cancer. Diagnosis of bone metastasis was based either

on imaging or tissue specimens. There were no restrictions on
age, performance status, life expectancy or previous treatment of
the participants. We excluded studies evaluating non-metastatic
prostate cancer or other primary site(s) of cancer and animal
studies.

Types of interventions

We included trials comparing bisphosphonates to control regimens
for the treatment of bone metastases from prostate cancer.
We considered any type of bisphosphonate, except radioactive
bisphosphonates, eligible. There were no restrictions on dose,
route, frequency or duration of bisphosphonate treatment. We had
no restrictions on duration of follow-up.

The control arm could have been placebo, no bisphosphonate
treatment (open control) or a chemotherapeutical regimen. In
contrast to prior versions of this review, we excluded studies
with bisphosphonates as control treatment (active control) from
qualitative and quantitative synthesis. These are listed in the
Characteristics of excluded studies table.

Comparison:

• Bisphosphonate versus control (placebo or no treatment)

We included studies in which the intended chemotherapy regimen
and supportive care did not diLer between study arms. Trials with
more than two arms were included, provided at least two arms with
the relevant comparison had the same chemotherapy protocol.

As agreed with the Editorial base, we removed the comparison of
diLerent dosages and of one bisphosphonate versus another due
to potentially imbalanced results with restricted applicability.

Types of outcome measures

We included all trials fitting the inclusion criteria, irrespective of the
outcomes reported (see DiLerences between protocol and review).

Primary outcomes

• Proportion of participants with pain response:
◦ we considered all trials reporting on the proportion of

participants with pain response; there were no restrictions on
pain assessment tools or definition of pain response in the
trials.

Secondary outcomes

• Skeletal-related events (SRE):
◦ any SRE;

◦ pathologic fractures (total and subgrouped by vertebral or
non-vertebral fractures);

◦ spinal cord compression;

◦ bone radiation therapy;

◦ bone surgery.

• Mortality.

• Quality of life (QoL):
◦ we considered all trials reporting on QoL; there were

no restrictions on QoL assessment tools or definition of
response in the trials.

• Adverse events:
◦ nausea;
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◦ renal:
▪ we considered all trials reporting renal adverse events;

as bisphosphonates were described with nephrotoxicity
with variable expression, we considered creatinine
elevation and renal failure as renal adverse events;

◦ bone pain;

◦ osteonecrosis of the jaw (ONJ).

• Proportion of participants with decreased analgesic
consumption:
◦ we considered all trials reporting on the proportion of

participants with decreased analgesic consumption; there
were no restrictions on assessment tools or definition of
analgesic consumption in the trials.

• Proportion of participants with disease progression:
◦ we considered all trials reporting on the proportion

of participants with disease progression; we included
trials reporting on clinical progression (pain, analgesic
consumption, treatment for progression such as radiation or
surgery), biochemical progression (prostate-specific antigen
(PSA) elevation; no threshold value defined) or radiographic
progression (new bone metastasis or growth of known bone
metastasis).

Search methods for identification of studies

We performed an electronic search of bibliographic databases and
handsearching. We repeated the previously used search strategy
from the initial version of this review including the Cochrane
Central Register of Controlled Trials (CENTRAL, see Appendix 1),
MEDLINE (1966 to May 2005), Embase (1980 to April 2005), LILACS
(to June 2005), DARE (to June 2005) and AMED (to June 2005). For
this updated review, we revised the search strategy using those
described in Chapter 6 of the Cochrane Handbook for Systematic
Reviews of Interventions (Lefebvre 2011). We applied no language
constraints. We extended the electronic search including published
references in CENTRAL and MEDLINE to 13 July 2017 (see Appendix
2; Appendix 3).

Electronic searches

We searched the following electronic databases:

• Cochrane Central Register of Controlled Trials (CENTRAL; the
Cochrane Library, 2017, Issue 7; see Appendix 2);

• MEDLINE (1980 to 13 July 2017; see Appendix 3).

Since we revised our searches, we re-ran them for CENTRAL and
MEDLINE for the entire period (i.e. 1980 to 13 July 2017).

Searching other resources

We searched the conference proceedings of the American Society
of Clinical Oncology (ASCO) from 2000 to July 2017, which were not
included in CENTRAL.

We electronically searched in the following databases of ongoing
trials:

• Metaregister of controlled trials: www.controlled-trials.com/
mrct/;

• EU clinical trials register: www.clinicaltrialsregister.eu/ctr-
search/search;

• ClinicalTrials.gov: clinicaltrials.gov/.

We handsearched the references of all identified trials, relevant
review articles and current treatment guidelines.

Data collection and analysis

Selection of studies

Two review authors (SM, NS) independently screened the results
of the search strategies for eligibility by reading the abstracts. In
the case of disagreement, we obtained the full-text publication.
If no consensus could be reached, we consulted a third review
author, in accordance with Chapter 7 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011a).

We documented the study selection process in a flow chart as
recommended in the PRISMA statement (Moher 2009), showing the
total numbers of retrieved references and the numbers of included
and excluded studies.

We mapped all references reporting on the same study cohort
together.

Data extraction and management

Two review authors (SM, NS) independently extracted the data
according to the guidelines proposed by the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011a). If required, we
contacted authors of individual studies for additional information.
We used a standardized data extraction form containing the
following items.

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

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

• Study characteristics: trial design; aims; setting and dates;
source of participants; inclusion and 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
randomization.

• Participant characteristics: age; diagnosis; stage of disease; prior
treatments; number of participants recruited, allocated, and
evaluated; participants lost to follow-up.

• Interventions: duration; type; dose and timing of
bisphosphonates; concomitant treatment (setting, duration,
type of chemotherapy); and supportive care.

• Outcomes: pain response, SREs (including pathologic fractures,
spinal cord compression, bone radiation therapy, bone surgery),
mortality, QoL, analgesic consumption, disease progression,
radiologic response, adverse events, performance status.

Assessment of risk of bias in included studies

Two review authors (SM and NS) independently assessed the risk of
bias for each study using the following criteria outlined in Chapter
8 of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011b).

• Random sequence generation.

• Allocation concealment.

• Blinding (participants, personnel, outcome assessors):

Bisphosphonates for advanced prostate cancer (Review)
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◦ we diLerentiated between subjective (proportion of
participants with pain response, SREs, QoL, adverse
events, proportion of participants with decreased analgesic
consumption, proportion of participants with disease
progression) and objective (mortality) outcomes in
measurement of detection bias (blinding of outcome
assessment).

• Incomplete outcome data for each evaluated outcome.

• Selective outcome reporting.

• Other potential sources of bias.

We made a judgment for every criterion, using one of three
categories.

• 'Low risk': if the criterion was adequately fulfilled in the study
(i.e. the study was at a low risk of bias for the given criterion).

• 'High risk': if the criterion was not fulfilled in the study (i.e. the
study was at high risk of bias for the given criterion).

• 'Unclear risk': if the study report did not provide suLicient
information to allow for a judgment of 'Yes' or 'No,' or if the risk
of bias was unknown for one of the criteria listed above.

Measures of treatment e;ect

For binary outcomes, we calculated risk ratios (RR) with 95%
confidence intervals (CI) for each trial. For continuous outcomes we
would have calculated mean diLerences, or in case diLerent scales
would have been used, standardized mean diLerence (SMD). For
time-to-event outcomes, we would have extracted the hazard ratio
(HR) from published data according to Parmar 1998 and Tierney
2007.

Unit of analysis issues

Unit of analysis was the participant being randomized to one of
the intervention arms. In multi-arm trials, participants from the
intervention arm receiving diLerent dosages of the drug were
merged to one intervention arm. One trial consisted of four
interventions which we analyzed as two comparisons consisting
of the control group and the intervention arm receiving the same
drugs as the control arm plus bisphosphonates (Smith 1989).

Dealing with missing data

As suggested in Chapter 16 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c), there are many
potential sources of missing data which are to be taken into account
at: the study level; outcome level; summary data level; individual
level and study-level characteristics (e.g. for subgroup analysis).
It is important to distinguish the diLerence between 'missing at
random' and 'not missing at random.'

If data were assumed to be missing at random, we analyzed only
the available data (i.e. ignored the missing data).

In the case that data were assumed not to be missing at random,
we imputed the missing data with replacement values and treated
these as if they were observed (e.g. last observation carried
forward, imputing an assumed outcome such as assuming all were
poor outcomes, imputing the mean, imputing based on predicted
values from a regression analysis).

Assessment of heterogeneity

We assessed heterogeneity of treatment eLects between trials

using the Chi2 test with a significance level at P < 0.1. We used

the I2 statistic to quantify possible heterogeneity (30% < I2 < 75%:

moderate heterogeneity, I2 > 75%: considerable heterogeneity)
(Deeks 2011).

Assessment of reporting biases

In meta-analyses with at least 10 trials, we would have explored
potential publication bias by generating a funnel plot and applying
a linear regression test. A P value less than 0.1 would have been
considered significant for this test (Sterne 2011). However, none of
the analyses included 10 trials or more.

Data synthesis

We performed analyses according to the recommendations of
Chapter nine of the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2011). We used aggregated data for analysis.
For statistical analysis, we entered data into Review Manager 5
(RevMan 2014). One review author entered data and a second
review author checked it for accuracy. We performed meta-
analyses using a fixed-eLect model (e.g. the generic inverse
variance method for survival data outcomes and Mantel-Haenszel
method for dichotomous data outcomes).

Subgroup analysis and investigation of heterogeneity

We assessed heterogeneity of treatment eLects between trials

using a Chi2 test with a significance level at P < 0.1. We

used the I2 statistic to quantify possible heterogeneity. 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 diLerent mechanism of action. Subgroup
analysis was intended to reveal whether these diLerences in
mechanism of actions might aLect participant outcomes.

• Amino-bisphosphonates: alendronate, ibandronate,
pamidronate, risedronate, zoledronate.

• Non-amino-bisphosphonate: clodronate, etidronate.

Bisphosphonates are potentially nephrotoxic substances. There are
reports in the literature that IV bisphosphonates increased the risk
of nephrotoxicity in comparison with oral application (Bartl 2008).
Moreover, Lee 2014 found people receiving IV bisphosphonates
were at higher risk for ONJ.

• IV administration.

• Oral administration.

Sensitivity analysis

We performed sensitivity analyses using the following quality
criteria:

• quality components with regard to low and high risk of bias;

• full-text publication versus abstract publication only.
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'Summary of findings' table

In the original protocol, the authors did not pre-specify patient-
relevant outcomes for the 'Summary of findings' table and decided
to present pain response, SREs, overall survival, QoL, adverse
events, analgesic consumption and disease progression as most
important outcomes. For this update of the review, we included
most clinically relevant outcomes and those with the highest
patient importance in the Summary of findings for the main
comparison. These were:

• proportion of participants with pain response;

• SREs: any;

• mortality;

• QoL;

• adverse events: nausea;

• adverse events: renal;

• adverse events: ONJ;

• proportion of participants with disease progression.

The 'Summary of findings' table reports the grade of evidence of the
outcomes reported according to the principles of the GRADE system
(Schünemann 2011).

R E S U L T S

Description of studies

Results of the search

Our updated literature research strategy identified 1973 articles
regarding the use of bisphosphonates in men with advanced
prostate cancer. Filtering these references, we excluded 1917
obviously irrelevant references. We checked the abstracts or
full-text publications of the remaining 56 articles for further
information. APer detailed revision of each reference, we excluded
26 articles (23 studies) and included 18 trials (30 references) in this
review (see Figure 1).
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Figure 1.   Study flow diagram.
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Included studies

We included 18 trials in this review. Of these, nine were part of prior
versions of this review (Elomaa 1992; Ernst 2003; Kylmala 1993;
Kylmala 1997; PR05; Saad 2010; Small 2003; Smith 1989; Strang
1997). The update search revealed nine additional studies fulfilling
the inclusion criteria (Abetz 2006; CALGB 90202; Figg 2005; GU02-4;
Meulenbeld 2012; Pan 2014; TRAPEZE 2016; ZABTON-PC; ZAPCA).

The earliest trial was published in 1992 (Elomaa 1992) and the latest
trial recruited from 2004 to 2012 (CALGB 90202). The Saad 2010 trial
was a three-armed trial, and we merged the data of both active
arms for meta-analysis. The Smith 1989 trial was a four-armed trial,
and we merged the data of all three active arms for meta-analysis.

Design

FiPeen studies were two-armed controlled trials (Abetz 2006;
CALGB 90202; Elomaa 1992; Ernst 2003; Figg 2005; GU02-4; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Pan 2014; PR05; Small 2003;
Strang 1997; ZABTON-PC; ZAPCA). Of these, 10 trials investigated
the diLerence of bisphosphonates versus placebo and five trials
(Figg 2005; Kylmala 1993; Meulenbeld 2012; ZABTON-PC; ZAPCA)
tested bisphosphonates against a control regimen without placebo.

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

Saad 2010 investigated the eLect of zoledronic acid 4 mg IV versus
zoledronic acid 8 mg IV versus placebo in a three-armed trial.
Noteworthy, 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 eLect 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 PO) versus arm II (etidronate
7.5 mg/kg IV followed by placebo PO) versus arm III (placebo IV
followed by sodium etidronate 400 mg PO) versus arm IV (placebo
IV followed by placebo PO). We considered arms I, II and III as one
intervention arm in the statistical analysis of this review.

TRAPEZE 2016 compared the eLect of zoledronic acid and
strontium chloride Sr89 in a four-armed trial. Therefore,
participants in the four arms were 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 zoledronate and
compared these to all participants not receiving zoledronate, we
extracted data for participants from arm I and arm III as the 'control
group' and events in arm II and arm IV as the 'bisphosphonate
group.'

Sample sizes

The 18 studies reported on 4843 participants. The smallest
trial included 55 participants (Strang 1997) and the largest trial
randomized 757 participants (TRAPEZE 2016). The median sample
size per trial was 102 participants.

Setting

The included trials were performed by a range of research groups
and in diLerent countries. Five studies took place in a single

country: Canada (Ernst 2003), China (Pan 2014), US (Small 2003),
and Japan (ZABTON-PC; ZAPCA). Two trials took place in a
continental setting: Europe (Meulenbeld 2012, Netherlands and
Norway) and North America (CALGB 90202, US and Canada). Two
trials were conducted in an intercontinental setting: PR05 (UK and
New Zealand), Saad 2010 (Argentina, Australia, Austria, Belgium,
Brazil, Canada, Chile, France, Germany, Italy, New Zealand, Peru,
Sweden, Switzerland, UK, Uruguay, US). There was no precise
information regarding the country 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. Participants in 12 trials had
hormone-refractory prostate cancer or the trial investigators
documented at least one failure of hormonal therapy prior to
study treatment (Elomaa 1992; Ernst 2003; Figg 2005; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Pan 2014; Saad 2010; Small
2003; Smith 1989; Strang 1997; TRAPEZE 2016). In four trials,
participants either responded to previous androgen blockade
or received hormonal therapy concomitantly to study treatment
(CALGB 90202; PR05; ZABTON-PC; ZAPCA). Abetz 2006 provided
no information on prior surgical or pharmaceutical castration in
their study population. The CALGB 90202, Pan 2014, and TRAPEZE
2016 trials each included participants with other sites of metastases
additional to bone metastases.

Interventions

Bisphosphonates

Seven trials used zoledronic acid (Abetz 2006; CALGB 90202; Pan
2014; Saad 2010; TRAPEZE 2016; ZABTON-PC; ZAPCA). Five studies
used a 4 mg dose of zoledronic acid IV (Abetz 2006; CALGB
90202; Pan 2014; ZABTON-PC; ZAPCA), but the studies had diLerent
treatment intervals, mostly every three or four weeks. Saad 2010
compared the eLect 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.

Six trials used clodronate (Elomaa 1992; Ernst 2003; Kylmala 1993;
Kylmala 1997; PR05; Strang 1997). Elomaa 1992 and Kylmala 1993
tested clodronate 3,200 mg orally (for one month) followed by
clodronate 1,600 mg orally (two to six months). Kylmala 1997
investigated clodronate 300 mg IV (one to five days) followed
by clodronate 1,600 mg PO (for five months). Ernst 2003 tested
clodronate 1,500 mg IV versus placebo. PR05 used clodronate 2,080
mg orally as active drug. Strang 1997 investigated the eLect of
clodronate 300 mg IV (one to three days) followed by clodronate
3,200 mg orally in comparison with placebo.

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

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

One trial tested pamidronate 90 mg (every three weeks for 27
weeks) against placebo (Small 2003).
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One trial, a four-armed trial, explored the eLect 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).

Androgen deprivation therapy

Eight studies reported on the use of androgen deprivation therapy
(CALGB 90202; Elomaa 1992; GU02-4; Kylmala 1993; Kylmala 1997;
PR05; 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 bicalutamide and a luteinizing
hormone releasing hormone (LHRH) agonist (ZABTON-PC; ZAPCA).
Three trials provided no precise information regarding androgen
deprivation therapy (CALGB 90202; GU02-4; PR05).

Chemotherapy

Four studies reported on the use of chemotherapy (Ernst 2003;
Meulenbeld 2012; Pan 2014; TRAPEZE 2016). Participants in Ernst

2003 received mitoxantrone 12 mg/m2 IV (21-day cycles) and
prednisone 10 mg daily. Three trials used docetaxel (21-day cycles)
in combination with daily prednisone (doses from 5 mg to 10 mg)
(Meulenbeld 2012; Pan 2014; TRAPEZE 2016).

Supplemental therapy

Three trials used daily supplemental therapy with calcium 500 mg
orally and vitamin D 400 IU to 500 IU (CALGB 90202; Pan 2014; Saad
2010).

Other interventional therapies

One trial tested the eLect of antimycotic therapy with ketoconazole
1,200 mg daily in combination with hydrocortisone 30 mg daily
(Figg 2005).

Outcomes

Primary outcome

Proportion of participants with pain response

Eleven of the 18 included trials initially planned to analyze pain
response (Abetz 2006; Elomaa 1992; Ernst 2003; Kylmala 1993;
Kylmala 1997; Meulenbeld 2012; Pan 2014; Small 2003; Smith 1989;
Strang 1997; ZAPCA). Only three studies provided the proportion of
participants with pain response, which was the primary outcome of
this review. Hence, these trials could be included in the statistical
analysis (Ernst 2003; Meulenbeld 2012; Smith 1989).

Ernst 2003 and Meulenbeld 2012 used Present Pain Intensity (PPI)
scales from the "McGill Melzack Questionnaire" to measure pain.
Smith 1989 described a numeric and a linear scale as assessment
tools.

In these three 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 for disease progression;

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

• Smith 1989: no definition provided.

Secondary outcomes

Skeletal-related events

Nine trials analyzed the rate of and time to SREs (mostly defined as
spinal cord compression, pathologic fracture, surgery to bone and
radiation to bone), as targetable outcome measure (CALGB 90202;
GU02-4; Pan 2014; PR05; Saad 2010; Small 2003; TRAPEZE 2016;
ZABTON-PC; ZAPCA). We included all nine trials in the quantitative
synthesis.

Mortality

Thirteen of the 18 included trials analyzed mortality (CALGB
90202; Elomaa 1992; Ernst 2003; Figg 2005; GU02-4; Kylmala 1993;
Meulenbeld 2012; Pan 2014; PR05; Saad 2010; Small 2003; TRAPEZE
2016; ZAPCA). We included nine studies in a quantitative synthesis
(CALGB 90202; Elomaa 1992; Ernst 2003; GU02-4; Kylmala 1993;
Meulenbeld 2012; PR05; Small 2003; ZABTON-PC).

Quality of life

Four trials provided QoL data (Abetz 2006; Ernst 2003; Saad 2010;
Small 2003). The study investigators used diLerent assessment
tools to assess QoL.

Further information on measurement tools and outcome definition
were available for four trials:

• Abetz 2006: investigated pain and evaluated the influence on
daily life activities. They provided no definition of QoL data;

• Ernst 2003: used a health-related quality of life (HRQoL)
questionnaire. HRQoL response was defined as a 1-cm
improvement from baseline on the 10-cm visual analog scale
(VAS) for overall well-being maintained on two successive visits
no less than three weeks apart;

• Saad 2010: used the Functional Assessment of Cancer Therapy-
General (FACT-G), version 4 (27) and the EURO Quality of Life
EQ-5D (EURO QOL), but did not define the outcome QoL;

• Small 2003: evaluated mobility, measuring the number of
seconds required to walk 10 feet (3 m) and the number of steps
required to make a 360 degree turn to the leP.

Adverse events

Sixteen studies investigated the incidence of adverse events
(CALGB 90202; Elomaa 1992; Ernst 2003; Figg 2005; GU02-4; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Pan 2014; PR05; Saad 2010;
Small 2003; Smith 1989; TRAPEZE 2016; ZABTON-PC; ZAPCA), but
we included only the previously described adverse events in
qualitative and quantitative synthesis.

Renal adverse events could represent diLerent expressions of renal
impairment. The outcome definition of the seven trials included in
quantitative analysis were:

• CALGB 90202: Grade 3, 4 or 5 events in creatinine elevation or
renal failure;

• Elomaa 1992: National Prostatic Cancer Project (NPCP) criteria
for adverse events and renal failure;

• Figg 2005: Grade 3, 4 or 5 events in creatinine elevation or renal
failure;

• Kylmala 1997: no definition provided;

• Pan 2014: renal failure;
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• Saad 2010: change from baseline serum creatinine of 0.5 mg/dL
or greater (if the baseline value was less than 1.4 mg/dL) or of 1.0
mg/dL or greater (if the baseline value was 1.4 mg/dL or less);

• ZAPCA: Grade 3, 4 or 5 events in acute renal failure.

Proportion of participants with decreased analgesic consumption

Seven studies investigated analgesic consumption (Elomaa 1992;
Ernst 2003; Kylmala 1993; Kylmala 1997; PR05; Small 2003; Smith
1989). Of these, we included four studies in the quantitative
synthesis, as only these described the rate of patients with
decreased or increased analgesic consumption (Elomaa 1992; Ernst
2003; Kylmala 1997; Smith 1989). The other trials used diLerent
scales/scores and were not comparable to these four studies.

Measurement tools and outcome definition were:

• Elomaa 1992: no definition provided, but use of analgesic drugs
was documented;

• Ernst 2003: at least 50% decrease in analgesic score from the
baseline with no increase in pain;

• Kylmala 1997: no definition provided, but scoring based on a
0- to 4-point grading scale (0 = no analgesic to 4 = narcotic
analgesics);

• Smith 1989: no definition provided, but analgesic requirement
was documented.

Proportion of participants with disease progression

Twelve trials evaluated disease progression or time to progression
(CALGB 90202; Ernst 2003; Figg 2005; GU02-4; Kylmala 1997
Meulenbeld 2012; Pan 2014; PR05; Saad 2010; TRAPEZE 2016;
ZABTON-PC; ZAPCA). Of these, seven studies reported the
proportion of participants with disease progression and were
included in quantitative analysis (CALGB 90202; Ernst 2003; Kylmala
1997; Meulenbeld 2012; Pan 2014; PR05; ZAPCA).

Disease progression could represent diLerent events ranging from
biochemical disease progression (increase in serum PSA level) to
death due to prostate cancer. The outcome definition of the seven
trials included in the quantitative analysis were:

• CALGB 90202: new bone metastasis or PSA progression (defined
as three consecutive rises in PSA with each PSA measurement at
least two weeks apart and at least one PSA value greater than 4
ng/mL);

• Ernst 2003: 1-point or greater increase in PPI, 25% increase in
analgesic consumption, need for palliative radiation therapy or
unequivocal evidence of radiologic progression;

• Kylmala 1997: new bone metastasis or greater than 25% increase
of known lesions;

• Meulenbeld 2012: objective progression by Response Evaluation
Criteria in Solid Tumours (RECIST) criteria, PSA progression
(defined as an increase of 25% or greater over nadir PSA
concentration provided that the increase in the absolute PSA
value was 5 ng/mL or greater for men without PSA response,

or 50% or greater over nadir for PSA responders) or pain
progression;

• Pan 2014: more than 2-point increase in VAS, restart or 40%
increase in analgesic consumption, need for palliative radical
therapy or new occurrence of bone metastasis;

• PR05: osseous disease requiring an increase in regular analgesic
use, treatment with radiation therapy, or change in hormone
therapy, or that was associated with a pathologic fracture or
spinal cord compression or to death from prostate cancer;

• ZAPCA: PSA or clinical progression, appearance of adverse
events or withdrawal of informed consent by the participant.
PSA progression was defined as three consecutive increases
(of 0.1 ng/mL or greater) in PSA from the lowest level, and
was measured at four-week intervals. Clinical progression was
defined as an increase of at least 20% in the sum of the longest
diameters of the target lesions, appearance of one or more new
lesions, clear progression of non-target lesions, or appearance
of two or more new bone metastases by bone scan. Clinical
progression was also determined if the person's condition was
worsening due to prostate cancer.

Excluded studies

We contacted the study authors from the BO18039 and CALGB
70604 trials to request further information (on 22 January 2016),
and received no reply. We excluded 23 studies (26 references),
which are presented in the Characteristics of excluded studies
table, for the following reasons:

• no control group (Adami 1985; Carey 1988; Clarke 1991;
Cresswell 1995; Kylmala 1994; Pelger 1998; Vorreuther 1992;
Vorreuther 1993);

• inclusion of participants without bone metastasis (STAMPEDE);

• inclusion of participants with other primary neoplasms (Jagdev
2001);

• no subgroup analysis for participants with prostate cancer or
participants with diLerent therapy regimens (BO18039; CALGB
70604; NCT00242567);

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

• comparison of bisphosphonates to denosumab (Fizazi 2009;
Fizazi 2011);

• report on histomorphometric or biochemical outcomes only
(Fernandez-Conde 1997; Magnusson 1998; Taube 1994);

• active control group with other bisphosphonate (Adami 1989;
MER-101-03; Wang 2013).

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 2. This
figure presents our judgments for each study in a cross-tabulation.
In summary, we considered the quality of included trials to be
moderate.
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Figure 2.   Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Figure 2.   (Continued)

 
Allocation

Random sequence generation

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

Allocation concealment

Four studies reported on the method to conceal allocation and
were at low risk of selection bias (Ernst 2003; PR05; TRAPEZE
2016; ZAPCA). Fourteen trials provided no further information
addressing allocation concealment and were at unclear risk of
selection bias (Abetz 2006; CALGB 90202; Elomaa 1992; Figg 2005;
GU02-4; Kylmala 1993; Kylmala 1997; Meulenbeld 2012; Pan 2014;
Saad 2010; Small 2003; Smith 1989; Strang 1997; ZABTON-PC).

Blinding

Blinding of participants and personnel (performance bias)

Twelve trials described some type of blinding or placebo usage
and were at low risk of performance bias (Abetz 2006; CALGB
90202; Elomaa 1992; Ernst 2003; GU02-4; Kylmala 1997; Pan 2014;
PR05; Saad 2010; Small 2003; Smith 1989; Strang 1997). One trial
provided no information and was at unclear risk of performance
bias (Kylmala 1993). Five trials were designed as open-label studies
and were at high risk of bias (Figg 2005; Meulenbeld 2012; TRAPEZE
2016; ZABTON-PC; ZAPCA).

Blinding of outcome assessment (detection bias)

Objective outcomes

Two studies provided detailed information on blinding of outcome
assessment in case of objective outcomes and were at low risk of
detection bias (CALGB 90202; Ernst 2003). Sixteen trials provided
no further information and were at unclear risk of detection
bias because objective outcomes are by nature unaLected by
blinding (Abetz 2006; Elomaa 1992; Figg 2005; GU02-4; Kylmala
1993; Kylmala 1997; Meulenbeld 2012; Pan 2014; PR05; Saad 2010;
Small 2003; Smith 1989; Strang 1997; TRAPEZE 2016; ZABTON-PC;
ZAPCA).

Subjective outcomes

Two trials reported on blinding of outcome assessment in case of
subjective outcomes and were at low risk of detection bias (CALGB
90202; Ernst 2003). Seventeen trials had missing information (Abetz
2006; Elomaa 1992; Ernst 2003; Figg 2005; GU02-4; Kylmala 1993;

Kylmala 1997; Meulenbeld 2012; Pan 2014; PR05; Saad 2010; Small
2003; Smith 1989; Strang 1997; TRAPEZE 2016; ZABTON-PC; ZAPCA).
Of these, five trials were open-label studies, which we judged
at high risk of bias (Figg 2005; Meulenbeld 2012; TRAPEZE 2016;
ZABTON-PC; ZAPCA). We judged the remaining 11 trials at unclear
risk of bias.

Incomplete outcome data

We assessed attrition bias for each outcome separately. However,
as studies reported the same number of participants for all
evaluated outcomes, we summed the judgment for attrition
bias and reported the judgments here on a study level. Eight
trials addressed incomplete outcome data adequately, describing
reasons for missing data or including all randomized participant
in the statistical analysis, and were at low risk of attrition bias
(CALGB 90202; Figg 2005; Meulenbeld 2012; Pan 2014; PR05; Saad
2010; ZABTON-PC; ZAPCA). Seven studies provided insuLicient
information and were at unclear risk of attrition bias (Abetz
2006; Elomaa 1992; Ernst 2003; GU02-4; Kylmala 1993; Kylmala
1997; TRAPEZE 2016). Small 2003 excluded 7.4% of randomized
participants from statistical eLicacy analysis because of protocol
violations. Therefore, we 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 diLerent 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 without any information
what happened to these participants.

Selective reporting

Three trials published a study protocol or included all expected
outcomes and were at low risk of reporting bias (CALGB 90202;
Meulenbeld 2012; PR05). Thirteen trials provided little information
on primary or secondary outcomes and their definition and were
at unclear risk for reporting bias (Abetz 2006; Elomaa 1992; Ernst
2003; Figg 2005; GU02-4; Kylmala 1993; Kylmala 1997; Pan 2014;
Saad 2010; Small 2003; Smith 1989; Strang 1997; TRAPEZE 2016).
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. QoL).
Hence, we judged the risk of bias for these three studies as high.

Other potential sources of bias

Ten trials were neither at important or obvious risk of other sources
of bias, nor completely free of other sources of bias (Abetz 2006;
Elomaa 1992; Ernst 2003; GU02-4; Kylmala 1993; Kylmala 1997;
Meulenbeld 2012; PR05; Small 2003; ZAPCA). Authors of these
studies had conflicts of interest or the studies were funded trials.
Influence of the funding source and the conflicts of interest on
the study design, conduction and outcome evaluation remained
unclear. Consequently, we judged these studies at unclear risk of
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other bias. Six trials seemed to be free of other sources of bias and
were at low risk of other bias (CALGB 90202; Figg 2005; Pan 2014;
Saad 2010; TRAPEZE 2016; ZABTON-PC).

Abetz 2006 did not suLiciently report on methods. 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.

E;ects of interventions

See: Summary of findings for the main comparison
Bisphosphonates compared to placebo/no treatment for advanced
prostate cancer

Bisphosphonates versus control (placebo, chemotherapy or no
treatment)

Primary outcome: proportion of participants with pain response

Meta-analysis

Three RCTs provided data on the proportion of participants
with pain response (Ernst 2003; Meulenbeld 2012; Smith 1989).
Finally, 133/449 participants in the bisphosphonates group and
113/427 participants in the control groups demonstrated with pain
response. Bisphosphonates showed no clear clinically relevant
benefit in the proportion of participants with pain response (RR

1.15, 95% CI 0.93 to 1.43, P = 0.20, I2 = 0%, low quality evidence;
Analysis 1.1; Figure 3). In absolute terms, bisphosphonates resulted
in pain response in 39 more participants per 1000 (19 fewer to 114
more). We downgraded the quality of evidence by one point due to
the risk of performance, detection and attrition bias in these trials
and downgraded one more point due to the small number of events
(see Summary of findings for the main comparison).

 

Figure 3.   Forest plot of comparison: 1 Bisphosphonates versus control, outcome: 1.1 Proportion of participants
with pain response.

 
Single study results

Data of eight studies could be included in the analysis of the
proportion of participants with pain response (Abetz 2006; Elomaa
1992; Kylmala 1993; Kylmala 1997; Meulenbeld 2012; Saad 2010;
Small 2003; Strang 1997). These studies provided information on
the participants' pain responses, but no precise information on the
proportion of participants with pain response. Hence, inclusion in
pooled data analysis of this outcome was not possible. Due to the
heterogeneous nature of these studies and presentation of only
qualitative data, we reported these studies narratively.

Abetz 2006 demonstrated a significant reduction in "pain at its
worst," "pain at its least" and "pain on average" in weeks 6, 8
and 12 for participants receiving zoledronic acid in comparison
with placebo (P < 0.05), favoring the zoledronic arm. Saad 2010
detected a statistically significant reduction in brief pain inventory
scores in weeks 3, 9, 21 and 24 in participants receiving zoledronic
acid versus participants receiving placebo (week 3: P = 0.003, week
9: P = 0.03, week 21: P = 0.014, week 24: P = 0.024). Moreover,
participants receiving zoledronic acid had significantly smaller
increases in pain scores than participants receiving placebo (P =
0.05, Saad 2010). Elomaa 1992, Kylmala 1993, Kylmala 1997, and

Strang 1997 detected no statistical significant diLerence in pain
reduction between participants on clodronate or control group.
The Meulenbeld 2012 trial showed no significant diLerence in pain
reduction for participants receiving risedronate versus placebo.
Small 2003 showed no significant diLerence in pain reduction for
participants receiving pamidronate in comparison with placebo.

Secondary outcome: skeletal-related events

Meta-analysis

Nine RCTs provided suLicient data on the number of SREs (CALGB
90202; GU02-4; Pan 2014; PR05; Saad 2010; Small 2003; TRAPEZE
2016; ZABTON-PC; ZAPCA). A total of 687/1681 participants
receiving bisphosphonates and 689/1472 participants receiving
control experienced any SRE. Bisphosphonates probably reduced
the incidence of any SREs in men with prostate cancer (RR 0.87,

95% CI 0.81 to 0.94, P = 0.27, I2 = 19%, moderate quality evidence;
Analysis 1.2; Figure 4). In absolute terms, bisphosphonates resulted
in 58 fewer SREs per 1000 (85 fewer to 27 fewer). We downgraded
the quality of evidence due to the risk of performance and
attrition bias in these trials (see Summary of findings for the main
comparison).
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Figure 4.   Forest plot of comparison: 1 Bisphosphonates versus control, outcome: 1.2 Skeletal-related events: any.

 
Pathologic fractures: total

Six RCTs with 2226 participants investigated the incidence of
pathologic fractures in detail (Pan 2014; PR05; Saad 2010; Small
2003; TRAPEZE 2016; ZABTON-PC). A total of 107/1217 participants
receiving bisphosphonates and 113/1009 participants receiving
control experienced any pathologic fracture. Bisphosphonates
probably reduced the number pathologic fractures in comparison

with control regimens (RR 0.68, 95% CI 0.53 to 0.87, P = 0.002, I2 =
35%, moderate heterogeneity; Analysis 1.3).

Pathologic fractures: vertebral fracture

Two RCTs with 993 participants reported the number of vertebral
fractures (Saad 2010; Small 2003). A total of 36/604 participants
receiving bisphosphonates and 27/389 participants receiving
control had vertebral fractures. There was no clear diLerence in the
number of vertebral fractures between groups (RR 0.84, 95% CI 0.52

to 1.36, P = 0.49, I2 = 0%; Analysis 1.4).

Pathologic fractures: non-vertebral fracture

Two RCTs with 993 participants reported the number of non-
vertebral fractures (Saad 2010; Small 2003). A total of 58/604
participants receiving bisphosphonates and 45/389 participants
receiving control had non-vertebral fractures. Bisphosphonates
showed no clinically relevant diLerence in the number of non-

vertebral fractures (RR 0.76, 95% CI 0.53 to 1.10, P = 0.14, I2 = 58%,
moderate heterogeneity; Analysis 1.5).

Spinal cord compression

Six RCTs with 2226 participants provided data regarding the
proportion of participants with spinal cord compression (Pan
2014; PR05; Saad 2010; Small 2003; TRAPEZE 2016; ZABTON-PC).
A total of 75/1217 participants receiving bisphosphonates and
99/1009 participants receiving control experienced spinal cord
compression. Bisphosphonates probably reduced the number of
participants aLected by spinal cord compression (RR 0.67, 95% CI

0.50 to 0.89, P = 0.005, I2 = 0%; Analysis 1.6).

Bone radiation therapy

Six RCTs with 1696 participants provided data regarding the
number of participants treated with radiation to bone (Ernst
2003; Pan 2014; PR05; Saad 2010; Small 2003; ZABTON-PC).
A total of 230/956 participants receiving bisphosphonates and
196/740 participants receiving control received radiation to bone.

Bisphosphonates show no clear diLerence in the number of
participants treated with radiation therapy to bone (RR 0.90, 95%

CI 0.77 to 1.06, P = 0.21, I2 = 0%; Analysis 1.7).

Bone surgery

Five RCTs with 1915 participants provided data regarding the
number of participants undergoing surgery to bone (Pan 2014; Saad
2010; Small 2003; TRAPEZE 2016; ZABTON-PC). A total of 22/1062
participants receiving bisphosphonates and 35/853 participants
receiving control received surgery to bone. Bisphosphonates
probably reduced the proportion of participants with bone surgery

(RR 0.50, 95% CI 0.29 to 0.86, P = 0.01, I2 = 5%; Analysis 1.8).

Single study results

Three trials investigated the time to SREs (CALGB 90202; Saad
2010; TRAPEZE 2016). CALGB 90202 showed a median time to
SRE of 31.9 months for participants receiving zoledronic acid in
comparison with 28.8 months for participants receiving placebo
(HR 0.97, 95% CI 0 to 1.174, P = 0.385). Saad 2010 detected a
median time to SRE of 448 days for participants receiving zoledronic
acid 4 mg versus 321 days for participants receiving placebo (HR
0.667, 95% CI 0.505 to 0.908, P = 0.009). TRAPEZE 2016 reported
a median time to SRE of 13.6 months for the zoledronic acid
arm versus 11.2 months for the control arm. In summary, the
qualitative analysis probably indicated a prolonged time to SREs in
participants receiving bisphosphonates.

Pathologic fracture: total

None of the RCTs reported pathologic fractures.

Pathologic fractures: vertebral fracture

None of the RCTs reported vertebral fractures.

Pathologic fractures: non-vertebral fracture

None of the RCTs reported non-vertebral fractures.

Spinal cord compression

None of the RCTs reported spinal cord compression.

Bone radiation therapy

None of the RCTs reported radiation to bone.
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Bone surgery

None of the RCTs reported surgery to bone.

Secondary outcome: mortality

Meta-analysis

Nine RCTs with 2450 participants provided quantitative data on the
mortality (CALGB 90202; Elomaa 1992; Ernst 2003; GU02-4; Kylmala
1993; Meulenbeld 2012; PR05; Small 2003; ZABTON-PC). A total

of 615/1213 participants receiving bisphosphonates and 640/1237
participants receiving control died during study treatment or
follow-up. Bisphosphonates demonstrated no clinically relevant

diLerence in mortality (RR 0.97, 95% CI 0.91 to 1.04, P = 0.43, I2 =
1%, moderate quality evidence; Analysis 1.9; Figure 5). In absolute
terms, bisphosphonates resulted in 16 fewer deaths per 1000 (47
fewer to 21 more). We downgraded the quality of evidence due to a
potential risk of performance and attrition bias in these trials (see
Summary of findings for the main comparison).

 

Figure 5.   Forest plot of comparison: 1 Bisphosphonates versus control, outcome: 1.9 Mortality.

 
Single study results

Data of 11 studies could be included in the analysis of mortality
(CALGB 90202; Elomaa 1992; Ernst 2003; Figg 2005; Kylmala 1993;
Meulenbeld 2012; Pan 2014; PR05; Saad 2010; TRAPEZE 2016;
ZAPCA). On the one hand, Pan 2014 (median survival of 19 months
for participants receiving bisphosphonates versus 15 months for
participants receiving placebo, P = 0.02) and PR05 (HR 0.77, 95% CI
0.60 to 0.98, P = 0.032) detected a statistically significant survival
advantage in favor of bisphosphonates. On the other hand, four
trials showed no significant diLerence in survival advantage for
participants receiving bisphosphonates (CALGB 90202; Meulenbeld
2012; Saad 2010; ZAPCA). CALGB 90202 reported a median survival
of 37.9 months for participants receiving zoledronic acid versus
36.0 months for participants receiving placebo (HR 0.88, 95%
CI 0.7 to 1.12, P = 0.29). Meulenbeld 2012 reported a median
survival of 19.2 months for participants receiving risedronate in
comparison with 18.4 months for participants receiving control
(HR 1.09, P = 0.33). Saad 2010 found a median survival of
546 days for participants receiving zoledronic acid 4 mg versus
464 days for participants receiving placebo (P = 0.091). ZAPCA
documented no clinically relevant diLerence in overall survival
between participants receiving zoledronic acid in comparison
with the control group (HR 0.78, 95% CI 0.49 to 1.23, P =
0.28). In Figg 2005, participants receiving alendronate reached
a median survival of 19 months, whereas participants receiving
control did not reach median survival. Elomaa 1992 showed no
statistical significant diLerence between the clodronate group
and the placebo group. Furthermore, three studies showed a
survival advantage for participants in control arms (Ernst 2003;
Kylmala 1993; TRAPEZE 2016). Ernst 2003 demonstrated a median
survival of 10.8 months for participants receiving clodronate in
comparison with 11.5 months for participants receiving placebo
(HR 0.95, 95% CI 0.71 to 1.28). Kylmala 1993 reported a median
survival of 10 months for clodronate and 12 months for control.

TRAPEZE 2016 showed a median survival of 16.99 months for
participants receiving zoledronic acid compared to 17.06 months
for participants receiving placebo (HR 0.99, 95% CI 0.84 to 1.16, P
= 0.91).

Secondary outcome: quality of life

Meta-analysis

None of the RCTs provided quantitative data on QoL.

Single study results

Four RCTs provided data on QoL (Abetz 2006; Ernst 2003; Saad
2010; Small 2003). Abetz 2006 showed no significant diLerence
in any of the QoL items other than "Interference with general
activities" at weeks 30 to 32 and 42 to 44 (favoring zoledronic
acid arm, P < 0.05). On the one hand, Ernst 2003 demonstrated
a significant reduction in "pain" for participants on clodronate in
comparison with placebo (P = 0.022). On the other hand, none of
the other items of the QoL analysis showed a significant diLerence
between clodronate and placebo. Saad 2010 showed no significant
diLerence between participants receiving zoledronic acid 4 mg
versus participants receiving placebo regarding analgesic scores,
pain scores, FACT-G quality-of-life and EURO-QOL scores. Small
2003 reported no significant diLerence in "mobility measurements"
between participants receiving pamidronate versus placebo.

Secondary outcome: adverse events

Meta-analysis

Nausea

Nine RCTs with 3008 participants provided data addressing
the number of participants with nausea (CALGB 90202; Ernst
2003; Kylmala 1993; Kylmala 1997; Meulenbeld 2012; Pan 2014;
PR05; Saad 2010; Small 2003). A total of 268/1606 participants
receiving bisphosphonates and 142/1402 participants receiving
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control developed nausea. Bisphosphonates probably increased
the number of participants aLected by nausea (RR 1.19, 95% CI 1.00

to 1.41, P = 0.05, I2 = 0%, moderate quality evidence; Analysis 1.10).
In absolute terms, bisphosphonates resulted in seven more cases
of nausea per 1000 (0 fewer to 14 more). We downgraded the quality
of evidence due to a potential risk of performance and attrition bias
in these trials (see Summary of findings for the main comparison).

Renal

Seven RCTs with 1794 participants provided data regarding the
number of participants with renal adverse events (CALGB 90202;

Elomaa 1992; Figg 2005; Kylmala 1997; Pan 2014; Saad 2010;
ZAPCA). A total of 87/1010 participants receiving bisphosphonates
and 27/784 participants receiving control had renal adverse
events. Statistical analysis revealed that bisphosphonates probably
increased the number of renal adverse events (RR 1.65, 95% CI 1.11

to 2.46, P = 0.01, I2 = 0%, moderate quality evidence; Analysis 1.11;
Figure 6). In absolute terms, bisphosphonates resulted in 22 more
renal adverse events per 1000 (4 more to 50 more). We downgraded
the quality of evidence due a potential risk of performance and
attrition bias in these trials (see Summary of findings for the main
comparison).

 

Figure 6.   Forest plot of comparison: 1 Bisphosphonates versus control, outcome: 1.11 Adverse events: renal.

 
Bone pain

Five RCTs with 1445 participants provided data on the number
of participants with bone pain (Kylmala 1997; PR05; Saad
2010; Small 2003; ZABTON-PC). A total of 261/827 participants
receiving bisphosphonates and 146/618 participants receiving
control experienced bone pain. Bisphosphonates showed no
clinically relevant diLerence in the frequency of bone pain (RR 0.93,

95% CI 0.81 to 1.06, P = 0.29, I2 = 24%; Analysis 1.12).

Osteonecrosis of the jaw

Five RCTs with 1626 participants provided data on the proportion
of participants with ONJ (CALGB 90202; Meulenbeld 2012; Pan
2014; ZABTON-PC; ZAPCA). A total of 12/808 participants receiving
bisphosphonates and 6/818 participants receiving control had
ONJ. Bisphosphonates did not clearly increase the number of

participants with ONJ (RR 1.92, 95% CI 0.75 to 4.90, P = 0.17, I2 =
0%, very low quality evidence; Analysis 1.13). In absolute terms,
bisphosphonates resulted in seven more cases with ONJ per 1000
(2 fewer to 29 more). We downgraded the quality of evidence to very
low due a potential risk of performance and attrition bias in these
trials and the very small number of events (see Summary of findings
for the main comparison).

Single study results

Nausea

None of the RCTs provided qualitative data on the proportion of
participants with nausea.

Renal

Two studies reported qualitative data on the proportion of
participants with renal adverse events (Pan 2014; Saad 2010).
Both trials used zoledronic acid. Pan 2014 showed no significant
diLerence in the number of participants with renal impairment (P =

0.12). Saad 2010 presented the relative risk of participants receiving
zoledronic acid 4 mg versus placebo. Participants receiving
zoledronic acid had an RR of 1.07 (95% CI 0.46 to 2.47, P = 0.882)
to experience renal adverse events in comparison with the placebo
group. Participants with an initial dose of zoledronic acid 8 mg,
which was decreased due to renal toxicity, had an RR of 1.76 (95%
CI 0.79 to 3.93, P = 0.165) compared to the placebo group. Analyzing
the diLerent doses of zoledronic acid, the RR was 1.63 (95% CI 0.80
to 3.30, P = 0.176) for participants with zoledronic acid 8/4 mg with
participants receiving zoledronic 4 mg as reference population.

Bone pain

None of the RCTs provided qualitative data on the proportion of
participants with bone pain.

Osteonecrosis of the jaw

None of the RCTs provided qualitative data on the proportion of
participants with ONJ.

Secondary outcome: proportion of participants with decreased
analgesic consumption

Meta-analysis

Four RCTs with 416 participants reported on the proportion
of participants with decreased analgesic consumption (Elomaa
1992; Ernst 2003; Kylmala 1997; Smith 1989). A total of 62/222
participants receiving bisphosphonates and 49/194 participants
receiving control were able to reduce their analgesic consumption.
Bisphosphonates did not lead to a clinically relevant diLerence in

analgesic consumption (RR 1.19, 95% CI 0.87 to 1.63, P = 0.28, I2 =
37%, moderate heterogeneity; Analysis 1.14).
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Single study results

Five studies provided qualitative data regarding analgesic
consumption (Elomaa 1992; Kylmala 1993; Kylmala 1997; PR05;
Small 2003). Elomaa 1992, Kylmala 1993 and Kylmala 1997 showed
no significant diLerence in analgesic consumption between
participants on clodronate and placebo. PR05 demonstrated a
12% reduction of analgesic consumption in participants receiving
clodronate in comparison with placebo. Small 2003 showed
no significant diLerence in analgesic consumption between
participants receiving pamidronate and placebo.

Secondary outcome: proportion of participants with disease
progression

Meta-analysis

Seven studies with 2115 participants provided data on disease
progression (CALGB 90202; Ernst 2003; Kylmala 1997; Meulenbeld
2012; Pan 2014; PR05; ZAPCA). A total of 778/1055 participants
receiving bisphosphonates and 832/1060 participants receiving
control experienced disease progression. Bisphosphonates
probably reduced the number of participants with disease

progression (RR 0.94, 95% CI 0.90 to 0.98, P = 0.006, I2 = 0%,
moderate quality evidence; Analysis 1.15). In absolute terms,
bisphosphonates resulted in 36 fewer cases of disease progression
per 1000 (71 fewer to 7 fewer). We downgraded the quality of
evidence due to the potential risk of performance and attrition bias
in these trials (see Summary of findings for the main comparison).

Single study results

Seven studies reported qualitative data regarding disease
progression (CALGB 90202; Ernst 2003; Figg 2005; Meulenbeld 2012;
Pan 2014; PR05; TRAPEZE 2016). Six trials documented a beneficial
eLect of bisphosphonates on disease progression, but none of
them showed a significant diLerence between the study cohorts.
CALGB 90202 showed a median time to disease progression of 10.6
months for the zoledronic acid group versus 9.2 months for placebo
group (HR 0.89, 95% CI 0.74 to 1.07, P = 0.22). Ernst 2003 reported
a median progression-free survival of five months for participants
receiving clodronate versus four months for participants receiving
placebo (HR 1.23, 95% CI 0.934 to 1.64, P = 0.136). Figg 2005
showed a median progression-free survival of 4.6 months in the
alendronate group in comparison with 3.8 months in the placebo
group (P = 0.27). Pan 2014 reported a median time to disease
progression of nine months for the zoledronic acid group versus six
months for the placebo group (P < 0.05). PR05 showed a median
progression-free survival of 23.6 months for participants receiving
clodronate compared to 19.3 months for participants receiving
control (HR 0.79, 95% CI 0.61 to 1.02, P = 0.066). TRAPEZE 2016
demonstrated an HR of 0.98 (95% CI 0.85 to 1.14) for time to disease
progression comparing participants receiving zoledronic acid with
control group (P = 0.81). One study demonstrated a prolonged
time to disease progression for the placebo group (7.4 months)
in comparison with the risedronate group (6.5 months), however,
without any evidence for a diLerence in the time-to-event analysis
(HR 1.04, 95% CI 0.87 to 1.24) (Meulenbeld 2012).

Subgroup and sensitivity analyses

We carried out subgroup analyses considering the diLerent classes
of bisphosphonates (amino-bisphosphonate versus non-amino-
bisphosphonate) and the route of administration (oral versus IV).
Additionally, we performed sensitivity analyses comparing studies

at high risk of bias with studies at low risk of bias and comparing
full-text publications with abstract publications. We planned to
focus on the most participants relevant outcomes and the most
clinically relevant outcomes. We intended to perform subgroup and
sensitivity analyses for the proportion of participants with pain
response, SREs, mortality, renal adverse events and ONJ.

Proportion of participants with pain response

We performed sensitivity analysis according to the risk of bias but
not for publication status analyzing pain response because all trials
reporting the proportion of participants with pain response were
full-text publications. This analysis showed that bisphosphonates
did not lead to a clinically relevant diLerence in the proportion of

participants with pain response (test for subgroup diLerences: Chi2

= 0.11, P = 0.74, I2 = 0%; Analysis 1.16). There was no clear diLerence
in any of the performed subgroup analyses between groups in the
proportion of participants with pain response, neither considering

diLerent classes of bisphosphonates (Chi2 = 0.15, P = 0.70, I2 = 0%;

Analysis 1.17) nor according to the route of administration (Chi2 =

0.15, P = 0.70, I2 = 0%; Analysis 1.18).

Skeletal-related events

For SREs, sensitivity and subgroup analyses were based on
the total number of SREs. Statistical analyses revealed that
bisphosphonates probably decreased the number of SREs. This
finding was evident comparing studies at high risk of bias to

studies at low risk of bias (Chi2 = 0.06, P = 0.81, I2 = 0%; Analysis

1.19) as well as comparing full-text to abstract publications (Chi2

= 1.56, P = 0.21, I2 = 35.9%; Analysis 1.20). In both subgroup
analyses, bisphosphonates probably decreased number of SREs, in

the subset of diLerent classes of bisphosphonates (Chi2 = 0.39, P =

0.53, I2 = 0%; Analysis 1.21) or for diLerent routes of administration

(Chi2 = 0.47, P = 0.49, I2 = 0%; Analysis 1.22).

Mortality

For mortality, sensitivity analyses revealed that there was no clear
diLerence between bisphosphonates and control (placebo or no
treatment). This finding was evident comparing studies at high risk

of bias to studies at low risk of bias (Chi2 = 2.46, P = 0.12, I2 = 59.4%;

Analysis 1.23) and full-text to abstract publications (Chi2 = 0.17, P =

0.68, I2 = 0%; Analysis 1.24). In both subgroup analyses, there was
no clinically relevant diLerence in mortality, neither in the subset of

diLerent classes of bisphosphonates (Chi2 = 0.08, P = 0.78, I2 = 0%;

Analysis 1.25) nor in diLerent routes of administration (Chi2 = 2.75,

P = 0.10, I2 = 63.7%; Analysis 1.26).

Adverse events: nausea

For nausea, sensitivity and subgroup analyses were based on
the total number of participants aLected by nausea. Statistical
analyses revealed that bisphosphonates probably increased the
number of participants aLected by nausea. This finding was evident
comparing studies at high risk of bias to studies at low risk of bias

(Chi2 = 0.11, P = 0.74, I2 = 0%; Analysis 1.27). In both subgroup
analyses, bisphosphonates probably decreased number of SREs in

the subset of diLerent classes of bisphosphonates (Chi2 = 0.00, P =

0.97, I2 = 0%; Analysis 1.28) or for diLerent routes of administration

(Chi2 = 3.65, P = 0.89, I2 = 0%; Analysis 1.29).
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Adverse events: renal

Sensitivity analysis was performed according to the risk of bias but
not for publication status analyzing renal adverse events because
all trials reporting on these events were full-text publications. This
analysis showed that bisphosphonates may have increased the

number of renal adverse events (Chi2 = 0.04, P = 0.84, I2 = 0%;
Analysis 1.30). In both subgroup analyses, bisphosphonates may
have increased renal adverse events, in the subset of diLerent

classes of bisphosphonates (Chi2 = 0.18, P = 0.67, I2 = 0%; Analysis

1.31) or for diLerent routes of administration (Chi2 = 0.17, P = 0.68,

I2 = 0%; Analysis 1.32).

Adverse events: osteonecrosis of the jaw

As only a small number of events occurred in two trials only with
one trial reporting only on two events in one arm, sensitivity and
subgroup analyses seemed to be inappropriate.

D I S C U S S I O N

Summary of main results

The following main results emerged from this Cochrane Review
and meta-analysis investigating the eLect of bisphosphonates
compared to placebo, chemotherapy or standard of care in men
with bone metastases from primary hormone-naive, hormone-
sensitive, but mostly hormone-refractory prostate cancer.

• The use of bisphosphonates showed no clear diLerence in the
proportion of participants with pain response.

• Bisphosphonates probably decreased the number of
participants with SREs in general. Analysis in detail revealed
that bisphosphonates lead to a clinically relevant reduction of
pathologic fractures, spinal cord compressions or bone surgery,
but there was no clear diLerence in radiation to bone or in
vertebral and non-vertebral fractures.

• There was no clinically relevant diLerence in mortality between
participants receiving bisphosphonates in comparison with
participants receiving control regimens.

• We were unable to perform a quantitative analysis of the
studies' QoL assessments. Analysis revealed that the studies
used several assessment tools. Generally accepted and used
QoL outcomes could not be identified.

• Bisphosphonates probably increased the number of
participants with renal adverse events, but also the number of
participants with nausea. There was no clear diLerence in the
proportion of participants with ONJ or bone pain.

• We observed no clinically relevant diLerence in the proportion
of participants with decreased analgesic consumption.

• Pooled-data analysis revealed that bisphosphonates probably
decreased the number of participants with disease progression
in participants with prostate cancer metastatic to bone.

We identified no subgroup diLerences in terms of amino-
bisphosphonates versus non-amino-bisphosphonates or route of
administration (oral versus IV). We also found no diLerence in
sensitivity analyses (low risk of bias versus high risk of bias; full-text
publication versus abstract publication).

Overall completeness and applicability of evidence

This systematic review addressed the review question by analyzing
data on participants with bone metastases from treatment-naive,
castration-sensitive or castration-resistant advanced prostate
cancer. Castration-resistant prostate cancer accounted for most
cancers. The group of bisphosphonates included zoledronate
(seven trials), clodronate (six trials), risedronate (two trials),
alendronate (one trial), pamidronate (one trial) and etidronate
(one trial). Current German, American and European guidelines
recommend zoledronic acid for the prevention of skeletal
complications and for bone pain relief in participants with
castration-resistant prostate cancer (Conford 2017; Cookson 2013;
Wirth 2016). Hence, zoledronic acid is the most frequently used
bisphosphonate in clinical practice. On the contrary, the US Food
and Drug Administration (FDA) has still not approved clodronate
(El-Amm 2016). Clodronate was included in one third of all trials,
but plays a minor role in clinical routine. Overall, this review
answered the review question considering diLerent subgroups of
participants with advanced prostate cancer and diLerent types of
bisphosphonates.

Pain frequently occurs in men with bone metastasis from
prostate cancer and its control is one target in palliative therapy.
Consequently, the proportion of participants with pain response
has been defined as primary outcome of this review and the
meta-analysis. Pooled data analysis consisted of three trials
with 876 participants. We found a low quality of evidence
and observed no clear diLerence in pain response between
bisphosphonates and control. This finding might have been
influenced by diLering end point definitions in the trials. Smith
1989 provided no definition and Ernst 2003 considered disease
progression as 'pain event.' Meulenbeld 2012 defined an at least
2- point reduction from baseline PPI score without increase in
analgesic class or decrease in analgesic class without increased
PPI score as pain response. Noteworthy, the three trials used
diLerent bisphosphonates: clodronate (Ernst 2003), risedronate
(Meulenbeld 2012), and etidronate (Smith 1989) and all participants
had castration-resistant prostate cancer. Zoledronate is the most
frequently used bisphosphonate in men with prostate cancer, but
none of the studies with participants receiving zoledronic acid
could be included in the statistical synthesis. Descriptive analysis
revealed that in two trials participants receiving zoledronic acid
presented with clinically relevant lower pain scores in comparison
with placebo groups (Abetz 2006; Saad 2010). As zoledronate is
the clinically most important bisphosphonate, applicability of our
quantitative results on pain response is restricted to participants
receiving clodronate, risedronate and etidronate. To clarify the
role of zoledronic acid in pain management in men with bone
metastases from prostate cancer, future studies should evaluate
pain response by clearly mentioning the proportion of participants
with pain response, defining pain response and providing clear
definitions of pain response. Further analyses in participants
with bone metastases from treatment-naive or castration-sensitive
prostate cancer are needed, as we could not include any of the fours
trials reporting on this subset of participants (CALGB 90202; PR05;
ZABTON-PC; ZAPCA).

Bone metastases may result in SREs. Pooled data analysis of
SREs showed that bisphosphonates probably decreased the total
number of SREs. Qualitative analysis demonstrated that zoledronic
acid probably delayed the onset of SREs and four out of five
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studies included in the meta-analysis compared zoledronic acid
to control groups. These findings derived from trials reporting on
participants with either castration-resistant or castration-sensitive
prostate cancer. Finally, zoledronic acid probably increased the
time to any SRE and decreased the number of SREs in men with
bone metastases from prostate cancer.

SREs were defined as a composite outcome consisting of pathologic
fractures, spinal cord compression, bone surgery or bone radiation.
From the man's perspective, these are less or more important.
The diLering relevance predominantly arises from the restrictions
in daily life activities. Hence, acute interventions (surgery or
radiation) might be rated as more important than an asymptomatic
fracture or spinal cord compression. Considering this, zoledronic
acid might contribute to the man's daily life activities by reducing
SREs in general and especially surgical interventions to bone.
Future analyses of SREs would be more beneficial if they stratify the
relevance of SREs and take the man's perspective as a correlated
outcome into account.

The trials heterogeneously assessed QoL by using diLerent
measurement tools and explored diLerent dimensions of the
man's daily life considering, for example, mobility, disability or
pain. In doing so, each study focused on diLerent facets of
QoL. QoL assessment might be important for the man and the
physician, because it allows detection of deficiencies of anticancer
therapy, evaluation of treatment response and some type of patient
satisfaction. Our analysis highlighted the limited applicability of
QoL data from each trial and emphasized the need for further
research on this outcome. Future studies should evaluate QoL by
clearly mentioning the proportion of participants with changed
QoL and providing clear definitions of QoL. We recommend the
use of one standardized questionnaire to raise external validity of
results.

Bisphosphonates are associated with a potential nephrotoxic
eLect (Bartl 2008; Gartrell 2014). Meta-analysis of seven trials
revealed that bisphosphonates probably increased the number
of renal adverse events in comparison with control regimens.
Analyzing each study separately, only Saad 2010 showed a clear
diLerence in the occurrence of renal adverse events, the other trials
demonstrated no clinically relevant diLerence between groups
(CALGB 90202; Elomaa 1992; Figg 2005; Kylmala 1997; Pan 2014;
ZAPCA). In overall analysis, most of the observed events derived
from Saad 2010 and the weight of this trial was 89.1%. Four trials
used zoledronic acid 4 mg IV (CALGB 90202; Pan 2014; Saad 2010;
ZAPCA). Saad 2010 added a zoledronic acid 8 mg IV arm, but,
aPer an increase in renal adverse events in this arm, Saad and
colleagues amended the initial dose from zoledronic acid 8 mg to
4 mg (8/4 mg group). For meta-analysis, we initially planned to
combine results of bisphosphonate or control participants from
three- or four-armed trials. This approach allowed us to compare
two-armed trials to three- or four-armed trials, but might have also
led to misleading results in this outcome.

The rates of renal adverse events were 15.2% with zoledronic
acid 4 mg versus 20.7% with zoledronic acid 8/4 mg versus 11.5%
with placebo in Saad 2010. The authors reported that participants
receiving zoledronate 4 mg IV had an RR of 1.07 (95% CI 0.46 to 2.47;
P = 0.882) in comparison with placebo, but the corresponding RR
was 1.76 (95% CI 0.79 to 3.93, P = 0.165) for the zoledronic acid 8/4
mg group. Noteworthy, zoledronic acid 4 mg, which represents the
clinical standard dose, was not associated with a clinically relevant

increase in renal adverse events in CALGB 90202, Pan 2014, Saad
2010, and ZAPCA. Given the facts that the temporary high dose
of zoledronic acid 8 mg might have influenced the overall eLect,
Saad 2010 contributed more than 90% of renal adverse events and
had the most sensitive definition of renal adverse events, future
studies should address the nephrotoxic eLects of zoledronic acid
4 mg in the context of a homogeneous outcome definition. The
inclusion of the zoledronic acid 8/4 mg group in the analysis of renal
adverse events restricted the applicability of our results, therefore,
these should be interpreted with caution. Moreover, participants
with castration-sensitive prostate cancer and bisphosphonates
other than zoledronate were under-represented in our analysis.
Future studies should evaluate the renal toxicity of diLerent
bisphosphonates in these participants in the near future.

We included seven trials in statistical analysis of disease
progression. Definition of disease progression included
biochemical progression (PSA progression), radiographic
progression (new or expanding bone lesions) and clinical
progression in these trials. Clinical progression mainly included
pain progression and increased analgesic consumption, but
some studies also considered SREs and death due to prostate
cancer. Given this heterogeneity in outcome definition, the
observed probable reduction of the proportion of participants
with disease progression on bisphosphonate treatment must be
interpreted carefully. This finding does not reflect the clinical
importance of the use of bisphosphonates, as physicians do not
treat biochemical results only clinical findings. From the man's
perspective, biochemical progression or radiographic progression
might not be experienced as discomfort or might not immediately
aLect survival. On the contrary, the man's daily life activities might
be impaired by increased bone pain or need for treatment of
disease progression (e.g. radiation or surgery to bone). As the
relevance of our finding remains uncertain in the context of the
man's perspective, we emphasize the need for new studies taking
the man's view into account for the measurement of disease
progression.

In addition to the published trials, we checked registries to
identify ongoing clinical trials. We found no ongoing clinical trials.
Therefore, the current evidence will not change in the near future.

Quality of the evidence

We used the GRADE approach to evaluate the quality of evidence.
Overall, we judged the quality of the 18 studies included as
moderate. In detail, the quality of evidence for pain response was
low because the studies were at a potential risk of performance and
attrition bias and included a small number of events (see Summary
of findings for the main comparison). We considered the quality
of evidence for SREs, mortality, nausea, renal adverse events and
disease progression as moderate due to the potential bias by
influence of funding sources. Consequently, we downgraded each
of these outcomes by one point. We downgraded ONJ by three
points, resulting in very low quality evidence. This is justified by
the risk of performance and attrition bias in the trials and the very
small number of events included in this outcome analysis. We were
unable to judge the quality of evidence for QoL, because the studies
did not report this outcome in a way allowing a meta-analysis.
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Potential biases in the review process

We used diLerent strategies to minimize the risk of bias in
the review process. We performed a highly sensitive literature
search considering full-text and abstract publications from medical
databases and cancer congresses. We checked study registries
to identify completed but unpublished trials. In doing so, we
potentially missed unpublished, ongoing or not completed trials. If
results of these trials are going to be published in the future, we will
consider them in an update of this systematic review.

Two review authors independently assessed study eligibility. They
separately performed data extraction and analysis. During the
review process, we produced funnel plots. None of the defined
end points had at least 10 studies in the analysis and therefore,
this statistical analysis could not be performed. Addressing analysis
of defined end points, the trials used diLerent methods in QoL
assessment. Because of the deviation in reported data, we were
unable to obtain data to meta-analyze, but performed a qualitative
outcome analysis.

The current analysis is an update of the initial review on the
use of bisphosphonates in men with bone metastases from
prostate cancer. By nature, updates of systematic reviews are oPen
prepared without providing a specific protocol, which defines the
methodologic background of the review. This could lead to a
potential sources of bias, for example, in selection criteria of studies
included or end point definitions. This updated review diLers from
the prior version by including all trials using bisphosphonates
in prostate cancer participants irrespective of outcomes. The
first version only included studies reporting on pain response in
these participants. Furthermore, we did not provide data on the
comparison of diLerent routes of administration or dosages of
bisphosphonates. According to the protocol of the prior version of
the review, we initially identified three trials comparing diLerent
doses and types of bisphosphonates, but these studies were
designed heterogeneously. In the final analysis, we excluded
these trials due to potentially imbalanced results with restricted
applicability.

Agreements and disagreements with other studies or
reviews

Lee and colleagues evaluated the risk of ONJ in people with
cancer (Lee 2014). The study included 1389 participants receiving
bisphosphonates and 569,620 receiving a control regimen from
eight observational studies. In their systematic review, they found
an increased risk for participants receiving bisphosphonates (odds
ratio (OR) 4.25, 95% CI 3.67 to 5.36). The risk was increased further
in participants receiving IV bisphosphonates (OR 4.27, 95 % CI
3.38 to 5.40) compared to participants receiving bisphosphonates
orally (OR 1.18, 95% CI 0.89 to 1.56). We included five studies in
the analysis of ONJ, but only two trials documented events. The
number of participants in experimental groups was almost similar
in both systematic reviews, but our quantitative analysis revealed
no clear diLerence in the rate of ONJ (RR: 1.92; 95% CI 0.75 to 4.90,
very low quality of evidence). This clinically relevant deviation is
surprising, even though Lee and colleagues included diLerent types
of primary cancer and should be addressed in future investigations
on this topic.

Liu 2015 and colleagues evaluated the role of bisphosphonates
to reduce the risk of any SREs in participants with lung cancer,

prostate cancer, breast cancer and bone metastases. Although
they included only seven trials for the analysis of men with
prostate cancer, their results are in line with ours, saying that
bisphosphonates reduced the risk of SREs in these participants (OR
for men with prostate cancer 0.62, 95% CI 0.45 to 0.86). In their
analysis, Liu and colleagues calculated ORs and used a random-
eLects model. On the contrary, we calculated RRs and used a
fixed-eLect model. Moreover, Liu and coworkers defined SREs "as
pathologic bone fracture, the bone surgery, the bone radiation
therapy, or change in anticancer therapy to relieve bone pain."
These discrepancies might have caused the more distinct eLect of
bisphosphonates on SREs in their analysis in comparison with our
analysis.

Gartrell 2015 conducted a systematic review on bone-targeted
therapies in men with prostate cancer with bone metastases. The
authors concluded that zoledronic acid reduced the number of
SREs and the time to SREs in men with castration-resistant prostate
cancer. Additionally, Alibhai 2017 carried out a systematic review
on the use of bone-targeted therapies in men with prostate cancer.
In summary, the authors reported that zoledronic acid delayed the
time to SRE and prevented participants with castration-resistant
prostate cancer from SRE development. On the one hand, results
of the Alibhai 2017 and Gartrell 2015 reviews were in line with our
findings. On the other hand, both reviews provided no information
on the eLect of bisphosphonates in castration-sensitive prostate
cancer on SREs. Our data suggested a beneficial eLect of zoledronic
acid in men with castration-sensitive prostate cancer.

Vignani 2016 recommended the use of zoledronic acid for men
with castration-resistant prostate cancer in their systematic review,
but found no survival benefit with zoledronic acid. Concordantly,
our quantitative analysis revealed no clinically relevant diLerence
in mortality for participants receiving bisphosphonates. Only Pan
2014 (zoledronic acid) and PR05 (clodronate) detected an improved
survival in participants receiving bisphosphonates, all other trials
showed similar survival data for both groups.

None of the identified and discussed reviews used the GRADE
approach. As presented, the systematic reviews focused on SRE,
survival and ONJ, but provided no data on patient-important
outcomes such as pain, analgesic consumption or QoL. A further
advantage of this Cochrane Review was the consideration of men
with castration-sensitive prostate cancer.

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

Implications for practice

This systematic review found low quality evidence that there is
no clinically relevant diLerence in the proportion of participants
with pain response between bisphosphonates and control
regimens in men with bone metastases from prostate cancer. Our
analysis revealed moderate quality evidence that bisphosphonates
decreased the total number of skeletal-related events and
the proportion of participants with disease progression in
comparison with control regimens. The advantageous eLect of
bisphosphonates on the composite outcome of skeletal-related
events was more distinct in pathologic fractures, spinal cord
compressions and bone surgery. The benefits should be weighed
against the risk of renal impairment and nausea in men receiving
bisphosphonates. We found very low to moderate quality evidence
that there is no clear diLerence in mortality, quality of life and
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osteonecrosis of the jaw using bisphosphonates in contrast to
control regimens.

Implications for research

Our review enlightened the need for more patient-important data,
especially for pain and quality of life. To support further research
on pain and quality of life in these men, we recommend the use of
standardized assessment tools. As the primary outcome pain was
assessed by only including bisphosphonates other than zoledronic
acid, further research is needed on the analgesic potential of
zoledronic acid as it is the predominantly used bisphosphonate
in clinical practice. Future studies might investigate the incidence
of osteonecrosis of the jaw as typical adverse event in people
receiving bisphosphonates and preventional strategies. A higher
number of events may raise the quality of evidence of this outcome
in a following update of this review. More research is needed to

evaluate cost eLectiveness. In addition, information is needed to
guide the choice of bisphosphonates and the optimal treatment
schedule.
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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) 
All outcomes

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient information on outcome assessment.

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

Unclear risk Insufficient information on outcome assessment.

Incomplete outcome data
(attrition bias)

Unclear risk Information regarding discontinuations and ITT.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Unclear risk Insufficient report on methods.

Abetz 2006  (Continued)

 
 

Methods Recruitment period:

• January 2004 to May 2012.

End points:

• overall survival, disease progression, SREs, adverse events.

Pain assessment tool:

• not reported.

Randomization:
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• intervention vs control.

Participants Eligibility criteria:

• castration-sensitive prostate cancer;

• age > 18 years;

• histologically confirmed prostate adenocarcinoma;

• ≥ 1 bone metastasis evident on radiographic imaging;

• ECOG performance status ≤ 2;

• creatinine clearance > 30 mL/minute.

Exclusion criteria:

• prior use of bisphosphonates, denosumab or radiopharmaceuticals;

• androgen-deprivation therapy > 6 months before enrolment;

• external beam radiation therapy within 4 weeks prior to enrolment;

• 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:

• US and Canada.

Interventions Previous interventions:

• not reported.

Interventions during study period:

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

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

Outcomes Reported and analyzed in this review:

• overall survival;

• SREs;

• PFS and disease progression;

• adverse events.

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,

CALGB 90202  (Continued)

Bisphosphonates for advanced prostate cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

33



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Novartis (C); Fred Saad, Amgen (C), Novartis (C); Michael Morris, Millennium Pharmaceuticals (C), Bay-
er HealthCare Pharmaceuticals (U).

Notes Prematurely completed after corporate supporter withdrew study drug supply.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomized block design was used."

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment.

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

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)."

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

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

Incomplete outcome data
(attrition bias)

Low risk All participants with bone metastasis from prostate cancer were included in
the analysis of efficacy and all participants on treatment were used for analy-
sis of safety.

Selective reporting (re-
porting bias)

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

Other bias Low risk No further information provided.

CALGB 90202  (Continued)

 
 

Methods Recruitment period:

• not reported.

End points:

• overall survival, bone pain, analgesic consumption, performance status.

Pain assessment tool:

• not reported.

Randomization:

• intervention vs control.

Participants Eligibility criteria:

• prostate cancer metastatic to bone;
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• 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 LHRH agonists, 11 in intervention group, 11 in control 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 PO, estramustine 280 mg PO twice daily for 1 month, clodronate
1600 mg PO and estramustine 280 mg PO twice daily for 5 months;

• control: placebo and estramustine 280 mg PO twice daily.

Outcomes Reported and analyzed in this review:

• overall survival;

• pain response;

• adverse events;

• analgesic consumption.

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.

Elomaa 1992  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment.

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

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient information on outcome assessment.

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

Unclear risk Insufficient information on outcome assessment.

Incomplete outcome data
(attrition bias)

Unclear risk No information regarding discontinuations and ITT.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Unclear risk Quote from the article: "We are grateful to the Finnish Cancer Foundation and
to Leiras Pharmaceutical Company for their support of this work."

Elomaa 1992  (Continued)

 
 

Methods Recruitment period:

• October 1997 to May 2001.

End points:

• overall survival, pain response, disease progression and time to progression, SRE, QoL.

Pain assessment tool:

• PPI scale by McGill-Melzack 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;

• leP ventricular ejection fraction > 50%;

• ability to complete pain and QoL scores;

• white blood cell count ≥ 3 × 109/L;
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• 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.

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;

• PFS and disease progression;

• pain response;

• adverse events;

• QoL;

• analgesic consumption.

Funding sources Funding sources:

• Immunex Corporation, Seattle, WA;

Ernst 2003  (Continued)
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• Aventis Pharma, Laval, Quebec, Canada.

Declarations of interest Conflicts of interest:

• not reported.

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)

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

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

Low risk "The treating staL and patients were blinded to treatment allocation."

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

Low risk "The treating staL and patients were blinded to treatment allocation."

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

Low risk "The treating staL and patients were blinded to treatment allocation."

Incomplete outcome data
(attrition bias)

Unclear risk Insufficient information regarding discontinuations and ITT.

Selective reporting (re-
porting bias)

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

Other bias Unclear risk Quote: "Supported by a grant from Immunex Corporation, Seattle, WA, and
Aventis Pharma, Laval, Quebec, Canada."

Ernst 2003  (Continued)

 
 

Methods Recruitment period:

• not reported.

End points:

• overall survival, disease progression, adverse events.

Pain assessment tool:

• not reported.

Randomization:

• intervention vs control.

Figg 2005 
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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 PSA despite continued testicular suppression or progression on CT/bone scan, or both.

Exclusion criteria:

• 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;

• PFS and disease progression;

• 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

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information on sequence generation.

Figg 2005  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment.

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

High risk Quote: "This was an open label, randomized, phase II study [...]"

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

Unclear risk No information on blinding of outcome assessor.

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

High risk Quote: "This was an open label, randomized, phase II study [...]"

Incomplete outcome data
(attrition bias)

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 No further information provided.

Figg 2005  (Continued)

 
 

Methods Recruitment period:

• December 2003 to August 2005.

End points:

• overall survival, disease progression, adverse events.

Pain assessment tool:

• not reported.

Randomization:

• intervention vs control.

Participants Eligibility criteria:

• performance status: ECOG 0-2;

• life expectancy: ≥ 12 weeks;

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

• participants may have received palliative radiation therapy at the investigators 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);

GU02-4 
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• 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 PO daily combined with androgen deprivation;

• control: placebo PO daily combined with androgen deprivation.

Outcomes Reported and analyzed in this review:

• overall survival;

• PFS;

• 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

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) 
All outcomes

Low risk Placebo-controlled trial.

Blinding of outcome as-
sessment (detection bias) 

Unclear risk No information on blinding of outcome assessor.

GU02-4  (Continued)
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Objective outcomes

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

Unclear risk No information on blinding of outcome assessor.

Incomplete outcome data
(attrition bias)

Unclear 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 Unclear risk No information provided.

GU02-4  (Continued)

 
 

Methods Recruitment period:

• not reported.

End points:

• overall survival, bone pain, analgesic consumption.

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 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;

Kylmala 1993 
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• 22 participants received LHRH agonists, 12 in intervention group, 10 in control group.

Interventions during study period:

• intervention: clodronate 3200 mg PO and estramustine 280 mg PO twice daily for 1 month, clodronate
1600 mg PO and estramustine 280 mg PO twice daily for 5 months;

• control: estramustine 280 mg PO twice daily.

Outcomes Reported and analyzed in this review:

• overall survival;

• pain response;

• adverse events;

• analgesic consumption.

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.

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment.

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

Unclear risk Insufficient information provided.

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

Unclear risk No information on blinding of investigated outcome.

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

Unclear risk No information on blinding of investigated outcome.

Incomplete outcome data
(attrition bias)

Unclear risk No information regarding discontinuations and ITT.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Unclear risk Quote from the article: "We are grateful to [...] the Finnish Cancer Foundation
and to Leiras Pharmaceutical Company for their support of this study."

Kylmala 1993  (Continued)
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Methods Recruitment period:

• not reported.

End points:

• bone pain, analgesic consumption, performance status.

Pain assessment tool:

• VAS for pain assessment;

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

Randomization:

• intervention vs control.

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 PO twice daily for 5 days, clodronate
1600 mg PO daily and estramustine 280 mg PO twice daily for 5 months;

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

Outcomes Reported and analyzed in this review:

Kylmala 1997 
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• pain response;

• adverse events;

• disease progression/PFS;

• analgesic consumption.

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  

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) 
All outcomes

Low risk Placebo-controlled trial.

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

Unclear risk No information on blinding of investigated outcome.

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

Unclear risk No information on blinding of investigated outcome.

Incomplete outcome data
(attrition bias)

Unclear risk No information regarding discontinuations and ITT.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Unclear risk Quote: "This study was supported by the Finnish Academy of Sciences, Finnish
Cancer Foundation, Finnish Medical Society Duodecim, Reino Lathikari Foun-
dation and by Leiras Clinical Research."

Kylmala 1997  (Continued)

 
 

Methods Recruitment period:
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• January 2004 to April 2010.

End points:

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

Pain assessment tool:

• PPI scale.

Randomization:

• 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 enrolment;

• 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 PO daily, docetaxel 75 mg/m2 IV every 3 weeks, prednisone 5 mg PO
daily;

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

Outcomes Reported and analyzed in this review:

• overall survival;

• PFS and disease progression;

• pain response;

• adverse events.

Funding sources Funding sources:

• Sanofi-Aventis, Gouda, the Netherlands.

Meulenbeld 2012  (Continued)
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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

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) 
All outcomes

High risk Quote: "This randomised, open label, phase II/III trial [...]."

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

Unclear risk Quote: "This randomised, open label, phase II/III trial [...]."

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

High risk Quote: "This randomised, open label, phase II/III trial [...]."

Incomplete outcome data
(attrition bias)

Low risk All participants with bone metastasis from prostate cancer were included in
the analysis of efficacy and safety.

Selective reporting (re-
porting bias)

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

Other bias Unclear risk Quote: "Funding was provided by Grants from Sanofi-Aventis."

Meulenbeld 2012  (Continued)

 
 

Methods Recruitment period:

• June 2008 to April 2010.

End points:

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

Pain assessment tool:

• 10-cm VAS.

Randomization:

• intervention vs control.

Participants Eligibility criteria:

Pan 2014 
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• 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 enrolment;

• previous chemotherapy;

• radiation therapy or surgery to metastatic bone lesions within 1 month at time of study enrolment;

• 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 PO daily, supplemental vitamin D 400 IU PO
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 PO daily, supplemental vitamin D 400 IU PO daily.

Outcomes Reported and analyzed in this review:

• overall survival;

• SREs;

• PFS and disease progression;

• pain response;

• adverse events;

• analgesic consumption.

Funding sources Funding sources:

• Wenzhou science bureau project.

Declarations of interest Conflicts of interest:

• none of the authors had a conflict of interest.
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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) 
All outcomes

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient report on blinding of outcome.

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

Unclear risk Insufficient report on blinding of outcome.

Incomplete outcome data
(attrition bias)

Low 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.

Other bias Low risk No further information provided.

Pan 2014  (Continued)

 
 

Methods Recruitment period:

• June 1994 to July 1998.

End points:

• 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;

• WHO performance status ≤ 2;

PR05 
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• 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, n = 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 PO daily up to a maximum of 3 years and standard hormone therapy;

• control: placebo PO daily and standard hormone therapy.

Outcomes Reported and analyzed in this review:

• overall survival;

• PFS and disease progression;

• pain response;

• adverse events;

• analgesic consumption.

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 report 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.

PR05  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: "Randomization was performed centrally at the MRC CTU [...] No pa-
tient information, other than their drug number and hospital, was revealed to
the pharmaceutical companies."

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

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient information on blinding of outcome assessment.

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

Unclear risk Insufficient information on blinding of outcome assessment.

Incomplete outcome data
(attrition bias)

Low risk All participants were included in the ITT analysis.

Selective reporting (re-
porting bias)

Low risk Study protocol available. All prespecified outcomes were reported.

Other bias Unclear risk Quote: "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 suffi-
cient 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 commitments regarding
this trial."

PR05  (Continued)

 
 

Methods Recruitment period:

• June 1998 to January 2001.

End points:

• 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 the participant's history;

• 3 consecutive increases in serum PSA levels despite hormone therapy;

• serum testosterone < 50 ng/dL;

• ECOG performance status ≤ 2;

• written informed consent.
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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, UK, Uruguay, US.

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 400-500 IU;

• 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 400-500 IU;

• control: placebo IV every 3 weeks for 15 months and calcium 500 mg and vitamin D 400-500 IU.

Outcomes Reported and analyzed in this review:

• overall survival;

• SREs;

• 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
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Random sequence genera-
tion (selection bias)

Low risk Quote: "The 643 patients who met the inclusion criteria after the screening vis-
it were randomly assigned to treatment according to a computer-generated
list of randomization numbers provided to each center."

Allocation concealment
(selection bias)

Unclear risk Insufficient report on allocation concealment.

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

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient report on blinding of outcome assessment.

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

Unclear risk Insufficient report on blinding of outcome assessment.

Incomplete outcome data
(attrition bias)

Low risk All participants were included in ITT analysis.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias Low risk No further information provided.

Saad 2010  (Continued)

 
 

Methods Recruitment period:

• February 1998 to November 1999.

End points:

• pain response, SREs, adverse events, analgesic consumption.

Pain assessment tool:

• numeric 11-point rating scale as part of 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;

Small 2003 
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• total bilirubin > 2.5 mg/dL;

• 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 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, INT-05: 138, CGP 032: 240; 182 in intervention group, 196 in control group.

Median age:

• intervention: 72 years;

• control: 71 years.

Country of participants:

• CGP 032: US;

• 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;

• analgesic consumption;

• 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;
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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 US)

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) 
All outcomes

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient report on blinding of outcome assessor.

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

Unclear risk Insufficient report on blinding of outcome assessor.

Incomplete outcome data
(attrition bias)

High risk Quote: "Because of protocol violations, 350 patients were included in the in-
tent-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.

Other bias Unclear risk Quote: "The following authors or their immediate family members have indi-
cated a financial interest. No conflict exists for drugs or devices used in a study
if they are not being evaluated as part of the investigation. Owns stock (not
including shares held through a public mutual fund): John Seaman, Novar-
tis Pharmaceuticals; Mildred Kowalski, Novartis Pharmaceuticals; Stephanie
Petrone, Novartis Pharmaceuticals. Acted as a consultant within the last 2
years: Matthew Smith, Novartis Pharmaceuticals; Eric Small, Novartis Pharma-
ceuticals. Received more than $2,000 a year from a company for either of the
last 2 years: John Seaman, Novartis Pharmaceuticals; Mildred Kowalski, No-
vartis Pharmaceuticals; Matthew Smith, Novartis Pharmaceuticals."

Small 2003  (Continued)

 
 

Methods Recruitment period:

• not reported.

End points:

• bone pain, analgesia consumption.

Smith 1989 
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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 PO), 14 intervention II (etidronate IV
and placebo PO), 15 intervention III (placebo IV and etidronate PO), 14 control (placebo IV and placebo
PO).

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
PO twice a day;

• intervention II: sodium etidronate 7.5 mg/kg IV daily for 3 days following 1 placebo tablet PO twice
a day;

• intervention III: placebo IV daily for 3 days following sodium etidronate 200 mg PO twice a day;

• control: placebo IV daily for 3 days following 1 placebo tablet PO twice a day.

Outcomes Reported and analyzed in this review:

• analgesic consumption.

Funding sources Funding sources:

• not reported.

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) 
All outcomes

Low risk Placebo-controlled trial.

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

Unclear risk No information on blinding of investigated outcome.

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

Unclear risk No information on blinding of investigated outcome.

Incomplete outcome data
(attrition bias)

High risk Quote: "Six patients [...] were considered unevaluable because they failed to
complete 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)

 
 

Methods Recruitment period:

• June 1993 to May 1995.

End points:

• bone pain.

Pain assessment tool:

• 10-cm 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;
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• 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 PO), 27 control (placebo IV and placebo PO).

Mean age:

• intervention: 71 years;

• control: 74 years.

Country of participants:

• not reported.

Interventions Previous interventions:

• not reported.

Interventions during study period:

• intervention: clodronate 300 mg IV daily for 3 days following clodronate 3200 mg PO daily for 4 weeks;

• control: isotonic saline IV daily for 3 days following placebo tablets PO 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 report on sequence generation.

Allocation concealment
(selection bias)

Unclear risk Insufficient information on allocation concealment.

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

Low risk Placebo-controlled trial.

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

Unclear risk Insufficient report on blinding of outcome assessor.

Strang 1997  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
Subjective outcomes

Unclear risk Insufficient report on blinding of outcome assessor.

Incomplete outcome data
(attrition bias)

High risk Different report on number of randomized participants. In the text, 55 partic-
ipants were randomized and, according to Table 1, 52 participants were ran-
domized.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available.

Other bias High risk Quote: "The study had to be prematurely terminated before the planned num-
ber of patients were included in secondary to difficulties finding enough pa-
tients according to inclusion and exclusion criteria."

"The work was supported by Leiras OY Finland and ASTRA Lakemedel Swe-
den."

Strang 1997  (Continued)

 
 

Methods Recruitment period:

• 2005-2012.

End points:

• safety, PFS, pain response, overall survival, 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;

• Hb ≥ 10 g/dL;

• neutrophil count ≥ 1500/mm3;

• platelet count ≥ 100,000/mm3;

• serum creatinine ≤ 1.5 times of ULN;

• ALT or AST ≤ 1.5 times of ULN;

• serum bilirubin ≤ 1.5 times of ULN.

Exclusion criteria:

TRAPEZE 2016 
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• 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;

• 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 PO;

• 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 PO 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 PO;

• control II: docetaxel 75 mg/m2 IV every 3 weeks (21 days/cycle, 10 cycles in total), prednisolone 10 mg
daily PO and a single dose 150-MBq strontium chloride Sr89 IV on day 28.

Outcomes Reported and analyzed in this review:

• overall survival/mortality;

• adverse events;

• SREs;

• PFS and disease progression.

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:
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◦ 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;

◦ 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 Quote: "Patients were stratified by investigation center and ECOG perfor-
mance status at trial entry in a 1:1:1:1 allocation ratio using a computerized
minimization algorithm accessed by telephone to the trials unit."

Allocation concealment
(selection bias)

Low risk Quote: "Patients were stratified by investigation center and ECOG perfor-
mance status at trial entry in a 1:1:1:1 allocation ratio using a computerized
minimization algorithm accessed by telephone to the trials unit."

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

High risk Quote: "TRAPEZE was a randomized, open-label, phase 3 trial using a 2 × 2 fac-
torial design."

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

Unclear risk Insufficient report on blinding of outcome assessment.

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

High risk Quote: "TRAPEZE was a randomized, open-label, phase 3 trial using a 2 × 2 fac-
torial design."

Incomplete outcome data
(attrition bias)

Unclear risk Insufficient report on outcome data.

Selective reporting (re-
porting bias)

High risk No report on all prespecified outcomes (e.g. QoL).

Other bias Low risk No further information provided.

TRAPEZE 2016  (Continued)

 
 

Methods Recruitment period:

• July 2006 to June 2011.

End points:

• SREs, disease progression, adverse events.

Pain assessment tool:

ZABTON-PC 
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• 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;

• Hb level > 9 mg/dL;

• serum ALT ≥ 3 times the institutional reference;

• BUN < 30 mg/dL, ≥ 3 times the institutional reference;

• serum creatinine < 3.0 mg/dL;

• serum calcium 8.5-11.5 mg/dL.

Exclusion criteria:

• 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;

• planed 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;

• overall survival;

• adverse events.

Funding sources Funding sources:

ZABTON-PC  (Continued)
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• 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) 
All outcomes

High risk Quote: "This study was under a still ongoing randomized multicenter collabo-
rative open-labeled project [...]."

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

Unclear risk Insufficient information on blinding of the outcome assessor.

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

High risk Quote: "This study was under a still ongoing randomized multicenter collabo-
rative open-labeled project [...]."

Incomplete outcome data
(attrition bias)

Low risk All participants were included in statistical analysis.

Selective reporting (re-
porting bias)

High risk No report on survival data (planned per protocol).

Other bias Low risk No further information provided.

ZABTON-PC  (Continued)

 
 

Methods Recruitment period:

• May 2008 to December 2010.

End points:

• overall survival, SREs, disease progression, adverse events.

Pain assessment tool:

• not reported.

Randomization:

• intervention vs control.

Participants Eligibility criteria:

ZAPCA 
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• 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;

• Hb ≥ 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, 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:

• "The ZAPCA trial was supported by Grant for Urologic Research No. 200040700148 from Kyoto Univer-
sity Hospital."
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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 Quote: "Computer-based randomization was conducted at the Translation-
al Research Informatics Center (TRI; Kobe, Japan) with stratification accord-
ing 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 Quote: "Computer-based randomization was conducted at the Translation-
al Research Informatics Center (TRI; Kobe, Japan) with stratification accord-
ing 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) 
All outcomes

High risk Open-label trial.

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

Unclear risk Insufficient information on blinding of outcome assessor.

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

High risk Open-label trial.

Incomplete outcome data
(attrition bias)

Low risk Quote: "All 224 patients who received at least one dose of LH–RH agonist were
included in the Safety Assessment Set (SAS)."

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 end points in their publications.

Other bias Unclear risk Quote: "The ZAPCA trial was supported by Grant for Urologic Research No.
200040700148 from Kyoto University Hospital. [...] Tomomi Kamba accepted
an honorarium from Astellas Pharma. Toshiyuki Kamoto accepted research
funding and honoraria from Astellas Pharma. Fuminori Sato accepted research
funding from Janssen Pharmaceutical and Astellas Pharma. Naoya Masumori
accepted honoraria from Novartis Pharma and Daiichi Sankyo, and research
funding from Daiichi Sankyo. Shin Egawa accepted research funding from

ZAPCA  (Continued)
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Astellas Pharma and Takeda Pharmaceutical. Hideki Sakai accepted research
funding from Astellas Pharma and Takeda Pharmaceutical, and honoraria
from Astellas Pharma and AstraZeneca. Osamu Ogawa accepted an honorari-
um from Astellas Pharma."

ZAPCA  (Continued)

ALT: alanine aminotransferase; AST: aspartate transaminase; BPI: Brief Pain Inventory; BUN: blood urea nitrogen; CNS: central nervous
system; CT: computed tomography; ECG: electrocardiogram; ECOG: Eastern Cooperative Oncology Group; Hb: hemoglobin; Inst:
institution; ITT: intention to treat; IV: intravenous; LHRH: luteinizing hormone releasing hormone; MRI: magnetic resonance imaging; PFS:
progression-free survival; PO: orally; PPI: Present Pain Intensity; PSA: prostate-specific antigen; QoL: quality of life; SRE: skeletal-related
event; ULN: upper limit of normal; VAS: visual analog scale; WHO: World Health Organization.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adami 1985 No control arm.

Adami 1989 Active control group with different dosages of clodronate.

BO18039 No subgroup analysis for men with prostate cancer.

CALGB 70604 No subgroup analysis for men with prostate cancer.

Carey 1988 No control arm.

Clarke 1991 No control arm.

Cresswell 1995 No control arm.

Fernandez-Conde 1997 Randomized controlled study with histomorphometric outcomes. Pain not an outcome.

Fizazi 2009 Bisphosphonates compared to denosumab.

Fizazi 2011 Bisphosphonates compared to denosumab.

Heidenreich 2001 Non-randomized study.

Heidenreich 2002 Non-randomized study.

Jagdev 2001 Randomized study comparing intravenous pamidronate with oral clodronate in a mixed tumor
population. Not specific for prostate cancer.

Kylmala 1994 No control arm.

Magnusson 1998 Randomized controlled study with biochemical outcomes, clinical outcomes including pain were
reported in another article by Strang 1997, 1 of the included studies.

MER-101-03 Active control groups on different administration routes of zoledronic acid.

NCT00242567 Participants in both arms received zoledronic acid, early or delayed, no results for the comparison
before receiving delayed treatment.

Pelger 1998 No control arm.

STAMPEDE Participants with and without bone metastases included, no subgroup results for people with
metastases.
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Study Reason for exclusion

Taube 1994 Randomized controlled study with histomorphometric outcomes. Pain not an outcome.

Vorreuther 1992 No control arm.

Vorreuther 1993 No control arm.

Wang 2013 Active control group with other bisphosphonate (zoledronic acid).

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Bisphosphonates versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Proportion of participants with pain
response

3 876 Risk Ratio (M-H, Fixed, 95%
CI)

1.15 [0.93, 1.43]

2 Skeletal-related events: any 9 3153 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.81, 0.94]

3 Skeletal-related events: pathologic
fracture

6 2226 Risk Ratio (M-H, Fixed, 95%
CI)

0.68 [0.53, 0.87]

4 Skeletal-related events: pathologic
fractures: vertebral fracture

2 993 Risk Ratio (M-H, Fixed, 95%
CI)

0.84 [0.52, 1.36]

5 Skeletal-related events: pathologic
fractures: non-vertebral fracture

2 993 Risk Ratio (M-H, Fixed, 95%
CI)

0.76 [0.53, 1.10]

6 Skeletal-related events: spinal cord
compression

6 2226 Risk Ratio (M-H, Fixed, 95%
CI)

0.67 [0.50, 0.89]

7 Skeletal-related events: bone radia-
tion therapy

6 1696 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.77, 1.06]

8 Skeletal-related events: bone surgery 5 1915 Risk Ratio (M-H, Fixed, 95%
CI)

0.50 [0.29, 0.86]

9 Mortality 9 2450 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.91, 1.04]

10 Adverse events: nausea 9 3008 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [1.00, 1.41]

11 Adverse events: renal 7 1794 Risk Ratio (M-H, Fixed, 95%
CI)

1.65 [1.11, 2.46]

12 Adverse events: bone pain 5 1445 Risk Ratio (M-H, Fixed, 95%
CI)

0.93 [0.81, 1.06]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

13 Adverse events: osteonecrosis of
the jaw

5 1626 Risk Ratio (M-H, Fixed, 95%
CI)

1.92 [0.75, 4.90]

14 Proportion of participants with de-
creased analgesic consumption

4 416 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [0.87, 1.63]

15 Proportion of participants with dis-
ease progression

7 2115 Risk Ratio (M-H, Fixed, 95%
CI)

0.94 [0.90, 0.98]

16 Sensitivity analysis: pain response
(low risk of bias vs high risk of bias)

3 876 Risk Ratio (M-H, Fixed, 95%
CI)

1.15 [0.93, 1.43]

16.1 Low risk of bias 1 227 Risk Ratio (M-H, Fixed, 95%
CI)

1.23 [0.80, 1.89]

16.2 High risk of bias 2 649 Risk Ratio (M-H, Fixed, 95%
CI)

1.13 [0.88, 1.44]

17 Subgroup analysis: pain response
(amino-bisphosphonate vs non-amino-
bisphosphonate)

3 876 Risk Ratio (M-H, Fixed, 95%
CI)

1.15 [0.93, 1.43]

17.1 Amino-bisphosphonate 1 592 Risk Ratio (M-H, Fixed, 95%
CI)

1.12 [0.87, 1.44]

17.2 Non-amino-bisphosphonate 2 284 Risk Ratio (M-H, Fixed, 95%
CI)

1.23 [0.81, 1.87]

18 Subgroup analysis: pain response
(route of administration)

3 876 Risk Ratio (M-H, Fixed, 95%
CI)

1.15 [0.93, 1.43]

18.1 Oral 1 592 Risk Ratio (M-H, Fixed, 95%
CI)

1.12 [0.87, 1.44]

18.2 Intravenous 2 284 Risk Ratio (M-H, Fixed, 95%
CI)

1.23 [0.81, 1.87]

19 Sensitivity analysis: skeletal-related
events (low risk of bias vs high risk of
bias)

9 3153 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.81, 0.94]

19.1 Low risk of bias 5 1767 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.81, 0.99]

19.2 High risk of bias 4 1386 Risk Ratio (M-H, Fixed, 95%
CI)

0.84 [0.75, 0.94]

20 Sensitivity analysis: skeletal-relat-
ed events (full-text vs abstract publica-
tion)

9 3153 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.81, 0.94]

20.1 Full-text publication 8 3093 Risk Ratio (M-H, Fixed, 95%
CI)

0.88 [0.81, 0.95]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

20.2 Abstract publication 1 60 Risk Ratio (M-H, Fixed, 95%
CI)

0.40 [0.12, 1.37]

21 Subgroup analysis: skeletal-related
events (amino-bisphosphonate versus
non-amino-bisphosphonate)

9 3153 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.81, 0.94]

21.1 Amino-bisphosphonate 8 2842 Risk Ratio (M-H, Fixed, 95%
CI)

0.86 [0.79, 0.94]

21.2 Non-amino-bisphosphonate 1 311 Risk Ratio (M-H, Fixed, 95%
CI)

0.92 [0.78, 1.09]

22 Subgroup analysis: skeletal-related
events (route of administration)

9 3153 Risk Ratio (M-H, Fixed, 95%
CI)

0.87 [0.81, 0.94]

22.1 Oral 2 374 Risk Ratio (M-H, Fixed, 95%
CI)

0.92 [0.78, 1.09]

22.2 Intravenous 7 2779 Risk Ratio (M-H, Fixed, 95%
CI)

0.86 [0.79, 0.94]

23 Sensitivity analysis: mortality (low
risk of bias vs high risk of bias))

9 2450 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.91, 1.04]

23.1 Low risk of bias 6 1420 Risk Ratio (M-H, Fixed, 95%
CI)

0.93 [0.85, 1.02]

23.2 High risk of bias 3 1030 Risk Ratio (M-H, Fixed, 95%
CI)

1.04 [0.94, 1.15]

24 Sensitivity analysis: mortality (full-
text vs abstract publication)

9 2450 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.91, 1.04]

24.1 Full-text publication 8 2390 Risk Ratio (M-H, Fixed, 95%
CI)

0.98 [0.91, 1.04]

24.2 Abstract publication 1 60 Risk Ratio (M-H, Fixed, 95%
CI)

0.80 [0.32, 2.03]

25 Subgroup analysis: mortality
(amino-bisphosphonate vs non-amino-
bisphosphonate)

9 2450 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.91, 1.04]

25.1 Amino-bisphosphonate 5 1738 Risk Ratio (M-H, Fixed, 95%
CI)

0.98 [0.90, 1.07]

25.2 Non-amino-bisphosphonate 4 712 Risk Ratio (M-H, Fixed, 95%
CI)

0.96 [0.87, 1.06]

26 Subgroup analysis: mortality (route
of administration)

9 2450 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.91, 1.04]

26.1 Oral 5 1140 Risk Ratio (M-H, Fixed, 95%
CI)

1.02 [0.95, 1.11]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

26.2 Intravenous 4 1310 Risk Ratio (M-H, Fixed, 95%
CI)

0.91 [0.81, 1.02]

27 Sensitivity analysis: adverse event:
nausea (low risk of bias vs high risk of
bias)

9 3008 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [1.00, 1.41]

27.1 Low risk of bias 7 2042 Risk Ratio (M-H, Fixed, 95%
CI)

1.18 [0.99, 1.40]

27.2 High risk of bias 2 966 Risk Ratio (M-H, Fixed, 95%
CI)

1.41 [0.49, 4.03]

28 Subgroup analysis: adverse event:
nausea (amino-bisphosphonate vs
non-amino-bisphosphonate)

9 3008 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [1.00, 1.41]

28.1 Amino-bisphosphonate 5 2332 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [0.98, 1.45]

28.2 Non-amino-bisphosphonate 4 676 Risk Ratio (M-H, Fixed, 95%
CI)

1.18 [0.83, 1.68]

29 Subgroup analysis: adverse event:
nausea (route of administration)

9 3008 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [1.00, 1.41]

29.1 Oral 4 1059 Risk Ratio (M-H, Fixed, 95%
CI)

1.15 [0.80, 1.67]

29.2 Intravenous 5 1949 Risk Ratio (M-H, Fixed, 95%
CI)

1.20 [0.99, 1.45]

30 Sensitivity analysis: renal (low risk
of bias vs high risk of bias)

7 1794 Risk Ratio (M-H, Fixed, 95%
CI)

1.65 [1.11, 2.46]

30.1 Low risk of bias 5 1498 Risk Ratio (M-H, Fixed, 95%
CI)

1.59 [1.06, 2.40]

30.2 High risk of bias 2 296 Risk Ratio (M-H, Fixed, 95%
CI)

3.0 [0.48, 18.65]

31 Subgroup analysis: renal (amino-
bisphosphonate vs non-amino-bispho-
sphonate)

7 1794 Risk Ratio (M-H, Fixed, 95%
CI)

1.65 [1.11, 2.46]

31.1 Amino-bisphosphonate 5 1662 Risk Ratio (M-H, Fixed, 95%
CI)

1.63 [1.09, 2.44]

31.2 Non-amino-bisphosphonate 2 132 Risk Ratio (M-H, Fixed, 95%
CI)

3.24 [0.14, 77.15]

32 Subgroup analysis: renal (route of
administration)

7 1794 Risk Ratio (M-H, Fixed, 95%
CI)

1.65 [1.11, 2.46]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

32.1 Oral 3 204 Risk Ratio (M-H, Fixed, 95%
CI)

2.40 [0.37, 15.75]

32.2 Intravenous 4 1590 Risk Ratio (M-H, Fixed, 95%
CI)

1.62 [1.07, 2.44]

 
 

Analysis 1.1.   Comparison 1 Bisphosphonates versus control,
Outcome 1 Proportion of participants with pain response.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ernst 2003 34/115 27/112 24.22% 1.23[0.8,1.89]

Meulenbeld 2012 91/291 84/301 73.11% 1.12[0.87,1.44]

Smith 1989 8/43 2/14 2.67% 1.3[0.31,5.43]

   

Total (95% CI) 449 427 100% 1.15[0.93,1.43]

Total events: 133 (Bisphosphonates), 113 (Control)  

Heterogeneity: Tau2=0; Chi2=0.16, df=2(P=0.93); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

Favors control 100.1 50.2 20.5 1 Favors bisphosphonates

 
 

Analysis 1.2.   Comparison 1 Bisphosphonates versus control, Outcome 2 Skeletal-related events: any.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

ZABTON-PC 3/29 8/31 1.07% 0.4[0.12,1.37]

ZAPCA 12/109 29/110 4% 0.42[0.22,0.78]

Pan 2014 6/53 8/52 1.12% 0.74[0.27,1.97]

Saad 2010 172/435 101/208 18.95% 0.81[0.68,0.98]

TRAPEZE 2016 203/376 234/381 32.23% 0.88[0.78,0.99]

PR05 94/155 103/156 14.23% 0.92[0.78,1.09]

CALGB 90202 147/323 152/322 21.11% 0.96[0.82,1.14]

GU02-4 8/32 8/31 1.13% 0.97[0.42,2.26]

Small 2003 42/169 46/181 6.16% 0.98[0.68,1.4]

   

Total (95% CI) 1681 1472 100% 0.87[0.81,0.94]

Total events: 687 (Bisphosphonates), 689 (Control)  

Heterogeneity: Tau2=0; Chi2=9.87, df=8(P=0.27); I2=18.92%  

Test for overall effect: Z=3.52(P=0)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Analysis 1.3.   Comparison 1 Bisphosphonates versus control,
Outcome 3 Skeletal-related events: pathologic fracture.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Pan 2014 1/53 3/52 2.35% 0.33[0.04,3.04]

PR05 8/155 11/156 8.52% 0.73[0.3,1.77]

Saad 2010 61/435 46/208 48.35% 0.63[0.45,0.9]

Small 2003 25/169 22/181 16.5% 1.22[0.71,2.07]

TRAPEZE 2016 12/376 30/381 23.15% 0.41[0.21,0.78]

ZABTON-PC 0/29 1/31 1.13% 0.36[0.02,8.39]

   

Total (95% CI) 1217 1009 100% 0.68[0.53,0.87]

Total events: 107 (Bisphosphonates), 113 (Control)  

Heterogeneity: Tau2=0; Chi2=7.75, df=5(P=0.17); I2=35.49%  

Test for overall effect: Z=3.09(P=0)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.4.   Comparison 1 Bisphosphonates versus control, Outcome
4 Skeletal-related events: pathologic fractures: vertebral fracture.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saad 2010 25/435 17/208 70.43% 0.7[0.39,1.27]

Small 2003 11/169 10/181 29.57% 1.18[0.51,2.7]

   

Total (95% CI) 604 389 100% 0.84[0.52,1.36]

Total events: 36 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.98, df=1(P=0.32); I2=0%  

Test for overall effect: Z=0.7(P=0.49)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.5.   Comparison 1 Bisphosphonates versus control, Outcome
5 Skeletal-related events: pathologic fractures: non-vertebral fracture.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saad 2010 44/435 33/208 79.39% 0.64[0.42,0.97]

Small 2003 14/169 12/181 20.61% 1.25[0.59,2.62]

   

Total (95% CI) 604 389 100% 0.76[0.53,1.1]

Total events: 58 (Bisphosphonates), 45 (Control)  

Heterogeneity: Tau2=0; Chi2=2.4, df=1(P=0.12); I2=58.35%  

Test for overall effect: Z=1.46(P=0.14)  

Favors bisphosphonates 1000.01 100.1 1 Favors control
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Analysis 1.6.   Comparison 1 Bisphosphonates versus control,
Outcome 6 Skeletal-related events: spinal cord compression.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Pan 2014 1/53 0/52 0.48% 2.94[0.12,70.67]

PR05 15/155 19/156 18.16% 0.79[0.42,1.51]

Saad 2010 20/435 14/208 18.16% 0.68[0.35,1.33]

Small 2003 5/169 3/181 2.78% 1.79[0.43,7.35]

TRAPEZE 2016 34/376 61/381 58.1% 0.56[0.38,0.84]

ZABTON-PC 0/29 2/31 2.32% 0.21[0.01,4.26]

   

Total (95% CI) 1217 1009 100% 0.67[0.5,0.89]

Total events: 75 (Bisphosphonates), 99 (Control)  

Heterogeneity: Tau2=0; Chi2=4.23, df=5(P=0.52); I2=0%  

Test for overall effect: Z=2.78(P=0.01)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.7.   Comparison 1 Bisphosphonates versus control,
Outcome 7 Skeletal-related events: bone radiation therapy.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ernst 2003 18/115 16/112 7.5% 1.1[0.59,2.04]

Pan 2014 3/53 4/52 1.87% 0.74[0.17,3.13]

PR05 71/155 75/156 34.58% 0.95[0.75,1.21]

Saad 2010 102/435 61/208 38.18% 0.8[0.61,1.05]

Small 2003 33/169 36/181 16.08% 0.98[0.64,1.5]

ZABTON-PC 3/29 4/31 1.79% 0.8[0.2,3.28]

   

Total (95% CI) 956 740 100% 0.9[0.77,1.06]

Total events: 230 (Bisphosphonates), 196 (Control)  

Heterogeneity: Tau2=0; Chi2=1.6, df=5(P=0.9); I2=0%  

Test for overall effect: Z=1.26(P=0.21)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.8.   Comparison 1 Bisphosphonates versus control, Outcome 8 Skeletal-related events: bone surgery.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Pan 2014 0/53 0/52   Not estimable

Saad 2010 11/435 7/208 25.2% 0.75[0.3,1.91]

Small 2003 5/169 6/181 15.42% 0.89[0.28,2.87]

TRAPEZE 2016 6/376 21/381 55.51% 0.29[0.12,0.71]

ZABTON-PC 0/29 1/31 3.86% 0.36[0.02,8.39]

   

Total (95% CI) 1062 853 100% 0.5[0.29,0.86]

Favors bisphosphonates 1000.01 100.1 1 Favors control
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 22 (Bisphosphonates), 35 (Control)  

Heterogeneity: Tau2=0; Chi2=3.15, df=3(P=0.37); I2=4.65%  

Test for overall effect: Z=2.49(P=0.01)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.9.   Comparison 1 Bisphosphonates versus control, Outcome 9 Mortality.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 134/323 151/322 23.78% 0.88[0.74,1.05]

Elomaa 1992 12/36 10/39 1.51% 1.3[0.64,2.63]

Ernst 2003 87/115 89/112 14.18% 0.95[0.83,1.1]

GU02-4 7/32 7/31 1.12% 0.97[0.38,2.44]

Kylmala 1993 15/50 10/49 1.59% 1.47[0.73,2.95]

Meulenbeld 2012 221/291 215/301 33.24% 1.06[0.97,1.17]

PR05 111/155 124/156 19.44% 0.9[0.79,1.02]

Small 2003 22/182 26/196 3.94% 0.91[0.54,1.55]

ZABTON-PC 6/29 8/31 1.22% 0.8[0.32,2.03]

   

Total (95% CI) 1213 1237 100% 0.97[0.91,1.04]

Total events: 615 (Bisphosphonates), 640 (Control)  

Heterogeneity: Tau2=0; Chi2=8.12, df=8(P=0.42); I2=1.46%  

Test for overall effect: Z=0.78(P=0.43)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.10.   Comparison 1 Bisphosphonates versus control, Outcome 10 Adverse events: nausea.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 0/310 1/308 0.89% 0.33[0.01,8.1]

Ernst 2003 9/104 7/105 4.11% 1.3[0.5,3.36]

Kylmala 1993 6/50 7/49 4.17% 0.84[0.3,2.32]

Kylmala 1997 9/28 12/29 6.96% 0.78[0.39,1.55]

Meulenbeld 2012 3/291 3/301 1.74% 1.03[0.21,5.08]

Pan 2014 13/53 11/52 6.56% 1.16[0.57,2.35]

PR05 31/155 21/156 12.36% 1.49[0.89,2.47]

Saad 2010 192/435 77/208 61.51% 1.19[0.97,1.47]

Small 2003 5/180 3/194 1.7% 1.8[0.44,7.41]

   

Total (95% CI) 1606 1402 100% 1.19[1,1.41]

Total events: 268 (Bisphosphonates), 142 (Control)  

Heterogeneity: Tau2=0; Chi2=3.65, df=8(P=0.89); I2=0%  

Test for overall effect: Z=1.96(P=0.05)  

Favors bisphosphonates 1000.01 100.1 1 Favors control
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Analysis 1.11.   Comparison 1 Bisphosphonates versus control, Outcome 11 Adverse events: renal.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 3/310 2/308 5.5% 1.49[0.25,8.86]

Elomaa 1992 1/36 0/39 1.32% 3.24[0.14,77.15]

Figg 2005 2/36 1/36 2.74% 2[0.19,21.09]

Kylmala 1997 0/28 0/29   Not estimable

Pan 2014 0/53 0/52   Not estimable

Saad 2010 79/435 24/208 89.06% 1.57[1.03,2.41]

ZAPCA 2/112 0/112 1.37% 5[0.24,102.99]

   

Total (95% CI) 1010 784 100% 1.65[1.11,2.46]

Total events: 87 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.78, df=4(P=0.94); I2=0%  

Test for overall effect: Z=2.46(P=0.01)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.12.   Comparison 1 Bisphosphonates versus control, Outcome 12 Adverse events: bone pain.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kylmala 1997 2/28 1/29 0.52% 2.07[0.2,21.58]

PR05 1/155 3/156 1.57% 0.34[0.04,3.19]

Saad 2010 241/435 127/208 90.3% 0.91[0.79,1.04]

Small 2003 10/180 4/194 2.02% 2.69[0.86,8.44]

ZABTON-PC 7/29 11/31 5.59% 0.68[0.31,1.52]

   

Total (95% CI) 827 618 100% 0.93[0.81,1.06]

Total events: 261 (Bisphosphonates), 146 (Control)  

Heterogeneity: Tau2=0; Chi2=5.26, df=4(P=0.26); I2=23.99%  

Test for overall effect: Z=1.07(P=0.29)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.13.   Comparison 1 Bisphosphonates versus control, Outcome 13 Adverse events: osteonecrosis of the jaw.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 10/323 6/322 92.32% 1.66[0.61,4.52]

Meulenbeld 2012 0/291 0/301   Not estimable

Pan 2014 0/53 0/52   Not estimable

ZABTON-PC 0/29 0/31   Not estimable

ZAPCA 2/112 0/112 7.68% 5[0.24,102.99]

   

Total (95% CI) 808 818 100% 1.92[0.75,4.9]

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 12 (Bisphosphonates), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=0.46, df=1(P=0.5); I2=0%  

Test for overall effect: Z=1.36(P=0.17)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.14.   Comparison 1 Bisphosphonates versus control, Outcome
14 Proportion of participants with decreased analgesic consumption.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Elomaa 1992 11/36 6/39 11.39% 1.99[0.82,4.82]

Ernst 2003 34/115 32/112 64.12% 1.03[0.69,1.55]

Kylmala 1997 13/28 8/29 15.54% 1.68[0.83,3.43]

Smith 1989 4/43 3/14 8.95% 0.43[0.11,1.71]

   

Total (95% CI) 222 194 100% 1.19[0.87,1.63]

Total events: 62 (Bisphosphonates), 49 (Control)  

Heterogeneity: Tau2=0; Chi2=4.73, df=3(P=0.19); I2=36.61%  

Test for overall effect: Z=1.09(P=0.28)  

Favors bisphosphonates 1000.01 100.1 1 Favors control

 
 

Analysis 1.15.   Comparison 1 Bisphosphonates versus control,
Outcome 15 Proportion of participants with disease progression.

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 211/323 230/322 27.75% 0.91[0.82,1.02]

Ernst 2003 95/104 101/105 12.11% 0.95[0.89,1.02]

Kylmala 1997 3/28 2/29 0.24% 1.55[0.28,8.61]

Meulenbeld 2012 242/283 248/286 29.71% 0.99[0.92,1.05]

Pan 2014 46/53 48/52 5.84% 0.94[0.82,1.07]

PR05 112/155 124/156 14.89% 0.91[0.8,1.03]

ZAPCA 69/109 79/110 9.47% 0.88[0.73,1.06]

   

Total (95% CI) 1055 1060 100% 0.94[0.9,0.98]

Total events: 778 (Bisphosphonates), 832 (Control)  

Heterogeneity: Tau2=0; Chi2=3.49, df=6(P=0.75); I2=0%  

Test for overall effect: Z=2.74(P=0.01)  

Favors bisphosphonates 20.5 1.50.7 1 Favors control
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Analysis 1.16.   Comparison 1 Bisphosphonates versus control, Outcome
16 Sensitivity analysis: pain response (low risk of bias vs high risk of bias).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.16.1 Low risk of bias  

Ernst 2003 34/115 27/112 24.22% 1.23[0.8,1.89]

Subtotal (95% CI) 115 112 24.22% 1.23[0.8,1.89]

Total events: 34 (Bisphosphonates), 27 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.92(P=0.36)  

   

1.16.2 High risk of bias  

Meulenbeld 2012 91/291 84/301 73.11% 1.12[0.87,1.44]

Smith 1989 8/43 2/14 2.67% 1.3[0.31,5.43]

Subtotal (95% CI) 334 315 75.78% 1.13[0.88,1.44]

Total events: 99 (Bisphosphonates), 86 (Control)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.84); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

   

Total (95% CI) 449 427 100% 1.15[0.93,1.43]

Total events: 133 (Bisphosphonates), 113 (Control)  

Heterogeneity: Tau2=0; Chi2=0.16, df=2(P=0.93); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.74), I2=0%  

Favors control 100.1 50.2 20.5 1 Favors bisphosphonates

 
 

Analysis 1.17.   Comparison 1 Bisphosphonates versus control, Outcome 17 Subgroup
analysis: pain response (amino-bisphosphonate vs non-amino-bisphosphonate).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.17.1 Amino-bisphosphonate  

Meulenbeld 2012 91/291 84/301 73.11% 1.12[0.87,1.44]

Subtotal (95% CI) 291 301 73.11% 1.12[0.87,1.44]

Total events: 91 (Bisphosphonates), 84 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

   

1.17.2 Non-amino-bisphosphonate  

Ernst 2003 34/115 27/112 24.22% 1.23[0.8,1.89]

Smith 1989 8/43 2/14 2.67% 1.3[0.31,5.43]

Subtotal (95% CI) 158 126 26.89% 1.23[0.81,1.87]

Total events: 42 (Bisphosphonates), 29 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%  

Test for overall effect: Z=0.99(P=0.32)  

   

Total (95% CI) 449 427 100% 1.15[0.93,1.43]

Total events: 133 (Bisphosphonates), 113 (Control)  

Heterogeneity: Tau2=0; Chi2=0.16, df=2(P=0.93); I2=0%  

Favors control 100.1 50.2 20.5 1 Favors bisphosphonates
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.29(P=0.2)  

Test for subgroup differences: Chi2=0.15, df=1 (P=0.7), I2=0%  

Favors control 100.1 50.2 20.5 1 Favors bisphosphonates

 
 

Analysis 1.18.   Comparison 1 Bisphosphonates versus control, Outcome
18 Subgroup analysis: pain response (route of administration).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.18.1 Oral  

Meulenbeld 2012 91/291 84/301 73.11% 1.12[0.87,1.44]

Subtotal (95% CI) 291 301 73.11% 1.12[0.87,1.44]

Total events: 91 (Bisphosphonates), 84 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.9(P=0.37)  

   

1.18.2 Intravenous  

Ernst 2003 34/115 27/112 24.22% 1.23[0.8,1.89]

Smith 1989 8/43 2/14 2.67% 1.3[0.31,5.43]

Subtotal (95% CI) 158 126 26.89% 1.23[0.81,1.87]

Total events: 42 (Bisphosphonates), 29 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%  

Test for overall effect: Z=0.99(P=0.32)  

   

Total (95% CI) 449 427 100% 1.15[0.93,1.43]

Total events: 133 (Bisphosphonates), 113 (Control)  

Heterogeneity: Tau2=0; Chi2=0.16, df=2(P=0.93); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

Test for subgroup differences: Chi2=0.15, df=1 (P=0.7), I2=0%  

Favors control 100.1 50.2 20.5 1 Favors bisphosphonates

 
 

Analysis 1.19.   Comparison 1 Bisphosphonates versus control, Outcome 19
Sensitivity analysis: skeletal-related events (low risk of bias vs high risk of bias).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.19.1 Low risk of bias  

CALGB 90202 147/323 152/322 21.11% 0.96[0.82,1.14]

GU02-4 8/32 8/31 1.13% 0.97[0.42,2.26]

Pan 2014 6/53 8/52 1.12% 0.74[0.27,1.97]

PR05 94/155 103/156 14.23% 0.92[0.78,1.09]

Saad 2010 172/435 101/208 18.95% 0.81[0.68,0.98]

Subtotal (95% CI) 998 769 56.54% 0.9[0.81,0.99]

Total events: 427 (Bisphosphonates), 372 (Control)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=2.07, df=4(P=0.72); I2=0%  

Test for overall effect: Z=2.11(P=0.03)  

   

1.19.2 High risk of bias  

Small 2003 42/169 46/181 6.16% 0.98[0.68,1.4]

TRAPEZE 2016 203/376 234/381 32.23% 0.88[0.78,0.99]

ZABTON-PC 3/29 8/31 1.07% 0.4[0.12,1.37]

ZAPCA 12/109 29/110 4% 0.42[0.22,0.78]

Subtotal (95% CI) 683 703 43.46% 0.84[0.75,0.94]

Total events: 260 (Bisphosphonates), 317 (Control)  

Heterogeneity: Tau2=0; Chi2=7.53, df=3(P=0.06); I2=60.16%  

Test for overall effect: Z=2.93(P=0)  

   

Total (95% CI) 1681 1472 100% 0.87[0.81,0.94]

Total events: 687 (Bisphosphonates), 689 (Control)  

Heterogeneity: Tau2=0; Chi2=9.87, df=8(P=0.27); I2=18.92%  

Test for overall effect: Z=3.52(P=0)  

Test for subgroup differences: Chi2=0.75, df=1 (P=0.39), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.20.   Comparison 1 Bisphosphonates versus control, Outcome 20
Sensitivity analysis: skeletal-related events (full-text vs abstract publication).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.20.1 Full-text publication  

CALGB 90202 147/323 152/322 21.11% 0.96[0.82,1.14]

GU02-4 8/32 8/31 1.13% 0.97[0.42,2.26]

Pan 2014 6/53 8/52 1.12% 0.74[0.27,1.97]

PR05 94/155 103/156 14.23% 0.92[0.78,1.09]

Saad 2010 172/435 101/208 18.95% 0.81[0.68,0.98]

Small 2003 42/169 46/181 6.16% 0.98[0.68,1.4]

TRAPEZE 2016 203/376 234/381 32.23% 0.88[0.78,0.99]

ZAPCA 12/109 29/110 4% 0.42[0.22,0.78]

Subtotal (95% CI) 1652 1441 98.93% 0.88[0.81,0.95]

Total events: 684 (Bisphosphonates), 681 (Control)  

Heterogeneity: Tau2=0; Chi2=8.22, df=7(P=0.31); I2=14.87%  

Test for overall effect: Z=3.37(P=0)  

   

1.20.2 Abstract publication  

ZABTON-PC 3/29 8/31 1.07% 0.4[0.12,1.37]

Subtotal (95% CI) 29 31 1.07% 0.4[0.12,1.37]

Total events: 3 (Bisphosphonates), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.14)  

   

Total (95% CI) 1681 1472 100% 0.87[0.81,0.94]

Total events: 687 (Bisphosphonates), 689 (Control)  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=9.87, df=8(P=0.27); I2=18.92%  

Test for overall effect: Z=3.52(P=0)  

Test for subgroup differences: Chi2=1.56, df=1 (P=0.21), I2=35.93%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.21.   Comparison 1 Bisphosphonates versus control, Outcome 21 Subgroup
analysis: skeletal-related events (amino-bisphosphonate versus non-amino-bisphosphonate).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.21.1 Amino-bisphosphonate  

CALGB 90202 147/323 152/322 21.11% 0.96[0.82,1.14]

GU02-4 8/32 8/31 1.13% 0.97[0.42,2.26]

Pan 2014 6/53 8/52 1.12% 0.74[0.27,1.97]

Saad 2010 172/435 101/208 18.95% 0.81[0.68,0.98]

Small 2003 42/169 46/181 6.16% 0.98[0.68,1.4]

TRAPEZE 2016 203/376 234/381 32.23% 0.88[0.78,0.99]

ZABTON-PC 3/29 8/31 1.07% 0.4[0.12,1.37]

ZAPCA 12/109 29/110 4% 0.42[0.22,0.78]

Subtotal (95% CI) 1526 1316 85.77% 0.86[0.79,0.94]

Total events: 593 (Bisphosphonates), 586 (Control)  

Heterogeneity: Tau2=0; Chi2=9.59, df=7(P=0.21); I2=26.98%  

Test for overall effect: Z=3.39(P=0)  

   

1.21.2 Non-amino-bisphosphonate  

PR05 94/155 103/156 14.23% 0.92[0.78,1.09]

Subtotal (95% CI) 155 156 14.23% 0.92[0.78,1.09]

Total events: 94 (Bisphosphonates), 103 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.98(P=0.33)  

   

Total (95% CI) 1681 1472 100% 0.87[0.81,0.94]

Total events: 687 (Bisphosphonates), 689 (Control)  

Heterogeneity: Tau2=0; Chi2=9.87, df=8(P=0.27); I2=18.92%  

Test for overall effect: Z=3.52(P=0)  

Test for subgroup differences: Chi2=0.39, df=1 (P=0.53), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.22.   Comparison 1 Bisphosphonates versus control, Outcome
22 Subgroup analysis: skeletal-related events (route of administration).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.22.1 Oral  
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

GU02-4 8/32 8/31 1.13% 0.97[0.42,2.26]

PR05 94/155 103/156 14.23% 0.92[0.78,1.09]

Subtotal (95% CI) 187 187 15.36% 0.92[0.78,1.09]

Total events: 102 (Bisphosphonates), 111 (Control)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.9); I2=0%  

Test for overall effect: Z=0.94(P=0.35)  

   

1.22.2 Intravenous  

CALGB 90202 147/323 152/322 21.11% 0.96[0.82,1.14]

Pan 2014 6/53 8/52 1.12% 0.74[0.27,1.97]

Saad 2010 172/435 101/208 18.95% 0.81[0.68,0.98]

Small 2003 42/169 46/181 6.16% 0.98[0.68,1.4]

TRAPEZE 2016 203/376 234/381 32.23% 0.88[0.78,0.99]

ZABTON-PC 3/29 8/31 1.07% 0.4[0.12,1.37]

ZAPCA 12/109 29/110 4% 0.42[0.22,0.78]

Subtotal (95% CI) 1494 1285 84.64% 0.86[0.79,0.94]

Total events: 585 (Bisphosphonates), 578 (Control)  

Heterogeneity: Tau2=0; Chi2=9.54, df=6(P=0.15); I2=37.1%  

Test for overall effect: Z=3.41(P=0)  

   

Total (95% CI) 1681 1472 100% 0.87[0.81,0.94]

Total events: 687 (Bisphosphonates), 689 (Control)  

Heterogeneity: Tau2=0; Chi2=9.87, df=8(P=0.27); I2=18.92%  

Test for overall effect: Z=3.52(P=0)  

Test for subgroup differences: Chi2=0.47, df=1 (P=0.49), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.23.   Comparison 1 Bisphosphonates versus control, Outcome
23 Sensitivity analysis: mortality (low risk of bias vs high risk of bias)).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.23.1 Low risk of bias  

CALGB 90202 134/323 151/322 23.78% 0.88[0.74,1.05]

Elomaa 1992 12/36 10/39 1.51% 1.3[0.64,2.63]

Ernst 2003 87/115 89/112 14.18% 0.95[0.83,1.1]

GU02-4 7/32 7/31 1.12% 0.97[0.38,2.44]

Kylmala 1993 15/50 10/49 1.59% 1.47[0.73,2.95]

PR05 111/155 124/156 19.44% 0.9[0.79,1.02]

Subtotal (95% CI) 711 709 61.61% 0.93[0.85,1.02]

Total events: 366 (Bisphosphonates), 391 (Control)  

Heterogeneity: Tau2=0; Chi2=3.21, df=5(P=0.67); I2=0%  

Test for overall effect: Z=1.53(P=0.13)  

   

1.23.2 High risk of bias  

Meulenbeld 2012 221/291 215/301 33.24% 1.06[0.97,1.17]

Small 2003 22/182 26/196 3.94% 0.91[0.54,1.55]

ZABTON-PC 6/29 8/31 1.22% 0.8[0.32,2.03]
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 502 528 38.39% 1.04[0.94,1.15]

Total events: 249 (Bisphosphonates), 249 (Control)  

Heterogeneity: Tau2=0; Chi2=0.75, df=2(P=0.69); I2=0%  

Test for overall effect: Z=0.74(P=0.46)  

   

Total (95% CI) 1213 1237 100% 0.97[0.91,1.04]

Total events: 615 (Bisphosphonates), 640 (Control)  

Heterogeneity: Tau2=0; Chi2=8.12, df=8(P=0.42); I2=1.46%  

Test for overall effect: Z=0.78(P=0.43)  

Test for subgroup differences: Chi2=2.46, df=1 (P=0.12), I2=59.4%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.24.   Comparison 1 Bisphosphonates versus control, Outcome
24 Sensitivity analysis: mortality (full-text vs abstract publication).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.24.1 Full-text publication  

CALGB 90202 134/323 151/322 23.78% 0.88[0.74,1.05]

Elomaa 1992 12/36 10/39 1.51% 1.3[0.64,2.63]

Ernst 2003 87/115 89/112 14.18% 0.95[0.83,1.1]

GU02-4 7/32 7/31 1.12% 0.97[0.38,2.44]

Kylmala 1993 15/50 10/49 1.59% 1.47[0.73,2.95]

Meulenbeld 2012 221/291 215/301 33.24% 1.06[0.97,1.17]

PR05 111/155 124/156 19.44% 0.9[0.79,1.02]

Small 2003 22/182 26/196 3.94% 0.91[0.54,1.55]

Subtotal (95% CI) 1184 1206 98.78% 0.98[0.91,1.04]

Total events: 609 (Bisphosphonates), 632 (Control)  

Heterogeneity: Tau2=0; Chi2=7.93, df=7(P=0.34); I2=11.71%  

Test for overall effect: Z=0.72(P=0.47)  

   

1.24.2 Abstract publication  

ZABTON-PC 6/29 8/31 1.22% 0.8[0.32,2.03]

Subtotal (95% CI) 29 31 1.22% 0.8[0.32,2.03]

Total events: 6 (Bisphosphonates), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.47(P=0.64)  

   

Total (95% CI) 1213 1237 100% 0.97[0.91,1.04]

Total events: 615 (Bisphosphonates), 640 (Control)  

Heterogeneity: Tau2=0; Chi2=8.12, df=8(P=0.42); I2=1.46%  

Test for overall effect: Z=0.78(P=0.43)  

Test for subgroup differences: Chi2=0.17, df=1 (P=0.68), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Analysis 1.25.   Comparison 1 Bisphosphonates versus control, Outcome 25 Subgroup
analysis: mortality (amino-bisphosphonate vs non-amino-bisphosphonate).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.25.1 Amino-bisphosphonate  

CALGB 90202 134/323 151/322 23.78% 0.88[0.74,1.05]

GU02-4 7/32 7/31 1.12% 0.97[0.38,2.44]

Meulenbeld 2012 221/291 215/301 33.24% 1.06[0.97,1.17]

Small 2003 22/182 26/196 3.94% 0.91[0.54,1.55]

ZABTON-PC 6/29 8/31 1.22% 0.8[0.32,2.03]

Subtotal (95% CI) 857 881 63.29% 0.98[0.9,1.07]

Total events: 390 (Bisphosphonates), 407 (Control)  

Heterogeneity: Tau2=0; Chi2=4.33, df=4(P=0.36); I2=7.61%  

Test for overall effect: Z=0.44(P=0.66)  

   

1.25.2 Non-amino-bisphosphonate  

Elomaa 1992 12/36 10/39 1.51% 1.3[0.64,2.63]

Ernst 2003 87/115 89/112 14.18% 0.95[0.83,1.1]

Kylmala 1993 15/50 10/49 1.59% 1.47[0.73,2.95]

PR05 111/155 124/156 19.44% 0.9[0.79,1.02]

Subtotal (95% CI) 356 356 36.71% 0.96[0.87,1.06]

Total events: 225 (Bisphosphonates), 233 (Control)  

Heterogeneity: Tau2=0; Chi2=3.16, df=3(P=0.37); I2=4.96%  

Test for overall effect: Z=0.78(P=0.44)  

   

Total (95% CI) 1213 1237 100% 0.97[0.91,1.04]

Total events: 615 (Bisphosphonates), 640 (Control)  

Heterogeneity: Tau2=0; Chi2=8.12, df=8(P=0.42); I2=1.46%  

Test for overall effect: Z=0.78(P=0.43)  

Test for subgroup differences: Chi2=0.08, df=1 (P=0.78), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.26.   Comparison 1 Bisphosphonates versus control,
Outcome 26 Subgroup analysis: mortality (route of administration).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.26.1 Oral  

Elomaa 1992 12/36 10/39 1.51% 1.3[0.64,2.63]

GU02-4 7/32 7/31 1.12% 0.97[0.38,2.44]

Kylmala 1993 15/50 10/49 1.59% 1.47[0.73,2.95]

Meulenbeld 2012 221/291 215/301 33.24% 1.06[0.97,1.17]

PR05 111/155 124/156 19.44% 0.9[0.79,1.02]

Subtotal (95% CI) 564 576 56.89% 1.02[0.95,1.11]

Total events: 366 (Bisphosphonates), 366 (Control)  

Heterogeneity: Tau2=0; Chi2=5.96, df=4(P=0.2); I2=32.84%  

Test for overall effect: Z=0.58(P=0.56)  

   

1.26.2 Intravenous  
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

CALGB 90202 134/323 151/322 23.78% 0.88[0.74,1.05]

Ernst 2003 87/115 89/112 14.18% 0.95[0.83,1.1]

Small 2003 22/182 26/196 3.94% 0.91[0.54,1.55]

ZABTON-PC 6/29 8/31 1.22% 0.8[0.32,2.03]

Subtotal (95% CI) 649 661 43.11% 0.91[0.81,1.02]

Total events: 249 (Bisphosphonates), 274 (Control)  

Heterogeneity: Tau2=0; Chi2=0.61, df=3(P=0.89); I2=0%  

Test for overall effect: Z=1.61(P=0.11)  

   

Total (95% CI) 1213 1237 100% 0.97[0.91,1.04]

Total events: 615 (Bisphosphonates), 640 (Control)  

Heterogeneity: Tau2=0; Chi2=8.12, df=8(P=0.42); I2=1.46%  

Test for overall effect: Z=0.78(P=0.43)  

Test for subgroup differences: Chi2=2.75, df=1 (P=0.1), I2=63.66%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.27.   Comparison 1 Bisphosphonates versus control, Outcome 27
Sensitivity analysis: adverse event: nausea (low risk of bias vs high risk of bias).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.27.1 Low risk of bias  

CALGB 90202 0/310 1/308 0.89% 0.33[0.01,8.1]

Ernst 2003 9/104 7/105 4.11% 1.3[0.5,3.36]

Kylmala 1993 6/50 7/49 4.17% 0.84[0.3,2.32]

Kylmala 1997 9/28 12/29 6.96% 0.78[0.39,1.55]

Pan 2014 13/53 11/52 6.56% 1.16[0.57,2.35]

PR05 31/155 21/156 12.36% 1.49[0.89,2.47]

Saad 2010 192/435 77/208 61.51% 1.19[0.97,1.47]

Subtotal (95% CI) 1135 907 96.55% 1.18[0.99,1.4]

Total events: 260 (Bisphosphonates), 136 (Control)  

Heterogeneity: Tau2=0; Chi2=3.29, df=6(P=0.77); I2=0%  

Test for overall effect: Z=1.86(P=0.06)  

   

1.27.2 High risk of bias  

Meulenbeld 2012 3/291 3/301 1.74% 1.03[0.21,5.08]

Small 2003 5/180 3/194 1.7% 1.8[0.44,7.41]

Subtotal (95% CI) 471 495 3.45% 1.41[0.49,4.03]

Total events: 8 (Bisphosphonates), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=0.26, df=1(P=0.61); I2=0%  

Test for overall effect: Z=0.64(P=0.52)  

   

Total (95% CI) 1606 1402 100% 1.19[1,1.41]

Total events: 268 (Bisphosphonates), 142 (Control)  

Heterogeneity: Tau2=0; Chi2=3.65, df=8(P=0.89); I2=0%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.74), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Analysis 1.28.   Comparison 1 Bisphosphonates versus control, Outcome 28 Subgroup
analysis: adverse event: nausea (amino-bisphosphonate vs non-amino-bisphosphonate).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.28.1 Amino-bisphosphonate  

CALGB 90202 0/310 1/308 0.89% 0.33[0.01,8.1]

Meulenbeld 2012 3/291 3/301 1.74% 1.03[0.21,5.08]

Pan 2014 13/53 11/52 6.56% 1.16[0.57,2.35]

Saad 2010 192/435 77/208 61.51% 1.19[0.97,1.47]

Small 2003 5/180 3/194 1.7% 1.8[0.44,7.41]

Subtotal (95% CI) 1269 1063 72.4% 1.19[0.98,1.45]

Total events: 213 (Bisphosphonates), 95 (Control)  

Heterogeneity: Tau2=0; Chi2=0.97, df=4(P=0.91); I2=0%  

Test for overall effect: Z=1.74(P=0.08)  

   

1.28.2 Non-amino-bisphosphonate  

Ernst 2003 9/104 7/105 4.11% 1.3[0.5,3.36]

Kylmala 1993 6/50 7/49 4.17% 0.84[0.3,2.32]

Kylmala 1997 9/28 12/29 6.96% 0.78[0.39,1.55]

PR05 31/155 21/156 12.36% 1.49[0.89,2.47]

Subtotal (95% CI) 337 339 27.6% 1.18[0.83,1.68]

Total events: 55 (Bisphosphonates), 47 (Control)  

Heterogeneity: Tau2=0; Chi2=2.67, df=3(P=0.45); I2=0%  

Test for overall effect: Z=0.93(P=0.35)  

   

Total (95% CI) 1606 1402 100% 1.19[1,1.41]

Total events: 268 (Bisphosphonates), 142 (Control)  

Heterogeneity: Tau2=0; Chi2=3.65, df=8(P=0.89); I2=0%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Chi2=0, df=1 (P=0.97), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.29.   Comparison 1 Bisphosphonates versus control, Outcome
29 Subgroup analysis: adverse event: nausea (route of administration).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.29.1 Oral  

Kylmala 1993 6/50 7/49 4.17% 0.84[0.3,2.32]

Kylmala 1997 9/28 12/29 6.96% 0.78[0.39,1.55]

Meulenbeld 2012 3/291 3/301 1.74% 1.03[0.21,5.08]

PR05 31/155 21/156 12.36% 1.49[0.89,2.47]

Subtotal (95% CI) 524 535 25.23% 1.15[0.8,1.67]

Total events: 49 (Bisphosphonates), 43 (Control)  

Heterogeneity: Tau2=0; Chi2=2.6, df=3(P=0.46); I2=0%  

Test for overall effect: Z=0.75(P=0.45)  
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.29.2 Intravenous  

CALGB 90202 0/310 1/308 0.89% 0.33[0.01,8.1]

Ernst 2003 9/104 7/105 4.11% 1.3[0.5,3.36]

Pan 2014 13/53 11/52 6.56% 1.16[0.57,2.35]

Saad 2010 192/435 77/208 61.51% 1.19[0.97,1.47]

Small 2003 5/180 3/194 1.7% 1.8[0.44,7.41]

Subtotal (95% CI) 1082 867 74.77% 1.2[0.99,1.45]

Total events: 219 (Bisphosphonates), 99 (Control)  

Heterogeneity: Tau2=0; Chi2=0.97, df=4(P=0.91); I2=0%  

Test for overall effect: Z=1.84(P=0.07)  

   

Total (95% CI) 1606 1402 100% 1.19[1,1.41]

Total events: 268 (Bisphosphonates), 142 (Control)  

Heterogeneity: Tau2=0; Chi2=3.65, df=8(P=0.89); I2=0%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.85), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.30.   Comparison 1 Bisphosphonates versus control, Outcome
30 Sensitivity analysis: renal (low risk of bias vs high risk of bias).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.30.1 Low risk of bias  

CALGB 90202 3/310 2/308 5.5% 1.49[0.25,8.86]

Elomaa 1992 1/36 0/39 1.32% 3.24[0.14,77.15]

Kylmala 1997 0/28 0/29   Not estimable

Pan 2014 0/53 0/52   Not estimable

Saad 2010 79/435 24/208 89.06% 1.57[1.03,2.41]

Subtotal (95% CI) 862 636 95.89% 1.59[1.06,2.4]

Total events: 83 (Bisphosphonates), 26 (Control)  

Heterogeneity: Tau2=0; Chi2=0.2, df=2(P=0.9); I2=0%  

Test for overall effect: Z=2.22(P=0.03)  

   

1.30.2 High risk of bias  

Figg 2005 2/36 1/36 2.74% 2[0.19,21.09]

ZAPCA 2/112 0/112 1.37% 5[0.24,102.99]

Subtotal (95% CI) 148 148 4.11% 3[0.48,18.65]

Total events: 4 (Bisphosphonates), 1 (Control)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=1.18(P=0.24)  

   

Total (95% CI) 1010 784 100% 1.65[1.11,2.46]

Total events: 87 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.78, df=4(P=0.94); I2=0%  

Test for overall effect: Z=2.46(P=0.01)  

Test for subgroup differences: Chi2=0.44, df=1 (P=0.51), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Analysis 1.31.   Comparison 1 Bisphosphonates versus control, Outcome 31
Subgroup analysis: renal (amino-bisphosphonate vs non-amino-bisphosphonate).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.31.1 Amino-bisphosphonate  

CALGB 90202 3/310 2/308 5.5% 1.49[0.25,8.86]

Figg 2005 2/36 1/36 2.74% 2[0.19,21.09]

Pan 2014 0/53 0/52   Not estimable

Saad 2010 79/435 24/208 89.06% 1.57[1.03,2.41]

ZAPCA 2/112 0/112 1.37% 5[0.24,102.99]

Subtotal (95% CI) 946 716 98.68% 1.63[1.09,2.44]

Total events: 86 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.59, df=3(P=0.9); I2=0%  

Test for overall effect: Z=2.37(P=0.02)  

   

1.31.2 Non-amino-bisphosphonate  

Elomaa 1992 1/36 0/39 1.32% 3.24[0.14,77.15]

Kylmala 1997 0/28 0/29   Not estimable

Subtotal (95% CI) 64 68 1.32% 3.24[0.14,77.15]

Total events: 1 (Bisphosphonates), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.73(P=0.47)  

   

Total (95% CI) 1010 784 100% 1.65[1.11,2.46]

Total events: 87 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.78, df=4(P=0.94); I2=0%  

Test for overall effect: Z=2.46(P=0.01)  

Test for subgroup differences: Chi2=0.18, df=1 (P=0.67), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 
 

Analysis 1.32.   Comparison 1 Bisphosphonates versus control,
Outcome 32 Subgroup analysis: renal (route of administration).

Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.32.1 Oral  

Elomaa 1992 1/36 0/39 1.32% 3.24[0.14,77.15]

Figg 2005 2/36 1/36 2.74% 2[0.19,21.09]

Kylmala 1997 0/28 0/29   Not estimable

Subtotal (95% CI) 100 104 4.06% 2.4[0.37,15.75]

Total events: 3 (Bisphosphonates), 1 (Control)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.81); I2=0%  

Test for overall effect: Z=0.91(P=0.36)  

   

1.32.2 Intravenous  

CALGB 90202 3/310 2/308 5.5% 1.49[0.25,8.86]

Pan 2014 0/53 0/52   Not estimable

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control
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Study or subgroup Bisphos-
phonates

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saad 2010 79/435 24/208 89.06% 1.57[1.03,2.41]

ZAPCA 2/112 0/112 1.37% 5[0.24,102.99]

Subtotal (95% CI) 910 680 95.94% 1.62[1.07,2.44]

Total events: 84 (Bisphosphonates), 26 (Control)  

Heterogeneity: Tau2=0; Chi2=0.56, df=2(P=0.76); I2=0%  

Test for overall effect: Z=2.31(P=0.02)  

   

Total (95% CI) 1010 784 100% 1.65[1.11,2.46]

Total events: 87 (Bisphosphonates), 27 (Control)  

Heterogeneity: Tau2=0; Chi2=0.78, df=4(P=0.94); I2=0%  

Test for overall effect: Z=2.46(P=0.01)  

Test for subgroup differences: Chi2=0.16, df=1 (P=0.69), I2=0%  

Favors bisphosphonates 100.1 50.2 20.5 1 Favors control

 

 

A P P E N D I C E S

Appendix 1. Previous search strategies

The electronic search included MEDLINE (1966 to May 2005), EMBASE (1980 to April 2005) LILACS (up to June 2005), DARE (up to June 2005),
AMED (up to June 2005) and the Cochrane Central Register of Controlled Trials (CENTRAL).

1. randomized controlled trial.pt.

2. controlled clinical trial.pt.

3. randomized controlled trials/

4. random allocation/

5. double blind method/

6. single-blind method/

7. clinical trial.pt.

8. exp clinical trials/

9. (clin$ adj25 trial$).tw.

10.((singl$ or doubl$ or tripl$ or trebl$) adj25 (blind$ or mask$)).tw.

11.placebos/

12.placebos.tw.

13.random.tw.

14.research design/

15.comparative study/

16.exp evaluation studies/

17.follow up studies/

18.prospective studies/

19.(control$ or prospectiv$ or volunteer$).tw.

20.or/1-19

21.limit 20 to animal

22.limit 20 to human

23.21 and 22

24.21 not 23

25.20 not 24

26.exp prostate neoplasms/

27.(prostat$ adj3 (cancer$ or carcinoma$ or malignan$ or tumo?r$ or neoplas$ or adeno$)).mp.

28.26 or 27
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29.exp Bone Neoplasms/

30.Osseous metastasis or Osseous metastases

31.((bone$ or skelet$ or osseous or osteo$) adj3 (second$ or metast$)).af.

32.29 or 30 or 31

33.28 and 32

34.exp diphosphonates/

35.exp bisphosphonates/

36.(bisphosphonat$ or diphosphonat$).af.

37.alendron$.af.

38.fosamax.af.

39.clodron$.af.

40.bonefos.af.

41.CL2MDP

42.loron.af.

43.ostac.af.

44.etidron$.af.

45.didrocal.af.

46.didronel.af.

47.EHDP.af.

48.ibandron$.af.

49.bondranat.af.

50.incadron$.af.

51.YM175.af.

52.YM 175.af.

53.minodron$.af.

54.YM529.af.

55.YM 529.af.

56.neridron$.af.

57.AHDP.af.

58.olpadron$.af.

59.OPD.af.

60.pamidron$.af.

61.APD.af.

62.aredia.af.

63.pamisol.af.

64.risedron$.af.

65.actonel.af.

66.tiludron$.af.

67.skelid.af.

68.zoldron$.af.

69.zometa.af.

70.or/34-69

71.(pain or "anlages*").mp. [mp=title, abstract, registry number word, mesh subject heading]

72.25 and 33 and 70

73.71 and 72

Appendix 2. Current CENTRAL search strategy

#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)
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#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 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)

Bisphosphonates for advanced prostate cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

90



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

#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 denosumab*

#55 (xgeva* or prolia*)

#56 (AMG162 or AMG-162)

#57 #54 or #55 or #56

#58 tiludronat* or tiludronic* or skelid*

#59 Incadronat* or YM175 or YM-175

#60 olpadronat* or olpadronic*

#61 #9 or #13 or #18 or #23 or #27 or #31 or #35 or #40 or #44 or #47 or #53 or #57 or #58 or #59 or #60

#62 #5 and #61 in Trials

Appendix 3. Current MEDLINE search strategy

 

1 exp PROSTATIC NEOPLASMS/

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

3 PROSTATITIS/

4 (prostatitis or prostatitides or prostatosis).tw.

5 or/1-4

6 exp DIPHOSPHONATES/

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

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

  (Continued)
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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

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$.tw,kf,ot,nm.

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

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

57 or/54-56

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

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

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

61 9 or 13 or 18 or 23 or 27 or 31 or 35 or 40 or 44 or 47 or 53 or 57 or 58 or 59 or 60

62 5 and 61

63 randomized controlled trial.pt.

  (Continued)
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64 controlled clinical trial.pt.

65 randomi?ed.ab.

66 placebo.ab.

67 drug therapy.fs.

68 randomly.ab.

69 trial.ab.

70 groups.ab.

71 or/63-70

72 humans.sh.

73 71 and 72

74 5 and 61 and 73

  (Continued)
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Date Event Description

13 July 2017 New citation required and conclusions
have changed

Conclusions not changed

13 July 2017 New search has been performed Search updated and new trials included

 

H I S T O R Y

Review first published: Issue 4, 2006

 

Date Event Description

23 November 2009 Amended The first author was incorrectly cited as Kwok Yung Yuen. It has
been corrected to Kwok Keung Yuen.

13 May 2008 Amended Converted to new review format.

15 August 2006 New citation required and conclusions
have changed

Substantive amendment
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Internal sources

• University Hospital of Cologne, Department I of Internal Medicine, Germany.

External sources

• No sources of support supplied

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

We included all trials fitting the inclusion criteria, irrespective of outcomes reported. The protocol and first version of the review included
only trials that evaluated pain. However, as this is not in line with the methodologic expectations of Cochrane intervention reviews (MECIR)
guidelines, we included all trials irrespective of the outcomes reported.

For continuous outcomes we would have calculated mean diLerences, or in case diLerent scales would have been used, standardized mean
diLerence (SMD). For time-to-event outcomes, we would have extracted the hazard ratio (HR) from published data according to Parmar
1998 and Tierney 2007, but neither continuous outcomes nor time-to-event outcomes have been reported.

In contrast to the protocol and the prior version of this review, we did not include trials with active control groups (other bisphosphonates).
We initially identified three trials comparing diLerent doses and types of bisphosphonates, but these studies have been designed
heterogeneously. As agreed with the Editorial Base, in the final analysis, we subsequently decided to omit analysis of these trials due to
potentially imbalanced results with restricted applicability.

N O T E S

Some passages in this review, especially in the methods part, are from the standard template of the Cochrane Haematological Malignancies
Review Group.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Prostatic Neoplasms;  Bisphosphonate-Associated Osteonecrosis of the Jaw  [epidemiology];  Bone Density Conservation Agents
 [adverse eLects]  [*therapeutic use];  Bone Neoplasms  [*drug therapy]  [mortality]  [*secondary];  Diphosphonates  [adverse eLects]
 [*therapeutic use];  Kidney  [drug eLects];  Nausea  [chemically induced];  Pain  [*drug therapy]  [etiology];  Randomized Controlled Trials
as Topic
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MeSH check words

Humans; Male
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