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A B S T R A C T

Background

Calcimimetic agents lower abnormal serum parathyroid hormone (PTH) levels in people who have chronic kidney disease (CKD), but
the benefits and harms on patient-level outcomes are uncertain. Since this review was first published in 2006 showing that evidence for
calcimimetics was largely restricted to biochemical outcomes, additional studies have been conducted. This is an update of a review first
published in 2006.

Objectives

To evaluate the benefits and harms of cinacalcet on patient-level outcomes in adults with CKD.

Search methods

MEDLINE, EMBASE, CENTRAL and conference proceedings were searched for randomised controlled trials (RCTs) evaluating any
calcimimetic against placebo or another agent in adults with CKD (persistent albuminuria > 30 mg/g with or without reduced glomerular
filtration rate (GFR) (below 60 mL/min/1.73 m2)). We updated searches to 7 February 2013 including the Cochrane Renal Group's Specialised
Register to complete this update.

Selection criteria

We included all RCTs of a calcimimetic administered to patients with CKD for the treatment of elevated serum PTH levels.

Data collection and analysis

Data were extracted on all relevant patient-centred and surrogate outcomes. We summarised treatment estimates using random eFects
and expressed treatment eFects as a risk ratio (RR) or mean diFerence (MD) with 95% confidence intervals (CI).
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Main results

Eighteen studies (7446 participants) compared cinacalcet in addition to standard therapy with no treatment or placebo plus standard
therapy. In adults with GFR category G5 (GFR below 15 mL/min/1.73 m2) treated with dialysis, routine cinacalcet treatment had little or
no eFect on all-cause mortality (RR 0.97, 95% CI 0.89 to 1.05), imprecise eFects on cardiovascular mortality (RR 0.67, 95% CI 0.16 to 2.87),
and prevented surgical parathyroidectomy (RR 0.49, 95% CI 0.40 to 0.59) and hypercalcaemia (RR 0.23, 95% CI 0.05 to 0.97), but increased
hypocalcaemia (RR 6.98, 95% CI 5.10 to 9.53), nausea (RR 2.02, 95% CI 1.45 to 2.81) and vomiting (RR 1.97, 95% CI 95% CI 1.73 to 2.24).
Cinacalcet decreased serum PTH (MD -281.39 pg/mL, 95% CI -325.84 to -234.94) and calcium (MD -0.87 mg/dL, 95% CI -0.96 to -0.77) levels,
but had little or no eFect on serum phosphorous levels (MD -0.23 mg/dL, 95% CI -0.58 to 0.12).

Data were sparse for adults with GFR categories G3a to G4 (GFR 15 to 60 mL/min/1.73 m2) and kidney transplant recipients.

Overall, based on GRADE criteria, evidence for cinacalcet in adults with GFR category G5 treated with dialysis (mortality, parathyroidectomy,
hypocalcaemia, and nausea) is of high or moderate quality. High quality evidence suggests "further research is very unlikely to change our
confidence in the estimate of treatment eFect" and moderate quality evidence is "further research is likely to have an important impact
on our confidence in the estimate of eFect and may change the estimate". Information for adults with less severe CKD GFR category G3a
to G4 is of low or very low quality. This means that further research is very likely to have an important impact on our confidence in the
estimate of eFect and is likely to change the estimate

Authors' conclusions

Routine cinacalcet therapy reduced the need for parathyroidectomy in adults treated with dialysis and elevated PTH levels but does not
improve all-cause or cardiovascular mortality. Cinacalcet increases risks of nausea, vomiting and hypocalcaemia, suggesting harms may
outweigh benefits in this population.

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

Calcimimetics for secondary hyperparathyroidism in chronic kidney disease patients

Abnormal calcium and phosphorous levels in the blood and tissues occur in chronic kidney disease. These changes are linked to shorter
survival and hardening of the arteries leading to heart disease. Standard therapy for abnormal calcium and other mineral levels includes
dietary restrictions, phosphorous binders and vitamin D compounds. A newer treatment called cinacalcet showed promise for improving
abnormal mineral levels but the eFects of this drug on patient outcomes (the way patients feel function and survive) were unclear from
early studies. We have updated an earlier review dated 2006 to include studies that assessed the eFects of cinacalcet in about 7500 people
with chronic kidney disease. While cinacalcet improves some blood abnormalities, it does not improve risk of death or heart disease in
people treated with dialysis. In addition, people who take cinacalcet may experience increased nausea, vomiting and the need for blood
tests to check blood calcium levels. The current research is high-quality and means that additional new studies are unlikely to change our
confidence in these results. Information for the use of cinacalcet in people with milder forms of kidney disease and those with a kidney
transplant is insuFicient to guide decision making.
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Summary of findings for the main comparison.   Summary of findings for dialysis patients

Cinacalcet plus standard therapy versus placebo or standard therapy or both for patients with CKD and elevated PTH levels

Patient or population: adults with CKD

Outcomes

(median treatment duration)

*Best estimate of
control group risk

Relative effect
(95% CI)

No of participants
(studies)

Absolute effect per one year of treat-
ment for 1000 treated (95%CI)

Quality of the evi-
dence
(GRADE)

GFR category G5 treated with dialysis

All-cause mortality

(8 months)

200 per 1000 RR 0.97 (0.89 to 95) 6893 (14) 6 fewer (22 fewer to 10 more) ⊕⊕⊕⊕
high

Parathyroidectomy

(9 months)

7 per 1000 RR 0.49 (0.40 to 0.59) 4893 (5) 3 fewer (4 fewer to 3 fewer) ⊕⊕⊕⊕
high

Hypocalcaemia

(7 months)

10 per 1000 RR 6.98 (5.10 to 9.53) 6415 (12) 60 more (41 more to 85 more) ⊕⊕⊕⊕
high

Nausea

(7 months)

150 per 1000 RR 2.02 (1.45 to 2.81) 6450 (12) 153 more (68 more to 272 more) ⊕⊕⊕
moderate

GFR category G3a-G4

All-cause mortality

(8 months)

25 per 1000 RR 0.29 (0.06 to 1.48) 458 (2) 18 fewer (23 fewer to 12 more) ⊕⊕
low

Parathyroidectomy

(9 months)

7 per 1000 RR not estimable 0 (0) Not estimable nil

Hypocalcaemia

(7 months)

10 per 1000 RR 31.9 (5.28 to 192.6) 449 (2) 310 more (43 more to 1910 more) ⊕
very low

Nausea 100 per 1000 RR 2.26 (1.29 to 3.95) 449 (2) 126 more (29 more to 295 more) ⊕⊕
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(7 months) low

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (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; RR: Risk Ratio;

Approximate absolute event rates of outcomes per year are derived from previously published cohort studies and registry data for the outcomes of all-cause mortality
(Weiner 2006) and parathyroidectomy (Kestenbaum 2004) or event rates in the control arm of contributing studies for outcomes of hypocalcaemia and nausea. Absolute
numbers of people who had chronic kidney disease with mortality or parathyroidectomy events avoided or nausea or hypocalcaemia events caused per 1000 treated were
calculated from the risk estimate for the outcome (and associated 95% confidence interval) obtained from meta-analysis of placebo-controlled studies together with the
absolute population risk estimates.

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

CKD - chronic kidney disease; GFR - glomerular filtration rate; PTH- parathyroid hormone
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B A C K G R O U N D

Description of the condition

Abnormal calcium and phosphorous metabolism occurs with
kidney failure and is associated with bone and vascular
disease. In addition to causing reduced quality of life, these
complications of chronic kidney disease (CKD) are associated
with increased mortality and major cardiovascular events (Block
2004b; Ganesh 2001; Malluche 2004b; Marco 2003; Martin 2004;
Stehman-Breen 2004). Standard management of patients with
CKD, particularly those with glomerular filtration rate (GFR)
category G5 (KDIGO CKD 2013) includes treatment to control
serum levels of calcium, phosphorous and parathyroid hormone
(PTH) to prevent bone and soQ-tissue complications. Based on
a number of association studies (Block 2004b; Ganesh 2001;
Kestenbaum 2005; Marco 2003; Stevens 2004), including studies
of bone histomorphometry (Hutchison 1993; Qi 1995; Wang 1995;
Ziolkowska 2000), optimal ranges for serum phosphorous, calcium,
the calcium by phosphorous product and PTH have been suggested
(KHA-CARI 2014; NKF 2003).

How the intervention might work

Specific management of elevated serum PTH levels in people
with GFR categories G3a to G5 (estimated GFR below 60 mL/
min/1.73 m2) may be accomplished by restriction of dietary
phosphorous, calcium supplementation, or the use of vitamin D
compounds or both (Albaaj 2003; Courant 1993). A novel class
of drugs called calcimimetic agents have been developed to
reduce PTH secretion and parathyroid cell proliferation, while
decreasing levels of serum calcium, phosphorous and the calcium
by phosphorous product (Mentaverri 2006; Mizobuchi 2007).
Cinacalcet, a calcimimetic agent, was first approved in the United
States in 2004 to lower elevated serum PTH levels in dialysis
patients (FDA 2004). Cinacalcet mimics the action of calcium on
calcium-sensing receptors in the parathyroid gland to suppress
PTH secretion. In an earlier version of this review that included
eight studies (1,429 participants) published in late 2005 or earlier,
cinacalcet markedly reduced serum levels of PTH (290 pg/mL),
calcium (-0.85 mg/dL) and phosphorous (-0.29 mg/dL), that have all
been shown to be associated with poorer outcomes in adults with
CKD (Block 2004b)

Why it is important to do this review

However, while cinacalcet reduces biochemical parameters (serum
PTH, calcium, and phosphorous), our earlier meta-analysis found
insuFicient evidence for benefit on clinical outcomes. Despite
this lack of evidence for patient-level outcomes, cinacalcet has
become the largest single drug cost for dialysis patients in the
United States with annual prescribing costs of at least USD 260
million (USRDS 2012). A pooled analysis of four placebo-controlled
randomised controlled trials (RCTs) of cinacalcet in 2005 showed
a large reduction in cardiovascular-related hospitalisation which
may have led to uncertainty for clinicians about the therapy
benefits of cinacalcet treatment (Cunningham 2005a).

This systematic review now updates an earlier review that was
performed at an early phase of calcimimetic usage, but one year
aQer licensing by the FDA (FDA 2004). In the light of recent studies of
cinacalcet, high prescribing costs in some regions and insuFicient
existing evidence for cinacalcet on patient-level outcomes in an
earlier review, we have updated the evidence summary for the

benefits and harms of cinacalcet therapy in people with CKD to
early 2013.

O B J E C T I V E S

To evaluate the benefits and harms of cinacalcet on patient-level
outcomes in adults with CKD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all RCTs of any calcimimetic agent (cinacalcet HCl
(AMG-073, Sensipar®), NPS R-467 or NPS R-568) administered to
patients with CKD and elevated serum PTH levels.

Types of participants

Patients with CKD of any severity and elevated serum parathyroid
levels.

Types of interventions

Any calcimimetic agent (e.g. cinacalcet HCl (AMG-073, Sensipar®),
NPS R-467 or NPS R-568).

Types of outcome measures

Primary outcomes

• All-cause mortality

• Cardiovascular mortality

• Parathyroidectomy

• Fractures

• Adverse events (hypocalcaemia, hypercalcaemia, nausea,
vomiting, upper respiratory tract infection, dyspnoea, muscle
weakness, headache, paraesthesia, abdominal pain, diarrhoea)

Secondary outcomes

• At least 30% decrease in serum PTH level

• Fractures

• Mixed uraemic osteodystrophy

• Bone histomorphometry

• End of treatment PTH levels (any measure)

• End of treatment serum calcium concentrations (mg/dL)

• End of treatment serum phosphorous concentrations (mg/dL)

• End of treatment calcium x phosphorous product (mg2/dL2)

Search methods for identification of studies

For this review update we searched EMBASE and the Cochrane
Renal Group's Specialised Register (to 7 February 2013) through
contact with the Trials' Search Co-ordinator using search terms
relevant to this review. The Cochrane Renal Group’s Specialised
Register contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of renal-related journals & the proceedings of
major renal conferences

4. Searching of the current year of EMBASE OVID SP

Calcimimetics for secondary hyperparathyroidism in chronic kidney disease patients (Review)
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5. Weekly current awareness alerts for selected renal-journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal & ClinicalTrials.gov.

Studies contained in the Specialised Register were identified
through search strategies for CENTRAL, MEDLINE, and EMBASE
based on the scope of the Cochrane Renal Group. Details of these
strategies as well as a list of handsearched journals, conference
proceedings and current awareness alerts are available in the
'Specialised Register' section of information about the Cochrane
Renal Group.

See Appendix 1 for search terms used in strategies for this review.

Previous search strategies can be found in Strippoli 2006a.

Data collection and analysis

Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that might have been relevant to the review.
The titles and abstracts were screened independently by two or
more authors, who discarded studies that were not applicable;
however studies and reviews that might have included relevant
data or information on studies were retained initially. Two authors
independently assessed retrieved abstracts and, if necessary the
full text, of these studies to determine which studies satisfied the
inclusion criteria.

Data extraction and management

Data extraction for population characteristics, interventions, non-
randomised co-interventions, and risk of bias was carried out
independently by two or more authors using standard data
extraction forms in a purpose-built database. Each author double-
checked data extraction and data entry independently and any
discrepancies between authors were resolved through discussion.

The following data were extracted.

• Population: category of CKD, mean age, proportion of men,
baseline serum PTH level

• Intervention: drug name, dosing strategy, target serum PTH level
used, randomised and non-randomised co-interventions

• Comparison: placebo or no treatment, randomised and non-
randomised co-interventions

• Outcomes: all-cause mortality, cardiovascular mortality,
parathyroidectomy, fracture, and treatment related adverse
events

• Study design: inclusion criteria; exclusion criteria, primary
endpoint; duration of treatment, duration of follow-up, number
of participants, date of publication, number of centres, source
of funding; study registration (for studies published aQer
2005); publication (full text publication, abstract publication,
unpublished data); period of collection of clinical outcomes
(total duration of follow-up, specific phase(s) of follow-up)

• Risk of bias: sequence generation; allocation concealment;
blinding of participants and investigators, blinding of outcome
assessment, attrition, selective outcome reporting, other
sources of bias (reporting only in conference proceedings,
early termination of study, marked imbalance in baseline

characteristics, sponsor on authorship or involved with data
handling and analysis)

Data were cross checked between authors and discussed. Studies
reported in non-English language journals were translated before
assessment. Where more than one publication of one study existed,
reports were grouped together and the publication with the most
complete data was used in the analyses. Where relevant outcomes
were only published in earlier versions, these data were used.
Any discrepancy between published versions was highlighted. Any
disagreements in data extraction were discussed with a third
author.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2011). The specific
attributes of each risk of bias considered in the adjudication
process are described in Appendix 2.

• Was there adequate sequence generation (selection bias)?

• Was allocation adequately concealed (selection bias)?

• Was knowledge of the allocated interventions adequately
prevented during the study (detection bias)?
◦ Participants and personnel

◦ Outcome assessors

• Were incomplete outcome data adequately addressed (attrition
bias)?

• Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

• Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment e9ect

The estimate of eFect of an experimental versus a control
intervention on categorical outcomes (e.g. all-cause mortality, one
or more fractures, parathyroidectomy, one or more episodes of
nausea) was analysed using the risk ratio (RR) measure and its
95% confidence interval (CI) for each study. Where proportions
of participants experiencing an event were provided in the study
reports only (instead of raw event data), we estimated the number
of participants experiencing one or more events by multiplying the
proportion aFected by the sample size and contacted the authors
or sponsors for additional information.

For continuous variables (end of treatment serum PTH, calcium,
phosphorous, calcium x phosphorous), the mean diFerence (MD),
and its 95% CI were calculated using the end of treatment values of
the variable in the treatment and control groups.

Assessment of heterogeneity

We assessed for heterogeneity in summary eFect estimates using
the Cochran Q test and the I2 test (Higgins 2003). We considered a P
value < 0.10 to indicate significant heterogeneity.

Data synthesis

When appropriate and feasible, treatment eFects were summarised
using random eFects meta-analysis and results were expressed as
a RR or MD and the 95% confidence interval.

Calcimimetics for secondary hyperparathyroidism in chronic kidney disease patients (Review)
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We summarised the quality of the evidence together with absolute
treatment eFects based on estimated baseline risks by using
the Grading of Recommendations Assessment, Development,
and Evaluation guidelines (Guyatt 2008). To estimate the
absolute number of people with CKD who avoided death or
parathyroidectomy and incurred hypocalcaemia or nausea with
calcimimetic therapy, the risk estimate and 95% CI were obtained
from the corresponding meta-analyses, together with the absolute
population risk for people with each category of CKD derived
from cohort studies and registry data for all-cause mortality
and parathyroidectomy (Kestenbaum 2004; USRDS 2012; Weiner
2006) and event rates in the control arm of meta-analyses for
hypocalcaemia and nausea.

Subgroup analysis and investigation of heterogeneity

We analysed data for all-cause mortality, cardiovascular mortality,
parathyroidectomy, hypocalcaemia, and nausea and vomiting
within stratified analyses comprising adults with GFR category G5
treated with dialysis and GFR categories G33-G4 (using the KDIGO
nomenclature - see Table 1 for more details) (KDIGO CKD 2013).

Sensitivity analysis

We conducted additional analyses excluding studies in which
randomised co-interventions strategies (vitamin D compounds)
were not comparable between treatment arms.

R E S U L T S

Description of studies

Results of the search

Initial search to November 2005

Our search for RCTs of calcimimetic interventions identified 186
records (see Figure 1 - Study flow diagram). Of these, 148
were excluded aQer title and abstract review because they were
clearly ineligible (non-RCTs, RCTs of interventions not relevant to
treatment of elevated PTH levels, not calcimimetic interventions,
duplicate articles of the same study, or review articles). Of the
remaining 38 potentially eligible studies (either full-text or abstract
publications), 30 were excluded because we could not confirm
from the full-text analysis or from contacting authors that they
were RCTs, or that they were not a duplicate publication. Two
attempts were made to contact all authors of the studies for
clarifications of study designs and request supplemental data but
we were not able to obtain some of the data nor to ascertain if
some reports (presented in abstract form at the American Society of
Nephrology (ASN) and the European Renal Association-European
Dialysis and Transplantation Association (ERA-EDTA) meetings of
years 2003 and 2004)) were subsets of other publications which had
subsequently appeared as full-text articles in scientific journals or
were unique unpublished studies. These studies could therefore
not be included and were listed under Characteristics of studies
awaiting classification. We have subsequently reviewed these
studies and ascertained all but Coburn 2003 are clearly duplicate
reports of primary studies and these have been moved to the
relevant studies.
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Figure 1.   Study flow diagram.

 
Search update to February 2013

The updated search to February 7, 2013 is detailed in Figure 1.

We identified 78 records from the Cochrane Renal Group
Specialised Register and 167 from EMBASE. AQer title and abstract
review we excluded 134 reports (duplicate reports, not randomised,
wrong population or intervention).

We screened 111 full-text records and excluded 66 reports as they
were not RCTs, did not investigate relevant interventions, or did
not include the relevant population. Two ongoing studies from the
original review could now be excluded as they are not randomised
studies (CONTROL Study 2006; TARGET Study 2008) and three
studies are awaiting classification.

1. The URL describing the report is no longer linked to the article
and the authors could not be contacted to obtain additional
information (UPen 2004a)

2. Two studies state they are subgroup analyses of three studies;
however we were unable to determine which three studies
(Drueke 2001a; Fournier 2004a).

Included studies

Initial review including search to November 2005

In the initial review publication we included eight studies (in
eight publications) enrolling 1429 patients (Block 2004b; Goodman
2000; Goodman 2002; Harris 2004; Lindberg 2003; Lindberg
2005; Malluche 2008 (included as Malluche 2004 in original
review); Quarles 2003a). These studies compared cinacalcet HCl
(845 patients) to placebo (584 patients). Three of these studies
reported cinacalcet HCl as AMG-073. One study reported on
the first-generation calcimimetic R-568. This drug has been
withdrawn from clinical use because of poor bioavailability,
variable serum concentrations and potential drug interactions
caused by cytochrome P-450 activity (Goodman 2000; Urena 2003).
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In addition to these randomised interventions, patients received
vitamin D for suppression of PTH and phosphate binders for
management of hyperphosphataemia as co-interventions in all
studies in a non-randomised fashion. There were no significant
diFerences in the proportions of patients who were prescribed
calcitriol, vitamin D analogues and phosphate binders as co-
interventions between the calcimimetic and placebo groups of
the studies. Entry to some studies was restricted when patients
had severely elevated PTH levels (e.g. iPTH > 800 pg/mL) while
other studies stratified patients according to the severity of
hyperparathyroidism. The mean age of patients enrolled in the
studies ranged from 47 to 55 years. All patients had elevated PTH
levels. On average, a higher proportion of males were enrolled in
the studies (388 males compared to 220 females in the six studies
that reported gender distribution). Follow-up of the studies ranged
from three to 26 weeks. All studies were supported by Amgen Inc.,
Thousand Oaks, CA, which holds the cinacalcet HCl patent. Of note,
the largest report published (Goodman 2002) was based on the
pooled results of two separate studies.

Updated review including search to February 2013

We included 10 additional studies in this review update (ACHIEVE
Study 2008; ADVANCE Study 2010; Akiba 2008; Charytan 2005;
Chonchol 2009; El Shafey 2011; EVOLVE study 2007; Fukagawa
2008; IMPACT SHPT Study 2012; OPTIMA Study 2008). One study
from the original review (known as Malluche 2004) was updated
using data from a newer publication report (Malluche 2008).
Overall, the updated review included 18 studies comprising 7446
adults with CKD comparing a calcimimetic plus conventional
therapy with placebo or no treatment with conventional therapy.
We could include 17 studies in 7424 participants in the meta-
analyses. The characteristics of the included studies are described
in Characteristics of included studies.

All included studies evaluated cinacalcet hydrochloride (referred
to as R-568 or AMG-073 in the four earliest studies) (Goodman
2000; Goodman 2002; Quarles 2003a; Lindberg 2003). Cinacalcet
in additional to conventional therapy (vitamin D compounds
and phosphorous binding agents) was compared to placebo or
conventional therapy or both in all studies. In three studies,
the strategy for vitamin D therapy diFered between treatment
groups (ACHIEVE Study 2008; ADVANCE Study 2010; IMPACT
SHPT Study 2012). The two earliest studies were short-term
evaluations of cinacalcet therapy (eight days (Goodman 2002)

and 15 days (Goodman 2000)) in adults with GFR category G5
(treated with dialysis). Following these earliest studies of safety
and biochemical eFicacy, the first larger-scale study of cinacalcet
therapy was reported in 2004 in 741 adults with GFR category
G5 (treated with dialysis) and measured treatment eFicacy based
on PTH concentrations (Block 2004a). Between 2004 and 2012, 11
additional studies were reported (ACHIEVE Study 2008; ADVANCE
Study 2010; Akiba 2008; Charytan 2005; Chonchol 2009; El Shafey
2011; Fukagawa 2008; IMPACT SHPT Study 2012; Lindberg 2005;
Malluche 2008; OPTIMA Study 2008) although none was powered to
evaluate treatment eFects on mortality. In late 2012, the Evaluation
of Cinacalcet Therapy to Lower Cardiovascular Events (EVOLVE
study 2007) in 3883 participants with GFR category G5 treated
with dialysis was the first study specifically designed to evaluate
calcimimetic therapy on a primary composite outcome of all-cause
mortality or non-fatal cardiovascular event.

Cinacalcet therapy was given in the included studies generally at
increasing doses (usually 30 to 180 mg/d) targeted to serum PTH
concentrations. In one study, the cinacalcet dose prescribed was
unclear (IMPACT SHPT Study 2012). Overall, 16 studies comprised
6988 participants with GFR category G5 treatment with dialysis
(ACHIEVE Study 2008; ADVANCE Study 2010; Akiba 2008; Block
2004a; El Shafey 2011; EVOLVE study 2007; Fukagawa 2008;
Goodman 2000; Goodman 2002; Harris 2004; IMPACT SHPT Study
2012; Lindberg 2003; Lindberg 2005; Malluche 2008; OPTIMA Study
2008; Quarles 2003a) and two studies comprised 458 participants
with GFR category G3a to G5 (Charytan 2005; Chonchol 2009). Of
studies in dialysis, 15 enrolled haemodialysis patients and one
enrolled patients treated with either haemodialysis or peritoneal
dialysis. Follow-up duration was between eight days and 21.2
months (median: 6.5 months)

Excluded studies

We excluded studies as they were not evaluating a calcimimetic
with or without standard therapy versus placebo or standard
therapy or both, did not provide data for relevant outcomes,
were not RCTs, or were not in the CKD population. The details of
reasons for exclusions are provided in the table for Characteristics
of excluded studies.

Risk of bias in included studies

Risk of bias in the included studies is summarised in Figure 2
(individual studies) and Figure 3 (overall summary).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Four studies reported adequate sequence generation (22%) (Akiba
2008; Fukagawa 2008; Lindberg 2005; Malluche 2008) and reporting
on this item was unclear in the remainder. Allocation was
adequately concealed in seven studies (39%) (Charytan 2005;
Chonchol 2009; EVOLVE study 2007; IMPACT SHPT Study 2012;
Lindberg 2005; Malluche 2008; Quarles 2003a) and unclear in the
remainder.

Blinding

Participants and investigators were adequately blinded to
treatment assignment in 13 studies (72%) (Akiba 2008; Block 2004a;
Charytan 2005; Chonchol 2009; EVOLVE study 2007; Fukagawa
2008; Goodman 2000; Goodman 2002; Harris 2004; Lindberg 2003;
Lindberg 2005; Malluche 2008; Quarles 2003a), and not blinded in
five studies (ACHIEVE Study 2008; ADVANCE Study 2010; El Shafey
2011; IMPACT SHPT Study 2012; OPTIMA Study 2008). Outcome
assessment was blinded in two studies (11%) (Akiba 2008; EVOLVE
study 2007), not blinded in one study (ACHIEVE Study 2008), and
unclear in the remainder.

Incomplete outcome data

Six studies were at low risk of attrition bias (33%) (Chonchol 2009; El
Shafey 2011; EVOLVE study 2007; Fukagawa 2008; Goodman 2002;
Quarles 2003a) and the remainder were considered at high risk.

Selective reporting

Eleven studies reported all expected outcomes (61%) including
mortality, hypocalcaemia, and two or more of nausea, vomiting or
diarrhoea (ACHIEVE Study 2008; Akiba 2008; Block 2004a; Charytan
2005; Chonchol 2009; El Shafey 2011; EVOLVE study 2007; Fukagawa
2008; Goodman 2002; IMPACT SHPT Study 2012; OPTIMA Study
2008).

Other potential sources of bias

One study described uneven treatment comparisons at baseline
(El Shafey 2011). The study sponsor was on the authorship and/

or involved in data collection, analysis and/or interpretation in 15
studies (ACHIEVE Study 2008; ADVANCE Study 2010; Block 2004a;
Charytan 2005; Chonchol 2009; EVOLVE study 2007; Goodman 2000;
Goodman 2002; Harris 2004; IMPACT SHPT Study 2012; Lindberg
2003; Lindberg 2005; Malluche 2008; OPTIMA Study 2008; Quarles
2003a). Of 10 studies reported since 2005, five (50%) reported
evidence of study registration within a studies registry before
publication (ADVANCE Study 2010; Chonchol 2009; EVOLVE study
2007; Fukagawa 2008; IMPACT SHPT Study 2012).

E9ects of interventions

See: Summary of findings for the main comparison Summary of
findings for dialysis patients

Clinical outcomes

All-cause and cardiovascular mortality

Compared to placebo or no treatment, cinacalcet had little or
no eFect on all-cause mortality (Analysis 1.1.1 (14 studies, 6893
participants): RR 0.97, 95% CI 0.89 to 1.05; I2 = 0%) in adults with
GFR category G5 treated with dialysis and imprecise eFects on all-
cause mortality in adults with GFR categories G3a to G4 (Analysis
1.1.2 (2 studies, 458 participants): RR 0.29, 95% CI 0.06 to 1.48; I2 =
0%). There was no heterogeneity in treatment eFects across studies
in either subgroup and no statistical diFerence in treatment eFects
in the diFerent stages of CKD.

Cinacalcet had uncertain eFects on cardiovascular mortality for
participants with GFR category G5 treated with dialysis (Analysis
1.2.1 (7 studies, 4542 participants): RR 0.67, 95% CI 0.16 to 2.87;
I2 = 37%) and GFR category G3a-G4 (Analysis 1.2.2 (2 studies, 458
participants): RR 0.29, 95% CI 0.06 to 1.48; I2 = 0%). There was
no significant heterogeneity in treatment eFects across studies in
either subgroup and no statistical diFerence in treatment eFects in
the diFerent stages of CKD.
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Parathyroidectomy

Cinacalcet reduced the risk of parathyroidectomy (Analysis 1.3 (5
studies, 4893 participants): RR 0.49, 95% CI 0.40 to 0.59; I2 = 0%)
without evidence of heterogeneity in treatment estimates.

Fractures

The risk of one of more fractures was reported in extractable format
in two studies. Cinacalcet had uncertain eFects on risk of one or
more fractures (Analysis 1.4 (2 studies, 3965 participants): RR 0.52,
95% CI 0.12 to 2.27) with significant heterogeneity in the treatment
eFect estimates of contributing studies (P = 0.05, I2; I2 = 73%).

Hypocalcaemia and hypercalcaemia

Definitions of hypocalcaemia and hypercalcaemia in the included
studies are provided in Table 2. The cut-oF for the definition
of hypocalcaemia generally ranged between 7.1 and 8.4 mg/dL
and that of hypercalcaemia was 10.2 to 10.5 mg/dL. Cinacalcet
increased hypocalcaemia in both adults with GFR category G5
treated with dialysis (Analysis 1.5.1 (12 studies, 6415 participants):
RR 6.98, 95% CI 5.10 to 9.53; I2 = 0%) and those with GFR category
G3 to G4 (Analysis 1.5.2 (2 studies, 449 participants): RR 31.90, 95%
CI 5.28 to 192.60; I2 = 16%) without significant heterogeneity in
treatment estimates between studies.

Cinacalcet reduced risks of one or more episodes of
hypercalcaemia in adults with GFR category G5 treated with dialysis
(Analysis 1.6 (4 studies, 4662 participants): RR 0.23, 95% CI 0.05
to 0.97) although there was significant heterogeneity in treatment
estimates in the available studies (P = 0.005, I2 = 77%).

Nausea and vomiting

Cinacalcet increased nausea in participants with GFR category G5
treated with dialysis (Analysis 1.7.1 (12 studies, 6450 participants):
RR 2.02, 95% CI 1.45 to 2.81; I2 = 66%) and those with GFR category
G3 to G4 (Analysis 1.7.2 (2 studies, 449 participants): RR 2.26, 95%
CI 1.29 to 3.95; I2 = 6%). There was no statistical evidence that
treatment eFects were diFerent in the diFerent categories of CKD
but there was significant heterogeneity in treatment estimates in
studies including dialysis patients (P < 0.0006; I2 = 66%).

Cinacalcet also increased vomiting in participants with GFR
category G5 treated with dialysis (Analysis 1.8.1 (9 studies, 6323
participants): RR 1.97, 95% CI 1.73 to 2.24; I2 = 3%) and those with
GFR category G3 to G4 (Analysis 1.8.2 (1 study, 395 participants):
RR 1.77, 95% CI 0.90 to 3.48). There was no statistical evidence that
treatment eFects were diFerent in the diFerent categories of CKD or
significant heterogeneity in treatment estimates between studies.

Other adverse events

• Cinacalcet consistently increased diarrhoea in the available
studies (Analysis 1.9 (8 studies, 5639 participants): RR 1.15, 95%
CI 1.02 to 1.29; I2 = 0%).

• Cinacalcet had uncertain eFects on abdominal pain (Analysis
1.10 (4 studies, 831 participants): RR 1.62, 95% CI 0.55 to 4.82)
with significant heterogeneity in the treatment eFect estimates
of contributing studies (P = 0.02, I2 = 70%)

• Cinacalcet had uncertain eFects on the risk of upper respiratory
tract infection (Analysis 1.11 (4 studies, 1856 participants):
RR 0.95, 95% CI 0.39 to 2.33) with statistically significant

heterogeneity in estimated treatment eFects between studies (P
= 0.002, I2 = 80%)

• Cinacalcet had uncertain eFects on asthenia (Analysis 1.12.1 (2
studies, 790 participants): RR 1.54, 95% CI 0.26 to 8.98) with
statistically significant heterogeneity in the estimated treatment
eFects in available studies (P = 0.04, I2 = 77%)

• Cinacalcet increased muscle weakness (Analysis 1.12.2 (4
studies, 589 participants): RR 1.78, 95% CI 1.00 to 3.14; I2 = 0%)
without heterogeneity in treatment eFects.

• Cinacalcet had uncertain eFects on dyspnoea (Analysis 1.13 (2
studies, 250 participants): RR 1.02, 95% CI 0.49 to 2.12; I2 = 0%)
without heterogeneity in treatment eFects.

• Cinacalcet had uncertain eFects on headache (Analysis 1.14 (3
studies, 1115 participants): RR 1.11, 95% CI 0.65 to 1.91; I2 = 25%)
without significant heterogeneity in treatment eFects.

Biochemical parameters

Achieved serum PTH value target

Target serum PTH values are described in Table 2. Most PTH values
targeted by cinacalcet therapy were a reduction of 30% or more
from baseline or a reduction to below 250 pg/mL, 279 pg/mL or
300 pg/mL or a target value between 150 to 300 pg/mL. Cinacalcet
increased the likelihood that serum PTH values were reduced to a
target value (Analysis 1.15 (11 studies, 2853 participants): RR 3.06,
95% CI 1.89 to 4.98), although there was marked heterogeneity in
the treatment estimates between studies (P < 0.00001, I2 = 92%).

End of treatment serum PTH

Cinacalcet lowered serum PTH levels (Analysis 1.16 (7 studies, 1935
participants): MD -280.39 pg/mL, 95% CI -326.84 to -235.94) with
moderate heterogeneity in the analysis (P = 0.16, I2 = 34%).

End of treatment serum calcium

Cinacalcet lowered end of treatment serum calcium levels (Analysis
1.17 (7 study, 1556 participants): MD -0.87 mg/dL, 95% CI -0.96 to
-0.77; I2 = 18%) without significant heterogeneity in the analysis.

End of treatment serum phosphorous

Cinacalcet had little or no eFect on end of treatment serum
phosphorous levels (Analysis 1.18 (8 studies, 2300 participants): MD
-0.23 mg/dL, 95% CI -0.58 to 0.12) with marked heterogeneity in
treatment eFects between studies (P < 0.00001, I2 = 88%).

End of treatment serum calcium by phosphorous product

Cinacalcet significantly lowered the serum calcium by
phosphorous product (Analysis 1.19 (8 studies, 2395 participants):
MD -5.25 mg2/dL2, 95% CI -9.16 to -1.34) with marked heterogeneity
in treatment eFects between studies (P < 0.00001, I2 = 91%).

Bone outcomes

EFects of calcimimetic therapy on bone structure and function
was not consistently reported in available studies (Analysis 1.20;
Analysis 1.21).

Sensitivity analyses

When we excluded the three studies in which randomised
co-intervention strategies for vitamin D compounds were not
comparable between treatment arms, we observed similar
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treatment estimates in dialysis patients (all-cause mortality: RR,
0.97, 95% CI 0.89 to 1.05; cardiovascular mortality: RR 0.95, 95% CI
0.84 to 1.08; hypocalcaemia: RR 6.72, 95% CI 4.88 to 9.25; nausea:
RR 1.89, 95% CI 1.38 to 2.60; vomiting: RR 1.98 95% CI 1.71 to 2.30),
although risks of hypercalcaemia became less certain (RR 0.88, 95%
CI 0.55 to 1.41).

Absolute treatment e9ects

Estimated absolute treatment eFects of cinacalcet (taking into
consideration baseline event rates) combined with an overall
grading of evidence quality are summarised in the Summary of
findings for the main comparison. Overall, treating 1000 patients
with GFR category G5 (treated with dialysis) with cinacalcet might
be expected to prevent three experiencing parathyroidectomy,
and 60 and 150 more to experience hypocalcaemia and nausea
respectively, without altering mortality. In adults with less severe
kidney disease (GFR category G3a to G5), treating 1000 patients for
one year would result in approximately 300 and 120 experiencing
hypocalcaemia and nausea respectively, without evidence for
benefits on mortality or parathyroidectomy.

D I S C U S S I O N

Summary of main results

High- to moderate-quality evidence for cinacalcet treatment in
adults with GFR category G5 treated with dialysis and elevated
PTH levels is available in 16 RCTs (6,988 participants). Routine
cinacalcet therapy in dialysis patients at doses between 30 and 180
mg/d decreases serum PTH levels (281 pg/mL) and infrequently
reduces surgical parathyroidectomy, but has little or no eFect on
total mortality, uncertain eFects on cardiovascular-related death,
and is commonly associated with adverse events including nausea,
vomiting, hypocalcaemia and diarrhoea. Evidence for adults with
GFR category G3a to G4 is scant and generally low or very low
quality. Because of lower absolute risks of parathyroidectomy in
earlier stages of CKD, the benefits of cinacalcet identified by studies
in dialysis populations are likely to be smaller if generalised to
people who have less severe CKD. Data for adults with a functioning
kidney transplant and those treated with peritoneal dialysis were
largely absent. It should be noted that adverse treatment eFects
including nausea, vomiting and hypocalcaemia may have been
transient and additional information about patient experiences of
these outcomes would inform clinical decision-making.

Although it is possible that routine cinacalcet prescribing has a
beneficial eFect on all-cause mortality, consistent treatment eFects
across all available studies suggest that, at best, any benefit for
mortality is likely to be small. Given that lag censoring analyses
for outcomes (where data were censored six months aQer patients
stopped using the study drug) were reported as prespecified
secondary analyses in the EVOLVE study 2007 and suggested a
potential benefit for cinacalcet on total mortality (hazard ratio 0.83,
95% CI 0.73 to 0.96), it might be argued that additional studies
of cinacalcet are now needed or that cinacalcet lowers mortality.
However, we suggest that these lag-censoring approaches were
secondary analyses only, and that existing evidence for all-cause
mortality is high-quality according to GRADE criteria (Guyatt 2008).
This means that additional studies are unlikely to change the
treatment estimates we observed or our confidence in these
estimates.

By contrast, evidence for GFR categories G3a to G4 (estimated GFR
15 to 60 mL/min/1.73 m2) was low or very low quality indicating that
further data for this specific group of patients would be informative.

Overall completeness and applicability of evidence

Despite widespread adoption into clinical practice and approval
by the FDA, the eFicacy and tolerability of cinacalcet in available
studies is now better understood and suggests routine cinacalcet
therapy has little or no benefit for dialysis patients. Notably, all
available studies of cinacalcet investigating cinacalcet used it as
"routine" or "first-line" therapy in patients with elevated serum
PTH levels. The findings in these studies therefore do not assess
the possibility that cinacalcet may improve patient outcomes when
used as treatment of elevated PTH levels resistant to other therapy
including vitamin D compounds and phosphorous binders. The
National Health Service National Institute for Health and Clinical
Excellence (NICE) Clinical practice guidelines have suggested that
cinacalcet should be used when serum PTH levels are very
high, other treatments have been ineFective and when surgical
parathyroidectomy is contraindicated (NICE 2007). However, we
advise caution in this clinical setting, as available studies for this
approach to cinacalcet therapy are not available and, in particular,
outcomes and adverse events comparing parathyroidectomy
versus cinacalcet treatment are not available.

This updated review has provided additional evidence for patient-
level outcomes, beyond surrogate outcomes of eFicacy that
dominated earlier studies and our earlier review (Strippoli 2006a).
A surrogate is a measurable outcome such as a laboratory or
imaging test, which is responsive to the eFect of an intervention
(e.g. reduction of total cholesterol with statins) and is also causally
associated with a clinically important outcome (e.g. reduction in
all-cause or cardiovascular mortality with statins). A valid surrogate
end-point therefore captures the full eFect of an intervention but
earlier in the causal chain of events (Bucher 1999; Psaty 1999;
Temple 1999). Surrogate end points are used in preference to
hard end points in RCTs because cost and sample size can be
reduced and feasibility increased substantially. Compared with
hard endpoints, surrogates allow for shorter study duration, and
either occur more commonly or are continuous measures and
so more sensitive to diFerences in treatment. In kidney disease,
surrogates are commonly used in studies, and include dialysis
adequacy, haemoglobin levels, leQ ventricular hypertrophy, and
episodes of acute rejection, which have been the basis for the
regulatory approval and clinical use of various drugs (Besarab 1998;
Borrows 2004; Churchill 1997; McMahon 2004). However, not all
surrogates are valid proxies of clinically important patient-entered
outcomes. In order for a surrogate to be valid, two criteria must
be met. First, there must be a strong, independent and consistent
association between the surrogate and the clinically important
outcome, which comes from observational studies. For calcium,
phosphorous and PTH this criterion has been met from a number
of large-scale cohort and cross sectional studies (Avram 1996;
Ganesh 2001; Kestenbaum 2005; Stevens 2004). Second, and more
importantly, for a surrogate to be valid there must also be evidence
that using an intervention changes a surrogate (e.g. reduction of
PTH with a calcimimetic) and results in an expected change in
the patient-based outcome distal to the surrogate in the same
causal pathway for the disease in question (e.g. reduction of deaths
with a calcimimetic). This criterion requires a RCT, which measures
both the surrogate and the hard endpoint. In the available studies
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for cinacalcet, we have shown that despite large and clinically-
relevant improvements in serum PTH and serum calcium levels,
mortality is not reduced and eFects on cardiovascular mortality
remain uncertain, suggesting that serum PTH and calcium are not
suFiciently proven to be valid proxies of hard patient endpoints in
studies of novel agents in CKD.

To date, cinacalcet has uncertain eFects on fracture in CKD. The
treatment eFect we observed (RR 0.53) was similar in magnitude
to, but less certain than the risk estimate measured in a pooled
analysis of 4 similarly designed, RCTs of cinacalcet comprising
1184 participants with GFR category G5 treated with dialysis and
serum PTH levels of 300 pg/mL or greater, in which the reported
risk of fracture was 0.46 (95% CI 0.22 to 0.95) (Cunningham
2005a). It was unclear in that publication which studies were
included in the analysis, and which included data for extended
treatment in two studies that included only about half of the
initially randomised participants. While it is possible that cinacalcet
has beneficial eFects on fracture, at present available evidence
provides uncertain estimates of eFect.

At this stage, data for cinacalcet in adults with earlier stages of
CKD, peritoneal dialysis patients and those with a functioning
kidney transplant are scarce or absent. There is currently no strong
evidence to support the use of cinacalcet in these clinical settings.

Quality of the evidence

Overall, based on GRADE criteria considering risks of bias in
individual studies consistency of the evidence between studies,
directness of the evidence to clinical populations, precision of
estimates and publication bias, (Summary of findings for the
main comparison) evidence for cinacalcet in adults with GFR
category G5 treated with dialysis (mortality, parathyroidectomy,
hypocalcaemia, and nausea) is of high or moderate quality. High
quality evidence suggests "further research is very unlikely to
change our confidence in the estimate of treatment eFect" and
moderate quality evidence is "further research is likely to have an
important impact on our confidence in the estimate of eFect and
may change the estimate".

Information for adults with less severe CKD GFR category G3a to
G4 is of low or very low quality. This means that further research
is very likely to have an important impact on our confidence in the
estimate of eFect and is likely to change the estimate. Very low
quality evidence suggests any estimate of eFect is very uncertain.

Potential biases in the review process

First, to illustrate the importance of prospective registration of
studies recently adopted by all major biomedical journals and
kidney journals, in order to ensure that all studies evaluating
an intervention can be known and linked with publications to
avoid publication bias (Simes 1986) and duplication bias (Egger
1998), we found it very diFicult to link publications with specific
studies. This was an issue with the first publication of this
review in 2006 and continues with this update. While we believe
we have eighteen unequivocally separate studies with unique
data, we found numerous reports for which we believe data
were duplicates of that already available in full-text published
reports. Duplicate reporting is known to be associated with an
overestimation of true treatment eFects and spurious precision
if the studies are incorporated in meta-analysis (Egger 1998).

Prospective registration with a unique identification number for
each study would avoid this; despite the recommendation for study
registration, only 50% of the 10 included studies published aQer
2005 (when this requirement commenced) had clearly reported
studies registration in the primary published report.

Second, sponsor involvement in authorship, data management
and statistical analysis may influence study reporting and lead to
a greater likelihood of positive results (Lexchin 2003). The sponsor
played a role in the authorship or analysis of over 80% of available
studies for cinacalcet suggesting a potential for over-estimation of
treatment benefits.

Third, the investigators of one large study (Block 2004a) combined
the results of two separate but similar studies, a method used
by the CLASS investigators that has been widely criticized (Juni
2003). When the cinacalcet group of one study is compared both
with the placebo group of the same study (random allocation) but
also the placebo group of the other study (non-random allocation),
outcome diFerences between the cinacalcet and placebo groups
may be due to diFerences in study populations or co-interventions;
which are unknown and therefore cannot be adjusted for. Having
identical study designs does not prevent these eFects. Such study
results would be better reported separately. Data could then be
combined using meta-analysis to provide a summary weighted
estimate of the eFects shown in the individual studies.

Agreements and disagreements with other studies or
reviews

This review disagrees with the findings of a pooled analyses of
four studies of cinacalcet reported in 2005 (Cunningham 2005a)
comprising 1184 dialysis patients with an elevated serum PTH
level. That study combined four studies without meta-analysis
and evaluated parathyroidectomy, fracture, hospitalisations
and mortality to find marked reductions in the risk of
parathyroidectomy (RR 0.07, 95% CI 0.01 to 0.55), fracture (RR 0.46,
95% CI 0.22 to 0.95) and cardiovascular hospitalisation (RR 0.61,
95% CI 0.43 to 0.86). These findings were in contrast to our meta-
analysis in 2006 which found no significant eFects on patient-based
endpoints (Strippoli 2006a). Our current update which includes
all available studies, indicates a similar but more uncertain eFect
on fracture, a smaller eFect on parathyroidectomy, and could not
provide estimates for hospitalisation.

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

Implications for practice

Evidence for benefits of routine cinacalcet treatment in adults
with CKD and elevated PTH levels are limited to small absolute
reductions in parathyroidectomy. Routine cinacalcet therapy in
people with CKD does not appear warranted and benefits may be
limited to preventing parathyroidectomy in the small number of
patients for whom surgery is contraindicated. Nausea, vomiting
and hypocalcaemia are commonly experienced by patients treated
with cinacalcet.

Implications for research

• Additional studies of cinacalcet in adults with earlier stages
of CKD, kidney transplant recipients and peritoneal dialysis
patients would inform practice. Until then, widespread
prescribing in these populations is not warranted.
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• Further studies in haemodialysis patients is unlikely to change
the estimates of eFect or our confidence in the current evidence

• Studies comparing cinacalcet with surgical parathyroidectomy
might be informative for patients who have elevated PTH levels
resistant to standard therapies.
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Characteristics of included studies [ordered by study ID]

 

Methods • Study design: parallel, open-label RCT

• Study duration: NS

ACHIEVE Study 2008 
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• Study follow-up: 27 weeks

Participants • Country: USA

• Setting: multicentre (42 centres)

• Patients ≥ 18 years; received HD for ≥ 3 mo; were receiving either paricalcitol or doxercalciferol to man-
age SHPT; historical plasma PTH values between 150 and 800 pg/mL (confirmed during screening);
albumin-corrected serum total calcium concentrations ≥ 8.4 mg/dL. Patients with PTH levels between
300 to 800 pg/mL were considered without regard to serum Ca x P levels, whereas those with PTH
levels between 150 to 300 pg/mL were considered only if Ca x P > 55 mg2/dL2. After a 3-wk washout
period during which vitamin D therapy was withheld, PTH and calcium levels were measured again
on at least 2 occasions. Patients with mean PTH values > 300 pg/mL and mean calcium levels ≥ 8.4
mg/dL qualified for study

• Number: treatment group (87); control group (86)

• Mean age ± SD (years): treatment group (57.7 ± SD 14.9); control group (59 ± 12.4)

• Sex (M/F): treatment group (52/35); control group (45/41)

• Exclusion criteria: pregnant or nursing; undergone a parathyroidectomy within the previous 3 mo;
involved in any other clinical study within the past 30 d; had received cinacalcet previously

Interventions Treatment group

• Cinacalcet

• Low dose vitamin D

• Duration: 16 weeks titration, 11 weeks maintenance

Control group

• Vitamin D

Co-interventions: NS

Outcomes • Simultaneously achieved a mean PTH between 150 and 300 pg/mL and a mean Ca x P value < 55 mg2/
dL2

• Achieved KDOQI targets for PTH, calcium, phosphorous, and Ca x P individually

• Absolute and percentage change from baseline in values for PTH, calcium, phosphorous, and Ca x P

• Proportion with 30% reduction in PTH

Notes • ITT: yes

• Funding: "The ACHIEVE study (Study ID Number 20050102) and the preparation of this manuscript
were funded by Amgen, Inc. The authors wish to thank Nelson Erlick, DPM, MS, on behalf of Amgen
Inc. and Jane Mannion, MS, Amgen Inc. for their assistance in the preparation of this manuscript (Ms
Mannion is currently employed by Baxter International, Inc.)"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

High risk Not used

ACHIEVE Study 2008  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Not used

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Lost to follow-up 24% of the patients

Selective reporting (re-
porting bias)

Low risk Data available for all included outcomes

Other bias High risk Sponsor on authorship

ACHIEVE Study 2008  (Continued)

 
 

Methods • Study design: parallel, open-label RCT

• Study duration: NS

• Study follow-up: 52 weeks

Participants • Country: multinational

• Setting: multicentre (90 centres)

• HD ≥ 3 mo; iPTH > 300 pg/mL; serum calcium ≥ 8.4 mg/dL; serum Ca x P > 50 mg2/dL2

• Number: treatment group (180); control group (180)

• Mean age ± SD (years): treatment group (61.2 ± 12.6); control group (61.8 ± 12.8)

• Sex (M/F): treatment group (112/68); control group (95/85)

• Exclusion criteria: previous cinacalcet treatment; calcium-free phosphate binding agents; bisphos-
phonate therapy; lipid lowering within 30 d; atrial fibrillation; coronary artery bypass grafting or stent;
valve replacement; heart transplant; pacemaker; aortic aneurysm; parathyroidectomy within 3 mo or
in next 6 mo; scheduled kidney transplant; body weight > 136 kg; inability to absorb oral medications;
sensitivity to cinacalcet; unstable medical condition

Interventions Treatment group

• Cinacalcet

• Low dose vitamin D

• Duration: 20-week dose-titration phase, 32-week follow-up phase

Control group

• Vitamin D at the same dose prescribed before randomisation

• Duration: 52 weeks

Co-interventions

• Treatment group: vitamin D (75%); phosphate binders (calcium-based (83%); sevelamer (26%); lan-
thanum (4%); other (11%))

• Control group: vitamin D (79%); phosphate binders (calcium-based (84%); sevelamer (26%); lan-
thanum (7%); other (8%))

Outcomes • % change in CAC score from baseline to week 52

• Absolute change in CAC score from baseline to week 52

• Absolute and percentage change in calcification scores for the thoracic aorta, aortic valve and mitral
valve from baseline to week 52

• > 15% progression of CAC from baseline to week 52

ADVANCE Study 2010 
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• Absolute and percentage change in PTH, calcium, phosphorous and Ca × P from baseline to the end
of study as assessed during weeks 44 to 52 of follow-up

• Safety of cinacalcet as measured by the type, frequency and severity of adverse events and their re-
ported relationship to treatment

• Absolute and percent changes in mean PTH, calcium, phosphorous and Ca × P values from baseline
to end of study as assessed at week 44–52 in the efficacy analysis set

Notes • ITT: yes

• Funding: "This study was sponsored by Amgen Inc. J.F. has received speaker and consultant honoraria
from Amgen, Genzyme, Shire and has received grant support from Amgen and Fresenius. P.R. has re-
ceived research grants from Amgen and Genzyme. G.A.B. has received research grants from Amgen,
Genzyme, Shire, Novartis, DaVita, and Fresenius; has received fees for expert consultancy and/or ad-
vice from Amgen, Genzyme, Shire, Mitsubishi, and Theraclion. P.U.T. has received fees for clinical re-
search, speaking and expert consultancy from Amgen, Shire, Novartis, Roche, Fresenius, Roche, HAS,
and Hemotech. G.M.C. has received research funding from Amgen. W.G.G., N.L., G.D. and B.D. are em-
ployees and stockholders in Amgen"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

High risk Open-label (http://clinicaltrials.gov/show/NCT00379899)

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 22.2 % patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phoshorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

ADVANCE Study 2010  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: April 2003 to October 2003

• Study follow-up: 5 weeks

Participants • Country: Japan

• Setting: multicentre (2 centres)

• Aged 20 to 74 years; serum iPTH ≥ 300 pg/mL, serum calcium 9.0–11.5 mg/dL; treatment with HD for at
least 12 weeks before the screening period. Patients receiving vitamin D sterols or phosphate binders

Akiba 2008 
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were required to be on a stable dose during the screening period. Dialysate calcium concentration
and the size of the dialyzer membrane surface area could not be changed during the 14 days before
enrolment.

• Number: treatment group (91 randomised, 79 completed); control group (30)

• Mean age ± SD (years): treatment group (56.7 ± 9.2; 55.8 ± 7.7; 53.2 ± 7.0); control group (51.8 ± 7.5)

• Sex (M/F): treatment group (54/25); control group (25/5)

• Exclusion criteria: severe hepatic diseases; cirrhosis, severe heart failure; uncontrolled hypertension;
uncontrolled DM; malignant neoplasm; serious infectious diseases; undergone a parathyroidectomy
within 24 weeks before enrolment; parathyroid intervention therapies (percutaneous ethanol injec-
tion therapy (PEIT) during the screening period; pregnant or lactating females

Interventions Treatment group

• Cinacalcet: 12.5 to 50 mg/d

• Duration: 3 weeks maintenance, 2 weeks follow-up

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (67%); phosphate binders (96%)

• Control group: vitamin D (70%); phosphate binders (100%)

Outcomes • Percentage changes from baseline in serum iPTH levels at the end of dosing (week 3)

• Percentage changes from baseline in serum calcium, phosphorous, Ca x P and bone metabolism mark-
ers (BSAP, osteocalcin, TRACP and NTx) levels at the end of dosing

Notes • ITT: per-protocol analysis was used to analyse efficacy endpoints

• Three treatment groups were combined

• Funding: "This study was supported by Kirin Brewery. Drs Akizawa, Tsukamoto, Uchida, Iwasaki and
Koshikawa are scientific advisors for Kirin Brewery"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Central computerised system

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk "Cinacalcet and placebo tablets were identical in appearance in order to main-
tain the double-blind status of the study."

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

Low risk "All laboratory determinations, except for hematological assessments, were
performed at a central laboratory"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Per-protocol analysis was used to analyse efficacy endpoints. 14.2% lost to fol-
low-up in the active arm. 10.7% lost to follow-up in total

Akiba 2008  (Continued)
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Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Authors are scientific advisors for sponsor

Akiba 2008  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: December 2001 to January 2003

• Study follow-up: 26 weeks

Participants • Country: multinational

• Setting: multicentre (125 centres)

• Medically stable patients with secondary hyperparathyroidism; ≥ 18 years; treated with thrice-weekly
HD for at least three mo; mean plasma PTH of at least 300 pg/mL; established by 3 measurements
obtained within a 30-day screening period. Dialysate calcium levels remained unchanged throughout
the study.

• Number: treatment group (371); control group (370)

• Mean age ± SD (years): treatment group (54 ± 14); control group (55 ± 15)

• Sex (M/F): treatment group (226/145); control group (229/141)

• Exclusion criteria: evidence of cancer; active infection; diseases known to cause hypercalcaemia;
serum Ca < 8.4 mg/dL corrected for albumin; receiving drugs such as flecainide, thioridazine, and most
tricyclic antidepressants

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 12 weeks titration, 14 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (66%); phosphate binders (92%)

• Control group: vitamin D (67%); phosphate binders (93%)

Outcomes • Mean PTH ≤ 250 pg/mL

• Reduction from base line of at least 30% in mean PTH levels

• Percent change in the values for PTH, calcium, phosphorous, Ca x P

Notes • Stop/endpoints: iPTH < 250 pg/mL

• ITT: no

• Pooled data from 2 studies

• Funding: "Supported by Amgen"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Block 2004a 
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Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Blinded study

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 22%

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Pooled data from 2 studies; statistical analyses and data interpretation by
sponsor; data held by sponsor; editorial assistance from sponsor

Block 2004a  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: June 2002 and March 2003

• Study follow-up: 18 weeks

Participants • Country: USA and Canada

• Setting: multicentre (16 centres)

• Men and women, ≥ 18 years with CKD and SHPT but were not receiving dialysis; GFR of 15 to 50 mL/
min/1.73 m2; one iPTH < 130 pg/mL; serum Ca ≥ 9.0 mg/dL

• Number: treatment group (27); control group (27)

• Mean age ± SD (years): treatment group (60.6 ± 15.6); control group (61.9 ± 15.1)

• Sex (M/F): treatment group (16/11); control group (22/5)

• Exclusion criteria: any unstable medical condition; pregnant or lactating; undergone parathyroidec-
tomy or experienced MI in the previous 3 months; kidney transplantation at any time; changed vita-
min D therapy in the previous 30 days; were likely to begin dialysis therapy or receive a kidney trans-
plant within 18 weeks

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 12 weeks titration, 6 weeks maintenance

Control group

• Placebo: 30 to 180 mg/d

• Duration: 12 weeks titration, 6 weeks maintenance

Co-interventions

• Treatment group: vitamin D (22%); phosphate binders (37%)

• Control group: vitamin D (33%); phosphate binders (48%)

Outcomes • ≥ 30% reduction from baseline in mean iPTH

Charytan 2005 
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• Percentage change in mean iPTH within each treatment group (efficacy)

• Collection of adverse events and laboratory parameters (safety)

Notes • ITT: yes

• Funding: "Supported in part by a grant from Amgen Inc. WL, PSK, and LCM are employees of Amgen
Inc"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Low risk Centralised interactive voice-response system

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

Low risk Blinded study

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 30% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship

Charytan 2005  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: December 2004 to August 2006

• Study follow-up: 32 weeks

Participants • Country: multinational

• Setting: multicentre (73 centres)

• Adults with an iPTH ≥ 100 pg/mL (CKD stage 3) or ≥ 160 pg/mL (CKD stage 4); eGFR 15 to 59 mL/min/1.73
m2; albumin-corrected serum calcium concentration ≥ 9.0 mg/dL

• Number: treatment group (302); control group (102)

• Mean age ± SD (years): treatment group (64.7 ± 13.3); control group (66.2 ± 12.2)

• Sex (M/F): treatment group (177/125); control group (60/42)

• Exclusion criteria: kidney transplantation; pregnancy; lactation; laboratory evidence of primary hy-
perparathyroidism; unstable medical condition; participation in a previous cinacalcet clinical study;
likelihood of dialysis or scheduled for kidney transplantation within 28 weeks after day 1; MI within 3
months before day 1; participation in another investigational study; prior treatment with cinacalcet;
change in active vitamin D sterol treatment in the previous 30 days

Interventions Treatment group

Chonchol 2009 
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• Cinacalcet: 30 to 180 mg/d

• Duration: 16 weeks titration, 16 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (21%); phosphate binders (19%)

• Control group: vitamin D (21%); phosphate binders (18%)

Outcomes • Mean ≥ 30% decrease in iPTH level

• iPTH ≤ 70 pg/mL (CKD stage 3) or ≤ 110 pg/mL (CKD stage 4)

• Mean percentages of change in iPTH levels from baseline

• Adverse events

• Changes in haematology, clinical chemistry and urine calcium and phosphorous results

Notes • ITT: no

• Funding: "The writing of this manuscript was supported by Amgen Inc; see Financial Disclosure for
further information." "This trial (20000178) was sponsored by Amgen Inc, which markets cinacalcet.
Dr Chonchol is a member of advisory boards for Amgen; Dr Locatelli is a member of advisory boards
for Amgen-Dompé, Shire, and Mitsubishi; Dr Charytan receives research and/or consultation support
from Amgen; Dr de Francisco is a clinical advisor for Amgen and lectures for Amgen, Roche, Jansen
Cilag, and Abbott; Dr Jolly is a stockholder of Amgen; Drs Albizem and Mix and Ms Kubo are employees
of and stockholders of Amgen; and Dr Block is an advisor for Amgen and has received research support
from Amgen."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

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

Low risk Blinded study

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up 3% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship; sponsor involved in writing manuscript

Chonchol 2009  (Continued)
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Methods • Study design: parallel RCT

• Study duration: July 2009 to August 2010

• Study follow-up: 36 weeks

Participants • Country: Kuwait; Saudi Arabia

• Setting: multicentre (2 centres)

• Adults ≥ 18 years; ESKD with SHPT; receiving maintenance HD 3 times/week for ≥ 3 months; iPTH ≥ 31.8
pmol/L; albumin-corrected serum calcium ≥ 2.1 mmol/L; no more than 20% of the study population
could have iPTH levels exceeding 84.8 pmol/L

• Number: treatment group (55); control group (27)

• Mean age ± SD (years): treatment group (51.5 ± 12.7); control group (51.8 ± 15)

• Sex (M/F): treatment group (27/28); control group (14/13)

• Exclusion criteria: any unstable medical condition; breastfeeding; experienced a MI within 3 month of
study day 1; undergone a parathyroidectomy within 6 month of study day 1; gastrointestinal disorder
associated with impaired absorption of oral medications or an inability to swallow tablets; received
vitamin D therapy for < 21 d; change in prescribed vitamin D brand or dose within 21 d before study
day 1; enrolled in other studies; previously enrolled or participated in other cinacalcet clinical studies

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 12 weeks titration, 24 weeks maintenance

Control group

• Conventional therapy

Co-interventions

• Treatment group: vitamin D (50%); phosphate binders (86%)

• Control group: vitamin D (52%); phosphate binders (89%)

Outcomes • Mean iPTH ≤ 31.8 pmol/L

• Both mean Ca x P < 4.44 mmol2/L2 and iPTH ≤ 31.8 pmol/L

• Mean calcium < 2.37 mmol/L

• Mean phosphorous < 1.78 mmol/L

• Mean Ca x P < 4.44 mmol2/L2

• Adverse events

• Changes in safety laboratory parameters (including clinical chemistry and haematology)

Notes • ITT: no

• Funding: NS

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

Blinding of participants
and personnel (perfor-
mance bias) 

High risk Not blinded

El Shafey 2011 
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All outcomes

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up 5% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Uneven comparisons

El Shafey 2011  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: 22 August 2006, to 31 January 2008

• Study follow-up: treatment group (21.2 months); control group (17.5 months)

Participants • Country: multinational (USA, Canada, Argentina, Brazil, Mexico, Australia, Austria, Belgium, Den-
mark, France, Germany, Hungary, Ireland, Italy, Netherlands, Poland, Portugal, Russia, Spain, Sweden,
Switzerland, UK)

• Setting: multicentre (approx. 500 centres)

• Men or women ≥18 years of age at screening; treated with maintenance HD 3 times/wk for ≥ 3 months
before randomisation; PTH ≥ 300 pg/mL; serum calcium ≥ 8.4 mg/dL; Ca x P ≥45 mg2/dL2; available
during the follow-up phase of the study; agree to be followed for study endpoints until the end of
study; appropriate written informed consent must be obtained.

• Number: treatment group (1948); control group (1935)

• Mean age ± SD: 54 ± 14 years

• Sex (M/F): treatment group (1140/808); control group (1167/768)

• Exclusion criteria: unstable medical condition; parathyroidectomy; severe concomitant disease, in-
cluding life-threatening malignancy or acquired immune deficiency syndrome, or any other life-
threatening concomitant disease; received therapy with cinacalcet within 3 months of randomisation;
hospitalization within 12 weeks of randomisation for any of the following events (MI, unstable angina,
heart failure, peripheral vascular disease, stroke; history of seizure within 12 weeks prior to randomi-
sation); scheduled date for kidney transplant from a known living donor; anticipated parathyroidec-
tomy within 6 months after randomisation; currently enrolled in or has not yet completed at least 30
days since ending other investigational device or drug study(s); receiving other investigational agen-
t(s); known sensitivity or intolerance to any of the products to be administered; any kind of disorder
that compromises the ability of the subject to give written informed consent and/or to comply with
study procedures; pregnant; breast feeding; child-bearing potential and not using adequate contra-
ceptive precautions

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 21.2 months

Control group

• Placebo

• Duration: 17.5 months

Co-interventions

EVOLVE study 2007 
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• Treatment group: vitamin D (59.3%); phosphate binders (87.8%)

• Control group: vitamin D (59.6%); phosphate binders (89%)

Outcomes • Composite endpoint of time to death or first nonfatal cardiovascular event (MI, hospitalisation for
unstable angina, heart failure, or a peripheral vascular event)

• Time to individual components of primary composite endpoint

• Death from cardiovascular causes

• Stroke

• Bone fracture

• Parathyroidectomy

Notes • ITT: yes

• Funding: "This study was funded by Amgen, Inc and led by an executive committee composed of aca-
demic members, two sponsor members (nonvoting), and statisticians. The executive committee over-
saw the design, conduct, and all analyses. Data were collected by the sponsor and shared with the
executive committee throughout the study and after unblinding. The analysis was performed by the
sponsor and confirmed by an independent biostatistician at Stanford University School of Medicine.
The sponsor provided the active medication and matching placebo. The lead author wrote the first
draQ of the manuscript, and the executive committee was responsible for data interpretation and
manuscript completion. The sponsor reviewed the manuscript, but decisions about the final manu-
script were made by the lead author and academic members of the executive committee only."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Generated by Amgen

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

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

Low risk Double-blinded

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

Low risk Blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up 7.9% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship; sponsor involved in writing manuscript; sponsor held
data and analysed data

EVOLVE study 2007  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: April to December 2004

Fukagawa 2008 
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• Study follow-up: 14 weeks

Participants • Country: Japan

• Setting: multicentre (29 centres)

• Patients > 20 years of age with ESRD and SHPT who were undergoing HD 3 times/wk for at least 16
weeks and were in a medically stable condition; serum iPTH level ≥300 pg/mL both at 1 and 2 weeks
prior to the cinacalcet administration; serum calcium level ≥ 9.0 mg/dL at 1 week prior to the cinacal-
cet administration

• Number: treatment group (72); control group (71)

• Mean age ± SD (years): treatment group (54.7 ± 11); control group (55.7 ± 11.7)

• Sex (M/F): treatment group (40/32); control group (37/34)

• Exclusion criteria: parathyroidectomy within 24 weeks prior to the treatment; percutaneous ethanol
injection therapy into the parathyroid gland during the 4 weeks’ screening period; severe impairment
of hepatic function; severe hypertension; uncontrolled DM; cancer; severe infection; severe cardiac
failure

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 14 weeks

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (87.5%); phosphate binders (93.1%)

• Control group: vitamin D (88.7%); phosphate binders (95.8%)

Outcomes • Percentage with serum iPTH levels ≤ 250 pg/mL at the end of the dosing

• Adverse events

• Laboratory variables

• Vital signs

Notes • ITT: yes

• Funding: "This study was supported by Kirin Pharma Co., Ltd."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Centralised computer system

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Double-blinded

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

Unclear risk NS

Fukagawa 2008  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up 2.8% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Study sponsored by Kirin Parma Co. LTD

Fukagawa 2008  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: NS

• Study follow-up: 24 days

Participants • Country: USA

• Setting: multicentre

• Medically stable individuals ≥ 18 years undergoing HD 3 times/wk for at least 3 months with biochem-
ical evidence of secondary hyperparathyroidism as judged by serum PTH levels between 300 and 1200
pg/mL; calcium levels > 9.0 mg/dL; serum phosphorous levels > 3.0 mg/dL; serum aluminium levels
< 40 mg/L; serum CO2 levels > 15 mEq/L; serum potassium concentrations < 6.2 mEq/L; HCT values >

30%; serum ferritin levels > 100 ng/mL; transferrin saturation values > 20%; urea reduction rate ≥ 65%
and/or measured Kt/V values > 1.2.

• Number: treatment group (16); control group (5 randomised, 4 analysed)

• Mean age ± SD (years): treatment group (48.6 ± 12.4); control group (54.7 ± 16.8)

• Sex (M/F): treatment group (13/3); control group (1/3)

• Exclusion criteria: women of childbearing age unless they were using effective contraceptive mea-
sures or had previously been rendered sterile surgically; serum levels of hepatic transaminases or
bilirubin were more than twice the upper limit of normal or if they were using medication such as se-
lective serotonin reuptake inhibitors, tricyclic antidepressants, or B-adrenergic blocking agents that
are metabolized extensively by the P450 pathway; history of seizures; malignancy; hyperthyroidism;
granulomatous diseases that could cause hypercalcaemia; MI within the previous 6 months; correct-
ed QT interval (QTc) on electrocardiogram that exceeded 450 milliseconds

Interventions Treatment group

• R-568: 100 mg/d

• Duration: 15 days maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (38%); phosphate binders (31%)

• Control group: vitamin D (50%); phosphate binders (50%)

Outcomes • Plasma PTH

• Blood-ionized calcium

• Pharmacokinetic data

• Adverse effects

Notes • ITT: no

• Funding: "This work was supported by Amgen, Inc., and by USPHS grants RR-00865 and DK-52905"

Goodman 2000 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Double-blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 38% of patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phoshorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

Goodman 2000  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: NS

• Study follow-up: 16 days

Participants • Country: USA

• Setting: multicentre

• Patients ≥ 18 years; medically stable, and had been treated for at least 3 months with thrice-weekly
HD with evidence of secondary hyperparathyroidism as judged by two plasma PTH determinations
obtained at least a week apart within 21 d of the initial dose of AMG-073 that were between 250 and
1500 pg/mL; serum total calcium values of ≥ 9.0 mg/dL after correcting for serum albumin concentra-
tions; serum phosphorous levels of ≥ 2.5 mg/dL; serum aluminium levels < 40 ug/L; Hb level ≥ 10 g/
dL or a blood HCT ≥ 30%; chest radiograph within the past 6 months showing no evidence of active
parenchymal disease; body mass index between 15 and 40 kg/m2

• Number: treatment group (23); control group (7)

• Mean age ± SD: 46 ± 16 years

• Sex (M/F): NS

• Exclusion criteria: women of childbearing age unless they had previously been rendered sterile sur-
gically for other medical reasons; serum levels of hepatic transaminases or bilirubin were more than
twice the upper limit of normal; history of seizures within the past 12 months; malignancy within the
past 5 years; hyperparathyroidism; MI within the previous 6 months a cardiac ventricular rhythm dis-
turbance requiring active treatment; a gastrointestinal disorder that could affect the absorption of
drugs given orally; granulomatous diseases that could cause hypercalcaemia

Interventions Treatment group

Goodman 2002 
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• AMG-073: 10 to 50 mg/d

• Duration: 8 days maintenance

Control group

• Placebo

Co-interventions: NS

Outcomes • Serum PTH

• Serum calcium

• Dose response

Notes • ITT: no

• Funding: "This work was supported by Amgen Inc. and by USPHS grants DK-52905, DK-60107, and
RR-00865"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Double blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No patients lost to follow-up

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship

Goodman 2002  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: NS

• Study follow-up: 12 weeks

Participants • Country: USA

• Setting: multicentre (2 centres)

• Medically stable patients with serum calcium levels corrected for albumin concentration ≥ 8.4 mg/dL;
serum phosphorous levels ≥ 3.0 mg/dL

• Number: treatment group (17); control group (5)

Harris 2004 
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• Mean age ± SD (years): treatment group (48.5 ± 10.4); control group (48 ± 13.1)

• Sex (M/F): treatment group (14/3); control group (4/1)

• Exclusion criteria: NS

Interventions Treatment group

• Cinacalcet: 25 to 300 mg/d

• Duration: 12 weeks

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (71%); phosphate binders (100%)

• Control group: vitamin D (60%); phosphate binders (80%)

Outcomes • Pharmacodynamic data at doses > 100 mg

• Adverse effects

Notes • ITT: no

• Funding: "From Pharmacokinetics and Drug Metabolism, Early Development, and Biostatistics, Am-
gen Inc, Thousand Oaks, CA; Orlando Clinical Research Center, Orlando, FL; and Clinical Research Cen-
ter, New Orleans, LA"

• Not included in meta-analyses

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Double-blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 59.1% of patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phosphorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

Harris 2004  (Continued)
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Methods • Study design: parallel, open-label RCT

• Study duration: NS

• Study follow-up: 28 weeks

Participants • Country: multinational

• Setting: multicentre (89 centres)

• Eligible patients were aged ≥ 8 years with Stage 5 CKD receiving maintenance HD 3 times/wk for at
least 3 months before screening and were to continue HD during the study; serum iPTH 130 to 700
pg/mL; total alkaline phosphatase ≥ 0 U/L; calcium ≤ 10.0 mg/dL; Ca x P ≤ 5 mg2/dL2 for US centres
or ≤ 70 mg2/dL2 for non-US centres; iPTH 300–800 pg/mL; calcium 8.4 to 10.0 mg/ dL; phosphorous
≤ 6.5 mg/dL

• Number: treatment group (134); control group (134)

• Mean age ± SD (years): treatment group-IV (59.9 ± 12.0); treatment group-oral (65.1 ± 12.5); control
group-IV (61.2 ± 12.7); control group-oral (65.7 ± 13.5)

• Sex (M/F): treatment group-IV (38/26); treatment group-oral (43/27); control group-IV (38/26); oral
group-oral (49/23)

• Exclusion criteria: allergic reaction or significant sensitivity to any study drug; expected daily require-
ment of > 2.0 g of oral elemental calcium; previous parathyroidectomy; chronic gastrointestinal dis-
orders; clinically significant liver disease and use of known inhibitors or inducers of cytochrome P450
3A or of drugs metabolized by cytochrome P450 2D6 within 2 weeks before study drug administration

Interventions Treatment group

• Cinacalcet

• Low dose vitamin D

• Duration: 28 weeks

Control group

• Vitamin D

Co-interventions: NS

Outcomes • Mean iPTH value of 150 to 300 pg/mL during weeks 21 to 28

• Achieved ≥ 30% or ≥ 50% reduction from baseline in iPTH

• Hypocalcaemia (mean calcium < 8.4 mg/dL) during weeks 21 to 28

• Hypercalcaemia (mean calcium > 10.5 mg/dL) during weeks 21 to 28

• BSAP

• Alkaline phosphatase

Notes • ITT: yes

• Funding: "The IMPACT SHPT study was funded by Abbott Laboratories Inc. Writing and editorial as-
sistance, funded by Abbott Laboratories Inc., was provided by Roland Tacke, PhD, Marsha Hall and
Colleen Hedge of Scientific Connexions, Newtown, PA, USA"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Generated by Clinical Statistics department of Abbott

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

IMPACT SHPT Study 2012 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 24.3% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship; sponsor involved in writing manuscript; sponsor held
data and analysed data

IMPACT SHPT Study 2012  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: NS

• Study follow-up: 18 weeks

Participants • Country: USA, Canada

• Setting: multicentre (23 centres)

• Patients ≥ 18 years, treated for at least 3 mo with HD; PTH levels ≥ 300 pg/mL despite receiving stan-
dard of care (phosphate binders and/or vitamin D sterols); serum calcium corrected for serum albu-
min ≥ 8.8 mg/dL and < 11.0 mg/dL; serum phosphorous ≥ 2.5 mg/dL; Ca x P < 70 mg2/dL2. Patients
receiving vitamin D sterols were required to be on a stable dose for at least 21 days before enrolment;
dialysate calcium concentration and calcium supplements/oral phosphate binders dose could not be
changed during the 7 days before enrolment

• Number: treatment group (39); control group (39)

• Mean age ± SD (years): treatment group (52.7 ± 16.4); control group (48.8 ± 15.6)

• Sex (M/F): treatment group (24/15); control group (22/17)

• Exclusion criteria: medically unstable; evidence of an active infectious or malignant process or dis-
eases known to cause hypercalcaemia; Hb concentration < 9.0 g/dL or a HCT < 27%; liver transami-
nases and bilirubin levels more than twice the upper limit of normal

Interventions Treatment group

• AMG-073: 10 to 50 mg/d

• Duration: 12 weeks titration, 6 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (67%); phosphate binders (87%)

• Control group: vitamin D (62%); phosphate binders (87%)

Outcomes • Reduction in PTH ≥ 30% during the maintenance phase

Lindberg 2003 
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• Mean percent change from baseline for PTH, serum calcium, phosphorous, and Ca x P during the main-
tenance phase

• Adverse events

• Laboratory variables (haematology and biochemistry)

• Vital signs

Notes • ITT: no

• Funding: "Funding for this study was provided by Amgen Inc"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Unclear risk NS

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

Low risk Double-blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 14.1% of patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phosphorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

Lindberg 2003  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: May 2002 to March 2003

• Study follow-up: 26 weeks

Participants • Country: multinational

• Setting: multicentre (60 centres)

• Age ≥18 years; mean of two plasma iPTH values ≥ 300 pg/mL; mean of two serum calcium values ≥ 8.4
mg/dL during the screening phase; treatment with HD, continuous ambulatory PD, or automated PD
for at least 1 mo before beginning study medication; patients who were receiving vitamin D therapy
must have been treated with a stable dose for at least 30 d before enrolment

• Number: treatment group (294); control group (101)

• Mean age ± SD (years): treatment group (51.8 ± 14.0); control group (53.5 ± 13.9)

• Sex (M/F): treatment group (181/113); control group (64/37)

• Exclusion criteria: an unstable medical condition; undergone parathyroidectomy; MI within 3 mo be-
fore the study began

Lindberg 2005 
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Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 16 weeks titration, 10 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (65%); phosphate binders (NS)

• Control group: vitamin D (69%); phosphate binders (NS)

Outcomes • Mean iPTH level ≤ 250 pg/mL

• Reduction in iPTH of at least 30% from baseline

• Mean percentage changes from baseline for iPTH, serum calcium, phosphorous, and Ca x P

• Mean iPTH ≤ 300 pg/mL or reductions in iPTH of a least 20%, 40%, or 50% from baseline

• Ca x P < 55 mg2/dL2

• Mean reduction in Ca x P of at least 5 or 10 mg2/dL2

Notes • ITT: yes

• Funding: "This study was supported by Amgen Inc. Holly Brenza Zoog assisted in the preparation of
the manuscript."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Programmatic algorithm

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

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

Low risk Double-blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 25.3% of patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phosphorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

Lindberg 2005  (Continued)

 
 

Methods • Study design: parallel RCT

Malluche 2008 
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• Study duration: October 2001 to May 2003

• Study follow-up: 52 weeks

Participants • Country: multinational

• Setting: multicentre (17 centres)

• Medically stable patients ≥ 18 years who had received HD for ≥ 1 month with biochemical evidence of
elevated PTH levels; albumin-adjusted serum calcium concentration ≥ 8.4 mg/dL; either Hb level > 9.0
g/dL or a HCT value > 27%; patients receiving vitamin D sterols had to have been on a constant dose
for ≥ 30 days before beginning the study

• Number: treatment group (19); control group (13)

• Mean age ± SD (years): treatment group (50.3 ± 13.3); control group (51.5 ± 14.1)

• Sex (M/F): treatment group (12/7); control group (9/4)

• Exclusion criteria: received bisphosphonate or fluoride during the preceding 90 days

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 24 weeks titration, 28 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (47%); phosphate binders (100%)

• Control group: vitamin D (54%); phosphate binders (77%)

Outcomes • Interval changes in activation frequency, bone formation rate/bone surface, number of osteoblasts
and osteoclasts/bone perimeter, fibrosis surface/bone surface and woven osteoid surface/bone sur-
face

• Absolute and percentage changes from baseline in iPTH, BSAP, NTx and Ca x P

Notes • ITT: no

• Funding: "This study was supported by Amgen Inc (Study 20010141)"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

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

Low risk Double-blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 31.3% of patients

Malluche 2008  (Continued)
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Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, posphorous, PTH and
adverse events)

Other bias High risk Sponsor authorship

Malluche 2008  (Continued)

 
 

Methods • Study design: parallel, open-label RCT

• Study duration: NS

• Study follow-up: 23 weeks

Participants • Country: Europe

• Setting: multicentre (111 centres)

• Patients ≥ 18 years with ESKD with SHPT and had required maintenance dialysis for ≥ 1 mo; iPTH ≥
300 pg/mL and < 800 pg/mL; bio-intact PTH ≥150 pg/mL and < 410 pg/mL; albumin-corrected serum
calcium ≥ 8.4 mg/dL

• Number: treatment group (368); control group (184)

• Mean age ± SD (years): treatment group (58.5 ± 14.5); control group (58.3 ± 14.5)

• Sex (M/F): treatment group (224/144); control group (117/67)

• Exclusion criteria: any unstable medical condition; breastfeeding; MI within 3 mo of study day 1;
parathyroidectomy within 6 mo of study day 1; gastrointestinal disorder associated with impaired ab-
sorption of oral medications or an inability to swallow tablets; patients who received vitamin D ther-
apy for < 21 d or had a change in their prescribed vitamin D brand or dose within 21 d before study day
1; enrolled in other studies; previously enrolled or participated in other cinacalcet clinical studies

Interventions Treatment group

• Cinacalcet: 30 to 180 mg/d

• Duration: 16 weeks titration, 7 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (68%); phosphate binders (92%)

• Control group: vitamin D (68%); phosphate binders (90%)

Outcomes • Mean iPTH ≤ 300 pg/mL

• Both mean Ca x P < 55 mg2/dL2 and iPTH ≤ 300 pg/mL

• Mean Ca × P < 55 mg2/dL2

• Man calcium < 9.5 mg/dL

• Mean phosphorous < 5.5 mg/dL

Notes • ITT: yes

• Funding: "This study was sponsored by Amgen Inc."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

OPTIMA Study 2008 
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Allocation concealment
(selection bias)

Unclear risk NS

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

High risk Not blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss to follow-up 21.9% of patients

Selective reporting (re-
porting bias)

Low risk All the prespecified outcomes were reported

Other bias High risk Sponsor on authorship

OPTIMA Study 2008  (Continued)

 
 

Methods • Study design: parallel RCT

• Study duration: NS

• Study follow-up: 18 weeks

Participants • Country: USA

• Setting: multicentre (17 centres)

• Patients ≥ 18 years treated for at least 3 mo with HD and had uncontrolled SHPT (mean PTH ≥ 300 pg/
mL, despite availability of standard care (phosphate binders and/or vitamin D sterols)); serum calcium
≥ 8.8 mg/dL and < 11.0 mg/dL; serum phosphorous ≥ 2.5 mg/dL; Ca x P < 70 mg2/dL2; patients receiving
vitamin D sterols must have been on a stable dose for at least 21 d before enrolment; dialysis calcium
concentration, the dose of any supplements, and the dose of oral phosphate binders must not have
been changed during the 7 d before enrolment

• Number: treatment group (36); control group (35)

• Mean age ± SD (years): treatment group (49.6 ± 8.5); control group (47.9 ± 14.2)

• Sex (M/F): treatment group (27/9); control group (17/18)

• Exclusion criteria: medically unstable; evidence of an active infectious; malignant process; diseases
known to cause hypercalcaemia; Hb concentration < 9.0 g/dL or a HCT < 27%; liver transaminases and
bilirubin concentrations more than twice the upper limit of normal

Interventions Treatment group

• AMG-073: 25 to 100 mg/d

• Duration: 12 weeks titration, 6 weeks maintenance

Control group

• Placebo

Co-interventions

• Treatment group: vitamin D (61%); phosphate binders (100%)

• Control group: vitamin D (69%); phosphate binders (94%)

Quarles 2003a 
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Outcomes • Mean reduction in PTH of ≥ 30% during the maintenance phase

Notes • Stop/end point: iPTH reduction = 30%

• ITT: yes

• Funding: "Funding for this study was provided by Amgen Inc."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk NS

Allocation concealment
(selection bias)

Low risk Interactive voice-response system

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

Low risk Double blinded

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

Unclear risk NS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up 8.5% of patients

Selective reporting (re-
porting bias)

High risk Not reported systematically (end of treatment calcium, phosphorous, PTH and
adverse events)

Other bias High risk Sponsor on authorship

Quarles 2003a  (Continued)

BSAP - bone-specific alkaline phosphatase; Ca x P - calcium-phosphorous product; CAC - coronary artery calcification score; DM - diabetes
mellitus; ESKD - end-stage kidney disease; GFR - glomerular filtration rate; Hb - haemoglobin; HCT - haematocrit; HD - haemodialysis; iPTH
- intact parathyroid hormone; ITT - Intention-to-treat; MI - myocardial infarction; NA - not available; NS - not stated; NTx - cross-linked N-
telopeptides of type I collagen; PTH - parathyroid hormone; RCT - randomised controlled trial; SHPT - secondary hyperparathyroidism;
TRACP - tartrate-resistant acid phosphatase
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Al-Hilali 2011 Not appropriate intervention

Coburn 2000a Not appropriate outcome

CONTROL Study 2006 Not RCT

Cunningham 2003 Observational extension study

Cunningham 2005 Observational extension study

de Francisco 2005 Not RCT
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Study Reason for exclusion

Harris 2003 Not appropriate outcome

Kaperonis 2012 Not RCT

Moe 2003a Not RCT

Moe 2005 Not RCT

Moe 2005b Not RCT

Padhi 2003 Not CKD population

Pahl 1996 Not intervention

Quarles 2003 Not RCT

Schaefer 2008 Not intervention

Sezer 2012 Not intervention

TARGET Study 2008 Not RCT

CKD - chronic kidney disease; RCT - randomised controlled trial
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised double-blind placebo-controlled study

Participants Patients with CKD not treated with dialysis (GFR 15 to 50 mL/min) and intact PTH levels > 130 ng/
mL

Interventions Cinacalcet 30 to 180 mg/d titrated to obtain a ≥ 30% reduction in intact PTH levels

Outcomes Mean change in PTH, per cent with reduced PTH ≥ 30%, calcium and phosphorous levels

Notes Unclear whether an additional report of Charytan 2005

Coburn 2003 

 
 

Methods Placebo controlled RCTs (3)

Participants Dialysis patients

Number: AMG-073 (141); placebo (74)

Interventions AMG-073 (50 to 100 mg/d)

Outcomes Ca x P; mean iPTH

Notes Abstract only; states combined data of the first 12 weeks of 3 studies - unable to determine which 3
studies

Drueke 2001a 
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Methods Placebo controlled RCTs (3)

Participants Dialysis patients with iPTH ≥ 300 pg/mL

Number: 955

Interventions Cinacalcet 30 to 180 mg/d

Outcomes Ca x P; mean iPTH

Notes Abstract only; states combined data of 3 studies - unable to determine which 3 studies

Fournier 2004a 

 
 

Methods Randomised double-blinded placebo controlled study

Participants Participants with CKD and elevated serum parathyroid hormone levels

Interventions AMG-073

Outcomes Unclear

Notes Reported as published by the University of Pennsylvania at http://renal2.med.upenn.edu/ but URL
link broken and unable to obtain information about study to ascertain details and eligibility for this
review

UPen 2004a 

Ca x P - calcium phosphorous product; CKD - chronic kidney diease; iPTH - intact parathyroid hormone; RCT - randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Calcimimetics versus placebo/no treatment

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 All-cause mortality 16 7351 Risk Ratio (IV, Random, 95% CI) 0.96 [0.89, 1.05]

1.1 GFR category G5 treat-
ed with dialysis

14 6893 Risk Ratio (IV, Random, 95% CI) 0.97 [0.89, 1.05]

1.2 GFR category G3a to G4 2 458 Risk Ratio (IV, Random, 95% CI) 0.29 [0.06, 1.48]

2 Cardiovascular mortality 9 5000 Risk Ratio (IV, Random, 95% CI) 0.68 [0.32, 1.45]

2.1 GFR category G5 treat-
ed with dialysis

7 4542 Risk Ratio (IV, Random, 95% CI) 0.67 [0.16, 2.87]

2.2 GFR category G3a to G4 2 458 Risk Ratio (IV, Random, 95% CI) 0.29 [0.06, 1.48]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

3 Parathyroidectomy 5 4893 Risk Ratio (IV, Random, 95% CI) 0.49 [0.40, 0.59]

4 Fractures 2 3965 Risk Ratio (IV, Random, 95% CI) 0.52 [0.12, 2.27]

5 Hypocalcaemia 14 6864 Risk Ratio (IV, Random, 95% CI) 7.38 [5.43, 10.03]

5.1 GFR category G5 treat-
ed with dialysis

12 6415 Risk Ratio (IV, Random, 95% CI) 6.98 [5.10, 9.53]

5.2 GFR category G3a to G4 2 449 Risk Ratio (IV, Random, 95% CI) 31.90 [5.28, 192.60]

6 Hypercalcaemia 4 4662 Risk Ratio (IV, Random, 95% CI) 0.23 [0.05, 0.97]

7 Nausea 14 6899 Risk Ratio (IV, Random, 95% CI) 2.05 [1.54, 2.75]

7.1 GFR category G5 treat-
ed with dialysis

12 6450 Risk Ratio (IV, Random, 95% CI) 2.02 [1.45, 2.81]

7.2 GFR category G3a to G4 2 449 Risk Ratio (IV, Random, 95% CI) 2.26 [1.29, 3.95]

8 Vomiting 10 6718 Risk Ratio (IV, Random, 95% CI) 1.95 [1.74, 2.18]

8.1 GFR category G5 treat-
ed with dialysis

9 6323 Risk Ratio (IV, Random, 95% CI) 1.97 [1.73, 2.24]

8.2 GFR category G3a to G4 1 395 Risk Ratio (IV, Random, 95% CI) 1.77 [0.90, 3.48]

9 Diarrhoea 8 5639 Risk Ratio (IV, Random, 95% CI) 1.15 [1.02, 1.29]

10 Abdominal pain 4 831 Risk Ratio (IV, Random, 95% CI) 1.62 [0.55, 4.82]

11 Upper respiratory tract
infection

4 1856 Risk Ratio (IV, Random, 95% CI) 0.95 [0.39, 2.33]

12 Asthenia, muscle weak-
ness or paraesthesia

5 1379 Risk Ratio (IV, Random, 95% CI) 1.55 [0.93, 2.58]

12.1 Asthenia 2 790 Risk Ratio (IV, Random, 95% CI) 1.54 [0.26, 8.98]

12.2 Muscle weakness or
paraesthesia

4 589 Risk Ratio (IV, Random, 95% CI) 1.78 [1.00, 3.14]

13 Dyspnoea 2 250 Risk Ratio (IV, Random, 95% CI) 1.02 [0.49, 2.12]

14 Headache 3 1115 Risk Ratio (IV, Random, 95% CI) 1.11 [0.65, 1.91]

15 Achievement of PTH
target

11 2853 Risk Ratio (IV, Random, 95% CI) 3.06 [1.89, 4.98]

16 PTH 7 1935 Mean Difference (IV, Random, 95% CI) -280.39 [-325.84,
-234.94]

17 Serum calcium 7 1556 Mean Difference (IV, Random, 95% CI) -0.87 [-0.96, -0.77]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

18 Serum phosphorous 8 2300 Mean Difference (IV, Random, 95% CI) -0.23 [-0.58, 0.12]

19 Calcium x phosphorous 8 2395 Mean Difference (IV, Random, 95% CI) -5.25 [-9.16, -1.34]

 
 

Analysis 1.1.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 1 All-cause mortality.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.1.1 GFR category G5 treated with dialysis  

Fukagawa 2008 0/72 0/71   Not estimable

Goodman 2002 0/23 0/7   Not estimable

Akiba 2008 0/91 0/30   Not estimable

Lindberg 2003 0/38 0/39   Not estimable

Goodman 2000 0/16 0/4   Not estimable

IMPACT SHPT Study 2012 0/134 4/134 0.08% 0.11[0.01,2.04]

El Shafey 2011 1/55 1/27 0.09% 0.49[0.03,7.55]

Lindberg 2005 3/294 2/101 0.21% 0.52[0.09,3.04]

Malluche 2008 3/32 2/16 0.23% 0.75[0.14,4.05]

ACHIEVE Study 2008 3/87 3/86 0.27% 0.99[0.21,4.76]

Block 2004a 6/371 7/370 0.57% 0.85[0.29,2.52]

OPTIMA Study 2008 11/368 6/184 0.69% 0.92[0.34,2.44]

ADVANCE Study 2010 12/180 12/180 1.11% 1[0.46,2.17]

EVOLVE study 2007 703/1948 718/1935 96.51% 0.97[0.9,1.06]

Subtotal (95% CI) 3709 3184 99.75% 0.97[0.89,1.05]

Total events: 742 (Calcimimetic), 755 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=3.02, df=8(P=0.93); I2=0%  

Test for overall effect: Z=0.79(P=0.43)  

   

1.1.2 GFR category G3a to G4  

Charytan 2005 0/27 2/27 0.07% 0.2[0.01,3.98]

Chonchol 2009 2/302 2/102 0.17% 0.34[0.05,2.37]

Subtotal (95% CI) 329 129 0.25% 0.29[0.06,1.48]

Total events: 2 (Calcimimetic), 4 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.77); I2=0%  

Test for overall effect: Z=1.49(P=0.14)  

   

Total (95% CI) 4038 3313 100% 0.96[0.89,1.05]

Total events: 744 (Calcimimetic), 759 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=5.2, df=10(P=0.88); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

Test for subgroup differences: Chi2=2.1, df=1 (P=0.15), I2=52.43%  

Favours calcimimetic 2000.005 100.1 1 Favours placebo
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Analysis 1.2.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 2 Cardiovascular mortality.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.2.1 GFR category G5 treated with dialysis  

Goodman 2002 0/23 0/7   Not estimable

Akiba 2008 0/91 0/30   Not estimable

Fukagawa 2008 0/72 0/71   Not estimable

Goodman 2000 0/16 0/4   Not estimable

Lindberg 2003 0/38 0/39   Not estimable

IMPACT SHPT Study 2012 0/134 3/134 6.03% 0.14[0.01,2.74]

EVOLVE study 2007 377/1948 391/1935 75.49% 0.96[0.84,1.09]

Subtotal (95% CI) 2322 2220 81.52% 0.67[0.16,2.87]

Total events: 377 (Calcimimetic), 394 (Placebo/no treatment)  

Heterogeneity: Tau2=0.67; Chi2=1.59, df=1(P=0.21); I2=37.16%  

Test for overall effect: Z=0.54(P=0.59)  

   

1.2.2 GFR category G3a to G4  

Charytan 2005 0/27 2/27 5.89% 0.2[0.01,3.98]

Chonchol 2009 2/302 2/102 12.59% 0.34[0.05,2.37]

Subtotal (95% CI) 329 129 18.48% 0.29[0.06,1.48]

Total events: 2 (Calcimimetic), 4 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.77); I2=0%  

Test for overall effect: Z=1.49(P=0.14)  

   

Total (95% CI) 2651 2349 100% 0.68[0.32,1.45]

Total events: 379 (Calcimimetic), 398 (Placebo/no treatment)  

Heterogeneity: Tau2=0.19; Chi2=3.72, df=3(P=0.29); I2=19.38%  

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

Test for subgroup differences: Chi2=0.57, df=1 (P=0.45), I2=0%  

Favours calcimimetic 2000.005 100.1 1 Favours placebo

 
 

Analysis 1.3.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 3 Parathyroidectomy.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

ACHIEVE Study 2008 0/87 1/86 0.36% 0.33[0.01,7.98]

ADVANCE Study 2010 0/180 2/180 0.4% 0.2[0.01,4.14]

Lindberg 2005 0/294 2/101 0.4% 0.07[0,1.43]

El Shafey 2011 1/55 4/27 0.8% 0.12[0.01,1.05]

EVOLVE study 2007 140/1948 278/1935 98.05% 0.5[0.41,0.61]

   

Total (95% CI) 2564 2329 100% 0.49[0.4,0.59]

Total events: 141 (Calcimimetic), 287 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=3.65, df=4(P=0.46); I2=0%  

Test for overall effect: Z=7.35(P<0.0001)  

Favours calcimimetic 5000.002 100.1 1 Favours placebo
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Analysis 1.4.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 4 Fractures.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

El Shafey 2011 2/55 5/27 36.76% 0.2[0.04,0.95]

EVOLVE study 2007 238/1948 255/1935 63.24% 0.93[0.79,1.09]

   

Total (95% CI) 2003 1962 100% 0.52[0.12,2.27]

Total events: 240 (Calcimimetic), 260 (Placebo/no treatment)  

Heterogeneity: Tau2=0.88; Chi2=3.7, df=1(P=0.05); I2=72.94%  

Test for overall effect: Z=0.86(P=0.39)  

Favours calcimimetic 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.5.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 5 Hypocalcaemia.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.5.1 GFR category G5 treated with dialysis  

Lindberg 2003 3/38 0/39 1.1% 7.18[0.38,134.48]

Fukagawa 2008 4/72 0/71 1.12% 8.88[0.49,161.9]

ACHIEVE Study 2008 6/87 0/86 1.15% 12.85[0.74,224.68]

Goodman 2002 3/23 0/7 1.15% 2.33[0.13,40.46]

El Shafey 2011 6/55 0/27 1.17% 6.5[0.38,111.3]

ADVANCE Study 2010 12/180 0/180 1.18% 25[1.49,419.08]

Akiba 2008 9/90 0/30 1.19% 6.47[0.39,107.99]

IMPACT SHPT Study 2012 27/134 0/134 1.21% 55[3.39,892.51]

Goodman 2000 7/16 0/4 1.31% 4.41[0.3,64.57]

OPTIMA Study 2008 18/365 2/182 4.47% 4.49[1.05,19.13]

Block 2004a 18/365 4/369 8.16% 4.55[1.55,13.31]

EVOLVE study 2007 240/1938 33/1923 73.2% 7.22[5.04,10.33]

Subtotal (95% CI) 3363 3052 96.4% 6.98[5.1,9.53]

Total events: 353 (Calcimimetic), 39 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=4.78, df=11(P=0.94); I2=0%  

Test for overall effect: Z=12.19(P<0.0001)  

   

1.5.2 GFR category G3a to G4  

Charytan 2005 4/27 0/27 1.14% 9[0.51,159.43]

Chonchol 2009 183/295 1/100 2.47% 62.03[8.81,436.97]

Subtotal (95% CI) 322 127 3.6% 31.9[5.28,192.6]

Total events: 187 (Calcimimetic), 1 (Placebo/no treatment)  

Heterogeneity: Tau2=0.29; Chi2=1.19, df=1(P=0.28); I2=15.67%  

Test for overall effect: Z=3.77(P=0)  

   

Total (95% CI) 3685 3179 100% 7.38[5.43,10.03]

Total events: 540 (Calcimimetic), 40 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=9.49, df=13(P=0.73); I2=0%  

Test for overall effect: Z=12.78(P<0.0001)  

Test for subgroup differences: Chi2=2.67, df=1 (P=0.1), I2=62.48%  

Favours calcimimetic 10000.001 100.1 1 Favours placebo
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Analysis 1.6.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 6 Hypercalcaemia.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

ADVANCE Study 2010 1/180 5/180 19.74% 0.2[0.02,1.69]

IMPACT SHPT Study 2012 1/134 17/134 20.84% 0.06[0.01,0.44]

ACHIEVE Study 2008 2/87 15/86 25.82% 0.13[0.03,0.56]

EVOLVE study 2007 32/1938 36/1923 33.6% 0.88[0.55,1.41]

   

Total (95% CI) 2339 2323 100% 0.23[0.05,0.97]

Total events: 36 (Calcimimetic), 73 (Placebo/no treatment)  

Heterogeneity: Tau2=1.55; Chi2=12.94, df=3(P=0); I2=76.82%  

Test for overall effect: Z=2(P=0.05)  

Favours cinacalcet 2000.005 100.1 1 Favours placebo

 
 

Analysis 1.7.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 7 Nausea.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.7.1 GFR category G5 treated with dialysis  

Goodman 2002 1/23 0/7 0.84% 1[0.05,22.18]

IMPACT SHPT Study 2012 9/134 0/134 1% 19[1.12,323.19]

Akiba 2008 7/90 0/30 1% 5.11[0.3,86.9]

ACHIEVE Study 2008 9/87 0/86 1% 18.78[1.11,317.78]

Goodman 2000 8/16 0/4 1.12% 5[0.35,72.36]

El Shafey 2011 7/55 1/27 1.84% 3.44[0.45,26.53]

OPTIMA Study 2008 117/365 5/182 7.1% 11.67[4.85,28.05]

Lindberg 2003 8/38 12/39 8.27% 0.68[0.32,1.49]

Fukagawa 2008 26/72 14/71 11.49% 1.83[1.05,3.21]

Lindberg 2005 88/294 22/101 14.38% 1.37[0.91,2.07]

Block 2004a 117/365 70/369 17.34% 1.69[1.3,2.19]

EVOLVE study 2007 563/1938 299/1923 19.38% 1.87[1.65,2.12]

Subtotal (95% CI) 3477 2973 84.77% 2.02[1.45,2.81]

Total events: 960 (Calcimimetic), 423 (Placebo/no treatment)  

Heterogeneity: Tau2=0.13; Chi2=32.46, df=11(P=0); I2=66.11%  

Test for overall effect: Z=4.17(P<0.0001)  

   

1.7.2 GFR category G3a to G4  

Charytan 2005 9/27 2/27 3.4% 4.5[1.07,18.92]

Chonchol 2009 77/295 13/100 11.83% 2.01[1.17,3.45]

Subtotal (95% CI) 322 127 15.23% 2.26[1.29,3.95]

Total events: 86 (Calcimimetic), 15 (Placebo/no treatment)  

Heterogeneity: Tau2=0.02; Chi2=1.06, df=1(P=0.3); I2=5.79%  

Test for overall effect: Z=2.86(P=0)  

   

Total (95% CI) 3799 3100 100% 2.05[1.54,2.75]

Total events: 1046 (Calcimimetic), 438 (Placebo/no treatment)  

Heterogeneity: Tau2=0.11; Chi2=34.05, df=13(P=0); I2=61.82%  

Test for overall effect: Z=4.85(P<0.0001)  

Favours calcimimetic 5000.002 100.1 1 Favours placebo
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Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

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

Favours calcimimetic 5000.002 100.1 1 Favours placebo

 
 

Analysis 1.8.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 8 Vomiting.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.8.1 GFR category G5 treated with dialysis  

ACHIEVE Study 2008 5/87 0/86 0.15% 10.88[0.61,193.7]

Akiba 2008 6/90 0/30 0.16% 4.43[0.26,76.36]

IMPACT SHPT Study 2012 6/134 2/134 0.51% 3[0.62,14.6]

El Shafey 2011 5/55 2/27 0.52% 1.23[0.25,5.92]

Fukagawa 2008 16/72 4/71 1.18% 3.94[1.39,11.22]

Lindberg 2005 68/294 12/101 3.95% 1.95[1.1,3.44]

OPTIMA Study 2008 88/365 13/182 4.18% 3.38[1.94,5.88]

Block 2004a 111/365 59/369 16.31% 1.9[1.44,2.52]

EVOLVE study 2007 497/1938 264/1923 70.23% 1.87[1.63,2.14]

Subtotal (95% CI) 3400 2923 97.19% 1.97[1.73,2.24]

Total events: 802 (Calcimimetic), 356 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=8.23, df=8(P=0.41); I2=2.75%  

Test for overall effect: Z=10.29(P<0.0001)  

   

1.8.2 GFR category G3a to G4  

Chonchol 2009 47/295 9/100 2.81% 1.77[0.9,3.48]

Subtotal (95% CI) 295 100 2.81% 1.77[0.9,3.48]

Total events: 47 (Calcimimetic), 9 (Placebo/no treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.66(P=0.1)  

   

Total (95% CI) 3695 3023 100% 1.95[1.74,2.18]

Total events: 849 (Calcimimetic), 365 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=8.3, df=9(P=0.5); I2=0%  

Test for overall effect: Z=11.51(P<0.0001)  

Test for subgroup differences: Chi2=0.09, df=1 (P=0.76), I2=0%  

Favours calcimimetic 2000.005 100.1 1 Favours placebo

 
 

Analysis 1.9.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 9 Diarrhoea.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Akiba 2008 1/90 0/30 0.14% 1.02[0.04,24.44]

El Shafey 2011 3/55 1/27 0.28% 1.47[0.16,13.5]

Charytan 2005 6/27 4/27 1.04% 1.5[0.48,4.72]

ACHIEVE Study 2008 7/87 9/86 1.54% 0.77[0.3,1.97]

Favours calcimimetic 1000.01 100.1 1 Favours placebo
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Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Chonchol 2009 47/295 9/100 2.99% 1.77[0.9,3.48]

OPTIMA Study 2008 47/365 13/182 3.95% 1.8[1,3.25]

Lindberg 2005 71/294 19/101 6.66% 1.28[0.82,2.02]

EVOLVE study 2007 397/1938 360/1935 83.41% 1.1[0.97,1.25]

   

Total (95% CI) 3151 2488 100% 1.15[1.02,1.29]

Total events: 579 (Calcimimetic), 415 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=5.44, df=7(P=0.61); I2=0%  

Test for overall effect: Z=2.32(P=0.02)  

Favours calcimimetic 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.10.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 10 Abdominal pain.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Akiba 2008 2/90 0/30 10.2% 1.7[0.08,34.52]

ACHIEVE Study 2008 7/87 0/86 11.1% 14.83[0.86,255.69]

Fukagawa 2008 18/72 8/71 37.31% 2.22[1.03,4.77]

Lindberg 2005 35/294 18/101 41.4% 0.67[0.4,1.13]

   

Total (95% CI) 543 288 100% 1.62[0.55,4.82]

Total events: 62 (Calcimimetic), 26 (Placebo/no treatment)  

Heterogeneity: Tau2=0.68; Chi2=9.98, df=3(P=0.02); I2=69.93%  

Test for overall effect: Z=0.87(P=0.38)  

Favours calcimimetic 5000.002 100.1 1 Favours placebo

 
 

Analysis 1.11.   Comparison 1 Calcimimetics versus placebo/
no treatment, Outcome 11 Upper respiratory tract infection.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

ACHIEVE Study 2008 0/87 6/86 7.74% 0.08[0,1.33]

OPTIMA Study 2008 26/365 5/182 26.26% 2.59[1.01,6.64]

Lindberg 2005 53/294 13/101 32.25% 1.4[0.8,2.46]

Block 2004a 26/371 48/370 33.74% 0.54[0.34,0.85]

   

Total (95% CI) 1117 739 100% 0.95[0.39,2.33]

Total events: 105 (Calcimimetic), 72 (Placebo/no treatment)  

Heterogeneity: Tau2=0.56; Chi2=14.92, df=3(P=0); I2=79.89%  

Test for overall effect: Z=0.11(P=0.92)  

Favours calcimimetic 5000.002 100.1 1 Favours placebo
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Analysis 1.12.   Comparison 1 Calcimimetics versus placebo/no
treatment, Outcome 12 Asthenia, muscle weakness or paraesthesia.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.12.1 Asthenia  

Lindberg 2005 24/294 2/101 12.2% 4.12[0.99,17.13]

Chonchol 2009 12/295 6/100 25.46% 0.68[0.26,1.76]

Subtotal (95% CI) 589 201 37.66% 1.54[0.26,8.98]

Total events: 36 (Calcimimetic), 8 (Placebo/no treatment)  

Heterogeneity: Tau2=1.25; Chi2=4.26, df=1(P=0.04); I2=76.52%  

Test for overall effect: Z=0.48(P=0.63)  

   

1.12.2 Muscle weakness or paraesthesia  

Akiba 2008 1/90 0/30 2.58% 1.02[0.04,24.44]

Charytan 2005 1/27 0/27 2.6% 3[0.13,70.53]

Goodman 2000 5/16 0/4 3.5% 3.24[0.21,49.01]

Chonchol 2009 56/295 11/100 53.66% 1.73[0.94,3.16]

Subtotal (95% CI) 428 161 62.34% 1.78[1,3.14]

Total events: 63 (Calcimimetic), 11 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.42, df=3(P=0.94); I2=0%  

Test for overall effect: Z=1.97(P=0.05)  

   

Total (95% CI) 1017 362 100% 1.55[0.93,2.58]

Total events: 99 (Calcimimetic), 19 (Placebo/no treatment)  

Heterogeneity: Tau2=0.03; Chi2=5.34, df=5(P=0.38); I2=6.32%  

Test for overall effect: Z=1.67(P=0.09)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.88), I2=0%  

Favours calcimimetic 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.13.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 13 Dyspnoea.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Lindberg 2003 7/38 5/39 48% 1.44[0.5,4.14]

ACHIEVE Study 2008 6/87 8/86 52% 0.74[0.27,2.05]

   

Total (95% CI) 125 125 100% 1.02[0.49,2.12]

Total events: 13 (Calcimimetic), 13 (Placebo/no treatment)  

Heterogeneity: Tau2=0; Chi2=0.78, df=1(P=0.38); I2=0%  

Test for overall effect: Z=0.05(P=0.96)  

Less with calcimimetic 100.1 50.2 20.5 1 Less with placebo
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Analysis 1.14.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 14 Headache.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

ACHIEVE Study 2008 6/87 5/86 18.38% 1.19[0.38,3.74]

OPTIMA Study 2008 18/365 4/182 20.71% 2.24[0.77,6.53]

Lindberg 2005 50/294 20/101 60.9% 0.86[0.54,1.37]

   

Total (95% CI) 746 369 100% 1.11[0.65,1.91]

Total events: 74 (Calcimimetic), 29 (Placebo/no treatment)  

Heterogeneity: Tau2=0.07; Chi2=2.68, df=2(P=0.26); I2=25.33%  

Test for overall effect: Z=0.39(P=0.7)  

Less with calcimimetic 1000.01 100.1 1 Less with placebo

 
 

Analysis 1.15.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 15 Achievement of PTH target.

Study or subgroup Calcimimetic Placebo/no
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Fukagawa 2008 37/72 2/71 5.79% 18.24[4.57,72.85]

Lindberg 2003 14/38 3/39 6.72% 4.79[1.5,15.34]

Charytan 2005 15/27 5/27 8.14% 3[1.27,7.09]

El Shafey 2011 30/52 5/26 8.33% 3[1.32,6.82]

Quarles 2003a 19/36 8/35 8.99% 2.31[1.17,4.57]

Lindberg 2005 191/294 13/101 9.74% 5.05[3.02,8.44]

ACHIEVE Study 2008 51/75 23/64 10.3% 1.89[1.32,2.72]

Chonchol 2009 216/293 28/99 10.43% 2.61[1.89,3.59]

IMPACT SHPT Study 2012 39/102 61/109 10.5% 0.68[0.51,0.92]

Block 2004a 239/371 42/370 10.51% 5.68[4.23,7.62]

OPTIMA Study 2008 261/368 40/184 10.54% 3.26[2.46,4.32]

   

Total (95% CI) 1728 1125 100% 3.06[1.89,4.98]

Total events: 1112 (Calcimimetic), 230 (Placebo/no treatment)  

Heterogeneity: Tau2=0.56; Chi2=125.14, df=10(P<0.0001); I2=92.01%  

Test for overall effect: Z=4.52(P<0.0001)  

Favours placebo 1000.01 100.1 1 Favours calcimimetic

 
 

Analysis 1.16.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 16 PTH.

Study or subgroup Calcimimetic Placebo/no
treatment

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Malluche 2008 19 307 (218) 13 829 (543) 2.05% -522[-833.02,-210.98]

Quarles 2003a 34 451 (444) 31 552 (444) 4.05% -101[-317.11,115.11]

Lindberg 2003 38 460 (289.7) 37 701 (437.1) 6.34% -241[-409.29,-72.71]

Lindberg 2005 288 525.5
(510.8)

100 852 (551) 10.63% -326.5[-449.56,-203.44]

El Shafey 2011 55 334 (189) 27 595 (225) 14.77% -261[-359.48,-162.52]

Block 2004a 371 374 (366) 370 693 (373) 29.01% -319[-372.21,-265.79]
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Study or subgroup Calcimimetic Placebo/no
treatment

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

OPTIMA Study 2008 368 264 (168) 184 519 (281) 33.15% -255[-299.08,-210.92]

   

Total *** 1173   762   100% -280.39[-325.84,-234.94]

Heterogeneity: Tau2=1116.53; Chi2=9.16, df=6(P=0.16); I2=34.47%  

Test for overall effect: Z=12.09(P<0.0001)  

Favours calcimimetic 1000500-1000 -500 0 Favours placebo

 
 

Analysis 1.17.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 17 Serum calcium.

Study or subgroup Calcimimetic Placebo/no
treatment

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Malluche 2008 19 9.2 (0.8) 13 9.8 (1.1) 1.79% -0.6[-1.3,0.1]

Quarles 2003a 34 9.2 (0.6) 31 9.9 (0.6) 9.95% -0.7[-0.98,-0.42]

Lindberg 2005 288 9.1 (1.7) 100 10.1 (1) 10.05% -1[-1.28,-0.72]

El Shafey 2011 55 8.9 (0.7) 27 9.6 (0.5) 11.11% -0.76[-1.02,-0.5]

Fukagawa 2008 72 9.3 (0.8) 71 10.2 (0.6) 12.87% -0.95[-1.19,-0.71]

Chonchol 2009 214 8.9 (0.8) 80 9.9 (0.6) 22.35% -1[-1.17,-0.83]

OPTIMA Study 2008 368 9 (0.8) 184 9.8 (0.7) 31.88% -0.8[-0.93,-0.67]

   

Total *** 1050   506   100% -0.87[-0.96,-0.77]

Heterogeneity: Tau2=0; Chi2=7.28, df=6(P=0.3); I2=17.61%  

Test for overall effect: Z=18.02(P<0.0001)  

Favours calcimimetic 21-2 -1 0 Favours placebo

 
 

Analysis 1.18.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 18 Serum phosphorous.

Study or subgroup Calcimimetic Placebo/no
treatment

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Malluche 2008 19 5.9 (1.6) 13 6.1 (1.2) 7.08% -0.2[-1.16,0.76]

Quarles 2003a 34 5.8 (1.2) 31 5.7 (1.1) 11.05% 0.1[-0.45,0.65]

Fukagawa 2008 72 5.6 (1.5) 71 6.1 (1.5) 11.81% -0.5[-0.99,-0.01]

El Shafey 2011 55 4.6 (0.9) 27 5.3 (0.7) 13.36% -0.74[-1.08,-0.4]

Block 2004a 371 5.6 (1.9) 370 6 (1.9) 14.01% -0.4[-0.68,-0.12]

Lindberg 2005 289 5.5 (1.7) 100 5.8 (1) 14.01% -0.3[-0.58,-0.02]

OPTIMA Study 2008 368 5.1 (1.6) 184 5.4 (1.5) 14.06% -0.3[-0.57,-0.03]

Chonchol 2009 215 4.5 (1) 81 4 (0.7) 14.62% 0.5[0.3,0.7]

   

Total *** 1423   877   100% -0.23[-0.58,0.12]

Heterogeneity: Tau2=0.2; Chi2=58.56, df=7(P<0.0001); I2=88.05%  

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

Favours calcimimetic 21-2 -1 0 Favours placebo
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Analysis 1.19.   Comparison 1 Calcimimetics versus placebo/no treatment, Outcome 19 Calcium x phosphorous.

Study or subgroup Calcimimetic Placebo/no
treatment

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Malluche 2008 19 54.1 (15.3) 13 60.1 (13.6) 7.51% -6[-16.1,4.1]

Quarles 2003a 34 53.1 (10.5) 31 56.6 (12.8) 11.36% -3.5[-9.23,2.23]

El Shafey 2011 55 53.5 (11.2) 27 52.7 (10.2) 12.2% 0.8[-4.05,5.65]

Fukagawa 2008 72 51.6 (14.7) 71 61.8 (14.7) 12.22% -10.21[-15.04,-5.38]

Lindberg 2005 288 50 (15.4) 100 58.1 (13.1) 13.71% -8.1[-11.22,-4.98]

OPTIMA Study 2008 368 45.7 (14.9) 184 53 (14.7) 14.07% -7.3[-9.91,-4.69]

Block 2004a 371 51 (15.4) 370 60 (15.4) 14.32% -9[-11.22,-6.78]

Chonchol 2009 293 40.1 (8.3) 99 38.9 (6.9) 14.62% 1.2[-0.46,2.86]

   

Total *** 1500   895   100% -5.25[-9.16,-1.34]

Heterogeneity: Tau2=26.56; Chi2=80.31, df=7(P<0.0001); I2=91.28%  

Test for overall effect: Z=2.63(P=0.01)  

Favours calcimimetic 2010-20 -10 0 Favours placebo

 

 

A D D I T I O N A L   T A B L E S
 

Persistent albuminuria categories

Description and range

A1

Normal to

mildly

increased

A2

Moderately

increased

A3

Severely

increased

Prognosis of CKD by GFR and albuminuria categories: KDIGO 2012

< 30 mg/g

< 3 mg/mmol

30 to 300 mg/g

3 to 30 mg/
mmol

> 300 mg/g

> 30 mg/
mmol

G1

G2

Normal or high

Mildly decreased

> 90

60 to 89

Low Moderate High

G3a Mild to moderately de-
creased

45 to 59 Moderate High

G3b Moderate to severely de-
creased

30 to 44 High

G4 Severely decreased 15 to 29

GFR cate-
gories

(mL/min per
1.73 m2)

Description
and range

G5 Kidney failure < 15

Very high

Very high

Very high

Table 1.   Current chronic kidney disease nomenclature used by KDIGO nomenclature 

Description of the Kidney Disease: Improving Global Outcomes (KDIGO) nomenclature for chronic kidney disease used in this review (see
the full KDIGO CKD 2013 for additional information).
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GFR - glomerular filtration rate
 
 

Study Partici-
pants (treat-
ment/con-
trol)

PTH level trig-
gering reduc-
tion in cinacal-
cet dose

Calcium level triggering reduction
in cinacalcet dose

Hypocalcaemia
(study endpoint)

Hypercal-
caemia
(study end-
point)

ACHIEVE Study
2008

173 (87/86) < 150 pg/mL Symptoms of hypocalcaemia or <
7.5 mg/dL

< 8.4 mg/dL > 10.2 mg/dL

ADVANCE Study
2010

360 (180/180) -- -- Hypocalcaemia Hypercal-
caemia

Akiba 2008 121 (91/30) -- -- Hypocalcaemia --

Block 2004a 741 (371/370) < 100 pg/mL Symptoms of hypocalcaemia or <
7.8 mg/dL

Withdrawal due to
hypocalcaemia

--

Charytan 2005 54 (27/27) -- Dose-related adverse event or < 7.8
mg/dL

< 8.4 mg/dL --

Chonchol 2009 404 (302/102) PTH < 35 pg/mL
for stage 3 and
< 70 pg/mL for
stage 4

Symptoms of hypocalcaemia or <
7.5 mg/dL

< 7.5 mg/dL --

El Shafey 2011 82 (55/27) < 92 pg/mL Dose-related adverse event or < 7.5
mg/dL

Hypocalcaemia --

EVOLVE study
2007

3883
(1948/1935)

< 150 pg/mL < 7.5 mg/dL and/or symptoms of
hypocalcaemia

< 8.0 mg/dL
or < 7.5 mg/dL
(unclear which
threshold report-
ed in study)

> 10.5 mg/dL

Fukagawa 2008 145 (72/73) Investigators’
discretion or ex-
cessive decrease
in PTH level

Investigators’ discretion or < 7.5
mg/dL

Hypocalcaemia --

Goodman 2000 21 (16/5) -- Symptoms of hypocalcaemia or
ionised calcium < 4 mg/dL

Ionized calcium <
4 mg/dL

--

Goodman 2002 30 (23/7) -- 8.0 mg/dL < 8.0 mg/dL --

Harris 2004 23 (17/6) -- -- -- --

IMPACT SHPT
Study 2012

264 (134/134) < 150 pg/mL < 7.5 mg/dL <8,.4 mg/dL > 10.5 mg/dL

Lindberg 2003 78 (39/39) < 100 pg/mL Symptoms of hypocalcaemia or <
7.8 mg/dL

< 7.5 mg/dL --

Lindberg 2005 395 (294/101) -- Symptoms of hypocalcaemia or <
7.8 mg/dL

-- --

Table 2.   Definitions of parathyroid hormone target, and hypercalcaemia and hypocalcaemia endpoints 
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Malluche 2008 32 (19/13) < 100 pg/mL Symptoms of hypocalcaemia or <
7.8 mg/dL

-- --

OPTIMA Study
2008

552 (368/184) < 150 pg/mL < 8.0 mg/dL < 7.5 mg/dL --

Quarles 2003a 71 (36/35) < 100 pg/mL < 7.8 mg/dL -- --

Table 2.   Definitions of parathyroid hormone target, and hypercalcaemia and hypocalcaemia endpoints  (Continued)

PTH - parathyroid hormone
 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL 1. KIDNEY DISEASES single term

2. KIDNEY FAILURE single term

3. KIDNEY FAILURE CHRONIC single term

4. RENAL DIALYSIS explode all trees

5. (hemodialysis or haemodialysis)

6. dialysis

7. (capd or ccpd or apd)

8. predialysis

9. ((chronic next renal) or (chronic next kidney))

10.(kidney next disease*)

11.(kidney next failure)

12.(#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11)

13.BONE DISEASES explode all trees

14.RENAL OSTEODYSTROPHY single term

15.(bone next disease*)

16.(bone* and (atroph* or formation or deform* or destruct* or necrosis or resorption or metabol*
or turnover or demineral* or decalcif* or density))

17.(osteo* or hyperparathyroid*)

18.(#13 or #14 or #15 or #16 or #17)

19.(#12 and #18)

20.calcimimetic*

21.cinacalcet

22.NAPHTHALENES single term

23.(#20 or #21 or #22)

24.(#19 and #23)

MEDLINE 1. Kidney Diseases/

2. Kidney Failure/

3. Kidney Failure Chronic/

4. exp Renal Dialysis/

5. ((kidney$ or renal) and (dialysis or failure)).tw.

6. (hemodialysis or haemodialysis).tw.

7. (peritoneal dialysis or CAPD or CCPD or APD).tw.
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8. or/1-7

9. exp Bone Diseases/

10.bone disease$.tw.

11.(bone$ and (atroph$ or formation or deform$ or destruct$ or necrosis or resorption or metabol$
or turnover or demineral$ or decalcif$ or density)).tw.

12.(osteo$ or hyperparathyroid$).tw.

13.or/9-12

14.8 and 13

15.Renal Osteodystrophy/

16.14 or 15

EMBASE 1. Kidney Disease/

2. 2. Kidney Failure/

3. 3. Chronic Kidney Failure/

4. 4. exp hemodialysis/

5. 5. (hemodialysis or haemodialysis).tw.

6. 6. dialysis.tw.

7. 7. (CAPD or CCPD or APD).tw.

8. 8. predialysis.tw.

9. 9. (chronic renal or chronic kidney).tw.

10.10. or/1-9

11.11. exp Bone Disease/

12.12. bone disease$.tw.

13.13. (bone$ and (atroph$ or formation or deform$ or destruct$ or necrosis or resorption or metabol
$ or turnover or demineral$ or decalcif$ or density)).tw.

14.14. (osteo$ or hyperparathyroid$).tw.

15.15. Renal Osteodystrophy/

16.16. or/11-15

17.17. 10 and 16

18.18. Calcimimetic Agent/

19.19. Cinacalcet/

20.20. naphthalene derivative/ or naphthalene/

21.21. ("R-568" or "AMG 074" or "AMG 073" or "KRN 1493").tw.

22.22. calcimimetic$.tw.

23.23. cinacalcet.tw.

24.24. or/18-23

25.25. and/17,24

  (Continued)

 

Appendix 2. Risk of Bias Assessment Tool

 

Potential source of bias Assessment criteria

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimisation (minimisation may be imple-
mented without a random element, and this is considered to be equivalent to being random)

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention
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Unclear: Insufficient information about the sequence generation process to permit judgement

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes)

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Unclear: Randomisation stated but no information on method used is available

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Unclear: Insufficient information to permit judgement

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Unclear: Insufficient information to permit judgement

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardised dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardised difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Unclear: Insufficient information to permit judgement

Selective reporting

Reporting bias due to selective
outcome reporting

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;

  (Continued)
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the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon)

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study

Unclear: Insufficient information to permit judgement

Low risk of bias: The study appears to be free of other sources of bias

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem

Other bias

Bias due to problems not cov-
ered elsewhere in the table

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias

  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

11 June 2014 New search has been performed Methods updated, authorship change

11 June 2014 New citation required and conclusions
have changed

New studies added

7 February 2013 Amended Search updated

 

H I S T O R Y

Protocol first published: Issue 4, 2006
Review first published: Issue 4, 2006

 

Date Event Description

13 August 2009 Amended Contact details updated.

13 May 2009 Amended Contact details updated.

16 September 2008 Amended Converted to new review format.

 

C O N T R I B U T I O N S   O F   A U T H O R S

• Angela Ballinger: search screening, data extraction and analysis and input into writing of the review

• Suetonia Palmer: design, conduct, data extraction and analysis, primary draQing and revisions of the review
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