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ABSTRACT

Background

People with chronic kidney disease (CKD) have higher risks of cardiovascular disease compared to the general population. Specifically,
cardiovascular deaths account most deaths in kidney transplant recipients. Statins are a potentially beneficial intervention for kidney
transplant patients given their established benefits in patients at risk of cardiovascular disease in the general population. This is an update
of a review first published in 2009.

Objectives

We aimed to evaluate the benefits (reductionsin all-cause and cardiovascular mortality, major cardiovascular events, myocardial infarction
and stroke, and progression of CKD to requiring dialysis) and harms (muscle or liver dysfunction, withdrawal, cancer) of statins compared
to placebo, no treatment, standard care, or another statin in adults with CKD who have a functioning kidney transplant.

Search methods

We searched the Cochrane Renal Group's Specialised Register to 29 February 2012 through contact with the Trials Search Co-ordinator
using search terms relevant to this review.

Selection criteria

We included randomised controlled trials (RCTs) and quasi-RCTs that compared the effects of statins with placebo, no treatment, standard
care, or statins on mortality, cardiovascular events, kidney function and toxicity in kidney transplant recipients.

Data collection and analysis

Two authors independently extracted data and assessed risk of bias. Treatment effects were expressed as mean difference (MD) for
continuous outcomes (lipids, glomerular filtration rate (GFR), proteinuria) and relative risk (RR) for dichotomous outcomes (major
cardiovascular events, mortality, fatal or non-fatal myocardial infarction, fatal or non-fatal stroke, elevated muscle or liver enzymes,
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withdrawal due to adverse events, cancer, end-stage kidney disease (ESKD), acute allograft rejection) together with 95% confidence
intervals (Cl).

Main results

We identified 22 studies (3465 participants); 17 studies (3282 participants) compared statin with placebo or no treatment, and five studies
(183 participants) compared two different statin regimens.

From data generally derived from a single high-quality study, it was found that statins may reduce major cardiovascular events (1 study,
2102 participants: RR 0.84, Cl 0.66 to 1.06), cardiovascular mortality (4 studies, 2322 participants: RR 0.68, Cl 0.45 to 1.01), and fatal or non-
fatal myocardial infarction (1 study, 2102 participants: RR 0.70, Cl 0.48 to 1.01); although effect estimates lack precision and include the
possibility of no effect.

Statins had uncertain effects on all-cause mortality (6 studies, 2760 participants: RR 1.08, Cl 0.63 to 1.83); fatal or non-fatal stroke (1 study,
2102 participants: RR 1.18, CI 0.85 to 1.63); creatine kinase elevation (3 studies, 2233 participants: RR 0.86, CI 0.39 to 1.89); liver enzyme
elevation (4 studies, 608 participants: RR 0.62, Cl 0.33 to 1.19); withdrawal due to adverse events (9 studies, 2810 participants: RR 0.89, CI
0.74 to 1.06); and cancer (1 study, 2094 participants: RR 0.94, CI 0.82 to 1.07).

Statins significantly reduced serum total cholesterol (12 studies, 3070 participants: MD -42.43 mg/dL, ClI -51.22 to -33.65); low-density
lipoprotein cholesterol (11 studies, 3004 participants: MD -43.19 mg/dL, Cl -52.59 to -33.78); serum triglycerides (11 studies, 3012
participants: MD -27.28 mg/dL, Cl -34.29 to -20.27); and lowered high-density lipoprotein cholesterol (11 studies, 3005 participants: MD
-5.69 mg/dL, CI-10.35 to -1.03).

Statins had uncertain effects on kidney function: ESKD (6 studies, 2740 participants: RR 1.14, Cl 0.94 to 1.37); proteinuria (2 studies, 136
participants: MD -0.04 g/24 h, CI -0.17 to 0.25); acute allograft rejection (4 studies, 582 participants: RR 0.88, CI 0.61 to 1.28); and GFR (1
study, 62 participants: MD -1.00 mL/min, Cl -9.96 to 7.96).

Due to heterogeneity in comparisons, data directly comparing differing statin regimens could not be meta-analysed. Evidence for statins in
people who have had a kidney transplant were sparse and lower quality due to imprecise effect estimates and provided limited systematic
evaluation of treatment harm.

Authors' conclusions

Statins may reduce cardiovascular events in kidney transplant recipients, although treatment effects are imprecise. Statin treatment has
uncertain effects on overall mortality, stroke, kidney function, and toxicity outcomes in kidney transplant recipients. Additional studies
would improve our confidence in the treatment benefits and harms of statins on cardiovascular events in this clinical setting.

PLAIN LANGUAGE SUMMARY

HMG CoA reductase inhibitors (statins) for kidney transplant recipients

Kidney transplant patients experience heart disease more often than the general population. Statins have been shown to decrease
cholesterol, heart attacks, strokes and deaths for the general population. The aim of this review was to find out whether statins prevent
death and complications from heart disease in people who have had a kidney transplant. We included 17 studies in 3282 adults with a
functioning kidney transplant which compared statin therapy to a placebo or standard treatment. Based largely on information from a
single, large and well-conducted study, statins may reduce complications from heart disease although information from the available
research is imprecise. The effects of statin treatment on death overall, stroke, kidney function and side-effects are uncertain in people with
akidney transplant. Large additional studies of statin therapy may improve our confidence that statin treatment can safely prevent serious
complications from heart disease for people who have a kidney transplant.

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Statin versus placebo or no treatment for adults kidney transplant recipients

Patient or population: adults with chronic kidney disease
Settings: kidney transplant recipients
Intervention: statin

Comparison: placebo or no treatment
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Participants  Quality of the evi-
(95% Cl) (studies) dence
Assumed risk Corresponding risk (GRADE)
Placebo or no treat- Statin
ment
Major cardiovas- 17 per 1000 (13 to 21) RR0.84 2102 (1) )
cular events low
3 fewer (7 fewer to 1 more) (0.66 to 1.06)
All-cause mortali- 20 per 1000 22 per 1000 (12 to 37) RR 1.08 2760 (6) )
ty low
2 more (8 fewer to 17 more) (0.63t0 1.83)
Cardiovascular 5 per 1000 3 per 1000 (2 to 5) RR 0.68 2322 (4) oD
mortality low
2 fewer (3 fewer to 0 more) (0.45t0 1.01)

*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% ClI).
Cl: Confidence interval; RR: Risk Ratio

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.
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Absolute approximate event rates of outcomes/year were derived from previously published observational cohort studies. Absolute numbers of people with a functioning kidney
transplant with cardiovascular or mortality events avoided or incurred per 1000 treated were estimated using these assumed risks together with the estimated relative risks (and
95% confidence intervals) (ANZDATA 2010; Lentine 2005).
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BACKGROUND

Description of the condition

Kidney transplantation numbers are steadily increasing worldwide
and survival rates are improving as a consequence of the adoption
of more effective immunosuppressive regimens (USRDS 2011).
Cardiovascular disease still accounts for the majority of deaths
in kidney transplant recipients (Jardine 2011; Kasiske 1996; NKF
2002; USRDS 2011). Studies conducted in the general population
have demonstrated that dyslipidaemia (including increased
total cholesterol, triglycerides and low-density lipoprotein (LDL)
cholesterol; and low, high-density lipoprotein (HDL) cholesterol
levels) is a component of the causal pathway leading to
cardiovascular mortality. As a consequence, statins have become
broadly adopted as the main treatment for high cholesterol levels
in the general population, following the results of major studies
which demonstrated their impact on cardiovascular and all-cause
mortality (ALLHAT 2002; HPS 2003; JUPITER 2008; Sever 2003;
Shepherd 1995). Recent clinical studies and analyses from earlier
larger studies have confirmed the cardioprotective effects of statins
in people with chronic kidney disease (CKD) (SHARP 2011).

How the intervention might work

Statins may modulate the risk of transplant rejection by decreasing
inflammation, enhancing endothelial function, inhibiting smooth
muscle proliferation, and exerting direct antithrombotic effects.
These pleiotropic effects noted in clinical and laboratory studies
suggested possible benefits of statins on acute allograft rejection.
In kidney transplant recipients, where both systemic factors and
immunosuppressive regimens play a role in changing cholesterol
metabolism (Claesson 1998; Cosio 2002; Flechner 2002; Hilbrands
1995, Groth 1999; John 1999; Massy 2001; Mathis 2004, Raine 1988;
Satterthwaite 1998), cohort studies have indicated that increased
total cholesterol, LDL cholesteroland triglycerides are independent
risk factors for allograft rejection and that statin administration is
associated with improved patient survival (Aakhus 1999; Aker 1998;
Vathsala 1989). Additionally, retrospective studies have shown that
increased cholesterol and triglycerides are also independent risk
factors for allograft rejection in kidney transplant recipients (Del
Castillo 2004; Isoneimi 1994; Massy 1996).

Why it is important to do this review

By extrapolation from the results of these observational data
and available randomised controlled trials (RCTs) conducted
in the general population, statins have been widely used in
kidney transplant recipients. However, there are well recognised
discrepancies between the results of observational and study data
such that an assessment of the effect of statins on survival in
kidney transplant recipients needs to be assessed in available
RCTs specifically conducted in this population. Since individual
studies of statins in transplant recipients may be underpowered to
detect treatment effects on mortality, cardiovascular events and
kidney outcomes, we have updated our earlier systematic review
and meta-analysis of all available RCTs (Navaneethan 2009c¢) to
February 2012.

OBJECTIVES

We aimed to evaluate the benefits (reductions in all-cause and
cardiovascular mortality, major cardiovascular events, myocardial
infarction and stroke, and progression of CKD to requiring dialysis)

and harms (muscle or liver dysfunction, withdrawal, cancer) of
statins compared to placebo, no treatment, standard care, or
another statin in adults with CKD who have a functioning kidney
transplant.

METHODS

Criteria for considering studies for this review
Types of studies

RCTs and quasi-RCTs (RCTs in which allocation to treatment was
obtained by alternation, use of alternate medical records, date of
birth or other predictable methods) that evaluated the benefits and
harms of statins in adults with a functioning kidney transplant.
The first period of randomised cross-over studies was included.
We excluded studies of fewer than eight weeks' duration as
such studies were unlikely to permit detection of mortality or
cardiovascular outcomes related to statin therapy (Briel 2006).

Types of participants
Inclusion criteria

Studies or subgroups of studies enrolling adult kidney transplant
recipients were included irrespective of presence of cardiovascular
disease at baseline.

Exclusion criteria

Patients with stages 1-5 CKD and on dialysis (K-DOQI stage 5 on
dialysis) were excluded as these have been evaluated in separate
reviews (Navaneethan 2009a; Palmer 2013).

Types of interventions

We included studies comparing statins with placebo, no treatment
or standard care, or another statin. We excluded studies where a
statin was compared with a second non-statin regimen including
fibrate therapy.

Types of outcome measures
Primary outcomes

1. Cardiovascular mortality

Secondary outcomes

1. All-cause mortality

Major cardiovascular events

Fatal and non-fatal myocardial infarction
Fatal and non-fatal stroke

Adverse events attributable to treatment
Elevated creatine kinase

Elevated liver enzymes

Withdrawal due to adverse events

©® N YA W

. Cancer

10.End of treatment lipid levels
a. Total cholesterol

b. LDL cholesterol

c. HDL cholesterol

d. Triglycerides
11.End-stage kidney disease (ESKD)
12.Acute rejection

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 5
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13.End of treatment proteinuria
14.End of treatment glomerular filtration rate (GFR)

Search methods for identification of studies
Electronic searches

We searched the Cochrane Renal Group's Specialised Register
through contact with the Trials' Search Coordinator (to 29 February
2012) using search terms relevant to this review.

The Cochrane Renal Group’s Specialised Register contains studies
identified from the following sources.

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

2. Weekly searches of MEDLINE OVID SP

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

4. Searching of the current year of EMBASE OVID SP
5. Weekly current awareness alerts for selected renal journals

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

Studies contained in the Specialised Register are 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.

Searching other resources

1. Reference lists of clinical practice guidelines, review articles and
relevant studies.

2. Reference lists of abstracts from nephrology scientific meetings.

3. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis
Selection of studies
Initial review (2009)

The review (Navaneethan 2009c) was initially undertaken by six
authors (SDN, SN, VP, DJ, JC, GFMS). The search strategy described
was used to obtain titles and abstracts of studies that may be
relevant to the review. The titles and abstracts were screened
independently by three authors (SDN, SN, GFMS) who excluded
studies that were not applicable. However, studies and reviews
that might have included relevant data or information on studies
were retained initially. Two authors (SDN, SN) independently
assessed retrieved abstracts and, if necessary, the full text of
these studies to determine which studies satisfied the inclusion
criteria. Disagreements were resolved in consultation with GFMS.

Updated review (2013)

The update was performed by two independent authors (SDN, SCP)
using methods from earlier versions of the review with support
from the remaining authors. The same two authors independently

screened abstracts retrieved by electronic searches to identify
potentially relevant citations for detailed study in full text format.
Studies that might include relevant data or information on studies
involving statins were initially retained. Studies published in non-
English journals were translated before assessment for inclusion
when a non-English abstract was provided. Disagreements were
resolved in consultation with GFMS.

Data extraction and management
Initial review (2009)

Data extraction was carried out by the same authors independently
using the standard data extraction forms. Studies reported in
non-English language journals were translated before assessment.
When more than one publication of one study existed,
the publication with the most complete data was included.
Disagreements were resolved in consultation with GFMS.

Updated review to (2013)

Authors independently extracted data from the eligible studies
using standard data extraction forms. Where more than one
publication of one study existed, the publication with the most
complete data was included. Disagreements between authors were
resolved in consultation with GFMS.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
(SDN, SCP) using the risk of bias assessment tool (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)?
o Participants and personnel
o 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 effect

For dichotomous outcomes (major cardiovascular events,
mortality, adverse events, ESKD, acute rejection), treatment effects
were expressed as risk ratios (RR) with 95% confidence intervals
(Cl). Where continuous scales of measurement were used to assess
the effects of treatment (lipid parameters, proteinuria, creatinine
clearance), the mean difference (MD) was used.

Dealing with missing data

Any further information required from the authors of the studies
was requested by written correspondence and relevantinformation
obtained in this manner was included in the review.

Assessment of heterogeneity

Heterogeneity was analysed using the Cochran Q (Chi?, N-1 degrees
of freedom) and the |? statistic, with a P of 0.05 used for statistical
significance.
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Assessment of reporting biases

To assess potential bias from small-study effects, we constructed
funnel plots for the log RR in individual studies against the standard
error of the RR. We carried out formal statistical assessment of
funnel plot asymmetry with the Egger regression test (Harbord
2006). We conducted analyses using Comprehensive Meta-Analysis
(Version 2, Biostat, Englewood, NJ, 2005).

Data synthesis

Data were summarised using the Der Simonian-Laird random-
effects model, but the fixed-effect model was also analysed to
ensure robustness of the model chosen and susceptibility to
outliers.

We summarised the quality of the evidence together with absolute
treatment effects for mortality and cardiovascular events based
on estimated baseline risks using Grading of Recommendations
Assessment Development and Evaluation (GRADE) guidelines
(Guyatt 2008) Absolute numbers of adults with a kidney transplant
who had cardiovascular events or adverse events avoided or
incurred with statin therapy were estimated using the risk
estimate for the outcome (and associated 95% Cl) obtained
from the corresponding meta-analysis together with the absolute

population risk estimated from previously published observational
studies (ANZDATA 2010; Lentine 2005).

Subgroup analysis and investigation of heterogeneity

We conducted prespecified subgroup analyses to explore potential
sources of heterogeneity in modifying estimates of the effects
of statins in the studies when significant heterogeneity was
present. We planned subgroup analyses according to the following
participant, intervention, or study-related characteristics, when
subgroups possessed four or more independent studies (statin
type, statin dose (equivalent to simvastatin)), baseline cholesterol
(<230 mg/dL versus =230 mg/dL), age (<55 years versus = 55 years),
proportion with diabetes (= 20% versus < 20%), or adequacy of
allocation concealment.

RESULTS

Description of studies
Results of the search

Our initial review (Navaneethan 2009c) included 16 studies. We
reviewed in detail an additional 80 reports that were identified by
an updated search conducted in February 2012 (Figure 1). Six new
studies were included in this review update review (Celik 2000a;
Raiola 1998; Sharif 2009; Seron 2008; Tuncer 2000; Vergoulas 1999).
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Figure 1. Study flow diagram.
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2013 review update

Total included studies: 22 {99 reports)
Total excluded studies: 35 (42 reparts)
Ongoing studies: 1 (1 repart)

Comparisans

Statins wersus placebo: 17 studies (3297 paricipants)

Two or more statin regimens: 5 studies (183 participants)

Included studies

Overall we have included 22 studies, enrolling 3465 participants
in the review update. Seventeen studies (3282 participants)
compared statin with placebo (ALERT 2001; Arnadottir 1994; Bill
1995; Cofan 2002; Hausberg 2001; Kasiske 2001; Katznelson 1996;
Lepre 1999; Martinez Hernandez 1993; Melchor 1998; Renders
2001; Sahu 2001; Santos 2001; Seron 2008; Sharif 2009; SOLAR
Study 2001; UK-HARP-1 2005) and five studies (183 participants)
compared two different statin regimens (Castelao 1993; Celik
2000a; Raiola 1998; Tuncer 2000; Vergoulas 1999). Notably, the
ALERT 2001 study was a large and well-conducted double-blinded
RCT conducted in transplant patients and most data for the meta-
analyses are derived from this study.

Four studies were randomised cross-over studies (Celik 2000a;
Martinez Hernandez 1993; Sharif 2009; Vergoulas 1999).

Statin versus placebo or no treatment

Studies varied in sample size (median 48 participants; range 20 to
2102) and were generally small (all but one study (ALERT 2001) had

fewer than 1000 participants). The median statin dose (equivalent
to simvastatin) was 10 mg (range 5 to 40 mg).

Statin interventions included atorvastatin or cerivastatin (Renders
2001); fluvastatin (ALERT 2001; Hausberg 2001; Melchor 1998;
Seron 2008; SOLAR Study 2001); lovastatin (Bill 1995; Sahu 2001);
pravastatin (Cofan 2002; Katznelson 1996); rosuvastatin (Sharif
2009); or simvastatin (Arnadottir 1994; Kasiske 2001; Lepre 1999;
Martinez Hernandez 1993; Santos 2001; UK-HARP-1 2005). Median
follow-up duration was four months (range 2 to 61 months); four
studies had follow-up of 12 months or more (ALERT 2001; Cofan
2002; Hausberg 2001; UK-HARP-1 2005). Two studies included
participants who had no histories of cardiovascular disease (Cofan
2002; Hausberg 2001). Median baseline serum LDL cholesterol
was 257 mg/dL (range 159 to 319 mg/dL). No study was a post-
hoc subgroup analysis of a larger study in a broader population.
Four studies (Cofan 2002; Hausberg 2001; Seron 2008; Sharif 2009)
excluded people with diabetes.

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 8
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Statin versus another statin

Five studies compared two different statin regimens. Four studies
compared two different statins: lovastatin versus simvastatin
(Castelao 1993); atorvastatin versus fluvastatin Raiola 1998);
simvastatin versus pravastatin (Tuncer 2000); and lovastatin versus
fluvastatin (Vergoulas 1999); and one compared a lower and higher
dose of simvastatin (Celik 2000a). Median duration was 12 months
(range 2 to 12 months). All studies had a small sample size (median
32 participants; range 20 to 51). Insufficient data were available to
conduct meta-analyses.

Excluded studies

We excluded 35 studies: 10 did not evaluate an appropriate
intervention (Bagdade 1979; Blum 2000; Curtis 1982; Hilbrands
1993; Ichimaru 2001; Imamura 2005; Kahan-301 2000; LANDMARK
2 2009; Ok 1996; Wissing 2006); 10 compared a statin with an

active non-statin intervention (Blechman-Krom 2000; Castro 1997;
Cheng 1995; Gonzalez-Molina 1996; Lal 1992; Lal 1996; Lal 1998;
Rodriguez 1997; Vasquez 2004; White 1996); seven did not use
a randomised study design (Capone 1999; Lopau 2006; Markell
1995; Nart 2009; Nicholson 1993; Ruiz 2006; Turk 2001); one was
terminated (Renders 2010); six were of short duration (Kaplan-251
2001; Kasiske 1990; Kliem 1996; Olbricht 1997; Raiola 1996; Rigatto
1997); and one study was conducted in children (Gonzalez-Molina
1996).

Risk of bias in included studies

Based on the current standards, the risk for bias in many of the
included studies was high (Figure 2; Figure 3). Notably however,
most data for analyses were obtained from a single, large, well-
conducted study in which allitems of risk were low except sequence
generation and allocation concealment (ALERT 2001).

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. (Continued)
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Allocation

Random sequence generation was adequate in < 25% of studies
(Seron 2008; SOLAR Study 2001; UK-HARP-1 2005) and allocation
concealment was adequate in <25% of studies (SOLAR Study 2001;
UK-HARP-1 2005).

Blinding

Participants and personnel were blinded in 50% of studies (ALERT
2001; Arnadottir 1994; Hausberg 2001; Kasiske 2001; Lepre 1999;
Sahu 2001; Santos 2001; Seron 2008; Sharif 2009; SOLAR Study
2001; UK-HARP-1 2005) while outcome assessors were blinded in <
25% of studies (ALERT 2001; Seron 2008; SOLAR Study 2001; Tuncer
2000).

Incomplete outcome data

Completeness of outcome reporting and intention to treat analysis
method was followed in < 25% of included studies (ALERT 2001;
Cofan 2002; Sahu 2001; Sharif 2009; ; UK-HARP-1 2005).

Selective reporting

Adverse events were assessed systematically in only eight studies
(36%) (ALERT 2001; Arnadottir 1994; Melchor 1998; Renders 2001;
Santos 2001; Seron 2008; Tuncer 2000; UK-HARP-1 2005).

Effects of interventions

See: Summary of findings for the main comparison

Statin versus placebo or no treatment

Based largely on data from a single high-quality study, statins
may reduce cardiovascular mortality (Analysis 1.1 (4 studies, 2322
participants): RR 0.68, 95% Cl 0.45 to 1.01; I*> = 0%); major
cardiovascular events (Analysis 1.3 (1 study, 2102 participants): RR
0.84, 95% CI 0.66 to 1.06); fatal or non-fatal myocardial infarction
(Analysis 1.4 (1 study, 2102 participants): RR 0.70, 95% Cl| 0.48
to 1.01). Overall, in absolute terms, treating 1000 adults with
a functioning kidney transplant with a statin for one year may
prevent two major cardiovascular events and two cardiovascular
deaths (Summary of findings for the main comparison).

Statin treatment had uncertain effects on all-cause mortality
(Analysis 1.2 (6 studies, 2760 participants): RR 1.08, 95% Cl 0.63 to
1.83;12=9%) and fatal or non-fatal stroke (Analysis 1.5 (1 study, 2102
participants): RR 1.18,95% Cl 0.85 to 1.63). There was no significant
heterogeneity in analyses that contained more than one study.

Statins had uncertain effects on adverse events: creatine kinase
elevation (Analysis 1.6 (3 studies, 2322 participants): RR 0.86,95% Cl
0.39to 1.89; 12 = 0%); liver enzyme elevation (Analysis 1.7 (4 studies,
608 participants): RR 0.62. 95% Cl 0.33 to 1.19 I* = 0%); withdrawal
due to adverse events (Analysis 1.8 (9 studies, 2810 participants):
RR 0.89, 95% Cl 0.74 to 1.06; 1> = 0%); and cancer (Analysis 1.9 (1

study, 2094 participants): RR 0.94, 95% CI 0.82 to 1.07). There was
no significant heterogeneity in these analyses.

Statins significantly reduced serum total cholesterol (Analysis 1.10
(12 studies, 3070 participants): MD -42.43 mg/dL, 95% Cl -51.22
to -33.65; 1> = 87%); LDL cholesterol (Analysis 1.11 (11 studies,
3004 participants): MD -43.19 mg/dL, 95% Cl -52.59 to -33.78; I
= 84%); lowered HDL cholesterol (Analysis 1.12 (11 studies, 3005
participants): MD -5.69 mg/dL, 95% CI -10.35 to -1.03; I* = 89%); and
serum triglycerides (Analysis 1.13 (11 studies, 3012 participants):
MD -27.28 mg/dL, 95% Cl -34.29 to -20.27; I* = 15%). There was
marked heterogeneity in the analyses for total cholesterol, LDL
cholesterol and HDL cholesterol levels.

Statins had uncertain effects on kidney function: ESKD (Analysis
1.14 (6 studies, 2740 participants): RR 1.14, 95% Cl 0.94 to 1.37;
I = 0%); acute allograft rejection (Analysis 1.15 (5 studies, 582
participants): RR 0.88, 95% Cl 0.61 to 1.28; I> = 39%); proteinuria
(Analysis 1.16 (2 studies, 136 participants): MD -0.04 g/24 h, 95%
Cl -0.17 to 0.25; 1> = 0%); and GFR (Analysis 1.17 (1 study, 62
participants): MD -1.00 mL/min, 95% CI -9.96 to 7.96).

Statin versus statin

Due to heterogeneity in comparisons, data directly comparing
differing statin regimens could not be meta-analysed.

o Castelao 1993 compared lovastatin and simvastatin head-
to-head in reducing lipid parameters alone for 12 months.
This study concluded that both agents had similar effects in
decreasing lipid parameters (total cholesterol 193 mg/dL versus
197 mg/dL at the end of 12 months).

« Raiola 1998 compared atorvastatin 10 mg/d to fluvastatin
20 mg/d for eight weeks (30 participants) and there was
significantly lower LDL cholesterol and serum triglyceride level
with atorvastatin.

« Tuncer 2000 compared simvastatin 10 mg/d, pravastatin 20
mg/d and placebo among 57 kidney transplant patients. Both
statins reduced lipid parameters and incidence of acute allograft
rejection at a similar rate.

« Vergoulas 1999 compared lovastatin 20 mg/d with fluvastatin
40 mg/d among 50 kidney transplant recipients. The end of
treatment total cholesterol level was lower with lovastatin than
fluvastatin both at three months and one year follow-up.

« Inarandomised cross-over study (20 participants), simvastatin
10 mg/d was compared with simvastatin 20 mg/d (Celik
2000a). Even though no difference was noted among the lipid
parameters between these two groups, simvastatin 20 mg/d had
higher occurrence of serious side effects (3) warranting drug
withdrawal.

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 11
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Analysis of heterogeneity

We found significant heterogeneity in the meta-analyses for
end of study cholesterol, LDL cholesterol, HDL cholesterol and
triglycerides, which we explored using pre-specified subgroup
analyses.

For total cholesterol, statin type was the only identifiable modifier
of treatment effect we found, explaining 60% of the heterogeneity.
Simvastatin provided the greatest reduction in total cholesterol
(5 studies, 371 participants: MD -55.57 mg/dL, 95% Cl -69.17 to
-41.97) and fluvastatin the least (4 studies, 2506 participants: -31.48
mg/dL, 95% CI -37.02 to -25.95). Insufficient data meant that we
were unable to perform multivariate meta-regression analyses to
determine the effect of dose and statin type on cholesterol levels
and therefore, we were unable to determine whether differences in
statin agents were due to doses used, or otherwise.

Dose, age of participants, proportion with diabetes, adequacy
of allocation concealment, and serum cholesterol at baseline
did not modify treatment effects on serum cholesterol levels.
Subgroup analyses for statin type, dose, age, diabetes, allocation
concealment or baseline cholesterol did not identify sources of
heterogeneity for end of treatment effects of statins on LDL
cholesterol or triglyceride levels. For HDL cholesterol, baseline
serum cholesterol modified treatment effects of statins; in people
with lower serum total cholesterol (< 230 mg/dL) statins reduced
HDL cholesterol (MD -15.2 mg/dL, 95% Cl -20.9 to -9.6) but not in
populations with higher baseline serum total cholesterol (MD -0.1
mg/dL, 95% Cl -4.9 to 4.6) explaining 80% of the heterogeneity in
treatment effects observed among studies.

Subgroup analyses for allograft rejection could not be performed
due to an insufficient number of studies.

Publication bias

Insufficient numbers of studies had data that could be included
to allow formal evaluation of potential publication bias for clinical
outcomes (cardiovascular events and mortality).

DISCUSSION

Summary of main results

This updated review found that in data derived largely from
the well-conducted ALERT 2001 study, statins (generally at a
simvastatin dose equivalent to 10 mg/d) are likely to reduce
cardiovascular events, cardiovascular death, and myocardial
infarction for recipients of a kidney transplant, although the
magnitude of this effect remains uncertain. While point estimates
suggest the potential for benefit with statin treatment are
consistent with the benefits observed in people with CKD not
treated with dialysis, confidence intervals were wide and included
the possibility of no effect. Statin treatment has uncertain effects
on death overall and fatal or non-fatal stroke in transplant patients.
The data are particularly incomplete for treatment-related harms
of statins in people with a functioning kidney transplant as data
are limited by lack of systematic assessment and reporting of
treatment-related toxicity. Statins have uncertain effects on kidney
function and transplant rejection. Statin therapy clearly reduces
serum cholesterol concentrations on average by 42 mg/dL (1.1
mmol/L) as well as triglyceride concentrations, although treatment
effects on cholesterol levels are inconsistent between studies. Data

comparing different statins or different doses of statins were sparse
in adults who have a functioning kidney transplant.

Overall completeness and applicability of evidence

Importantly, outcome data for statins remain scant for several
important clinical settings. Notably the doses of statins in the
available studies were relatively low (10 mg simvastatin equivalent)
and direct comparative data comparing different statin doses were
sparse. Studies of higher doses or combinations of statin with
other agents that lower cholesterol absorption (such as ezetimibe,
as used in the recent SHARP 2011 study) compared to placebo
are warranted, although systematic ascertainment and reporting
of treatment-related toxicity in such studies would be essential.
Similarly, it is also unclear whether treatment benefits from statins
were dependent on reductionsin serum cholesterol - as insufficient
studies reporting cardiovascular and mortality outcomes also
reported changes in cholesterol levels with treatment.

Second, sufficient data were not available to determine the relative
benefits of statins in the primary prevention of cardiovascular
events (treatment of individuals without clinically evident
cardiovascular disease) as compared to secondary prevention
(treating individuals with established cardiovascular disease) as
too few studies were available to summarise data for these
specific populations. It should be noted that treatment effects
for mortality and cardiovascular events were consistent across
all studies suggesting similar treatment effects irrespective of
presence of vascular disease (although analyses for consistently
were underpowered due to the small number of studies reporting
events).

Third, data were limited by the relative paucity of available
studies specifically conducted to evaluate statins in people with a
functioning kidney transplant. Importantly, data for cardiovascular
outcomes and mortality were almost entirely reliant on the large
well-conducted ALERT 2001 study in people with stable kidney
function more than six months after kidney or combined kidney and
pancreas transplantation. Studies were frequently underpowered
for clinical outcomes or did not systematically ascertain outcome
events, such that outcome measurementis likely to be less reliable.
Additional data from further studies in transplantation would
improve our confidence in the treatment estimates for statins and
may change the treatment estimates observed (in other words,
improve the quality of the currently available evidence).

One study only enrolled living-related transplant recipients
(Sahu 2001) and another only included deceased donor-related
transplant recipients (Katznelson 1996). The remainder included
mixed populations of both deceased and living donors. Of note,
separate results for these different subgroups were not detailed in
the reports for SOLAR Study 2001, Kasiske 2001 or Tuncer 2000.
Thus, whether statins have beneficial effects on these separate
populations (recipients of a transplant from a deceased or living
donor) could not be studied.

Statins have unclear effects on the development of ESKD. These
data seem to mirror the uncertainty of treatment effects on kidney
function we have observed with statin use in people with earlier
stages of CKD not on dialysis (Navaneethan 2009a). Notably,
extended follow-up of ALERT 2001 showed no difference between
statins and placebo groups for kidney outcomes, such as doubling
of serum creatinine or graft loss (Fellstrom 2004).
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Based on the current data, the available evidence for statins is
largely generalizable to people with stable kidney function who
have had a kidney transplant and are at risk of cardiovascular
disease. Additional data for kidney transplant recipients who
have had a recent acute cardiovascular event (that is, myocardial
infarction) are currently lacking, as fewer than 5% of the ALERT
2001 population had experienced a previous myocardial infarction;
additional studies in this population would provide new data for
this specific population.

Quality of the evidence

Overall, outcome data were obtained from a single study at lower
risk of bias. However, the vast majority of studies evaluated failed to
specify whether randomisation allocation was concealed, outcome
assessors were blinded or data were analysed on an intention-to-
treat basis.

Potential biases in the review process

While the review process was strengthened by being undertaken by
two or more independent authors; a comprehensive search of the
literature designed by a specialist librarian that included the grey
literature; and the examination of all potentially relevant outcomes;
potential biases exist in the review process.

The main weakness of this review was the relative paucity of
studies available in people with a kidney transplant. The data
nearly completely relies on a single large study and suggest the
potential for benefit for statins on cardiovascular and mortality
outcomes, but more research is needed. Reliance on a single study
also reduces the generalizability of the findings to populations
that have not been studied, particularly people with a functioning
kidney transplant who have experienced an acute cardiovascular
event. Moreover, evidence of study heterogeneity was found in
some analyses, including total cholesterol, LDL cholesterol and
triglycerides that could not be fully explained by prespecified
subgroup analyses. Since meta-analysis assumes that a mean
value estimating the effects of an intervention can be determined
by combining similar studies, unexplained heterogeneity within
a meta-analysis reduces the reliability of the available evidence,
although it should be noted that serum total cholesterol is a
surrogate outcome.

Agreements and disagreements with other studies or
reviews

In this review update, we have confirmed the findings of our
earlier version of this review (Navaneethan 2009c¢) that while point
estimates of treatment effect indicate statins reduce cardiovascular
death and major cardiovascular events, insufficient evidence
results in uncertain treatment effects that include the possibility
of no benefit for people with a functioning kidney transplant.
Additional evidence is particularly needed to provide high quality
data for treatment-related harm. Statins have been clearly shown
to reduce coronary-related mortality by approximately 20% in
people with or at risk of cardiovascular disease (Baigent 2005) in
broader non-renal populations, and reduce mortality and major
cardiovascular events by one-fifth in people with earlier stages
of CKD who are not on dialysis (Navaneethan 2009a). Taking
into account baseline risk of disease, treating 1000 people with
cardiovascular disease or similarly treating 1000 people with CKD
not on dialysis might be expected to prevent 25 to 50 deaths
over five years. The results of this current review are remarkably

similar to findings in the general population, suggesting that
major cardiovascular events are reduced in relative terms by
16% in studies in which LDL cholesterol was lowered on average
by 1.1 mmol/L, although further evidence is needed to improve
our confidence in this result. Intense lipid-lowering has been
associated with additional cardiovascular benefits in broader non-
renal populations (CTT Collaboration 2010); a study evaluating the
benefits and (particularly) harms of higher dose statins in people
with a kidney transplant is now appropriate.

Apart from the cholesterol lowering effects, statins are known to
have anti-inflammatory, anti-proliferative and immunosuppressive
effects (Corsini 1993; Kurakata 1996). These pleiotropic effects
noted by in-vitro studies suggested their possible impact on acute
allograft rejection (Massy 1996). Earlier, observational studies have
indicated a possible role for statins in decreasing allograft rejection
and two studies have shown that statins significantly reduced
acute allograft rejection rates (Kasiske 2001; Tuncer 2000) but other
studies have not confirmed this finding (SOLAR Study 2001; Renders
2001; Sahu 2001). A meta-analysis of the role of statins in heart
transplant recipients has concluded that statins decrease allograft
rejection episodes and improve one year heart transplant survival
(Mehra2004), findings which at present cannot be confirmed by this
review of studies conducted in kidney transplant recipients.

The NKF-DOQI guidelines recommend initiating low dose statins in
kidney transplant recipients when LDL cholesterol is above 100 mg/
dL in addition to therapeutic lifestyle changes (Table 1) (Kasiske
2004). The European Best Practice guidelines currently recommend
initiating statins when LDL cholesterol is above 130 mg/dL
(EBPG 2002). Recently released Kidney Disease Improving Global
Outcomes guidelines also recommend lowering LDL cholesterol
levels to below 100 mg/dL and endorse the NKF-DOQI guidelines
recommendations (KDIGO 2009). Our analysis has shown the
use of statins decrease LDL by an average of 45 mg/dL (1.1
mmol/L) and their use may be supported by these surrogate
outcomes. We were not able to evaluate whether treatment
effects of statins on cardiovascular and mortality outcomes were
dependent on cholesterol lowering; recent data in the general
population showing benefits for statins even in people with LDL
cholesterol levels below 130 mg/dL (3.4 mmol/L, JUPITER 2008)
suggest cholesterol targets in people who have a kidney transplant
may not be necessary. A similar study evaluating effects of statins
in kidney transplant recipients irrespective of serum cholesterol
levels may be warranted.

A previously published systematic review, which looked at the
impact of statins in kidney transplant recipients, concluded
that statins reduced lipid parameters significantly without any
reduction in allograft rejection rates (Lentine 2004); our review
confirms these findings.

AUTHORS' CONCLUSIONS

Implications for practice

Currently, statin therapy may reduce major cardiovascular events
and cardiovascular mortality in kidney transplant recipients,
although future research is needed to increase our confidence
in this finding. Adverse events from treatment are incompletely
understood and need to be considered when deciding on statin
use in this population. Statin therapy clearly reduces serum
cholesterol levels but has uncertain effects on kidney function and
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risks of acute rejection. Data are particularly sparse for people
who have a kidney transplant who have experienced an acute
cardiovascular event. Doses used in available studies are relatively
low (simvastatin 10 mg equivalent); the benefits and harms of more
intensive therapy are less known.

Implications for research

In light of the widespread adoption of statins, additional research
is still needed to improve our confidence in the potential
benefits and harms of statin therapy in kidney transplant
recipients (where data are currently sparse). Additional studies in
transplant populations that evaluate cardiovascular and mortality
outcomes with more intensive lipid lowering together with
systematic ascertainment and reporting of adverse treatment
toxicity are required. Randomised data for primary and secondary
prevention of cardiovascular disease in the transplant setting

would be informative. In addition, post-marketing surveillance
would provide additional important data about treatment harms
of statins in this population. Studies that include people with a
kidney transplant irrespective of baseline serum total cholesterol
would be relevant. Since performing large studies is difficult and
costly to individual centres, a trialists’ consortium may assist with
infrastructure, recruitment and follow-up of statin studies in kidney
transplant recipients.
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ALERT 2001 (Continued)

Participants

Setting: nephrology and transplant units

Country: multiple European countries + Canada

KTR or combined kidney and pancreas transplant recipients

Number: treatment group (1050); control group (1052)

Mean age SD (years): treatment group (49.5 + 10.9); control group (50.0 + 11.0)
Sex (males): treatment group (66.6%); control group (65.2%)

Exclusion criteria: patients on statins; familial hypercholesterolaemia; acute rejection within previous
3 months; predicted life expectancy <1 year

Interventions

Treatment group

Fluvastatin 40 mg

Control group

+ Placebo
Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Clinical outcomes
« Safety outcomes (hepatic and muscle toxicity)
Notes » Publication type: journal publication
« Withdrawals: fluvastatin (5), placebo (3); reasons unclear
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Low risk Double-blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Anindependent critical events committee of two nephrologists and two cardi-
sessment (detection bias) ologists who were unaware of treatment assignment reviewed all primary and
All outcomes secondary endpoints for adjudication. All analyses were based in the commit-
tee's classification of endpoints which were agreed by consensus or majority
vote
Incomplete outcome data  Low risk All randomised participants included in intention-to-treat analysis. 7 partici-
(attrition bias) pants (< 1%) lost to follow-up
All outcomes
Intention to treat analysis ~ Low risk Intention-to-treat analysis conducted

Arnadottir 1994

Methods « Study design: parallel RCT
o Time frame: NS
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Arnadottir 1994 (continued)

« Study follow-up:

Participants

« Setting: NS

« Country: Sweden

+ Cyclosporin treated KTR with serum TC > 6.5 mmol/L despite dietary treatment
« Number: treatment group (20); control group (20)

« Mean age SD (years): treatment group (55 + 9); control group (48 + 12)

+ Sex (males): treatment group (70%); control group (60%)

« Exclusion criteria: patients on statins; hepatitis, myopathy; TG > 4.5 mmol/L

Interventions

Treatment group
« Simvastatin 20 to 40 mg

Control group

« Placebo
Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
Notes « Publication type: journal publication
« Withdrawals: simvastatin (1); placebo (2)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Low risk Double blinding
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 3/20 patients did not complete the study (15%)
(attrition bias)
All outcomes
Intention to treat analysis High risk Not conducted

Bill 1995
Methods « Study design: parallel RCT
 Study duration: 32 weeks
« Study follow-up: NS
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Bill 1995 (continued)

Participants + Setting: single centre
« Country: Poland
« Good and stable graft function (SCr <2 mg/dL)
« Number (analysed/randomised): treatment group (15/21); control group (18/21)
« Mean age; range (years): treatment group (35; 20-57); control group (39.3; 25-53)
o Sex (M/F): treatment group (11/4); control group (12/6)

« Exclusion criteria: impaired liver function; diabetes; active peptic ulcer disease; history of gastroin-
testinal bleeding; polyneuropathy; cataract; obesity > 30% adequate body mass; gastrointestinal dis-
orders; pregnancy; women who plan to conceive; ovariohysterectomy; alcohol abusers; heavy smok-
ers (> 10 cigarettes/d)

Interventions Treatment group
+ Lovastatin 10 mg/d to 20 mg/d
Control group

« Placebo

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Kidney outcomes (SCr, proteinuria)
« Cardiovascular outcomes (BP)
« Safety outcomes (hepatic and muscle toxicity)

Notes « Publication type: journal publication
« Withdrawals: lovastatin (6 due to non-compliance); placebo (3, reason not stated)

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk "Every other patient was given Lovastatin 20 mg/night"

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded

sessment (detection bias)
All outcomes

Incomplete outcome data High risk 9/42 (21%) lost to follow-up
(attrition bias)
All outcomes

Intention to treat analysis High risk Not conducted
Castelao 1993
Methods « Study design: parallel RCT
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Castelao 1993 (continued)

Time frame: NS
Follow-up: NS

Participants

Setting: NS
Country: Spain
KTR

Number: treatment group 1 (25); treatment group 2 (26)

Mean age + SD (years): treatment group 1 (44 + 10); treatment group 2 (43 + 11)
Sex (males): treatment group 1 (64%); treatment group 2 (73.1%)
Exclusion criteria: patients on statins; hepatitis; myopathy; serum TG > 4.5 mmol/L

Interventions

Treatment group 1

Lovastatin 20 mg/d

Treatment group 2

Simvastatin 10 mg/d

Outcomes + Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
Notes Publication type: Journal publication
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants High risk Unblinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Not clearly described
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Not clearly described; no withdrawals
(attrition bias)
All outcomes
Intention to treat analysis Unclear risk Not described

Celik 2000a

Methods

Study design: randomised cross-over study

Time frame: NS
Follow-up period: 8 weeks

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review)
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Celik 2000a (continued)

Participants « Setting: teaching hospital, single centre
« Country: Turkey

« Transplanted 6 months ago, stable kidney allograft function with creatinine <2.5 mg/dL and TC > 240
mg/dL after six month lipid lowering diet

« Number: 20

« Mean age + SD (years): 35+ 11

o Sex(M/F):12/8

« Exclusion criteria: proteinuria > 1 g; presence of abnormal liver tests

Interventions Treatment group 1
+ Simvastatin 20 mg/d
Treatment group 2

« Simvastatin 10 mg/d

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Apolipoprotein

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described

sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Not described
(attrition bias)
All outcomes

Intention to treat analysis Unclear risk Not described
Cofan 2002
Methods « Study design: parallel RCT

« Time frame: NS
« Follow-up: NS

Participants « Setting: NS
« Country: Spain
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Cofan 2002 (Continued)

« Cyclosporin-treated KTR with moderate hypercholesterolaemia despite dietary treatment
« Number: treatment group (30); control group (17)

« Mean age +SD: 55+ 7 years

» Sex: 63.8% males

« Exclusion criteria: patients on statins; hepatic disease; diabetes mellitus; previous clinical cardiovas-
cular disease

Interventions Treatment group

« Pravastatin 20 mg/d
« Hypolipidaemic diet

Control group

« Hypolipidaemic diet

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic toxicity)

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded

sessment (detection bias)
All outcomes

Incomplete outcome data Low risk Pravastatin (3); placebo (1); all due to loss of follow-up
(attrition bias)
All outcomes

Intention to treat analysis Unclear risk Not described
Hausberg 2001
Methods « Study design: parallel RCT

o Time frame: NS
« Follow-up period: 6 months

Participants + Setting: single centre
« Country: Germany
o SCr<2.5mg/dL, TC 200 to 350 mg/dL
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Hausberg 2001 (continued)

« Number: treatment group (18); control group (18)

« Mean age + SEM (years): treatment group (50 + 2); control group (47 + 3)

« Sex (M/F): treatment group (13/5); control group (13/5)

+ Exclusion criteria: prior use of statins; previous history of cardiovascular disease

Interventions Treatment group
 Fluvastatin 40 mg/d

Control group

» Placebo
Outcomes + Lipid parameters (TC, LDL, HDL, TG)
» Flow mediated vasodilation
« CKlevels
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Low risk Double blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 4/40 patients (10%) dropped out during follow-up
(attrition bias)
All outcomes
Intention to treat analysis ~ High risk Not performed
Kasiske 2001
Methods « Study design: parallel RCT

« Time frame: 26 February 1996 to 16 March 1999
+ Follow-up: NS

Participants « Setting: NS
« Country: USA
» Cyclosporin treated adult cadaveric and living-related donor KTR
« Number: treatment group (53); control group (52)
« Mean age; 95% Cl (years): treatment group (46; 43 to 50); control group (47; 43 to 51)
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Kasiske 2001 (continued)

« Sex (males): treatment group (66%); control group (51.9%)

« Exclusion criteria: six-antigen-matched cadaveric or two-haplotype-matched living-related donor
transplants; hepatic disease; TC > 350 mg/dL

Interventions Treatment group
+ Simvastatin 10 mg/d
Control group

« Placebo

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
« Clinical outcomes
« Acute allograft rejection

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk "Investigators in each center were blinded to simvastatin and to the random-
(selection bias) ization sequence."

Blinding of participants Low risk "Patients in all three groups were blinded to simvastatin. Investigators in each
and personnel (perfor- center were blinded to simvastatin and to the randomization sequence."
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk 26/140 patients incomplete cholesterol data, 57/140 patients incomplete LDL
(attrition bias) data; no withdrawals
All outcomes

Intention to treat analysis High risk Not conducted

Katznelson 1996

Methods « Study design: parallel RCT
« Time frame: NS
+ Follow-up: NS

Participants « Setting: NS
« Country: USA
« CadavericKTR
« Number: treatment group (24); control group (24)
« Mean age + SD (years): treatment group (46.5 + 2.6); control group (48.0 + 2.5)
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Katznelson 1996 (continued)

« Sex (males): treatment group (71%); control group (72%)
+ Exclusion criteria: patients on statins; antilymphocyte preparations

Interventions Treatment group
+ Pravastatin 20 mg/d
Control group

« No treatment

Outcomes « Acute allograft rejection
« Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
« Clinical outcomes

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants High risk Unblinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk 2/24 patients lost to follow-up in control group; no withdrawals
(attrition bias)
All outcomes

Intention to treat analysis High risk Not performed
Lepre 1999
Methods « Study design: parallel RCT (2:1)

« Time frame: NS
+ Follow-up: NS

Participants « Setting: NS
« Country: Australia
« KTRwith TC >6 mmol/L while on a low-saturated fat diet
« Number: treatment group (32); control group (17)
« Mean age + SD (years): treatment group (52 + 13.2); control group (50.2 + 11.9)
« Sex (M/F): treatment group (10/22); control group (7/10)
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Lepre 1999 (Continued)

+ Exclusion criteria: patients on statins; hepatic disease; myocardial infarction within previous 3
months; known alcohol/drug abuse

Interventions

Treatment group

« Simvastatin 5 mg for 6 weeks then 10 mg for 6 weeks

Control group

» Placebo
Outcomes + Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
Notes Publication type: Journal publication
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Low risk Double-blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 3/52 patients did not complete study (6%) (musculoskeletal pain (2); abdomi-
(attrition bias) nal pain (1))
All outcomes
Intention to treat analysis High risk Not conducted

Martinez Hernandez 1993

Methods

« Study design: cross-over RCT

« Time frame: NS
+ Follow-up: NS

Participants

« Setting: NS
« Country: UK

o KTRwith TC>7.0 mmol/L on 3 occasions over 3 months

« Number: 23

« Meanage +SD:47.5+9.7 years

« Sex (M/F):13/10

« Exclusion criteria: NS

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review)
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Martinez Hernandez 1993 (Continued)

Interventions

Treatment group
« Simvastatin 5 mg/d

Control group

» Placebo
Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic toxicity)
Notes « Publication type: Journal publication
« Simvastatin (side effects (1), non-compliance (1)); placebo (side effects (1))
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Unclear risk Not described
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 4/26 (15%) did not finish study
(attrition bias)
All outcomes
Intention to treat analysis High risk Not conducted

Melchor 1998

Methods

« Study design: parallel RCT

« Time frame: NS
+ Follow-up: NS

Participants

 Setting: teaching hospital, single-centre

« Country: Mexico

o KTR, TC>220 mg/dL with failure to reduce lipid levels with diet for 4 weeks; all patients treated with
fluvastatin for 16 weeks

« Number: treatment group (22); control group (20)
« Mean age + SD (years): treatment group (38.8 + 9.4); control group (38.8 +9.4)

« Sex (M/F): treatment group (19/23); control group (19/23)

« Exclusion criteria: NS

Interventions

Treatment group

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review)
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Melchor 1998 (continued)

 Fluvastatin 20 mg/d

Control group

+ Placebo
Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« ALT,AST
« SCr
« CPK
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants Unclear risk Not described
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Not described; 2 patients refused to continue fluvastatin
(attrition bias)
All outcomes
Intention to treat analysis Unclear risk Not described
Raiola 1998
Methods « Study design: parallel RCT
+ Timeframe: NS
« Follow-up period: NS
Participants « Setting: teaching hospital, single centre
« Country: Italy
« KTRwith hypercholesterolaemia (LDL > 160 mg/dL) and hypertriglyceridaemia (> 180 mg/dL)
« Number: treatment group (15); control group (15)
+ Agerange: 19 to 60 years
« Sex (M/F): NS
+ Exclusion criteria: NS
Interventions Treatment group 1
« Atorvastatin 10 mg/d for 8 weeks
HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 36
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Raiola 1998 (continued)

Treatment group 2

« Fluvastatin 20 mg/d for 8 weeks

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Liver enzyme levels, CPK levels

Notes Abstract

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Not described
(attrition bias)
All outcomes

Intention to treat analysis ~ Unclear risk Not described
Renders 2001
Methods « Study design: parallel RCT
o Time frame: NS
« Follow-up:
Participants « Setting: single centre

« Country: Germany

« KTR, stable cyclosporin dosage, LDL = 130 mg/dL

« Number: treatment group (10); control group (10)

« Mean age + SD (years): treatment group (52 + 14); control group (49 + 14)

« Sex (M/F): treatment group (8/2); control group (2/8)

 Exclusion criteria: Ml within previous 6 months; known coronary heart disease

Interventions Treatment group
« Atorvastatin 10 mg/d
Control group

« No treatment
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Renders 2001 (continued)

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Not described
(attrition bias)
All outcomes

Intention to treat analysis Unclear risk Not described
Sahu 2001
Methods « Study design: parallel RCT

« Time frame: transplanted between December 1997 to June 1999
« Follow-up: 3 months

Participants + Setting: single centre
« Country: India
« One-haplotype-matched, living-related first KTR; first 3 months post-transplant
« Number: treatment group (33); control group (32)
« Mean age + SD (years): treatment group (38.7 + 8.6); control group (37.4 £9.2)
« Sex (M/F): treatment group (26/7); control group (27/5)
« Exclusion criteria: spousal transplants, second transplants, hepatitis, anti-lymphocyte induction pro-
tocol

Interventions Treatment group
« Lovastatin 20 mg/d for 3 months
Control group

« Placebo

Outcomes « Acute rejection episodes
 Lipid parameters (TC, LDL, HDL, TG)
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Sahu 2001 (continued)

+ Safety outcomes (hepatic and muscle toxicity)

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants Low risk Double-blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All participants included in follow-up
(attrition bias)

All outcomes

Intention to treat analysis Unclear risk Not described

Santos 2001

Methods

« Study design: parallel RCT

« Time frame: NS

» Follow-up: 180 days

Participants

« Setting: outpatient clinic; single centre

« Country: Brazil

o Adult KTR; TC>200 mg/dL, LDL > 130 mg/dL, TG <400 mg/dL after 8 weeks of supervised diet

« Number: treatment group (34); control group (32)

« Mean age + SD (years): treatment group (44.3 + 11.2); control group (42.2 + 10.7)

« Sex (M/F): treatment group (15/19); control group (15/18)

+ Exclusion criteria: Ml within previous 6 months; heart failure; nephrotic syndrome; abnormal baseline

LFT

Interventions

Treatment group

» Simvastatin 10 mg/d

Control group

« Placebo

Outcomes

« Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)
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Santos 2001 (Continued)

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants Low risk Double-blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)

All outcomes

Incomplete outcome data  High risk 6 of 67 (9%) patients not included in end of treatment assessments
(attrition bias)

All outcomes

Intention to treat analysis High risk Not conducted

Seron 2008

Methods

« Study design: parallel RCT
« Time frame: NS
« Follow-up: 6 months

Participants

« Setting: multicentre

« Country: Spain

« Adult KTR of a first or second kidney transplant obtained from a deceased donor, aged between 18
and 70 years

« Number: treatment group (45); control group (44)

« Mean age + SD (years): treatment (41 + 16); control group (43 + 15)

« Sex (M/F): treatment group (27/18); control group (25/19)

« Exclusion criteria: patients with TC > 6.2 mmol/L (240 mg/dL), diabetes mellitus, or at least one major
adverse cardiovascular event before transplantation

Interventions

Treatment group
+ Fluvastatin 80 mg/d

Control group

« Placebo
Outcomes « Progression of mean intimal arterial volume fraction (Vvintima/artery) evaluated in the donor and 6-
month protocol biopsy
HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 40
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Seron 2008 (Continued)

« Incidence of IF/TA with transplant vasculopathy, (chronic allograft nephropathy type b), the preva-
lence of subclinical rejection and biopsy-proven acute rejection, serum creatinine, and proteinuria at
6 months, patient and graft survival

Notes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation schedule was generated by the data operating department of
Clinical Data Care. Patients were randomised by means of a computer-gener-
ated scheme

Allocation concealment
(selection bias)

Unclear risk Not described

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

Low risk Double-blind

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

Low risk Biopsies were blindly evaluated by the same observer

Incomplete outcome data
(attrition bias)
All outcomes

High risk 89 patients were included, 74 completed the 6 month study, and 57 had paired
biopsies with sufficient tissue for histological evaluation

Intention to treat analysis

High risk Not conducted

Sharif 2009

Methods

« Study design: cross-over RCT; 4 week wash-out period
« Time frame: NS
« Follow-up period: 12 weeks

Participants

« Setting: single centre, University Hospital of Wales, Cardiff
« Country: UK

« Caucasian, nondiabetic (based upon oral glucose tolerance test), stable graft function aged over 6
months, tacrolimus-based immunosuppression and either current statin use or desired (defined as
fasting TC > 4.5 mmol/L or fasting LDL >2.5 mmol/L)

« Number: 20

« Mean age (range): 56 (32 to 72) years

« Sex (M/F):16/4

« Exclusion criteria: diabetes; history of cardiovascular disease; fasting TC > 8.0 mmol/L; pregnancy

Interventions

Treatment group
» Rosuvastatin 10 mg/d
Control group

« Placebo
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Sharif 2009 (continued)

Outcomes « Lipid parameters
+ eGFR
« Changes ininsulin sensitivity and insulin secretion
« HbA1C
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants Low risk Double-blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No patient lost to follow-up
(attrition bias)
All outcomes

Intention to treat analysis ~ Unclear risk Not described
SOLAR Study 2001
Methods « Study design: parallel RCT

« Time frame: January 1998 to June 1999
« Follow-up period: 12 weeks

Participants « Setting: international, multicentre (11) study
« Country: Norway, Sweden, Finland, UK, Ireland
« 18 years orolder, receiving cadaveric or living-related kidney allografts
« Number: treatment group (182); control group (182)
« Mean age + SD (years): treatment group (49.1 + 13.5); control group (47.7 + 14.8)
« Sex (M/F): treatment group (130/52); control group (130/52)

« Exclusion criteria: patients with malignant disease; serological evidence of HIV or HBsAg; able ran-
domisation number starting from the beginning; systemic infection; pregnancy; those using inade-
quate patients with a living donor graft were assigned the next contraceptive measures

Interventions Treatment group
 Fluvastatin 40 mg/d

Control group
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SOLAR Study 2001 (Continued)

« Placebo

Outcomes « Acute allograft rejection
o Lipid parameters
« Adverse events

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Centralized randomisation sequence

tion (selection bias)

Allocation concealment Low risk Each medication pack was labelled with a study identification code and ran-
(selection bias) domisation number. Randomization was stratified by centre and blocked
pseudo-randomisation was performed by the producer centrally.

Blinding of participants Low risk All study personnel directly involved in the conduct of the study were blinded
and personnel (perfor- to treatment until all patients had completed the study
mance bias)

All outcomes

Blinding of outcome as- Low risk All study personnel directly involved in the conduct of the study were blinded
sessment (detection bias) to treatment until all patients had completed the study
All outcomes

Incomplete outcome data  High risk 83% of the patients who commenced the study completed the protocol with
(attrition bias) no difference between groups
All outcomes

Intention to treat analysis ~ Low risk Intention to treat analysis
Tuncer 2000
Methods « Study design: parallel RCT
« Time frame: January 1994 to April 1998
+ Follow-up:
Participants « Setting: single centre

« Country: Turkey
« First-graft deceased or living-donor KTR
« Number: treatment group 1 (16); treatment group 2 (16); control group (25)

« Mean + age SD (years): treatment group 1 (42.8 + 4.5); treatment group 2 (40.7 + 2.6); control group
(41.4+3.9)

« Sex (M/F): treatment group 1 (10/6); treatment group 2 (9/7); control group (16/9
 Exclusion criteria: statins within 1 month of transplantation

Interventions Treatment group 1
« Simvastatin 10 mg/d

Treatment group 2
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Tuncer 2000 (Continued)

» Pravastatin 20 mg/d

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Acute allograft rejection
« Safety outcomes (hepatic and muscle toxicity)

Notes Publication type: Journal publication

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Core biopsies were examined by a pathologist who was blinded to patient in-
sessment (detection bias) formation
All outcomes

Incomplete outcome data  Unclear risk Not described
(attrition bias)
All outcomes

Intention to treat analysis ~ Unclear risk Not described

UK-HARP-1 2005

Methods « Study design: parallel RCT
« Time frame: October 1999 to March 2001
« Follow-up: 12 months

Participants  Setting: multicentre

« Country: UK

« Adult patients with functional kidney transplant (subset of study)

« Number: treatment group (65); control group (68)

« Age: Unclear

« Sex (M/F): Unclear

« Exclusion criteria: patients on statins; recent history of acute uraemia; chronic liver disease; inflam-
matory muscle disease or CK level greater than 3 times the upper limit of normal; previous adverse
reaction to a statin or history of aspirin hypersensitivity; concurrent treatment with a contraindicated
drug; high immediate risk for bleeding; child-bearing potential in the absence of a reliable method
of contraception; a life-threatening condition other than CKD or vascular disease; frequent nonatten-
dance at clinics; known noncompliance with drug treatments; alcohol or substance abuse

Interventions Treatment group

« Simvastatin 20 mg/d
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UK-HARP-1 2005 (Continued)

Control group

« Placebo

Outcomes « Lipid parameters (TC, LDL, HDL, TG)
« Safety outcomes (hepatic and muscle toxicity)

Notes Publication type: Journal publication

This was 4-arm study with aspirin used alone and in combination with simvastatin. Simvastatin-as-
pirin/simvastatin alone and double placebo/aspirin placebo groups were combined for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Minimized randomisation was used to balance the treatment groups; 2 X 2 fac-
tion (selection bias) torial design

Allocation concealment Low risk Randomisation was by telephone to the Clinical Trial Service Unit

(selection bias)

Blinding of participants Low risk Matching placebo
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk All events were coded centrally according to a standard protocol. Otherwise
sessment (detection bias) unclear

All outcomes

Incomplete outcome data  Low risk 442 of 448 patients completed follow-up

(attrition bias)
All outcomes

Intention to treat analysis Low risk Conducted
Vergoulas 1999
Methods « Study design: cross-over RCT

« Time frame: NS
« Follow-up period: 12 months

Participants + Setting: single centre
« Country: Greece
« Hypercholesterolaemic KTR
« Number: treatment group (22); control group (28)
« Mean age (years): treatment group (40); control group (41)
« Sex (M/F): NS
« Exclusion criteria: NS

Interventions Treatment group 1
» Lovastatin 20 mg/d

Treatment group 2
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Vergoulas 1999 (continued)

 Fluvastatin 40 mg/d

Outcomes « Lipid parameters
« CPK
« SGOT, SGPT levels

Notes

Risk of bias

Bias Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk
tion (selection bias)

Not described

Allocation concealment Unclear risk
(selection bias)

Not described

Blinding of participants High risk
and personnel (perfor-

mance bias)

All outcomes

Unblinded

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

Unblinded

Incomplete outcome data  Unclear risk
(attrition bias)
All outcomes

Not described

Intention to treat analysis Unclear risk

Not described

ALT - alanine aminotransferase; AST - aspartate aminotransferase; BP - blood pressure; CABG - coronary artery bypass graft; CAD - coronary
artery disease; CK - creatine kinase; CKD - chronic kidney disease; CRP - C-reactive protein; CV - cardiovascular; DM - diabetes mellitus; HDL
- high-density lipoprotein; HRT - hormone replacement therapy; KTR - kidney transplant recipients; LDL - low-density lipoprotein; LFT -
liver function tests; MI - myocardial infarction; NS - not stated; SCr - serum creatinine; TC - total cholesterol; TG - triglycerides

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Bagdade 1979 Not appropriate intervention
Blechman-Krom 2000 Active comparator (not statin)
Blum 2000 Not appropriate intervention
Capone 1999 Not randomised

Castro 1997 Active comparator (not statin)
Cheng 1995 Active comparator (not statin)
Curtis 1982 Not appropriate intervention
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Study

Reason for exclusion

Garcia-de-la-Puente 2009

Paediatric population

Gonzalez-Molina 1996

Active comparator (not statin)

Hilbrands 1993

Not appropriate intervention

Ichimaru 2001

Not appropriate intervention

Imamura 2005

Not appropriate intervention

Kahan-301 2000

Not appropriate intervention

Kaplan-251 2001

Short duration

Kasiske 1990

Short duration

Kliem 1996 Short duration

Lal 1992 Active comparator (not statin)
Lal 1996 Active comparator (not statin)
Lal 1998 Active comparator (not statin)
LANDMARK 2 2009 Not appropriate intervention
Lopau 2006 Not randomised

Markell 1995 Not randomised

Nart 2009 Not randomised

Nicholson 1993

Not randomised

0Ok 1996

Not appropriate intervention

Olbricht 1997

Short duration

Raiola 1996

Short duration

Renders 2010

Terminated (unclear)

Rigatto 1997

Short duration

Rodriguez 1997 Active comparator (not statin)
Ruiz 2006 Not randomised

Turk 2001 Not randomised

Vasquez 2004 Active comparator (not statin)
White 1996 Active (non-statin) intervention
Wissing 2006 Not appropriate intervention
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Characteristics of ongoing studies [ordered by study ID]

NCT00565474

Trial name or title Evaluation of the effect of fluvastatin 40 mg (b.i.d.) in the prevention of the development of vascu-
lopathy of the graft in de novo renal transplant patients transplant

Methods Randomised, parallel-group, double-blind

Participants Inclusion criteria

« Patients where the investigator expects to prescribe cyclosporine, mycophenolate mofetil and
corticosteroids as base immunosuppressive therapy, regardless of their participation in the study

« Man orwoman aged from 17 to 70 years.

« Patients that receive a first or second renal transplant from a non-living donor
« Patients where allograft biopsies may be performed.

« Patients receiving an identical or compatible ABO graft.

« Patients willing to give their written informed consent to all study issues.

« Women with child-bearing potential should use a medically proven contraceptive method during
the study.

« Patients able to meet all study requirements.
Exclusion criteria

« Patients with pre-transplant cholesterol levels above 240 mg/dL (6.2 mmol/L)

« Positive cross-match of T cells or ABO incompatibility with the donor

« Recipients of multiorgan transplant

« Patients with diabetes mellitus

« HIV seropositive or with surface antigen of Hepatitis B

« Kidney from a donor aged over 65 years

« Last panel of reactive antibody (PRA) above 50%

« Women who plan to get pregnant within 12 months, or who are pregnant and/or nursing

« Patients with a history of cancer in the previous 5 years, except for patients successfully treated
with localized carcinoma of squamous or basal cells of the skin, or cervix cancer in situ treated
adequately

« Patients receiving an investigational drug in the 30 days prior to the transplant and/or who will
receive an investigational/non-registered drug during the study, except for the use of erythropoi-
etin-stimulating products

« Patients with myocardial infarction within the 6 months prior to the transplant, uncontrollable
cardiac arrhythmia or another severe or unstable medical condition probably affecting the safety
of the patient or the study objectives

« Patients with alcohol dependence or drug abuse not solved, or signs of organic lesion caused by
alcohol, mental dysfunction or other factors limiting their ability to fully cooperate with the study.

« Patients where it is planned to perform an induction treatment with preparations containing an-
tilymphocyte antibodies (ALG, ATG or OKT-3)

« Patients scheduled to receive cyclosporine IV for over 48 hours.

« Patients with liver dysfunction (ALT or AST values or total bilirubin 2 times above the upper limit
of the normal ranges of the laboratory values)

« Other protocol-defined inclusion/exclusion criteria may apply

Interventions Fluvastatin 40 mg twice daily versus placebo

Outcomes Primary outcome measures: to determine if treatment with fluvastatin can prevent the progression
of vascular graft disease. The difference between the vascular intimal thickness measured on the
baseline biopsy and the biopsy at the end of the study between the two treatment group
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NCT00565474 (Continued)

Secondary outcome measures: 24-hour creatinine and proteinuria values at 6 months post-trans-
plant, graft survival and patient survival at 6 months, differences in lipid profile between the treat-
ment groups, incidence of rejection episodes treated and documented by biopsy at 6 months

Starting date

September 2001

Contact information

Novartis

Notes

DATA AND ANALYSES

Comparison 1. Statins versus placebo

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Cardiovascular mortality 4 2322 Risk Ratio (IV, Random, 95% CI) 0.68[0.45, 1.01]

2 All-cause mortality 6 2760 Risk Ratio (IV, Random, 95% ClI) 1.08 [0.63, 1.83]

3 Major cardiovascular 1 Risk Ratio (IV, Random, 95% Cl) Totals not selected

events

4 Fatal and non-fatal my- 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected

ocardial infarction

5 Fatal and non-fatal 1 Risk Ratio (IV, Random, 95% CI) Totals not selected

stroke

6 Elevated creatine kinase 3 2233 Risk Ratio (M-H, Random, 95% CI) 0.86[0.39, 1.89]

7 Elevated liver enzymes 4 608 Risk Ratio (M-H, Random, 95% Cl) 0.62[0.33,1.19]

8 Withdrawal due to ad- 9 2810 Risk Ratio (M-H, Random, 95% Cl) 0.89[0.74, 1.06]

verse events

9 Cancer 1 Risk Ratio (IV, Random, 95% Cl) Totals not selected

10 Total cholesterol 12 3070 Mean Difference (IV, Random, 95% -42.43 [-51.22, -33.65]
cn

11 LDL cholesterol 11 3004 Mean Difference (IV, Random, 95% -43.19 [-52.59, -33.78]
Cl)

12 HDL cholesterol 11 3005 Mean Difference (IV, Random, 95% -5.69[-10.35, -1.03]
Cl)

13 Triglycerides 11 3012 Mean Difference (IV, Random, 95% -27.28 [-34.29,-20.27]
cl

14 End-stage kidney dis- 6 2740 Risk Ratio (IV, Random, 95% CI) 1.14[0.94, 1.37]

ease
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Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

15 Acute allograft rejec- 4 582 Risk Ratio (M-H, Random, 95% CI) 0.88[0.61, 1.28]

tion

16 Proteinuria 2 136 Mean Difference (IV, Random, 95% 0.04[-0.17,0.25]
Cl)

17 Glomerular filtration 1 Mean Difference (IV, Random, 95% Totals not selected

rate Cl)

Analysis 1.1. Comparison 1 Statins versus placebo, Outcome 1 Cardiovascular mortality.

Study or subgroup statins Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Santos 2001 0/34 1/33 + 1.62% 0.32[0.01,7.68]
Katznelson 1996 0/24 1/24 + 1.63% 0.33[0.01,7.8]
Kasiske 2001 2/53 0/52 t 1.78% 4.91[0.24,99.82]
ALERT 2001 36/1050 54/1052 ” 94.97% 0.67[0.44,1.01]
Total (95% Cl) 1161 1161 <& 100% 0.68[0.45,1.01]
Total events: 38 (statins), 56 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.07, df=3(P=0.56); 1>=0%
Test for overall effect: Z=1.9(P=0.06)

Favours statins 001 0.1 1 10 100 Favours placebo

Analysis 1.2. Comparison 1 Statins versus placebo, Outcome 2 All-cause mortality.

Study or subgroup Statins placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI

Seron 2008 0/39 1/35 t 2.73% 0.3[0.01,7.13]
Santos 2001 0/34 1/33 + 2.74% 0.32[0.01,7.68]
Katznelson 1996 0/24 2/24 t 3.07% 0.2[0.01,3.96]
Kasiske 2001 4/53 0/52 7 3.25% 8.83[0.49,160.07]
SOLAR Study 2001 5/182 2/182 s — 9.57% 2.5[0.49,12.72]
ALERT 2001 143/1050 138/1052 . 78.64% 1.04[0.84,1.29]

|
Total (95% CI) 1382 1378 * 100% 1.08[0.63,1.83]
Total events: 152 (Statins), 144 (placebo) ‘
Heterogeneity: Tau?=0.08; Chi?=5.49, df=5(P=0.36); 1>=8.98% ‘
Test for overall effect: Z=0.28(P=0.78) ‘

Favours statins ~ 0.005 0.1 1 10 200 Favours placebo
HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 50
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Analysis 1.3. Comparison 1 Statins versus placebo, Outcome 3 Major cardiovascular events.

Study or subgroup Statin Control Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
ALERT 2001 112/1050 134/1052 —0—’— 0.84[0.66,1.06]
Favours statin 05 0.7 1 15 2 Favours control

Analysis 1.4. Comparison 1 Statins versus placebo, Outcome 4 Fatal and non-fatal myocardial infarction.

Study or subgroup Statins Placebo Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
ALERT 2001 46/1050 66/1052 —0—' 0.7[0.48,1.01]
Favours statins  0-2 0.5 1 2 5 Favours placebo

Analysis 1.5. Comparison 1 Statins versus placebo, Outcome 5 Fatal and non-fatal stroke.

Study or subgroup Statins Placebo Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
ALERT 2001 74/1050 63/1052 —’—0— 1.18[0.85,1.63]
Favours statins 05 0.7 1 15 2 Favours placebo

Analysis 1.6. Comparison 1 Statins versus placebo, Outcome 6 Elevated creatine kinase.

Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sahu 2001 0/33 0/32 Not estimable
Seron 2008 0/39 1/35 + 6.19% 0.3[0.01,7.13]
ALERT 2001 11/1045 12/1049 —.— 93.81% 0.92[0.41,2.08]
|
Total (95% Cl) 1117 1116 ‘ 100% 0.86[0.39,1.89]

Total events: 11 (Statins), 13 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.45, df=1(P=0.5); I>=0%
Test for overall effect: Z=0.38(P=0.7)

Favours statins 001 0.1 1 10 100 Favours placebo

Analysis 1.7. Comparison 1 Statins versus placebo, Outcome 7 Elevated liver enzymes.

Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sahu 2001 0/33 0/32 Not estimable
Kasiske 2001 1/53 0/52 + 4.16% 2.94[0.12,70.67]
Seron 2008 2/39 2/35 e E— 11.57% 0.9[0.13,6.04]
ALERT 2001 11/182 20/182 B 84.26% 0.55[0.27,1.11]
Favours statins ~ 0-005 0.1 1 1o 200 Favours placebo
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Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% Cl) 307 301 <@ 100% 0.62[0.33,1.19]
Total events: 14 (Statins), 22 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.18, df=2(P=0.55); 1>=0%
Test for overall effect: Z=1.42(P=0.15)
Favours statins ~ 0.005 0.1 1 10 200 Favours placebo

Analysis 1.8. Comparison 1 Statins versus placebo, Outcome 8 Withdrawal due to adverse events.

Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Lepre 1999 2/32 0/16 * 0.35% 2.58[0.13,50.68]
Katznelson 1996 0/24 3/24 e e 0.37% 0.14[0.01,2.62]
Martinez Hernandez 1993 1/11 1/11 0.45% 1[0.07,14.05]
Santos 2001 1/34 2/33 —_— T 0.56% 0.49[0.05,5.1]
Arnadottir 1994 1/20 2/20 —_—T 0.58% 0.5[0.05,5.08]
Cofan 2002 3/30 1/17 —_— T 0.65% 1.7[0.19,15.09]
Seron 2008 6/39 9/35 — 3.63% 0.6[0.24,1.51]
SOLAR Study 2001 30/182 32/180 —— 15.15% 0.93[0.59,1.46]
ALERT 2001 155/1050 172/1052 78.26% 0.9[0.74,1.1]
Total (95% CI) 1422 1388 ¢ 100% 0.89[0.74,1.06]
Total events: 199 (Statins), 222 (Placebo)
Heterogeneity: Tau?=0; Chi*=3.6, df=8(P=0.89); 1>=0%
Test for overall effect: Z=1.32(P=0.19)

Favours statins ~ 0.005 0.1 1 10 200

Favours placebo

Analysis 1.9. Comparison 1 Statins versus placebo, Outcome 9 Cancer.

Study or subgroup Statin Placebo Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
ALERT 2001 296/1045 316/1049 —0+ 0.94[0.82,1.07]
Favours statin 0.5 0.7 1 15 2 Favours placebo
Analysis 1.10. Comparison 1 Statins versus placebo, Outcome 10 Total cholesterol.

Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% ClI Random, 95% CI
Hausberg 2001 13 247 (40) 13 264 (43) —_— 4.73% -17[-48.92,14.92]
Martinez Hernandez 1993 11 224 (26) 11 272 (45) s a— 4.96% -48[-78.71,-17.29]
Renders 2001 10 192 (28) 10 249 (39) s a— 5.16% -57[-86.76,-27.24]
Lepre 1999 32 212 (35) 17 278 (46) —_— 6.24% -66[-91,-41]
Santos 2001 31 209 (37) 31 272 (50) . 7.08% -63[-84.9,-41.1]
Seron 2008 39 201 (43) 35 232 (46) — 7.52% -31[-51.36,-10.64]
Katznelson 1996 24 203 (46) 24 237(12) — 7.93% -34[-53.02,-14.98]

Favours statins ~ -100 -50 0 50

100 Favours placebo
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Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
UK-HARP-1 2005 65 166 (42) 68 203 (38) — 9.68% -37[-50.63,-23.37]
SOLAR Study 2001 182 211 (57) 182 235 (57) — 10.31% -24[-35.71,-12.29]
Kasiske 2001 53 209 (13) 52 273 (20) —+ 11.82% -64[-70.47,-57.53]
Sahu 2001 33 182 (9) 32 222 (11) + 12.15% -40[-44.89,-35.11]
ALERT 2001 1050 163 (37) 1052 197 (40) + 12.41% -34[-37.29,-30.71]
Total *** 1543 1527 <o 100% -42.43[-51.22,-33.65]
Heterogeneity: Tau?=159.08; Chi*>=86.01, df=11(P<0.0001); I>=87.21%
Test for overall effect: Z=9.47(P<0.0001)

Favours statins ~ -100 -50 0 50 100

Analysis 1.11. Comparison 1 Statins versus placebo, Outcome 11 LDL cholesterol.

Favours placebo

Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Renders 2001 10 106 (28) 10 172 (57) —_— 4.08% -66[-105.36,-26.64]
Hausberg 2001 13 148 (43) 13 165 (47) — T 4.87% -17[-51.63,17.63]
Martinez Hernandez 1993 11 145 (30) 11 185 (46) — 5.29% -40[-72.45,-7.55]
Katznelson 1996 24 108 (32) 24 150 (52) — 7.28% -42[-66.43,-17.57]
Lepre 1999 32 120 (31) 17 189 (43) —— 7.69% -69[-92.09,-45.91]
Santos 2001 31 117 (27) 31 179 (45) —— 9.22% -62[-80.47,-43.53]
Seron 2008 39 120 (35) 35 147 (39) —— 9.77% -27[-43.96,-10.04]
UK-HARP-1 2005 65 88 (33) 68 119 (32) -+ 11.96% -31[-42.05,-19.95]
SOLAR Study 2001 182 114 (47) 181 144 (52) -+ 12.26% -30[-40.2,-19.8]
Kasiske 2001 53 109 (9) 52 169 (21) + 13.48% -60[-66.2,-53.8]
ALERT 2001 1050 104 (35) 1052 142 (38) + 14.1% -38[-41.12,-34.88]
Total *** 1510 1494 ¢ 100% -43.19[-52.59,-33.78]
Heterogeneity: Tau?=160.81; Chi*=63.77, df=10(P<0.0001); 1>=84.32%
Test for overall effect: Z=9(P<0.0001)

Favours statins 200 -100 0 100 200

Analysis 1.12. Comparison 1 Statins versus placebo, Outcome 12 HDL cholesterol.

Favours placebo

Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Martinez Hernandez 1993 11 47(21) 11 43 (21) R 4.63% 4[-13.55,21.55]
Seron 2008 39 66 (31) 35 66 (35) _— 5.57% 0[-15.14,15.14]
Hausberg 2001 13 67 (18) 13 65 (18) —_— 6.17% 2[-11.84,15.84]
Lepre 1999 32 58 (23) 17 58 (19) — 7.11% 0[-12.04,12.04]
Renders 2001 10 51(13) 10 60 (10) — 8.24% -9[-19.17,1.17]
Katznelson 1996 24 56 (16) 24 67 (18) — 8.58% -11[-20.64,-1.36]
Santos 2001 31 56 (17) 31 52 (12) — 10.15% 4[-3.33,11.33]
UK-HARP-1 2005 65 47 (21) 68 70 (18) — 10.61% -23[-29.66,-16.34]
SOLAR Study 2001 182 39 (21) 182 51(16) —+ 12.42% -12[-15.84,-8.16]
Kasiske 2001 53 54 (6) 52 60 (6) + 13.13% -6[-8.3,-3.7]
ALERT 2001 1050 50 (15) 1052 50 (19) + 13.38% 0[-1.46,1.46)

Favours statins ~ -50 25 0 25 50

Favours placebo
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Study or subgroup Statins Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Total *** 1510 1495 <o 100% -5.69[-10.35,-1.03]

Heterogeneity: Tau?=41.63; Chi*=87.36, df=10(P<0.0001); 1>=88.55%
Test for overall effect: Z=2.39(P=0.02)

Favours statins  -50 -25 0 25 50 Favours placebo

Analysis 1.13. Comparison 1 Statins versus placebo, Outcome 13 Triglycerides.

Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
ALERT 2001 1050 182 (100) 1052 210 (130) - 28.61% -28[-37.91,-18.09]
Hausberg 2001 18 163 (106) 18 169 (59) — 1.53% -6[-62.04,50.04]
Kasiske 2001 53 225 (55) 52 252 (54) —— 9.67% -27[-47.85,-6.15]
Katznelson 1996 24 119 (15) 24 157 (14) = 34.9% -38[-46.21,-29.79]
Lepre 1999 32 177 (71) 17 177 (89) s e— 1.99% 0[-48.94,48.94]
Martinez Hernandez 1993 11 213 (139) 11 253 (170) + 0.29% -40[-169.77,89.77]
Renders 2001 10 158 (83) 10 163 (57) . E— 1.24% -5[-67.41,57.41]
Santos 2001 31 181 (79) 31 202 (67) —+ 3.5% -21[-57.46,15.46]
Seron 2008 39 150 (67) 35 155 (78) —Hh 4.15% -5[-38.32,28.32]
SOLAR Study 2001 182 181 (107) 182 198 (107) —*T 8.82% -17[-38.98,4.98]
UK-HARP-1 2005 65 139 (84) 65 152 (86) —+ 5.3% -13[-42.23,16.23]
Total *** 1515 1497 ¢ 100% -27.28[-34.29,-20.27]
Heterogeneity: Tau?=19.11; Chi*=11.7, df=10(P=0.31); 1>=14.52%
Test for overall effect: Z=7.63(P<0.0001)

Favours statins ~ -200 -100 0 100 200 Favours placebo

Analysis 1.14. Comparison 1 Statins versus placebo, Outcome 14 End-stage kidney disease.

Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Cofan 2002 0/30 0/17 Not estimable
Katznelson 1996 0/24 1/24 + 0.35% 0.33[0.01,7.8]
Kasiske 2001 5/53 0/52 — 0.42% 10.8[0.61,190.44]
Seron 2008 2/39 2/35 — 0.96% 0.9[0.13,6.04]
SOLAR Study 2001 12/182 7/182 — 421% 1.71[0.69,4.26]
ALERT 2001 183/1050 165/1052 . 94.07% 1.11[0.92,1.35]
Total (95% CI) 1378 1362 ¢ 100% 1.14[0.94,1.37]
Total events: 202 (Statins), 175 (Placebo)
Heterogeneity: Tau?=0; Chi>=3.84, df=4(P=0.43); 1>=0%
Test for overall effect: Z=1.34(P=0.18)

Favours statins ~ 0.005 0.1 1 10 200 Favours placebo
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Analysis 1.15. Comparison 1 Statins versus placebo, Outcome 15 Acute allograft rejection.

Study or subgroup Statins Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sahu 2001 5/33 6/32 EEE—— 10.01% 0.81[0.27,2.39]
Katznelson 1996 6/24 14/24 . — 17.07% 0.43[0.2,0.93]
Kasiske 2001 15/53 12/52 e 21.37% 1.23[0.64,2.36]
SOLAR Study 2001 86/182 87/182 - 51.54% 0.99[0.8,1.23]
Total (95% Cl) 292 290 - 100% 0.88[0.61,1.28]
Total events: 112 (Statins), 119 (Placebo)
Heterogeneity: Tau?=0.06; Chi*=4.91, df=3(P=0.18); 1>=38.86%
Test for overall effect: Z=0.67(P=0.5) ‘ ‘ ‘ ‘ ‘ ‘

Favours stating 0.1 02 0.5 1 2 5 10 Favours placebo

Analysis 1.16. Comparison 1 Statins versus placebo, Outcome 16 Proteinuria.

Study or subgroup Statins Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Santos 2001 31 0.7(1.2) 31 0.5 (0.6) —’—0— 19.61% 0.2[-0.27,0.67]
Seron 2008 39 0.3(0.3) 35 0.3(0.6) —-— 80.39% 0[-0.23,0.23]
Total *** 70 66 * 100% 0.04[-0.17,0.25]
Heterogeneity: Tau?=0; Chi*=0.55, df=1(P=0.46); 1>=0% ‘
Test for overall effect: Z=0.37(P=0.71) ‘

Favours statins -1 -0.5 0 0.5 1 Favours placebo

Analysis 1.17. Comparison 1 Statins versus placebo, Outcome 17 Glomerular filtration rate.

Study or subgroup Statin Placebo Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Santos 2001 31 57 (18) 31 58 (18) ; } -1[-9.96,7.96]
Favours statin 10 5 0 5 10 Favours placebo

ADDITIONAL TABLES

Table 1. Published guidelines on hyperlipidaemia management with statins in kidney transplant patients

Guidelines Country Year Lipid parameters Treatment

Kidney Disease Improving Global NA 2009 LDL 2100 mg/dL TLC + statin

Outcomes (KDIGO 2009)

National Kidney Foundation Disease USA 2004 1. LDL 100-129 mg/dL 1. TLC + low dose statin

Outcomes Quality initiative (NKF-DO-
Ql) (NKF 2002)

2. LDL>130 mg/dL
3. TG > 200 mg/dL and

non-HDL > 130 mg/ 3.
dL

2. TLC+maximum dose

statin

TLC + maximum dose
statin

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review)
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Table 1. Published guidelines on hyperlipidaemia management with statins in kidney transplant patients (continued)

European Best Practice Guidelines Europe 2002 LDL > 130 mg/dL TLC + low dose statin
(EBPG 2002)

Canadian Society of Nephrology Canada 2004 No guideline available No guideline available
(CSN)

British Renal Association (BRA) UK 2004 No guideline available No guideline available
Caring for Australians with Renal Im- Australia 2004 No guideline available No guideline available

pairment (CARI)

LDL- low-density lipoprotein cholesterol; Non-HDL - Non high-density lipoprotein cholesterol; TC - total cholesterol; TG - triglycerides; TLC
- therapeutic lifestyle changes

APPENDICES

Appendix 1. Electronic search strategies

Database Search terms
CENTRAL 1. MeSH descriptor Kidney Transplantation explode all trees in MeSH products
2. kidney next (transplant* or graft* or recipient®) in All Fields in all products
3. renal next (transplant* or graft* or recipient*) in All Fields in all products
4. (#1 OR#2 OR#3)
5. MeSH descriptor Hydroxymethylglutaryl-CoA Reductase Inhibitors explode all trees in MeSH prod-
ucts

* 11

"hydroxymethylglutaryl-CoA reductase inhibitor*" in Clinical Trials
statin* or "HMG CoA™" or HMg-CoA*" in Clinical Trials
atorvastatin in Clinical Trials

RN

cerivastatin in Clinical Trials
10.(dalvastatin) in Clinical Trials
11.fluindostatin in Clinical Trials
12.fluvastatin in Clinical Trials
13.lovastatin in Clinical Trials
14.pitavastatin in Clinical Trials
15.pravastatin in Clinical Trials
16.rosuvastatin in Clinical Trials
17.simvastatin in Clinical Trials
18.(mevinolin*) in Clinical Trials
19.monacolin* in Clinical Trials
20.pravachol in Clinical Trials
21.lipex in Clinical Trials

22 lipitor in Clinical Trials
23.zocor in Clinical Trials
24.lescol in Clinical Trials
25.mevacor in Clinical Trials
26.baycol in Clinical Trials

HMG CoA reductase inhibitors (statins) for kidney transplant recipients (Review) 56
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(Continued)

27.(#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18
OR#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26)

28.(#4 AND #27)

MEDLINE kidney transplantation/

exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/
"hydroxymethylglutaryl-CoA reductase inhibitor$".tw.

("HMG CoA reductase inhibitor$" or "HMG Co A reductase inhibitor$").tw.
statin$.tw.

atorvastatin.tw.

cerivastatin.tw.

dalvastatin.tw.

fluindostatin.tw.

PN WN

10.fluvastatin.tw.
11.lovastatin.tw.
12.pitavastatin.tw.
13.pravastatin.tw.
14.rosuvastatin.tw.
15.simvastatin.tw.
16.meglutol.tw.
17.mevinolinS.tw.
18.monacolin$.tw.
19.Pravachol.tw.
20.Lipex.tw.
21.Lipitor.tw.
22.Zocor.tw.
23.Lescol.tw.
24.Mevacor.tw.
25.Baycol.tw.
26.0r/2-25
27.and/1,26

EMBASE exp kidney transplantation/

exp Hydroxymethylglutaryl Coenzyme a Reductase Inhibitor/
"hydroxymethylglutaryl-CoA reductase inhibitor$".tw.

("HMG CoA reductase inhibitor$" or "HMG Co A reductase inhibitor$").tw.
statin$.tw.

atorvastatin.tw.

cerivastatin.tw.

dalvastatin.tw.

e R S L R

fluindostatin.tw.
10.fluvastatin.tw.
11.lovastatin.tw.
12.pitavastatin.tw.
13.pravastatin.tw.
14.rosuvastatin.tw.
15.simvastatin.tw.
16.(meglutol or mevinolin$ or monacolin$ or pravachol or lipex or lipitor or zocor or mevacor or le-
scol or baycol).tw.
17.0r/2-16
18.and/1,17
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Appendix 2. Risk of bias assessment tool

Potential source of bias

Assessment criteria

Random sequence genera-
tion

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

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

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.

Unclear: Insufficient information about the sequence generation process to permit judgement.

Allocation concealment

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

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.

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

Blinding of participants and
personnel

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

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.

Unclear: Insufficient information to permit judgement

Blinding of outcome assess-
ment

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

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.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

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

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 standardized 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.
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(Continued)

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 standardized 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.

Unclear: Insufficient information to permit judgement

Selective 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;

Reporting bias d_U9 to selective  the study protocol is not available but it is clear that the published reports include all expected out-

outcome reporting 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

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

Bias due to problems not cov-

” High risk of bias: Had a potential source of bias related to the specific study design used; stopped
ered elsewhere in the table

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.

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

FEEDBACK

Reader comments, 18 March 2014
Summary

We thank you for your appraisal of the evidence regarding the use of statins in the kidney transplant population’. In evaluation of the
ALERT trial?, the predominant study examined in your review, we have a few areas of concerns regarding the general appraisal and the
presentation of the available evidence.

Firstly, the conclusion of this review eludes that perhaps all renal transplant patients will benefit from statin therapy. We would like to
highlight a few points regarding this claim. Although the ALERT study is relatively small compared to other statin studies in the general
population, it is the largest trial used in this systematic review. It is important to note that annual rate of fatal or non-fatal cardiac events
in the placebo group is within the range of annual rates reported in previous primary and secondary prevention studies with statins, thus
this potentially suggests that renal transplant by itself is not an independent risk factor for cardiovascular disease. Furthermore, previous
comparisons of the observed and expected incidences of ischemic heart disease (IHD) in a population of renal transplant recipients found
that many of the risk factors defined for the Framingham cohort appear to be associated with qualitatively similar risks of IHD for renal
transplant recipients®.

We agree that the current available evidence regarding the potential benefit of statins in reducing cardiovascular risk in the kidney
transplant population requires further insight and evaluation. However, as demonstrated in the ALERT trial, the paucity of evidence
suggesting a benefit is also complimented by a possible harm with the use of fluvastatin; a non-statistically significant increase risk in non-
cardiovascular deaths (RR: 1.20; CI: 0.86-1.67) and fatal and non-fatal cerebrovascular events (RR 1.16; C: 0.83-1.63)2. Despite yielding non-
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significance in the trial, providing that commentary on the potential harms of using statins in this review would not only bring clarity as to
why this area needs further evaluation, but also makes transparent the potential benefits and harms of starting a statin in this population.

Moreover, we would also like to highlight a few things regarding the ALERT trial. In evaluation of the endpoints (Figure 4) in the ALERT trial,
there are concerns regarding the reporting and evaluation of the mortality endpoints. The analysis in Figure 4 of the trial suggests that 77
and 65 people died of non-cardiovascular death in the fluvastatin and placebo arm, respectively. Itis not entirely clear to us how the authors
define non-cardiovascular death. Only by using Figure 2 in the ALERT trial, does it become more apparent that fatal cerebrovascular events
and other vascular deaths have been excluded from the analysis of non-cardiovascular death. We think this discrepancy under-represents
the magnitude of possible harm resulting in non-cardiovascular death with the use of fluvastatin. Non-cardiovascular mortality was not
evaluated in this review; however, future revisions should evaluate an endpoint inclusive of fatal cerebrovascular and other vascular deaths
and reflect that it resulted in 107 vs. 84 deaths (HR: 1.28, P=0.08) in the treatment and placebo arm, respectively. As such, itis possible there
is a stronger signal for non-cardiovascular harm with the use of fluvastatin. The authors of the ALERT trial have been contacted; however,
we have yet to receive further clarification. It should be noted that this discrepancy was not addressed in the risk of bias summary (Figure
3) in the review'. It is also important to note that in the ALERT trial, 11 of the 12 patients who underwent revascularization in the first year
were in the fluvastatin arm. It is possible that decreased occurrence of cardiac death and non-fatal Ml in fluvastatin group is a consequence
of a higher incidence of early revascularization in the fluvastatin arm.

Based on the evaluation of this Cochrane review, we feel that the presentation of the evidence reads in a manner that puts more emphasis
on the potential benefits of statin therapy, indirectly biasing the interpretation of the over-arching message. In conclusion, we recommend
the following: a) a greater emphasis should be placed on the fact that renal transplantation is potentially not an independent risk factor
for ischemic heart disease b) the risk of bias summary in the review should address the reporting bias with regards to non-cardiovascular
deaths found in the ALERT trial ¢) more transparency in the presentation of the potential harms—possible non-cardiovascular deaths and
fatal and non-fatal cerebrovascular events—with using statins for primary prevention in this population. Overall, it remains unclear whether
the benefit of using statins for primary prevention in renal transplant patients outweighs the potential harm. Consequently, patient specific
risk factors should be evaluated on a case-by-case basis before initiating statin therapy.

1. Palmer SC, Navaneethan SD, Craig JC, Perkovic V, Johnson DW, Nigwekar SU, Hegbrant J, Strippoli GFM. HMG CoA reductase
inhibitors (statins) for kidney transplant recipients. Cochrane Database of Systematic Reviews 2014, Issue 1. Art. No.:CD005019. DOI:
10.1002/14651858.CD005019.pub4

2. Holdaas H, Fellstrom B, Jardine AG, Holme I, Nyberg G, Fauchald P, Gronhagen-Riska C, Madsen S, Neumayer HH, Cole E, Maes B,
Ambiihl P, Olsson AG, Hartmann A, Solbu DO, Pedersen TR, Assessment of LEscol in Renal Transplantation (ALERT) Study Investigators.
Effect of fluvastatin on cardiac outcomes in renal transplant recipients: a multicenter, randomized, placebo-controlled trial. Lancet.
2003;361(9374):2024-31.

3. Kasiske BL, Chakkera HA, Roel J. Explained and unexplained ischemic heart disease risk after renal transplantation. J Am Soc Nephrol.
2000; 11:1735-43

Reply

We thank the writers for their careful reading of this systematic review. We will consider these suggestions in any update of this review
in due course.

GFM Strippoli

Contributors

Yvonne Huang, B.Sc. Pharm
Reza Rafizadeh, B.Sc. Pharm
Aaron M Tejani, B.Sc. Pharm, ACPR, Pharm.D

WHAT'S NEW

Date Event Description
21 January 2015 Feedback has been incorporated Feedback incorporated
HISTORY

Protocol first published: Issue 4, 2004
Review first published: Issue 2, 2009
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Date Event Description

15 January 2014 New citation required and conclusions Updated and conclusions amended

have changed

4 March 2012 New search has been performed Updated search on February 29, 2012. Results and conclusions
updated.

4 March 2012 Amended Author added: Palmer SC

21 December 2010 Amended Search strategies revised

13 May 2009 Amended Contact details updated.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Risk of bias assessment tool has replaced the earlier quality assessment checklist (Perkovic 2004).
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