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AIMS
Calcineurin inhibitors (CNIs) taken after heart transplantation lead to excellent short-term outcomes, but
long-term use may cause chronic nephrotoxicity. Our aim was to identify, appraise, select and analyse all
high-quality research evidence relevant to the question of the clinical impact of CNI-sparing strategies in
heart transplant patients.

METHODS
We carried out a systematic review and meta-analysis of randomized controlled trials on CNI reduction
in heart transplant recipients. Primary outcomes were kidney function and acute rejection after 1 year.
Secondary outcomes included graft loss, all-cause mortality and adverse events.

RESULTS
Eight open-label studies were included, with 723 patients (four tested de novo CNI reduction and four
maintenance CNI reduction). Calcineurin inhibitor reduction did not improve creatinine clearance at 12
months 5.46 [−1.17, 12.03] P = 0.32 I2 = 65.4%. Acute rejection at 12 months (55/360 vs. 52/332), mortality
(18/301 vs. 15/270) and adverse event rates (55/294 vs. 52/281) did not differ between the low-CNI and
standard-CNI groups. There was significant benefit on creatinine clearance in patients with impaired renal
function at 6 months [+12.23 (+5.26, +18.82) ml min−1, P = 0.0003] and at 12 months 4.63 [−4.55, 13.82]
P = 0.32 I2 = 75%.

CONCLUSIONS
This meta-analysis did not demonstrate a favourable effect of CNI reduction on kidney function, but there
was no increase in acute rejection. To provide a better analysis of the influence of CNI reduction patterns
and associated treatments, a meta-analysis of individual patient data should be performed.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Calcineurin inhibitors (CNIs) lead to

excellent short-term outcomes in heart
transplant patients.

• Long-term use of CNIs may cause kidney
damage.

WHAT THIS STUDY ADDS
• The risk/benefit ratio of CNI reduction after

heart transplantation has not been
demonstrated.

• There is a possible benefit on kidney
function without raising the risk of acute
rejection.
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Introduction

Heart transplantation is a widely accepted treatment for
patients with end-stage heart failure or other life-
threatening heart diseases. Patient survival has increased
mainly because of advances in immunosuppressive
therapy [1]. Calcineurin inhibitors (CNIs), namely
ciclosporin and tacrolimus, are the keystone of immuno-
suppressive therapy. Calcineurin inhibitors lead to excel-
lent short-term outcomes [1]. However, the long-term use
of CNIs may cause chronic CNI nephrotoxicity, a progres-
sive decline in the glomerular filtration rate (GFR), progres-
sive tubulo-interstitial damage and glomerulosclerosis [2].

The availability of mycophenolate mofetil (MMF) and
proliferation signal inhibitors (PSIs) as more powerful
immunosuppressive drugs than azathioprine (AZA)
prompted the development of several approaches to
attenuate renal impairment in solid organ transplant
recipients, by reducing the CNI dose without any apparent
increase in the incidence of acute rejection [2–5].

Even with the wide variety of study designs, drug regi-
mens and outcomes evaluated, these studies show that
overall CNI reduction or minimization is effective in
improving renal function, without significant changes in
clinical end-points (e.g. biopsy-proven rejection episodes
and mortality). However, these trials were not sufficiently
powered to assess clinical outcomes [4, 6–10].

We performed a systematic review and meta-analysis
of randomized controlled trials, which are currently
regarded as the strongest form of medical evidence, to
compare reduced and standard doses of CNIs in patients
who underwent heart transplantation. Our aim was to
identify, appraise, select and analyse all high-quality
research evidence relevant to the question of the clinical
impact of CNI-sparing strategies in these patients.

Methods

Inclusion criteria
We analysed published and unpublished randomized or
quasi-randomized controlled trials that included heart
transplant recipients treated with CNIs (ciclosporin or
tacrolimus). We looked at studies evaluating a wide range
of approaches, as follows: gradual CNI reduction, CNI dis-
continuation, and a combination of reduced dose CNIs
with PSI inhibitors and CNI discontinuation, regardless of
post-transplant timing, or a combination of immunosup-
pressive agents. Therapeutic drug monitoring was either
based on the trough level (C0) or the CNI level 2 hours after
administration of the morning dose (C2), using a specific
high-performance liquid chromatography CNI dosage
[11]. Based on the heterogeneity of the studies, we also
analysed CNI dose reduction in subgroups.

Outcomes
The primary outcomes were kidney function and biopsy-
proven acute rejection. Kidney function was measured
according to creatinine clearance (CrCl), using the the
Cockroft–Gault formula, and the estimated glomerular fil-
tration rate (eGFR), according to the Modification of Diet in
Renal Disease (MDRD) equation [12, 13]. Secondary out-
comes included the following: graft loss, all-cause mortal-
ity, left ventricular ejection fraction [measured by
echocardiography at 6 months and at 1, 2 and 5 years (if
available)], adverse events, infection episodes, major
cardiac events (death, myocardial infarction, cardiac arrest,
stent thrombosis or the need for revascularization).

Search strategy
We searched for studies on Medline and the Cochrane
Library trial registry, and hand searched articles in refer-
ence lists up to January 2012. No language restrictions
were applied. Keywords used were as follows:
‘Cyclosporin’, ‘Ciclosporine’, ‘Cyclosporine’, ‘Ciclosporin’,
‘Neoral’, or ‘Sandimmum’, ‘Tacrolimus’, ‘FK 506’, ‘Advagraf’,
or ‘Prograf;’ ‘Calcineurin’, ‘Calcineurin Inhibitor;’ ‘Heart
transplantation’, ‘Heart transplant;’ ‘Withdrawal’, ‘Taper-
ing’, or ‘Minimizing;’ ‘Randomized clinical trials’ or ‘Quasi
randomized clinical trials’. Unpublished trials were
also identified by directly contacting the principal
investigators.

Study selection
Two investigators (CC and CD) independently reviewed
the identified abstracts or manuscripts to determine the
eligibility of studies for inclusion in the meta-analysis.
Studies that did not meet inclusion criteria were excluded.
The investigators retrieved and evaluated the full-text ver-
sions of potentially relevant studies. The Jadad score was
used to assess the methodological quality of selected arti-
cles and the Review Manager scale for primary outcomes
[14, 15].

Data collection
Data extraction was performed by two investigators (CC
and CD) using a predefined data collection form. They
wrote to the first author of published manuscripts to check
data and collect missing data. These authors were also
invited to participate in the present meta-analysis by pro-
viding additional information for the subgroup of patients
with impaired kidney function at inclusion, defined as
serum creatinine >120 μmol l−1 or eGFR <60 ml min−1.

Statistical analysis
The main outcome of this meta-analysis was kidney func-
tion and biopsy-proven acute rejection using CrCl. The
level of significance was set at 5%. A test of association was
performed at a level of significance of α = 5%. Binary cri-
teria (incidence of acute rejection, graft loss and all-cause
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mortality) were analysed using a fixed-effect model or a
random-effect model (Mantel–Haenszel) when heteroge-
neity was found. Results were expressed as relative risks
(RRs) with 95% confidence intervals (CIs).

Assessment of study quality
The quality of studies was assessed using the Jadad score,
a widely used procedure to assess independently the
methodological quality of a clinical trial. It is based on
whether the trial was randomized and the adequacy of the
randomization method, whether the study was double
blind and the adequacy of the blinding method, and the
number of withdrawals and dropouts.

Assessment of heterogeneity
Statistical heterogeneity across trials was assessed with χ2

(P < 0.1) and I2 statistics. The I2 statistic is derived from
Cochran’s Q, i.e. χ2 statistic [(Q − d.f./Q) × 100], and meas-
ures the proportion of overall variation that is attributable
to between-study heterogeneity. The statistical test of het-
erogeneity was significant if the P value was <0.1. Hetero-
geneity was considered high if the I2 was >50%. The value
of τ2 was calculated in order to determine the size and
clinical relevance of heterogeneity when detected using
the previous method. A random-effect model was used
when the statistical test of heterogeneity was significant.
The following subgroup and heterogeneity analyses were
performed: (i) de novo CNI reduction vs. maintenance CNI
reduction; (ii) tacrolimus vs. ciclosporin; (iii) combined
treatments (PSIs vs. no PSIs); (iv) good-quality vs. poor-
quality trials (based on Jadad scale); and (v) a subgroup of

patients with impaired kidney function (serum creatinine
>120 μmol l−1 or eGFR <60 ml min−1) at the time of
randomization vs. patients with serum creatinine
<120 μmol l−1 or eGFR >60 ml min−1). All analyses were per-
formed with Review Manager (RevMan) [15]. A funnel plot
was performed to assess potential publication bias.

Results

We found 350 abstracts (339 from databases and 11 from
other sources). The flow diagram of studies is shown in
Figure 1. A total of 294 nonrandomized trials were
excluded. Six studies did not evaluate the outcomes we
selected. Nine were not randomized controlled trials. Five
were not efficacy studies. Six studies were not on heart
transplants and 21 did not match up with the treatment
protocol we wanted to evaluate. Another study was
excluded because it was published as an abstract only [16].
One had a 4 month follow-up [17].

Eight randomized controlled trials were included in the
meta-analysis, with a total of 723 patients [16, 18–25]. All
authors were contacted, and six provided supplementary
data (Boissonnat, Gleissner, Groetzner, Gullestad, Lemkuhl
and Potena). All were open-label studies. Included studies
are described in Table 1.

The study by Cantarovich et al. [18] included two
cohorts, A and B. As cohort B patients were randomized
into two reduced doses without a standard dose, we con-
sidered only cohort A. Patients randomized into ‘high’
C2 range were the ‘standard-CNI’ group, and those

- Hand searching (10)
- Reference list of trials (1)

- Pubmed (45)
- Hand searching (10)
- Reference list of trials (1)

Other sources :

Full paper review (56) :

Included RCTs (8)
- Database (4)

- Other sources (4)

Database search :
- Pubmed (339)

Excluded :
- Not RCT (294)

Excluded (48) :
- Not RCT (9)
- Only abstract available (1)
- Pharmaco economic, QoL
or PK studies (5)
- Not evaluable primary
outcome (6)
- Not heart transplant (6)
- Therapeutic protocol (21)

Figure 1
Flow diagram of studies
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randomized into the ‘intermediate’ and ‘low’ C2 range were
included in the ‘low-CNI’ group [18].

The definition of acute rejection was based on the
International Society of Heart and Lung Transplantation
(ISHLT) classification. Acute rejection was defined by a
score ≥3A in most studies, ≥2R in [19, 23] and ≥1B in [20].

Patient data on impaired kidney function at
randomization (serum creatinine >120 μmol l−1 or eGFR
<60 ml min−1) was available for five studies [19–21, 23, 25].
Two studies specifically included patients with chronic
kidney disease [19, 20]. Three authors (Boissonnat,
Gleissner and Potena) provided data for this subgroup [19,
23, 25]. Additional data were not available in one study [18].

Six studies were sponsored by pharmaceutical compa-
nies [18–22, 25], one by a foundation [23], and the source
of funding was not specified in one study [24].

Primary outcomes
Using a fixed-effect model, CNI reduction did not improve
CrCl at 6 months; it improved CrCl at 12 months, but there
was a significant heterogeneity with I2 = 72% (Figure 2A,B).
When using a random-effect model, the CrCl increase was
not significant at 6 months [4.51 (−3.11, 12.13) ml min−1,
P = 0.25] or at 1 year [5.46 (−1.17, 12.09), P = 0.11]. The
incidence of acute rejection at 6 (43/218 vs. 40/187) and 12
months (55/360 vs. 52/332) did not differ between the low-
CNI and standard-CNI groups, using a random-effect
model (Figure 2C). Mortality (18/301 vs. 15/270) and severe
adverse event rates (55/294 vs. 52/281) did not differ
between low-dose CNI and standard-dose CNI groups.

Subgroup analyses
Subgroup analyses were performed on the primary
outcome based on the following criteria: (i) the study
quality, there is a significant interaction between Jadad
score, but the numbers of studies are low in each sub-
group; (ii) the schedule of CNI reduction (de novo vs.
maintenance); (iii) intensity of CNI reduction; and (iv) con-
comitant treatments (results not shown).

The subgroup analysis on patients with impaired renal
function showed a significant benefit on CrCl at 12 months
[4.23 (0.26, 8.20) ml min−1, P = 0.0003], with significant het-
erogeneity (Figure 3A), or 6 months [12.23 (5.65, 18.82)
ml min−1, P = 0.0003; Figure 3B]. Data were not available for
the complementary subgroup of patients with preserved
kidney function; consequently, we were not able to
analyse the interaction between kidney function at inclu-
sion and outcome.

Even though the funnel plot does not suggest a publi-
cation bias, its interpretation is limited because of the low
number of studies.

Discussion

With this meta-analysis, it is not possible to conclude
without a doubt that CNI reduction after a heart transplant

leads to improved kidney function. Even though kidney
function seems to be preserved, there is significant hetero-
geneity between trials and the number of patients is
limited. The incidence of acute rejection did not increase in
the CNI reduction group, but the power of the analysis is
limited. As rejection rates fall with time after transplanta-
tion, it might be expected that the effects of CNI reduction
may differ whether done de novo or many years after trans-
plantation. However, there is no interaction between sub-
groups and treatment effect.

Other safety criteria, such as graft loss, mortality,
adverse events and infections, did not differ between CNI-
reduction and standard groups. However, the numbers of
patients and events were low, as well as the statistical
power. A detrimental effect could not be shown with this
data set because of the heterogeneity of adverse event
reporting. A detrimental effect on acute rejection could be
anticipated with a CNI dose reduction. A total of 2600 sub-
jects per group would be necessary to demonstrate non-
inferiority compared with standard immunosuppression,
with a relative risk of 1.30 (i.e. a 30% increase in the risk of
acute rejection) and 80% power.

No kidney protection by CNI reduction was observed in
several studies [17, 22, 25], whereas other studies found
either a trend [24] or better kidney protection, with the
greatest benefit immediately after transplantation [21]. In
the study by Cantarovich et al., the lower C2 group was
associated with a trend towards a lower incidence of acute
rejection [18]. Potena et al. showed a possible increase in
the risk of infection [23]. Gleissner et al. and Groetzner et al.
found an increase in adverse effects with sirolimus/MMF
[19, 20]. This meta-analysis did not confirm unambigu-
ously that early CNI reduction may be more beneficial than
delayed CNI reduction.

Several studies suggested that patients with impaired
renal function may benefit more from CNI reduction. This
hypothesis was confirmed by the present meta-analysis.
The combination of PSIs and MMF was suspected to
induce higher mortality or more graft loss in renal trans-
plant patients [26]. This could not be investigated in our
meta-analysis. We also could not compare the impact
of ciclosporin and tacrolimus on measured outcomes,
because too few studies had such strategies.

The limitations of this meta-analysis relate to the fact
that we included trials with CNI withdrawal, de novo CNI
reduction and maintenance CNI reduction; therefore, the
intensity of CNI reduction is very different between
studies and may have introduced heterogeneity in the
meta-analysis. Two studies appear different from other
studies [22, 23]; these two studies used CNI reduction
combined with PSIs, an association which has been rec-
ognized as having a potentially negative effect on renal
function [27]. However, in the analysis without these
two studies there is still heterogeneity (τ2 = 28.01,
I2 = 64%). All the studies were open studies, with a bio-
logical end-point, which we can assume was measured
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blindly in treatment groups. Renal function was calcu-
lated using the Cockroft–Gault formula, except in two
studies [20, 21]. The Cockroft–Gault equation can overes-
timate renal function in patients with impaired renal
function. This is, however, unlikely to have altered the
results, because the difference between groups was con-
sidered and not the absolute value. In addition, all studies
were randomized, and the same calculation was applied
to all groups. This is also true when considering the sub-

group analysis of patients with impaired renal function.
This subgroup might include patients with better renal
function than expected, and the real effect might be
greater than shown here. Heterogeneity could not be
explained either by post-transplant delay or combined
treatment (PSIs or not). No publication bias was identified
using the funnel plot; however, the interpretation of the
funnel asymmetry is difficult with a small number of
studies.
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Figure 2
Forest plots for the primary outcome. (A) Creatinine clearance after 12 months. (B) Creatinine clearance after 6 months. (C) Acute rejection after 12 months
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Continued

Acute rejection after 6 months

B

Creatinine clearance at 12 months

A

Experimental Control
Study or Subgroup

Gleissner 2006
Wang 2007
Cantarovich 2008
Lehmkuhl 2009
Boissonnat 2010

Total (95% Cl)
Total events
Heterogeneity: Chi2 = 0.91, df = 3 (P = 0.82); I2 = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

Boissonnat 2011
Groetzner 2009
Gullestad 2010
Potena 2010

Total (95% Cl)
Heterogeneity: Tau2 = 58.99; Chi2 = 11.87, df = 3 (P = 0.008); I2 = 75%
Test for overall effect: Z = 0.99 (P = 0.32)

0
0

19
18
6

43

12
16
51
92
47

218

Events

0
1

11
23
5

40

EventsTotal

11
20
25
84
47

187

2006
2007
2008
2009
2010

Odds Ratio
M-H, Fixed, 95%Cl

Odds Ratio
M-H, Fixed, 95%ClTotal

3.8%
27.0%
56.4%
12.7%

100.0%

63.2
55

47.2
44.5

18.5
14

14.2
13.8

10
27
40
17

94 

54.4
40

44.9
49.8

27.7
16

12.2
13.4

7
28
56
17

108

10.8%
29.1%
32.9%
27.2%

100.0%

Weight Year

Low CNI
Study or Subgroup Mean SD Total

Standard
Mean SD Total Weight

Mean Difference
IV, Random, 95%Cl

Mean Difference
IV, Random, 95%Cl

Not estimable
0.39 [0.02, 10.33]
0.76 [0.29, 2.00]
0.65 [0.32, 1.30]
1.23 [0.35, 4.34]

0.74 [0.44, 1.23]

8.80 [-14.71, 32.31]
15.00 [7.06, 22.94]
2.30 [-3.14, 7.74]

-5.30 [-14.44, 3.84]

4.63 [-4.55, 13.82]

0.2 0.5 1
Favours controlFavours experimental

2 5

0
Favours experimentalFavours control

10-10 20-20

Figure 3
Subgroup analysis of patients with impaired renal function at inclusion. (A) Creatinine clearance at 12 months. (B) Acute rejection after 6 months.
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Conclusion
In conclusion, the risk/benefit ratio of reducing CNI after
heart transplantation has still not been demonstrated,
even though there seems to be a favourable effect on
kidney function without an increase in the risk of acute
rejection. A meta-analysis on individual patient data using
multivariate techniques should be performed on the
effects of all aspects of immunosuppressive treatment
(type of drug, dosage, kinetics of CNI reduction, etc.) on
the risk/benefit ratio.
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