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IMMUNOSUPPRESSION
acrolimus Versus Cyclosporine Microemulsion for Heart
ransplant Recipients: A Meta-analysis

an Ye, MD,a Xiao Ying-Bin, MD,a Weng Yu-Guo, MD,b and Roland Hetzer, MDb

ackground: Tacrolimus and cyclosporine microemulsion are the 2 major immunosuppressants for heart
transplantation. Several studies have compared these 2 drugs, but the outcomes were not
consistent. This meta-analysis of randomized controlled trials compared the beneficial and harmful
effects of tacrolimus and microemulsion cyclosporine for heart transplant recipients.

ethods: Electronic databases and manual bibliography searches were conducted. A meta-analysis was
performed of all randomized controlled trials comparing tacrolimus with cyclosporine microemul-
sion as primary immunosuppression for heart transplant recipients. Data for mortality, acute
rejection, withdrawals, and adverse events were extracted. The combined results of the data of the
randomized controlled trials were summarized as relative risk with 95% confidence intervals.

esults: The study assessed 7 randomized controlled trials including 885 patients. There was no difference in
mortality at 1 year between recipients treated with tacrolimus and cyclosporine microemulsion.
Tacrolimus-treated patients had less acute rejection risk at 6 months and 1 year. Fewer patients stopped
tacrolimus than cyclosporine microemulsion. The rate of new-onset diabetes mellitus requiring insulin
treatment was higher with tacrolimus. More post-transplantation hypertension occurred with cyclospor-
ine microemulsion. The groups had comparable incidences of malignancy and renal failure needing dialysis.

onclusions: The use of tacrolimus as primary immunosuppressant for heart transplant recipients results in
comparable survival and a significant reduction in acute rejection compared with cyclosporine
microemulsion. J Heart Lung Transplant 2009;28:58–66. Crown Copyright © 2009 Published by Elsevier

Inc. on behalf of the International Society for Heart and Lung Transplantation. All rights reserved.
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eart transplantation is an effective therapy for patients
ith end-stage heart disease and severe heart failure. The

0-year survival rate of heart transplant recipients is about
0% according to data from the International Society for
eart and Lung Transplantation (ISHLT).1 1 After the first
eart transplantation in 1967, however, the procedure
as discontinued in most centers for several decades
ecause of sub-optimal immunosuppressive regimens.
he introduction of cyclosporine into cardiac transplanta-

ion in the 1980s led to dramatic improvement in patients’
utcomes and greatly increased the number of heart
ransplantations worldwide.

New immunosuppressants made much greater advance-
ent in improving survival and reducing side effects. Tacroli-
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us, another calcineurin inhibitor, emerged as an alter-
ative to cyclosporine during the early 1990s. Since the
iddle of the last decade, the original oil-based formu-

ation of cyclosporine had been largely replaced by a
icroemulsion formulation (Neoral, Novartis Pharma-

eutical Corp, East Hanover, NJ) that improved absorp-
ion characteristics and had less variable pharmacoki-
etics. In recent years, tacrolimus and cyclosporine
icroemulsion have become 2 major immunosuppres-

ants for heart transplant recipients.
Several randomized controlled trials (RCTs) recently

ompared the efficacy and harmful effects of tacrolimus vs
icroemulsion cyclosporine, but these RCTs did not

ome to identical conclusions. Meta-analyses of cyclospor-
ne vs tacrolimus for kidney and liver transplant patients
ave been performed, but few systematic reviews have
ompared these drugs for cardiac transplant patients.2–4

he objective of this study was to systematically review
CTs in which tacrolimus was compared with cyclospor-

ne microemulsion as the primary immunosuppressant for
eart transplant recipients.

ATERIALS AND METHODS
dentification and Selection of Studies

elevant studies were identified and selected by search-
ng the databases, Medline (1966–June 2008), Embase
1980–June 2008), Cochrane Controlled Trials Register

Cochrane Library Issue 2, 2008), and PUBMED (up-

mailto:xiao_ying_bin@yahoo.com.cn
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ated to June 2008) using the search words “tacroli-
us” or “FK506,” “heart” or “cardiac” as well as “ran-

omized controlled trial” (a much wider search was
lso done using the words “tacrolimus” or “FK506” as
ell as “heart” or “cardiac,” and the same RCTs that

ulfilled the including criteria were found). Bibliogra-
hies in relevant articles and conference proceedings
ere scanned. No limitation on language, date, or
atients’ race or age was imposed. Authors were also
ontacted for supplemental data when important infor-
ation was missing.
The selection criteria were:

1. RCTs;
2. trials comparing tacrolimus vs cyclosporine mi-

croemulsion as initial immunosuppressive ther-
apy in patients undergoing heart transplantation;

3. the trials should report at least 1 of the outcomes
needed;

4. a given patient population was used only once; if
the same population appeared in other publica-
tions, the article that provided the most complete
follow-up data was selected;

5. any trial in which participants received other
solid organs in addition to a heart transplantation
was excluded.

ata Extraction

ata were independently abstracted from each study
ith a pre-designed review form, and disagreement was

esolved by consensus. Data were extracted on study
haracteristics, patient clinical characteristics and de-
ographics, doses of drugs used, concomitant medica-

ions and duration of follow-up; primary outcomes
ncluding mortality at 1 year, and acute rejection at 6

onths and 1 year (proven by endomyocardial biopsy
r any treated rejections); additional outcomes includ-

ng withdrawal of tacrolimus or cyclosporine micro-
mulsion, new-onset diabetes requiring insulin therapy,
ost-transplant hypertension, malignancy (all kinds of
alignant tumor), renal failure needing dialysis, and

ther adverse events.

uality of Methodology

he quality of each fully published trial was assessed by
he Jadad score (Table 1).5 Any disagreement was
esolved by consensus. The overall quality score was
ased on the number of criteria met (score range,
–10).

tatistical Methods

he data analysis was performed using the fixed-effect
odel or the random-effect model (Mantel-Haenszel) with
evMan 5 software (Cochrane Collaboration). Results

ere expressed as relative risk (RR) with the 95% confi- c
ence interval (CI), with values of less than 1 favoring
acrolimus. The relative risk for each clinical event was
onsidered as significant if p � 0.05 (2-sided). Hetero-
eneity between trials was tested by using the Cochran
hi-square and I2 tests, with p � 0.1 or I2 � 50%
ndicating significant heterogeneity.6 The RR for each
linical event was pooled with a fixed-effect model. If
he tests for heterogeneity were significant, the analysis
as also redone with a random-effect model. Publica-

ion bias was assessed using funnel plots.

ESULTS
escription of the Selected Studies

he search strategy generated 229 studies. From these,
2 RCTs were identified comparing tacrolimus with
yclosporine as the primary immunosuppressant in
eart transplantation.7–28 Only 7 RCTs fulfilled the
riteria for consideration in the meta-analysis.7–13 All
ncluded studies were published as peer-reviewed arti-
les and were in English.
The meta-analysis involved 885 patients: 505 were

andomized to tacrolimus and 380 to the cyclosporine
icroemulsion (Table 2). Two studies were multicenter

rials,11,12 and the 5 remaining studies were conducted
t a single center.7–10,13 In 5 trials the recipients were all
dults, whereas the other 2 studies included children.10,13

he daily dose of tacrolimus was 0.03 to 0.3 mg/kg, and
he dose of cyclosporine microemulsion was 3 to 10
g/kg. All studies used trough-level monitoring to guide

able 1. Methodologic Quality Assessment (Jadad score)

eneration of allocation
sequence

2 Computer-generated random numbers
1 Not described

llocation concealment
3 Central randomization
2 Sealed envelopes or similar
1 Not described or inadequate

nvestigator blindness
2 Identical placebo tablets or similar
1 Inadequate or not described
0 No double-blinding

escription of
withdrawals and
drop-outs

1 Numbers and reasons are described
0 Numbers and reasons are not

described
fficacy of

randomization
2 Pre-treatment variables in tabular form
1 Balance of pre-treatment variables

mentioned but not in tabular form
0 No information reported
yclosporine microemulsion and tacrolimus dosing. The
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nitial targeted concentration of tacrolimus was 10 to 20
g/ml, and the initial concentration of cyclosporine
icroemulsion was 200 to 400 ng/ml. In 1 study the

osages for 3 treatment groups were tacrolimus �
ycophenolate mofetil (MMF), tacrolimus � sirolimus,

nd cyclosporine microemulsion � MMF.12 The other 6
rials all used the same baseline immunosuppression in
oth tacrolimus and cyclosporine microemulsion arms
MMF, azathioprine). Induction therapies were also
omparable between these 2 groups. Definition of
cute rejection varied among these trials but was the
ame within trials (Table 2).

rial Quality

he method of randomization and allocation conceal-
ent was unclear or inadequate for most trials, except

n 1 study that used central randomization.11 No trials
ere blinded. All 7 RCTs had complete follow-up.

ntention-to-treat analysis was explicitly stated in 3
tudies.11–13 Withdrawals and dropouts were clearly
escribed in 6 studies.8–13 All RCTs illustrated the
fficacy of randomization by pre-treatment variables in
abular form except 1, in which the efficacy of random-
zation was mentioned but not in tabular form.9 The
otal Jadad scores ranged from 4 to 8.

utcomes

o statistical heterogeneity was evident among the
tudies, and only the fixed-effect model was used. The
xception was the result of acute rejection at 1 year,
hich showed significant heterogeneity, and the ran-
om-effect model was used (Figures 1 and 2). The
ifference in mortality at 1 year between recipients
reated with tacrolimus and cyclosporine microemul-
ion was not statistically significant (RR, 0.70; 95% CI,
.45–1.08; p � 0.11). In our analysis, acute rejection

able 2. Baseline Characteristics of Trials Included in the Meta-analy

tudy/Year
No. taking
Tac/CyA Patient group

Dose, mg/kg

Tac

hera,7 2002 41/22 Adults NR
eiser,8 2004 30/30 Adults 0.03–0.1

ang,9 2004 11/10 Adults 0.15
ollock-Barziv,10

2005
14/12 Children 0.1–0.3

rimm,11 2006 157/157 Adults 0.075

obashigawa,12

2006
219/115 Adults 4–8 (mg/day)

obashigawa,13

2006
33/34 Adults, Children NR

za � azathioprine; mCyA � cyclosporine microemulsion; MMF � mycophen
isk was lower in tacrolimus-treated recipients at 6 i
onths (RR, 0.61; 95% CI, 0.49–0.75; p � 0.00001) and
year (RR, 0.69; 95% CI, 0.48–0.98; p � 0.04). More

atients stopped taking cyclosporine microemulsion
han tacrolimus (RR, 0.57; 95% CI, 0.40–0.83; p �
.003). A significant difference was noted in the inci-
ence of new-onset diabetes mellitus requiring insulin
reatment in the 2 groups that favored cyclosporine
icroemulsion (RR, 1.65; 95% CI, 1.18–2.29; p �

.003). Fewer tacrolimus-treated patients had post-
ransplantation hypertension compared with the cyclo-
porine microemulsion patients (RR, 0.88; 95% CI,
.81–0.96; p � 0.004). The 2 groups had comparable

ncidences of malignancy (RR, 0.64; 95% CI, 0.31–1.32;
� 0.23) and renal failure needing dialysis (RR, 1.68;

5% CI, 0.81–3.52; p � 0.17). A sensitivity analysis was
onducted by using both random- and fixed-effects
odels and practically the same outcomes were found,

xcept the result of the risk of new-onset diabetes
ellitus, which showed no difference between tacroli-
us and cyclosporine microemulsion when under the

andom-effect model (RR, 1.49; 95% CI, 0.78–2.84; p �
.22). Analysis by funnel plot showed no significant
ublication bias.

ensitivity and Sub-group Analysis

sensitivity analysis included the studies of adults and
xcluding 2 studies that included children. No out-
omes of this analysis were significantly changed after
hose 2 studies were excluded. A sensitivity analysis
as done that only included the larger-sized studies

total number of patients � 50). Two trials were
xcluded for their small sizes of 21 and 26 patients.9,10

he outcomes of our analysis were not significantly
ltered by exclusion of those studies.

Because a confirmed observation time spot for with-
rawals or adverse events was not set, another sensitiv-

y Concomitant
medication Definition of acute rejection

Duration,
monthsCyA

NR Steroid, MMF Rejection requiring treatment 12
–8 Steroid, MMF Grade � II or grade IB

requiring treatment
24

6 Steroid, Aza Grade � 1B 6
–10 Steroid, Aza Grade � 3A 15

–6 Steroid, Aza Grade � 3A at 6 months 18
Grade � 1B at 1 year

–10 Steroid, MMF,
SRL

Grade � 3A or hemodynamic
compromise requiring
treatment

12

NR Steroid, Aza Grade � 3A or treated
rejection

60

e mofetil; NR � not reported; SRL� sirolimus; Tac � tacrolimus.
sis

/da

m

3

6

4

6

ty analysis was performed that only included the
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igure 1. Meta-analysis of randomized clinical trials comparing tacrolimus (Tac) with cyclosporine microemulsion (mCyA). CI, confidence

nterval.
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tudies with durations of 12 months or longer. One trial
as excluded for a short, 6-month duration of treat-
ent.9 However, this trial only reported the number of
atients withdrawn from tacrolimus and cyclosporine
icroemulsion. The difference for withdrawals be-

ween the 2 groups remained statistically significant.
Cointerventions were allowed in our analysis. To con-

rol their effects on outcomes that might lead to bias, the
ata of the patients receiving sirolimus in the Kobashi-
awa et al12 RCT were excluded (Figures 3 and 4). After
he exclusion, the same baseline immunosuppressants
MMF or azathioprine) were used in both arms with
qual doses in all the RCTs. The mortality rate at 1 year
emained not statistically different, and other outcomes
ere also not significantly altered.A sub-group analysis
as then done according to different concomitant
edications (tacrolimus/MMF vs cyclosporine/MMF

nd tacrolimus/azathioprine vs cyclosporine/azathio-
rine) and found no relevant differences when MMF
CTs and azathioprine RCTs were independently ana-

yzed.

OMMENT

uring the past few decades, heart transplantation has
volved from a pioneering procedure with limited
uccess to an acceptable treatment option for patients
ith severe cardiac failure or end-stage ischemic or
on-ischemic cardiomyopathy. The use of calcineurin

nhibitors has dramatically increased life expectancy of
eart transplant recipients. The advantage of these
rugs compared with cytotoxic immunosuppressants is
hat they act specifically on targeted sites in the im-
une system, not affecting other rapidly proliferating

ells. Tacrolimus and cyclosporine, which are both
alcineurin inhibitors, are now commonly used for
mmunosuppression after heart transplantation in com-
ination with an anti-proliferative agent and steroids.
hese 2 immunosuppressants act by binding to specific

igure 2. Meta-analysis of randomized clinical trials comparing tacrol
year. CI, confidence interval.
roteins to form complexes that inhibit gene transcrip- i
ion for the expression of molecules with key roles in
he immune responses, such as interleukin (IL)-2,
D154, and CD25, thereby inhibiting T-lymphocyte
ctivation through the abrogation of cytokine produc-
ion.29 Although they have a similar main mechanism of
ction, tacrolimus binds to a different cytosolic-binding
rotein. Cyclosporine acts by binding to cyclophilins,
nd tacrolimus binds to FK-binding protein and has a
reater binding affinity than cyclosporine. Many recent
n vitro and in vivo studies also found that tacrolimus
nd cyclosporine had different effects on numerous
actors, such as IL-10 synthesis, which may be the cause
f the differences between these 2 drugs in efficacy and

mmunosuppressive activities.30–32

During the past 10 years, there has been a trend
oward less use of cyclosporine and more use of
acrolimus.33 Not surprisingly, according to the 2007
SHLT report, tacrolimus has overtaken cyclosporine
or the first time as the most commonly used cal-
ineurin inhibitor (54% vs 40%) for heart transplant
ecieptents.1 The latest ISHLT report still showed that
ore recipients used tacrolimus than cyclosporine

57% vs 37%).34

This meta-analysis identified 7 RCTs that compared
he tacrolimus regimen with cyclosporine microemul-
ion immunosuppressive regimen in heart transplanta-
ion. The risk of death at 1 year was similar in both
roups. Compared with cyclosporine microemulsion,
acrolimus significantly reduced the risk of acute rejec-
ion after heart transplantation. Treating with tacroli-
us led to 39% and 31% fewer patients having acute

ejection at 6 months and 1 year, respectively. This may
e related to the drugs having different binding proteins
nd different effects on other immunologic factors.
ore patients stopped taking cyclosporine microemul-

ion than stopped tacrolimus.
New-onset diabetes mellitus after transplantation is a

erious complication for heart transplant recipients. It

s (Tac) with cyclosporine microemulsion (mCyA) for acute rejection at
imu
ncreases patients’ susceptibility to serious infection
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igure 3. Sensitivity analysis with trials that used the same baseline immunosuppressants. CI, confidence interval; mCyA, cyclosporine

icroemulsion; Tac, tacrolimus.
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nd the incidence of cardiac allograft vasculopathy,
hich represents the main risk factor for long-term
ortality. Immunosuppressive agents are one of the

eading causes for new-onset diabetes after heart trans-
lantation. Previous meta-analysis for kidney and liver
ransplantation reported that tacrolimus was more dia-
etogenic than cyclosporine. Similar with their results,
ur study found that the rate of new-onset diabetes was
igher in tacrolimus-treated patients than in those
eceiving cyclosporine microemulsion. However, it did
ot reach statistical significance when using random-
ffect model, and the other 2 trials (one reported the
ate of post-transplantation diabetes, the other de-
cribed new-onset diabetes without the number of
atients) also indicated the rate of diabetes between
hese two groups was not significantly different.7,13

Calcineurin inhibitors are associated with hyperten-
ion, which also contributes to the subsequent devel-
pment of cardiac allograft vasculopathy. In our analy-
is, the incidence of post-transplant hypertension was
ignificantly different between the 2 groups, which
avored tacrolimus. The incidence of malignancy and
enal failure needing dialysis were both comparable in
he tacrolimus and cyclosporine microemulsion groups.

A meta-analysis of the results of other adverse events
ould not be done because of insufficient data. However,
studies reported the risk of infection in patients using

acrolimus and cyclosporine microemulsion,7–9,11–12 and
one showed any significant difference in the incidence
f infection between the 2 groups. Tacrolimus treat-
ent resulted in a lower risk of hyperlipidemia com-
ared with cyclosporine microemulsion in all studies
xcept 1, which showed similar incidence in both
roups, whereas the number of patients included in this
rial was very small.10 White et al35 also reported that
onversion from cyclosporine microemulsion to tacroli-
us resulted in decreased cholesterol and apolipopro-

ein B concentrations.
As mentioned, long-term survival in cardiac trans-

igure 4. Sensitivity analysis with trials that used the same baseline
CyA, cyclosporine microemulsion; Tac, tacrolimus.
lant recipients is frequently limited by the develop- d
ent of cardiac allograft vasculopathy. Unfortunately, a
eta-analysis of this result could not be done because

ew trials have reported it. The costs of the different
mmunosuppression treatments, which are important
onsiderations for both doctors and patients, also could
ot be analyzed in this study because no RCT reported
his item.

The sensitivity analyses demonstrated that pooling
he data on death, acute rejection, withdrawals, and
dverse events did not alter the results of the analysis
ignificantly after excluding the RCTs including chil-
ren, with small size, with significantly shorter (6
onths) durations, or using different baseline medica-

ion (sirolimus).
This meta-analysis has limitations. First, just like the

ther 2 meta-analyses comparing cyclosporine with
acrolimus,3,4 only a few of the included RCTs were
onfirmed of intention to treat and described adequate
llocation concealment, and none was double-blinded
ecause of the nature of the intervention.
Second, compared with these 2 previous meta-analy-

es, the number of patients included in this study was a
ittle small. However, the total number of patients
eceiving heart transplantation worldwide is about
0,000 (about 3,000 a year),34 which is far fewer than
he number of kidney or liver transplant recipients or
atients undergoing other cardiac operations. So we
hought the patients included in our analysis could
epresent the population of heart transplant recipients
o discuss our theme.

Third, the RCTs included in this analysis used differ-
nt concomitant medications: 3 used MMF, 4 used
zathioprine, and 1 used sirolimus. This may result in
ias. However, the sensitivity analysis excluded patients
eceiving sirolimus, so the same baseline concomitant
edications with same doses were used in both the

acrolimus and cyclosporine microemulsion arms in
ach individual trial and may mitigate this bias. Out-
omes were not significantly altered after excluding the

unosuppression for acute rejection at 1 year. CI, confidence interval;
imm
ata of this portion of patients. In addition, sub-group
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nalysis according to different concomitant medications
MMF, azathioprine) also found no relevant difference.

Fourth, this analysis showed a slight trend toward
etter survival in the tacrolimus group, but this did not
each statistical difference (p � 0.11). The lack of
ortality benefit with the tacrolimus group might be

elated to the number of patients included, and more
CTs with large number of patients are needed. It
ould be much better if they also analyzed the results
y gender or ethnicity.
In conclusion, no difference in mortality was noted at
year between patients receiving tacrolimus and cyclo-

porine microemulsion. Tacrolimus, with its potency to
educe incidence of acute rejection, appeared to be
uperior after heart transplantation. Tacrolimus was
lso associated with fewer withdrawals and post-trans-
lantation hypertension, but the rate of new-onset
iabetes was higher in patients treated with tacrolimus
ompared with those treated with cyclosporine micro-
mulsion. The incidence rate of malignancy and renal
ailure needing dialysis were both comparable in these

groups.
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