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Everolimus With Reduced Cyclosporine Versus MMF
With Standard Cyclosporine in De Novo Heart

Transplant Recipients
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Background. Pharmacokinetic modeling supports trough monitoring of everolimus, but prospective data com-
paring this approach versus mycophenolate mofetil (MMF) in de novo cardiac transplant recipients are currently
unavailable.
Methods. In a 12-month multicenter open-label study, cardiac transplant patients received everolimus (trough
level 3– 8 ng/mL) with reduced cyclosporine A (CsA) or MMF (3 g/day) with standard CsA, both with
corticosteroids�induction therapy.
Results. In total, 176 patients were randomized (everolimus 92, MMF 84). Mean creatinine clearance was 72.5�27.9
and 76.8�32.1 mL/min at baseline, 65.4�24.7 and 72.2�26.2 mL/min at month 6, and 68.7�27.7 and 71.8�29.8
mL/min at month 12 with everolimus and MMF, respectively. The primary endpoint was not met since calculated CrCl
at month 6 posttransplant was 6.9 mL/min lower with everolimus, exceeding the predefined margin of 6 mL/min.
However, by month 12 the between-group difference had narrowed versus baseline (3.1 mL/min). All efficacy end-
points were noninferior for everolimus versus MMF. The 12-month incidence of biopsy-proven acute rejection Inter-
national Heart and Lung Transplantation grade more than or equal to 3A was 21 of 92 (22.8%) with everolimus and 25
of 84 (29.8%) with MMF. Adverse events were consistent with class effects including less-frequent cytomegalovirus
infection with everolimus (4 �4.4%�) than MMF (14 �16.9%�, P�0.01).
Conclusion. Concentration-controlled everolimus with reduced CsA results in similar renal function and equivalent
efficacy compared with MMF with standard CsA at 12 months after cardiac transplantation.
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Calcineurin inhibitors (CNIs) effectively decrease the rate
of acute rejection after cardiac transplantation and re-

main the cornerstone of immunosuppressive regimen. How-
ever, nephrotoxicity caused by CNIs impacts adversely on
both short- and long-term morbidity and, together with
new-onset diabetes and hypertension leads to an increased
risk for cardiac allograft vasculopathy (1, 2). Accordingly,
there is intense interest in immunosuppressive strategies
that can reduce long-term CNI exposure after cardiac
transplantation.

The proliferation signal inhibitor everolimus offers the
potential to reduce CNI exposure without loss of efficacy. In a
randomized trial of 634 cardiac transplant recipients, everoli-
mus administered at a fixed dose with standard cyclosporine
A (CsA) and corticosteroids showed superior efficacy to aza-
thioprine but was associated with a dose-related decrease in
renal function versus the azathioprine cohort (3) attributed
to everolimus potentiating the nephrotoxicity of CsA. More re-
cently, in a randomized trial in de novo cardiac transplant recip-
ients, concentration-controlled everolimus with reduced CsA
from month 2 onward showed similar efficacy to everolimus
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with a standard CsA regimen, and there was a trend toward
improved renal function in the reduced CsA cohort (4). In
renal transplantation, concentration-controlled everolimus
with reduced CsA has also been shown to preserve efficacy,
while maintaining stable renal function (5–7). The synergistic
action of everolimus and CsA thus seems to support the clin-
ical strategy of reducing CsA without loss of immunosup-
pressive potency (8).

To date, only observational data are available to com-
pare everolimus with mycophenolate mofetil (MMF) in car-
diac transplantation (9). Here, we present the results of a
multicenter, 12-month, randomized trial in which de novo
heart transplant recipients were randomized to concentration-
controlled everolimus with reduced CsA or to MMF with
standard CsA, both in combination with corticosteroids, with
or without induction therapy. The aim of the study was to
compare renal function in the two treatment groups at month
6 after cardiac transplantation.

MATERIALS AND METHODS

Study Design
This was a 12-month multicenter, randomized, open-

label study of renal function and efficacy in adult de novo
heart transplant recipients. Patients were randomized 1:1
within 72 hr of transplantation to either (a) concentration-
controlled everolimus with targeting of reduced CsA or (b)
MMF with standard CsA, in combination with corticoste-
roids, with or without induction therapy. Randomization was
performed using a validated system of blinded treatment al-
location cards. Written informed consent was obtained from
all patients and the study was conducted in accordance with
the International Conference on Harmonization Harmo-
nized Tripartite Guidelines for Good Clinical Practice and the
ethical principles laid down in the Declaration of Helsinki after
approved by the Institutional Review Board at each center.

Patients
Patients aged 18 to 65 years who received a primary heart

transplant and who had a functioning graft at randomization
with a calculated creatinine clearance greater than or equal to 50
mL/min at screening were eligible to take part in the study. Cre-
atinine clearance was calculated by the Cockcroft-Gault equa-
tion (10), that is

Creatinine clearance (ml/min) � (140 � age in years)

� weight in kg/(72 � serum creatinine in mg/dL)(males)

Creatinine clearance (ml/min) � 0.85

� (140 � age in years) � weight

in kg/(72 � serum creatinine in mg/dL)(females)

Exclusion criteria included multiorgan transplantation; induc-
tion therapy other than per local practice; donor age more than
60 years or a donor with known coronary or heart disease; cold
ischemic time more than 6 hr; panel reactive antibodies more
than 20%; platelet count less than 50,000/mm3, absolute neutro-
phil count less than 1500/mm3 or white blood cell count less
than 4000/mm3 at baseline; severe hypercholesterolemia (�9
mmol/L); or hypertriglyceridemia (�8.5 mmol/L).

Immunosuppression and Concomitant
Medication

Patients randomized to everolimus (Certican, Novar-
tis, Basel, Switzerland) received an initial dose of 0.75 mg two
times per day within 72 hr of transplantation, subsequently
adjusted to a target trough level of 3 to 8 ng/mL. For patients
randomized to MMF (Cellcept, Roche, Basel, Switzerland),
the dose was 1500 mg two times per day and usage was ac-
cording to approved labeling. MMF was also initiated within
72 hr posttransplant. All patients received CsA microemul-
sion (Neoral, Novartis, Basel, Switzerland), initiated within
48 hr after reperfusion at a dose of 12 mg/kg per day or ac-
cording to local practice in centers using induction therapy,
and adjusted to target-prespecified CsA trough (C0) levels. In
the everolimus group, the C0 target was 200 to 350 ng/mL
during month 1, 150 to 250 ng/mL during month 2, 100 to
200 ng/mL during months 3 to 4, 75 to 150 ng/mL during
months 5 to 6, and 50 to 100 ng/mL during months 7 to 12.
In the MMF arm, C0 target was 200 to 350 ng/mL during
months 1 to 2, 200 to 300 ng/mL during months 3 to 4, 150
to 250 ng/mL during months 5 to 6, and 100 to 250 ng/mL
during month 7 to 12. CsA levels measured locally (by
antibody-based methods, high-performance liquid chro-
matography, or liquid chromatography mass spectros-
copy) were used to adjust dosing and are reported here.
CsA trough and C2 levels were also measured centrally.
Oral prednisone (or methylprednisolone equivalent) was
initiated once oral dosing was tolerated at 0.5 to 1.0 mg/kg
per day, tapered to greater than or equal to 0.1 mg/kg per
day by month 6 and 0.1 to 0.05 mg/kg per day during
months 6 to 12. Induction therapy was according to center
practice.

Endomyocardial biopsies were to be performed by pro-
tocol at prespecified visits. Patients with suspected acute re-
jection were required to undergo an endomyocardial biopsy
within 48 hr (and echocardiography, if deemed clinically rel-
evant). Antirejection therapy was protocol-specified according
to histologic severity and presence or absence of hemodynamic
compromise. In patients experiencing a second rejection
episode graded greater than or equal to 3A, or any second
rejection episode associated with hemodynamic compro-
mise, cessation of CsA or introduction of another agent was
permitted, in which case study medication was discontinued.
Histologic severity was graded according to the International
Heart and Lung Transplantation (ISHLT) criteria established
in 1990 (11), which were in routine clinical use at time the
study was initiated.

Cytomegalovirus (CMV) infection is defined by the oc-
currence of positive antigenemia or polymerase chain reac-
tion or seroconversion without signs or symptoms. CMV
prophylaxis for more than or equal to 30 days was mandatory
for D�/R� cases and was recommended after antibody treat-
ment of acute rejection. Treatment with gancyclovir, CMV
hyperimmune globulin, valgancyclovir, or valacyclovir was
permitted according to center practice. All patients received
Pneumocystis carinii pneumonia prophylaxis according to lo-
cal protocol. Statin therapy was administered to all patients
regardless of the presence or absence of elevated total or low-
density lipoprotein cholesterol at baseline, initiated within
the first 2 weeks posttransplant.
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Study Variables
The primary variable was renal function, as measured

by calculated creatinine clearance (Cockcroft-Gault) at
month 6 posttransplant. The main secondary variable was the
incidence of biopsy-proven acute rejection (BPAR) of ISHLT
grade greater than or equal to 3A at 6 months posttransplant.
Other variables included the incidence of a composite efficacy
failure endpoint (defined as BPAR grade �3A, acute rejection
episodes associated with hemodynamic compromise, graft
loss/retransplant, death, or loss to follow-up) and its compo-
nent elements, serum creatinine, and the incidence of adverse
events and infections.

Evaluation
Day 1 of the study was defined as the first day study

medication was administered. The baseline period was de-
fined as the 7 days leading up to the first dose of study medi-
cation. Baseline creatinine clearance was measured within the
first 48 hr posttransplant, before the first dose of study med-
ication. Study visits took place during the baseline period,
days 1 and 4, weeks 1, 2, and 3, and months 1, 2, 3, 4, 5, 6, 9,
and 12. Vital signs, hematological parameters and blood
chemistry were recorded at each visit.

Statistical Analysis
The primary endpoint analysis was based on a nonin-

feriority null hypothesis, that is renal function, as measured
by creatinine clearance (Cockcroft-Gault), was similar in the
everolimus- and MMF-treatment arms. The noninferiority
margin was 6 mL/min, based on previous clinical experience
(3), that is the everolimus arm would be noninferior to MMF
if the creatinine clearance was not more than 6 mL/min lower
than that in MMF-treated patients using a one-sided t test
(0.025 level). In addition, the 95% confidence interval (CI)
for the difference between the two treatments was calculated
(z test); everolimus was considered noninferior if the lower
bound of the confidence interval was greater than �6. Anal-

ysis of the main secondary variable (BPAR episodes ISHLT
grade �3A at 6 and 12 months) was also based on a noninfe-
riority null hypothesis, with a noninferiority margin of 10%.
The composite efficacy failure endpoint and its components
were analyzed similarly. Chi-square test was used for be-
tween-group comparisons of categorical data and Wilcoxon
rank sum test for numerical data.

A power of 80% and a one-sided significance level of
0.025, assuming 10% dropout, led to a sample size of 88 pa-
tients per arm to test creatinine clearance with a noninferior-
ity margin of 6 mL/min, based on the assumption that renal
function was balanced at baseline and that the mean creati-
nine clearance at 6 months posttransplant would be 66 mL/
min in the everolimus arm and 63 mL/min in the MMF arm,
with an SD of 20 mL/min. With this sample size, the power for
assessing noninferiority of BPAR with everolimus versus
MMF ranged from 96% (assuming a difference in incidence
of 17%) to 84% (assuming a difference of 11%).

The intent-to-treat (ITT) population consisted of all
patients who were randomized after transplantation. The
safety population consisted of all patients in the ITT popula-
tion who received at least one dose of study drug and had at
least one postbaseline safety assessment.

RESULTS

Study Population
Of 212 patients screened, 176 met the inclusion and

exclusion criteria and were randomized (92 to everolimus
and 84 to MMF) and formed the ITT population. The first
patient visit took place in December 2004, with the last pa-
tient visit in May 2007. Two patients, one in each group, were
randomized but died without taking study medication (acute
graft failure and mediastinitis) and were therefore not in-
cluded in the safety population. One hundred fifty-five
patients completed the study on treatment (Fig. 1). Demo-
graphics and baseline characteristics of the study population

FIGURE 1. Patient disposition.
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were similar between treatment groups, other than a higher
rate of pretransplant diabetes in the MMF cohort, which
approached statistical significance (P�0.055, Table 1). The
proportion of patients for whom protocol biopsies were per-
formed at the prespecified time points varied over time (2–
38%) but no consistent difference was observed between
treatment groups.

Immunosuppression
Duration of exposure to study medication was similar

for everolimus and MMF (mean�SD, 308.3�118 and
309.8�117 days, respectively). The mean everolimus trough
level was within target range at all time points after day 4
(Table 2), with minimal adjustments to the initial dose. At
months 1, 6, and 12, the mean everolimus trough levels were
5.7, 4.6, and 4.1 ng/mL, respectively. Overall, 85% of subjects
remained within the target window through month 12. The
mean dose of MMF decreased to month 6 then plateaued
(Table 2). Although the proportion of patients who required
discontinuation of study medication was almost the same
for both arms (20.7% vs. 20.2% for everolimus and MMF,
respectively), the proportion of patients with study drug
dose adjustments or interruption was 54.2% for subjects in
the MMF group, versus a lower rate of 34.1% in the
everolimus group.

In the everolimus cohort, the mean CsA trough levels
were within target during month 1, but were toward the up-
per end or above target range thereafter, with 40% to 50% of
patients above target during months 3 to 12. For MMF-
treated patients, the mean CsA trough level reached target
range by day 8 and remained within target range subse-
quently. At month 6, the mean CsA trough level was 157�61
and 219�83 ng/mL and at month 12 it was 110�50 and
180�55 ng/mL in the everolimus and MMF groups, respec-
tively (P	0.001 between groups at each time point). CsA C2

values were available in approximately two thirds of patients.
The mean CsA C2 level at months 1, 6, and 12 in the everoli-
mus and MMF cohorts was 885�385 and 899�310 ng/mL,
577�241 and 772�285 ng/mL, and 447�227 and 641�272
ng/mL, respectively.

Almost all patients (99% in each group) received anti-
body induction therapy. The type of antibody induction used
was similar between groups. Antithymocyte antibodies were
used most frequently (68.4%), with 25.9% of patients receiv-
ing anti-interleukin-2 receptor antibody induction. Cortico-
steroid dose was similar in both treatment groups (Table 2).

Renal Function
The mean calculated creatinine clearance (Cockcroft-

Gault) at baseline was 4.31 mL/min lower in the everolimus
group (72.5�27.9 mL/min) than the MMF group (76.8�32.1
mL/min, ns) (Fig. 2). Calculated creatinine clearance at
month 6 posttransplant was 65.4�24.7 mL/min with everoli-
mus and 72.2�26.2 mL/min with MMF, a difference of �6.9
mL/min, with the 95% CI including the margin of 6 mL/min
(95% CI �14.9 to 1.2). At 12 months, creatinine clearance
was 68.7�27.7 mL/min with everolimus and 71.8�29.8 mL/
min in the MMF group, a narrowing of the between-group
difference from baseline to �3.1 mL/min. To accommodate
the difference in baseline creatinine clearances, the within-
subject difference between baseline and month 12 was evalu-
ated for each group. For month 12, the everolimus group had
a mean within-subject difference of 6.1 mL/min and the
MMF group had a mean within-subject difference of 4.3 mL/
min (P�0.693), indicating no difference in the change of re-
nal function between groups over 12 months.

When the primary analysis was repeated including only
those patients without major protocol violations who re-
mained on their randomized study treatment throughout the

TABLE 1. Patient demographics and baseline
characteristics (ITT population)

Everolimus
(n�92)

MMF
(n�84)

Recipient age (yr) 50.6�10.6 51.9�11.4

Male recipient 71 (77.2%) 71 (84.5%)

Recipient race

White 90 (97.8%) 81 (96.4%)

Black 0 1 (1.2%)

Asian 0 1 (1.2%)

Other 2 (2.2%) 1 (1.2%)

End-stage disease leading to
transplantation

Idiopathic cardiomyopathy 37 (40.2%) 26 (31.0%)

Coronary artery disease 26 (28.3%) 35 (41.7%)

Valvular heart disease 7 (7.6%) 1 (1.2%)

Myocarditis 3 (3.3%) 4 (4.8%)

Postpartum cardiomyopathy 1 (1.1%) 3 (3.6%)

Viral cardiomyopathy 2 (2.2%) 1 (1.2%)

Congenital heart disease 2 (2.2%) 0

Other 13 (14.1%) 14 (16.7%)

Unknown origin 1 (1.1%) 0

History of diabetes 17 (18.5%) 27 (32.1%)

Panel reactive antibodies (%)

0 80 (87.0%) 74 (88.1%)

1–10 2 (2.2%) 2 (2.4%)

11–20 1 (1.1%) 0

�20 2 (2.2%)a 1 (1.2%)a

Unknown 7 (7.6%) 7 (8.3%)

Donor age (yr) 37.3�13.4 37.5�12.7

Donor race

White 67 (72.8%) 67 (79.8%)

Black 0 0

Asian 0 0

Other 2 (2.2%) 0

Unknown 23 (25.0%) 17 (20.2%)

Cold ischemia time (hr) 3.0�1.1 2.8�1.0

CMV status

R�/D� 25 (27.2%) 27 (32.1%)

R�/D� 25 (27.2%) 27 (32.1%)

R�/D� 8 (8.7%) 12 (14.3%)

R�/D � 23 (25.0%) 9 (10.7%)

Missing 11 (12.0%) 9 (10.7%)

Continuous variables are shown as mean�SD. All differences were non-
significant.

a Included against protocol.
CMV, cytomegalovirus; ITT, intent-to-treat.
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study (everolimus 72, MMF 62), the between-group differ-
ence was smaller. Mean creatinine clearance in the everoli-
mus and MMF groups was 76.0�28.3 and 79.8�31.6 mL/
min at baseline, 67.8�25.1 and 74.6�26.1 mL/min at month
6, and 70.9�28.4 and 74.0�30.4 mL/min at month 12. At
month 6, the between-group difference was �3.1 mL/min
(95% CI �13.7 to 7.1).

From baseline to month 6, creatinine clearance de-
creased by more than 6 mL/min in 43 of 83 everolimus
patients and 30 of 72 MMF patients for whom glomerular
filtration rate values were available at month 6 (51.8% vs.
41.7%, ns). The proportion of patients with an increase in
serum creatinine of more than 26.5 �mol/L (�0.3 mg/dL)
from baseline to month 6 was also similar between groups (33
of 83 everolimus �39.8%�, 21 of 72 MMF �29.2%�, ns).

Mean serum creatinine values in the everolimus and
MMF groups were 125�59 and 115�46 �mol/L at baseline,
137�64 and 119�37 �mol/L at month 6, and 142�112 and
125�39 �mol/L at month 12, respectively.

Dialysis was required after transplantation in 18 of 91
everolimus patients and 11 of 83 MMF patients (�19.8% vs.
13.3%�; ns); two of the everolimus patients required ongoing
dialysis.

Efficacy
All efficacy endpoints (including BPAR ISHLT grade

�3A, death, graft loss, and the composite) were statistically
noninferior in the everolimus cohort compared with the
MMF arm at 12 months, based on the prespecified noninfe-
riority margin of 10% (Table 3). The noninferiority of BPAR

FIGURE 2. Creatinine clear-
ance (Cockcroft-Gault) to month
12 (safety population). Values
shown are mean�SD.

TABLE 2. Immunosuppression (safety population)

Everolimus (n�91) MMF (n�83)

Month 1 Month 6 Month 12 Month 1 Month 6 Month 12

Everolimus dose (mg/d) 1.23�0.54 1.21�0.52 1.20�0.49 — — —

Everolimus trough level
(ng/mL)

5.7�5.0 4.6�1.8 4.1�1.8 — — —

MMF dose (g/d) — — — 2.45�0.77 2.25�0.75 2.27�0.81

CsA dose (mg/kg/d) 3.54�1.41 2.57�1.01 2.11�0.81 4.29�1.39 3.57�1.17 3.23�1.04

CsA trough level (ng/mL) 245�99 157�61 110�50 308�96 219�83 180�55

Corticosteroid dose
(median, range) (mg/d)

0.88�2.06
(0.27, 0.04–16.3)

0.17�0.20
(0.14, 0.04–1.56)

0.13�0.14
(0.11, 0.02–1.12)

0.56�0.83
(0.26, 0.07–4.19)

0.22�0.36
(0.14, 0.00–2.22)

0.34�1.71
(0.10, 0.00–13.59)

Continuous variables are shown as mean�SD unless otherwise stated.
MMF, mycophenolate mofetil; CsA, cyclosporine A.

TABLE 3. Efficacy endpoints at month 12 (ITT population)

Everolimus (n�92) MMF (n�84) Difference (95% CI)

BPAR ISHLT grade �3A 21 (22.8%) 25 (29.8%) �6.9 (�19.9 to 6.1)

BPAR ISHLT grade �3A, acute rejection with hemodynamic
compromise, death, graft loss, or lost to follow-up

30 (32.6%) 35 (41.7%) �9.1 (�23.5 to 5.2)

Acute rejection with hemodynamic compromise 2 (2.2%) 1 (1.2%) 1.0 (�2.8 to 4.8)

Death or graft loss/retransplantation 10 (10.9%) 10 (11.9%) �1.0 (�10.4 to 8.4)

BPAR treated with antibody 5 (5.4%) 2 (2.4%) 3.1 (�2.62 to 8.7)

ISHLT, International Society for Heart and Lung Transplantation; ITT, intent-to-treat.
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ISHLT grade greater than 3A at month 6 (19.6% in the
everolimus group and 27.4%in the MMF group; P�0.003 for
noninferiority) was preserved till 12 months (22.8% in the
everolimus group and 29.8% in the MMF group; P�0.005 for
noninferiority). Furthermore, 10 of 25 (40.0%) patients in
the MMF cohort versus 7 of 21 (33.3%) recipients in the
everolimus group with BPAR greater than or equal to 3A
experienced recurrence of any grade of rejection. Recurrent
rejection of grade greater than or equal to 3A was rare. Addi-
tionally, 62.0% of everolimus patients experienced recurrent
BPAR of any ISHLT grade versus 79.8% of MMF patients
(P�0.013, Fisher’s exact test).

For patients who averaged everolimus trough exposure
of 3 to 8 ng/mL, the incidence of BPAR greater than or equal
to 3A was 21.3% (16 of 75), versus MMF 29.8% (25 of 84). Of
the five patients in the everolimus group who required anti-
body therapy for BPAR, three had an everolimus trough con-
centration below 3 ng/mL in the few days before the event.

Safety
Table 4 summarizes the most frequent adverse events

reported during the 12-month trial. Leukopenia occurred
significantly less frequently among everolimus-treated pa-
tients (16.5% vs. 30.1% with MMF, P�0.047). Fifty-nine
patients in each group experienced infection (64.8% everoli-
mus, 71.1% MMF). CMV prophlyaxis was administered to 49
of 91 everolimus patients (54.4%, mean duration 116 days)
and 56 of 83 MMF patients (67.5%, mean duration 132 days),
but there were significantly fewer cases of CMV infection in
the everolimus group (n�4, 4.4%) versus MMF (n�14,
16.9%, P�0.011). Acute renal failure was reported in eight
everolimus patients and four MMF patients. CsA dose was
reduced or interrupted because of acute renal failure in three
everolimus-treated patients and one MMF patient, and for

renal impairment in one patient in each group. Pericardial
effusion occurred in 32 everolimus-treated patients (35.2%)
and 21 MMF-treated patients (25.3%, n.s.); pleural effusions
occurred in 22 everolimus patients (24.2%) and 11 MMF pa-
tients (13.3%, n.s.). The incidence of cardiac tamponade was
comparable with five (5.5%) and four (4.8%) cases in patients
receiving everolimus and MMF, respectively. Moreover, two
of the five cases of cardiac tamponade that occurred in the
everolimus cohort were caused by iatrogenic myocardial per-
foration during biopsy. Importantly, the use of CMV prophy-
laxis was similar with everolimus (19 of 91, 20.8%) and MMF
(20 of 83, 24.0%). The adverse event rate of postoperative
wound infections was similar between groups (everolimus 6
�6.6%� vs. MMF 7 �8.6%�). Fourteen everolimus patients and
18 MMF patients were hospitalized for major adverse cardiac
events (acute myocardial infarction, congestive heart failure,
percutaneous coronary intervention, coronary artery bypass
graft, automatic implanted cardiac defibrillator, or cerebral
or peripheral vascular accident).

The rate of death or graft loss with retransplantation
was similar in both treatment arms (Table 3). There were nine
deaths in each treatment group in the safety population. Among
everolimus-treated patients, death was caused by cardiac tam-
ponade (after myocardial perforation during endomyocardial
biopsy procedure), multiorgan failure, pulmonary sepsis, septic
shock, retroperitoneal infection, hemorrhagic shock, respira-
tory distress, lymphoma, and unspecified causes, all in one
case each. In the MMF group, death was caused by septic
shock in three cases, and by complications of transplant sur-
gery, cerebral infarction, renal failure, paralytic ileus, perito-
nitis, and unspecified causes in one case each.

Statin therapy was prescribed for 93.4% and 85.5% of
everolimus and MMF patients, respectively. Among patients
remaining on everolimus or MMF, the mean level of total
cholesterol was 5.9�1.4 and 5.0�1.0 mmol/L at month 6
(P	0.001) and 5.5�1.3 and 5.0�1.3 mmol/L (P�0.002) at
month 12, respectively. For triglycerides, the mean level was
2.2�1.4 and 1.7�0.6 mmol/L at month 6 (P�0.011) among
patients remaining on everolimus or MMF, respectively, and
2.3�1.5 and 1.7�0.8 mmol/L at month 12 (P�0.001).

DISCUSSION
This randomized, multicenter trial indicates that

concentration-controlled everolimus targeting reduced CsA
results in comparable renal function to MMF with standard
CsA at 12 months after cardiac transplantation. However, the
primary endpoint was not met since calculated CrCl at month
6 posttransplant was 6.9 mL/min lower with everolimus, ex-
ceeding the predefined margin of 6 mL/min. The everolimus
regimen was associated with noninferior rates of BPAR grade
greater than or equal to 3A and lower rates of recurrent BPAR
compared with MMF, and showed a manageable safety profile.

Previous experience with everolimus in cardiac trans-
plantation revealed that everolimus is an effective immunosup-
pressant. However, fixed doses of everolimus in combination
with conventional levels of CsA translated into an impairment
of renal function in the pivotal trial by Eisen et al. (3). Phar-
macokinetic modeling of data from this experience in cardiac
transplantation, consistent with data from renal transplanta-
tion trials using fixed doses of everolimus, indicated that re-

TABLE 4. Adverse events occurring in �20% of
patients and infections (safety population)

Everolimus (n�91) MMF (n�83)

Any adverse or infection 91 (100.0%) 83 (100.0%)

Hypertension 44 (48.4%) 35 (42.2%)

Peripheral edema 36 (39.6%) 29 (34.9%)

Pericardial effusion 32 (35.3%) 21 (25.3%)

Anemia 28 (30.8%) 26 (31.3%)

Leukopenia 15 (16.5%)a 25 (30.1%)a

Pyrexia 22 (24.2%) 14 (16.9%)

Pleural effusion 22 (24.2%) 11 (13.3%)

Diarrhea 15 (16.5%) 20 (24.1%)

Nausea 14 (15.4%) 20 (24.1%)

Any infection 59 (64.8%) 59 (71.1%)

Bacterial 29 (31.9%) 33 (39.8%)

Fungal 9 (9.9%) 2 (2.4%)

Viral 16 (17.6%) 21 (25.3%)

Cytomegalovirus 4 (4.4%)b 14 (16.9%)b

Other 11 (12.1%) 13 (15.7%)

a P�0.047 (Fisher exact test �two-sided�).
b P�0.011(Fisher exact test �two-sided�).
MMF, mycophenolate mofetil.
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ducing CsA in conjunction with maintaining a trough level of
everolimus above 3 ng/mL should improve renal safety and
preserve efficacy. The present study is the first direct compar-
ative trial in de novo cardiac transplantation to examine this
strategy versus MMF. Although the noninferiority margin for
creatinine clearance was not statistically excluded, renal func-
tion and the change in renal function through month 12 were
clinically comparable between the groups. Simple random-
ization did not balance renal function at baseline, which was
an assumption made to demonstrate statistical noninferior-
ity. Indeed, it was surprising that since an appropriate ran-
domization procedure was used, the two treatment groups
were imbalanced in size, baseline renal function, and a trend
to a higher proportion of patients with diabetes in the MMF
cohort. In addition, the achieved CsA trough level for the
everolimus group was higher than targeted. However, as CsA
trough level continued to be reduced by 12 months to a mean
level of 110 ng/mL (signifying �35% reduction vs. MMF),
the difference in renal function observed at baseline nar-
rowed to 3.1 mL/min. Importantly, this observation was not a
result of missing renal function data because only patients in
the everolimus group who died did not contribute to this
analysis. Single imputation as well as multiple imputation for
these missing renal function values revealed results consistent
with the analyses limited to subjects with complete renal func-
tion data. However, we recognize that while renal performance
at 1 year is a useful yardstick for future kidney function, long-
term data are required.

All efficacy endpoints showed noninferiority for
everolimus with reduced CsA versus MMF with standard CsA
according to the predefined 10% noninferiority margin. In-
deed, the incidence of BPAR grade greater than or equal to 3A
at 12 months was approximately 7% lower in the everolimus
cohort. Furthermore, based on protocol biopsies, the recurrence
rate of BPAR of any grade by 12 months was approximately 20%
lower in the everolimus group. The clinical significance of this
observation remains to be defined, although recurrence of
BPAR has been associated with foreshortened allograft sur-
vival possibly because it may be a risk factor for cardiac allo-
graft vasculopathy (12).

The safety profiles of both everolimus and MMF were
consistent with those reported previously, and a similar pro-
portion of patients in each group discontinued study medi-
cation because of adverse events. As anticipated, leukopenia
and gastrointestinal side effects were more common with
MMF, and lipid abnormalities occurred more frequently with
everolimus. Although the absolute incidence of pericardial
effusion was 12% higher with everolimus, the occurrence of
cardiac tamponade was similar in both treatment groups. The
overall incidence of infection was similar in both treatment
arms, although the rate of CMV was significantly lower in the
everolimus group despite comparable use of CMV prophy-
laxis in each cohort. In conclusion, concentration-controlled
everolimus within this regimen preserves efficacy and has a
similar impact on renal function to MMF at 12 months after
cardiac transplantation. Safety profiles were as expected, with
a significantly lower incidence of CMV infection in the
everolimus arm. Future trials exploring a lower de novo and
maintenance CsA exposure range in everolimus-treated car-
diac transplant recipients are warranted.

APPENDIX

THE RAD 2411 STUDY INVESTIGATORS
Belgium: Johan Vanhaecke, UZ Gasthuisberg, Leuven;

Alain Poncelet, Cliniques Universitaires Saint Luc, Brussels.
Brazil: Jose Medina, Hospital do Rim e Hipertensao, Sao
Paulo. France: Pascale Boissonnat, Hôpital Cardiologique de
Lyon, Lyon; Iradj Gandjbakhch, Hôpital Pitié Salpétriere,
Paris; Eric Epailly, CHU de Strasbourg Hôpital Civil, Stras-
bourg; Bernard Lelong, Hôpital Pontchaillou, Rennes;
Marie-Françoise Mattei, CHU Hôpital de Brabois, Vandoeu-
vre les Nancy; Annick Mouly-Bandini, Hôpital de la Timone,
Marseille; Michel Redonnet, Hôpital Charles Nicolle, Rouen;
Emmanuelle Vermes, Hôpital Henri Mondor, Creteil; Ro-
main Guillemain, Hôpital Européen Georges Pompidou,
Paris. Germany: Hans Lehmkuhl, Deutsches Herzzentrum,
Berlin; Thomas Dengler, Univ. Klinikum Heidelberg, Heidel-
berg; Stefan Klotz, Klinik und Poliklinik f. Thorax-, Herz und
Gefaesschirurgie, Muenster. Israel: Jacob Lavee, Cardiac Sur-
gery Sheba Medical Center, Hashomer; Tuvia Ben-Gal,
Gideon Sahar (until February 2006), Rabin Medical Center,
Petah, Tiqva. Italy: Massimo Maccherini, Policlinico Le
Scotte – Università degli Studi, Siena; Francesco Mususmeci,
Ospedale S. Camillo-Forlanini-Azienda Ospedaliera, Rome;
Mario Viganò, Policlinico S. Matteo -IRCCS Università degli
Studi di Pavia, Pavia; Ugolino Livi, Az. Osp. S. Maria della
Misericordia, Udine; Gino Gerosa, Azienda Ospedaliera di
Padova - Università degli Studi, Padova; Carlo Magelli, Az.
Osp. di Bologna Policl. S. Orsola - Malpighi, Bologna; Rob-
erto Fiocchi, Ospedali Riuniti di Bergamo, Bergamo. South
Africa: Robert Keinloog, Entabeni Hospital, Durban. Spain:
Juan Delgado, Hospital 12 de Octubre, Madrid; Jose Arizon,
Hospital Universitario Reina Sofia, Córdoba; Luis Alonso
Pulpon, Hospital Universitario Puerta De Hierro, Madrid;
Luis Almenar, Hospital Universitario La Fe, Valencia.
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