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Summary

The European Tacrolimus versus Ciclosporin-A Microemulsion (CsA-ME) Renal
Transplantation Study demonstrated that tacrolimus decreased acute rejection
rates at 6 months. Primary endpoints of this investigator-initiated, observational
7-year follow-up study were acute rejection rates, patient and graft survival rates,
and a composite endpoint (BPAR, graft loss, and patient death). We analyzed
data from the original intent-to-treat population (n = 557; 286 tacrolimus, 271
CsA-ME). A total of 237 tacrolimus and 208 CsA-ME patients provided data. At
7 years, Kaplan—Meier estimated rates of patients free from BPAR were 77.1% in
the tacrolimus arm and 59.9% in the CsA-ME arm, graft survival rates amounted
to 82.6% and 80.6%, and patient survival rates to 89.9% and 88.1%. Estimated
combined endpoint-free survival rates were 60.2% in the tacrolimus arm and
47.0% in the CsA-ME arm (P = <0.0001). A higher number of patients from the
CsA-ME arm crossed over to tacrolimus during 7 year follow-up: 19.7% vs. 7.9%
(P = <0.002). More patients in the tacrolimus group stopped steroids and
received immunosuppressive monotherapy. Significantly, more CsA-ME patients
received lipid-lowering medication and experienced cosmetic and cardiovascular
adverse events. Tacrolimus-treated renal transplant recipients had significantly
higher combined endpoint-free survival rates mainly driven by lower acute rejec-
tion rates despite less immunosuppressive medication at 7 years.
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Introduction

Immunosuppression with tacrolimus in renal transplant
recipients is highly efficacious regarding short-term clinical
outcomes. In recent years, superior results achieved in pre-
venting acute rejection in the short term have changed the
aims of clinical transplant research to the evaluation of
medium- and longer term efficacy and safety of mainte-
nance immunosuppression after renal transplantation.
Comparative studies have found similar longer term
patient and graft survival with tacrolimus and ciclosporin-
A microemulsion (CsA-ME). A study in North America [1]
demonstrated similar patient and graft survival after
3 years with tacrolimus versus CsA-ME immunosuppres-
sion. Also, a retrospective analysis of US Scientific Registry
of Transplant Recipients (SRTR) data [2] showed that both
tacrolimus and CsA-ME were associated with similar pro-
tection against the risk of graft loss due to chronic renal
allograft damage at 4 years. Similarly, a retrospective study
using the USRDS database during the years 1996-2000
found similar graft survival with tacrolimus compared with
cyclosporine [3]. In contrast, graft half-life was longer, with
less chronic rejection in the tacrolimus arm after 5 years in
an European study [4]. Furthermore, a long-term Euro-
pean trial [5] found higher 6 year graft survival and higher
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estimated graft half-life in the tacrolimus arm. Further-
more, results of the large (n = 1645) ELITE Symphony
study demonstrated superior renal function (e.g., estimated
glomerular filtration rate = eGFR), better graft survival
rates and less biopsy-proven acute rejection rates (BPARs)
with low-dose tacrolimus when compared with both low-
dose and standard-dose cyclosporine at 1 year post-trans-
plant [6]. In a follow-up study after 3 years in 958 renal
transplant recipients eGFR was higher, graft survival was
highest and acute rejection rates were lowest with low-dose
tacrolimus compared with cyclosporine, although differ-
ences tended to diminish possibly due to major treatment
crossover between groups and smaller sample size [7].

Regarding safety, some clinical trials found advantages
with tacrolimus. Long-term kidney function, when mea-
sured as serum creatinine concentrations, was lower after
3 years in patients treated with tacrolimus, and when
reported as GFR was superior with tacrolimus at 3 years, at
5 years and at 6 years in four different comparative trials
[1,5,7,8]. The renal resistance index was lower and the
number of antihypertensives were lower with tacrolimus
compared with CsA-ME [9].

The 6-, 12-, 24-, and 36-month results from our
multicenter, randomized, and comparative trial found
tacrolimus to reduce the rate and severity of BPARs
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in comparison with CsA-ME [10-13]. At 2 years post-
transplant, we have reported significantly lower mean
serum creatinine concentrations as well as lipid levels in
patients in the tacrolimus arm [12]. The main aim of our
follow-up was to study clinical outcomes at 7 years post-
transplant, that is BPAR rates, graft and patient survival
rates, and transplant kidney function.

Subjects and methods

Trial design, patient selection, and treatment protocol have
been reported in some detail in the 6-month study publica-
tion and subsequent follow-up reports [10-13]. The main
trial was a randomized, open-label study, performed in 50
European transplant centers in patients with end-stage
renal disease (CKD stage 5D). Adult renal transplant recipi-
ents were randomized to and received tacrolimus
(n = 286) or CsA-ME (n = 271) in combination with aza-
thioprine and corticosteroids, but without the use of induc-
tion therapy (e.g., ATG, OKT3). Tacrolimus whole blood
trough target levels were set at 10-20 ng/ml during the first
3 months and at 5-15 ng/ml between months 4 and 6.
CsA-ME whole blood trough target levels were set at 100—
400 ng/ml during the first 3 months and at 100-200 ng/ml
between months 4-6. Azathioprine (recommended dosing
range 1-2 mg/kg/day) could be stopped after day 92. Ster-
oids were rapidly tapered to 5 mg daily after 6 weeks. After
the main study, calcineurin inhibitor target levels were set
according to center practice.

After completion of the main study in 1999, renal
transplant recipients have been followed in an investiga-
tor-initiated follow-up study. Outcomes determined dur-
ing follow-up were patient and graft survival rates,
clinically diagnosed acute rejection, as well as BPAR [14],
and renal transplant function based on serum creatinine
concentrations (eGFR using the Cockroft Gault formula
[15]). Adverse events and additional laboratory parame-
ters were also assessed during the 7 year follow-up inter-
val. Additionally, in this follow-up study, we also
analyzed the obtained data by use of a composite end-
point consisting of BPAR, renal allograft loss, and patient
death. A composite endpoint consists of as many clini-
cally relevant endpoints as possible for the efficacy assess-
ment of a treatment to avoid the need for an
unacceptably high increase in sample size [16]. When the
present investigator-initiated, observational follow-up was
registered with the Cochrane Renal Group Trials Registry
primary outcomes were defined as BPAR, graft survival,
patient survival, and a composite endpoint of BPAR,
graft loss, and patient death. Secondary outcomes were
defined as hypercholesterolemia, hypertension, diabetes
mellitus, cardiovascular morbidity, cardiovascular mortal-
ity, and (additional) side effects.

© 2015 Steunstichting ESOT 29 (2016) 307-314
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The original intent-to-treat (ITT) population which
included all randomized patients, who were transplanted
and received at least one dose of study medication
(n = 286 in the tacrolimus arm; n = 271 in the CsA-ME)
was used for all analyses of efficacy. As this was an observa-
tional study, all statistical analyses are of a descriptive nat-
ure. Patient and graft survival and the rate of patients free
of BPAR were estimated by Kaplan—-Meier methods and
Gehan’s generalized Wilcoxon test was used to compare the
time to onset of events between treatment groups. Frequen-
cies of immunosuppressive regimen, concomitant medica-
tion, and adverse events are based on the number of
patients who provided follow-up data. Chi-squared tests
were used to compare frequencies of for example side
effects between treatment groups. Student’s t-tests were
used to compare creatinine (log-transformed) and crea-
tinine clearance values at year 7. All P-values are considered
exploratory.

Results

Baseline patient characteristics of renal transplant recipients
contributing data for the 7-year follow-up were similar
between treatment groups and to the main study (and fol-
low-up) patient characteristics [10-13]. This was a mostly
Caucasian, low-immunologic risk population (first renal
transplant in 93%, 2.5 HLA mismatches, PRA levels <50%)
of renal (postmortal donor in 96%) transplant recipients
with a mean age in both groups of 43 years at transplanta-
tion. Of the 557 ITT patients in the main study, 237 (82.9%
of 286) patients in the tacrolimus arm and 208 (76.8% of
271) patients in the CsA-ME arm contributed data at
7 years with 43 of the original 50 centers from the main 6-
month trial providing data.

Estimated patient survival rate (Kaplan—Meier method)
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Figure 1 The estimated patient survival (Kaplan-Meier method) at
7 years follow-up using the ITT population was 89.9% with tacrolimus
and 88.1% with ciclosporin-ME (P = ns).
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Patient and graft survival rates at year 7 were similar
between treatment arms (Figs 1 and 2). The estimated
patient survival rate at year 7 was 89.9% in the tacrolimus
arm and 88.1% in the CsA-ME arm. Estimated graft sur-
vival rates were 82.6% and 80.6% in the tacrolimus abd
CsA-ME arms. Twenty-five patients in the tacrolimus arm
and 26 patients in the CsA-ME arm died during the obser-
vation period. In the tacrolimus arm, 46 grafts were lost
during the observation period, and in the CsA-ME arm, 48
grafts were lost.

Kaplan—Meier estimated rates of BPAR-free survival
from start of trial until final follow-up investigation at year
7 were 77.1% in the tacrolimus and 59.9% in the CsA-ME
arm. During months 36-84, new BPAR episodes were
reported in two renal transplant recipients in the tacroli-
mus arm and in none in the CsA-ME arm. Estimated com-
bined endpoint-free survival rates (consisting of BPAR,
renal allograft loss, and patient death) were significantly
higher in the tacrolimus arm than in the CsA-ME arm with
60.2% vs. 47.0% (P < 0.001, Wilcoxon test) (Fig. 3).

Overall, 189 (80.0%) tacrolimus and 157 (75.5%) CsA-
ME patients provided information regarding immunosup-
pressive regimen at year 7. More tacrolimus than CsA-ME
patients were on a calcineurin inhibitor monotherapy at
year 7, less tacrolimus than CsA-ME patients received triple
immunosuppression. Furthermore, incidence of crossover
from CsA-ME to tacrolimus was significantly higher than
incidence of crossover from tacrolimus to CsA-ME (19.7%
vs. 7.9%; P = 0.002, chi-squared test) (Table 1). Mean
daily calcineurin inhibitor doses were 0.06 mg/kg
(SD + 0.04) for tacrolimus and 2.51 mg/kg (SD + 1.31)
for cyclosporine at year 7. Mean whole blood tacrolimus
trough levels were 7.0 ng/ml (SD £ 2.1) and mean cyclos-
porine trough levels were 115.6 ng/ml (SD =+ 40.9) (after

Estimated graft survival rate (Kaplan—Meier method)
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Figure 2 The estimated graft survival (Kaplan-Meier method) at
7 years follow-up using the ITT population was 82.6% with tacrolimus
and 80.6% with ciclosporin-ME (P = ns).
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excluding implausibly high trough levels >300 ng/ml; med-
ian trough level with all measurements 108.5 ng/ml, after
excluding implausibly high values 103.0 ng/ml).

Fewer tacrolimus (60.3%) than CsA-ME (75.8%)
patients received corticosteroids at year 7 (P < 0.005, chi-
squared test); mean administered daily corticosteroid doses
were similar between treatment arms (tacrolimus 5.1 mg
(SD £ 2.1), CsA-ME 5.8 mg (SD =+ 3.9); calculated only
for renal transplant recipients being on steroids at year 7).
Slightly fewer tacrolimus (overall 46.0%; MMF 24.9%, aza-
thioprine 21.2%) than CsA-ME (overall 55.4%; MMEF
28.7%, azathioprine 26.8) patients were receiving prolifera-
tion inhibitors at year 7 (P < 0.1, chi-squared test), how-
ever, mean administered daily MMF or azathioprine doses
were similar between groups [tacrolimus 1180 mg
(SD +£ 500) and 61 mg (SD =+ 19.6), CsA-ME 1123 mg

Estimated rate of patients free of combined endpoint (Kaplan—Meier method)
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Figure 3 The estimated combined endpoint-free survival rate (Kaplan—
Meier method) at 7 years follow-up using the ITT population was
60.2% with tacrolimus and 47.0% with ciclosporin-ME (P < 0.001,
Wilcoxon test).

Table 1. Immunosuppressive regimen at year 7.

Tacrolimus, Ciclosporin-ME,
N =189 (%) N =157 (%)
Monotherapy with 34 (18.0)* 6(3.8)
randomized CNI
Triple regiment 46 (24.3) 57 (36.3)
Treatment crossover
Ciclosporin-ME 15 (7.9) —
Tacrolimus — 31 (19.7)%

Based on available immunosuppressive information at year 7, CNI = cal-
cineurin inhibitor.

*P < 0.0001 (chi-squared test).

tCalcineurin inhibitor + AZA or MMF + steroids, P < 0.02 (chi-squared
test).

1P = 0.002 (chi-squared test).

© 2015 Steunstichting ESOT 29 (2016) 307-314
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(SD =+ 488) and 66 mg (SD =+ 26.8)]. The use of the
mTOR inhibitor sirolimus was 5.8% and 6.4% in the tacro-
limus and CsA-ME group at year 7.

Renal function at year 7, assessed as mean serum crea-
tinine concentration, was nearly similar in both arms with
139 umol/l (SD + 56) in the tacrolimus arm (n = 182)
and 147 pmol/l (SD + 71) in the CsA-ME arm (n = 150)
(P = n.s.). eGFR levels (Cockroft-Gault formula) at year 7
were numerically slightly different (P = 0.0396; Student’s t-
test) between arms with 63.5 ml/min (SD =+ 20.8) with
tacrolimus (n = 163) and 58.4 ml/min (SD =+ 22.1) with
CsA-ME (n = 134).

Mean serum cholesterol levels at year 7 in the tacrolimus
versus the CsA-ME arm were 5.19 mmol/l (SD 4 1.22) vs.
5.17 mmol/l (SD + 0.92). Mean plasma glucose levels at
year 7 in the tacrolimus versus the CsA-ME arm were
5.92 mmol/l (SD =+ 1.76) vs. 5.84 mmol/l (SD + 1.94).

Use of antihypertensives was comparable in both treat-
ment arms (65.0% vs. 67.3%; diuretics used with other
indication than for treatment of hypertension 13.1% vs.
18.8%; tacrolimus versus CsA-ME). Use of additional con-
comitant medications, that is, insulin and oral antihyper-
glycemics, was similar between arms, except the use of
antihyperlipidemics being higher in the CsA-ME arm
(40.4% vs. 28.7%) (Table 2).

Incidences of adverse events were comparable between
arms with the exception of cosmetic adverse events like hir-
sutism, which were reported more frequently in the CsA-
ME arm (Table 3). Furthermore, more bone fractures and
major cardiovascular events were reported in CsA-ME
patients than in patients in the tacrolimus arm (Table 3).

Discussion

In this long-term follow-up of the first large, multicenter,
randomized, controlled clinical study in renal transplanta-
tion that compared efficacy and safety of a tacrolimus-
based immunosuppressive regimen with a ciclosporin
microemulsion formulation-based regimen, we found
superior efficacy in the tacrolimus treatment group during
the 7-year study period. Specifically, when we analyzed the

Table 2. Concomitant medications taken at year 7.

Tacrolimus, Ciclosporin-ME,
N = 237 (%) N = 208 (%)
Antihypertensive 154 (65 O) 140 (67 3)
Insulin 6 (6. 17 (8.
Oral antihyperglycemic 6 (6. 8) 9 (4. 3)
Antihyperlipidemic 68 (28.7) 84 (40.4)*

Available data from ITT population at year 7.
*P < 0.01 (chi-squared test).

© 2015 Steunstichting ESOT 29 (2016) 307-314
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combined endpoint consisting of BPAR, renal allograft loss,
and patient death, the estimated combined endpoint-free
survival rate was significantly higher in the tacrolimus
treatment arm at year 7 post-transplant. This difference is
mostly due to reduction of BPAR, the part of the combined
endpoint, that with high probability was the event to occur
first during the 6 months post-transplant as demonstrated
in our main trial [10]. However, after the first 6 months
post-transplant, this combined endpoint occured at com-
parable rates in both treatment arms. As the incidence of
each individual event used for the combined endpoint was
comparable in the long-term follow-up, the efficacy of
tacrolimus during the first 6 months was maintained long-
term, that is a lower rate of occurrence of the combined
endpoint was found during 7 years of follow-up.

Interestingly there was a significant difference in the
number of renal transplant recipients initially randomized
to CsA-ME that crossed over to tacrolimus, when com-
pared to the (lower) number of renal transplant recipients
initially randomized to tacrolimus that crossed over to
CsA-ME. We assume that our results with regard to cross-
over are of clinical interest as they reflect a so-called ‘real
life’ scenario in long-term care of renal transplant patients.
Similarly, Vincenti et al. [8] reported a higher crossover
rate from ciclosporin to tacrolimus 5 years after renal
transplantation. A decision for crossover may either be trig-
gered by adverse events like acute rejection [10], post-trans-
plant diabetes mellitus or cosmetic side effects like
hirsutism, or by subjective judgements of the treating
physician or the renal transplant recipient of advantages of
a specific treatment, and thus may introduce bias.

More renal transplant recipients in the tacrolimus arm of
our follow-up stopped steroids, received CNI monother-
apy, and less remained on a triple immunosuppressive regi-
men in comparison with the ciclosporin-ME arm. Long-
term advantages of corticosteroid reduction may comprise
a decrease in cardiovascular risk, that is less hypertension,

Table 3. Adverse events until year 7.

Tacrolimus, Ciclosporin-ME,

N =237 (%) N =208 (%)
Malignancies 25(10.5) 7(8.2)
Cosmetic* 5(2.1) 30 (14.4)
Severe infectionst 30(12.7) 28 (13.5)
Bone fracturesi 10 (4.2) 21(10.1)
Major CV eventf,§ 21(8.9) 33(15.9)
Important other 47 (19.8) 46 (22.1)

*P < 0.0001 (chi-squared test).

tInfections requiring hospitalization.

1P < 0.05 (chi-squared test).

§Includes myocardial infarction, heart failure, percutaneous translumi-
nal coronary angioplasty, and atrial fibrillation.
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hyperlipidemia, diabetes mellitus, a minimization of
adverse events specific to steroids (osteoporosis, fractures,
cataracts, skin bruising, Cushing’s syndrome, serious infec-
tions and gastrointestinal events) or as a consequence of
reduced overall immunosuppressive load, and finally
improvement of patient adherence due to a decreasing pill
number [17]. Interestingly, we found less bone fractures in
the tacrolimus group of our study, possibly due to less ster-
oid use. However, most reviews and meta-analyses have
demonstrated that corticosteroid avoidance or early corti-
costeroid withdrawal after renal transplantation were asso-
ciated with higher acute rejection rates, that, however, did
not negatively affect patient or renal allograft survival espe-
cially in renal transplant recipients on a combined tacroli-
mus/MMF-based baseline immunosuppression [18-22].
Furthermore, a very large prospective trial of corticosteroid
withdrawal >6 months post-transplant in renal transplant
recipients reported significantly improved patient and renal
allograft survival [23]. In addition, cardiovascular risk fac-
tors were significantly improved, whereas acute rejection
rates in comparison with corticosteroid continuation in
retrospectively matched renal transplant recipients were
not different [23].

In our trial, kidney function was similar in both treat-
ment arms. In a 5-year multicenter trial serum creatinine
concentrations were significantly higher in renal transplant
recipients treated with ciclosporin in comparison with
tacrolimus treatment [8]. In a Cochrane meta-analysis of
4102 renal transplant recipients [24], renal allograft survival
and renal transplant function were superior with tacroli-
mus in comparison with cyclosporin, thereby confirming
and extending the results of a number of randomized stud-
ies [1,4,5,8,12,13]. These findings have been confirmed in
the very large ELITE Symphony study at 1 and 3 years
post-transplant [6,7].

Taking the above reports into account, we had expected
that renal allograft function might be better in the tacroli-
mus group. However, this hypothesis was not supported by
our data. Our results did show that renal function at
7 years was similar with tacrolimus versus CsA-ME [serum
creatinine 139 (SD =+ 55.9) vs. 147 (SD =+ 70.7) pmol/l,
estimated creatinine clearance (Cockroft—Gault) 63.5
(SD =+ 20.8) ml/min vs. 58.4 (SD =+ 22.1) ml/min]. We
speculate that relatively more patients with inferior renal
outcome in the CsA-ME versus tacrolimus group did not
contribute to renal function parameters (only 72.1% CsA-
ME patients vs. 76.8% of Tac patients, that contributed 7-
year follow-up data also contributed serum creatinine con-
centrations). Moreover, average tacrolimus whole blood
trough levels ranging around 12.5 (SD + 3.8), 10.1
(SD + 3.4) ng/ml, 8.7 (SD + 2.5) ng/ml, 8.3 (SD + 2.7)
ng/ml, and 7.0 (SD =+ 2.1) ng/ml at 0.5, 1, 2, 3, and 7 years
post-transplant, that would be judged as being comparably
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very high by most renal transplant programs today, may
have contributed by way of its nephrotoxic potential to this
similar renal allograft function at 7 years.

At 7 years of follow-up, we found no more hypercholes-
terolemia in the CsA-ME treatment group presumably due
to a higher use of antihyperlipidemics and lower cyclospor-
ine doses in that group of long-term transplanted patients.
At 6 months post-transplant, we had reported a significant
difference in cardiovascular risk factors and estimated car-
diovascular risk favouring the tacrolimus treatment group
(with the exception of post-transplant diabetes, that was
more frequent with tacrolimus) [25]. Accordingly, in the
present analysis less major cardiovascular events with tacro-
limus were found. Another study reported significant dif-
ferences between tacrolimus and CsA-ME regarding
cardiovascular risk factors after 3 years [5]. After 5 years of
follow-up, a comparative US trial reported significantly
more use of antihypertensives and antihyperlipidemics with
ciclosporin compared with tacrolimus [8]. Interestingly, in
the present European study in renal transplant patients at
7 years post-transplant both use of insulin and of oral anti-
hyperglycemics as well as plasma glucose levels were similar
between tacrolimus and CsA-ME arms. When taking into
account the known higher diabetogenic risk associated with
tacrolimus in comparison with the diabetogenic risk associ-
ated with cyclosporine use, the lack of differences in the
number of renal transplant recipients needing antidiabetic
treatment could be due to the high rate of tacrolimus
patients with steroids withdrawn, the comparably low cor-
ticosteroid dose in the renal transplant recipients continu-
ing corticosteroid treatment, the, at least in comparison
with early studies, relatively lower tacrolimus trough con-
centrations at 7 years, and the well-recognized low risk for
PTDM in Caucasians [26]. When our 7-year follow-up
study was initiated, definition of PTDM according to the
2003 International Consensus Guidelines [26] was not part
of renal transplantation studies. Therefore, PTDM accord-
ing to current ADA/WHO guidelines was not assessed in
our follow-up study.

An obvious limitation of our study is that the follow-up
study cohort was restricted to approximately 80% of the
original ITT cohort, as seven of the 50 transplant centers of
the main study did not participate in the present investiga-
tor-initiated follow—up study. However, the percentage of
study participants that were available for follow-up analysis
is in the same range were available in other long-term trials
[1,7,8]. Furthermore, our findings in the present follow-up
trial may well be considered as representative for the whole
trial, because the 43 participating transplant centers pro-
vided nearly complete follow-up data. In consequence, the
results obtained by our investigator-initiated follow-up are
considered as valid and most probably do not introduce
undue bias.

© 2015 Steunstichting ESOT 29 (2016) 307-314
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In conclusion, tacrolimus treatment was more effective
at year 7 as demonstrated by a significantly higher percent-
age of patients free from combined endpoint (BPAR, renal
allograft loss, and patient death) in this treatment arm.
From a clinical view, treatment with tacrolimus was better,
as more patients were able to continue randomized treat-
monotherapy, additional
immunosuppressives were used in this treatment arm, and
renal transplant recipients treated with tacrolimus had less
clinically relevant side effects (i.e., cosmetic, fractures, and
major cardiovascular events), and less use of antihyperlipi-

ment or tacrolimus fewer

demics.
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