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Abstract The efficacy and safety of
tacrolimus- and cyclosporine-based
immunosuppressive regimens were
compared in a prospectively defined
subgroup of kidney transplant recipients from the European, open,
multicentre, 2 : 1 randomised, parallel group study. Patients were stratified as high risk for immunological
events if they had a panel-reactive
antibodies grade greater than 80 7’0
and/or a previous transplant functional for less than 1 year. The primary efficacy variables evaluated
were the incidence of acute rejection, steroid usage and patient and
graft survival. Safety was assessed
based on adverse events and laboratory evaluations. At 1 year, the tacrolimus group ( n = 22) had a lower
incidence of biopsy-proven acute
rejection (31.8 %) and a higher graft
survival (86.0 % ) than the 1 1 patients in the cyclosporine group
(54.5 % and 72.0 %, respectively).
The frequencies of adverse events
were similar between the two
groups. The tacrolimus regimen appears more beneficial for high risk
patients than cyclosporine.
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Introduction

Table 1 Demographic and baseline characteristics of patients at a
high risk of acute rejection

Risk factors for increased allograft rejection after cadaveric kidney transplantation include the presence of
panel reactive antibodies ( P R A ) greater than 50 %, early failure of a previous transplant and/or a donor-recipient combination in which the recipient currently lacks
anti-donor leukocytotoxic antibodies (negative crossmatch), but has had such antibodies in the past (historical positive crossmatch) [9]. Patients with these risk factors not only have a longer time on the transplant waiting list [13], but have an increased frequency of rejection
episodes, which tend to be more severe, and a reduced
allograft survival post-transplant [9].
The treatment of this group of kidney transplant patients, traditionally classified as immunologically high
risk, has become more successful with the development
of potent immunosuppressive treatment regimens [4].
Immunosuppression based on cyclosporine induction
protocols is commonly used in this patient population
[6]. Recent clinical experience with tacrolimus in renal
transplantation suggests that primary prophylaxis with
tacrolimus results in graft and patient survival rates
equivalent to those achieved with cyclosporine-based
therapy, a lower rate of rejection episodes and reduced
corticosteroid requirements [10-17].
The aim of this report is to evaluate the safety and efficacy of tacrolimus-based immunosuppression or standard cyclosporine-based treatment in a subgroup of immunologically high risk patients from the European
multicentre trial. Patients were stratified as high risk
for immunological events if they had a P R A grade
greater than 80 % and/or a previous transplant functional for less than 1 year.

Parameter

Tacrolimus

Cyclosporine
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Number of patients
Maleifemale
Age (years)
Patient
Donor
Number of patients with panel
reactive antibodies > XO YO
Number of patients having
graft survival of < 1 year
Number of patients having
both risk factors
H L A matching
Mismatch HLA-A
Mismatch HLA-B
Mismatch HLA-DR

I
I

11

3

16

8

5

0

0.8

0.7
0.4
0.3

1

0.5

Patients were randomised at a 2 : 1 ratio to receive treatment
with tacrolimus- or cyclosporine-based therapy. Patients were
stratified into the high risk group if they had a PRA grade of greate r than 80% andlor a previous transplant functional for less than
19 months. Other patients were considered to be at a standard
risk of allograft rejection.
Patient population
Of the total 448 patients included in the European multicentre
study, 33 patients were considered immunologically high risk patients. Twenty-two of these patients received tacrolimus, and 11 patients received cyclosporine. (The standard risk patient population
included a total of 315 patients, 781 randomised to tacrolimus
treatment and 134 to cyclosporine treatment.) All patients were
enrolled into the study between August 1993 and May 1994.

Patients and methods
Study design
Thc European multicentre study was a I?-month, open label, parallel group study performed at 15 centres in seven European countries. Details of the study design, patient eligibility criteria, immunosuppressive regimens administered and therapeutic drug monitoring have been published previously [lo]. The study was conducted in accordance with the Declaration of Helsinki and European Community Good Clinical Practice guidelines. Approval
was obtained from central and local ethics committees, and informed consent was provided by each patient prior to enrolment
into the study. The primary efficacy variables in the European
multicentre trial were the incidence o f acute rejection, steroid usage and 1-year patient and graft survival. Definitions of the efficacy variables are described in a prior publication [lo]. Safety was assessed based on spontaneously reported adverse events and routine laboratory evaluations, irrespective of causal relationship to
the study medication. Adverse events were classified by means of
a modified COSTART [7] coding system (coding system for adverse reaction terms) and graded for severity and relationship to
the study drug.

Demographics and baseline characteristics
The two high risk treatment groups were well matched in terms of
baseline demographics characteristics. except with regard to high
risk criteria (Table 1). A larger proportion of patients with P R A
grades greater than XO%, who had a previous graft failure with
graft survival of less than 1 year, was present in the tacrolimus
treatment group.
Statistical analysis
Although the European multicentre trial ( n = 448) was enpowered
to detect statistical differences, the analysis of the high risk subgroup was based on descriptive comparisons rather than statistical
tests because o f the limited number of patients.
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Table 2 Patient and graft survivals (percentages) and incidence of biopsy-proven and
steroid-resistant acute rejections

Cyclosporine

Tacrolimus

Patient survival
Graft survival
Acute rejection
(biopsy proven)
Acute rejection
(steroid resistant)

High risk
( n = 19)

Standard risk
( n = '81)

High risk
(n= 1 2 )

Standard risk
( n = 134)

100.0
86.0

93.5
83.0

90.9

73.0

97.0
87.0

31.8

33.5

53.5

49.5

9.1

7.1

36.3

15.8

Results
Etficacy analysis

Putient und graft surt'itvl
There was one death in the cyclosporine-treated high
risk group (9.1'70).versus no deaths in the tacrolimustreated high risk group (Table 2).
During the 12-month study period, 3 of the 22 patients in the tacrolimus group ( 13.6YO) and 3 of the 1 1 patients in the cyclosporine group (77.3 "/") experienced
graft failure. In the tacrolimus group, the reasons for
graft loss were two thrombotic events and one refractory rejection. In the cyclosporine group, two rejections
and one death were the causes of graft loss.

Aciite rejection
The incidences of acute and corticosteroid-resistant rejection were lower in the tacrolimus-treated high risk
patients than in cyclosporine-treated patients (Table 2).
Acute rejections occurred in 7 of the 22 tacrolimus high
risk patients (31.8%) versus six of the 11 cyclosporine
high risk patients (53.5 % ).
The clinical severity of the biopsy-proven acute rejections, as judged by the clinical investigators with regard to steroid resistance, was less in tacrolimus-treated
high risk patients. The same trend is seen in the grading
of the histopathological severity of the biopsy-proven
acute rejections i n the two high risk treatment groups.
The biopsy-proven acute rejections were less severe in
the tacrolimus-treated group (moderate, one patient;
mild, two patients; borderline, three patients; and a biopsy for one patient was not confirmed) than in the cyclosporine-treated group (severe, one patient: moderate, two patients: mild, one patient; borderline, one patient; and a biopsy sample was not reviewed for one patient).

Tucrolirnus dosages und blood concentrations
The peak tacrolimus mean daily oral dosage increased
throughout the first month of therapy, and gradually decreased over the rest of the study period. The peak cyclosporine mean daily dosage increased until day 7, and
then progressively decreased until month 12 (Figs. 1-3).
The mean tacrolimus whole blood trough level gradually decreased from month 3 to month 12 in both the
high risk and standard risk groups (Fig.1). The same
trend was observed for the mean cyclosporine whole
blood trough levels from month 3 to month 12 in the
high risk and standard risk groups (Fig.2).

Steroid usage
The maintenance steroid administration was defined in
the clinical study protocol, therefore, the frequency of
oral maintenance steroid usage was similar between tacrolimus and cyclosporine high risk groups. The mean
daily steroid dosage decreased from 8.6 mg/day at
month 3 to 7 mg/day at month 13 in the tacrolimus
treatment group, and from 11.1 mg/day to 5.6 mg/day
in the cyclosporine treatment group.
The number of patients receiving azathioprine decreased from month 3 to month 13 in both treatment
groups. At month 12, 43.75% (7/16) of the tacrolimustreated patients received azathioprine versus 37.5 YO
( 3 % )of the cyclosporine-treated patients.

Serum creutinine leivls
Similar levels of mean serum creatinine during the 12month observation period were seen in both of the high
risk treatment groups (Fig.3).
Safety analysis
During the 13-month treatment period, the overall incidence of adverse events reported was similar between
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Fig. 1 Mean whole blood trough levels of tacrolimus (kSD) and
mean tacrolimus dosage (kSD) in patients with a high risk of acute
rejection ( n = 77)and patients with a standard risk of acute rejection ( n = 2x1)
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Fig.2 Mean whole blood trough levels of cyclosporine (+ SD) and
mean cyclosporine dosages (+ SD) in patients with a high risk of
acute rejection ( n = 11) and patients with a standard risk of acute
rejection ( n = 134)

the two high risk groups. However, the pattern of adverse events was different between the two treatment
groups. The most frequently occurring adverse events
(COSTART terms) in both high risk treatment groups
were infection, constipation, hyperkalaemia, abdominal
pain, kidney tubular necrosis and pain. Increased creatinine, hypertension, dyspepsia and tremor were reported
only in the tacrolimus-treated group, whereas oedema,
vomiting, peripheral oedema, and nausea occurred
only in the cyclosporine-treated group.
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In the randomised European niulticentre trial comparing tacrolimus- with cyclosporine-based therapy, immunologically high risk patients with P R A 2 80 % and/or
previous graft loss during the first year after transplantation were stratified prospectively to the two treatment
arms. We demonstrated a reduced incidence of acute severe rejection in patients treated with tacrolimus therapy. Due to the limited number of patients enrolled, statistical evaluation was not possible, but numerical com-
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Fig.3 Mean serum creatinine levels (? SD) of high risk patients in
the tacrolimus treatment group ( n = 22) and cyclosporine treatment group ( n = 11)
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parisons suggested a beneficial effect of tacrolimus, particularly for this subgroup of transplant recipients.
The use of tacrolimus in renal transplantation has
been associated with patient and graft survival rates
equivalent to those observed with cyclosporine-based
immunosuppression and, as shown in some studies, the
additional advantage of steroid withdrawal [ll, 12, 141.
Moreover, rejection episodes refractory to conventional
anti-rejection therapy were reversible in > 70 % by conversion to tacrolimus, suggesting additional and potent
immunosuppressive properties of tacrolimus compared
with cyclosporine [3, 7, 151. For the above reasons, a
special benefit of tracrolimus for patients at a high risk
for acute rejection in conceivable and could be supported by the results of our study.
As long-term renal allograft survivals is influenced
by the incidence, severity and reversibility of acute rejection episodes during the first post-transplant year,
prevention of acute allograft rejection is a major goal
of primary induction therapy after renal transplantation [ l , 81. In our high risk subgroup, the incidence of

acute rejection was lower in the tacrolimus-treated patients than in the cyclosporine-treated patients. This
observation is consistent with the findings of the multicentre trial [lo], and suggests that primary tacrolimus therapy might be of particular advantage for
high risk patients, as well as for the overall study population.
Patients receiving their second or third transplant
and/or belonging to the highly immunised population
have a high risk of early graft failure and are often waiting for a long time before an appropriate organ with
negative crossmatch is available [5]. Patient sensitisation and the population of patients undergoing renal
transplantation are not expected to decrease in the
near future. Therefore, our promising results demonstrating successful long-term transplant survival in immunologically high risk patients under tacrolimus-based
therapy should be statistically proven by a larger randornised trial conducted in this high risk subgroup of
transplant recipients.
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