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Single-center experience with tacrolimus 
versus cyclosporine-Neoral in renal 
transplant recipients 

Abstract Tacrolimus has proven to 
be superior to cyclosporine-Sandim- 
mune with regard to the prevention 
of acute rejections, but data com- 
paring tacrolimus with Neoral are 
scarce. A total of 128 consecutive 
renal transplant recipients was 
studied. The patients were treated 
with Neoral-based (n = 74) or ta- 
crolimus-based (n = 54) immuno- 
suppressive regimens. Survival anal- 
yses (Cox regression analysis) were 
performed on an intention-to-treat 
basis. Renal function and cardiovas- 
cular risk profile were analyzed by 
means of a repeated-measures anal- 
ysis of variance (ANOVA) up to 
12 months after transplantation. Im- 
munological features were less fa- 
vorable in the tacrolimus group. 
Two-year patient and graft survival 
were comparable. Acute-rejection- 
free survival was 82 Yo in the tacroli- 
mus group versus 40 Yo in the Neoral 
group ( P  < 0.0001). The severity of 
the rejections (1997 Banff classifica- 
tion) was comparable ( P  = 0.43). 
Immunological graft loss (3.7 Yo vs 
12.2 YO, P = 0.02) and conversion 
because of rejection (0 % vs 28.4 YO, 
P < 0.001) were less in the tacroli- 
mus group. A higher proportion 
(68.5 YO vs 14.9 YO, P < 0.001) was 
successfully put on monotherapy. 
Creatinine clearance, proteinuria, 
and fractional uric acid clearance 

were similar. In the tacrolimus group 
mean blood pressure was compara- 
ble, but patients needed less anti- 
hypertensive drugs ( P  < 0.001) and, 
even with fewer patients on lipid- 
lowering drugs, total cholesterol was 
lower (5.2 vs 6.0 mmol/l, P = 0.003). 
Treatment for post-transplant dia- 
betes mellitus was 18.5 % versus 
10.8 % ( P  = 0.22). In both groups, 
antidiabetic medication could be 
withdrawn for most patients. This 
study indicates that tacrolimus is su- 
perior to cyclosporine-Neoral in 
preventing acute rejection with 
comparable patient and graft sur- 
vival rates. Because of a lower need 
for treatment of hypertension and 
hypercholesterolemia, the cardio- 
vascular risk profile is more favor- 
able. A considerable proportion of 
patients can be successfully weaned 
off co-medication and treated with 
tacrolimus monotherapy. 
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Introduction 

Cyclosporine A (Sandimmune, SandozMovartis, Swit- 
zerland) was introduced in renal transplantation in the 
1970s [4]. The major advantage was a reduction in the 
number of acute rejections and improvement in 1-year 
graft survival [8, 12, 481. Its impact on medium- and 
long-term graft survival has not been firmly established 
[ll].  Chronic allograft rejection is a major cause of graft 
loss. Prior acute rejections, especially steroid-resistant 
and recurrent rejections, appear to be an important con- 
tributory factor [l, 2,16,22,23,24,25,45,50]. In 1995, in 
the Netherlands, cyclosporine-Sandimmune was re- 
placed by cyclosporine-Neoral (Novartis, Switzerland), 
a new microemulsion formulation. This formulation 
has a more rapid and consistent absorption, leading to 
lower intra-patient variability [9]. In controlled trials, 
Neoral has proven to be superior to Sandimmune in 
the prevention of acute rejection [20,31,34]. 

Randomized multicenter trials have shown the supe- 
riority of tacrolimus (Prograf, Fujisawa, Japan)-based 
immunosuppressive regimens to cyclosporine (Sandim- 
mune) with regard to the prevention of acute and ste- 
roid-resistant rejection [17, 26, 33, 40, 521. Recently, a 
meta-analysis confirmed the results of the separate trials 
[21]. Data comparing tacrolimus with Neoral in renal 
transplantation are scarce. One retrospective study 
showed a lower incidence of acute rejections with ta- 
crolimus versus Neoral [lo]. Another group published 
two interim reports of a prospective trial [19,29]. In the 
first report, with relatively low initial tacrolimus target 
levels, a similar incidence of acute rejection was report- 
ed for tacrolimus and Neoral[29]. In the second report, 
tacrolimus was superior to Neoral[19]. 

With regard to side effects, tacrolimus administration 
resulted in advantages in cardiovascular risk profile. 
The incidence of hyperlipidemia was lower [5, 14, 17, 
19, 331. Although the incidence of hypertension in the 
main prospective trials was comparable [26, 331, there 
are now also indications that less anti-hypertensive 
drugs are needed with tacrolimus [13,17,19,36,42]. An- 
other advantage was a steroid-sparing effect [17, 421. 
Furthermore, the incidence of gingival hyperplasia and 
hirsutism, seen with cyclosporine, was remarkably lower 
in tacrolimus-treated patients [26, 331. An important 
disadvantage of tacrolimus was a higher incidence of 
post-transplant diabetes mellitus [26, 33, 521. Also, 
tremor, pruritus, and alopecia were more frequently ob- 
served [26,33]. 

Because data comparing tacrolimus with Neoral are 
limited and prospective data have only been published 
by one group, we analyzed all of our patients treated 
with standard immunosuppressive therapy based on cy- 
closporine-Neoral and compared them with patients 
treated with tacrolimus-based immunosuppressive regi- 
mens in the same time period. 

Materials and methods 

All patients receiving consecutive renal transplants between July 
1995 and October 1997 were included in the study. Combined kid- 
ney and pancreas transplant recipients were excluded. Follow-up 
data were collected until May 1,1999, death, or graft failure. 

Immunosuppression 

Neoral 

Standard initial immunosuppression from July 1995 until mid-Sep- 
tember 1997 consisted of Neoral and steroids (prednisolone, 
10-20 mg/day). Neoral was initially administered intravenously be- 
fore surgery in a starting dose of 4 mg/kg per 24 h and switched to 
oral intake (4 mg/kg b.i. d.) within 48 h after surgery. In the case of 
an uneventfulcourse,prednisolone was tapered to7.5 mgat month 1 
and to5 mgatmonth 3. Inrecipients without rejection,prednisolone 
was further tapered to 0 mg in the months that followed. 

Recipients with panel-reactive antibodies (PRA) greater than 
8.5 % in either peak or current serum and recipients with immuno- 
logical failure of a previous graft also received azathioprine at 
1 mg/kg (n = 4). Tapering prednisolone in these patients was re- 
stricted to 5 mg. All recipients with living-related grafts except 
one also received azathioprine (n  = 11). 

Whole blood trough cyclosporine target levels (radioimmunoas- 
say; Syva, Dade-Behring, USA) were initially 0.15-0.20 mg/l in re- 
cipients receiving Neoral and steroids and O.l(M.15 mg/l in recipi- 
ents receiving Neoral, steroids, and azathioprine. The dose was grad- 
ually adjusted after 3 months to target levels of 0.10-0.15 mg/l in re- 
cipients receiving Neoral and steroids, and 0.05-0.10 mg/l in recipi- 
ents receiving triple therapy with the addition of azathioprine. 

Forty consecutive Neoral-treated patients (54.1 '70) participat- 
ed in a placebo-controlled Dutch multicenter trial that investigated 
whether the addition of isradipine (Lomir, Novartis, Switzerland) 
to  standard immunosuppressive therapy would result in an im- 
provement in transplant outcome. 

Tacrolirnus 

During the same period, indications for tacrolimus were: participa- 
tion in a multicenter trial (FG-220) (n = 25), compassionate use 
(n = 23), or standard therapy (n = 6), after the introduction of tacrol- 
imus in the Netherlands in mid-September 1997. Tacrolimus was 
only administered orally, with starting doses of 0.10-0.15 mg/kg 
twice daily, within 12 h after transplantation. Whole blood tacroli- 
mus trough target levels (micro-particle immunoassay, IMx, Abbot 
Laboratories, Abbott Park, Ill., USA) were 10-20 ng/ml within the 
first 3 months after transplantation. The dose of tacrolimus was grad- 
ually adjusted to target levels of 5-7 ng/ml after 6 months. 

All patients received steroids (10-20 mg prednisolone). In the 
case of an uneventful course, prednisolone was tapered to 7.5 mg 
at month 1 and further to 5 mg at month 3. In recipients without re- 
jection, prednisolone was gradually withdrawn in the months that 
followed. 

The FG-220 multicenter trial compared the value of adding 
mycophenolate mofetil (MMF, Cellcept, Roche, Switzerland) in 
doses of 1 and 2 gfday. All adults receiving a cadaveric transplant 
were eligible for this trial, with the exception of those with present 
or previous malignancies, liver disease, or recent infection. Twen- 
ty-five consecutive recipients participated in this trial. Seven recip- 
ients received 2 g MMF/day, eight were administered 1 g, and ten 
received only tacrolimus and steroids. 



Twenty-three recipients received tacrolimus on a compassion- 
ate-use basis for the following indications: 

1. Highly immunized patients with contra-indications to azathio- 
prine or previous use of recombinant anti-thymocyte globulin 
(r-ATG) (n  = 7) 

2. Early graft loss of a previous transplant because of acute rejec- 
tion or primary nonfunction with cyclosporine (n = 2) 

3. Intolerance to, or severe side effects from, cyclosporine 
(hemolytic uremic syndrome (HUS)) (n = 3) 

4. High-risk transplants due to living-unrelated donors (n = 7), 
high urgency, or poor human leukocyte antigen (HLA)-match 
(n = 2) 

5.  Prior use of tacrolimus due to participation in a previous trial 
(n = 2) 

TWO patients of subgroup 4 also received MMF at 1 g/day: one liv- 
ing-unrelated graft and one high-urgency patient with a poor HLA- 
match. Among the six patients who received tacrolimus as standard 
therapy, one patient with a living-related donor received MMF at 
0.5 glday. Azathioprine at 1 mg/kg was added for nine patients: five 
with a living-unrelated graft, one with a living-related graft, two re- 
transplants (HUS), and one highly immunized recipient. 

Conversion 

In the case of severe side effects and persistent or steroid-resistant 
rejections, patients could be switched to the opposite drug. 

Clinical outcome parameters 

Primary endpoints were patient survival, graft survival, acute-rejec- 
tion-free survival, and the severity of rejection episodes. Graft loss 
was defined as return to  dialysis, independent of its cause, or death 
with a functioning graft. Acute rejection was defined on clinical cri- 
teria within the first 6 months after transplantation and confirmed 
by ultrasound-guided needle core biopsy. Episodes during which 
treatment against acute rejection was given and for which no biopsy 
could be performed due to contra-indications were considered as 
acute rejection. There was clinical suspicion of rejection in the case 
of an unexplained rise or insufficient decrease in serum creatinine, 
with or without other signs, such as fever, tenderness of the graft, de- 
creased renal perfusion on nuclear scan, or hypertension. Contra- 
indications for biopsy were bleeding disorders, uncontrolled severe 
hypertension, or neonatal kidneys. In the case of delayedgraft func- 
tion (need for dialysis during the first week after transplantation), a 
protocol biopsy was performed at week 1 to rule out rejection as the 
cause of nonfunctioning of the graft. Rejection treatment consisted 
of a course of three doses of 500-1000 mg methylprednisolone. In 
the case of steroid-resistant or vascular rejection, a 10-day course 
of r-ATG (RIVM, Bilthoven, The Netherlands) was used. Apathol- 
ogist classified the biopsies in a blinded fashion according to the 
1997-revision of the Banff classification 1351. 

Secondary endpoints were the course of renal function and the 
cardiovascular risk profile, as they may be drug-related. Renal 
function parameters were creatinine clearance, calculated by 
means of the Cockcroft-Gault formula and expressed per 1.73 mz 
body surface area [6]; proteinuria, expressed as g proteinlmol crea- 
tinine excretion 1391; and fractional uric acid clearance [ = (urinary 
uric acid x serum creatinine I urinary creatinine x serum uric 
acid) x 100 %]. 

The cardiovascular risk profile was assessed by measuring sys- 
tolic and diastolic blood pressure, total cholesterol, and incidence 

of diabetes. Blood pressure was measured in the sitting position 
during outpatient clinic visits, according to the method of Riva- 
Rocci. The mean blood pressure [defined as diastolic blood pres- 
sure + (systolic - diastolic blood pressure) I31 was calculated. The 
use of drugs for hypertension or hypercholesterolemia was estab- 
lished from the medical record. Diuretics were not included, be- 
cause they could have been used for reasons other than hyperten- 
sion (e.g., edema or congestive heart failure). We classified pa- 
tients for post-transplant diabetes if oral antidiabetic drugs or insu- 
lin were used at any time after transplantation and if no diagnosis 
of diabetes had been established before transplantation. 

Statistical analysis 

For comparison of baseline characteristics, we used the Student’s t- 
test or, in the case of nonparametrical distribution, the Mann-Whit- 
ney test. For comparison of categorical variables, Pearson’s X2-test 
was used. To estimate patient survival, graft survival, and acute-re- 
jection-free survival we used the Cox proportional-hazards regres- 
sion analysis. For the estimation of patient survival and graft surviv- 
al, we included the following variables: use of tacrolimus or Neoral, 
use of azathioprine or MMF, HLA-A-, HLA-B-, and HLA-DR- 
mismatch (0 vs 2 l), transplant type (postmortem vs living), trans- 
plant number (1 vs > l ) ,  preservation solution (University of Wis- 
consin solution vs histidine-tryptophan-ketoglutarate vs machine 
preservation), both warm (minutes) and cold (hours) ischemia 
times, peak PRA level (“A). donor age (years), donor gender (male 
vs female), recipient age (years), recipient gender (male vs female), 
original renal disease (glomerulonephritis vs pyelonephritis vs 
nephrosclerosis vs diabetes mellitus type I vs diabetes mellitus 
type I1 vs other), and the presence of rejection within the first 
6 months (yes vs no). For the estimation of acute-rejection-free sur- 
vival, donor gender, both warm and cold ischemia times, transplant 
type, preservation solution, and the original renal disease were not 
suspected as being risk factors and were thus not analyzed. A basic 
model was tested for, which had to include only direct odds ratio ef- 
fects that were statistically significant. When two factors were high- 
ly associated, the one that was more strongly related to the depen- 
dent variable was chosen. The possibility of interactions between 
factors in the basic model (different relative effects within different 
subgroups) was not taken into account since too many additional 
terms would have had to have been included to test for such effects. 
These analyses were made on an intention-to-treat basis. 

Changes in clinical outcome variables were assessed by a re- 
peated-measures analysis of variance (ANOVA). In the case of 
nonparametrical distribution, a log transformation was performed. 
Recipients were included until graft loss, conversion to the oppo- 
site drug, or the moment they were lost to follow-up. Measure- 
ments were made at 3, 6, 9, and 12 months after transplantation, 
Orthogonal polynomial contrasts were used to calculate linear, 
quadratic, etc. effects separately therein. The other factor was be- 
tween patients: tacrolimus versus Neoral. The time-by-group inter- 
action indicates differences in polynomial time trends. Overall ef- 
fects are calculated in F ratios with degrees of freedom (df )  and P 
values for nonsignificance. When Mauchly’s W-test showed P val- 
ues lower than 0.05, sphericity of the variance-covariance matrix 
of repeated measures was assumed to be violated. Univariate tests 
of F ratios were then conservatively corrected using an epsilon val- 
ue suggested by Greenhouse and Geisser to correct degrees of 
freedom. Specific contrasts were only interrupted when overall ef- 
fects compromising them showed statistical significance. A Pvalue 
below 0.05 was considered to be statistically significant. 
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Table 1 Baseline characteris- 
tics. Values are expressed as 
mean (range) or as numbers 
(%) (CyA cyclosporine A, 
PRA panel reactive HLA-anti- 
bodies, H B  heart-beating) 

a Student's I-test 
Pearson's X2-test 
Mann-Whitney test 
Living donor excluded 

CyA-Neoral (n = 74) Tacrolimus (n  = 54) P value 

Age (years) 48.5 (17.5-73.4) 51,2 (20.6-67.5) 0.25" 
Gender male / female ( n )  
Mean arterial pressure (mmHg) 
Hypertension (n) 
Anti-hypertensive drugs 
Cholesterol (mmol/l) 
On lipid-lowering drugs (n )  
Diabetes mellitus ( n )  
HLA-A ( 2  1 mismatch) ( n )  
HLA-B ( t 1 mismatch) (n)  
HLA-DR ( t 1 mismatch) (n )  
Transplant number (n )  

=1 
> 1  

5 5 Yo 
= 5-85 % 
2 85 Yo 

PRA peak serum (n)  

missing 
Donor age (years) 
Donor gender male / female (n )  
Donor type (n)  

post-mortal HB 
post-mortal non-HB 
living-related 
living-unrelated 

Cold ischemia time (h)d 
Warm ischemia time 1 (min) 
Warm ischemia time 2 (min) 

47 (63.5) / 27 (36.5) 
103.5 (70-140) 
66 (89.2) 
1.46 (0-4) 
5.5 (3.1-8.9) 

5 (6.8) 
49 (66.2) 
49 (66.2) 
41 (55.4) 

9 (12.2) 

66 (89.2) 
8 (10.8) 

60 (81.6) 

3 (4.1) 
2 (2.7) 
44.3 (4.4-72.5) 
42 (56.8) / 32 (43.2) 

9 (12.2) 

46 (62.2) 
16 (21.6) 
12 (16.2) 

27.6 (16-43) 
14.8 (0-192) 

0 (0.0) 

34.3 (18-65) 

36 (66.7) / 18 (33.3) 
104.7 (73-137) 
48 (88.9) 
1.48 (0-5) 
5.3 (2.5-7.1) 
6 (11.1) 

40 (74.1) 
43 (79.6) 
36 (66.7) 

2 (3.7) 

37 (68.5) 
17 (31.5) 

33 (61.1) 
15 (27.8) 

l(1.9) 
46.0 (4.8-69.6) 
27 (50.0) / 27 (50.0) 

5 (9.3) 

30 (55.6) 
14 (25.9) 
3 (5.6) 
7 (13.0) 

17.3 (0-148) 
25.3 (8-50) 

35.6 (23-80) 

0.71h 
0.62" 
0.96h 
0.32b 
0.54" 
0.86b 
O S b  
0.34b 
O.lOb 
0.20h 
0.004b 

0.03b 

0.58= 
0.45b 
0.004b 

0.12" 
0.44' 
0.47' 

Results 

In the study period, 128 consecutive renal transplanta- 
tions were performed. Seventy-four recipients primarily 
received Neoral and 54 received tacrolimus. Immuno- 
logical features were less favorable in the tacrolimus 
group (Table 1). More patients underwent a re-trans- 
plantation (31.5 YO vs 10.8 YO, P = 0.004, X2-test). More 
patients were immunized or highly immunized (PRA 
543.5%: 27.8% vs 12.29'0, and PRA285Yo: 9.3% vs 
4.1 Yo, P = 0.03, X2-test). In addition, more patients re- 
ceived a kidney from living-unrelated donors (13 YO vs 
0 Y). Other donor and transplant characteristics were 
comparable between the two groups (Table 1). Causes 
of death of the donors and type of preservation did not 
differ significantly either between the two groups. Dif- 
ferences did exist in the diagnosis of renal insufficiency 
( P  = 0.006, X2-test): more patients with chronic glomeru- 
lonephritis (35.2 Y vs 14.9 YO) and nephrosclerosis 
(18.5 YO vs 8.1 YO) were included in the tacrolimus group; 
more patients with polycystic kidney disease (21.6 % vs 

9.3 YO) and miscellaneous causes (36.5 YO vs 16.7 YO) 
were included in the Neoral group. Diabetic nephropa- 
thy was the diagnosis in 3.7% of the tacrolimus group 
versus 6.8 YO of the Neoral group. 

MMF was included in the primary immunosuppres- 
sion for 18 patients: 15 participated in a tacrolimus- 
based trial, three received MMF on a compassionate- 
use basis. The use of azathioprine was not significant- 
ly different in the two groups (16.7% in the tacroli- 
mus group vs 20.3 Y in the Neoral group, P = 0.61, 
X2-test). 

Primary endpoints 

Patient survival 

In the tacrolimus group, four patients died with a func- 
tioning graft (7.4 YO) versus three (4.1 YO) in the Neoral 
group ( P  = 0.39, X2-test). In both groups two patients 
died of infectious complications and one patient of se- 
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Table 2 Cox proportional-haz- 
ards regression analysis (OR 
odds ratio, CI confidence inter- 
val, dfdegrees of freedom, 
PRA panel reactive HLA-anti- 
bodies, WZT-2 second warm is- 
chemia time, CITcold ischemia 
time) 

Risk factor OR 95% CI df P value 

Patient survival 
age recipient (/year) 
donor age (/year) 
peak PRA (/%) 
Neoral vs tacrolimus 

HLA-DR ( 2 1 mismatch vs 0) 
donor age (/year) 
WIT-2 (/min) 
CIT (/h) 
Neoral vs tacrolimus 

Rejection-free survival 
HLA-DR ( 2 1 mismatch vs 0) 
Neoral vs tacrolimus 

Graft survival 

1.14 
1.06 
1.03 
0.85 

2.9 
1.03 
1.04 
1.05 
0.8 

2.5 
4.6 

1.01-1.29 
0.99-1.13 
1.01-1.06 
0.16-4.5 

1.1-7.4 
1.00-1.06 
1.01-1.08 
1.01-1.1 0 
0.4-1.8 

1.4-4.5 
2.3-9.2 

1 0.006 
1 0.05 
1 0.006 
1 0.85 

1 0.01 
1 0.01 
1 0.03 
1 0.01 
1 0.61 

1 0.002 
1 < 0.0001 

vere hemorrhage. The other patient in the tacrolimus 
group died of a myocardial infarction. 

In the Cox regression analysis, recipient age, donor 
age, and peak PRA level were significant risk factors 
contributing to patient survival (Table 2). The type of 
immunosuppression (Neoral-based vs tacrolimus- 
based) did not contribute significantly to patient surviv- 
al. The odds ratio for Neoral versus tacrolimus was 0.85 
(95 YO confidence interval: 0 .245;  P = 0.85). The pre- 
dicted 2-year survival was 98 % in the tacrolimus group 
and 99 'YO in the Neoral group. 

Graft survival 

Graft loss and graft loss, censored for death, were com- 
parable between both groups (tacrolimus vs Neoral: 
24.1% vs 20.2%, P=O.61, and 16.7% vs l6.2%, 
P = 0.95, respectively, X2-test). When focusing on graft 
failure due to immunological causes, significantly fewer 
failures were observed in the tacrolimus group (3.7% 
vs 12.2 % , P = 0.02, X2-test). 

In the Cox regression analysis, the presence of an 
HLA-DR-mismatch, donor age, cold ischemia time, 
and second warm ischemia time were significant risk 
factors contributing to graft survival (Table 2). The 
type of immunosuppression (Neoral-based vs tacroli- 
mus-based) did not contribute significantly to graft sur- 
vival. The odds ratio for Neoral versus tacrolimus was 
0.82 (95 YO confidence interval: 0.4-1.8; P = 0.61). The 
predicted 2-year graft survival was 84% in the tacroli- 
mus group and 87 Yo in the Neoral group (Fig. 1). 

In the Cox regression analysis of graft survival, cen- 
sored for death, only the presence of an HLA-DR-mis- 
match contributed significantly to graft failure: the 
odds ratio was 5.1 (95% confidence interval: 1.5-17.4; 
P = 0.002). Again, the type of immunosuppression did 
not contribute significantly to graft failure. The odds ra- 
tio for Neoral versus tacrolimus was 0.95 (0.4-2.2; 

P = 0.90). The predicted 2-year graft survival, censored 
for death, was 87 YO in both groups. 

Acute rejection 

Fifty-four patients were treated for acute rejection. All 
but four of these episodes were biopsy-confirmed. 
Three patients had no biopsy performed due to contra- 
indications, and for one patient there was insufficient bi- 

Graft survival 

100% L 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

tacrolimus I 

0 1 2 3 

time post-transplantation (years) 
Fig. 1 Predicted graft survival. Significant risk factors using Cox 
proportional-hazards regression analysis were the presence of a 
mismatch in HLA-DR, donor age, and cold as well as second 
warm ischemia time. The odds ratio for Neoral vs tacrolimus was 
0.8 (95 % confidence interval: 0.4-1.8, P = 0.61) 
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90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Rejection-free survival 

13% 
100 % 

tacrolirnus 

Neoral 

0 20 40 60 80 I00 

time post-transplantation (days) 
Fig. 2 Predicted acute-rejection-free survival. Significant risk fac- 
tors using Cox proportional-hazards regression analysis were the 
presence of a mismatch in HLA-DR and the use of Neoral vs tacrol- 
imus: odds ratio 4.6 (95 % confidence interval: 2.3-9.2, P < 0.0001) 

opsy material. Nevertheless, in connection with a sec- 
ond episode of acute rejection, the diagnosis could be 
biopsy-confirmed for two of these patients. The remain- 
ing two patients showed good clinical response upon an- 
tirejection treatment with a return of serum creatinine 
to baseline. 

In the tacrolimus group, significantly fewer acute re- 
jections were observed: 18.5 YO versus 59.5 % for prima- 
ry acute rejection within the first 6 months ( P  < 0.001, 
X2-test) and 7.4 YO versus 33.8 YO for second acute rejec- 
tion ( P  < 0.001, X2-test). In the tacrolimus group, fewer 
patients were treated with r-ATG: 5.6 % versus 13.5 YO, 
but this did not reach statistical significance ( P  = 0.14, 
X2-test). 

In the Cox regression analysis, the use of Neoral and 
the presence of an HLA-DR-mismatch were significant 
risk factors contributing to acute-rejection-free survival 
(Table 2). The odds ratio for Neoral versus tacrolimus 
was 4.6 (95 % confidence interval: 2.3-9.2; P < 0.0001). 
The predicted acute-rejection-free survival was 82 YO in 
the tacrolimus group versus 40% in the Neoral group 
(Fig. 2). 

To test the possibility that the observed difference 
was due to the use of MMF in a subgroup of tacroli- 
mus-treated patients, we analyzed acute-rejection-free 
survival in two ways: (1) for patients with tacrolimus 

Rejection-free survival 

100 % 

90 
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Fig. 3 Predicted acute-rejection-free survival using Cox propor- 
tional-hazards regression analysis among patients treated with ta- 
crolimus without mycophenolate mofetil (MMF)  (n = 36) vs those 
treated with both tacrolimus and MMF (n = 18): odds ratio 2.0 
(95 YO confidence interval: 0.4-9.7, P = 0.37) 

without MMF (n = 36) versus patients with tacrolimus 
and MMF (n = 18), and (2) for patients with tacrolimus 
without MMF (n = 36) versus the Neoral group 
(n  = 74). The first analysis showed that the relative risk 
of rejection was not significantly higher in the patients 
without MMF (odds ratio 2.0,95 % confidence interval: 
0.4-9.7; P = 0.37). The estimated acute-rejection-free 
survival was 77 % in the patients treated without MMF 
versus 88% for the patients treated with tacrolimus 
and MMF (Fig. 3). The second analysis showed that the 
increased risk of rejection in the Neoral group remained 
highly significant (odds ratio for Neoral3.8,95 Yo confi- 
dence interval: 1.8-8.1; P = 0.0006). The predicted rejec- 
tion-free survival was 78 % in the tacrolimus group ver- 
sus 40% in the Neoral group. The relative distribution 
of the severity of the rejection episodes was not signifi- 
cantly different between the patients in the tacrolimus 
and the Neoral groups ( P  = 0.43 for the Banff score of 
the first rejection and P = 0.31 for the maximum Banff 
score under the initial drug, X2-test; Table 3). 

Significantly more patients were converted from Ne- 
oral to tacrolimus than from tacrolimus to Neoral 
(31.1 % vs 3.7 %, P < 0.001, X2-test). The main reason 
for conversion from Neoral to tacrolimus was an epi- 
sode of acute rejection (21 out of 23 patients). No pa- 
tients were converted from tacrolimus to Neoral be- 
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Cy A-Neoral Tacrolimus P value Table 3 Severity of rejection 
according to the 1997 Banff (n = 44) (n = 10) &*-test) 
classification (CyA cyclospor- 
in A) Banff score first rejection 0.43 

borderline 3 (6.8) 3 (30.0) 
1 A  17 (38.6) 3 (30.0) 
1 B  13 (29.5) 2 (20.0) 
2 A  5 (11.4) 2 (20.0) 
2 B  l(2.3) 0 (0.0) 
3 0 (0.0) 0 (0.0) 
hyperacute l(2.3) 0 (0.0) 
no histology 4 (9.1) 0 (0.0) 

borderline 2 (4.5) 2 (20.0) 
1 A  14 (31.8) 2 (20.0) 

2 B  4 (9.1) 0 (0.0) 
3 0 (0.0) 0 (0.0) 
hyperacute 1 (2.3) 0 (0.0) 
no histology 2 (4.5) 0 (0.0) 

Maximum Banff score under initial drug 

1 B  16 (36.4) 3 (30.0) 
2 A  5 (11.4) 3 (30.0) 

0.31 

cause of rejection. Three patients were converted after 
the first episode of acute rejection, 14 after the second, 
and four after the third. Sixteen patients (76.2 YO) were 
spared further acute rejections. In the remaining five 
patients, renewed acute rejection occurred 12, 29, 34, 
180, and 1139days after conversion. In two of these 
five patients, the rejection occurred after steroid with- 
drawal. In three of the five patients, the grafts were lost 
due to ongoing rejections. 

In the tacrolimus group, steroids could be withdrawn 
from significantly more patients (79.6 % vs 41.9 Yo, 
P < 0.001, X2-test). At the time of steroid withdrawal, 
only four patients still used MMF (9.3 YO of the patients 
in which the steroids were stopped). After the discontin- 
uation of steroids, three patients had an acute rejection 
34, 126, and 482days after steroid withdrawal. None 
were in the initial tacrolimus group. 

At the end of the follow-up period, 70.4 Yo of the pa- 
tients in the tacrolimus group versus 27.0% in the Ne- 
oral group were actually on monotherapy ( P  < 0.001, 
X2-test). Censored for conversion, 68.5 % in the tacroli- 
mus group versus 14.9% in the Neoral group were on 
monotherapy (P  < 0.001, X2-test). 

follow-up. In the Neoral group, 15 patients were con- 
verted, three patients had died, eight grafts had failed, 
and two patients had an incomplete follow-up. So, 88 
patients were eligible, 42 in the tacrolimus group and 
46 in the Neoral group. 

Renal function 

Creatinine clearance increased during the first year in 
both groups and stabilized between 9 and 12months 
(Fig. 4). At none of the time points were the differences 
between the two groups statistically significant 
( P  > 0.30). 

Proteinuria was log-transformed because of a non- 
parametrical distribution. Log-transformed proteinuria 
showed a decrease in both groups up to 9 months and 
an increase afterwards (Fig. 5). Differences in proteinur- 
ia were not statistically significant between the two 
groups at any time point ( P  > 0.20). 

Fractional uric acid clearance decreased in a similar 
way in both groups (Greenhouse-Geisser-corrected 
F ratio = 10.85 by 2 and 206 df, P < 0.001). There were 
no statistically significant differences between the two 
groups at any time point ( P  > 0.25). 

Secondary outcome parameters 

Because a considerable proportion of the patients in the 
Neoral group were converted to tacrolimus, only those 
patients who were still on the primary drug at 12 months 
after transplantation and who had a complete follow-up 
were considered for the analysis of possibly drug-related 
clinical outcome parameters. In the tacrolimus group, 
one patient was converted, four patients had died, five 
grafts had failed, and two patients had an incomplete 

Cardiovascular risk profile 

Mean blood pressure showed no significant trend with 
time (Fratio = 1.06 by 3 and 258 df,  P = 0.37; Fig.6). 
Differences between the two groups were not significant 
at any time point ( P  > 0.10). 

Although blood pressure was comparable for both 
groups, patients in the Neoral group used significantly 
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Fig. 4 Creatinine clearance. In both groups creatinine clearance 
increased during the first year and stabilized between 9 and 
12 months after transplantation (ANOVA). Differences at each 
time point were not significant (P > 0.30, Student’s t-test) 

n 
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Fig.5 Proteinuria. Proteinuria was log-transformed due to non- 
parametrical distribution. In both groups proteinuria decreased 
up to 9 months after transplantation and increased thereafter 
(ANOVA). Differences at each time point were not significant 
(P > 0.20, Student’s t-test) 

more anti-hypertensive drugs at 6, 9, and 12months 
( P  = 0.09, P = 0.008, P = 0.001, and P < 0.001 at 3, 6, 9, 
and 12 months, respectively, X2-test; Fig. 7). At 
12 months after transplantation, 21.4 % of the patients 
in the tacrolimus group versus 4.3 YO in the Neoral group 
were free of the use of anti-hypertensive drugs. Three 
drugs or more were used by 7.1% in the tacrolimus 
group versus 52.2 % in the Neoral group. 

Total cholesterol was significantly higher at all time 
points in the Neoral group ( P  = 0.04, P = 0.03, 
P < 0.001, and P = 0.003 at 3, 6, 9, and 12 months after 
transplantation, respectively, Student’s t-test; Fig. 8). 
Notwithstanding the higher total cholesterol in the Ne- 
oral group, more patients in this group used lipid-lower- 
ing drugs, statistically significant up to 6 months 
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Fig.6 Mean arterial pressure. The mean arterial pressure showed 
no significant trend in time (ANOVA). Differences at each time 
point were not significant ( P  > 0.10, Student’s t-test) 
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Fig. 7 Anti-hypertensive medication. Right column at each time 
point: Neoral group (n  = 46); Zeft column: tacrolimus group 
(n = 42). The number of anti-hypertensive drugs the patients were 
using is expressed in the columns. P =  0.09, 0.008, 0.001, 
and < 0.001 at 3,6,9,  and 12 months after transplantation, respec- 
tively k2-test). Diuretics are not included 

( P  = 0.004 and P = 0.004 at 3 and 6 months after trans- 
plantation, respectively, X2-test; Fig. 9). 

The overall incidence of post-transplant diabetes 
mellitus on an intention-to-treat analysis was higher in 
the tacrolimus group, but the difference was not statisti- 
cally significant (18.5% in the tacrolimus group vs 
10.8 YO in the Neoral group, P = 0.22, $-test). The need 
for treatment with insulin at any time after transplanta- 
tion was nearly identical (7.4 % in the tacrolimus group 
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Fig.8 Total cholesterol. Total cholesterol showed no significant 
trend in time (ANOVA). Differences at each time point were sig- 
nificant: P = 0.04,0.03, < 0,001, and 0.003 at 3,6,9, and 12 months 
after transplantation, respectively (Student’s t-test) 
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Fig. 9 Use of lipid-lowering drugs. Differences between the tacrol- 
imus and Neoral group were significant at 3 and 6 months after 
transplantation: P=O.O04, 0.004, 0.09, and 0.18 at 3, 6, 9, and 
12 months, respectively h2-test) 

vs 6.8% in the Neoral group, P = 0.89, X2-test). In con- 
nection with the patients needing treatment for diabe- 
tes, all anti-diabetic medication could be withdrawn for 
70 Yo in the tacrolimus group versus 50.0 % in the Ne- 
oral group ( P  = 0.51, X2-test). 

Conversion for side effects 

Besides conversion for acute rejection, two other pa- 
tients were converted from Neoral to tacrolimus 
1076 and 628 days after transplantation. For one pa- 
tient it was because of gingival hyperplasia, and for 
the other it was because of osteoporosis and the 
need for steroid withdrawal despite a prior acute re- 
jection. The further course of these two patients was 
uneventful. 

Two patients were converted from tacrolimus to Ne- 
oral 505 and 25 days after transplantation because of 
side effects possibly related to tacrolimus: Guillain- 
BarrC syndrome and thrombotic thrombocytopenic pur- 
pura, respectively. After conversion, no acute rejections 
were observed, but in the latter patient MMF was added 
due to prior rejections. This graft failed due to the recur- 
rence of focal segmental glomerulosclerosis. 

Discussion 

In former trials, tacrolimus-based immunosuppression 
had been shown to be superior to cyclosporine (Sandim- 
mune) with regard to the prevention of acute and ste- 
roid-resistant rejection [17, 26, 33, 40, 521. Neoral, the 
new formulation of cyclosporine, has proven to be supe- 
rior to Sandimmune in the prevention of acute rejection 
[20,31,34]. Criticism arose that it has not yet been prov- 
en that tacrolimus is superior to Neoral. One group 
from Cardiff had published two interim reports of a pro- 
spective trial. In the first report, tacrolimus and Neoral 
yielded similar results [29]. In the second report, tacroli- 
mus was superior to Neoral [19]. In our single-center 
study, we compared all consecutive renal transplant re- 
cipients treated with Neoral- or tacrolimus-based immu- 
nosuppression during the same time period. Because ta- 
crolimus was not yet registered in the Netherlands, for 
much of the period studied, a substantial number of the 
recipients received this drug on a compassionate-use ba- 
sis. This is reflected in a less favorable immunological 
profile in the tacrolimus group. More patients under- 
went re-transplantation and had positive PRA levels. 
With regard to living donors, more grafts were received 
from living-unrelated donors. On the other hand, a pro- 
portion of tacrolimus-treated patients received MMF. 
Patient and graft survival were comparable, but we ob- 
served a substantial lower rate of first and relapsing 
acute rejections and graft loss due to immunological 
causes in the tacrolimus group. 

The predicted 2-year patient survival rate was 98 % 
in the tacrolimus group. This is comparable to the find- 
ings of other studies with tacrolimus [lo, 17, 26, 33, 42, 
43, 52, 551. In this study, a similar patient survival rate 
was observed between tacrolimus- and Neoral-based 
immunosuppression. This is in concordance with similar 
patient survival in studies comparing tacrolimus with cy- 
closporine [17, 26, 33, 42, 521 and in a retrospective 
study comparing tacrolimus with Neoral [lo]. 

The 2-year predicted graft survival rate with tacroli- 
mus was 84 YO. This is comparable to what has previous- 
ly been reported with tacrolimus Ell, 17, 19,26, 33,42, 
43, 52, 551. In previous studies comparing tacrolimus 
with cyclosporine, graft survival was comparable [17, 
26,33, 43, 521. In our study comparing tacrolimus with 
Neoral, graft survival was the same as that reported by 
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Ghasemian et al. [lo]. In contrast, in his interim report, 
Jurewicz reported a better graft survival with tacrolimus 
than with Neoral [19]. 

Acute-rejection-free survival was halved in the ta- 
crolimus group. The rate of acute rejection in the tacrol- 
imus group was 18.5 YO, comparable to the 19.4 % [40] 
and 25.9% [26] in former European multicenter trials. 
By participating in those trials, our center acquired a 
lot of experience with tacrolimus. Such experience is im- 
portant since, in a European multicenter trial [51], the 
rate of acute rejection was lower in centers with expe- 
rience with this drug [46,51]. In American and Japanese 
studies, the rate of rejection was higher (30%-55%) 
[33,42,43,44,55]. Race (in this case, being black) and 
age (being young) are risk factors for rejection [15, 23, 
30,381. Differences in these factors in the patient groups 
could be an explanation for the higher rate of acute re- 
jection with tacrolimus. 

In the tacrolimus group, 25 patients (46.3 YO) partici- 
pated in a trial which could have led to bias in selection 
and management. Within the trial period, nearly all con- 
secutive transplant patients participated in that study. 
Five well-matched living-related transplants and only 
one patient who met the exclusion criteria were treated 
with Neoral. Beside that, four living-unrelated trans- 
plants in that period were treated with tacrolimus out- 
side of the trial. If any selection bias had occurred, it 
would have been in favor of the Neoral group. In addi- 
tion, an even larger proportion in the Neoral group 
(54.1 YO) participated in a trial. 

Furthermore, outside of the trial period, the majority 
of tacrolimus-treated patients belonged to a high-risk 
category. Thus, for the whole population studied, selec- 
tion bias was in favor of the Neoral group. This is re- 
flected in a significantly higher proportion of re-trans- 
plants and higher PRA levels in the tacrolimus group. 
Also, HLA-matching was better in the Neoral group. 

Throughout the study period, all patients were treated 
by the same group of surgeons and physicians. Pre- and 
post-transplant management and diagnosis and treat- 
ment of rejection were unchanged and were the same 
for Neoral-treated and tacrolimus-treated patients. 

The addition of MMF to the immunosuppressive reg- 
imen of a certain number of patients in the tacrolimus 
group does not fully explain the high rejection-free sur- 
vival in this study because rejection-free survival in pa- 
tients treated with tacrolimus without MMF was 77 YO, 
compared to 88% in patients treated with tacrolimus 
and MMF ( P  = 0.37). After exclusion of the patients 
who received MMF, the difference with the Neoral 
group (78 Yo vs 40 Yo) remained highly significant 
(P=O.O006). Moreover, the duration of the use of 
MMF was relatively short. Only one patient received 
MMF throughout the study period. For the remaining 
patients, MMF was stopped after a mean of 106 days 
(range: 6-254 days). 

The rate of rejection in the Neoral group in this 
study resembles the rate found earlier in Sandim- 
mune-treated recipients [20, 23, 31, 421. In recent stud- 
ies, the rate of rejection with Neoral is around 40% 
[lo, 19,20,29,31, 341. In some of these studies, the up- 
per target trough level of cyclosporine was higher, with 
values of up to 0.3-0.4 mg/l [lo, 341. Higher dosing re- 
sults in a lower rate of acute rejection [23, 411, but pos- 
es the risk of dose-dependent nephrotoxicity [27] and 
may even have a negative impact on graft survival 
[23]. Also, in most studies, more patients received tri- 
ple therapy with the addition of azathioprine or MMF 
[lo, 19, 20, 29, 311 and, where mentioned, the steroid 
dose was higher [19, 291. In one study, high-risk recipi- 
ents were excluded [34]. 

In our study, nearly all rejections were biopsy-prov- 
en, and classification as borderline was scarce. Thus, 
the high incidence of acute rejection cannot be the re- 
sult of overtreatment of clinical suspicion of acute rejec- 
tion. To test the possibility of underdosing of Neoral, 
blood levels at the time of first rejection were analyzed. 
The mean cyclosporine trough level was 0.22mgll 
(SD = 0.11). Only nine patients with rejection (20.5 YO) 
had a level below the lower target level. Thus, only in a 
minority might underdosing be the explanation for re- 
jection; it cannot account for the relatively high inci- 
dence of rejection in Neoral-treated patients. 

In the studies comparing the rejection rate among 
patients treated with tacrolimus versus Neoral, Gha- 
semian et al. and Jurewicz, in the second interim report 
of the Cardiff study group, reported a comparable rate 
of acute rejection with tacrolimus and twice-as-high an 
incidence in the Neoral group [lo, 191. Yet in the initial 
interim report of the Cardiff study group, Morris-Stiff 
et al. reported a substantially higher rate of acute rejec- 
tion (40 Yo) with tacrolimus 1291. This latter observation 
can probably be explained by their relatively low initial 
tacrolimus target levels of 5-15 ng/ml. It is well proven 
that the risk of acute rejection is enhanced when initial 
target levels are below 10 ng/ml [49]. 

An important risk factor for acute rejection is the de- 
gree of HLA-matching, especially for HLA-DR [23, 
371. When corrected for this risk factor, the rate of acute 
rejection for tacrolimus-treated patients, compared to 
Neoral-treated patients, was still highly significant. 
From the reported data, differences in HLA-DR-mis- 
matches between this study and other studies could not 
be obtained [17,33,42,43,55]. It therefore remains un- 
clear whether poorer matching for HLA-DR is an addi- 
tional explanation for the higher rate of acute rejection 
with tacrolimus in those studies. 

Acute rejection, and especially steroid-resistant re- 
jection, is a risk factor for the development of chronic 
allograft rejection, a major cause of graft loss after 
1 year [I, 2,16,22,23,24,25,45,50]. In our study, no im- 
provement in graft survival was found, but the lower in- 
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cidence of acute rejections might have had an impact on 
improvement in long-term graft survival [11]. 

When a rejection occurred, the relative severity was 
comparable between tacrolimus and Neoral. This means 
that tacrolimus equally reduces all grades of rejection, 
not only borderline and grade 1. Our study is, to our 
knowledge, the first one that demonstrates the lower in- 
cidence of all grades of acute rejection with tacrolimus 
in relation to Neoral. In a previous multicenter study, 
the same result was found with Sandimmune [26]. 

A unique property of tacrolimus is that, if irrevers- 
ible rejection occurs after conversion from cyclosporine 
to tacrolimus, the graft can be saved [18,28,33,53,54]. 
Similar observations after conversion from Neoral to ta- 
crolimus are scarce [lo, 291. In our study, 76.2% of the 
patients converted to tacrolimus for acute rejection 
with Neoral experienced no further rejection. Thus, the 
results obtained with Sandimmune could be confirmed. 

Steroid-related side effects are a major cause of mor- 
bidity in renal transplant recipients [3]. In nearly 80 % 
of the patients in the tacrolimus group could steroids 
be withdrawn. None had a rejection after withdrawal, 
and only 9.3% of these patients received MMF at the 
time of steroid withdrawal. Other groups have also re- 
ported a reasonable number of patients without ste- 
roids, ranging from 35 % to 55 YO [42,43,44]. Only one 
study reported a comparison with Sandimmune-treated 
patients, in which all Sandimmune-treated patients re- 
ceived some dose of steroids [42]. We were able to with- 
draw steroids in 42 Yo of the Neoral-treated patients, but 
that was significantly less than in the tacrolimus group. 
It was recently demonstrated that it is probably safe to 
withdraw steroids in cyclosporine-treated, non-black 
patients when MMF is added [47]. In our study, 68.5 % 
of the patients in the tacrolimus group were successfully 
put on monotherapy versus only 14.9% in the Neoral 
group. In our opinion, the safety of steroid withdrawal 
in patients without acute rejection is another advantage 
of tacrolimus. 

It has been reported that the need for treatment with 
r-ATG for steroid-resistant rejection was significantly 
lower with tacrolimus than with either Sandimmune 
[26, 331 or Neoral [lo]. Although we also observed a 
lower need for r-ATG, the difference was not statistical- 
ly significant, as in the study of Jurewicz [19]. 

Both tacrolimus and cyclosporine are nephrotoxic 
drugs [27]. In our study, renal function in patients with 
a functioning graft 12 months after transplantation was 
comparable with tacrolimus and Neoral. This is in accor- 
dance with previous reports in which tacrolimus was 
compared to Sandimmune [17,26,33,40,42,52] or Ne- 
oral [lo, 291. In contrast, Jurewicz reported a lower se- 
rum creatinine in the tacrolimus group than in the Ne- 
oral group [19]. Data on differences in proteinuria be- 
tween tacrolimus and Sandimmune or Neoral have not 
been published. We found a similar rate of proteinuria 
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between tacrolimus and Neoral. Also, fractional uric 
acid clearance was comparable in our study. In another 
study, serum uric acid increased more over time with 
Neoral, but the difference with tacrolimus was not sig- 
nificant and could have been influenced by the higher 
serum creatinine in the Neoral group in that study [19]. 

Both hypertension and hyperlipidemia have been as- 
sociated with long-term graft outcome [7, 321. The tar- 
gets for blood pressure and cholesterol were the same 
for both groups, whether or not the patients participated 
in a trial. Differences in management of these parame- 
ters cannot account for differences between the groups. 
The cardiovascular risk profile in our study was more fa- 
vorable with tacrolimus than with Neoral. Although 
mean arterial pressure was comparable, the need for 
anti-hypertensive drugs was lower in the tacrolimus 
group and more patients were without anti-hypertensive 
treatment. This is in accordance with previous reports in 
which tacrolimus was compared to both Sandimmune 
[17,33,40,42] and Neoral [19]. 

Total cholesterol was also lower in the tacrolimus 
group, even with fewer patients taking lipid-lowering 
drugs. Previous studies have shown similar results 
when comparing tacrolimus with Sandimmune [17, 33, 
421 or Neoral [19, 291. After steroid withdrawal, both 
hypertension and the lipid profile improve [47]. In our 
study, a considerable proportion of tacrolimus-treated 
patients were not on steroids. This could have influ- 
enced the more favorable cardiovascular risk profile. 
However, the more favorable lipid profile persists [5, 
14,331, and there are indications that less anti-hyperten- 
sive treatment is necessary with tacrolimus in studies 
with equal doses of steroids [13,36]. Thus, the results in 
our study can probably not be totally explained by the 
lower use of steroids. 

A considerable proportion of patients in the Neoral 
group (25.4 % of patients with l-year follow-up) in our 
study were converted to tacrolimus, in all cases because 
of acute rejection. Since we wanted to evaluate the dif- 
ferences in drug-related side effects between the two 
drugs and the development of parameters over time af- 
ter transplantation, analyses were made after censoring 
for conversion. This could have influenced the composi- 
tion of the study groups. We re-analyzed the parameters 
on an intention-to-treat basis. One year after transplan- 
tation, the following parameters analyzed by means of 
the Student’s f-test were still comparable between the 
tacrolimus group (n=44) and the Neoral group 
(n = 61): creatinine clearance: 56.0 ml/min vs 50.0 ml/ 
min ( P  = 0.12), log-transformed proteinuria: 1.28 g/mol 
creatinine vs 1.20 g/mol creatinine ( P  = 0.39), fractional 
uric acid clearance: 9.5 % vs 9.7 % ( P  = 0.87), and mean 
blood pressure: 97.7 mmHg vs 95.0 mmHg ( P  = 0.25). 
In the tacrolimus group, still less patients used anti-hy- 
pertensive drugs (mean 1.3 vs 2.3, P < 0.001). The differ- 
ences in cholesterol (5.4 mmol/l vs 5.8 mmol/l, P = 0.10) 
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and the percentage of patients on lipid-lowering drugs 
(27.3 % vs 38.7 %, P = 0.37) were attenuated, but still 
less favorable in the Neoral group. We also analyzed 
the possible influence of MMF on secondary outcome. 
All clinical outcome parameters were well comparable 
between patients treated with tacrolimus and MMF 
and those treated with tacrolimus without MMF. Thus, 
MMF seems to play no role for these parameters. 

In previous studies comparing tacrolimus with Sand- 
immune, the incidence of post-transplant diabetes was 
higher in patients taking tacrolimus and ranged from 
15 % to 20 % [17,26,33,43,52]. We also found a compa- 
rable incidence of 18.5 % in the tacrolimus group, with a 
similar need for treatment with insulin as in the Neoral 
group at any time after transplantation. After tapering 
the dose of tacrolimus and withdrawing steroids, 70% 
of the patients with post-transplant diabetes could stop 
taking all medication. The reversibility of post-trans- 
plant diabetes is in accordance with other studies [17, 
26,43,55]. The percentage of patients who persisted on 
antidiabetic medication was similar with tacrolimus 
and Neoral. In the first interim report of the ongoing 

prospective study, Morris-Stiff et al. reported a similar 
incidence of diabetes with tacrolimus and Neoral [29], 
but in that study tacrolimus was initially relatively low- 
dosed. 

In summary, this study compared tacrolimus-based 
and Neoral-based immunosuppression. A substantially 
lower rate of first and relapsing acute rejection and few- 
er failures due to immunological causes were observed 
with tacrolimus. Furthermore, a higher proportion of 
patients could safely have steroids withdrawn and be 
put on monotherapy. We hereby extend the findings 
that tacrolimus is more effective than either Sandim- 
mune or Neoral. Renal function was comparable, but 
the cardiovascular risk profile was more favorable, with 
lower total cholesterol and fewer patients needing drugs 
for the treatment of hypertension and hypercholester- 
olemia. In the initial phase after transplantation, the in- 
cidence of post-transplant diabetes mellitus was higher, 
but after lowering the dose of tacrolimus and withdraw- 
ing from steroids, the need to treat post-transplant dia- 
betes was identical. 
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