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Abstract This open, multicenter, 
randomized, parallel-group study 
evaluated the efficacy and safety of 
tacrolimus-based dual and triple 
therapy regimens. For this 3-month 
study (with 1Zmonth follow up), 
491 adult renal transplant patients 
were randomized and received ei- 
ther dual therapy (tacrolimuskorti- 
costeroids; 246 patients) or triple 
therapy (tacrolimus/corticosteroids/ 
azathioprine; 245 patients). Patient 
survival rates at months 3 and 12 
were 99.2 (dual) vs 99.6 % (triple) 
and 97.8 vs 98.7 YO, respectively. 
Graft survival rates at months 3 and 
12 were 94.1 (dual) vs 95.4 % (triple) 
and 92.8 vs 93.3 YO, respectively. Af- 
ter 3 months, the incidences of 
treated acute rejection were 28.8 
(dual) and 29.7 YO (triple); and 7.6 
(dual) and 5.4 % (triple) for corti- 
costeroid-resistant acute rejections. 
Between months 4 and 12, three new 
first rejections were reported, (dual: 
2, triple: 1). For leukopenia (1.3 vs 
11.7 Yo; P c 0.001) and anemia (14.8 
vs 23.0 YO, P = 0.026), significantly 
higher incidences were reported in 
the triple therapy group, The inci- 
dence of de novo insulin-dependent 
diabetes was 5.6 (dual) and 4.0% 
(triple) at month 3. In terms of effi- 
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Introduction Table 1 Demographic and baseline characteristics 

Aiming to reduce the incidence of rejection after renal 
transplantation, a current trend emphasizes the use of 
multiple drug regimens. Combinations of “cornerstone” 
immunosuppressants, such as tacrolimus or cyclospo- 
rine and corticosteroids, are supplemented with adjunc- 
tives, such as azathioprine, mycophenolate mofetil, si- 
rolimus, or antibody preparations. In large multicenter 
clinical trials comparing tacrolimus-based therapies 
with standard cyclosporine based therapies, substantial- 
ly lower rates of acute rejection were observed with ta- 
crolimus treatment [3,4]. In these studies, a triple drug 
regimen consisting of tacrolimus, corticosteroids, and 
azathioprine was used. A recent single-center study in 
the USA investigated the clinical course of 395 renal al- 
lograft recipients treated with tacrolimus and cortico- 
steroids with or without azathioprine [5 ,6] .  The authors 
report no significant difference between the treatment 
groups in respect to both efficacy and safety. However, 
the study suffered from a high crossover rate between 
treatment groups; in the dual therapy group 17 % of pa- 
tients received azathioprine, and 40 % of patients on tri- 
ple therapy discontinued azathioprine administration 
[6]. The present study aimed to evaluate the efficacy 
and safety of immunosuppressive regimens based on ta- 
crolimus and tapered corticosteroids with or without 
azathioprine in a European setting. 

Patients and methods 
Study design 

Eleven centers in Italy and 25 centers in Spain participated in this 
open, randomized, phase 111, parallel-group study conducted be- 
tween October 1996 (first patient in) and April 1998 (final visit 
date). Patients were included in this study if they were over 
18 years of age, had end-stage renal disease, and were suitable for 
primary renal transplantation or retransplantation with a cadaveric 
kidney graft. Excluded from the study were patients who were 
pregnant, allergic, or intolerant to antimetabolites, HCO-60 or 
structurally related compounds, steroids, macrolide antibiotics or 
tacrolimus, if they were HIV, HBV, or HCV positive, or received 
an ABO-incompatible graft. Patients were randomly assigned in a 
1:l ratio to receive either a tacrolimus-based dual (tacrolimuslcor- 
ticosteroids) or triple (tacrolimus/corticosteroid/azathioprine) im- 
munosuppressive regimen. Randomization was preoperative. The 
study was conducted in accordance with the Declaration of Helsin- 
ki. Approval was obtained from local ethics committees and in- 
formed consent was provided by each patient prior to enrolment. 

Treatment protocol 

The initial oral tacrolimus dose was 0.2 mgkg per day; the dose 
was subsequently adjusted to maintain a target whole blood trough 
level of 8-15 ng/ml. Methylprednisolone was given on day 0 as a 
500 mg i.v. bolus and on day 1 as a 125 mg i.v. bolus. Oral pred- 

Dual therapy Triple therapy 
(n  = 236) (n = 239) 

Age (median, years) 46.0 45.0 

Malelfemale 153183 154185 
Hypertension 169 (71.6%) 177 (74.1 %) 
Mean HLA-antigen 
mismatches A/B/DR 1.1 111.2610.68 1.11/1.21/0.74 
Mean cold ischemia time 

(range) (21-69) (19-68) 

18.0 (440) 17.6 (6-36) (h, range) 
PRA grade 

(k 50% 
5&1OO % 

230 (99.1 %) 234 (99.2%) 
2 (0.9%) 2 (0.8 Yo) 

Not recorded 4 3 

nisone was tapered from 20 mglday at day 2 to 5 mglday at day 43. 
In the triple group, azathioprine was administered at day 0 as a 
2 m a g  i.v. bolus and from day 1 until study end, 1-2 mg/kg was 
administered orally once daily. Tacrolimus blood level was moni- 
tored by a microparticle enzyme immunoassay (IMx). 

Study end points 

The efficacy end points were patient and graft survival, incidence 
of first acute rejection, and incidence of first corticosteroid-resis- 
tant acute rejection. Safety was assessed by monitoring adverse 
events, laboratory parameters, and vital signs. Graft failure was de- 
fined as the need to return to dialysis, nephrectomy, or death. 

Statistical evaluation 

The sample size was based on an assumed incidence of first acute 
rejections in 25 % of renal graft recipients on a triple therapy with- 
in 3 months after transplantation. It was estimated that, by using a 
1:l randomization, a total of 400 evaluable patients should give 
this study a power of at least 80% to detect a difference of 13.5 % 
in the incidence of first acute rejection using a two-sided signifi- 
cance test (alpha = 0.05). The incidence rates (rejection episodes, 
adverse events) in the treatment groups were compared using the 
chi-squared test or Fischer’s exact test. 

Results 

Four hundred and ninety-one patients were recruited 
for this study and, of these, 16 patients never received 
the study drug or were not transplanted. Thus, the in- 
tent-to-treat cohort comprised 475 patients, 236 patients 
on dual therapy and 239 patients on triple therapy. The 
treatment groups were similar with respect to baseline 
demographic characteristics (Table 1). The frequencies 
of end-stage renal diseases were similar in both treat- 
ment groups (Table 2). The 3-month observation period 
was completed by 2111236 (89.4%) of patients in the 
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Table 2 Cause of end-stage renal disease 
Dual therapy Triple therapy 
f n  = 236) (n  = 239) 

Chronic glomerulonephritis 74 (31.4 YO) 77 (32.2 %) 
Interstitial pyelonephritis 30 (12.7%) 27 (11.3%) 
Polycystic disease 28 (11.9%) 30 (12.6%) 
Nephrosclerosis 15 (6.4%) 13 (5.4%) 
Diabetes mellitus type I and I1 15 (6.4%) 9 (3.8%) 
Analgesic nephropathy 1 (0.4%) 2 (0.8 %) 
0 therlunknown 73 (30.9%) 81 (33.9%) 

Table 3 Incidence of rejection (based on patients) 
Triple therapy, Dual therapy, 
3-months 3-months 
(n = 236) (n = 239) 

Treated acute rejection 68 (28.8%) 71 (29.7%) 

acute rejection 18 (7.6%) 13 (5.4%) 
Corticosteroid-resistant 

Antibody -sensitive 
acute rejection 8 (3.4%) 8 (3.3 %) 
Refractory acute rejectiona 11 (4.7 YO) 5 (2.1 %) 

Treated biopsy-confirmed 

a Rejections ongoing at the end of months 3 

acute rejection 39 (16.5%) 37 (15.5%) 

dual therapy group and 2121239 (88.7%) of patients in 
the triple therapy group. The 12-month follow up was 
completed by 207/236 (87.7%) of patients in the dual 
and 2091239 (87.4%) of patients in the triple therapy 
group. At the time of the 12-month follow up, 5 patients 
of the dual therapy group received azathioprine, where- 
as azathioprine was discontinued in 56 patients of the 
triple therapy group. 

Efficacy 

At 3 months, patient survival and graft survival rates 
were 99.2 and 94.1 in the dual therapy and 99.6 and 
95.4 Yo in the triple therapy group, respectively. During 
the 12-month observation period, five patients in the 
dual therapy group and three patients in the triple thera- 
py group died. After 12 months, patient survival and 
graft survival rates were 97.8 and 92.8% (dual) vs 98.7 
and 93.3 YO (triple), respectively. Until the end of month 
3, 68/236 (28.8%) of patients from the dual group and 
711239 (29.7%) of patients in the triple group were 
treated for acute rejection (Table 3). Corticosteroid-re- 
sistant acute rejections were reported by 7.6 and 5.4% 
of patients in the dual and triple groups, respectively. 
The treatment groups did not differ with respect to the 
severity of rejection episodes (data not shown). Be- 
tween months 4 and 12. new first acute reiections were 

0'25 I 

0-05 0 7 - 28 61 91 Days 365 

+Dual +Triple 

Fig.1 The mean daily tacrolimus dose decreased during the 
course of the study from an initial 0.19 mg/kg for both study groups 
during the 1st postoperative week to 0.11 (dual) and 0.12 (triple) at 
study end 

and one patient in the triple therapy group. Mean serum 
creatinine concentrations at day 91 were 155 (dual) and 
152 pmol (triple), and 143 (dual) and 135 pmol (triple) 
at month 12. Mean total cholesterol levels remained at 
screening values (dual: 5.23 * 1.24 mmoU1; triple: 
5.20 f 1.31 mmoY1) throughout the observation period. 
At month 3 and month 12, total cholesterol levels 
(i SD) were 5.20 f 1.07 and 5.47 f 1.25 mmoUl in the 
dual therapy group compared with 5.10 f 1.12 and 
5.34 f 1-00 mmolll in the triple therapy group. Lipid- 
lowering drugs were administered to 51211 (2.4%) of 
patients in the dual therapy group and to 4/212 (1.9 To) 
of patients in the triple therapy group at month 3. After 
12 months, 18/207 (11.5 Yo) of patients in the dual thera- 
py group and 18/209 (11.6%) of patients in the triple 
therapy group received antihyperlipidemic medication. 

Dosing and blood levels 

At day 1, the mean daily oral tacrolimus dose was 
0.19mg/kg for both treatment groups. At day 91, the 
dose was reduced to 0.14mgkg in the dual therapy 
group and 0.15 mglkg in the triple therapy group. At 
month 12, the mean daily oral tacrolimus dose was 0.11 
(dual) and 0.12 mgkg (triple; Fig. 1). Mean tacrolimus 
blood levels (f SD) at day 1 were 15.4*9.6 and 
16.3 * 10.4 nglml for the dual and triple groups (Fig.2). 
At day 91, the corresponding tacrolimus whole blood 
trough levels ( f SD) were 12.0 f 3.9 ndml in the dual 

experienced by two patients in the dual therapy group therapy group and 12.4 f 4.0 nglml in the triple therapy 
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Fig.2 The mean tacrolimus whole blood trough levels decreased 
from 12.49 (dual) and 12.15 ng/ml (triple) at day 1 to 10.41 (dual) 
and 10.14 ng/ml (triple) at the end of the study 

group. At month 12, the mean tacrolimus whole blood 
levels were at 10.4 * 3.33 (dual) and 10.1 * 3.18 ng/ml 
(triple). 

Adverse events 

The most frequently reported adverse events in both 
treatment groups were infection (dual: 109/236 
(46.2%) vs triple: 1101239 (46.0%); P = ns), hyperten- 
sion (67/236 (28.4%) vs 571239 (23.4%); P = ns), uri- 
nary tract infection (64/236 (27.1 %) vs 581239 (24.3 YO); 
P =  ns), and tremor (401236 (16.9%) vs 43/239 
(18.0%); P = ns). Leukopenia (31236 (1.3 %) vs 28/239 
(11.7Y0); P < 0.001) and anemia (35/236 (14.8%) vs. 
55/239 (23.0 %); P = 0.026) were reported significantly 
more often in the triple therapy group. At month 3, in- 
sulin for de novo posttransplant diabetes mellitus was 
required by 111195 (5.6%) and 8/200 (4.0%) of patients 
in the dual and triple groups. 

Discussion 

In a previous single-center study of similar design, one 
of the confounding factors was the high number of pa- 
tients who switched treatment arms during the study 
[5, 61. The present study succeeded in keeping the 
number of treatment switches to a minimum. Only 5 
patients of the dual therapy group had azathioprine 
added to their immunosuppressive regimen, whilst aza- 

thioprine was discontinued in 56 patients of the triple 
therapy group. 

The treatment groups exhibited similar baseline 
characteristics. Both treatments resulted in high patient 
and graft survival after both 3 and 12 months. Low acute 
rejection rates after both 3 and 12months were ob- 
served in both treatment groups. The incidence of biop- 
sy-proven rejections was low during the observation pe- 
riod of 12 months. 

With respect to safety, both treatments showed a sim- 
ilar profile. After month 3, the only differences between 
the treatment groups were found for leukopenia and 
anemia. Both adverse events were more common in 
the triple therapy group than in the dual therapy group. 
This result can be attributed to the mode of action of 
azathioprine [I, 71. We therefore conclude, that in pa- 
tients receiving tacrolimus-based triple therapy who de- 
velop either leukopenia or anemia, azathioprine can 
safely be discontinued. 

The incidence of new onset insulin-dependent diabe- 
tes mellitus after 3 months was low (dual therapy 5.6 %, 
triple therapy 4.0 %). As reported previously, tacroli- 
mus is neutral in respect to posttransplant cholesterol 
and triglyceride levels [2]. This finding is supported by 
the present study since only a small number of patients 
received lipid-lowering drugs after 3 and 12 months of 
tacrolimus-based immunosuppressive therapy. 

Our study showed that tacrolimus-based dual and tri- 
ple therapy regimens are efficacious and safe. The addi- 
tion of azathioprine to a dual therapy of tacrolimus and 
corticosteroids did not increase the efficacy in terms of 
the prevention of acute rejection. 

Acknowledgements The following investigators and institutions 
contributed to this study as part of the Spanish and Italian Tacroli- 
mus Study Group: G. Segoloni, G. Squiccimaro (Azienda Ospeda- 
liera S. Giovanni Battista, Turin, Italy); V. Bonomini, M. Scolari 
(Ospedale Policlinico S. Orsola, Bologna, Italy); M. C. Maresca, 
A. Vianello (Azienda Ospedaliera S. Maria dei Battuti, Treviso, It- 
aly); L. Arisi, L. Bignardi (Azienda Ospedaliera, Parma, Italy); M. 
Gonzales-Molina (Hospital Regional, Malaga, Spain); A. Taranti- 
no, G. Montagnino (Ospedale Maggiore, Milan, Italy); D. del Ca- 
stillo, R. Perez-Calder6n (Hospital ,,Reina Sofia", Cordoba, 
Spain); J. Ortuiio, J. Pascual (Hospital Ramdn y Cajal, Madrid, 
Spain); M. Carmellini, F. Mosca (Azienda Ospedaliera di Cisa- 
nello, Pisa, Italy); L. Capdevila, C. Cantarell (Hospital Val1 d'Heb- 
ron, Bareclona. Spain); M. Arias, J. C. Ruiz (Hospital ,.Marquks de 
Valdecilla", Santander, Spain); J. Garcia, I. Beneyto (Hospital 
General ,,La F6", Valencia, Spain); P. Rigotti, N. Baldan (Univer- 
sit& degli Studi - USSL 21, Padua, Italy); S. Sandrini, G. Setti 
(Ospedale Civile, Brescia, Italy); A. Purroy, M.L. Alvarez (Uni- 
versitaria de Navarra, Pamplona, Spain); C. Asensio, A. Osuna 
(Hospital ,,Virgen de las Nieves", Granada, Spain); G. La Greca, 
S. Chiaramonte (Azienda Ospedaliera, Vicenza, Italy); R. Lauzu- 
rica (Hospital Trias y h jo l ,  Badalona, Spain); I. Lampreabe (Hos- 
pital de Cruces, Cruces Baracaldo, Spain); F. Oppenheimer, V. Tor- 
regrosa (Hospital Clinic i Provincial, Barcelona, Spain); F. Anaya, 
M. Rengel (Hospital Gregorio Marafidn, Madrid, Spain); J. Botel- 
la, J. Fernandez (Clinica Puerta de Hierro, Madrid, Spain); G. 
Ancona, L. Boschiero (Ospedale Civile Maggiore, Verona, Italy); 



S 340 

J. M. Tabernero, p. Garcia-Cosme (Hospital Clinic0 Universitano, 
Salamanca, Spain); R. Alvarez, J. Alvarez-Grande (Hospital Cen- 
tral de Asturias, Oviedo, Spain); J. Bestard, A. Alarcon (Hospital 
Son Dureta, Las Palmas, Spain); R. Sol& L. Guirado (Fundaci6 
Puipert, Barcelona, Spain); J. J. Plaza (Fundaci6n Jimenez Diaz, 
Madrid, Spain); M. Gentil, G. Rodriguez Algarra (Hospital ,,Wr- 
gen del Rocio", Seville, Spain); L. Sanchez Sicilia, E Escuin (Hos- 
pita1 La Paz, Madrid, Spain); V. Arcuri, 0. Manolitsi (Azienda 

Ospedaliera San Martino, Genov, Italy); B. Maceira, M. Losada 
(Hospital Universitano de Canarias, Santa Crw, de Tenerife, 
Spain); M. Rivero, A. Mazuecos (Hospital Puerta del Mar, Cadk, 
Spain); J.A. Guiterrez-Colon, F.J. Paul (Hospital Miguel Servet, 
Saragossa, Spain); F. Valdes, A. Alonso (Hospital ,,Juan Canale- 
jo", Coruiia, Spain); J. J. Cubero, E. Sanchez Casado (Hospital 
,,Infanta Cristina", Badajoz, Spain). 

~ 

References 
1. Bergan S (1998) Azathioprine monitor- 

ing in renal transplantation, University 
of Oslo, Rikshospitalet. ISBN 82-7633- 

2. Claesson K, Mayer AD, Squifflet JP, et a1 
(1998) Lipoprotein patterns in renal 
transplant patients: a comparison be- 
tween FK 506 and cyclosporine A pati- 
ents. Transplant Proc 30 1292-1294 

106-8 

3. Mayer AD, Dmitrewski J, Squifflet JP, 
et a1 (1997) Multicenter randomized trial 
comparing tacrolimus (FK506) and cy- 
closporine in the prevention of renal al- 
lograft rejection. Transplantation 64: 
436-443 

4. Pirsch JD, Miller J, Deierhoi MH, et a1 
(1997) A comparison of tacrolimus 
(FK506) and cyclosporine for immuno- 
suppression after cadaveric renal trans- 
plantation. Transplantation 63: 977-983 

5. Shapiro R, Jordan ML, Scantlebury VP, 
et a1 (1995) A prospective randomized 
trial of FK506-based immunosuppres- 
sion after renal transplantation. Trans- 
plantation 59: 485-490 

6. Shapiro R, Jordan ML, Scantlebury VP, 
et a1 (1995) A prospective, randomized 
trial of FK506lprednisone vs FKSM/aza- 
thioprinelprednisone in renal transplant 
patients. Transplant Proc 27: 814-817 

7. Walker RG (1994) Nonspecific immuno- 
suppression: azathioprine and steroids. 
In: Morgan JP (ed) Kidney transplanta- 
tion. Principles and practice, 4th edn. 
Saunders, pp 202-214 


