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organ transplantation 

Abstract The excellent results ob- Keywords Solid-organ transplanta- 
tained today in solid-organ trans- tion . Immunosuppression . Ste- 
plantation allow the envisaging of an roid . Steroid withdrawal . Steroid 
improvement in long-term quality of avoidance 
life with a functioning graft. One way 
for this to be achieved is by the re- 
duction, or even better, the avoid- 
ance, of steroid-based 
immunosuppression. Avoidance of 
steroids is indeed known to enhance 
the physical and psychological well 
being of the allograft recipient. This 
paper reviews the current status of 
steroid-free immunosuppression in 
renal, pancreatic, hepatic, intestinal, 
and cardiac transplantation. 

Introduction 

Since the inception of organ transplantation, steroids 
have been a mainstay in both induction and mainte- 
nance immunosuppression (IS) [I]. Steroids are effective 
agents for reducing the incidence of allograft rejection. 
Their action is ubiquitous and begins at an early stage of 
the immunological cascade by influencing antigen pre- 
sentation of the antigen-presenting cell and by inhibiting 
cytokine expression. 

The addition of steroids to the immunosuppressive 
regimen affects the quality of life of the successful trans- 
plant patient. The adverse effects of steroids on the 
cardiovascular system-the development of diabetes 
mellitus, arterial hypertension, prothrombotic state and 
lipid metabolism dysregulation-are well documented, 
and they are responsible for osteo-articular and muscular 
problems, cataract formation, growth retardation, body 
disfiguration, and, last but not least, they interfere with 
the psychological well being of the recipient [2,3,4,5,6,7] 
(Table 1). They may also play a role in the increased risk 

of infection and tumor formation in transplant patients 
[8], and there is evidence that they interfere with the tol- 
erogenic pathway of organ acceptance [9, lo]. 

The excellent results that are obtained nowadays in 
solid-organ transplantation allow transplant physicians 
to focus their interest on the quality of life of the allo- 
graft recipient [I 11 and on the development of tolero- 
genic immunosuppressive strategies [ 121. Newer and 
more-potent immunosuppressive drugs that have dif- 
ferent mechanisms of action and different profiles of 
toxicity, allow more patient-friendly IS without com- 
promising graft survival [13, 14, 15, 16, 17, 18, 191. 
Clinical studies should thus strive to use well-balanced 
drug combinations with minimal toxicity and tailored, 
individualized IS that emphasizes the quality of life of 
the patient. Steroid-free induction and/or maintenance 
IS have to be seen in this context. 

In the past, steroids have been deployed in many 
different ways. They have been administered at high or 
low doses from the very moment of transplantation; 
they have been withdrawn early (after 1 to 3 days, 1 to 2 
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Table 1 Side effects of glucocorticoid treatment 
~~ 

Side effect 

Cardiovascular risk factors 
Diabetes mellitus 
Hypertension 
Lipid metabolism 
Prothrombotic state 

Wound healing 
Septic ulcer disease 
Defense against infection 
Tumor formation 
Linear growth 
Osteo-articular and muscular system 

Osteopenia 
Osteoporosis 
Pathological fractures 
Avascular necrosis 
M yopathy 

Cataract and glaucoma formation 
Body disfigurement 

Hirsutism 
Cushing obesity 
Adrenal insufficiency 

Psychological well being 
Psychosis 
Depression 

weeks or after 3 months) or later, the latter meaning 6 to 
12 months post-transplantation or after establishment of 
stable graft function; they have been used alternatively, 
and, finally, they have been ‘almost’ or completely 
avoided, not only during induction IS, but also during 
maintenance IS, and even during treatment of rejection. 

Steroid withdrawal (STWD) or avoidance in solid- 
organ transplantation raises numerous questions that 
demonstrate why steroid-free IS remains a controversial 
subject. What is the risk of acute or chronic rejection? Is 
there a sustained response? Are evidence-based selection 
criteria that justify STWD available? Is STWD advanta- 
geous in comparison with avoidance [2,3,17]? Is it feasible 
in children [7, 20, 21, 221 and in all types of solid-organ 
transplantation [17,21,23]? What is the effect on viral [24, 
25,261 and (de novo or recurrent) autoimmune allograft 
diseases [27]? What is its role in de novo or recurrent tu- 

mor formation? And finally, what role does STWD really 
play in the active process of organ tolerogenicity [lo]? All 
these questions are difficult to answer as the number of 
randomized controlled studies is very limited [17]. More- 
over, most studies lack long-term follow-up of sufficient 
duration and lack detailed analyses of the specific pa- 
rameters that influence outcome; the clinical use of many 
new immunosuppressive drugs, furthermore, makes 
comparison of trials very difficult [lo, 281. 

This paper presents a review of the use of steroid- 
avoiding IS in the clinical practice of kidney, pancreas, 
intestinal, heart, and liver transplantation. To date, data 
on steroid-avoiding IS in lung transplantation have not 
been published. Preliminary experience has, however, 
been recently collected in this field in Pittsburgh (Starzl, 
personal communication). 

Renal transplantation 

By 1982 (!), the European multicenter kidney transplant 
trial seemed to have answered, in part, the question of 
steroid-avoiding IS [29]. Indeed, 82% of patients under- 
went Cyclosporin A (CsA) (Sandimmun, Novartis, Basle, 
Switzerland) monotherapy IS, and 27% of patients never 
received steroids; 1-year graft survival was 73%. 

Kasiske and colleagues’ meta-analysis of STWD and 
renal transplantation indicated that the ‘steroid question’ 
is not easy to answer [17]. This analysis related to studies 
done before the advent of mycophenolate mofetil 
(MMF) (Cellcept, Roche, Basle, Switzerland) immuno- 
suppression. Based on stringent criteria, i.e., publication 
in a peer-reviewed journal; clearly described random- 
ization techniques and statistical methodology; double- 
blind, placebo-controlled, prospective study designs; 
description of study endpoints and intention-to-treat 
analyses, only ten, CsA-based, IS-studies could be con- 
sidered (Table 2). This analysis showed that the risk of 
acute rejection (pooled mean difference between treat- 
ment and control was 0.14; P<0.001) and renal graft 
failure (relative risk of failure was 1.4; P<O.Ol) in 
homogeneous study material was significantly increased. 

Table 2 Steroid withdrawal and renal transplantation: the Kasiske meta-analysis including studies done during the period 1987-1999 
Author Follow-up (mo) Withdrawal Better Withdrawal Worse Withdrawal Better Withdrawal Worse 

n =  64 :- n= 64 
n =  66 - n= 66 

* . 
A . 

n =  67 I- n =  61 
j -  n= 84 

n =  85 
n =  84 

A n=lW 
n =  85 :- 

n = 229 -++- n =  100 

n = 229 j -  n=166 
n = 266 j +  n = 500 
n = 500 
n =1461 i 95%CI=0.10-0.17 n =I984 io 95%CI= 1.08-1.67 

L 

. 
7 

j - Pooled difference = 0.14 n =  523 j + PooledRR=1.38 

I 

6 . 4  -0.2 0.0 0.2 0.4 0.6.5.0 4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 

Relative Risk of Graft Failure Difference in Proportion with Acute Rejection 

Isoniemi H.M. 
Maiorca R. 
Schulak J.A 
Hollander A.A. 
Gulanikar A.C. 
Ratcliffe P.J. 
Ponticelli C. 
Ahsan N. 
Lebranchu Y. 
Sinclair N.R. 

48 

27 
18 
14 
60 
12 
48 
12 
I2  
60 
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Risk factors, such as ethnic origin, race, and major his- 
tocompatibility mismatching to determine the selection 
process of patients in whom STWD should be safe, could 
not be clearly identified [20]. There was also no signifi- 
cant difference between early and late STWD, and be- 
tween rapid and slow steroid tapering; this was probably 
related to the small patient sample and the effectiveness 
of the remaining immunosuppressive agents. This latter 
point could not, however, be confirmed in two, large, 
multicenter, double-blind, randomized, prospective, 
studies that analyzed a combination of CsA micro- 
emulsion (Neoral, Novartis), steroids and MMF with or 
without antilymphocytic induction IS (ATG, Fresenius, 
Bad Homburg, Germany, or OKT3-Muromonab, Jans- 
sen-Cillag, Sollentuna, Sweden) [13, 301. Both studies 
showed a significantly higher incidence of rejection at 12 
months when steroids were stopped; these data led to the 
interruption of one trial [13]. The incidence of rejection 
was similar when antilymphocytic sera were used during 
induction IS [30]. STWD-patients had a significant ben- 
efit as regards blood pressure, lipid metabolism, and 
bone density. Other studies showed, for example, that 
steroids can be withdrawn safely in selected, stable, renal 
transplant patients on MMF treatment [31] or by the 
introduction of azathioprine when steroids were with- 
drawn [32]. The advent of new agents for induction IS 
(basiliximab (Simulect, Novartis), daclizumab (Zenapax, 
Roche) and maintenance IS (tacrolimus: Prograft, Fu- 
jisawa, Osaka, Japan; MMF; Rapamycine: sirolimus, 
Wyeth, Collegeville, Pennsylvania, USA) during the 
1990s boosted the concept not only of withdrawing, but 
also of avoidance of steroids. 

The greatest concern with regard to STWD is sus- 
tained allograft response. This is especially important in 
renal transplantation, as an acute rejection episode is a 
major risk factor for long-term graft loss. [33]. The only 
existing, randomized, double-blind, multicenter, long- 
term follow-up trial was conducted in Canada, with 523 
CsA-treated renal patients. It showed that the adverse 
effect of STWD on allograft survival became evident only 
after 5 years. It should be noted that histological follow- 
up was not documented in this study. HLA-B mismatch, 
gender (male recipient), age and cause of death of the 
donor were all factors that had a negative impact on 
allograft survival [34]. Thiel et al. reported the need to 
switch to CsA-free treatment in 40% of patients in a 10- 
year follow-up of steroid-free renal transplants [35]. 
Both findings underline the necessity of long-term 
analysis before the real benefit of steroid-free IS can be 
judged in renal transplantation. 

It has been assumed that results of STWD IS may be 
less favorable due to the conditioning of the recipient to 
steroids [2, 3, 9, 171. The ‘steroid-adapted immune sys- 
tem’ is different from the ‘steroid-free immune system’. 
Indeed a possible sensitization effect of prolonged ste- 
roid administration has been shown; lymphocytes ex- 

posed to prolonged steroids would be activated by 
steroid withdrawal [36]. Avoidance of steroid IS could 
be a better option, which, moreover, eliminates the 
potential side effects (late STWD will not prevent ste- 
roid-related complications) [2, 3, 37, 381 and dependency 
of the drug, and the need for steroid tapering with its 
inherent risk of outbreak of acute cellular rejection [17]. 
The Odense group in Denmark successfully applied this 
working hypothesis to clinical practice. In a retrospec- 
tive study of 68 renal adult and pediatric patients on 
induction IS comprising ATG, MMF and Neoral, 97% 
l-year-graft-and-patient survival rates were obtained. 
The rejection rate was 15% after a median follow-up of 
188 days, and no patient was switched to steroids [S]. 
These results were confirmed in a 4-year follow-up 
study: 10% of patients had acute rejection and only 3% 
had chronic rejection [39]. The protocol was successfully 
applied to 14 pediatric kidney recipients [7]. Sarwal et al. 
also obtained 100% rejection-free graft survival in ten 
children, using daclizumab, MMF and tacrolimus 
(TAC) [40]. In both studies, no child received steroids at 
any time after transplantation. Because of the good 
short- and median-term graft survival rates, and because 
of the beneficial impact on growth development, steroid- 
avoidance protocols should become a priority in pedi- 
atric transplantation [2, 71. 

In recent years, several ‘steroid (almost) avoidance’ 
IS trials have been reported in kidney transplantation. 
Initial results are good, with graft and patient survival 
rates of over 95%, and the incidence of acute rejection 
between 13% and 25%. Follow-up is too short, and IS 
too diverse to allow definitive conclusions to be drawn 
[8, 14, 39, 40, 41, 42, 43, 44, 45, 46, 47, 481 (Table 3). 

Pancreas transplantation 

STWD was obtained by the Minneapolis group in 83% 
(1 Ojl2 patients) of stable simultaneous kidney-pancreas 
recipients under TAC-MMF steroid IS [49] and by the 
Pittsburgh group in 109 pancreas recipients under 
TAC-MMF or azathioprine (AZA)-steroid based IS 
[50] (Table 4). These results were confirmed in a pro- 
spective study comprising 1 1 simultaneous pancreas- 
kidney and 13 pancreas-after-kidney transplantations 
using TAC-MMF-steroid based IS [5l]. Steroids were 
withdrawn 26 months after successful transplantation. 
Results were excellent in both groups (100% graft 
survival at 6 months). Similar results were obtained by 
Salazar et al. in seven simultaneous pancreas-kidney 
transplants in an IS scheme including Rapamycine 
(RAPA) [52]. All patients experienced better quality of 
life after STWD. 

These excellent results fostered the development of 
rapid steroid-tapering and steroid-avoiding IS in simul- 
taneous whole pancreas-kidney transplantation. After 
their early experience with successful STWD, reported in 
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1991 [23], Cantarovich et al. from the Nantes group 
reported approximately 28 such transplantations im- 
plementing induction IS, consisting of steroid-avoiding- 
ATG, MMF and TAC or Neoral. Acute rejection rate of 
kidney and pancreas was remarkably low (7% and 
10.7%, respectively), resulting in excellent kidney and 
pancreas survival rates (96.4% and 75%, respectively 
after 26 months) [53]. 

Feasibility of pancreatico-renal transplantation using 
CsA-monotherapy was reported in 1994 by Ward et al. 
from the Liverpool group. The rejection rate was 38.9%; 
further information was, however, lacking in this report 
[541. 

Kaufman reported approximately 40 such trans- 
plantations under IS consisting of ATG, TAC and 
MMF or RAPA and a 6-day steroid taper. Rejection 
rate was very low (2.5%), and l-year pancreas- and 
kidney-graft survival rates were 100% [55]. The revival 
of islet transplantation using steroid-free IS will surely 
stimulate further steroid-avoidance trials in the field of 
whole-pancreas transplantation [56]. 

Intestinal transplantation 

Transplantation of intestines has, for a long time, been 
considered as being forbidden. Development of more 
powerful IS allowed the introduction of intestinal 
transplantation in clinical practice during the 1990s; as a 
result, over-immunosuppression was often responsible 
for unfavorable outcomes [57]. Graft immuno-modula- 
tion with infusion of donor bone marrow and/or low- 
dose irradiation, and tolerance-enhancing strategies of 
pre-treating the recipient with ATG and minimal post- 
transplant IS, led to a marked improvement of results, 
even in steroid-avoiding protocols [58]. 

The Miami group reported 83% and 77% graft and 
patient survival in Campath IH, a depleting, humanized 
anti-CD52 monoclonal antibody, TAC-based IS. Of 12 
patients, six never received steroids, and the rejection 
rate was 33% [59]. 

The Pittsburgh group reached 90% graft survival 
under TAC-monotherapy IS preceded by high-dose 
ATG preconditioning; only two of ten patients devel- 
oped rejection [57]. 

Heart transplantation 

Groups in Sidney, Bad Oeynhausen, Minneapolis, and 
d E Chicago, showed that excellent long-term allograft 
2 function can be obtained when steroids are withdrawn 
3 after ATG- or OKT3-based induction IS and CsA-based 
; maintenance IS [60, 61, 62, 63, 64, 651. Despite the high 
.- 3 incidence of rejection (from 35.8% to 93%), 53% to 
5 79% of patients remained steroid free. Rejection usually 
i? occurred early after steroid taper or STWD [66]. Safety 
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Table 6 Steroid withdrawal in pediatric liver transplantation 

Year Author Refe- Center Induction IS No. of STWD time Acute Chronic Graft Patient 
rence patients (months) rejection (%) rejection (YO) loss (Yo) loss (Yn) 

1989 Margarit et al. [88] 
1993 Superina et al. [89] 
1994 Murphy et al. [90] 

1995 McDiarmid et al." [78] 
1997 Martin et al. [92] 
1997 McKee et al. [93] 
1998 Andrews et al. [94] 

1994 Dunn et al. [911 

1999 Jain et al. 1951 
2000 Reding 1201 

Barcelona CsA/ster 15 1 13 
Toronto CsA/AZA/ster 33 12 - 
Birmingham CsA/AZA/ster 135 3 21 
Philadelphia CsA/AZA/ster 28 18 7 
Los Angeles CsA/AZA/ster 1 212 (6.5) 
Montreal CsA/ster 55 58 1 1  

Pittsburgh TAC/ster 166 < I 2  21 

Baltimore TAC/ster 29 6 29 
Dallas CsA/ster 53 54 13 

Brussels-UCL TAC-CsAb/AZA/ster 78 8.4-164 8 

13 

10 
4 
0 

- 

- 

- 
0 

13 7 

6 3 
4 4 
0 

4.1 

0 0 
0 0 

- - 

- - 

- 
- - 

"Prospective randomized study (see also Table 5) 
bMicro-emulsion CsA 

of STWD was correlated with stable graft function and 
CsA level. Another study showed that a trough level of 
less than 300-350 ng/ml correlated with a higher rejec- 
tion rate. There was no negative impact of high CsA 
levels on serum creatinine [67]. The impact of induction 
therapy and the role of this HLA-B mismatch on the 
incidence of rejection were controversial [2 I], as was the 
impact of STWD on coronary artery allograft disease 
[68]. Similar results have been obtained in TAC-based 
adult heart transplantation [69]. Koerner et al. showed 
that CsA monotherapy is possible in selected adult and 
pediatric patients; indeed only 9% of 41 patients expe- 
rienced steroid-sensitive rejection under CsA mono- 
therapy [61]. 

The concept of STWD has been extended to pediatric 
heart transplantation under CsA, AZA, steroid-based IS 
[70, 711. Almost half of children can remain steroid free 
without graft survival being 'compromised. The long- 
term safety of such an approach was confirmed by a 
detailed histological follow-up of 40 infants, showing 
that late rejection was a rare event after STWD [72]. 

Livi et al. from the Padova group promoted the 
concept of almost steroid-free IS after heart transplan- 
tation in a series of 112 adults under CsA, AZA and 
ATG or OKT3 induction IS and intra-operative steroid 
bolus administration. Cumulative incidence of rejection 
was very high (93% at 1 year), but 79% of patients could 
remain on CsA-AZA IS after a follow-up of 25 ik 15 
months with a 4-year actuarial survival rate of 94 f 3% 
[21]. This concept was extended to children. After a 
median (range) follow-up of 52 (3-132) months, 10% of 
30 children suffered from rejection [73]; the 5-year ac- 
tuarial survival rate was 76 f 6%. The drawback of this 
IS policy was a progressively rising creatinine level, 
adding to the observation made previously in the field of 
renal transplantation [35]. 

Most cardiac transplant studies showed that early 
STWD was beneficial regarding lipid profile [60, 741, ar- 
terial hypertension, thrombotic state [4], diabetes mell- 
itus, graft atherosclerosis and osseous disease [21,61,69]. 

Liver transplantation 

The immuno-privileged status of the liver allograft al- 
lows more aggressive withdrawal of immunosuppressive 
agents to be made, without compromising organ sur- 
vival [27, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 871. 
It is no wonder that the concept of steroid-free IS has 
been developed farthest in the field of liver transplan- 
tation (LT). In 1993, the Birmingham group reported 
their large experience with steroid tapering and early 
STWD after LT. Acute or chronic rejection was rare, 
and metabolic benefits were important [75]. 

From 1993 to 2002, twelve studies on STWD after 
adult LT were reported [75, 77, 871. Four [78, 82, 85, 861 
were prospective, randomized, controlled trials, and all 
of them except for two were CsA-based. STWD was 
successful in 68.1-100% of patients after follow-ups 
ranging from 4 to 109 months. The incidence of acute 
and chronic rejection varied from 4.5% to 55.1% and 
from 0% to 6.9%, respectively. Use of antilymphocytic 
sera during induction IS did not have an impact on the 
results obtained. In seven studies, CsA monotherapy 
was obtained in 21.4% to 93% of patients. Graft sur- 
vival rates were excellent, and metabolic benefits were 
significant in more than half of the studies (Table 5). 

From 1989-2002, ten studies were reported in relation 
to STWD after pediatric LT [20, 78, 88, 89, 90, 91, 92, 
93,94,95] (Table 6). Only one study was prospective and 
randomized, however two thirds of patients were adults 
[78]. IS was CsA based in seven studies and TAC based 
in two. STWD was successful in 64% to 89% of patients 
over a time range of 3 to 164 months. The incidence of 
acute and chronic rejection ranged from 7% to 27% and 
from 0% to 13%, respectively. Graft survival rates were 
excellent. Metabolic and growth benefits were seen, al- 
though, as expected, not significant, indicating too-long- 
a-delay between transplantation and time of STWD. 

The influence of steroid-free IS on recurrent viral al- 
lograft disease in the allograft is of major concern in LT 
[24]. IS per se seems, however, to be responsible for a 
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Table 8 Preliminary results 
of prospective, blind, placebo- 
controlled, randomized study 
comparing TAC-short-term 
and low-dose steroids and 
TAC-placebo 

"Steroids were withdrawn in all 

'Monodrug therapy 
atients at 64 post-LT days 

Parameter TAC-placebo TAC-steroid" 
("/I ("/.I 

~~~ ~~ ~~ ~~~~ ~~ ~~ ~~ 

Patient survival 3 Months 

Graft survival 3 Months 

Rejection Banff 26 

1 Year 

1 Year 

Treatment at day 7 

VBDS at 1 year 

during first year 

Monotherapy TAC At 1 year 
De novo At 1 year 

Insulin-dependant diabetes 
Arterial hypertensionb 

Renal insufficiency (creat. >1.5 mg/dl) 
Hypercholesterolemia ( >220 mg/dl) 
At 1 year 

(pressure >140/100 mmHg) 

Kdrnofsky score >80% 

~~ 

100 
89.5 
100 
84.2 
36.8 
0 
10.5 
0 
100 

5.9 
11.8 

17.6 
5.9 
100 

~~~~~ 

95.2 
85.7 
95.2 
85.7 

52.4 
10 
38.1 (P=0.04) 
14.3"(P= 0.08) 
80 (P=O.O4) 

15.5 
0 

16.6 
5.6 
100 

more-aggressive allograft recurrence, as the few studies 
related to hepatitis C showed that incidence and severity 
of allograft re-infection were identical, with or without 
STWD [25,26]. 

Since the feasibility and long-term safety of STWD 
has been shown in both adult and pediatric LT, the use 
of steroids becomes controversial, not only in mainte- 
nance-IS after LT, but also in induction-IS. Thirteen 
studies, on steroid avoidance or almost avoidance IS 
protocols, have already been reported during the period 

105, 1061. Nine were prospective, randomized, con- 
trolled studies [26, 86, 96, 97, 99, 101, 104, 105, 1061. IS 
was TAC based in 11 studies (Table 7). Because of the 
use of several drug combinations, interpretation of the 
results is difficult. After a short follow-up (from 1.5 to 41 
months), acute and chronic rejection occurred in 5% to 
66% and 0% to 6% of patients, respectively; steroids 
needed to be re-introduced in 0% to 60% of patients. In 
five studies, TAC monotherapy was obtained in 36.6% 
to 100% of patients. The 1-year graft survival rate was 
excellent (2900/,), and metabolic benefits were clear. 

A prospective, blind, placebo-controlled, randomized 
study performed in this institution in 2000 shows that 
steroids can almost completely be avoided without any 
penalty in terms of patient and graft survival (Table 8). 
In a series of 40 consecutive adults, receiving 1,000 g of 
hydrocortisone peri-operatively, 1-year graft and patient 
survival rates were almost identical in TAC-short-term 
steroid (64 days) and TAC-placebo patient groups. TAC 
monotherapy was obtained in 100% of TAC-placebo 
patients and in 80% of TAC-steroid patients ( P =  0.04). 
Incidence of de novo diabetes mellitus, arterial hyper- 
tension, hyperuricemia, hypercholesterolemia, and renal 
insufficiency were identical in both patient groups. There 
was a significant difference in relation to the incidence of 
treated rejection during the first year (10.5% in TAC- 
placebo vs 38.1 % in TAC-steroid groups, P = 0.04); two 

1999-2002 [26, 86,96,97, 98,99, 100, 101, 102, 103, 104, 

TAC-steroid patients had vanishing bile duct syndrome. 
This study has now been extended to 120 adults; pre- 
liminary results seem to be similar to those obtained in 
the first patient cohort [ 1061. 

Conclusion 

The avoidance of steroids in immunosuppression has 
been shown to be feasible and safe in heart, liver, kidney, 
pancreas, and more recently, even intestinal transplanta- 
tion, in children and in adults. Up to now, success has been 
greatest in liver transplantation. Avoidance of steroids is 
probably better than their withdrawal, as it eliminates the 
risk of rejection and potential steroid-related side effects. 
The safety of such immunosuppressive protocols can be 
improved by the use of other drug combinations. In order 
to judge safety and efficacy, more prospective, random- 
ized, blind, placebo-controlled, clinical, pluricentric, in- 
vestigator-driven studies using internationally accepted 
histological scoring systems, are necessary. 

These studies are necessary, as it is clear that the goal 
of solid-organ transplantation is no longer patient and/ 
or graft survival, but morbidity and, even more impor- 
tantly, cost, and quality of life of the recipient. This goal 
can be achieved by an individualized approach to the 
transplant recipient, which, on one hand combines, at 
specific times post-transplantation, different drugs with 
specific side effects and toxicities, and eliminates, on the 
other hand, drugs such as steroids, which have been 
shown in thousands of cases to be detrimental to the 
physical and psychological well being of transplant re- 
cipients. The way from steroid-withdrawing IS to ste- 
roid-avoiding IS is open and very promising. It is very 
probable that these strategies will finally open the door 
to minimization and tolerogenic immunosuppression 
protocols [12, 27, 58, 1071. 
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