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Abstract The incidence and severity of acute rejection episodes was markedly reduced

by the introduction of new immunosuppressive drug regimens for renal transplan-
tation, resulting in improved graft survival at 1 year. However, only modest
improvement has been shown in long-term graft function rates.

This overview evaluates the efficacy of currently used immunosuppressive
drugs and drug combinations for long-term maintenance therapy. Prospective
controlled trials rarely extend beyond 5 years; therefore, registry data and retro-
spective reports have also been employed. From currently available data it may be
concluded that the initial beneficial effect of ciclosporin (cyclosporin) is lost 10
years after transplantation. Tacrolimus is an alternative to ciclosporin with a
different profile of adverse effects and a higher efficacy in acute rejection
treatment. For long-term maintenance, projected half-lives of kidney graft func-
tion are in favour of tacrolimus. Mycophenolate mofetil (MMF) has been shown
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to significantly reduce the incidence of early rejections. However, the improved
long-term graft survival reported in retrospective studies has still to be confirmed
in controlled trials. There is no convincing evidence for superiority of triple
therapy including prednisone (or prednisolone), calcineurin inhibitors and aza-
thioprine/MMF over dual therapy without azathioprine/MMF with respect to
long-term outcome. Withdrawal of corticosteroids or calcineurin inhibitors clearly
reduces adverse drug effects but carries the risk of acute rejection episodes.
Avoidance of corticosteroids by using new immunosuppressive drug combina-
tions may be an option to minimise toxic adverse effects in the future.

At present, it seems unjustified to convert renal transplant recipients with
stable graft function and tolerable adverse effects from one drug to another solely
in expectation of future benefits. Acute early or late rejection episodes and
intolerable adverse effects are good reasons for conversions between calcineurin
inhibitors or cytotoxic agents. Chronic allograft nephropathy with slowly deterio-
rating graft function remains an unresolved problem.

Introduction of the calcineurin inhibitors, ci-
closporin (cyclosporin) and tacrolimus, has resulted
in considerable improvements in short-term renal
graft survival over the last two decades. However,
only a modest improvement has been shown in long-
term graft function rates. Chronic allograft nephrop-
athy and recipient mortality are the two major fac-
tors contributing to a continuous loss of functioning
kidney grafts after the first year of transplantation.

Chronic renal graft dysfunction results from
immunological injury in the form of chronic al-
lograft rejection as well as from non-immunological
vascular risk factors such as hypertension, hyperlipi-
daemia or post-transplant diabetes mellitus. Recipi-
ent mortality beyond the first year of transplantation
is mainly because of cardiovascular events, malig-
nancy and infection.

1. Death with Graft Function

Death with graft function is a common cause of
graft loss. In a population-based survival analysis of
86 502 adult patients transplanted between 1987 and
1998,[11 38% of the 18 482 deaths were deaths with
graft function, accounting for 42.5% of all graft loss.
The predominant cause of death with graft function
was cardiovascular disease (36.1%). Immunosup-
pressive agents aim to avoid the immunological
injury to the graft, but most of these drugs simulta-
neously increase non-immunological risk factors,
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rate of malignancies and risk of systemic infection
to some degree and in this way contribute to chronic
allograft dysfunction and recipient mortality. Thus,
the effect of a specific immunosuppressive drug on
long-term outcome after kidney transplantation is
rather complex. In addition, immunosuppressive
regimens after transplantation usually consist of
combinations of two or three drugs that change over
time; drugs being substituted, added or withdrawn.
The impact of immunosuppressive regimens on
cardiovascular risk factors (hypertension, hyperlipi-
daemia, diabetes) has been described previous-
ly.>#l However, it still has to be demonstrated that
different risk profiles or control of risk factors trans-
late into the expected improvement of graft and
patient survival.

2. Surrogate Endpoints Predicting
Long-Term Graft Survival

In order to avoid the difficulties of performing
and completing long-term clinical studies on immu-
nosuppression, short-term parameters have been
looked for to predict the outcomes after renal trans-
plantation. Delayed graft function and acute rejec-
tion during the first year have a significant adverse
effect on long-term graft survival.” Renal function,
especially serum creatinine level or calculated glo-
merular filtration rate (GFR) at 1 year post-trans-
plant, has been proposed as a predictor of long-term
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graft survival.l8! However, retrospective evaluation
of a large set of transplant data from the US Renal
Data System found a limited utility of renal function
as a predictive tool for graft loss.[! Protocol graft
biopsies at 6 months!'” or 1 year!!!l are a more
invasive approach to predict late outcome. So far,
predictors of outcome have only been analysed
retrospectively and will need confirmation in a pro-
spective fashion.

3. Methods of Literature Search
and Evaluation

There is no definition of ‘long-term’ function
after kidney transplantation. In the literature, the
term is used for any time period between 2 years and
more than 10 years. This overview regards observa-
tions as ‘long term’ if they cover 5 years or longer.
Randomised, controlled studies on immunosuppres-
sive drug effects are rarely designed for such a long
time. At best, patients originally entered into a study
have been re-evaluated outside the protocol at a later
time. Most long-term data available in the literature
are merely descriptive, retrospective, non-
randomised and uncontrolled. In addition, registry
data have been published, and these have the advan-
tage of large numbers and, sometimes, long observa-
tion times. However, with respect to immunosup-
pressive regimens, a selection bias is often unknown
or difficult to detect.

This overview attempts to compare the long-term
results of immunosuppressive regimens, mainly on
an intention-to-treat basis using published data
mostly from controlled trials, but also uncontrolled
single-centre reports and retrospective data from
registries. The literature search was performed with
PubMed, using immunosuppressive drug names and
‘renal transplantation’ as primary search terms. The
search focussed on studies published between 1998
and 2003 reporting follow-up data beyond 5 years.

4. Immunosuppressive Drugs for
Renal Transplantation

Immunosuppressive drugs used in kidney trans-
plantation can be grouped according to their mecha-
nism of action.
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4.1 Corticosteroids

Glucocorticoids!'?! were the first and, intially, the
only drugs used for kidney transplantation. Predni-
sone (or prednisolone) is the most commonly given
compound to prevent or treat graft rejection. Since
prednisone still has most of the mineralocorticoid
efficacy of the natural cortisol, some centres prefer
the more expensive but less sodium-retaining
methylprednisolone for high-dosage intravenous
application. Corticosteroids exert their unique com-
bination of antiproliferative, anti-inflammatory and
immunosuppressive effects via binding to a
cytosolic glucocorticoid receptor expressing or sup-
pressing a number of genes regulating, among
others, phospholipase A2 and some interleukins
(IL). Only recently have attempts been undertaken
on a larger scale to transplant solid organs without
any corticosteroids.!?]

4.2 Cytotoxic Agents

Lymphocytes have no ‘salvage pathway’ for
purine production and, therefore, depend on de novo
purine synthesis for proliferation. Azathioprine!'*!
was the second drug to be introduced into renal
transplantation. The prodrug azathioprine is cleaved
to the purine analogue mercaptopurine in the body
and inhibits RNA and DNA synthesis. Mycophe-
nolic acid!"¥ blocks inosine-monophospate-dehy-
drogenase activity and, in this way, inhibits de novo
purine synthesis. The prodrug mycophenolate mofe-
til (MMF) reached the market in the second half of
the 1990s. Mofetil improves drug bioavailability
and is cleaved from the mycophenolic acid after
intestinal absorption. Very recently an enteric-
coated formulation of MMF has become available.

4.3 Calcineurin Inhibitors

Calcineurin inhibitors mainly decrease the syn-
thesis of IL-2 in activated T cells. Ciclosporin!!7]
binds to cyclophilins in the T cell, inhibits the calci-
neurin-calmodulin complex and impairs IL-2 gene
expression. Ciclosporin A came into use in trans-
plant medicine during the early 1980s. It is usually
referred to as ‘ciclosporin’, although other
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ciclosporins (i.e. ciclosporin G) have been tested
clinically. Over the years, different formulations of
ciclosporin have been used. The data evaluated in
this overview have nearly all been obtained with
ciclosporin microemulsion, which has been shown
to have a more reliable bioavailability than older
formulations, leading to more efficient immunosup-
pression and reduced incidence of acute rejection
episodes.!'3191 Tacrolimus/?”! was marketed about 10
years later. After binding to other intracellular pro-
teins (FK-binding protein), tacrolimus exerts the
same mechanism of action as ciclosporin. On a
weight basis it is more active than ciclosporin and
differs in some drug adverse effects.

4.4 Inhibitors of Interleukin-2 Receptor
Signal Transduction

Sirolimus (rapamycin)?!! blocks signal transduc-
tion from the activated IL-2 receptor and, in this
way, inhibits T-cell proliferation. It came into larger
scale use for organ transplantation only around the
year 2000. Therefore, long-term results from
sirolimus-treated recipients are still not available
and are only briefly discussed in this overview.

4.5 Antilymphocytic Antibodies

Antibodies?>?! directed against T cells (anti-
thymocyte globulin), the T-cell receptor (anti-CD3
antibodies) or the IL-2 receptor (anti-CD25 anti-
bodies) are used for induction therapy at the time of
transplantation or for treatment of severe rejection
episodes. Long-term results of renal transplantation
are only indirectly influenced by their use.

5. Immunosuppressive Drug
Combinations for Renal Transplantation

With the introduction of new drugs, immunosup-
pressive maintenance regimens after kidney trans-
plantation have changed over time. Table I provides
an overview of the most commonly used drug com-
binations. Prednisone plus azathioprine was the only
drug combination available until the early 1980s.
Substitution of azathioprine by ciclosporin im-
proved 1-year graft survival by about 20%. Multi-
centre trials showed the superiority of ciclosporin
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Table I. Most commonly used immunosuppressive drug combina-
tions for maintenance therapy in renal transplantation

Time period? Preferred regimen(s)

Pre 1982 P-AZA

1983-9 P-CSA

1990-6 P-CSA-AZA
P-TAC-AZA

Post 1996 P-CSA-MMF
P-TAC-MMF

a Time periods are estimates and differ according to regional
drug approval and centre preferences.

AZA = azathioprine; CSA = ciclosporin; MMF = mycophenolate

mofetil; P = prednisone (or prednisolone); TAC = tacrolimus.

over azathioprine at 3% and 527! years. When triple
therapy came into use towards the end of the 1980s,
azathioprine was reintroduced into standard main-
tenance protocols and substituted by mycophenolic
acid about 10 years later. The calcineurin inhibitor
tacrolimus became an alternative to ciclosporin
during the early 1990s. Registry data?®>! and
single-centre reports®®l show improved graft and
recipient survival over these years, which may in
part reflect the effects of the new immunosuppres-
sive regimens. However, whether this is only ex-
plained by the remarkable improvement in short-
term graft survival or also by an increase in the half-
life of graft function is yet to be resolved.[3!3%)

5.1 Ciclosporin-Based Regimens

Most centres reported that the introduction of
ciclosporin resulted in a significantly better short-
term graft survival. Improved graft survival rates
were maintained at 10-year follow up in some stud-
ies,3334 but lost in the long term in other trials.33-3!
In a prospective, randomised study®*”) comparing
ciclosporin plus azathioprine plus prednisone
(n = 58) with azathioprine plus prednisone (n = 59)
in low-risk recipients, 12-year graft survival in the
ciclosporin arm (59%) was not significantly better
than in the patients who did not receive ciclosporin
(56%) and the ciclosporin group had poorer renal
function.

A meta-analysisP®® of seven controlled trials
showed no significant advantage of triple
ciclosporin-azathioprine-prednisone therapy over

Drugs 2004; 64 (12)
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dual ciclosporin-prednisone in terms of graft survi-
val. In a randomised study comparing ciclosporin
monotherapy with dual ciclosporin-prednisone and
triple ciclosporin-azathioprine-prednisone therapy
in 354 recipients with a median follow up of 85
months, graft survival was not significantly different
between the study groups at 9 years.*"! Nearly one-
half of the patients in the monotherapy arm had
received corticosteroids during the course of the
study. Registry data covering the years 1991
through 2000 also revealed a short-term improve-
ment in graft survival on triple therapy, but the
addition of azathioprine did not affect the graft half-
lives.[40]

In a case control study in 102 patients, younger
renal transplant recipients and those with highly
variable ciclosporin exposure were at risk of devel-
oping chronic allograft nephropathy.*!1 C2
ciclosporin monitoring has been advocated for
better control of ciclosporin exposure in the early
phase after transplantation. For long-term
ciclosporin monitoring, no convincing advantage of
C2 monitoring over measuring trough concentra-
tions could be demonstrated in 161 patients after the
first year of kidney transplantation.?!

The introduction of ciclosporin certainly had a
major beneficial impact on early results of kidney
transplantation. However, obviously, the drug is less
effective in late renal graft maintenance and addition
of azathioprine does not improve long-term results
in a substantial manner.

5.2 Tacrolimus-Based Regimens

Tacrolimus was introduced for use in kidney
transplantation at a time when triple therapy was
more or less used as standard maintenance immuno-
suppression. The short- and middle-term efficacy of
triple tacrolimus-azathioprine-prednisone therapy
has been compared with dual tacrolimus-prednisone
therapy in randomised trials. The Pittsburgh Trans-
plantation Institute!3! and, more recently, a Europ-
ean study group™¥ did not find any differences in
over 200 patients in each study between both treat-
ment arms in graft or patient survival, or number or
type of rejection episodes at 1 year. The Spanish and
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Italian Tacrolimus Study Group reported results at
1, 2 and 3 years in 475 recipients.[*>*4"1 At each time
point, graft and patient survival was virtually identi-
cal with dual tacrolimus-prednisone or with triple
tacrolimus-azathioprine-prednisone therapy.
Although the observation periods of these ongo-
ing studies are shorter than 5 years, it is unlikely
from the results obtained so far that an additional
long-term effect of azathioprine in combination with
tacrolimus will evolve in the following years.

5.3 Ciclosporin versus Tacrolimus

Initial randomised, short-term studies did not
find any significant difference between ciclosporin-
and tacrolimus-based regimens in patient or graft
survival at 1481 or 3191 years after transplantation. In
an analysis of more than 32 000 renal graft recipi-
ents both ciclosporin microemulsion and tacrolimus
were associated with significantly lower risk of
chronic allograft failure than conventional
ciclosporin formulation at 4 years. The results with
ciclosporin microemulsion and tacrolimus were
similar.!3

Protocol biopsies at 1 year after transplantation
were performed in a randomised study (n = 102)
comparing ciclosporin and tacrolimus.®!l Despite
equivalent risk factors for chronic allograft
nephropathy before transplantation and short-term
efficacy after grafting, the use of ciclosporin was
associated with increased allograft fibrosis com-
pared with tacrolimus. In a single-centre, retrospec-
tive evaluation of 5 years’ experience in 217 trans-
planted patients, those treated with tacrolimus had
fewer rejection episodes and a better graft survival
than patients treated with ciclosporin microemul-
sion.1%?!

Six-year follow-up data from 232 recipients ran-
domised to treatment with tacrolimus or ciclosporin
in a single centre were analysed.’¥ Morphometric
evaluation of protocol biopsies performed at 1 year
revealed that the degree of interstitial fibrosis was
significantly greater in the ciclosporin group.
Patients receiving tacrolimus had significantly
better 6-year graft survival and a longer projected

Drugs 2004; 64 (12)
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half-life of 15 years versus with

ciclosporin.

10 years

Two major multicentre trials comparing tacro-
limus- and ciclosporin-based immunosuppressive
therapy reported 5-year results. Intent-to-treat ana-
lysis of the US multicentre trial revealed equivalent
patient and graft survival between treatment
arms.’" The rate of crossover to the tacrolimus
treatment arm was significantly higher among the
patients randomised to ciclosporin-based therapy.
Only when crossover for rejection was regarded as
graft failure was 5-year graft survival significantly
better with tacrolimus (64%) than with ciclosporin
(54%). In the European study, including 451 trans-
plant patients, graft survival rates at 5 years post-
transplant were 68% in the tacrolimus and 66% in
the ciclosporin groups; patient survival rates were
also comparable.>! With tacrolimus, the number of
chronic rejections was significantly lower and the
projected half-life was also in favour of tacrolimus
(15.8 vs 10.8 years).

In 986 paediatric recipients, tacrolimus and
ciclosporin in combination with MMF and cortico-
steroids, produced similar rejection rates and graft
survival at 1 and 2 years.’® Tacrolimus was asso-
ciated with better graft function at both timepoints.
It remains to be determined whether the difference
in graft function translates into improved long-term
graft survival.

The middle- or long-term studies comparing
ciclosporin and tacrolimus for primary immunosup-
pression after kidney transplantation nearly all con-
firm earlier reports on differences in the safety pro-
file between both drugs. Patients receiving primary
therapy with tacrolimus,’7! and those converted
from ciclosporin to tacrolimus,®! had a more
favourable lipoprotein pattern with lower choles-
terol, low-density lipoproteins and apolipoprotein B.
In addition, blood pressure decreased after conver-
sion to tacrolimus.[®%®!] Gingival hyperplasia and
hirsutism, adverse effects of ciclosporin, showed
rapid improvement in all patients experiencing these
effects and had disappeared after 1 year of tacroli-
mus therapy.[®?! Neurotoxicity, disturbances in glu-
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cose metabolism and gastrointestinal symptoms are
more pronounced or more frequent with tacroli-
mus.*®! In a cohort of 139 renal graft recipients
without known glucose metabolism abnormalities
who were treated with tacrolimus, 15% developed
impaired fasting glycaemia and 32% developed dia-
betes in the first year after transplantation.l%3 In
addition, tacrolimus has been associated with poly-
omavirus disease as a cause of renal graft dysfunc-
tion or renal graft loss.¥ In all of the conversion
studies, the switch from ciclosporin- to tacrolimus-
based maintenance immunosuppression proved to
be a safe procedure and renal graft function re-
mained stable. Finally, a cost analysis from Italy
found an advantage for tacrolimus in direct medical
costs.[3

The pros and cons of tacrolimus versus
ciclosporin have been recently reviewed by Scott
et al.[%! and Tanabe.!*”! Well tolerated and effective
immunosuppression is  feasible with either
ciclosporin or tacrolimus. However, the different
profile of adverse effects might influence the deci-
sion for one or the other substance in an individual
patient. For long-term maintenance, projected half-
lives of kidney graft function are in favour of tacroli-
mus. The superior effect of tacrolimus in the treat-
ment of acute rejection has also been reviewed.[6®!
Especially with regards to the control of vascular
acute rejection, a better potential long-term outcome
is hoped for with tacrolimus, and a number of cen-
tres routinely convert patients from ciclosporin to
tacrolimus for acute rejection. In a prospective con-
trolled study,[®! 119 recipients were switched to
tacrolimus or maintained on ciclosporin at a first
episode of biopsy-proven acute rejection. Tacroli-
mus reduced the number of corticosteroid-resistant
rejections and the risk of recurrent rejection; short-
term graft survival was similar in both groups.

At present, there is some hope for a long-term
beneficial effect of tacrolimus in kidney transplanta-
tion but no hard evidence exists. However, early
conversion from ciclosporin to tacrolimus in the
case of rejection episodes or adverse effects appears
to be a wise choice.

Drugs 2004; 64 (12)
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5.4 Azathioprine versus
Mycophenolate Mofetil

Before registration of MMF, three large con-
trolled, multicentre trials were performed comparing
MMF with placebo” or azathioprinel’!’?! in
ciclosporin-based regimens for cadaveric kidney
transplantation. At 1 year, MMF reduced the inci-
dence of acute rejection significantly in each study
but did not significantly improve graft or patient
survival. Three-year follow-up reports have been
published from all three studies, evaluating the orig-
inal study population in an intention-to-treat
fashion.!”3-73 Despite the reduction of rejection epi-
sodes during the first 6 months, graft and patient
survival at 3 years were similar to the results
achieved with azathioprine. The European Myco-
phenolate Mofetil Cooperative Study Group!”! re-
ported a reduction in the incidence of graft loss by
7.6% with MMF compared with placebo. Gastroin-
testinal toxicity, invasive cytomegalovirus infection
and fungal infections were seen more frequently
with MMF than with placebo, especially when
higher dosages of 3 g/day were used.

The long-term continuous use of MMF versus
azathioprine was associated with a protective effect
against declining renal function at 1 and 2 years
when a large number of transplantations was
analysed from the US Renal Data System.[®! In a 3-
year analysis, patient survival and death-censored
graft survival were significantly improved in MMF-
treated compared with azathioprine-treated high-
risk African American graft recipients. The benefit
was comparable with the benefit achieved with
MMF over azathioprine in Caucasian patients.”””!
The relative risk of developing chronic allograft
failure was also analysed at 4 years post-transplant
from registry data.’¥! MMF significantly reduced
the risk by 27% compared with azathioprine. This
effect could only partly be explained by the reduced
incidence of acute rejection episodes in the early
phase after transplantation.

Five-year outcome comparing ciclosporin-based
immunosuppression with azathioprine or MMF has
been reported in a retrospective analysis of single-
centre data.”! In 308 recipients a nonsignificant
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trend towards better graft survival with MMF was
evident at 2 years and persisted at 5 years. Extrapo-
lation of half-lives indicated that about 10% more
kidney grafts would still be functioning on combina-
tion therapy with MMF versus azathioprine. In a
prospective single-centre experience!® with 38 pa-
tients in each group receiving either MMF or azathi-
oprine as part of a triple-drug regimen including
ciclosporin, uncensored graft and patient survival
showed a similar tendency for improved results with
MMF at 1, 3 and 5 years, but the differences did not
reach statistical significance.

A subgroup of 73 patients from a larger trial
using tacrolimus-MMF-prednisone was analysed at
4 years.®"1 The authors concluded that MMF re-
duced the incidence of acute rejection episodes in
tacrolimus-treated patients during the initial period
after transplantation but could be safely withdrawn.
At 4 years there were no significant differences in
graft or patient survival between patients receiving
tacrolimus-MMF-prednisone and tacrolimus-pred-
nisone. Data on the combination of azathioprine or
MMF with tacrolimus can also be obtained from a
three-arm multicentre study!®?! investigating tacroli-
mus with azathioprine or MMF versus ciclosporin
with MMF in 223 patients. At 1 year there were no
significant differences in overall graft or patient
survival between groups. The incidence of cortico-
steroid-resistant rejections was substantially lower
in the tacrolimus plus MMF group, and the inci-
dence of post-transplant diabetes was highest in the
tacrolimus plus azathioprine group. Three-year data
from the same study in principle corroborate these
findings.®31 The subgroup of recipients with delayed
graft function in the tacrolimus plus MMF arm had
improved graft survival compared with the other
two groups.

In the initial studies on MMF combinations it was
disappointing to find that, despite a significant re-
duction in the incidence of acute rejection episodes,
graft survival was not improved as expected. Five-
year results and analysis of registry data at least
suggest that MMF might have more potential than
azathioprine to improve kidney graft outcome in the
long term.

Drugs 2004; 64 (12)
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5.5 Reduction, Withdrawal or Avoidance of
Calcineurin Inhibitors

A number of centres reduce the dose of calcineur-
in inhibitors during the late phase after transplanta-
tion. In a prospective, randomised trial in 64 stable
renal graft recipients, a 50% ciclosporin dose reduc-
tion =1 years after transplantation was not asso-
ciated with an increased risk of rejection within 6
months as observed in ciclosporin withdrawal stud-
ies.34 Protocol biopsies revealed no adverse effects
of ciclosporin reduction over 3 years.® On the
other hand, analysis of kidney transplant data from
the Collaborative Transplant Study databasel®®!
showed that the 1-year ciclosporin dose was signifi-
cantly associated with long-term graft survival. Pa-
tients receiving 3—-6 mg/kg/day 1 year after trans-
plantation had the best graft survival rate at 10 years,
whereas treatment with <3 mg/kg/day carried the
risk of under-immunosuppression.

In a meta-analysis of immunosuppression with-
drawal trials, ciclosporin withdrawal was associated
with a significant risk of acute rejection but did not
increase the risk of graft failure.®”! In a controlled
trial, conversion from ciclosporin to azathioprine
treatment 1 year after transplantation in 216 recipi-
ents resulted in improved renal function and better
blood pressure control at 5 years and no significant
difference in 10-year graft and patient survival.!®8
Early ciclosporin withdrawal in 252 live related
renal transplantations involved a considerable risk
of acute rejection and subsequent chronic rejection,
whereas withdrawal beyond the first year appeared
to be better tolerated in stable recipients.® In a
single-centre  study, 128 patients receiving
ciclosporin and prednisone were randomised to con-
tinue ciclosporin treatment or to be converted from
ciclosporin to azathioprine 3 months after transplan-
tation.! Fifteen years after transplantation graft
survival tended to be lower in the ciclosporin contin-
uation group and GFR was significantly higher in
the patients converted to azathioprine.

Ciclosporin withdrawal in MMF-treated kidney
graft recipients has been investigated in prospective,
controlled, multicentre trials from The Netherlands
and Belgium. In 212 patients receiving triple-drug
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therapy including MMF, withdrawal of ciclosporin
resulted in a significantly increased incidence of
biopsy-proven acute and chronic rejection.”!) How-
ever, at 2 years graft and patient survival were not
different between groups. In another similar study
with 187 patients enrolled from 21 centres, a modest
increase in acute rejections without graft loss was
observed in those patients who had ciclosporin with-
drawn.[2!

Reduced-dose tacrolimus (trough concentrations
of 5-10 ng/L) after anti-CD25 antibody induction
has been investigated in a single-centre study.[®?
Tacrolimus was part of a triple-drug regimen with
MMF and corticosteroids in 82 recipients. Com-
pared with normal-dose tacrolimus (trough concen-
trations of 10—15 ng/L) without induction, the short-
term results indicated a better graft survival with the
reduced-dose regimen. For sirolimus, which is also
being used for calcineurin inhibitor reduction or
withdrawal, at present only short-term observations
are available.[*+%3

Avoidance of calcineurin inhibitors employing
new immunosuppressive drugs has been dis-
cussed.® Regimens using IL-2-receptor antibody
induction and MMF plus corticosteroids experi-
enced high rates of early rejection episodes®”% and
no long-term data are available. At present the role
of sirolimus or of new antibodies, such as anti-
CD52, aiming at graft tolerance in the prevention of
chronic graft nephropathy without calcineurin inhib-
itors cannot be assessed because no long-term data
are available.

5.6 Withdrawal or Avoidance
of Corticosteroids

Because of their well-known toxic adverse
effects, the dosage of corticosteroids was reduced as
part of immunosuppressive drug therapy after renal
transplantation in almost all centres when calci-
neurin inhibitors became available. Soon after the
introduction of ciclosporin, attempts at complete
withdrawal of corticosteroids were made.[?%!%01 Al-
though the rate of early rejection episodes seemed
acceptable when patients were converted from corti-
costeroids to azathioprine, re-evaluation after 8
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years showed that in a high percentage of patients
corticosteroids had been reinstituted because of bi-
opsy-proven chronic rejection.!'?!! Meta-analysis of
nine controlled corticosteroid withdrawal trials
found that the relative risk for acute rejection or for
graft failure was increased 1.4-fold.®®”) Despite an
improved adverse effect profile in corticosteroid-
free patients (compared with those patients receiv-
ing corticosteroids), with significantly less frequent
cataracts, osteoporosis and cardiovascular compli-
cations,’® the long-term safety and efficacy of this
approach has been questioned.!'%?]

Favourable 4-year experience with corticosteroid
withdrawal was reported in 19 children receiving
tacrolimus-based immunosuppression.['® As with
calcineurin inhibitors, the long-term feasibility of
corticosteroid withdrawal from drug regimens with
newer immunosuppressants is hoped for, but cannot
be assessed yet.

Complete avoidance of corticosteroids is an ap-
proach favoured in the early 2000s and has been
recently reviewed.'3] The rationale behind this ap-
proach is to avoid a probably IL-mediated effect of
corticosteroid withdrawal in patients conditioned to
corticosteroid treatment for a certain period of time.
Combinations of modern immunosuppressive drugs
seem to allow corticosteroid-free transplantation!!%#
and, thus, to bypass withdrawal effects. With respect
to long-term outcome, these observations are cer-
tainly preliminary but provide an encouraging out-
look.

5.7 Immunosuppressive Regimens
with Sirolimus

In contrast to calcineurin inhibitors, sirolimus
does not impair renal GFR. It has been successfully
used in calcineurin inhibitor-free protocols with
antibody induction in recipients at high risk for
delayed graft function.['95106] Since delayed graft
function is predictive for poor long-term results,?! it
might be assumed that primary sirolimus-based im-
munosuppression will translate into improved long-
term function in the future. On the other hand, recent
experimental '’ and clinical%!%1 investigations
with sirolimus revealed a delayed recovery of renal
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allografts from ischaemic and reperfusion injury.
The prolongation of renal recovery with sirolimus is
thought to be because of its antiproliferative and
pro-apoptotic effects on renal tubular cells.['0]
From a multicentre trial of early ciclosporin with-
drawal and sirolimus maintenance therapy including
525 recipients, 2-year and preliminary 3-year results
have been reported.®*!!11 At 3 years, serum creati-
nine was significantly lower and GFR was signifi-
cantly higher in the patients who had had ciclosporin
withdrawn compared with those who continued to
receive ciclosporin. The incidence of death, rate of
acute rejection episodes and the graft survival rate
were not significantly different between both study
arms at 2 and 3 years. At present, the role of
sirolimus in long-term maintenance immunosup-
pression beyond 5 years cannot be assessed.

6. Summary and Conclusions

Long-term immunosuppressive maintenance
therapy aims to prevent late acute rejection and the
development and progression of chronic allograft
nephropathy. The incidence of acute rejection epi-
sodes was significantly reduced by the introduction
of calcineurin inhibitors into the post-transplant
drug regimens and further improved by the use of
MMF instead of azathioprine. Tacrolimus contribut-
ed an additional benefit in the prevention and treat-
ment of corticosteroid-resistant rejection, minimis-
ing the need for rejection therapy with anti-CD3
antibodies.

Much less progress has been achieved in the
control of chronic allograft nephropathy (illustrated
as an example in figures 1 and 2). Figure 1 shows
calculation of the overall cadaveric kidney graft
survival rates, censored for patient death, from the
author’s centre. There has been a significant im-
provement in 10-year outcome with the shift from
dual therapy with azathioprine to dual therapy with
ciclosporin and a further benefit of triple therapy
regardless of whether azathioprine or MMF was
used. However, these improvements are mainly
achieved in the early phase, during the first year
after transplantation. When only recipients with
graft function at 1 year are included in the calcula-
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Fig. 1. Overall graft survival rates in 1653 cadaveric kidney trans-
plantations, censored for patient death, according to intent-to-treat
immunosuppressive maintenance regimen. Log-rank tests: P-AZA
vs P-CSA, p < 0.001; P-AZA vs P-CSA-AZA, p < 0.001; P-AZA vs
P-CSA-MMF, p < 0.001; P-CSA vs P-CSA-AZA, p < 0.025; P-CSA
vs P-CSA-MMF, p < 0.01; P-CSA-AZA vs P-CSA-MMF, p > 0.05
(not significant). AZA = azathioprine; CSA = ciclosporin; MMF =
mycophenolate mofetil; P = prednisone (or prednisolone).

tion (figure 2) the improvement is much smaller and
only significant for patients receiving triple therapy.
Beyond 5 years a nonsignificant trend for better
graft half-life with MMF appears and dual therapy
seems to be the less favourable option for long-term
outcome. Historical single-centre data are no proof
of concept, but they illustrate and confirm what was
to be expected from controlled trials of up to 5
years’ duration.

Chronic allograft nephropathy is the major cause
of late graft losses besides death of recipients with
graft function. It describes fibrosclerotic changes in
long-surviving renal transplants, which are consid-
ered to result from immune injury and non-immune,
mostly vascular, risk factors.!''>!"3 Two recent
reviews considering histological findings!!'¥ and
immune responses!!'>l in  chronic  allograft
nephropathy underline that progressive deterioration
of renal graft function is mainly caused by chronic
rejection and less by non-immune factors. Currently
used long-term immunosuppressive regimens do not
prevent or control these chronic immune processes
sufficiently.
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From the controlled trials summarised in this
overview, there is no really convincing evidence
that one drug regimen stands out as superior for
long-term use. Triple therapy is used by many cen-
tres, but has not been shown to be significantly
superior to dual therapy for long-term maintenance
in controlled trials. Whether more favourable
cardiovascular risk profiles of new immunosuppres-
sive drugs translate into improved patient survival
and reduced graft loss by death of recipients remains
to be demonstrated. However, the periods of obser-
vation might be too short and the numbers at risk too
small to draw any conclusions. The projected half-
lives for the long-term combination of tacrolimus
with MMF look promising but also need to be
confirmed by long-term observations.

Clinicians in the care of kidney transplant pa-
tients have to make decisions on the basis of the
drugs that are presently available and what is known
about the effects of the drugs at this time. In the
current situation, it seems unjustified to convert a
patient with stable graft function and tolerable ad-

O P-AZA (n=158)
B P-CSA (n=535)
A P-CSA-AZA (n = 260)
100 @® P-CSA-MMF (n = 321)
90
80
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g 60
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Fig. 2. Graft survival rates in 1274 cadaveric kidney transplanta-
tions with graft function at 1 year, censored for patient death, ac-
cording to intent-to-treat immunosuppressive maintenance regi-
men. Graft half-lives (years): P-AZA = 13.1; P-CSA = 12.7; P-CSA-
AZA = 14.3; P-CSA-MMF = 16.5. Log-rank tests: P-AZA vs P-CSA,
p > 0.05 (ns); P-AZA vs P-CSA-AZA, p > 0.05 (ns); P-AZA vs P-
CSA-MMF, p < 0.05; P-CSA vs P-CSA-AZA, p > 0.05 (ns); P-CSA
vs P-CSA-MMF, p < 0.01; P-CSA-AZA vs P-CSA-MMF, p > 0.05
(ns). AZA = azathioprine; CSA = ciclosporin; MMF = mycopheno-
late mofetil; ns = not significant; P = prednisone (or prednisolone).
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verse effects from one drug to another solely in
expectation of future benefits. Acute early or late
rejection episodes and intolerable adverse effects
are a good reason for conversions between calci-
neurin inhibitors or inhibitors of purine metabolism.
Slowly deteriorating graft function remains an un-
resolved problem.

Withdrawal of drugs, especially from triple ther-
apy, is an option in a number of patients but always
carries the risk of rejection. The risk seems to be
highest after corticosteroid withdrawal and lower
after cessation of azathioprine or MMF. The pa-
tients’ attitudes towards withdrawal have been as-
sessed by a Canadian group.!''®) On the assumption
of a ‘risk-free choice’, 65% of the patients would
like to discontinue corticosteroids, 19% calcineurin
inhibitors and 16% azathioprine or MMF. Unfortu-
nately, the patients’ preferences inversely correlate
with the results of clinical studies reported in the
literature.
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