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Introduction

Summary

New immunosuppressants and the better use of immunosuppressant combina-
tion therapy have led to significant improvements in renal allograft outcomes
over the last decades. Yet, despite dramatic reduction in rejection rates and
improvement in 1-year graft survival, long-term graft attrition rates remained
rather constant. Current immunosuppressant combinations are frequently leading
to overimmunosuppression and are increasing cardiovascular risk. Importantly,
calcineurin inhibitors are nephrotoxic, contribute to cardiovascular risk and
chronic allograft dysfunction. Furthermore, immunosuppressant-associated tox-
icities aggravate immune-mediated nephron injury and side effects lead to nonad-
herence, an identified important reason for late acute and chronic antibody-
mediated rejections. The frequent development of a chronic humoral response
indicates rather insufficient immunosuppression of current combinations than
simple under-immunosuppression. While there is no evidence that increasing
immunosuppressive doses will improve outcomes or reduce de novo HLA-anti-
body formation, there is clear evidence that adequate minimization strategies will
reduce side effect burden. Because of low rejection risk, but frequent side effects,
drug minimization is particularly relevant for the many maintenance patients. In
summary, new therapeutic strategies need to be developed from adequately pow-
ered clinical trials for reduction of the many side effects of immunosuppressants.
Such evidence-based and time-dependent immunosuppressive minimization
strategies are needed to achieve better long-term outcomes in the future.

mycophenolate, mammalian target of rapamycin (mTor)
inhibitors and Interleukin-2 receptor (IL-2R) antibodies

Current data [1] clearly demonstrate that renal transplanta-
tion improves survival of patients with end stage renal dis-
ease (ESRD). The quality of life and life expectancy of renal
transplant recipients (RTR) dramatically improve, irrespec-
tive of age, gender, or cause of ESRD [1]. Today, excellent
outcomes are achieved with more than 90% graft survival
in the first year. The progress over the last two decades is
largely due to the introduction and the better use of new
immunosuppressants. Cyclosporine, the first calcineurin
inhibitor (CNI), clearly revolutionized transplantation,
allowing successful solid organ transplantation in the
majority of patients. The introduction of tacrolimus,
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led to further improvements and allowed multiple, highly
effective combination therapies [2—4].

Yesterday, the main concern was to prevent acute rejec-
tion and to improve short-term graft and patient outcomes,
because rejection rates were high while post-transplant
expected survival was low. The addition of newer immuno-
suppressants dramatically improved efficacy and decreased
the 1-year acute rejection incidence from 40-50% to 10—
15% with an increase in 1-year graft survival from 80-85%
to 90-95% [3]. Today, T-cell-mediated acute rejections are
mostly reversible and, if treated successfully, have only a
limited impact on long-term outcome. Late acute rejections
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are rare, indicating very effective rejection prophylaxis with
current drugs in the context of a lower immunological risk.
Thus, current protocols are very efficient in preventing T-
cell-mediated rejection, while less successful in preventing
humoral B-cell-mediated immune responses. The incidence
of antibody-mediated rejection (ABMR) with current pro-
tocols is difficult to quantify, depends on the immunologi-
cal risk and time after transplantation, and is often
associated with T-cell-mediated rejection [5]. A recent
study, including 2316 RTR, showed an extremely low
ABMR incidence of 1.3% (23/1839 patients) in the first
year in compatible transplants, while 196/477 (41.1%)
incompatible patients experienced ABMR [6]. In a longitu-
dinal study, a total of 47/315 (15%) patients developed de
novo DSA (dnDSA) at a mean of 4.6 £ 3.0 years post-
transplant (7], but 18/47 (38%) patients with dnDSA had
stable renal function during follow-up.

Today’s immunosuppression after transplantation
mainly relies on a multidrug combination therapy, each
component with a different mechanism of action. Theoreti-
cally, we want to achieve an ideal therapeutic immunosup-
pression, which is just strong enough to prevent rejection,
but does not lead to overimmunosuppression such as infec-
tion and cancer. Ideally, immunosuppressive drugs have
synergistic efficacy leading to substantially lower dose
requirements. The reduction of dose-dependent toxicities
with relatively low dosing strategies in synergistic combina-
tions resulted in better tolerability and efficacy. The Sym-
phony trial [8,9] provide circumstantial evidence for the
success of an early post-transplant minimization strategy.
Together with mycophenolate and steroids, CNIs remain
the cornerstone of initial immunosuppressive regimens due
to a 1-year rejection risk reduction [3]. The combination of
optimized immunosuppression with better diagnostics
(e.g., HLA-antibody detection, CMV), better concomitant
therapeutics (e.g., for CMV disease, for hypertension (e.g.,
renin—angiotensin blockers), better surgical standards, and
many other factors (e.g., better detection and prevention of
coagulation disorders) significantly decreased graft loss in
the first year over the last 30 years. With such excellent
short-term outcomes, it is difficult to demonstrate any
improvements in efficacy, except for a reduction in side
effects.

Decreasing time-dependent risk of rejection

Strong immunosuppression is particularly important dur-
ing the initial post-transplant period (induction phase)
when there is a high incidence of early post-transplant
rejection. Most acute rejections occur in the first 6 months
after transplantation, and current immunosuppressive pro-
tocols should aim to provide adequate immunosuppression
early after transplantation. The transplant loss due to acute
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rejection is nowadays low, and the risk of rejection is
markedly reduced after 6 months [10]. In later postopera-
tive stages, “graft adaptation” occurs, resulting in the very
low rejection rates in maintenance patients. The mainte-
nance phase can be divided into early and late maintenance
phase. Under standard therapy with tacrolimus and myco-
phenolate, the late maintenance phase (after the third year
post-transplant) is characterized by an extremely low risk
of acute rejection (<2%) [11]. Conversely, immunosup-
pressive toxicity remains frequent, partly due to increasing
cumulative drug exposure over time.

As a consequence of the decreasing time-dependent
immunological risk, immunosuppressants are reduced over
time as reflected by only short induction, steroid tapering,
and gradual lowering of CNI levels [12-14] (Fig. 1). While
much evidence exists for the optimal immunosuppression
in the first year, only sparse prospective data from a few
large randomized trials provide some evidence for the
maintenance period, which would be important for the
majority of maintenance patients under long-term immu-
nosuppression. Many centers continue triple maintenance
therapy, others aim at twofold immunosuppressive strate-
gies, and some low-risk patients are even maintained on
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Figure 1 Immunosuppression strategies after transplantation accord-
ing to the immunological risk. While the immunological risk decreases
over time after the first year post-transplant period, sparse prospective
data for maintenance phase are available to guide the immunosuppres-
sion minimization strategy. Fourfold includes antithymocyte globulins or
anti-CD25 monoclonal antibody for induction, plus three maintenance
drugs, for example, calcineurin inhibitors (e.g., tacrolimus or cyclospor-
ine), steroids (e.g., methylprednisolone or prednisolone), and antime-
tabolite (mycophenolate mofetil or mycophenolate sodium) or mTor
Inhibitor (sirolimus or everolimus). During early maintenance therapy,
calcineurin inhibitors and steroids are tapered down. According to the
transplant center strategy and individual risk profile, one maintenance
drug is eventually discontinued and patients continue on long-term
twofold drug therapy (e.g., CNI plus antimetabolite, CNI plus mTor
inhibitor, CNI plus steroids).
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CNI monotherapy. Such minimization strategies aim to
reduce long-term drug-specific side effects to improve indi-
vidual tolerability and adherence. Nevertheless, it is unclear
today whether they influence long-term outcomes.

Side effects of current immunosuppressive drugs

As pointed out, the frequent side effects of immunosup-
pressants remain an important clinical problem, which also
negatively influence long-term success after transplanta-
tion.

Cyclosporine causes several important side effects such
as hypercholesterolemia, hypertension, gingival hypertro-
phy, constipation, hirsutism, acne, and nephrotoxicity [15—
17]. Drug monitoring is mandatory because of its narrow
therapeutic window and the potential for drug-to-drug
interaction (i.e., modification of the effect of a drug when
administered together with another drug). Tacrolimus is a
more powerful CNI, with a more potent prophylaxis of
rejection [1,16,18]. However, its use is associated with dia-
betes [19,20], neurological side effects (tremor, headache),
hair loss, gastrointestinal side effects (e.g., diarrhea, nausea,
vomiting), and hypomagnesemia [16]. In combination with
mycophenolate, it also more often causes overimmunosup-
pression, namely polyoma nephritis [21-24]. For the same
pharmacological reasons as cyclosporine, tacrolimus should
be monitored using trough levels, which provide a reason-
able estimate for exposure [25].

The mycophenolates, mycophenolate mofetil (MMF),
and enteric-coated mycophenolate sodium (EC-MPS) [26—
28] are based on mycophenolic acid (MPA), which inhibits
inosine  monophosphate  dehydrogenase =~ (IMPDH).
Although not nephrotoxic, they inhibit, however, bone mar-
row function and cause gastrointestinal symptoms. Diarrhea
is frequently observed under mycophenolates and a system-
atic work-up should be done before dose is reduced.
Approximately 50% of patients with diarrhea experience
resolution of their symptoms without dose adjustments
[29-31]. Other MPA-associated side effects include the
potential for overimmunosuppression, especially a higher
incidence of CMV infections with more severe CMV dis-
ease, and a higher incidence of polyoma nephropathy, espe-
cially in combination with tacrolimus [21,22]. Regular
monitoring for BK virus is recommended in such combina-
tions. Furthermore, either CMV prophylaxis or a tight pre-
emptive strategy with regular screening for CMV viremia
should be instituted according to guidelines [32]. However,
the recommended antiviral medications (e.g., valganciclo-
vir) have their own toxicity (e.g., neurotoxicity, nephrotoxi-
city, and most importantly bone marrow toxicity), which
contribute to the overall side effect burden.

Steroids have been part of the immunosuppressive
regimens over the last 50 years [12,33] and are still initial
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standard worldwide. However, steroids have a large num-
ber side effects (weight gain, hyperglycemia/diabetes, osteo-
porosis, aseptic necrosis, hypertension, hyperlipidemia,
growth retardation, cataracts, cosmetic: cushing, hirsutism,
skin atrophy), especially with long-term use.

The immunosuppressants, sirolimus and everolimus
[34,35], inhibit the mammalian target of rapamycin
(mTor) and suppress lymphocyte proliferation and differ-
entiation. Side effects [14,34,36,37] include dose-dependent
bone marrow toxicity, hyperlipidemia, edema, develop-
ment of lymphoceles, wound-healing problems, pneumoni-
tis, proteinuria, and impaired fertility [38]. When
combined with CNIs, pneumocystis prophylaxis is man-
dated, for example, low-dose cotrimoxazole. Emerging side
effects including proteinuria, development of HLA anti-
bodies [4], ovarian toxicity [39], and infertility warrant
more research and a cautious individual approach. Thera-
peutic monitoring of trough levels is recommended because
of the narrow therapeutic window and the risk of drug-to-
drug interactions.

Hence, it is obvious that drug toxicity is an imminent, fre-
quent, and important problem, both for the patient and the
physician. Current protocols aim to reduce such immuno-
suppressant-specific side effects using a synergistic regimen,
and over the last two decades, successful minimization strat-
egies clearly reduced side effect burden and resulted in better
outcomes. In daily practice, overimmunosuppression, poor
side effect profile remain frequent problems. In many
instances, those dose adjustments are erratic and with only
limited evidence. Obviously, prevention is better than treat-
ment, which also applies for many side effects of immuno-
suppressants. Thus, a proactive and controlled minimization
strategy will not only reduce dose-dependent side effects but
also avoid drug-associated morbidity, diagnostic work-up,
and costly co-medication in some individuals.

Current problems

Despite dramatic reduction in rejection rates, long-term
graft attrition rates have not improved [40]. Risk for graft
loss beyond the first year is even higher compared to
20 years ago, most likely due to the acceptance of more
marginal donors and recipients. The two main reasons for
graft loss remain death with a functioning graft and chronic
allograft dysfunction [41,42] (Fig. 2).

Immunosuppression and death with a functioning graft

Although the restoration of kidney function dramatically
reduces cardiovascular mortality and morbidity, RTR
remain at high risk of death with a functioning graft when
compared to the general population. The first causes are
cardiovascular diseases, infections, and cancer [43].
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Figure 2 Main reasons of allograft loss: summarized concerns of over-
immunosuppression and immunosuppressants side effects on allograft
outcome. CMV, cytomegalovirus; BKV, polyoma virus; DSA, donor spe-
cific antibodies; MS, metabolic syndrome; CNI, calcineurin inhibitors;
mTori, mammalian target of rapamycin inhibitors; PTDM, post-trans-
plant diabetes mellitus.

Cardiovascular disease and metabolic disorders

Sarnak et al. [44] reported that cardiovascular death was
50-fold higher in RTR than in the general population. Kas-
iske et al. [45] demonstrated a higher risk for myocardial
infarction during the first year following renal transplanta-
tion compared to patients remaining on the transplant
waiting list. The excessive prevalence of traditional cardio-
vascular risk factors (hypertension, diabetes, obesity, smok-
ing, and hypercholesterolemia) only partly explains this
high cardiac mortality. Ojo [46] showed that, after renal
transplantation, the frequency of some traditional cardio-
vascular risk factors remains stable; however, other impor-
tant risk factors such as diabetes, hypercholesterolemia, and
obesity are increasing. Post-transplant diabetes mellitus
(PTDM) and metabolic syndrome in RTR are highly asso-
ciated with the occurrence of cardiovascular events [47,48].
Yet, these factors do not completely explain this excess
death rate. The cardiovascular risk scores developed for
general population, as the Framingham equation, fail to
predict the coronary risk of RTR [49]. Thus, other nontra-
ditional risk factors have been identified and some are
directly related to allograft function as proteinuria [50] and
glomerular filtration rate (GFR) [51-53]. The restoration
of renal function after kidney transplantation is key for car-
diovascular patient survival. Conversely, patients who
return to dialysis experience again much higher death rates
and cardiovascular events [54].

These observations show the utmost importance to
reduce modifiable traditional cardiovascular risk factors
and to preserve renal function. The cardiovascular side
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effects of most immunosuppressants contribute to
increased cardiovascular morbidity and mortality [55,56].
CNIs are nephrotoxic and cause hyperlipidemia, hyperten-
sion, and diabetes, mTor inhibitors favor hyperlipidemia,
anemia, and proteinuria, while corticoids induce diabetes,
hyperlipidemia, and obesity. However, effective rejection
prophylaxis with these drugs will preserve renal function,
which is also crucial for long-term outcome despite ele-
vated cardiovascular risk factors. Nevertheless, it is evident
that these risk factors (such as diabetes and hyperlipidemia)
are associated with inferior outcomes after transplantation.
All these concerns can be addressed by minimization or
withdrawal strategies, as side effects are generally dose

dependent.

Cancer and infections

Taken together, malignancies and infections are the leading
cause of death with a functioning graft [57] and are clear
symptoms of overimmunosuppression [58]. These unspe-
cific side effects of all immunosuppressants are directly
related to their immunosuppressive effects, the combina-
tion therapy with other immunosuppressants, and the
cumulative immunosuppressive burden over time. While
infectious deaths were decreasing over the last decades
(eventually due to better diagnostics and medications),
malignancies-related death was increasing. In addition, new
infections such as BKV infections became prominent with
current potent immunosuppression. This highlights the
need for adequate immunosuppression, which is more than
excellent rejection prophylaxis in the first months after
transplantation. Opportunistic infections (e.g., CMV-,
BKV, PCP-infections) are frequently observed in the first
year after transplantation [59]. Risk factors for these infec-
tions were identified and successful prophylaxis strategies
developed, decreasing the morbidity and mortality. Malig-
nancies occur late after transplantation and are associated
with increasing age and cumulative immunosuppression.
Regular screening could be helpful, although it is unclear to
what extent [58,60,61].

Immunosuppression and chronic allograft dysfunction

Chronic allograft dysfunction (CAD) (previously called
“chronic rejection” or “chronic allograft nephropathy” and
today called “Interstitial Fibrosis/Tubular Atrophy (IF/
TA)” in renal biopsy) remains the main obstacle for long-
term success [62]. Biopsy shows rather unspecific nephron
damage and nephron loss, attributed to immunological
(e.g., HLA antibodies) and nonimmunological factors such
as donor factors (e.g., age, brain death, pre-existent dis-
ease), ischemia-reperfusion injury, recipient factors (e.g.,
hypertension, diabetes), infection (e.g., polyoma virus
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(BKV), CMV, recurrent bacterial interstitial nephritis), and
drug toxicity (e.g., CNI-associated nephrotoxicity) [62—65].
Potentially modifiable factors for CAD are CNI nephrotoxi-
city, hypertension, infections [62], which are directly asso-
ciated with overimmunosuppression or too high drug
exposure. The exact contribution of the different factors is
under discussion [66] and may vary between populations
and over time. Other frequently observed side effects (e.g.,
cosmetic side effects, neurotoxicity, gastrointestinal toxic-
ity) lead to multiple medical problems, additional co-medi-
cation and diagnostics, increasing costs, and nonadherence
[67,68]. Contrary to the many and frequent side effects, late
acute rejections are infrequent [69] and are mostly due to
nonadherence [67], indicating that current maintenance
therapy—if taken adequately—is extremely efficient to pre-
vent acute rejection.

Despite frequently observed overimmunosuppression
and effective prevention of acute rejection, some patients,
especially those with a high immunological risk, experience
acute ABMR episodes or develop de novo HLA antibodies.
This suggests that current immunosuppressive therapy has
only limited efficacy in preventing B-cell-mediated
immune responses, while being very effective in preventing
acute T-cell-mediated rejection. All ABMR remains an
imminent threat to the graft [70], mainly due to poor
treatment options [71]. Chronic humoral injury is consid-
ered a major reason for late graft loss. Unfortunately, our
knowledge about development of de novo HLA antibodies
is limited, and data on different immunosuppressive drugs
on the humoral immune system are sparse. The develop-
ment of HLA antibodies has been associated with under-
immunosuppression; however, it is completely unknown
whether an increase of immunosuppression will decrease
this development or only increases side effects and subse-
quently nonadherence. Nonadherence is a frequent identi-
fied cause for HLA antibodies, but is rather associated with
immunosuppressive side effects or with complex and
inconvenient dosing schemes. Future research including
the development of novel immunosuppressants is needed
to address the imperfect suppression of the humoral
response under current immunosuppressants. Additionally,
novel strategies including the development of better tolera-
ble and convenient drug regimens are needed to improve
adherence.

CNI-related nephrotoxicity is one of the predominant
nonimmunological factors for CAD [15,42]. Evidence is
coming from non-RTR; more than 30% of patients are
experiencing severe renal dysfunction after 10 years of CNI
treatment [72]. Almost 10% of transplant recipients of a
nonrenal allograft experience ESRD after 10-15 years. As
most RTR receive only one more or less damaged kidney, it
seems likely that chronic CNI-associated toxicity also con-
tributes significantly to chronic allograft dysfunction after
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kidney transplantation, although the exact amount is under
discussion [66].

Other factors linked to immunosuppressants and over-
immunosuppression, such as hypertension, diabetes, and
infections, contribute to CAD [62,73]. In practice, it is dif-
ficult to distinguish between the different factors contribut-
ing to CAD in kidney biopsies because all these factors are
more or less present in the same patients. They will lead to
nephron injury and ultimately nephron loss. In this con-
text, it is conceivable that HLA antibodies are causing more
nephron injury in the presence of metabolic disturbances,
hypertension, glomerular hyperfiltration, and CNI-associ-
ated vasoconstriction with latent glomerular ischemia.

As immunosuppressive efficacy has improved, the goals
that define optimal immunosuppressant choices have chan-
ged. Thus, the main focus today is to improve transplant
and patient long-term outcomes, which are strongly depen-
dent on the reduction of immunosuppressant toxicity in
combination with better prophylaxis of humoral immune
responses.

Current strategies of immunosuppression
minimization

In summary, most major causes for the lack of improve-
ment of long-term allograft survival are directly or indi-
rectly related to the side effect burden of current
immunosuppressive regimens (e.g., nephrotoxicity, meta-
bolic, and cardiovascular side effects, nonadherence)
[57,65,68,73] or are related to overimmunosuppression
[46,58,63]. In contrast, acute rejection in maintenance
patients is rare [69], and currently, there is no evidence that
increased standard immunosuppression will lead to less
chronic humoral rejection. Thus, there is a clear medical
need to further explore strategies to minimize immunosup-
pression exposure, especially in patients on standard main-
tenance therapy. Such minimization or withdrawal
protocols have to be tested in rigorous clinical trials in
comparison with standard therapy in order to provide a
robust scientific basis for improved future drug regimens.

Corticoid minimization

There is a long history of steroid avoidance or withdrawal
in transplantation [74-83]. Most practitioners still consider
prednisolone to be a fundamental adjunct to primary
immunosuppression, even though successful prednisolone
withdrawal has been achieved in the vast majority of
patients in many prospective, randomized trials [12,33,84].
These trials together with a meta-analysis suggest the risk
of steroid withdrawal depends on the immunological risk
(e.g, HLA mismatch, ethnicity), on the concomitant
immunosuppressive medication, and on the time after
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transplantation. For steroid avoidance, a potent induction
agent has to be used, which, however, cause some other
unwanted effects and still results in a slightly higher rejec-
tion rate. Although the risk of rejection diminishes over
time, potential benefits are less prominent after a prolonged
steroid treatment period. Some papers [85,86] call for a
cautious approach in patients with IgA nephropathy,
although recurrence rates under current standard therapy
with tacrolimus and IL-2R induction were very low and
overall long-term outcome of steroid-free patients were
excellent. In summary, steroid-free or steroid withdrawal
protocols are safe and feasible with modern immunosup-
pression, and it is well documented that the combination
of MPA plus CNI allows a safe steroid-free maintenance
therapy in the majority of patients. The best strategy is not
clear yet, and more data on the long term would be useful
to address the safety of steroid-free protocols. Obviously,
most patients benefit from a steroid-free maintenance ther-
apy with a reduction of associated side effects, including
cardiovascular risk factors.

CNI minimization and withdrawal

In maintenance patients, the potency of IL-2R antibodies,
MPA, or mTor inhibitors can be used for substantial dose
reductions of nephrotoxic CNIs. As pointed out by Kamar
et al. [87] in this issue, MPA-based minimization leads to
better renal function [34,35,88,89]. Although there have been
several studies of the potential for CNI-free protocols with
MPA and steroids, complete CNI avoidance or withdrawal
over the first 3 years has been associated with an increased
rejection risk and worse outcomes in prospective random-
ized studies [90,91]. In contrast, CNI withdrawal under
MPA and steroids appeared to be safe in long-term mainte-
nance patients beyond 5 years’ post-transplant and resulted
in improved renal function [92,93]. This observation high-
lights the decreasing rejection risk over time and provides a
good example of a time-dependent minimization strategy.

In addition, recent studies suggest that mTor inhibitors
cannot replace CNIs in the initial phase after transplanta-
tion due to lower efficacy and a less favorable side effect
profile [8].

As further discussed by Diekmann [94], many studies
observed that mTor inhibitors can replace CNIs at later
stages, for example, 3—6 months after transplantation, with
significant improvements in renal function despite slightly
increased rejection risk. Late conversion to mTor inhibitors
is less successful [95-97]. However, high discontinuation
rates (around 35-40%), mostly due to side effects, offset
some of the benefits [98]. Recent publications on higher
rate of HLA antibodies under mTor therapy raised con-
cerns [99]. Similarly, proteinuria and poor renal function
are associated with inferior outcomes after conversion.
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Due to an antiproliferative effect and a lower incidence
of malignancy in sirolimus-treated patients, conversion
from CNIs to mTor inhibitors could be beneficial for
patients, who develop or are at a high risk for the develop-
ment of post-transplant malignancy [100]. For patients
with post-transplant Kaposi sarcoma, mTor inhibitors offer
a successful and well-documented treatment option. Sev-
eral controlled trials have reported less skin malignancies
after conversion to mTor inhibitors [101,102]; however,
high withdrawal rates limit its clinical use.

In summary, mTor inhibitors are a valid, safe, and well-
documented alternative in case of severe side effects under
standard therapy, including patients with skin tumors.
Generally, late conversion in patients with poor renal func-
tion and/or proteinuria is more problematic, and a cau-
tious and individual approach should be followed in those
patients. Ongoing studies will help to better define the role
of mTor inhibitors after transplantation in the near future.

Another option discussed by Grinyo is the potential
opportunities with Belatacept, a promising new agent
[103-112], with a complete new mechanism of action that
allows a complete CNI-free immunosuppression, at least in
low-risk patients.

Despite their side effects, CNIs have been a cornerstone
of modern immunosuppressive regimens for more than
30 years because they have resulted in an exemplary
improvement in kidney graft survival. Future protocols aim
to minimize or even eliminate CNIs, and CNI therapy
remains a delicate balancing act. However, until such strat-
egies provide superior outcomes, CNIs remain the standard
of care in the initial postoperative period. For severe CNI-
related side effects, such as nephrotoxicity, CNI withdrawal,
replacement, or profound, reduction is needed. Special
attention should be paid to maintenance patients, which
need less CNIs than previously thought [13,34,35,88,89]. It
is important to note that CNIs maintenance does not influ-
ence other important factors such as adherence, recurrent
disease, and chronic antibody-mediated rejection. The
development of safe time-dependent CNI minimization or
even withdrawal protocols in maintenance patients remains
an important goal for the reduction of nephrotoxicity.

Conclusion

In the future, new immunosuppressive strategies should
aim to reduce the side effects of current immunosuppres-
sants, either by the clinical development of new more selec-
tive drugs with better tolerability or by the constant
optimization of current treatment protocols. This should
allow for a more efficient immunosuppression with far less
side effects leading to significant improvements of long-
term graft survival. Overimmunosuppression and drug-
associated toxicities contribute to the cardiovascular risk
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profile in most maintenance patients and to chronic
allograft dysfunction. It is important to note that drug-
associated side effects also contribute to nonadherence,
which leads to the development of acute rejection or de
novo HLA antibodies. Current immunosuppressive proto-
cols are limited in their efficacy to prevent chronic anti-
body-mediated rejection and other factors aggravate
antibody-mediated nephron injury. As a consequence, the
reduction of side effects in combination with better preven-
tion of HLA-antibody development is crucial for improving
long-term outcomes.

This goal could be achieved by time-dependent and opti-
mized immunosuppressive protocols, since rejection risk is
decreasing over time, while side effects are increasing. The
key for all future improvements, however, remains well-
conducted and adequately powered clinical trials, which are
necessary to provide a solid evidence basis for all these min-
imization strategies.

Funding

The authors have declared no funding.

Acknowledgements

KB has consultancy agreements with Bristol-Myers Squibb,
Hexal, LifeCycle Pharma, Novartis Pharma, TCL Pharma
and Pfizer and has received research grants for clinical stud-
ies, speaker’s fees, honoraria, travel expenses, and payment
for the development of educational presentations from
AiCuris, Astellas, Bristol-Myers Squibb, Hexal, LifeCycle
Pharma, Novartis Pharma, TCL Pharma, Roche AG, and
Pfizer.

References

1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE,
Agodoa LY, et al. Comparison of mortality in all patients
on dialysis, patients on dialysis awaiting transplantation,
and recipients of a first cadaveric transplant. N Engl ] Med
1999; 341: 1725.

2. Hariharan S, Johnson CP, Bresnahan BA, Taranto SE,
McIntosh MJ, Stablein D. Improved graft survival after
renal transplantation in the United States, 1988 to 1996. N
Engl ] Med 2000; 342: 605.

3. Meier-Kriesche HU, Schold JD, Srinivas TR, Kaplan B.
Lack of improvement in renal allograft survival despite a
marked decrease in acute rejection rates over the most
recent era. Am | Transplant 2004; 4: 378.

4. Weir MR, Mulgaonkar S, Chan L, et al. Mycophenolate
mofetil-based immunosuppression with sirolimus in renal
transplantation: a randomized, controlled Spare-the-Neph-
ron trial. Kidney Int 2011; 79: 897.

© 2015 Steunstichting ESOT 28 (2015) 891-900

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Minimization strategies to solve current problems of immunosuppression

. Dorje C, Midtvedt K, Holdaas H, et al. Early versus late

acute antibody-mediated rejection in renal transplant
recipients. Transplantation 2013; 96: 79.

. Orandi BJ, Chow EH, Hsu A, et al. Quantifying renal allo-

graft loss following early antibody-mediated rejection. Am
] Transplant 2015; 15: 489.

. Wiebe C, Gibson IW, Blydt-Hansen TD, et al. Evolution

and clinical pathologic correlations of de novo donor-spe-
cific HLA antibody post kidney transplant. Am ] Transplant
2012; 12: 1157.

. Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced

exposure to calcineurin inhibitors in renal transplantation.
N Engl ] Med 2007; 357: 2562.

. Ekberg H, Bernasconi C, Tedesco-Silva H, et al. Calcineu-

rin inhibitor minimization in the Symphony study: obser-
vational results 3 years after transplantation. Am J
Transplant 2009; 9: 1876.

Nankivell BJ, Borrows R], Fung CL, O’Connell PJ, Allen
RD, Chapman JR. The natural history of chronic allograft
nephropathy. N Engl ] Med 2003; 349: 2326.

Bunnapradist S, Ciechanowski K, West-Thielke P, et al.
Conversion from twice-daily tacrolimus to once-daily
extended release tacrolimus (LCPT): the phase III random-
ized MELT trial. Am J Transplant 2013; 13: 760.

Pascual J. Steroid avoidance or withdrawal in kidney trans-
plantation. Curr Opin Organ Transplant 2011; 16: 600.
Grinyo JM, Cruzado JM. Mycophenolate mofetil and calci-
neurin-inhibitor reduction: recent progress. Am J Trans-
plant 2009; 9: 2447.

Srinivas TR, Meier-Kriesche HU. Minimizing immunosup-
pression, an alternative approach to reducing side effects:
objectives and interim result. Clin ] Am Soc Nephrol 2008; 3
(Suppl 2): S101.

Chapman JR. Chronic calcineurin inhibitor nephrotoxi-
city-lest we forget. Am J Transplant 2011; 11: 693.

Webster AC, Woodroffe RC, Taylor RS, Chapman JR,
Craig JC. Tacrolimus versus ciclosporin as primary immu-
nosuppression for kidney transplant recipients: meta-analy-
sis and meta-regression of randomised trial data. BMJ
2005; 331: 810.

Almeida CC, Silveira MR, de Araujo VE, et al. Safety of
immunosuppressive drugs used as maintenance therapy in
kidney transplantation: a systematic review and meta-
analysis. Pharmaceuticals (Basel) 2013; 6: 1170.

Silva HT Jr, Yang HC, Abouljoud M, et al. One-year results
with extended-release tacrolimus/MMF, tacrolimus/MME
and cyclosporine/MMF in de novo kidney transplant recip-
ients. Am ] Transplant 2007; 7: 595.

Ghisdal L, Bouchta NB, Broeders N, et al. Conversion from
tacrolimus to cyclosporine A for new-onset diabetes after
transplantation: a single-centre experience in renal trans-
planted patients and review of the literature. Transpl Int
2008; 21: 146.

Vincenti F, Friman S, Scheuermann E, et al. Results of

an international, randomized trial comparing glucose

897



Minimization strategies to solve current problems of immunosuppression

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

898

metabolism disorders and outcome with cyclosporine ver-
sus tacrolimus. Am ] Transplant 2007; 7: 1506.

Hirsch HH, Randhawa P. BK polyomavirus in solid organ
transplantation. Am J Transplant 2013; 13(Suppl. 4): 179.
Sawinski D, Goral S. BK virus infection: an update on diag-
nosis and treatment. Nephrol Dial Transplant 2015; 30: 209.
Bressollette-Bodin C, Coste-Burel M, Hourmant M, Sebille
V, Andre-Garnier E, Imbert-Marcille BM. A prospective
longitudinal study of BK virus infection in 104 renal trans-
plant recipients. Am ] Transplant 2005; 5: 1926.

Brennan DC, Agha I, Bohl DL, et al. Incidence of BK with
tacrolimus versus cyclosporine and impact of preemptive
immunosuppression reduction. Am | Transplant 2005; 5:
582.

Wallemacq P, Armstrong VW, Brunet M, et al. Opportuni-
ties to optimize tacrolimus therapy in solid organ trans-
plantation: report of the European consensus conference.
Ther Drug Monit 2009; 31: 139.

Budde K, Durr M, Liefeldt L, Neumayer HH, Glander P.
Enteric-coated mycophenolate sodium. Expert Opin Drug
Saf2010; 9: 981.

Srinivas TR, Kaplan B, Meier-Kriesche HU. Mycophenolate
mofetil in solid-organ transplantation. Expert Opin Phar-
macother 2003; 4: 2325.

Maripuri S, Kasiske BL. The role of mycophenolate mofetil
in kidney transplantation revisited. Transplant Rev
(Orlando) 2014; 28: 26.

Davies NM, Grinyo J, Heading R, Maes B, Meier-Kriesche
HU, Oellerich M. Gastrointestinal side effects of myco-
phenolic acid in renal transplant patients: a reappraisal.
Nephrol Dial Transplant 2007; 22: 2440.

Cooper M, Salvadori M, Budde K, Oppenheimer F, Sollin-
ger H, Zeier M. Enteric-coated mycophenolate sodium
immunosuppression in renal transplant patients: efficacy
and dosing. Transplant Rev (Orlando) 2012; 26: 233.

Maes B, Hadaya K, de Moor B, et al. Severe diarrhea in
renal transplant patients: results of the DIDACT study. Am
] Transplant 2006; 6: 1466.

Kotton CN, Kumar D, Caliendo AM, et al. Updated inter-
national consensus guidelines on the management of cyto-
megalovirus in solid-organ transplantation.
Transplantation 2013; 96: 333.

Halloran PF. Immunosuppressive drugs for kidney trans-
plantation. N Engl ] Med 2004; 351: 2715.

Bolin P Jr, Shihab FS, Mulloy L, et al. Optimizing tacroli-
mus therapy in the maintenance of renal allografts: 12-
month results. Transplantation 2008; 86: 88.

Frimat L, Cassuto-Viguier E, Charpentier B, et al. Impact
of cyclosporine reduction with MMF: a randomized trial in
chronic allograft dysfunction. The ‘reference’ study. Am |
Transplant 2006; 6: 2725.

Murakami N, Riella LV, Funakoshi T. Risk of metabolic
complications in kidney transplantation after conversion to
mTOR inhibitor: a systematic review and meta-analysis.
Am ] Transplant 2014; 14: 2317.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Bamoulid et al.

Kaplan B, Qazi Y, Wellen JR. Strategies for the manage-
ment of adverse events associated with mTOR inhibitors.
Transplant Rev (Orlando) 2014; 28: 126.

Huyghe E, Zairi A, Nohra J, Kamar N, Plante P, Rostaing
L. Gonadal impact of target of rapamycin inhibitors (siroli-
mus and everolimus) in male patients: an overview. Transpl
Int 2007; 20: 305.

Braun M, Young J, Reiner CS, et al. Low-dose oral siroli-
mus and the risk of menstrual-cycle disturbances and ovar-
ian cysts: analysis of the randomized controlled SUISSE
ADPKD trial. PLoS One 2012; 7: e45868.

Lamb KE, Lodhi S, Meier-Kriesche HU. Long-term renal
allograft survival in the United States: a critical reappraisal.
Am ] Transplant 2011; 11: 450.

Nankivell BJ, Kuypers DR. Diagnosis and prevention of
chronic kidney allograft loss. Lancet 2011; 378: 1428.
Terasaki PI, Cecka JM. The center effect: is bigger better?
Clin Transpl 1999; 317.

Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY,
Port FK. Long-term survival in renal transplant recipients
with graft function. Kidney Int 2000; 57: 307.

Sarnak MJ, Levey AS, Schoolwerth AC, et al. Kidney dis-
ease as a risk factor for development of cardiovascular dis-
ease: a statement from the American Heart Association
Councils on Kidney in Cardiovascular Disease, High Blood
Pressure Research, Clinical Cardiology, and Epidemiology
and Prevention. Hypertension 2003; 42: 1050.

Kasiske BL, Maclean JR, Snyder JJ. Acute myocardial
infarction and kidney transplantation. ] Am Soc Nephrol
2006; 17: 900.

Ojo AO. Cardiovascular complications after renal trans-
plantation and their prevention. Transplantation 2006; 82:
603.

Cosio FG, Kudva Y, van der Velde M, et al. New onset
hyperglycemia and diabetes are associated with increased
cardiovascular risk after kidney transplantation. Kidney Int
2005; 67: 2415.

Courivaud C, Kazory A, Simula-Faivre D, Chalopin JM,
Ducloux D. Metabolic syndrome and atherosclerotic events
in renal transplant recipients. Transplantation 2007; 83:
1577.

Kasiske BL, Chakkera HA, Roel J. Explained and unex-
plained ischemic heart disease risk after renal transplanta-
tion. J Am Soc Nephrol 2000; 11: 1735.

Halimi JM, Matthias B, Al-Najjar A, et al. Respective pre-
dictive role of urinary albumin excretion and nonalbumin
proteinuria on graft loss and death in renal transplant
recipients. Am ] Transplant 2007; 7: 2775.

Abbott KC, Yuan CM, Taylor AJ, Cruess DF, Agodoa LY.
Early renal insufficiency and hospitalized heart disease after
renal transplantation in the era of modern immunosup-
pression. ] Am Soc Nephrol 2003; 14: 2358.

Meier-Kriesche HU, Baliga R, Kaplan B. Decreased renal
function is a strong risk factor for cardiovascular death
after renal transplantation. Transplantation 2003; 75: 1291.

© 2015 Steunstichting ESOT 28 (2015) 891-900



Bamoulid et al.

53

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

. Fellstrom B, Jardine AG, Soveri I, et al. Renal dysfunction
is a strong and independent risk factor for mortality and
cardiovascular complications in renal transplantation. Am J
Transplant 2005; 5: 1986.

Kaplan B, Meier-Kriesche HU. Death after graft loss: an
important late study endpoint in kidney transplantation.
Am ] Transplant 2002; 2: 970.

Jardine AG, Gaston RS, Fellstrom BC, Holdaas H. Preven-
tion of cardiovascular disease in adult recipients of kidney
transplants. Lancet 2011; 378: 1419.

Liefeldt L, Budde K. Risk factors for cardiovascular disease
in renal transplant recipients and strategies to minimize
risk. Transpl Int 2010; 23: 1191.

Pilmore H, Dent H, Chang S, McDonald SP, Chadban SJ.
Reduction in cardiovascular death after kidney transplanta-
tion. Transplantation 2010; 89: 851.

Budde K, Matz M, Durr M, Glander P. Biomarkers of over-
immunosuppression. Clin Pharmacol Ther 2011; 90: 316.
Fishman JA. Infection in solid-organ transplant recipients.
N Engl ] Med 2007; 357: 2601.

Rama I, Grinyo JM. Malignancy after renal transplantation:
the role of immunosuppression. Nat Rev Nephrol 2010; 6:
511.

Chapman JR, Webster AC, Wong G. Cancer in the trans-
plant recipient. Cold Spring Harb Perspect Med. 2013; 3:

pii: a015677. doi: 10.1101/cshperspect.a015677.

Renders L, Heemann U. Chronic renal allograft damage
after transplantation: what are the reasons, what can we
do? Curr Opin Organ Transplant 2012; 17: 634.

Reinke P, Fietze E, Ode-Hakim S, et al. Late-acute renal
allograft rejection and symptomless cytomegalovirus infec-
tion. Lancet 1994; 344: 1737.

Muller V, Becker G, Delfs M, Albrecht KH, Philipp T, Hee-
mann U. Do urinary tract infections trigger chronic kidney
transplant rejection in man? J Urol 1998; 159: 1826.
Nankivell BJ, Borrows R], Fung CL, O’Connell PJ, Chap-
man JR, Allen RD. Calcineurin inhibitor nephrotoxicity:
longitudinal assessment by protocol histology. Transplanta-
tion 2004; 78: 557.

El-Zoghby ZM, Stegall MD, Lager DJ, et al. Identifying spe-
cific causes of kidney allograft loss. Am J Transplant 2009;
9: 527.

Vlaminck H, Maes B, Evers G, et al. Prospective study on
late consequences of subclinical non-compliance with
immunosuppressive therapy in renal transplant patients.
Am ] Transplant 2004; 4: 1509.

Butler JA, Roderick P, Mullee M, Mason JC, Peveler RC.
Frequency and impact of nonadherence to immunosup-
pressants after renal transplantation: a systematic review.
Transplantation 2004; 77: 769.

Halloran PF, Chang J, Famulski K, et al. Disappearance of
T cell-mediated rejection despite continued antibody-
mediated rejection in late kidney transplant recipients. |
Am Soc Nephrol 2014; pii: ASN.2014060588. [Epub ahead
of print]

© 2015 Steunstichting ESOT 28 (2015) 891-900

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Minimization strategies to solve current problems of immunosuppression

. Lachmann N, Terasaki PI, Schonemann C. Donor-specific
HLA antibodies in chronic renal allograft rejection: a pro-
spective trial with a four-year follow-up. Clin Transpl 2006:
171.

Kim M, Martin ST, Townsend KR, Gabardi S. Antibody-
mediated rejection in kidney transplantation: a review of
pathophysiology, diagnosis, and treatment options. Phar-
macotherapy 2014; 34: 733.

Ojo AO, Held PJ, Port FK, et al. Chronic renal failure after
transplantation of a nonrenal organ. N Engl ] Med 2003;
349: 931.

Sharif A, Baboolal K. Complications associated with new-
onset diabetes after kidney transplantation. Nat Rev Neph-
rol 2012; 8: 34.

Pascual J, Royuela A, Galeano C, Crespo M, Zamora J. Very
early steroid withdrawal or complete avoidance for kidney
transplant recipients: a systematic review. Nephrol Dial
Transplant 2012; 27: 825.

Rike AH, Mogilishetty G, Alloway RR, et al. Cardiovascular
risk, cardiovascular events, and metabolic syndrome in
renal transplantation: comparison of early steroid with-
drawal and chronic steroids. Clin Transplant 2008; 22: 229.
Woodle ES, First MR, Pirsch J, Shihab F, Gaber AO, Van
Veldhuisen P. A prospective, randomized, double-blind,
placebo-controlled multicenter trial comparing early

(7 day) corticosteroid cessation versus long-term, low-dose
corticosteroid therapy. Ann Surg 2008; 248: 564.

Haynes R, Harden P, Judge P, ef al. Alemtuzumab-based
induction treatment versus basiliximab-based induction
treatment in kidney transplantation (the 3C Study): a
randomised trial. Lancet 2014; 384: 1684.

Hanaway MJ, Woodle ES, Mulgaonkar S, et al. Ale-
mtuzumab induction in renal transplantation. N Engl |
Med 2011; 364: 1909.

Cantarovich D, Rostaing L, Kamar N, et al. Early corti-
costeroid avoidance in kidney transplant recipients
receiving ATG-F induction: 5-year actual results of a
prospective and randomized study. Am ] Transplant
2014; 14: 2556.

Vincenti F, Schena FP, Paraskevas S, Hauser IA, Walker
RG, Grinyo J. A randomized, multicenter study of steroid
avoidance, early steroid withdrawal or standard steroid
therapy in kidney transplant recipients. Am J Transplant
2008; 8: 307.

Knight SR, Morris PJ. Interaction between maintenance
steroid dose and the risk/benefit of steroid avoidance and
withdrawal regimens following renal transplantation.
Transplantation 2011; 92: e63.

Knight SR, Morris PJ. Steroid avoidance or withdrawal
after renal transplantation increases the risk of acute rejec-
tion but decreases cardiovascular risk. A meta-analysis.
Transplantation 2010; 89: 1.

Pascual J, van Hooff JP, Salmela K, Lang P, Rigotti P, Bud-
de K. Three-year observational follow-up of a multicenter,
randomized trial on tacrolimus-based therapy with

899


http://dx.doi.org/10.1101/cshperspect.a015677

Minimization strategies to solve current problems of immunosuppression

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

900

withdrawal of steroids or mycophenolate mofetil after renal
transplant. Transplantation 2006; 82: 55.

Pascual J, Zamora J, Galeano C, Royuela A, Quereda C. Ste-
roid avoidance or withdrawal for kidney transplant recipi-
ents. Cochrane Database Syst Rev. 2009: CD005632.

Clayton P, McDonald S, Chadban S. Steroids and recurrent
IgA nephropathy after kidney transplantation. Am J Trans-
plant 2011; 11: 1645.

Cohney §J. Steroid withdrawal in patients transplanted for
IgA nephropathy-a disease-specific consideration? Am |
Transplant 2011; 11: 1553.

Kamar N, Del Bello A, Belliere ], Rostaing L. Calcineurin-
inhibitor sparing regimens based on mycophenolic acid after
transplantation. Transpl Int 2015; doi: 10.1111/tri.12515.
[Epub ahead of print]

Kamar N, Rostaing L, Cassuto E, et al. A multicenter, ran-
domized trial of increased mycophenolic acid dose using
enteric-coated mycophenolate sodium with reduced tacrol-
imus exposure in maintenance kidney transplant recipients.
Clin Nephrol 2012; 77: 126.

Mathis AS, Egloff G, Ghin HL. Calcineurin inhibitor spar-
ing strategies in renal transplantation, part one: late sparing
strategies. World ] Transplant 2014; 4: 57.

Roodnat JI, Hilbrands LB, Hene RJ, et al. 15-year follow-
up of a multicenter, randomized, calcineurin inhibitor
withdrawal study in kidney transplantation. Transplanta-
tion 2014; 98: 47.

Abramowicz D, Del Carmen Rial M, Vitko S, et al. Cyclo-
sporine withdrawal from a mycophenolate mofetil-containing
immunosuppressive regimen: results of a five-year, prospec-
tive, randomized study. ] Am Soc Nephrol 2005; 16: 2234.
Suwelack B, Gerhardt U, Hohage H. Withdrawal of cyclo-
sporine or tacrolimus after addition of mycophenolate mo-
fetil in patients with chronic allograft nephropathy. Am J
Transplant 2004; 4: 655.

Dudley C, Pohanka E, Riad H, et al. Mycophenolate mofe-
til substitution for cyclosporine a in renal transplant recipi-
ents with chronic progressive allograft dysfunction: the
“creeping creatinine” study. Transplantation 2005; 79: 466.
Dieckmann F. Immunosuppressive minimisation with
mTor inhibitors and Belatacept. Transpl Int 2015; in press.
Halleck F, Duerr M, Waiser J, et al. An evaluation of siroli-
mus in renal transplantation. Expert Opin Drug Metab Tox-
icol 2012; 8: 1337.

Schena FP, Pascoe MD, Alberu J, et al. Conversion from
calcineurin inhibitors to sirolimus maintenance therapy in
renal allograft recipients: 24-month efficacy and safety
results from the CONVERT trial. Transplantation 2009; 87:
233.

Gatault P, Lebranchu Y. Conversion to mTOR-inhibitor-
based immunosuppression: which patients and when?
Transplant Res 2013; 2(Suppl 1): S3.

Budde K, Bunnapradist S, Grinyo JM, et al. Novel
once-daily extended-release tacrolimus (LCPT) versus
twice-daily tacrolimus in de novo kidney transplants:

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Bamoulid et al.

one-year results of Phase III, double-blind, randomized
trial. Am J Transplant 2014; 14: 2796.

Liefeldt L, Brakemeier S, Glander P, et al. Donor-specific
HLA antibodies in a cohort comparing everolimus with
cyclosporine after kidney transplantation. Am J Transplant
20125 12: 1192.

Campistol JM, Albanell J, Arns W, et al. Use of prolifera-
tion signal inhibitors in the management of post-transplant
malignancies—clinical guidance. Nephrol Dial Transplant
2007; 22(Suppl 1): i36.

Euvrard S, Morelon E, Rostaing L, ef al. Sirolimus and sec-
ondary skin-cancer prevention in kidney transplantation.

N Engl ] Med 2012; 367: 329.

Halleck F, Budde K. Transplantation: Sirolimus for second-
ary SCC prevention in renal transplantation. Nat Rev
Nephrol 2012; 8: 687.

Vincenti F, Charpentier B, Vanrenterghem Y, et al. A phase
I1I study of belatacept-based immunosuppression regimens
versus cyclosporine in renal transplant recipients (BENE-
FIT study). Am J Transplant 2010; 10: 535.

Vanrenterghem Y, Bresnahan B, Campistol J, et al. Belata-
cept-based regimens are associated with improved cardio-
vascular and metabolic risk factors compared with
cyclosporine in kidney transplant recipients (BENEFIT and
BENEFIT-EXT studies). Transplantation 2011; 91: 976.
Rostaing L, Neumayer HH, Reyes-Acevedo R, et al. Belata-
cept-versus cyclosporine-based immunosuppression in
renal transplant recipients with pre-existing diabetes. Clin J
Am Soc Nephrol 2011; 6: 2696.

Durrbach A, Pestana JM, Pearson T, et al. A phase III study
of belatacept versus cyclosporine in kidney transplants
from extended criteria donors (BENEFIT-EXT study). Am
J Transplant 2010; 10: 547.

Pestana JO, Grinyo JM, Vanrenterghem Y, et al. Three-year
outcomes from BENEFIT-EXT: a phase III study of belata-
cept versus cyclosporine in recipients of extended criteria
donor kidneys. Am J Transplant 2012; 12: 630.

Larsen CP, Grinyo ], Medina-Pestana J, et al. Belatacept-
based regimens versus a cyclosporine A-based regimen in
kidney transplant recipients: 2-year results from the BENE-
FIT and BENEFIT-EXT studies. Transplantation 2010; 90:
1528.

Rostaing L, Vincenti F, Grinyo J, et al. Long-term belata-
cept exposure maintains efficacy and safety at 5 years:
results from the long-term extension of the BENEFIT
study. Am J Transplant 2013; 13: 2875.

Charpentier B, Medina Pestana JO, Del CRM, et al. Long-
term exposure to belatacept in recipients of extended crite-
ria donor kidneys. Am ] Transplant 2013; 13: 2884.
Satyananda V, Shapiro R. Belatacept in kidney transplanta-
tion. Curr Opin Organ Transplant 2014; 19: 573.

Grinyo JM, Budde K, Citterio F, Charpentier B. Belatacept
utilization recommendations: an expert position. Expert
Opin Drug Saf 2013; 12: 111.

© 2015 Steunstichting ESOT 28 (2015) 891-900


http://dx.doi.org/10.1111/tri.12515

