
859ISSN 2041-679210.4155/CLI.11.49 © 2011 Future Science Ltd

Clin. Invest. (2011) 1(6), 859–877 

Acute rejection associated with chronic rejection and graft loss was a 
common complication after renal transplantation. Introduction of the new 
immunosuppressive agents dramatically decreased its incidence, but the 
negative impact on graft survival persisted. This has been in part attributed 
to the fact that the new immunosuppressive agents could only control those 
rejection episodes, without an effect on graft survival. So, differences in acute 
rejection rates in clinical trials were not followed by improvements in graft 
survival. Moreover, recent studies suggest that antibody-mediated injury, 
which is not controlled by the currently used immunosuppressive agents, 
plays an important role in long-term graft loss. New immunosuppressive 
agents, such as rituximab and bortezomib, targeting humoral mechanisms 
of rejection, or belatacept, which preserves graft function, could improve 
long-term outcomes.
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In the last 14 years transplant immunosuppression has changed completely, with 
the appearance of several novel potent immunosuppressive agents, such as tacroli-
mus (TAC), mycophenolate mofetil (MMF), mTOR inhibitors and polyclonal and 
monoclonal antibodies, which have dramatically decreased the incidence of acute 
rejection. Acute rejection was a common complication before cyclosporine (CsA). Its 
incidence reached above 70% in the first months [1,2] and it accounted for between 50 
and 70% of graft losses 1–3 years after grafting [1–4]. The introduction of CsA in the 
early 1980s reduced the risk of acute rejection to 30–50% [1–3,5], but still accounted 
for approximately 50% of graft losses in deceased donor graft recipients during the 
first 12 months in some studies [6]. Acute rejection was considered a risk factor of 
chronic allograft nephropathy and poor graft outcome [7–13], and consequently it was 
thought that reducing its incidence would improve the results of kidney transplanta-
tion. The combinations of the new immunosuppressive agents with different actions 
on the immune system have been successful in reducing the incidence of acute rejec-
tion to levels as low as 10–15% [14–24]. However, despite the dramatic decrease in 
the incidence of acute rejection, long-term results have improved little, if any, in the 
last years, according to registry data [25,26] and retrospective studies [27]. Nowadays, 
the importance of acute rejection as a predictive risk factor of poor graft outcome 
and its reduction as a therapeutical end point is being questioned [28]. However, 
the standardization of renal biopsy interpretation has permitted the identification 
and grading of the lesions of rejection [29] and the improvement in the technology 
of antibody detection has permitted a better understanding of its mechanisms [30]. 

The purpose of this article is to review the incidence of acute rejection according 
to the new immunosuppressive agents, the types of rejection and impact of graft 
rejection on graft function, early graft loss and long-term outcomes. 
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Definition & types of acute rejection
There are three major forms of rejection; hyperacute, 
acute and chronic. Classic acute rejection usually 
develops within the first month after grafting but may 
develop later. The diagnosis of acute rejection was based 
on clinical changes such as fever, malaise, tenderness 
over the graft, graft enlargement and oliguria, biochem-
ical changes such as increases in serum creatinine and 
decreases in glomerular filtration rate, and histological 
changes that constituted the gold standard of diagno-
sis of rejection. Since the introduction of CsA, the fre-
quency and severity of clinical symptoms decreased and 
graft function deterioration was very frequently the only 
manifestation of rejection. In recipients with delayed 
graft function, core biopsy performed on the first days 
after grafting and repeated at regular time intervals, 
while lack of graft function remained, constituted the 
only diagnostic procedure. However, the utility of 
graft biopsies in predicting graft outcomes was poor 
due to the subjectivity in the interpretation of exten-
sion and severity of histological lesions. Consequently, 
the need of standardization of renal biopsy interpreta-
tion induced researchers to develop a schema, which 
originated in Banff, Canada in 1991. The Banff schema 
distinguishes and grades the lesions to diagnose acute 
rejection [29,31–33]. Several studies have demonstrated its 
utility [34–36] and it is now widely used. Chronic rejec-
tion is an entity included in the term called chronic 
allograft nephropathy, clinically characterized by a 
slow decline in graft function, generally associated with 
hypertension and proteinuria. As in the case of acute 
rejection, the Banff schema has also classified the type of 
histological findings characteristic of this entity [31–33].

From the etipathogenic point of view, there are two 
types of rejection, T cell- and antibody-mediated acute 
rejection and T cell- and antibody-mediated chronic 
rejection [32,33]. T cell-mediated rejection is the most 
common type of early rejection and tubulitis and vas-
culitis are its cardinal features [31]. The changes sug-
gested to be caused by chronic active T cell-mediated 
rejection are disruption of elastica and inflammatory 
cells in the fibrotic intima [31,32]. Acute and chronic 
humoral rejection could both be mediated by alloanti-
bodies to HLA class I and II and other antigens [37,38]. 
The acute rejection is characterized by C4d deposi-
tion in peritubular capillaries in the graft biopsies and 
the presence of circulating antibodies to donor HLA 
class I or II antigens [32,33,39–42]. Chronic rejection is 
characterized as acute rejection, by deposition of C4d 
in peritubular capillaries and circulating antibodies to 
HLA and other antigens. In addition, its diagnosis also 
requires at least three of the following four lesions: arte-
rial intimal fibrosis, interstitial fibrosis/tubular atrophy, 
duplication of the glomerular basement membrane and 

lamination of peritubular capillary basement mem-
branes [32,39–42]. The performance of protocol biopsies 
has allowed identification of a new pathological entity 
called subclinical rejection, characterized by stable graft 
function and tubulointerstitial infiltration. As histo-
logical lesions can progress, treatment with increased 
immunosuppression and high-dose corticosteroids has 
been recommended [43].

Immunosuppressive drugs
There are several groups of immunosuppressive agents: 
corticosteroids, calcineurin inhibitors (CNIs), anti-
metabolites and mTOR inhibitors, used in the preven-
tion of acute rejection, and polyclonal and monoclonal 
antibodies, which are used both as induction therapy and 
treatment of acute rejection (Box 1). Immunosuppressive 
regimens are generally composed of corticosteroids plus 
one CNI, CsA or TAC, and one antimetabolite, MMF 

Box 1. Immunosuppressive agents used in 
renal transplantation.

Corticosteroids

Calcineurin inhibitors
 ■ Cyclosporine
 ■ Tacrolimus

Antimetabolites
 ■ Azathioprine
 ■ Mycophenolic acid: 
-	 Mycophenolate mofetil 
-	 Mycophenolate sodium

mTOR inhibitors
 ■ Sirolimus
 ■ Everolimus

Co-stimulation blockers 
 ■ Belatacept

Proteasome inhibitors 
 ■ Bortezomib

Induction therapy
 ■ Polyclonal antibodies:
-	 Immune globulin
-	 Atgam
-	 Thymoglobulin

 ■ Monoclonal antibodies:
-	 IL-2R antibodies: basiliximab and daclizumab
-	 Anti-CD52 antibodies: alemtuzumab
-	 Anti-CD20 antibodies: rituximab
-	 Anti-complement protein C5 antibodies: 

eculizumab

Other immunosuppressive agents
 ■ Sphingosine 1-phosphate receptor agonists: 
FTY720 

 ■ Protein kinase C inhibitors: AEB071 
 ■ Depleting T-effector memory cells: alefacept
 ■ Janus kinase inhibitors: CP-690550 
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or enteric coated (EC)-mycophenolic acid (MPA), or 
alternatively, one mTOR inhibitor, sirolimus (SRL) 
or everolimus (EVL) plus a polyclonal or monoclonal 
antibody as induction therapy. 

 ■ Corticosteroids
Corticosteroids have been used as maintenance immuno-
suppressive therapy, combined with azathioprine (AZA) 
and as treatment of acute rejection, since the early days of 
transplantation. Corticosteroids have specific and nonspe-
cific immunosuppressive and anti-inflammatory actions. 
As maintenance therapy, corticosteroids are still used in 
combination with the new immunosuppressive proto-
cols: Neoral®/MMF, Neoral/SRL or EVL TAC/MMF, 
TAC/SRL. Even today, in acute rejection episodes they 
constitute the first therapeutical step. Owing to their 
toxic effects, controversy still exits as to whether or not 
they should be a component of maintenance immuno-
suppressive regimens, but there is some concern about 
recommending withdrawal or avoidance [44]. 

In the CsA/AZA era, corticosteroid withdrawal was 
associated with a statistically significant risk of acute 
rejection [45]. However, the appearance of more potent 
immunosuppressive agents has led to steroid avoidance 
or steroid withdrawal protocols, as can be observed in 
US registries [46,47]. The effect of steroid avoidance has 
been examined in Phase II pilot studies [48], random-
ized trials [49–53] and retrospective single-center [54,55] 
or registry studies [47]. In a single-arm, prospective, 
Phase II study of 57 recipients treated with daclizumab 
for 5 weeks, 1 g twice daily of MMF and CsA micro-
emulsion (CsA-ME), the acute rejection rate was 25%, 
which the authors considered to be a positive result [48]. 
In a randomized, multicenter study, patients received 
no steroids, steroids to day seven, or standard steroids 
with CsA-ME, EC-MPA and basiliximab, and the inci-
dence of biopsy-proven acute rejection was significantly 
lower in those receiving standard steroids than in those 
receiving steroids to day 7, or no steroids. However, the 
authors believe that steroid withdrawal by the end of 
the first week post-transplant may offer a more favor-
able risk-benefit balance than complete steroid avoid-
ance [51]. Preliminary results from a European trial 
(Daclizumab plus Tacrolimus plus Mycophenolate plus 
Steroids Withdrawal vs Standard Therapy [CARMEN] 
study), in which recipients receiving TAC/MMF were 
randomized to one single preoperative steroid dose and 
daclizumab or standard steroid dose, demonstrated 
that the incidence of rejection was similar (16.5%) in 
both groups [50]. However, in another European study 
in which TAC/MMF/steroids was compared with 
TAC/MMF/no steroids and TAC monotherapy/basilix-
imab, the incidence of acute rejection was threefold lower 
in the steroid control group than the other (8.2 vs 26.5 

and 30.5%; p < 0.001) [52]. In patients with thymoglobu-
lin induction, steroid withdrawal after day 5 was associ-
ated with low rejection rates (5%) at 6 months in the 
three regimens compared; CsA/MMF, high-level TAC/
low-level SRL or low-level TAC/high-level SRL [49]. In 
the Astellas Corticosteroid Withdrawal Study, in which 
patients on TAC/MMF and induction therapy (IL-2R-
antibody or thymoglobulin) were randomized to early 
corticosteroid cessation (7 days) or to long-term low-
dose corticosteroid therapy, 5-year results showed higher 
biopsy-proven acute rejection rates, near to statistical 
significance, and some cardiovascular and bone disease 
risk benefits in the corticosteroid withdrawal group and 
similar patient and graft outcomes [53]. In the post hoc 
ana lysis, chronic allograft nephropathy incidence was 
higher in the withdrawal group, but no protocol biop-
sies were performed in the study [53]. Several research-
ers have investigated the effects of late corticosteroid 
withdrawal [56–58]. In a retrospective study perfomed in 
Spain, corticosteroid withdrawal was not associated with 
a worse graft outcome [58]. Data from the Collaborative 
Transplant Study demonstrated good long-term graft 
outcomes and no worsening of graft function in patients 
on CsA and steroid withdrawal after 6 months [56]. A 
recent meta-ana lysis, including nine randomized trials 
(seven CsA-based and two TAC-based immunosup-
pression) in which steroids were withdrawn between 
3–6 months, demonstrated that steroid withdrawal 
was associated with increased rates of acute rejection in 
patients on CsA but not on TAC. However, graft survival 
at 3 years was similar in the two groups [59]. The Kidney 
Disease Improving Global Outcome guidelines suggest 
that if corticosteroids are used beyond the first week 
after transplantation, they have to be continued rather 
than withdrawn, but with low quality of evidence [60]. 
According to the previous studies, early corticosteroid 
withdrawal in patients on TAC/MMF and induction 
therapy seemed to have low impact on the risk of acute 
rejection. Late withdrawal was associated with increased 
risk of acute rejection, but without impact on graft and 
patient outcomes. Steroid-free immunosuppression or 
steroid withdrawal offer some benefit in terms of lower 
lipid levels and new onset diabetes. In our own experi-
ence, corticosteroid withdrawal in low-risk patients on 
treatment with Neoral/MMF, Neoral/SRL, TAC/MMF 
or TAC/SRL after 6 months of transplantation resulted 
in a low risk of rejection, and it is our policy to withdraw 
corticosteroids in these recipients.

 ■ Calcineurin inhibitors
Cyclosporine
Cyclosporine was the first CNI available for the preven-
tion of acute rejection. Its immunosuppressive mecha-
nism of action is through the formation of a complex 
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with its cytoplasmatic receptor protein, cyclophilin. 
This complex binds with calcineurin, a calcium-acti-
vated phosphatase. Its inhibition impairs the expression 
of cytokine genes that produce cell activation, such as 
IL-2, IL-4, IFN-g and TNF-a. CsA also enhances the 
expression of TGF-b, which inhibits IL-2 and the gener-
ation of cytotoxic T lymphocytes. CsA in combination 
with corticosteroids, with or without AZA, was the base 
of the immunosuppression in renal transplantation for 
almost 20 years. Shortly after the introduction of CsA, 
several toxic effects attributable to the drug became 
apparent, including hypertension, hyperlipidemia, post-
transplant diabetes mellitus, neurological disturbances 
such as tremor and seizures, and cosmetic complications 
such as hirsutism and nephrotoxicity.

The original oil-based CsA formulation had variable 
bioavailability and pharmacokinetics after oral admin-
istration. These characteristics could have contributed 
to the appearance of acute rejection episodes. A water-
soluble CsA-ME formulation was designed to improve 
the pharmacologic activity of the drug. Trials compar-
ing the new and old formulations showed lower acute 
rejection rates with CsA-ME in de novo renal transplant 
recipients [61–63] and these findings were confirmed by 
a meta-ana lysis including 23 studies [64]. As pharma-
cokinetic studies showed a poor correlation between 
predose levels and CsA exposure, a single marker of 
CsA exposure was sought, with CsA level at 2 h post-
dose considered to be the best single predictor of AUC. 
However, in studies performed to assess if a better CsA 
monitoring resulted in improved graft outcomes, no 
differences in the number and severity of rejection epi-
sodes was found between C0 and C2 CsA monitoring 
in de novo renal transplant recipients [65,66]. 

Tacrolimus
Tacrolimus came out approximately 14 years ago. It 
has substituted CsA as the CNI in the immunosup-
pressive regimens. The agent has a similar mechanism 
of action but the cytoplasmatic receptor protein is the 
TAC-binding protein. In the first trials in which TAC 
was compared with CsA in combination with AZA, 
there was a significant reduction in the incidence of 
acute rejection and in the requirements of antilympho-
cyte treatments for corticosteroid-resistant rejection in 
TAC-treated recipients at 12 months [20,21]. Protocol 
biopsies of the patients included in the American trial 
comparing CsA and TAC have shown a low frequency 
of subclinical rejection, without differences between 
the two agents [67]. No differences in graft survival in 
the intent to treat ana lysis were observed at 5 years, 
but when crossovers from CsA to TAC were taken into 
account, an enhanced graft survival was observed in 
the TAC group [68]. 

The previous results were obtained with the standard 
CsA formulation. With the availability of CsA-ME, new 
trials were designed to determine whether TAC was still 
superior in preventing acute rejection when compared with 
CsA-ME. In a European trial involving 557 patients from 
50 centers, biopsy-proven acute rejection was significantly 
lower with TAC during the first 6 months [22]; however, 
there were no differences in graft and patient outcomes at 
2 and 3 year follow-up, and more patients were changed 
from CsA-ME to TAC [69,70]. A retrospective paired kid-
ney ana lysis failed to show differences in acute rejection 
rates and graft survival between CsA-ME and TAC, but 
graft function was superior for TAC [71]. These findings 
were not confirmed by the Efficacy Limiting Toxicity 
Elimination-Symphony study. In this trial 1645 patients 
were randomized to receive either a standard-dose of 
CsA/MMF/cortico steroids, low-dose CsA/MMF/
cortico   steroids, low-dose TAC/MMF/cortico  steroids 
or low-dose SRL/MMF/cortico steroids; the last three 
groups also received daclizumab induction. The inci-
dence of biopsy-proven acute rejection in the TAC group 
at 12 months was half of that in the standard-dose CsA 
and in low-dose CsA groups, and a third of that in the 
low-dose SRL group. In addition, allograft survival was 
superior and graft function better in the low-dose TAC 
at 12 months [23], but these differences were reduced at 
2 and 3 years, in part due to the transition from one 
treatment to another [72].

With regard to chronic rejection, protocol biop-
sies have shown that true T-cell chronic rejection was 
uncommon in patients on treatment with CNIs [73]. 
One important point to be considered is that a mod-
est reduction of TAC exposure early after transplan-
tation improved the histological findings in protocol 
biopsies, without increasing the incidence of transplant 
glomerulopathy, which is a form of humoral chronic 
rejection [74]. In addition, TAC permited withdrawal 
of MMF or steroids without graft risk at 6 months [75] 
and 3 years [76]. When toxicities of both CNI agents 
were analyzed, TAC had similar nephrotoxic effects as 
CsA. Other toxicities such as hypertension, hyperlip-
idemia and hirsutism were more common with CsA, 
while glucose intolerance, tremor and alopecia were 
more common with TAC. Although TAC has almost 
completely substituted CsA as CNI in the immunosup-
pressive regimens of renal transplantation, the control 
group in trials with new immunosuppressive agents, 
such as in belatacept or AEB071 trials, are CsA-based.

 ■ Antimetabolites
Azathioprine
Azathioprine, an analogue of the 6-mercaptopurine, 
interferes with the purine nucleotide synthesis that is 
necessary for cell proliferation. Its use has converted 
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the transplant from a research procedure to a routine 
treatment. When AZA and corticosteroids were the 
only immunosuppressive agents, the incidence of acute 
rejection rates reached 60–80% [1–3]. The agent was 
used combined with CsA and constituted part of the 
immunosuppressive regimens of the first trials compar-
ing CsA and TAC, and for the pivotal trials evaluat-
ing the efficacy and security of MMF. Today, as will 
be commented later, it has been substituted by MMF, 
EC-MPA and mTOR inhibitors, and it is indicated in 
pregnant or wishing to be pregnant women, in the case 
of gastrointestinal intolerance to MPA or to reducing 
immunosuppression costs.

Mycophenolic acid
There are two formulations of MPA: MMF, the mor-
pholinoethyl ester of MPA, and EC mycophenolate 
sodium (MPS). Both are converted in the liver to MPA, 
which is the active compound. MPA is a potent inhibitor 
of inosine monophosphate dehydrogenase (IMPDH), 
an enzyme involved in the synthesis of guanosine nucle-
otides, essential for DNA synthesis. IMPDH blockade 
results in selective suppression of T- and B-lymphocyte 
proliferation. Three pivotal trials, USA, European and 
Tricontinental [14–16], compared the efficacy and safety 
of MMF 2 and 3 g in combination with CsA and cor-
ticosteroids, with CsA/AZA or placebo and corticoste-
roids, in the prevention of acute rejection. The incidence 
of biopsy-proven rejection was lower and the rejection 
episodes less severe in the MMF groups than in the pla-
cebo/AZA groups, in all three studies. However, graft 
and patient survival at 3 years was similar in the three 
arms [77–79].

In patients on TAC/prednisone, several trials have 
demonstrated that the addition of MMF reduced the 
incidence and severity of acute rejection [80–83]. With 
regards to the recommended dose, 1 g/day has provided 
an optimal efficacy and safety [84]. Since CNIs are asso-
ciated with nephrotoxicity and increased rates of cardio-
vascular risk factors, immunosuppressive regimens that 
permit dose reduction of these agents have been devel-
oped. As was commented before, the Symphony study 
has demonstrated that an MMF-based regimen permit-
ted the administration of lower doses of concomitant 
immunosuppressive agents, with excellent results mostly 
in the low-dose TAC/MMF/corticosteroids [23,72]. 

Similar safety and efficacy have been observed with 
the two MPA formulations in the de novo [85], stable renal 
transplant recipients in control trials [86] and in data 
from the United Network for Organ Sharing/Organ 
Procurement and Network registry [87]. However, in a 
retrospective study, patients on treatment with EC-MPS 
experienced a lower incidence of rejection and biopsy-
proven rejection, than those on MMF [88]. In addition, 

MPA is not a specific treatment for chronic antibody-
mediated rejection, but changing CsA and AZA to TAC 
and MMF resulted in a decrease of anti-HLA class I 
and II antibodies and stabilization of graft function [89]. 

However, the efficacy and safety of MMF or EC-MPS 
compared with AZA is under debate. Data from the 
Scientific Registry of Transplant Recipients has demon-
strated a lower incidence of acute graft rejection at 1 and 
4 years [90–92] and a protective effect against declining 
graft function in the MMF group compared with the 
AZA group [91]. These results did not agree with those 
reported from the UK registry, in a paired kidney ana-
lysis of 238 recipients, comparing the effects of AZA or 
MMF combined with CNI and corticosteroids. This  
study demonstrated that the incidence of acute rejec-
tion was higher and graft survival at 7 years lower in the 
MMF patients [93]. Moreover, data from an American 
registry (Scientific Registry of Transplant Recipients) 
has demonstrated an increased rejection rate among 
AZA/TAC recipients versus MMF/TAC patients, but 
similar outcomes. However, patients were more likely 
to be switched to MMF after initiation on AZA (29%), 
as compared with switching from MMF to AZA (9%) 
[94]. In a controlled clinical trial (Mycophenolate Steroids 
Sparing study) similar rejection rates were observed in the 
MMF recipients as in those in AZA, both in combination 
with CsA-ME [95,96]. When the safety profile of MMF 
and AZA was compared, each agent had some advantages 
over the other. Gastrointestinal disorders were more com-
mon in MMF and AZA was associated with an increased 
risk of cancer [96,97]. In addition, due to the higher cost of 
MMF compared with AZA and the long-term risk–ben-
efit profile, some authors do not justify the use of MMF 
[93,95]. However, despite all previous considerations, AZA 
is not used in most current immunosuppressive proto-
cols. Most physicians believe that MMF and EC-MPA 
reduce the risk of early-acute and late rejection with less 
long-term deterioration of graft function than AZA. The 
combination of TAC/MMF or EC-MPA with or without 
corticosteroids is the most common immunosuppressive 
regimen used nowadays [46,98].

 ■ mTOR inhibitors
Sirolimus 
Sirolimus is a macrolide antibiotic that binds to the same 
cytoplasm-binding as TAC (the FK binding protein). 
This complex engages to a specific cell cycle regulatory 
protein called mTOR. mTOR is a regulatory kinase 
in the process of cell division, its inhibition results 
in suppression of cytokine-driven T-cell proliferation 
and the progression from the G1 to S phase of the cell 
cycle. SRL combined with CsA or TAC results in syn-
ergistic immunosuppressive activity, due to their dif-
ferent mechanisms of action on the immune response. 



www.future-science.com future science group864

Review: Clinical Trial Outcomes  Marcén

Phase III studies showed that the use of SRL with CsA 
and corticosteroids reduced the incidence and severity 
of biopsy-proven acute rejection, when compared with 
AZA or placebo [18,19]. This reduction reached 40.5% 
for SRL 2 mg/day and 53.7% for SRL 5 mg/day [19]. 
In a pilot study where SRL was compared with CsA, 
both combined with AZA/corticosteroids, the incidence 
of biopsy-proven acute rejection was similar in both 
groups, reaching approximately 40% [99]. 

In TAC-based regimens, the addition of SRL to 
TAC/corticosteroids reduced the incidence of biopsy-
proven rejection [100,101]. In trials comparing the com-
bination of TAC/corticosteroids with SRL or MMF, 
there were no differences in the incidence of acute rejec-
tion and in the frequency of antilymphocyte-antibody 
therapy for steroid-resistant rejection between the 
groups, but the incidence of hyperlipidemia was lower 
and graft function better in the MMF group [102–104]. 
Other trials and retrospective studies have shown 
lower graft survival and poorer function in TAC/SRL 
than in TAC/MMF recipients at 3 years, despite simi-
lar incidence and severity of acute rejection [105,106]. 
Retrospective registry studies have confirmed previous 
findings that TAC/SRL was associated with poorer graft 
function and graft survival than TAC/MMF [107]. 

Everolimus
Everolimus is a derivative of SRL, with potent anti-
proliferative and immunosuppressive effects, but with 
more favorable pharmacokinetics. In Phase II trials, in 
which 3 mg EVL combined with full-dose or reduced-
dose CsA-ME in combination with basiliximab and 
steroids, no differences were found at 3 years in the inci-
dence of biopsy-proven rejection, biopsy-proven allograft 
nephropathy or graft outcomes [108]. Similar results were 
reported in more recent trials [109–111]. When EVL 1.5 
and 3 mg/day was compared with MMF in combina-
tion with CsA-ME in de novo renal graft recipients, the 
incidence of biopsy-proven rejection was similar in the 
three groups [112,113], as well as the incidence of biopsy-
proven chronic allograft nephropathy, but proteinuria 
was more frequent in the EVL groups [113]. In trials 
where standard EVL exposure and low CsA exposure 
were compared with high EVL exposure and very low 
CSA exposure, no differences were found in the acute 
rejection rates between the groups [114]. These results 
suggest that EVL allows reduction of CsA-ME exposure 
with low rejection rates and similar efficacy as MMF. 
In addition, EVL reduced the incidence of antibody-
mediated rejection at 12 and 36 months compared with 
MMF [114]. When compared with EC-MPA and EVL/
low-dose, CsA-ME was associated with better graft 
function than EC-MPA/standard-dose CsA-ME [115]. 
EVL could also be combined with low-dose TAC or 

standard-dose TAC and basiliximab. Low-exposure 
TAC was not associated with increasing risk of rejec-
tion [116]. It seems that EVL is superior to MMF and 
EC-MPA in preventing acute rejection and preserving 
graft function. There are no trials in which the efficacy 
and security of SRL and EVL have been compared. 

mTOR inhibitors display several toxicities. In the 
immediate post-transplant period they delay the recov-
ery of graft function, impair the healing of the surgical 
wound and increase the incidence of lymphoceles. In 
addition, they increase the levels of serum cholesterol 
and triglycerides, the need for lipid-lowering agents, 
have a proteinuric effect [113] and should be avoided in 
proteinuric patients [117]. Letavernier et al. have charac-
terized the histo pathological and immunohistochemical 
changes in patients developing proteinuria after SRL 
exposure [118]. SRL could produce podocyte dysregula-
tion, leading to the classic lesion of de novo focal seg-
mental glomerulosclerosis. mTOR can also produce 
thrombocytopenia and anemia. Despite the initial 
expectation about the important role to be played by 
these agents in transplantation, physicians have limited 
mTOR inhibitors use due to their side effects. 

CNI-free immunosuppression
Immunosuppression with CNIs is associated with 
nephrotoxicity and increased incidence and severity of 
cardiovascular risk factors. The availability of new and 
potent immunosuppressive agents has induced research-
ers to design CNI-free regimens. Two main types of 
studies have been designed: CNI withdrawal after the 
first months or complete avoidance. The results of CsA 
withdrawal are controversial, since there are studies in 
which CsA withdrawal at three months was not followed 
by a higher risk of graft rejection in patients on SRL or 
EVL and corticosteroids [119–122]. In MPA-based regi-
mens, CsA withdrawal was associated with an increased 
incidence of acute rejection [123,124] and graft loss, but 
with improvement in graft function in some studies [123]. 
A recent study has reported encouraging results of CsA 
withdrawal at 24 days in low-risk recipients [125]. Similar 
studies have been designed with TAC-based regimens. 
Early TAC elimination in low-risk recipients from a triple 
regimen of SRL/TAC/corticosteroids can be achieved 
with low incidence of biopsy-proven rejection [126]. The 
effects of late CNI withdrawal were assessed by the 
SRL Renal Conversion Trial. This trial was designed to 
evaluate the safety and efficacy of conversion from CNI-
based, CsA or TAC, to SRL-based maintenance immu-
nosuppression in 830 patients transplanted between 6 
and 120 months before randomization, who were strati-
fied into two groups according to their baseline-calcu-
lated glomerular filtration rate: 20–40 ml/min or more 
than 40 ml/min. However, the Drug Safety Monitoring 
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Board halted the enrollment of the 20–40 ml/min stra-
tum when during a protocol-specified review of data, the 
primary safety end point of acute rejection, graft loss or 
death was reached by 16.7% of SRL conversion and 0% 
of CNI continuation patients. The incidence of biopsy-
proven acute rejection was similar for SRL conversion 
and CNI continuation, and no significant differences 
in graft and patient outcomes were observed at 12 and 
24 months [127]. A meta-ana lysis including 19 random-
ized control trials has shown that CNI minimization 
or elimination was safe, with increased risk of rejection 
only after elective CNI elimination [128]. The pattern of 
adverse effects in patients converted to SRL was consis-
tent with the safety profile of SRL. CNI withdrawal and 
conversion to mTOR inhibitors should be considered in 
patients with CNI nephrotoxicity and in those with high 
risk of malignancies.

Several trials have investigated the incidence of 
biopsy-proven rejection and graft and recipient out-
comes in CNI-free immunosuppression. Flechner 
et al. compared SRL and CsA after basiliximab induc-
tion and MMF with steroids, and no differences were 
found in the incidence of biopsy-proven acute rejection 
between the two groups [129]. In a long-term follow-
up, SRL/MMF immunosuppression was associated 
with fewer graft losses by chronic allograft nephropa-
thy [130]. In another randomized trial, SRL was com-
pared with TAC and similar acute rejection rates were 
observed in the SRL/MMF/prednisone group as in 
the TAC/MMF/pred nisone group [131]. However, the 
Symphony study showed a higher incidence of biopsy-
proven acute rejection in the group on SRL/MMF 
than in the groups on low-dose TAC, standard or low-
dose CsA [23]. Moreover, studies in which protocol 
bi opsies were systematically taken, have demonstrated 
a higher incidence of subclinical rejection in patients 
on CNI-free regimens during the first months after 
grafting. Consequently, initial treatment with CNIs 
was recommended to minimize early immunological 
injury [73]. Initial CNI-free immunosuppression with 
MMF and SRL or EVL does not confer significant 
benefits with standard immunosuppression and stud-
ies in which CNIs have been substituted by the new 
immuno suppressive agents are ongoing.

 ■ Co-stimulation blockers
Belatacept is a co-stimulation blocker that binds 
CD80/CD86 on antigen presenting cells, preventing 
T-cell activation [132]. It has been used to substitute the 
CNI immunosuppressive agents. In a Phase II trial, 
belatacept combined with both MMF and corticoste-
roids was compared with CsA/MMF and corticoste-
roids. A total of 218 recipients were included in the study 
and were assigned to intensive belatacept, less-intensive 

belatacept and CsA. The incidence of biopsy-proven 
rejection was low, between 6 and 8% at 6 months. 
However, protocol biopsies at 6 months demonstrated a 
higher incidence of subclinical rejection in less-intensive 
belatacept than in intensive belatacept or CsA (20, 9 
and 11%, respectively). In addition, the incidence of 
post-transplantation lymphoproliferative disorders was 
higher in the belatacept groups than in the CsA group 
but graft survival was similar in the three groups [24]. 
Data gained over 5 years, obtained from 128 recipients, 
demonstrated no increased incidence of acute rejection 
after 1 year in the intravenous belatacept group, stable 
graft function, low side-effect rates and a slightly better 
cardiovascular profile [133]. In Phase III trials, in which 
recipients received a kidney from a living or standard 
criteria deceased donor, belatacept in more-intensive and 
less-intensive regimens were also associated at 12 months 
with higher rejection rates, but with better graft function 
and cardiovascular/metabolic profiles, a trend towards 
less chronic allograft nephopathy and similar graft sur-
vival as CsA [134]. Moreover, the incidence of rejection 
was similar for belatacept and CsA in extended criteria 
donor transplants [135]. In addition, a switch from CNI 
therapy to belatacept after 6 months was associated with 
a low frequency of acute rejection and improvement in 
renal function [136]. The high patient persistence with 
intravenous belatacept, graft-function stabilization in 
the long term, few side effects and no need for thera-
peutical drug monitoring, suggest than belatacept could 
be a promising immuno suppressive agent. However, it 
should not be used in Epstein–Barr virus-seronegative 
recipients due to the increased risk of post-transplant 
lymphoproliferative diseases. 

 ■ Proteasome inhibitor (bortezomib)
Donor-specific antibody-mediated rejection is a compli-
cation associated with poor graft outcome. Bortezomib, 
a selective inhibitor of the 26S proteasome with sig-
nificant activity against mature plasma cells, which 
has been used in the treatment of plasma cell disorders, 
could also be effective in the treatment of humoral 
rejection by depleting the antibody producing plasma 
cell [137,138].

The first experiences with bortezomib were as ther-
apy for antibody and cell-mediated rejection in a small 
series of renal transplant patients. Everly et al. reported 
the efficacy of the drug used alone or combined with 
rituximab, antithymocyte globulin (ATG) or plasma-
pheresis, in the treatment of six patients with humoral 
rejection with minimal toxicity [139]. Other reports with 
a reduced number of patients, in which bortezomib 
was used combined with rituximab and plasmapher-
esis, confirmed similar results [140]. Moreover, in some 
studies, bortezomib demonstrated a rapid donor-specific 



www.future-science.com future science group866

Review: Clinical Trial Outcomes  Marcén

antibody reduction or elimination in patients with 
antibody-mediated rejection [139,140]. However, in 
other studies one cycle of bortezomib administered as 
the sole desensitization therapy failed to demonstrate 
any effect on anti-HLA antibodies [141]. It also reduced 
when combined with plasmapheresis, antibody levels 
in the absence of clinical manifestations of allograft 
dysfunction [142]. In non-immunosuppressed sensi-
tized recipìents the drug used alone had a modest effect 
on circulating antibodies against HLA antigens [143]. 
Bortezomib combined with other agents has been used 
for inducing tolerance with promising results [144]. It 
seems that bortezomib combined with plasmapheresis 
and/or rituzimab is useful in treating humoral rejec-
tion but when administered alone has little impact in 
decreasing donor-specific antibodies. The efficacy of 
this agent needs to be prospectively evaluated.

 ■ Induction therapy
Polyclonal antibodies 
Intravenous immune globulins
Intravenous immune globulin (IVIG) preparations are 
made from pooled plasma from thousands of blood 
donors. They were developed for treating humoral 
immune deficiency and systemic inflammatory disor-
ders, but they have been proven to be useful in clinical 
transplantation. The exact mechanisms of action are not 
well defined, immunoglobulin molecules modify cell-
mediated immune functions and antibody production, 
induce and expand T-regulatory cell populations and 
have inhibitory effects on complement activation and 
injury [145]. IVIGs have been shown to be more effective 
in reducing panel reactive antibody levels and trans-
plant outcomes than placebo [146]. IVIGs effectivity on 
desensitization improved when used in combination 
with rituximab with good graft and patient outcomes. 
Although 29% of recipients presented antibody-medi-
ated rejection episodes, most of them were controlled 
with treatment [147]. IVIGs have also been used for treat-
ment of antibody-mediated rejection alone or combined 
with rituximab and plasma exchange. The combination 
of IVIGs with plasmapheresis and rituximab improved 
the success rate in the treatment of antibody-mediated 
rejection compared with IVIG alone [148].

Antithymocyte globulin
Polyclonal antibodies, antilymphocyte globulin (ALG) 
and ATG have been used since the late 1960s for the 
treatment of steroid-resistant rejection and as induc-
tion therapy [149]. In a recent paper, Cantarovich et al. 
reported long-term results of ALG induction in patients 
on CsA/AZA/prednisone. The incidence of acute 
rejection was significantly lower in patients on ALG-
induction but graft and patient outcomes were similar 

at 20 years [150]. Data from the US Renal Data System, 
in which patients receiving ATG were compared with 
no-induction therapy, support these findings [151].

Thymoglobulin and anti-T-lymphocyte immune 
globulin (Atgam®) are the two polyclonal antibody prod-
ucts used in the present era. Thymoglobulin is a purified 
immunoglobulin solution produced by the immuniza-
tion of rabbits with human thymocytes. Atgam is a non-
pasteurized, purified g-globulin solution obtained by the 
immunization of horses with human thymocytes. When 
both polyclonal antibodies were compared in random-
ized trials, the incidence and severity of acute rejection 
were found to be lower in the thymoglobulin cohort 
than in the Atgam cohort [17]. Data at 5 and 10-year 
follow-ups have confirmed the superiority of thymoglob-
ulin with respect to Atgam induction in the prevention 
of graft rejection and in graft survival [152,153]. Moreover, 
thymoglobulin was more effective than Atgam in the 
treatment of acute rejection [154]. There is no agreement 
in the time when the first dose of polyclonal antibody 
products must be administered or in the dose quantity. 
In one study, intraoperative administration of thymo-
globulin reduced the incidence of rejection when com-
pared with postoperative administration, but the differ-
ences did not reach statistical significance [155]. Others 
have reported similar results of 3–4 day treatment of 
thymoglobulin as those of a 7-day course in prospective 
[156] or retrospective studies [157]. The effect of thymo-
globulin in decreasing the risk of acute rejection has been 
observed in patients treated with CsA-ME-based and 
TAC-based immuno supppression, with the lowest rates 
in TAC-treated recipients [158]. In CNI-free regimens, 
induction therapy with thymo globulin in combination 
with SRL/MMF/corticosteroids resulted in similar inci-
dence of acute rejection episodes as TAC/MMF/cortico-
steroids, but with higher risks of adverse effects and graft 
loss [159]. Polyclonal antibodies increase the incidence 
of infections, which varies with the number of courses. 
They also increase the risk of cancer, particulaly of 
lymphoma, and Epstein–Barr virus-negative recipients 
are at the highest risk. As commented later, thymo-
globulin seems to be the elective induction therapy in 
high-risk recipients.

Monoclonal antibodies
Anti-IL-2 receptor antibodies
Two anti-IL-2 receptor antibodies (IL-2RA), basilix-
imab and daclizumab, have been used in induction 
therapy in renal transplantation. Basiliximab is a chi-
meric and daclizumab is a humanized murine antibody 
to CD25, the a subunit of IL-2 receptor. These agents 
inhibit IL-2-mediated activation and proliferation of 
T cells in transplant recipients. No differences have 
been observed in the prevention of acute rejection 
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between basiliximab or daclizumab in control trials [160] 
or retrospective studies [161]. Two meta-analyses have 
confirmed these results [162,163].

Basiliximab has been compared with Atgam and 
thymoglobulin with variable results. In some studies, 
there were no differences in the incidence of biopsy-
proven rejection between basiliximab and Atgam [164] 
or basiliximab and thymoglobulin [165–167]. However, in 
patients at high risk for acute rejection or delayed graft 
function, there was a lower incidence of biopsy-proven 
acute rejection, and the need for antibody treatment 
was less frequent in the patients treated with thymo-
globulin than in those on IL-2RA [168,169]. Data from 
the Organ Procurement and Transplantation Network 
registry, which includes 19,137 patients transplanted 
in 2001–2005 who received maintenance therapy with 
TAC/MMF at transplant discharge, have shown that 
those treated with thymoglobulin had lower rates of 
composite 6-month outcome in which acute rejection 
was included, than those treated with basiliximab or no 
induction therapy [170]. It seems that in low-risk recipi-
ents, no differences in biopsy-proven rejection, graft 
survival or graft function have been observed between 
IL-2RA and thymoglobulin, but thymoglobulin seems 
to be superior in high-risk recipients. IL-2RA induction 
reduces acute allograft rejection but not graft loss. 

Alemtuzumab (Campath 1H)
Alemtuzumab is a humanized immunoglobulin IgG1 
monoclonal antibody directed against CD52, an abun-
dant cell surface glycoprotein expressed in circulating 
T and B cells and to a lesser extent in other cells: natural 
killer cells, monocytes and macrophages. Alemtuzumab 
causes cell death through complement-mediated cell 
lysis and antibody-mediated cellular cytotoxicity [171]. 
The first report of alemtuzumab came from Cambridge 
University, where the drug was used with low-dose 
CsA-ME monotherapy [172]. In a retrospective study from 
the same group, the incidence of acute rejection at 5 years 
in the alemtuzumab patients was similar to that found 
in a cohort control group on CsA/AZA/corticosteroids, 
but acute rejection episodes ocurred later [173]. Another 
retrospective study from Wisconsin University dem-
onstrated no differences between patients treated with 
alemzutumab and those treated with other immunosup-
pressive regimens. However, when patients with delayed 
graft function were separately examined, alemzutumab 
significantly reduced the incidence of rejection compared 
with the other cohorts [174]. In a randomized control 
trial, Margreiter et al. compared the efficacy and safety 
of alemtuzumab and TAC monotherapy with TAC/
MMF/corticosteroids, and observed that acute rejec-
tion rates and severity at 12 months were significantly 
lower in the alemtuzumab group [175]. In studies in which 

alemtuzumab was compared with thymoglobulin, both 
combined with TAC/MMF, alemtuzumab was associ-
ated with lower incidence of biopsy-proven rejection [176]. 
However, Ciancio et al. observed similar rejection rates at 
24 months, approximately 20%, in patients treated with 
either of the three combinations: TAC/MMF/alemtu-
zumab and TAC/MMF/corticosteroids with thymoglob-
ulin or daclizumab [177]. In patients on TAC/MMF/cor-
ticosteroid-free immunosuppression, alemtuzumab was 
similar in efficacy to basiliximab despite the lower TAC 
and MMF exposure in the alemtuzumab group [178]. In 
kidney transplantation from cardiac-death donors, alem-
tuzumab did not confer any advantage with respect to 
thymoglogulin or IL-2RA on graft outcomes [179]. These 
results agree with those from the United Network for 
Organ Sharing/Organ Procurement and Network reg-
istry, in which alemtuzumab induction, when compared 
with no induction, ATG and IL-2RAs, did not show any 
benefit in the prevention of acute rejection at 6 months 
and 1 year after transplant, due to the tendency to reduce 
maintenance immunosuppression [180]. In a pilot study, 
Flechner et al. reported that alemtuzumab combined 
with steroids, MMF/SRL/corticosteroids was associated 
with higher than expected acute rejection rates (38%) 
and with an excessive morbidity [181]. Alemtuzumab has 
also been used as first-line treatment of biopsy-proven 
rejection. In a retrospective study including 15 patients, 
all rejection episodes responded to treatment with dif-
ferent doses of alemtuzumab, but there was an excess 
of early infection-associated death [182]. According to 
previous data, alemtuzumab induction could be an effec-
tive strategy for minimization of CNIs or corticosteroid 
avoidance in low-risk recipients. 

Rituximab
Rituximab is a chimeric monoclonal antibody directed 
against CD20, a transmembrane protein expressed by 
all mature B cells. Rituximab eliminates B cells by com-
plement-dependent cytotoxicity, antibody-dependent 
cellular toxicity and stimulation of the apoptotic path-
way [183]. In renal transplantation it has been used as 
post-transplantation lymphoproliferative disorder treat-
ment in ABO-incompatible transplantations, as anti-
body-mediated rejection treatment in desensitization in 
HLA-sensitized patients and as induction therapy. The 
use of rituximab in induction therapy is controversial. 
Clatworthy et al. reported an increased incidence of 
rejection in patients treated with rituximab and postu-
late that the drug may have a rejection-provoking effect 
by depletion of immunoregulatory B cells [184]. While, 
Tydén et al., in a placebo-controlled study in which all 
patients were treated with TAC/MMF/corticosteroids, 
observed a tendency towards fewer and milder rejection 
episodes in the rituximab (one single dose of 375 mg/m2) 



www.future-science.com future science group868

Review: Clinical Trial Outcomes  Marcén

Ta
bl

e 
1.

 In
ci

de
nc

e 
of

 r
ej

ec
tio

n 
an

d 
gr

af
t s

ur
vi

va
l i

n 
se

le
ct

ed
 tr

ia
ls

. 

Tr
ia

l n
am

e/
au

th
or

 
(y

ea
r)

Pa
tie

nt
s

 (n
)

Im
m

un
os

up
pr

es
si

on
A

cu
te

 r
ej

ec
tio

n
ra

te
 (%

)
Pe

ri
od

 o
f 

an
a l

ys
is

 (y
ea

rs
)

G
ra

ft
 fu

nc
tio

n
G

ra
ft

 s
ur

vi
va

l
 (%

)
Re

f.

U
SR

TM
M

SG
 

(1
99

5 
an

d 
19

99
) 

49
9

Cs
A

/A
ZA

/s
te

ro
id

s
Cs

A
/M

M
F 

2 
g/

st
er

oi
ds

Cs
A

/M
M

F 
3 

g/
st

er
oi

ds
+

 A
TG

 a
ll 

gr
ou

ps

53
.6

35
.9

 (p
 =

 0
.0

01
5)

36
.7

 (p
 =

 0
.0

02
1)

3
N

ot
 a

va
ila

bl
e,

 b
ut

 
SC

r l
ev

el
s 

w
er

e 
no

t
di

ff
er

en
t a

lo
ng

 th
e 

st
ud

y 

74
.7

81
.1

77
.4

 (N
S)

In
te

nt
-t

o-
tr

ea
t

[1
4,
78
]

EM
M

CS
G

 
(1

99
5 

an
d 

19
99

) 
49

1
Cs

A
/P

LA
/s

te
ro

id
s

Cs
A

/M
M

F 
2 

g/
st

er
oi

ds
Cs

A
/M

M
F 

3 
g/

st
er

oi
ds

46
.4

17
.0

 (p
 <

 0
.0

01
)

13
.8

 (p
 <

 0
.0

01
)

3
N

ot
 a

va
ila

bl
e

78
.0

84
.8

81
.2

In
te

nt
-t

o-
tr

ea
t

[1
5,
77
]

M
at

he
w

 (1
99

9)
     

     
     

     
    

50
3

Cs
A

/A
ZA

/s
te

ro
id

s
Cs

A
/M

M
F 

2 
g/

st
er

oi
ds

Cs
A

/M
M

F 
3 

g/
st

er
oi

ds

35
.5

19
.7

15
.9

 

3
1.

70
 ±

 0
.1

 m
g/

dl
1.

78
 ±

 0
.1

 m
g/

dl
1.

56
 ±

 0
.1

 m
g/

dl

81
.4

84
.8

80
.2

In
te

nt
-t

o-
tr

ea
t

[1
6,
79
]

Vi
nc

en
ti 
et
 a
l. 

(2
00

2)
 

41
2

TA
C/

A
ZA

/P
re

d.
Cs

A
/A

ZA
/P

re
d.

In
du

ct
io

n 
At

ga
m

 o
r O

KT
3

30
.7

46
.6

 (p
 =

 0
.0

01
)

5
1.

4 
m

g/
dl

1.
7 

m
g/

dl
 (p

 =
 0

.0
01

4)
64

.3
61

.6
 (p

 =
 0

.5
58

)
In

te
nt

-t
o-

tr
ea

t

[6
8]

Kr
am

er
 e
t a
l. 

(2
00

8)
 

56
0 

TA
C/

A
ZA

/P
re

d.
Cs

A-
M

E/
A

ZA
/P

re
d.

35
.1

52
.5

 (p
 <

 0
.0

01
)

3
67

.3
 ±

 2
3.

6 
m

l/m
in

64
.0

 ±
 2

3.
9 

m
l/m

in
88

.0
86

.9
 

In
te

nt
-t

o-
tr

ea
t

[7
0]

Ru
ss

 e
t a
l. 

(2
00

5)
 

43
0

SR
L/

Cs
A

/s
te

ro
id

s
SR

L/
Cs

A 
w

ith
dr

aw
al

 a
t 

3 
m

on
th

s/
st

er
oi

ds

N
ot

 a
va

ila
bl

e
bu

t s
im

ila
r i

n
th

e 
tw

o 
gr

ou
ps

4
43

.8
 m

l/m
in

58
.3

 m
l/m

in
 (p

 <
 0

.0
01

)
84

.2
91

.5
 

(p
 =

 0
.0

26
)

[1
20
]

A
br

am
ow

ic
z 
et
 a
l. 

(2
00

5)
 

15
1

Cs
A

/M
M

F 
2 

g/
st

er
oi

ds
M

M
F 

2 
g/

st
er

oi
ds

(C
sA

 w
ith

dr
aw

al
)

1.
0

16
.0

 (p
 =

 0
.0

03
)

5
61

.7
 m

l/m
in

67
.4

 m
l/m

in
 (p

 =
 0

.0
50

)
87 81

 (p
 =

 0
.3

22
)

[1
23
]

Ek
be

rg
 e
t a
l. 

(2
00

9)
 

95
8

Cs
A

/M
M

F/
st

er
oi

ds
Lo

w
-d

os
e 

Cs
A

/M
M

F/
st

er
oi

ds
 

+
 d

ac
liz

um
ab

Lo
w

-d
os

e 
TA

C/
M

M
F/

st
er

oi
ds

 
+

 d
ac

liz
um

ab
M

M
F/

SR
L/

st
er

oi
ds

 +
 

da
cl

iz
um

ab

27 27 14
 (p

 <
 0

.0
00

1)

39

3
65

.3
 ±

 2
6.

2 
m

l/m
in

64
.0

 ±
 2

3.
1 

m
l/m

in

68
.6

 ±
 2

3.
8 

m
l/m

in
(p

 =
 0

.0
39

 v
s 

lo
w

-
do

se
 C

sA
)

65
.3

 ±
 2

6.
2 

m
l/m

in

87 89 90 85 In
te

nt
-t

o-
tr

ea
t

[1
72
]



Immunosuppression & renal transplant rejection Review: Clinical Trial Outcomes

Clin. Invest. (2011) 1(6) 869future science group

group compared with the controls [185]. In a retrospec-
tive study in living donor transplants treated with 
TAC/MMF/corticosteroids, induction with rituximab 
was associated with similar rates of antibody-mediated 
rejection but lower rates of acute T cell-mediated rejec-
tion [186]. Several noncontrolled studies with a small 
number of cases have shown the efficacy and safety of 
rituximab combined with plasma exchange and IVIG in 
the treatment of acute humoral rejection [187–190]. It has 
also been used with intravenous IVIG or plasmapher-
esis in the treatment of patients with chronic antibody-
mediated rejection, with promising results [191]. The ben-
efits of rituximab as an induction therapy in patients on 
TAC/MMF/corticosteroid were low. Combined with 
IVIG and plasmapheresis, rituximab was effective in 
desensitization and the treatment of acute and chronic 
antibody-mediated rejection. Long-term multicenter 
trials are needed to evaluate the efficacy, security and 
optimal dose regimen for rituximab. 

Eculizumab
Eculizumab is a humanized monoclonal antibody against 
complement protein C5. It binds to the C5 protein, 
inhibiting its cleavage to C5a and C5b and preventing 
the formation of the membrane attack complex. It is used 
in the treatment of paroxismal nocturnal hemoglobin-
uria [192]. There are several single case reports in which 
eculizumab was used as rescue therapy in renal-transplant 
recipients with catastrophic antiphospholipid antibody 
syndrome [193], with hemolitic uremic syndrome [194,195] 
and in severe antibody-mediated rejection associated with 
rituximab, plasmapheresis and IVIG [196].

 ■ Other immunosuppressive agents
FTY720, a sphingosine receptor agonist with equiva-
lent efficacy to MMF [197–200], is no longer used due 
to macular toxicity. Other agents such as AEB071, a 
protein kinase inhibitor [201], and alefacept, a fusion 
protein that depletes T effector memory cells and used 
in the treatment of psoriasis [202], are now in Phase II 
studies. The first trial with a Janus kinase inhibitor, in 
which the agent showed comparable efficacy and safety 
to TAC, has been recently published [203]. The first case 
of a successful kidney transplantation without immu-
nosuppression in a patient with previous haploidentical 
hematopoietic stem cell transplantation has been pub-
lished [204], and this opens new alternatives to transplant 
immunosuppression.

Impact of acute rejection on later graft outcome
The relationship between acute graft rejection rates 
and graft outcome is paradoxical. The new immuno-
suppressive agents have been very effective in decreas-
ing the incidence of biopsy-proven acute rejection to Ta
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very low percentages, below 15% with most regimens. 
However, reduction of biopsy-proven rejection rates has 
not been systematically followed by similar improve-
ments in graft outcomes according to retrospectve and 
registry studies [25–27,205,206]. Most recent trials com-
paring different immunosuppressive regimens showing 
significant differences in rejection rates have failed to 
show similar differences in graft survival at 3–10 years 
(Table 1). On the other hand, the impact on graft out-
come varies according to the type of acute rejection. 
Broad ana lyses of some series in which patients on treat-
ment with the new immunosuppressive agents were 
included, showed that acute rejection was associated 
with an increased risk for chronic rejection and graft 
loss in the long-term follow up [205–207]. The belatacept 
trials reflected these controversial issues, patients treated 
with belatacept had a higher incidence of acute rejection 
than those treated with CsA, but a better preservation 
of graft function [24,134,135]. Some authors believe that 
a less severe rejection crisis without functional effect is 
controlled by the new immunosuppressive therapies, but 
rejection with a more severe functional impact could 
persist [25,26,207,208]. This hypothesis is supported by 
the fact that antibody-mediated injury, not controlled 
by the available immunosuppressive agents, plays an 
important role in late kidney allograft failure [209,210]. 

Future perspective
The new immunosuppressive agents have failed to 
improve late graft outcomes despite the dramatic reduc-
tion in the incidence of acute rejection. Moreover, there 
is a growing body of evidence about the importance of 
humoral mechanisms in acute and chronic rejection, in 
which the immunosuppressive agents used in the pres-
ent era have limited efficacy. The immunosuppressive 
agents that permit the avoidance of CNIs and improve 
the cardiovascular risk profile, or those with depleting 
effects on antibody produced cells, have to be tested in 
long-term controlled trials.
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Executive summary

 ■ The new calcineurin inhibitor (CNI) tacrolimus, associated with mycophenolic acid and with induction therapy, has decreased the 
incidence of acute rejection to below 15%. 

 ■ Moreover, the availability of potent immunosuppressive agents has permitted corticosteroid avoidance/minimization.
 ■ Owing to its efficacy and safety profile, the combination of tacrolimus/mycophenolate mofetil/corticosteroids is the 
immunosuppressive regimen most commonly used in kidney transplantation.

 ■ The most potent immunosuppressive agents for preventing acute rejection, CNIs, are nephrotoxic and consequently could have a 
negative impact on long-term graft outcome.

 ■ mTOR inhibitors are less nephrotoxic than CNIs, but they have not replaced CNIs in de novo kidney transplants since they do not 
give additional benefits in the prevention of acute rejection and owing to their side effects.

 ■ Belatacept does not improve the acute rejection rates when compared with CsA but does preserve graft function.
 ■ Bortezomib combined with intravenous immune globulin and plasmapheresis could be useful in desensitization and in the 
treatment of refractary acute rejection.

 ■ Poyclonal antibodies, such as tymoglobulin, are the elective induction therapy in high-risk recipients.
 ■ Alemtuzumab induction could be an effective strategy for minimization of CNIs or corticosteroid avoidance in low-risk recipients. 
 ■ Rituximab combined with intravenous immune globulin and plasmapheresis is effective in desensitization and in the treatment of 
acute and chronic antibody-mediated rejection.

 ■ Despite the low incidence of acute rejection, long-term graft survival has not improved to the same extent according to registry 
and single-center data. 

 ■ The lack of improvement of long-term graft outcome could be, in part, due to the fact that most of the immunosuppressive 
drugs only control those T cell-mediated rejection episodes without effect on humoral mechanisms of acute and chronic 
rejection or to the nephrotoxicity of the most potent immunosuppressive agents (CNIs). 

 ■ New immunosuppressive agents such as belatacept, which preserve graft function, rituximab and bortezomib, which have a 
depleting effect on antibody producing cells, could improve long-term outcomes.  
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