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Immunosuppressive Strategies to
Improve Outcomes of Kidney Transplantation

Ignatius Y. Tang, MD, PharmD,* Herwig-Ulf Meier-Kriesche, MD,†

and Bruce Kaplan, MD‡

Summary: The introduction of several immunosuppressive agents over the past decade has
reduced the rate of acute rejection significantly and has improved short-term renal allograft
survival. However, their impact on long-term outcomes remains unclear. Current immuno-
suppressive strategies are focused on improving long-term graft and patient survival along
with maintaining allograft function. The approval of the new immunosuppressive agents:
rabbit antithymocyte globulin, basiliximab, daclizumab, tacrolimus, mycophenolate, and
sirolimus, also has facilitated the development of steroid- and calcineurin inhibitor–sparing
regimens in kidney transplantation. We discuss the impact of various immunosuppressive
regimens on the outcome measures of kidney transplantation: acute rejection episodes,
allograft survival, and renal function.
Semin Nephrol 27:377-392 © 2007 Elsevier Inc. All rights reserved.
Keywords: Antibody induction, tacrolimus, cyclosporine, sirolimus, mycophenolate, steroid
withdrawal, renal function, allograft survival
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he introduction of several new immuno-
suppressive agents into clinical practice
over the past decade has reduced the inci-

ence of acute rejection but their impact on long-
erm outcomes of kidney transplantation is un-
lear. Current immunosuppressive strategies
ocus on reducing adverse effects and improving
enal function to prolong graft survival. As the use
f these immunosuppressants evolves, the com-
lexity of immunosuppressive protocols has in-
reased. In this review, we discuss the impact of
arious combination regimens of immunosup-
ressants that have been approved over the past
ecade, including steroid and calcineurin inhibi-
or (CNI) withdrawal and avoidance protocols.
utcome measures are described in terms of

cute rejection episodes, renal function, and allo-
raft survival.
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ENAL ALLOGRAFT
URVIVAL BETWEEN 1990 AND 2005

nalysis of the US Scientific Registry of Trans-
lant Recipients data from more than 62,000
dults who received a first kidney transplant
etween 1995 and 2000 showed that the acute
ejection rates decreased from 35.7% to 14.6%
n the 0- to 6-month posttransplantation period,
rom 21.4% to 6.2% in the 6- to 12-month pe-
iod, and from 22.5% to 2.9% in the 12- to
4-month period.1 Overall, the 6-year graft sur-
ival rates were similar for patients without
cute rejection compared with those who expe-
ienced acute rejection with near-complete recov-
ry of baseline renal function (74.4% versus
2.7%, respectively). In contrast, in patients with
cute rejection and less than complete recovery
f baseline renal function, graft survival rates
ere lower and declined in proportion to the
egree of renal function impairment.1

Results of a single-center study of 429 pa-
ients who underwent transplantation between
990 and 2000 showed that renal allograft func-
ion may be showing some improvement.2 A
ooled data analysis of 10,278 renal allograft

ecipients transplanted between 1984 and 2002

377
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378 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
n 5 centers showed an improvement in the rate
f decline in allograft function in the cohort
ransplanted between 1999 and 2002.3 Simi-
arly, analysis of data from 40,164 kidney trans-
lant recipients between 1991 and 2000 from
he United Network for Organ Sharing database
howed an improvement in the 6-month esti-
ated glomerular filtration rate (GFR) from 50
L/min in 1991 to 55 mL/min in 2000.4

Despite considerable improvement in the
ates of acute rejection and early graft failure
uring the past 20 years, the rate of late graft
ailure has remained relatively constant.5 Anal-
sis of actual versus projected half-lives for pa-
ients who underwent kidney transplantation
etween 1988 and 1995 showed no improve-
ent in long-term allograft survival: the allo-

raft survival being stable at 8 years.5 Factors
hat are not fully elucidated at this time along
ith increased age of recipients and donors,

ncreased waiting time to transplantation, and
erhaps nephrotoxicity of CNIs, likely play a
art in the failure to see a commensurate im-
rovement in graft survival as compared with
he improvements in preventing acute rejec-
ion.

NDUCTION IMMUNOSUPPRESSION

he rationales for induction immunosuppres-
ion are to provide intense immunosuppression
n the early posttransplant period to prevent
cute rejection. More recently, induction ther-
py with antibodies has been used in steroid-
nd CNI-sparing protocols.6 Both lymphocyte-
epleting antibodies (antithymocyte antibodies,
KT3, and aleutuzumab) and non–lymphocyte-
epleting antibodies (interleukin-2 [IL-2]–re-
eptor antibodies) have been studied.

ntilymphocyte Antibodies

n a 12-month, multicenter, open-label, random-
zed, prospective study of 309 kidney recipients
omparing induction therapy with Thymo-
lobulin (Genzyme Corporation, Cambridge,
A) (n � 151) followed by initiation of tacroli-
us on postoperative day 9 versus immediate

acrolimus-based immunosuppression (n �
58) with azathioprine and steroids, the inci-

ence of steroid-sensitive acute rejection was r
ower in the induction than the noninduction
roup: 7.9% versus 22.2% (P � .001).7 There
as no difference in the rate of steroid-resistant

cute rejection between the 2 groups. The 12-
onth allograft survival rate was similar be-

ween the 2 groups: 96.8% versus 91.1%. The
ean serum creatinine level was 133.2 �mol/L

1.51 mg/dL) and 135.5 �mol/L (1.54 mg/dL) in
he induction and noninduction groups, respec-
ively.7 However, higher rates of fever, cyto-
egalovirus (CMV), herpes simplex infection,

eucopenia, thrombocytopenia, and serum sick-
ess were observed in the induction group.
hymoglobulin, a rabbit-derived antithymocyte
lobulin, has replaced the horse-derived ATGAM
Pharmacia & UpJohn Company [Pfizer Inc.],
alamazoo, MI). Compared with ATGAM, Thy-
oglobulin was more effective in preventing

cute rejection.8 The incidence of acute rejec-
ion was 8% versus 34% in the Thymoglobulin
nd ATGAM groups, respectively. The corre-
ponding 5-year allograft survival rate was 77%
nd 55% in the Thymoglobulin and ATGAM
roups, respectively.8

L-2–Receptor Antibodies

he 2 IL-2 receptor antibodies, basiliximab (chi-
eric monoclonal antibody)9-12 and daclizumab

humanized monoclonal antibody),13,14 have
een shown to reduce the incidence of acute
ejection in kidney transplant recipients who
eceived cyclosporine and steroids with11,13 or
ithout azathioprine9,10,14 or mycophenolate
ofetil (MMF).12 In a meta-analysis of 8 random-

zed trials (4 basiliximab, 2 daclizumab, 1 anti-
ac, and 1 BT563 trials) of 1,871 kidney trans-
lant recipients on a cyclosporine-based
egimen, addition of IL-2–receptor antibodies
educed acute rejection episodes at 6 months
y 49% (odds ratio, .51; 95% confidence inter-
al, .42-.63).15 However, there was no differ-
nce in the rate of graft loss and mortality at 12
onths compared with placebo. There was

lso no increase in overall infection and CMV
nfection episodes.15

Several trials compared the efficacy of IL-2–
eceptor antibodies with antithymocyte anti-
odies in recipients receiving cyclosporine,
MF, and steroids.16-20 In 105 kidney transplant
ecipients of low to normal immunologic risks,
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Immunosuppressive strategies 379
abbit antithymocyte globulin and basiliximab
ere equally effective in reducing the rate of

cute rejection: 9.4% versus 9.6%%, respective-
y.16 There was no difference in the 1-year pa-
ient and graft survival rate between the 2
roups: 98.1% and 94.2%, respectively, in the
asiliximab group versus 98.1% and 96.2%, re-
pectively, in the antithymocyte globulin
roup. Similar results were found in a French
ulticenter study of 100 patients of low im-
unologic risk who were randomized to re-

eive rabbit antithymocyte globulin and basil-
ximab17 and another multicenter study of 135
atients comparing ATGAM with basiliximab.18

n patients with high immunologic risk, Thymo-
lobulin induction was associated with a signif-
cantly lower rate of acute rejection, 15.6%
ersus 25.5% in the basiliximab group.19

onetheless, there was no difference in 1-year
raft and patient survival. No difference in graft
utcomes also was found in a group of 88
frican American patients randomized to re-
eive either rabbit antithymocyte globulin or
asiliximab.20 In most of these studies, basilix-

mab was associated with a lower incidence of
MV infection and bone marrow suppression.

nterestingly, the Thymoglobulin Induction
tudy Group reported a lower incidence of
MV infection with Thymoglobulin compared
ith basiliximab (7.8% versus 17.5%, P � .02),

lthough Thymoglobulin was associated with a
igher incidence in overall infection (85.8%
ersus 75.2%, P � .03).19

Preliminary findings of 90 kidney transplant
ecipients who received tacrolimus, MMF, and
teroids and were randomized to either Thymo-
lobulin, atelezumab, or daclizumab showed no
ifference in the incidence of acute rejection
nd 12-month creatinine clearance with a me-
ian follow-up period of 15 months.21 In sum-
ary, studies to date have shown that induction

herapy with the earlier-mentioned antibodies
an reduce early acute rejection rates. The issue
f risk/benefit for the long-term remains unan-
wered.

AINTENANCE IMMUNOSUPPRESSION

NIs

NIs remain the cornerstone agent of the

aintenance immunosuppressive regimen. Since t
000, more kidney transplant recipients re-
eived tacrolimus than cyclosporine.22 A pro-
pective study of 557 patients randomized to
eceive either tacrolimus or cyclosporine mi-
roemulsion showed that the incidence of
cute rejection in the first 6 months posttrans-
lantation was lower in the tacrolimus group
20% versus 37%, P � .0001), but there was no
ignificant difference in graft survival at 2 years
osttransplant.23 The long-term follow-up re-
ults of the phase III trial reported by the Pro-
raf Study Group showed no difference in the
-year graft survival between tacrolimus- and
yclosporine-treated kidney transplant recipi-
nts: 64.3% and 61.6%, respectively.24 How-
ver, the mean serum creatinine concentration
as lower in the tacrolimus group: 123 �mol/L

1.4 mg/dL) versus 150 �mol/L (1.7 mg/dL)
P � .0014). There was a significantly higher
ate of cross-over in the cyclosporine group
ecause of an increased rate of refractory rejec-
ion episodes: 27.5% of cyclosporine-treated pa-
ients were switched to tacrolimus compared
ith 9.3% of tacrolimus-treated patients who
ere switched to cyclosporine.24

In a multicenter, prospective, randomized
tudy involving 2 MMF-based maintenance im-
unosuppressive regimens, the incidence of

cute rejection at 1 year was 15% (tacrolimus
roup) versus 20% (cyclosporine group).25

here was no difference in renal function and
-year graft survival between the 2 groups. At 2
ears, the mean serum creatinine concentration
as 138 �mol/L (1.57 mg/dL) versus 114
mol/L (1.3 mg/dL), respectively.26 The me-
ian GFR at 3 years was 59.3 mL/min in patients
eceiving tacrolimus versus 56.1 mL/min in
hose receiving cyclosporine.27 By using a
aired-kidney analysis of deceased donor kid-
eys from the Scientific Registry of Transplant
ecipients database (one kidney transplanted to
recipient who initially was treated with ta-

rolimus and the contralateral kidney from the
ame donor transplanted to a patient initially
reated with cyclosporine microemulsion), the
-year graft survival was 66% in tacrolimus-
reated recipients versus 67% in those who re-
eived cyclosporine microemulsion.28 There
as no difference in patient survival rate be-
ween the 2 groups. The aforementioned stud-
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380 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
es indicated that good outcomes can be
chieved with either CNI. Evidence does exist
hat tacrolimus may be associated with better
enal function than cyclosporine.

ntiproliferative Agents

MF, an inosine monophosphate dehydroge-
ase inhibitor, was shown to be effective in
reventing acute rejection after kidney trans-
lantation when added to a CNI-based regimen.
ompared to placebo in kidney transplant re-
ipients receiving cyclosporine and prednisone
aintenance therapy with no antibody induc-

ion, the incidence of acute rejection at 6
onths was reduced from 46.4% (placebo

roup) to 17% and 13.8% in patients receiving
MF 2 g/day and 3 g/day, respectively.29 Simi-

arly, the Tri-continental MMF Renal Transplant
tudy Group showed that in patients who re-
eived cyclosporine, azathioprine, and pred-
isone and no antibody induction, substituting
zathioprine with MMF reduced the incidence
f acute rejection at 6 months from 35.5% (aza-
hioprine) to 19.7% (MMF 2 g/d) and 15.9%
MMF 3 g/d), respectively.30 Results from the
S Renal Transplant MMF Study Group showed

hat substitution of azathioprine with MMF in
atients who received antithymocyte globulin

nduction and cyclosporine, azathioprine, and
rednisone maintenance therapy also reduced
he 6-month acute rejection rates from 38%
azathioprine) to 19.8% (MMF 2 g/d) and 17.5%
MMF 3 g/d).31

A pooled analysis of combined data from
hese 3 multicenter, randomized, controlled
rials in 1,493 kidney transplant recipients
howed a reduced proportion of patients with
cute rejection in the first year posttransplanta-
ion: 19.8% (MMF 2 g/d) versus 16.8% (MMF 3
/d) versus 40.8% (azathioprine).32 The rate of
raft loss at 1 year was 9.6%, 10.8%, and 12.4%
n patients receiving MMF 2 g/d, MMF 3 g/d,
nd azathioprine, respectively. The relative risk
or first-year graft loss was 0.46 and 0.38 in
atients receiving MMF 2 g/d and 3 g/d, respec-
ively.33 However, the long-term follow-up
tudy of the European trial showed no differ-
nce in the rates of graft loss at 3 years: 15.2%
MMF 2 g/d) versus 18.8% (MMF 3 g/d) versus

2% (placebo).34 Similarly, the US Renal Trans- w
lant MMF Study Group showed no difference
n the 3-year graft loss rates between patients

ho received cyclosporine, MMF, and pred-
isone compared with those who received cy-
losporine, azathioprine, and prednisone.34 Ojo
t al35 assessed the risk for acute rejection in
6,774 patients who received either azathio-
rine or MMF and found that patients treated
ith MMF had a 15.5% incidence of rejection

ersus 24.7% in azathioprine-treated patients.
he 4-year graft survival was 85.6% versus
1.9% (MMF versus azathioprine, P � .0001)
nd the 4-year patient survival was 91.4% versus
9.9% (MMF versus azathioprine, P � .002).35

eier-Kriesche et al36 evaluated 49,666 patients
ho received their first renal allograft between

988 and 1998. By using the reciprocal creati-
ine measurement as a marker for renal func-
ion and defining an event as a 20% decrement
n renal function, MMF was associated with
ewer events and hence longer-term allograft
urvival than azathioprine. The effect was nota-
ly strong in African Americans, with a 3-year
eath-censored graft survival of 85.8% in MMF-
reated patients compared with 75.1% in aza-
hioprine-treated patients.36

Sirolimus, a mammalian target of rapamycin
nhibitor, is another antiproliferative agent that

as approved in the late 1990s. Results of a
hase III, multicenter, randomized, placebo-
ontrolled study of 576 kidney transplant recip-
ents comparing sirolimus with placebo added
o a baseline cyclosporine microemulsion and
rednisone regimen showed that the incidence
f biopsy-confirmed acute rejection episodes
as significantly lower in patients who re-

eived sirolimus 2 mg/d (24.7%) and 5 mg/d
19.2%), compared with those who received
lacebo (41.5%).37 In another phase III, multi-
enter, randomized, double-blind study of 719
idney transplant recipients comparing siroli-
us with azathioprine in combination with a

aseline cyclosporine microemulsion and pred-
isone regimen, the incidence of biopsy-proven
cute rejection episodes was significantly lower
n patients who received sirolimus 2 mg/d
16.9%) and 5 mg/d (12%) compared with those
ho received azathioprine (29.8%).38 However,

he serum creatinine concentration at 12 months

as significantly higher in the sirolimus groups
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Immunosuppressive strategies 381
han the azathioprine group, 160 �mol/L (1.8
g/dL), 171 �mol/L (1.9 mg/dL), and 133 �mol/L

1.5 mg/dL), respectively. The 12-month graft
urvival was similar among the groups: 97.2%,
6%, and 98.1%, respectively.38

The Prograf Study Group reported the 1-year
esults of a randomized, multicenter, clinical
rial comparing the combination of sirolimus or
MF with tacrolimus-based immunosuppres-

ion in kidney transplant recipients.39 The inci-
ence of biopsy-proven acute rejection at 6
onths was 11.4% in the MMF group versus

3.0% in the sirolimus group. One-year patient
nd allograft survival rates were similar in both
roups.39 However, the mean serum creatinine
oncentration at 1 year was significantly higher
n the sirolimus group: 150 �mol/L (1.7 mg/dL)
ersus 132 �mol/L (1.5 mg/dL) (P � .03) and
lmost twice as many sirolimus recipients had
erum creatinine levels greater than 2 mg/dL:
0.4% versus 11.0% (P � .02).

The increased nephrotoxicity associated with
he sirolimus and CNI combination regimens
lso is corroborated by registry data analyses.
valuation of 24,000 kidney recipients trans-
lanted between 1998 and 2003 showed that
he Neoral (Novartis Pharmaceuticals Corpora-
ion, East Hanover, NJ)/sirolimus combination
as associated with a higher rate of decline in

enal function, lower graft survival (75% versus
9% at 4 years, P � .002), and death-censored
raft survival (84% versus 87%, P � .003) com-
ared with the Neoral/MMF combination.40

imilarly, analysis of data in a separate cohort of
5,000 recipients transplanted between 2000
nd 2004 showed that patients maintained on
he sirolimus/tacrolimus combination had a
ower overall and death-censored graft survival
ompared with those who received the tacroli-
us/MMF combination.41 At this point in time,

ombination therapy with a CNI and mamma-
ian target of rapamycin inhibitor are difficult to
ustify given the number of other regimens
vailable.

orticosteroid-Sparing Regimens

arlier attempts to withdraw steroids during
he cyclosporine and azathioprine era showed a
igh rate of acute rejection.42 The introduction

f IL-2–receptor antibodies, tacrolimus, MMF, R
nd sirolimus has rekindled the interest in de-
igning protocols to eliminate steroids. The Col-
aborative Transplant Study reported the 7-year
utcome of 1,015 patients who underwent ste-
oid withdrawal at no earlier than 6 months
osttransplant using a variety of protocols.43

raft and patient survival was 82% and 89%,
espectively, in the steroid-withdrawn group
ompared with 75% and 84%, respectively, in
etrospectively matched controls who contin-
ed to receive corticosteroids. The rate of acute
ejection episodes in the steroid-withdrawn
roup was only 8%.43 In a 6-month, multicenter,
andomized European study, patients received
acrolimus (trough levels, 5-15 ng/mL), myco-
henolate 1 g/d, and prednisone 10 mg/d for 3
onths.44 At 3 months posttransplant, 277 pa-

ients continued the triple immunosuppressive
egimen, 279 discontinued steroids, and 277
iscontinued mycophenolate. There was no dif-
erence in the incidence of acute rejection at 6
onths among the 3 regimens, ranging from

4.8% to 17%.44 The mean serum creatinine
oncentration at 6 months was 131.8 �mol/L
1.49 mg/dL), 138.8 �mol/L (1.57 mg/dL), and
38.3 �mol/L (1.56 mg/dL) in patients receiv-

ng triple therapy, tacrolimus and MMF, and
acrolimus and prednisone, respectively.44

Early corticosteroid withdrawal (5 days post-
ransplant) among renal transplant recipients
eceiving basiliximab induction and daily treat-
ent with cyclosporine microemulsion and
MF was studied in 83 patients.45 The inci-
ence of biopsy-proven acute rejection at 12
onths was not significantly different between

he steroid-withdrawal group (20%) and the
tandard treatment group (16%). Patient and
raft survival was 100% in the steroid-with-
rawal group, although 1 patient died with a
unctioning allograft in the standard steroid
roup.45 There was no difference in renal func-
ion at 12 months between the 2 groups: serum
reatinine concentration was 123 �mol/L (1.4
g/dL) versus 132 �mol/L (1.5 mg/dL) in the

apid withdrawal and the standard steroid
roup, respectively. At 6 months posttrans-
lant, 72% of patients in the steroid-withdrawal
roup remained off steroids.45

By using a different IL-2–receptor antibody,

ostaing et al conducted a 6-month, randomized,
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382 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
ulticenter study of 538 kidney transplant re-
ipients who received a regimen of either da-
lizumab, tacrolimus, mycophenolate, and an
nduction dose of methylprednisolone, or ta-
rolimus, mycophenolate, and a standard regi-
en of steroids.46 The incidence of biopsy-
roven acute rejection and steroid-resistant
cute rejection were 16.5% and 5%, respec-
ively, in both groups.

A pilot study of 51 live kidney recipients at
he University of Minnesota using Thymoglobu-
in induction and 5 days of perioperative ste-
oids with cyclosporine and MMF maintenance
mmunosuppression showed no significant
ifference in the 12-month actuarial patient
urvival, graft survival, and rejection-free graft
urvival compared with historical controls
eceiving cyclosporine-based steroid mainte-
ance regimens with no induction treatment.47

he mean serum creatinine concentration at 1
ear was 150 �mol/L (1.7 mg/dL). The same
roup of investigators reported their 3-year ex-
erience in 349 recipients of live or deceased
idneys using a similar rapid steroid-withdrawal
rotocol that included Thymoglobulin, tacroli-
us, or cyclosporine, and either mycopheno-

ate or sirolimus.48 The 3-year actuarial graft
urvival was 93% and the incidence of acute
ejection was 8%. The mean serum creatinine
oncentration at 2 years was 141 �mol/L (1.6
g/dL).48 By using a similar protocol in 79 pa-

ients considered to be at high immunologic risk
high panel reactive antibodies, re-transplanta-
ion, or delayed graft function), Khwaja et al49

eported a 94% 3-year actuarial graft survival.
Kandaswamy et al50 reported their experi-

nce of 3 steroid-free maintenance immunosup-
ressive regimens. Steroids were withdrawn on
he fifth postoperative day in 239 patients who
eceived Thymoglobulin and then were main-
ained on either cyclosporine and MMF, or ta-
rolimus and sirolimus. At 2 years posttrans-
lant, the rates of graft survival and acute
ejection-free graft survival were approximately
5%, with no difference among the groups.50

he mean serum creatinine concentration at 24
onths was higher in the cyclosporine/MMF

roup. Overall, 83% of patients remained off
teroids: 75% cyclosporine/MMF, 90% (high ta-

rolimus/low sirolimus), and 83% (low tacroli- n
us/high sirolimus).50 At 48 months, the acute
ejection-free graft survival was 86% and 80%
n live and deceased kidney recipients, re-
pectively.51 The mean serum creatinine con-
entration was 141 �mol/L (1.6 mg/dL) at 1
ear and 150 �mol/L (1.7 mg/dL) at 5 years.
he 5-year patient- and death-censored allograft
urvival for the cohort was 91% and 92%, re-
pectively.51 Eighty-six percent of patients re-
ained off steroids.
Kumar et al52 reported their experience with

he use of basiliximab induction with CNI (ta-
rolimus or cyclosporine) and MMF or siroli-
us maintenance immunosuppression in 103
frican American transplant recipients after 2
ays of perioperative steroids. Compared with a
atched group of 103 non–African American

ecipients, no differences in the rate of acute
ejection, patient survival, and graft survival at 1
ear were found. However, an increased inci-
ence of subclinical acute rejection was noted

n the African American recipients. A 3-year
ollow-up study from the same center using the
ame 2-day steroid withdrawal protocol in 150
ransplant recipients (52% African American)
howed a similar rate of acute rejection com-
ared with 150 patients (56% African Ameri-
an) who received standard steroids, 16% ver-
us 14%, respectively.53 There was also no
ifference in the 3-year actuarial graft survival
78% and 79%, respectively) and renal function:
he mean serum creatinine concentration was
67 �mol/L (1.9 mg/dL) and 158 �mol/L (1.8
g/dL), respectively.53 Early steroid withdrawal

s gaining increasing favor; although short-term
esults are promising, the risk/benefit will re-
uire longer follow-up evaluation.

NI-Withdrawal Regimens

he introduction of MMF- or sirolimus-based
egimens has made it feasible to withdraw CNI
rom maintenance immunosuppression and im-
rove renal function without a significant in-
rease in acute rejection episodes. A Dutch
tudy of 212 kidney transplant recipients who
eceived cyclosporine, MMF, and steroids were
andomized at 6 months after transplantation to
ontinue on the same regimen (n � 73), with-
raw from cyclosporine (n � 63), or stop pred-

isone (n � 76).54 No induction therapy was
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Immunosuppressive strategies 383
iven. Patients were followed up for up to 2
ears posttransplantation. Biopsy-proven acute
ejection occurred in 22% after cyclosporine
ithdrawal compared with 4% in the pred-
isone-withdrawal group (P � .001) and 1.4%

n the control group (P � .0001).54 There was
o difference in patient and graft survival
mong the groups but patients who success-
ully withdrew cyclosporine had a significantly
ower serum creatinine concentration during
ollow-up evaluation.

Similar results were reported in 108 patients
ho were maintained on triple therapy with

yclosporine, MMF, and steroids for 3 months
osttransplantation.55 Thereafter, patients were
andomized to either stop cyclosporine (MMF
roup) or MMF (cyclosporine group).The MMF
roup experienced a higher incidence of acute
ejection: 22.2% versus 5.5%, and a lower 2-year
raft survival: 93% versus 98% in the cyclospor-
ne group.55 There was also a higher incidence
f complement fragment C4d deposition on
rotocol biopsy specimens in the MMF group

rrespective of prior acute rejection. However,
he MMF group had a sustained improvement in
enal function at 1 (49.1 versus 40.1 mL/min/
.73 m2) and 2 years (45.6 versus 37.3 mL/min/
.73 m2) compared with the cyclosporine
roup.55 In another multicenter prospective
rial, 84 kidney transplant recipients who had a
table creatinine concentration on triple ther-
py with cyclosporine microemulsion, MMF,
nd prednisone were randomly assigned at 3
onths posttransplant to withdraw from either

yclosporine or MMF.56 Acute rejection episodes
ppeared more frequently in patients receiving
MF and prednisone (11.5% versus 5%, not sig-
ificant). There was no difference in patient and
raft survival between the 2 groups.56 However,
atients withdrawn from cyclosporine had better
reatinine clearance: 71.7 mL/min versus 60.9
L/min.
In a 5-year, prospective, randomized study

valuating cyclosporine withdrawal from a my-
ophenolate-based regimen, 77 patients were
aintained on cyclosporine, mycophenolate,

nd corticosteroids and 74 patients had cyclo-
porine weaned over 12 weeks.57 During the 4
ears of follow-up evaluation, 7 of 74 patients in

he MMF group versus 1 of 77 patients in the s
riple therapy group experienced acute rejec-
ion episodes (P � .028). There was a trend
oward improved creatinine clearance in the
MF group: 67.4 mL/min versus 61.7 mL/min,
� .05.57 The 4-year patient and graft survival

or those who continued cyclosporine was 95%
nd 92%, respectively, compared with 93% and
8%, respectively, for those who were with-
rawn from cyclosporine. Similarly, the 3-year
ollow-up evaluation of the Cyclosporine Avoid-
nce Eliminates Serious Adverse Renal-toxicity
CAESAR) study, which evaluated the effects of
eduction or withdrawal of cyclosporine in
ore than 300 de novo renal allograft recipi-

nts, also showed a higher rate of acute rejec-
ion in the cyclosporine-withdrawal group: 36%
ompared with 26% and 27% in the low- and
ormal-dose cyclosporine groups, respectively.58

here was no difference in 3-year renal func-
ion, patient survival, and allograft survival
mong the groups. Hence, kidney transplant
ecipients whose cyclosporine was discontin-
ed tend to have improved renal function de-
pite a higher incidence of acute rejection. In
ddition, graft survival was not compromised.

Improvement in renal function also was
oted in patients who underwent sirolimus-
ased CNI withdrawal protocols. In the Rapam-
ne Maintenance Regimen study, 430 patients
ho received cyclosporine, sirolimus, and ste-

oids were randomized at 3 months after trans-
lantation to either remain on triple therapy or
ithdraw cyclosporine.59 At 12 months, there
ere more acute rejection episodes in the

irolimus-steroid group: 9.8% versus 4.2% (P �
035). There was no difference in patient and
raft survival between the 2 groups, but the
alculated GFR was higher in the sirolimus-
teroid group: 63 mL/min versus 57 mL/min
P � .001).59 The 2-year patient and graft sur-
ival rates also were similar between the 2
roups.60 At 36 months, the calculated GFR
emained significantly better in patients who
ere withdrawn from cyclosporine (59.4 mL/
in versus 47.3 mL/min, P � .001).61 The rate

f acute rejection was not significantly higher
n the sirolimus-steroid group (10.2% versus 5%,

� .171). However, there was a trend toward
etter 36-month graft survival in the sirolimus-

teroid group.61
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384 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
In a subgroup of 63 patients who had proto-
ol kidney allograft biopsies, both the mean
hronic Allograft Damage Index score and the
ubular Atrophy score were significantly lower

n the sirolimus-steroid group.62 The 4-year fol-
ow-up results of the Rapamune Maintenance
egimen study showed that patients who re-
eived sirolimus and corticosteroids had signif-
cantly better graft survival (91.5% versus
4.2%, P � .024) and death-censored graft sur-
ival (96.1% versus 90.6%, P � .026).63 The
esults of this study must be interpreted with
xtreme caution because the control group of
yclosporine and sirolimus is known to be ex-
remely nephrotoxic and has yielded poor results.
he long-term outcomes of 3 CNI withdrawal
egimens are shown in Table 1.

NI Avoidance Regimens

n a multicenter trial, 98 kidney transplant recip-
ents at low immunologic risk received dacli-
umab and steroid induction followed by mainte-
ance immunosuppression with MMF and steroid
aper.64 CNI could be initiated after the first epi-
ode or a recurrent episode of acute rejection.
he incidence of acute rejection was 48% at 6
onths and 52% at 12 months.64 The 1-year pa-

ient and graft survival was 97% and 96%, respec-
ively. At 1 year posttransplant, 62% of patients
ad received CNI for more than 7 days.64 The
ean serum creatinine concentration at 1 year
osttransplant was 113 �mol/L (1.28 mg/dL)
95% confidence interval, 101 �mol/L [1.14
g/dL] to 125 �mol/L [1.42 mg/dL]) in patients
ho did not experience acute rejection or re-

eive a CNI, compared with 154 �mol/L (1.75
g/dL) (95% confidence interval, 135 �mol/L

1.53 mg/dL] to 173 �mol/L [1.97 mg/dL]) in
hose with acute rejection or use of CNI.64

Grinyó et al65 studied the use of Thymo-
lobulin induction with MMF and steroid taper
s maintenance immunosuppression in 30 re-
ipients of kidneys at risk of delayed graft func-
ion (including extended criteria and non–heart
eating donors). CNI was allowed if patients
xperienced a Banff grade II rejection or re-
eived inadequate doses of MMF. One patient
ad primary nonfunction and 7 patients (24%)

xperienced acute rejection, 6 of which were m
iopsy-proven.65 The MMF dose was reduced in
8 patients and a CNI was introduced in 16
atients. Thirty-five percent of patients were
eceiving a CNI at 1 year posttransplant.65 This
gure increased to 64% at 5 years. The mean
erum creatinine concentration was 178 �mol/L
2.0 mg/dL) and 218 �mol/L (2.5 mg/dL) at 1
nd 5 years after transplantation, respectively.65

he actuarial patient and death-censored graft
urvival was 94% and 83% after 1 year and 79%
nd 65% after 5 years, respectively.

Sixty-one kidney transplant recipients who
ere treated with basiliximab, MMF (2 g/d),

nd prednisone were randomized to receive
oncentration-controlled treatment with either
yclosporine or sirolimus.66 There was no dif-
erence in the 1-year rates of acute rejection,
raft survival, and patient survival between the
irolimus-treated patients (6.4%, 96.7%, and
6.7%, respectively) and the cyclosporine-treated
atients (16.6%, 95.4%, and 100%, respectively).
irolimus-treated patients also had significantly
etter serum creatinine concentrations at 12
onths: 116 �mol/L (1.32 mg/dL) versus 157
mol/L (1.78 mg/dL) in cyclosporine-treated
atients.67 At 2 years posttransplantation, there
as no difference in the incidence of acute

ejection and graft survival between the 2
roups.67 However, renal function was better in
he group that received sirolimus, with a posi-
ive slope of calculated GFR of 3.4 mL/min/y,
ompared with a negative slope of 1.6 mL/
in/y in the cyclosporine group.67 At 5 years,

he cumulative rate of acute rejection was
2.9% versus 23.3% in the sirolimus and the
yclosporine groups, respectively.68 Compared
ith cyclosporine-treated transplant recipients,

irolimus-treated patients had a higher death-
ensored graft survival rate of 96.4% versus
9.7% (P � .0265), and a higher modification of
iet in renal disease (MDRD) GFR of 66.7 versus
0.7 mL/min/1.73 m2 (P � .0075). However,
here was no difference in patient survival: 87%
ersus 90%, in the sirolimus and cyclosporine
roups, respectively.68 CNI avoidance and with-
rawal studies have met with mixed results.
irolimus-based regimens tend to be poorly tol-
rated whereas MMF and cyclosporine regi-

ens have prohibitive acute rejection rates.
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Immunosuppressive strategies 385
ther Combination Regimens
ost maintenance immunosuppressive regi-
ens consist of a CNI, an antiproliferative

gent, with or without steroids. More recently,
ombined use of 2 antiproliferative agents in an
ttempt to reduce CNI nephrotoxicity has been
tudied.69 Ciancio et al70,71 compared 3 mainte-

Table 1. Long-Term Outcomes of CNI-Withdr
ized, Controlled Studies

Reference 59-61,63
Design P, R, MC
Antibody induction No
Maintenance regimen SRL-based
Comparators (no. of patients) CSA,SRL, CS (21

versus
SRL, CS (215)*

Acute rejection, %
1 y 4.2 versus 9.8‡
2 y 5.1 versus 9.8
3 y 5.6 versus 10.2
4 y 6.5 versus 10.2

Renal function, mL/min
1 y 53 versus 59�¶
2 y 48 versus 58�¶
3 y 47 versus 59�¶
4 y 44 versus 58�¶
5 y NR

Allograft survival, %
1 y 96 versus 97
2 y 91 versus 94
3 y 85 versus 91††
4 y 84 versus 92‡‡

Patient survival, %
1 y 97 versus 98
2 y 93 versus 97
3 y 94 versus 96
4 y 92 versus 95

Abbreviation: P, prospective; R, randomized; MC, multicen
sirolimus; CS, corticosteroids; CSA(L), low-dose cyclospori

*Cyclosporine withdrawn at 3 months.
†Cyclosporine withdrawn at 6 months.
‡P � .035.
§P � .0283.
�Mean calculated GFR (Nankivell method).79

¶P � .001.
#Calculated creatinine clearance (Cockcroft-Gault equation).
**P � .05.
††P � .052.
‡‡P � .024.
ance immunosuppressive regimens in a pro- r
pective, randomized control trial. All patients
eceived daclizumab induction. In addition to
aintenance steroids, 50 patients received ta-

rolimus and sirolimus, 49 received tacrolimus
nd MMF, and 48 received cyclosporine micro-
mulsion and sirolimus70,71: the incidence of
cute rejection at 1 year was 4%, 4%, and 14%,

Regimens in Selected Prospective, Random-

58 57
P, R, MC P, R, MC
Yes except CSA(S) NR
MMF-based MMF-based
CSA(S), MMF, CS (107)
versus
CSA(L), MMF, CS (112)
versus
MMF, CS (108)†

CSA, MMF, CS (77)
versus
MMF, CS (74)*

NR NR
NR NR
27 versus 26 versus 36 NR
NR 1 versus 10§

NR 63 versus 66#
NR NR
65 versus 68 versus 67# NR
NR NR
NR 62 versus 67#**

NR NR
NR NR
91 versus 93 versus 85 NR
NR 92 versus 88

NR NR
NR NR
93 versus 94 versus 91 NR
NR 95 versus 93

SA(S), standard-dose cyclosporine; NR, not reported; SRL,
awal

5)

ter; C
ne.

80
espectively (P � .03),70 and there was no dif-
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386 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
erence in the mean creatinine clearance
mong the groups: 73 versus 84 versus 71 mL/
in, respectively.71 However, the average cre-

tinine clearance of patients receiving sirolimus
nd a CNI (tacrolimus or cyclosporine) was
ignificantly lower compared with those receiv-
ng tacrolimus and MMF. There was no differ-
nce in 1-year graft survival: 100%, 98%, and
6%, in the tacrolimus/sirolimus, tacrolimus/
MF, and the cyclosporine microemulsion/

irolimus treated patients, respectively.71

The Prograf Study group conducted a multi-
enter, prospective, randomized trial compar-
ng sirolimus with MMF in a tacrolimus-based

aintenance regimen.72 In addition to tacroli-
us and steroids, 185 patients received siroli-
us and 176 received MMF. Only patients with

elayed graft function received antibody induc-
ion.72 The rate of acute rejection at 6 months
as not different between sirolimus- and MMF-

reated patients: 13% versus 11.4%, respec-
ively. However, MMF patients had a lower
edian serum creatinine concentration at 6
onths with 127 �mol/L (1.44 mg/dL) versus

56 �mol/L (1.77 mg/dL)72 and at 1 year with
14 �mol/L (1.3 mg/dL) versus 132 �mol/L (1.5
g/dL), respectively.73 The mean creatinine clear-

nce at 1 year was lower in sirolimus-treated pa-
ients (54.3 versus 58.4 mL/min, P � .06).73 There
as no difference in 1-year graft survival between

irolimus- and MMF-treated patients: 90.8% versus
4.3%, respectively.73 There was more discontin-
ation of sirolimus as a result of adverse effects in
irolimus-treated patients than MMF in MMF-
reated patients at the 1 year follow-up evaluation:
0.4% versus 11%, respectively.73

In a 6-month, multicenter, randomized study
f 977 kidney transplant recipients, Vitko et al74

ompared the efficacy of the combined regi-
ens of tacrolimus with 1 of 2 different doses

f sirolimus: 2 mg/d or 0.5 mg/d with a regimen
f tacrolimus and MMF of 1 g/d. Steroids were
dministered to all groups. The incidence of
iopsy-proven acute rejection was 15.7% in
he tacrolimus-sirolimus 2-mg group compared
ith the tacrolimus-sirolimus 0.5-mg group

5.2% (P � .003) and the tacrolimus-MMF
roup 22.3% (P � .036).74 The 6-month graft
urvival was 91.0%, 92.6%, and 92.4% in the

acrolimus-sirolimus 2-mg, tacrolimus-sirolimus s
.5-mg, and the tacrolimus-MMF groups, re-
pectively. The respective patient survival rate
as 98.1%, 97.8%, and 97.9%.74

Gallon et al75 reported a pilot, open-label,
rospective study of 82 kidney transplant recip-

ents of low immunologic risk randomized to 2
teroid-free maintenance regimens that con-
isted of either tacrolimus and sirolimus or ta-
rolimus and MMF. All patients received IL-2–
eceptor antibody induction. The incidence of
cute rejection was not significantly different:
9.7% (sirolimus group) versus 17.7% (MMF
roup).75 Renal function (MDRD GFR) was sig-
ificantly lower in the sirolimus group through-
ut the 3-year study period. The mean slope of
FR change was �0.38 mL/min/1.73 m2/mo

sirolimus group) versus 0.069 mL/min/1.73
2/mo (MMF group) (P � .07).75 The Kaplan-
eier allograft survival at 3 years was lower in

he sirolimus group: 84% versus 98% (P � .04).
here was no difference in the 3-year patient
urvival.75

Larson et al76 compared the efficacy of siroli-
us versus tacrolimus in an MMF-based regi-
en in a single-center, open-label, prospective

rial. A total of 165 patients, predominantly Cau-
asian live-donor kidney recipients, were ran-
omized to receive either a regimen of tacroli-
us, MMF, and prednisone, or sirolimus, MMF,

nd prednisone. All patients received Thymo-
lobulin induction.76 There was no difference
n the rate of acute rejection between the

groups: 14% versus 19%, respectively. The
-year patient survival rate was 96% versus 98%,
espectively, and the 1-year death-censored
raft survival was 96% in both groups.76 Al-
hough renal function measured by iothalamate
FR was not different between the 2 groups: 55
L/min/1.73 m2 versus 56 mL/min/1.73 m2 at 1

ear and 55 mL/min/1.73 m2 at 2 years in both
roups, patients who received sirolimus had a
ignificant decline in GFR between 1 month
nd 1 year posttransplantation from 62 mL/min/
.73 m2 to 56 mL/min/1.73 m2. There were more
atients in the tacrolimus group with chronic
ascular changes on protocol kidney allograft
iopsies but there was no difference in the
roportion of patients with tubular atrophy and

nterstitial fibrosis.76 Importantly, 38% of the

irolimus patients discontinued sirolimus be-
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Immunosuppressive strategies 387
ause of adverse effects, compared with 17% of
acrolimus patients.76

The SYMPHONY trial compared standard im-
unosuppression that consisted of conven-

ional doses of cyclosporine (trough level, 150-
00 ng/mL for 3 months and 100-200 ng/mL
hereafter), MMF 1 g twice daily, and steroids
n � 385) with each of 3 regimens that in-
luded daclizumab induction, MMF 1 g twice
aily, and steroids, and either low-dose cyclo-
porine (trough level, 50-100 ng/mL) (n � 399),
ow-dose tacrolimus (trough level, 3-7 ng/mL)
n � 402), and low-dose sirolimus (trough level,

Table 2. Short-Term Outcomes of CNI- and
Prospective, Randomized, Controlled Studies

Reference 70,71 72,7
Design P, R, SC P, R
Antibody induction Yes Yes
Maintenance

regimen
CNI based TAC

Comparators (no.
of patients)

TAC, MMF, CS (50)
versus
TAC, SRL, CS (50)
versus
CSA, SRL, CS (50)

TAC
(1

vers
TAC

(1

Acute rejection at
1 year, %

4 versus 4 versus 14* 11 v
(6

Renal function,
mL/min†

84 versus 73 versus
71§

58 v

Allograft survival,
%

90 versus 96 versus
92

94 v

Patient survival, % 92 versus 96 versus
98

97 v

Discontinuation or
cross-over rate,
%

8 versus 38 versus
57**

15 v

Abbreviation: P, prospective; R, randomized; SC, single cente
CS, corticosteroids; SRL, sirolimus; CSAL, low-dose cyclosp

*P � .03, combined TAC-MMF and TAC-SRL groups versus
†Mean creatinine clearance (Cockcroft-Gault equation) exce
‡P � .01, TAC versus all other groups.
§P � .05, TAC-MMF versus CSA-SRL.
�P � .06, median creatinine clearance.
¶Mean iothalamate clearance (mL/min/1.73 m2).
#P � .05, TAC versus SRL and CSAN.
**P � .00001, comparison among the 3 groups.
††P � .006.
‡‡P value not reported.
-8 ng/mL) (n � 399).77 The mean 12-month C
FR was significantly higher with the low-dose
acrolimus regimen (64.5 mL/min) compared
ith conventional-dose cyclosporine (56.2 mL/
in), low-dose cyclosporine (58.9 mL/min),

nd low-dose sirolimus regimens (55.9 mL/
in). The incidence of biopsy-proven acute re-

ection at 12 months was also significantly
ower with the low-dose tacrolimus regimen
12.3%) compared with conventional-dose cyclo-
porine (25.3%), low-dose cyclosporine (23.5%),
nd low-dose sirolimus regimens (35.3%). The
espective 12-month allograft survival was 94.2%,
0%, 93.1%, and 89.2%.77 The recently completed

F-Based Combination Regimens in Selected

76 77
P, R, SC P, R, MC

F Yes Yes
d MMF based MMF based

F, CS

CS

TAC, MMF, CS
(84)

versus
SRL, MMF, CS

(81)

TAC, MMF, CS (402)
versus
SRL, MMF, CS (399)
versus
CSAL, MMF, CS (399)
versus
CSAN, MMF, CS (385)

13 14 versus 19 12 versus 35 versus 24
versus 25‡

54� 55 versus 56¶ 65 versus 56 versus 59
versus 56‡

91 92 versus 94 94 versus 89 versus 93
versus 90#

96 96 versus 98 97 versus 97 versus 98
versus 97

27†† 16 versus 38‡‡ NR

, multicenter; DGF, delayed graft function; TAC, tacrolimus;
CSAN, normal-dose cyclosporine; NR, not reported.
L group.
re indicated.
MM

3
, MC
if DG
base

, MM
76)
us
, SRL,
85)

ersus
mo)
ersus

ersus

ersus

ersus

r; MC
orine;
CSA-SR
pt whe
AESAR study found that low-dose cyclosporine
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388 I.Y. Tang, H.-U. Meier-Kriesche, and B. Kaplan
n combination with MMF and corticosteroids
howed equivalent acute rejection rates to a
igher dose cyclosporine regimen and 10% less
cute rejection and equivalent renal function to a
yclosporine-withdrawal group.78

The short-term and long-term outcomes of
ifferent combination regimens are shown in

Table 3. Long-Term Outcomes of CNI- and
Prospective, Randomized, Controlled Studies

Reference 25-27
Design P, R, MC
Antibody induction Yes if DGF
Maintenance regimen CNI based
Comparators (no. of patients) TAC, MMF, CS

versus
TAC, AZA, CS (
versus
CSA, MMF, CS

Acute rejection, %
1 y 15 versus 17 ve
2 y 17 versus 18 ve
3 y 17 versus 21 ve
5 y NR

Renal function
1 y 61 versus 63 ve
2 y NR
3 y 59 versus 62 ve
5 y NR

Allograft survival, %
1 y 89 versus 88 ve
2 y 83 versus 84 ve
3 y 81 versus 80 ve
5 y NR

Patient survival, %
1 y 93 versus 96 ve
2 y 94 versus 96 ve
3 y NR
5 y NR

Abbreviation: P, prospective; R, randomized; MC, multicente
CS, corticosteroids; AZA, azathioprine; NR, not reported.

*Median creatinine clearance (Cockcroft-Gault equation) in
†Mean creatinine clearance (Cockcroft-Gault equation) in m
‡P � .008.
§Mean glomerular filtration rate (abbreviated Modification o
�P � .0024.
¶P � .0008.
**P � .0001.
††P � .0075.
‡‡TAC/MMF/CS versus CSA/MMF/CS 84% versus 50%, P �
§§P � .04.
��Death-censored graft survival SRL versus CSA, 96% versus
ables 2 and 3, respectively. l
ONCLUSIONS

ntroduction of the IL-2–receptor antibodies,
acrolimus, MMF, and sirolimus, has facilitated
he development of steroid- and CNI-sparing
egimens. Early steroid withdrawal appears suc-
essful in patients with low-normal immuno-

-Based Combination Regimens in Selected

66-68 75
P, R, SC P, R, MC
Yes Yes
MMF based CNI based
SRL, MMF, CS (31)
versus
CSA, MMF, CS

(30)

TAC, MMF (45)
versus
TAC, SRL (37)

20 6.4 versus 16.6 NR
23 6.5 versus 16.6 NR
25 NR 18 versus 30

12.9 versus 23.3 NR

55* 81 versus 61†‡ 64 versus 50§�
80 versus 63†‡ 61 versus 47§¶

56* NR 62 versus 42§**
67 versus 51§†† NR

87 97 versus 95 NR
77 94 versus 93 NR
73‡‡ NR 98 versus 84§§

84 versus 77�� NR

89 97 versus 100 NR
88 94 versus 100 NR

NR 100 versus 98
87 versus 90 NR

single center; DGF, delayed graft function; TAC, tacrolimus;

.

in Renal Disease [MDRD] equation) in mL/min/1.73 m2.81

patients with DGF.

� .0265.
MMF

(72)

76)

(75)

rsus
rsus
rsus

rsus

rsus

rsus
rsus
rsus

rsus
rsus

r; SC,

mL/min
L/min.

f Diet

.02 in

80%, P
ogic risks, but up to 30% of patients eventually
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Immunosuppressive strategies 389
ay require steroids. Although the combina-
ion of MMF with CNIs decreases acute rejec-
ion episodes and is well tolerated, the use of
irolimus with either cyclosporine or tacroli-
us has been associated with increased neph-

otoxicity and worse graft survival. In general,
voidance of CNIs results in better short-term
enal function but a higher incidence of acute
ejection. The impact of CNI-free regimens,
uch as the sirolimus/MMF combination, on
ong-term graft survival requires further studies.
he antilymphocyte agent Thymoglobulin is as-
ociated with lower acute rejection rates than
he IL-2–receptor antibodies, but no difference
n graft survival has been noted.

Recent large-scale studies such as the
YMPHONY and CAESAR studies seem to indi-
ate that for the time being regimens using
ow-dose CNIs along with MMF may achieve the
est balance between renal function and preven-
ion of acute rejection. The long-term outcomes
ith total CNI avoidance and withdrawal still re-
uire longer follow-up evaluation, particularly
ith the newer agents such as Belatacept.
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