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Kidney transplantation is the treatment of choice for most patients
with end-stage renal disease. The major challenges facing the
effective management of patients in need of renal transplantation
include increasing the availability of more organs for transplanta-
tion, designing more effective and less toxic immunosuppressive
regimens, and prolonging long-term survival."*

Although the calcineurin inhibitors remain the primary immuno-
suppression agents used for renal transplantation, other agents have
recently been used in combination with calcineurin inhibitors or in
some cases, replacements for calcineurin agents; over the last several
years the rate of acute rejection and short-term survival has
improved.” However, the use of non-calcineurin therapy for
immunosuppression and its impact on long-term outcomes remains
unclear. Recent studies have focused on improving long-term graft
and patient survival while maintaining graft function. The use of
induction agents (antithymocyte globulin (ATG), basiliximab,
daclizumab), mycophenolate mofetil, and sirolimus, has facilitated
steroid and calcineurin inhibitor minimization or replacement
regimens for kidney transplantation.®™

The calcineurin inhibitors cyclosporine and tacrolimus are integral
components of maintenance immunosuppressive therapy. Each of
these agents are highly effective in reducing the incidence of acute
rejection and prolonging graft and patient survival."™” Survival is
negatively impacted by cardiovascular disease, which is the leading
cause of mortality among transplant recipients with functioning
grafts." In addition to their potential nephrotoxic effects, calcineurin
inhibitors also contribute to other adverse effects that include hyper-
tension, dyslipidemia, and diabetes mellitus, and may position these
patients for increased risk for adverse cardiovascular outcomes.
Thus, some clinicians have advocated a diminished role for
calcineurin inhibitors going forward, a position that remains
highly controversial.

Mycophenolate mofetil is effective in preventing acute rejection after
kidney transplantation when added to calcineurin-based regimens.
Ojo et al” assessed acute rejection in 66,774 patients that received
mycophenolate mofetil or azathioprine and reported that patients
that received mycophenolate mofetil had a 15.5% incidence of rejec-
tion compared with 24.7% in patients receiving azathioprine. The
four year graft survival rate was 85.6% with mycophenolate mofetil
compared with 81.9% (P < 0.0001) with azathioprine; the four year
patient survival was 91.4% with mycophenolate mofetil and 89.9%
with azathioprine (P = 0.002).” Sirolimus is another agent that has
been used to replace or reduce calcineurin inhibitor therapy.

In patients that received sirolimus in addition to cyclosporine and
prednisone, acute rejection was significantly lower (24.7%) com-
pared with those receiving placebo (41.5%)." There is increased
nephrotoxicity associated with sirolimus and calcineurin inhibitors
compared with mycophenolate mofetil and calcineurin inhibitors;
accumulated clinical and scientific data suggest that sirolimus has
inherent nephrotoxicity that occurs differently from that of
calcineurin inhibitors.””'

The rationale for induction agent use in immunosuppression is to
provide intense immunosuppression in the early post-transplant
period and avoid acute rejection. Induction therapy with antibodies
is utilized for both steroid and calcineurin inhibitor-sparing proto-
cols.” Early steroid withdrawal (5 days post-transplant) among renal
transplant recipients receiving basiliximab induction indicates that
acute rejection is not significantly different among the steroid
withdrawal group (20%) compared with the steroid treatment group
(16%); patient and graft-survival was 100% in the steroid withdrawal
group for the 12 month follow-up period.” Calcineurin inhibitor
withdrawal regimens substituting mycophenolate mofetil or
sirolimus for maintenance immunosuppression is intended to
improve renal function without a significant increase in acute
rejection.”” Similarly, calcineurin inhibitor avoidance regimens
have been utilized in transplant recipients at low immunological
risk substituting antibody and steroid induction followed by
immunosuppression with mycophenolate mofetil, sirolimus, and
steroid taper.”**

Recent large-scale studies such as the SYMPHONY and CAESAR
studies provide evidence for regimens using low-dose calcineurin
inhibitors along with mycophenolate mofetil to achieve a reasonable
balance between renal function and prevention of acute rejection.””
The SYMPHONY study compared conventional doses of
cyclosporine plus mycophenolate mofetil and steroids with three
regimens that included daclizumab induction, mycophenolate
mofetil, and steroids along with low-dose cyclosporine, low-dose
tacrolimus, or low-dose sirolimus. At 12 months, the results indicated
that GFR was significantly higher with the low-dose tacrolimus
regimen compared with conventional- or low-dose cyclosporine or
low-dose sirolimus.” Similarly, the CAESAR study showed that a
combination of low-dose cyclosporine with mycophenolate mofetil
and steroids resulted in equivalent acute rejection rates compared
with higher dose cyclosporine regimens and is a safe and effective
immunosuppressive regimen.” These studies provide evidence that
calcineurin inhibitor reduction and use of adjunct agents do not
increase acute rejection and decrease nephrotoxicity to preserve
renal function.

This Transplantation Forum Report™ discusses the benefits of early
steroid withdrawal and replacement with sirolimus and mycopheno-
late mofetil to minimize calcineurin inhibitors in renal transplant
recipients. The efficacy of induction therapy in conjunction with
reduced calcineurin inhibitor maintenance or calcineurin inhibitor-
free therapy will be evaluated. The outcomes resulting from
calcineurin inhibitor reduction on acute rejection as well as patient
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and graft survival will also be assessed. For your added benefit,
CME/CE credits accompany this monograph.

Calcineurin Inhibitor-minimization Strategies
Using Mycophenolate Mofetil

Efforts to reduce or discontinue calcineurin inhibitors are being
evaluated in order to decrease the toxicities associated with
calcineurin inhibitor use. Mycophenolate mofetil is used as a
calcineurin inhibitor- or steroid-sparing agent since it does not cause
neurotoxicity or nephrotoxicity.” Several clinical trials have demon-
strated that mycophenolate mofetil neither impairs renal function
nor increases the incidence of acute rejection.”®*' Some studies have
also evaluated the complete withdrawal of calcineurin inhibitors and
shown stable renal function with only small increases in the rates of
acute rejection.”™”

A recent study by Pallardo and colleagues™ evaluated calcineurin
inhibitor minimization strategies in 213 renal transplant recipients.
The patients in the study underwent calcineurin inhibitor minimiza-
tion for various reasons by at least 20% (as decided by the investiga-
tor). The majority of patients were being treated with a calcineurin
inhibitor (66.7% using tacrolimus and 33.3% using cyclosporine)
combined with mycophenolate mofetil and steroids in the immediate
post-transplant period. Calcineurin inhibitor reduction occurred
while all patients had been receiving mycophenolate mofetil. The
primary reasons for calcineurin inhibitor reduction or elimination
in this cohort were nephrotoxicity (55.9%) and to reduce adverse
effects (21.6%). Other reasons for calcineurin inhibitor reduction
included concerns over new-onset diabetes, hyperlipidemia, hyper-
tension, and neurotoxicity. The average time to calcineurin inhibitor
reduction was 9.9 + 11.8 months and the acute rejection rate during
this interval was 9.4%. This study coincided with the start of
calcineurin inhibitor reduction in previous prospective trials
(ranging from 6 months to 1 year).””' The mean target calcineurin
inhibitor dose reduction was 41.4% + 21.45% for patients receiving
tacrolimus and 28.6% =+ 10% in the patients receiving cyclosporine,
which correlates to the 25-50% calcineurin inhibitor reduction
range reported in other studies.”*' The time to reach this reduction
was 18.1 £ 15.0 weeks for patients receiving tacrolimus and 17.7 +
8.9 weeks for patients receiving cyclosporine.

The authors indicate that the data presented in this study is consis-
tent with others reported in the literature. Generally, most of the
studies start reduction within 6 to 12 months following transplanta-
tion. Further, some patients in this study were able to achieve
complete withdrawal of calcineurin inhibitors with maintenance of
renal function and only a slight increase in acute rejection episodes.
This data indicates that mycophenolate mofetil-based immunosup-
pression in renal transplant patients does not significantly increase
the rate of acute rejection episodes while allowing for a dose
reduction of calcineurin inhibitors in patients who demonstrate
nephrotoxicity or other adverse effects.”

Calcineurin Inhibitor Reduction on
Renal Function and Graft Survival Outcomes

Calcineurin inhibitors are considered standard agents in the post-
renal transplant management period. These agents are associated
with nephrotoxicity, including renal interstitial fibrosis.”* A study by

Cosio and colleagues sought to determine the clinical and histologi-
cal outcomes of reducing tacrolimus target blood levels in renal
transplant recipients.”

The change in drug levels (calculated 15% reduction) was an attempt
to reduce the incidence of polyoma virus-associated nephropathy
(PVAN) observed in these patients.” The analysis was performed on
575 adult renal transplant recipients, comparing data from two
consecutive time periods—an earlier 2-year period using higher
tacrolimus levels and a subsequent 2-year period using lower
tacrolimus levels. All study patients received the same immunosup-
pressive medications: thymoglobulin induction, prednisone,
mycophenolate mofetil, and tacrolimus. The group from the earlier
time period (HiTAC group, n = 245) had the following tacrolimus
levels: 12-15 ng/mL during the first month; 10-12 ng/mL from
months 1-4; 8-10 ng/mL between months 4 and 12; and 6-8 ng/mL
after the first year. Patients converted to the lower tacrolimus dosing
from the later period (LoTAC group, n = 330) had the following
tacrolimus levels: 10-12 ng/mL during the first month; 8—10 ng/mL
from months 2—4; and 6—8 ng/mL thereafter. The other immunosup-
pressive medications were unchanged during this period. Graft
function was measured by serum creatinine and direct measurement
of GFR using radio labeled iothalamate clearance. The diagnosis of
acute rejection was determined by histopathological analysis. The
diagnosis of PVAN was confirmed by the presence of viral DNA in
biopsies using in situ hybridization.

There were no significant differences between the HITAC and LoTAC
groups in demographic characteristics. Average tacrolimus levels
measured at different time points are depicted in Figure 1 and
indicate significant differences for serum levels between HiTAC and
LoTAC groups at each of the time points. Compared to the HITAC
group, the LoTAC group had lower rates of PVAN (Figure 2), lower
glucose levels, higher GFR levels, and a lower incidence and severity
of renal interstitial fibrosis and tubular atrophy. The difference in
PVAN after 1 year indicated a lower incidence in the LoTAC group
(2.5% vs. 10.5%, P < 0.0001). Similarly, after 2 years, 12.7% of
HiTAC and 3.6% of LoTAC patients developed PVAN. GFR meas-
urements also favored the LoTAC group, with GFR measuring 59 +
17 mL/min/1.73 m? vs. 52 + 19 mL/min/1.73 m? (P < 0.0001). After
2 years, GFR values were still significantly higher in LoTAC

Figure 1. Average tacrolimus levels in the HiTAC (solid line) and
LoTAC (dashed line) groups up to 24 months. Tacrolimus levels
were significantly higher in HiTAC group than LoTAC group at 1,
4, and 12 months (P < 0.001) and 24 months (P = 0.004),2%'< from 7]
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compared to HiTAC patients (59 + 18 mL/min/1.73 m? vs. 52 +
17 mL/min/1.73 m’, P = 0.014). Compared to the HiTAC group, fast-
ing glucose levels were significantly lower in the LoTAC group
throughout the first year, but after 2 years the difference was not
statistically significant. In addition, renal biopsies demonstrated a
lower incidence and severity of interstitial fibrosis in LoTAC patients
after one year (45% vs. 67%; P = 0.003; Figure 3) and two years (49%
vs. 75%; P = 0.001). Likewise, tubular atrophy was found to be lower
in the LoTAC group at one year (66% vs. 82%; P = 0.01; Figure 3)
and two years (90% vs. 67%; P = 0.003). Arteriolar hyalinosis was
similar for both HiTAC and LoTAC groups and there were no
significant differences in severity of transplant glomerulopathy or
vasculopathy between the two treatment groups. The incidence and
severity of acute rejection was similar between both groups.

Figure 2. Kaplan-Meier plots of the cumulative incidence of PVAN
in HiTAC (dashed line) and LoTAC (solid line) patients (log rank,
P=0. 0007). [adapted from 37)
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Figure 3. Severity of interstitial fibrosis, tubular atrophy, and
arteriolar hyalinosis in one-year biopsies from HiTAC and
LoTAC treatment groups. Open bars indicate no changes, light
bars indicate mild changes, darker bars denote moderate changes,
and black bars depict severe changes." >
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The authors’ intent was to lower tacrolimus levels in an effort to
reduce the incidence of PVAN. The results show that with a relative-
ly modest reduction in tacrolimus levels there is a 72% reduction in
the incidence of PVAN. The incidence of PVAN in kidney transplant
recipients is primarily linked to the use of immunosuppressive
drugs. Although the incidence is not linked to a specific immuno-
suppressive agent, it is more likely linked to overall immunosuppres-
sion and immunologic status of the recipient prior to transplanta-
tion.” Further, the incidence and severity of acute rejection did not
change significantly with the implementation of the lower dosing of
tacrolimus. However, the use of biopsies to assess histologic changes
showed that tacrolimus contributes significantly to the development
of interstitial fibrosis and tubular atrophy during the first year of
transplantation. The severity of these changes appears to be related
to calcineurin inhibitor drug levels.” Although these studies assessed
changes in the early dosing of tacrolimus, less is known about
maintenance dosing of calcineurin inhibitors after the first year.

Another recent study also evaluated the impact of calcineurin
inhibitor reduction on renal function and graft survival in renal
transplant patients.” This study was a 12-month prospective study
designed to evaluate the efficacy and toxic effects of four different
immunosuppressive regimens. The results showed that a regimen
consisting of daclizumab, mycophenolate mofetil, and corticos-
teroids in combination with low-dose tacrolimus was more benefi-
cial in terms of renal function, allograft survival, and acute rejection
rates compared with other study regimens. A total of 1645 renal
transplant recipients were included in the study and randomly
assigned to one of the following four regimens: 1.) standard-dose
cyclosporine, MMF, and corticosteroids; 2.) daclizumab induction,
MME, corticosteroids and low-dose cyclosporine; 3.) daclizumab
induction, MME, corticosteroids and low-dose tacrolimus; and 4.)
daclizumab induction, MMF, corticosteroids and low-dose
sirolimus. The primary endpoint in the study was renal function at
12 months post-transplantation determined by GFR using the
Cockcroft-Gault formula. Secondary end points included allograft
survival and acute rejection.”

The regimen that included low-dose tacrolimus resulted in overall
maintenance of renal function, improved graft survival, and
decreased acute rejection compared with the other three regimens.
The mean calculated GFR was significantly higher in patients receiv-
ing low-dose tacrolimus (65.4 mL/min), compared to standard dose
cyclosporine (57.1 mL/min), low-dose cyclosporine (59.4 mL/min),
or low-dose sirolimus (56.7 mL/min). Also, the rate of biopsy-proven
acute rejection at 12 months favored the low-dose tacrolimus regi-
men (12.3%), compared to standard-dose cyclosporine (25.8%),
low-dose cyclosporine (24%), or low-dose sirolimus (37.2%) (Figure
4). Allograft survival was significantly different among the 4 groups
(P = 0.02), with the highest survival observed in the low-dose
tacrolimus group (94.2%), followed by the low-dose cyclosporine
group (93.1%), the standard-dose cyclosporine group (89.3%), and
the low-dose sirolimus group (89.3%). Treatment failure was lowest
in the low-dose tacrolimus group (12.2%) and highest in the low-
dose sirolimus group (35.8%, P < 0.001). Serious adverse events were
more frequent in the low-dose sirolimus group than in the other
groups (53.2% vs. a range of 43.4 to 44.3%), although the proportion
of patients in each group with at least one adverse event during
treatment was similar (86.3% to 90.5%).
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Figure 4. Cumulative probability of biopsy-proven acute rejection
among four immunosuppressive regimens in renal transplant
re Cipi ents, depted from 23]
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Early Steroid Withdrawal and Replacement with
Sirolimus and Mycophenolate Mofetil to Minimize
Calcineurin Inhibitors

Chronic immunosuppressive therapy after kidney transplantation is
important in preserving long-term graft and patient survival.
Minimization of adverse effects from chronic immunosuppression is
also crucial. Maintenance immunosuppression with corticosteroids
was once thought to be required for preservation of graft survival.
However, due to the advent of newer immunosuppressive therapies
in recent years and the well-known serious side effects of corticos-
teroids, the gradual elimination of steroids from post-transplant
immunosuppressive maintenance regimens is becoming more
common. The side effects of steroids include osteoporosis, weight
gain, myopathy, cataracts, gastric ulcer disease and glaucoma.
Notably, long-term use of steroids also increases the risk of cardio-
vascular disease by promoting glucose intolerance, hypertension,
and hyperlipidemia.”*' Thus, eliminating steroids and these adverse
effects may improve patient survival. The challenge of eliminating
steroids while maintaining graft function is currently under investi-
gation. Several studies assessing late steroid withdrawal (more than
three months) after renal transplantation showed increased risks of
acute rejection.” In contrast, several studies evaluating early rapid
elimination of steroids showed excellent patient and graft survival
with no increased incidence of acute rejection.** The most recent of
these studies by Matas and colleagues® demonstrated that early
discontinuation of prednisone did not increase acute rejection rates,
allograft dysfunction, or graft loss when compared to historical
controls. Thus, the success of eliminating steroids from an immuno-
suppressive regimen may depend both on the timing of the steroid
withdrawal and the efficacy of the remaining immunosuppressives
in the regimen after withdrawal.

A recent retrospective study by Jaber and colleagues evaluated the
outcomes of early steroid withdrawal in renal transplant recipients
treated with a calcineurin inhibitor-minimization protocol.® The
study included 84 kidney transplant recipients (61 deceased donors
and 23 living donors) who underwent early steroid withdrawal.

Steroids were initiated intraoperatively and rapidly tapered and
discontinued post-operatively by day 6. The immunosuppressive
regimen for this group consisted of thymoglobulin antibody induc-
tion for 5 days and prednisone administered intraoperatively
followed by a rapid taper over the next 6 days. Maintenance therapy
included a calcineurin inhibitor-minimization protocol that consisted
of sirolimus and mycophenolate mofetil-based immunosuppression.
Tacrolimus and mycophenolate mofetil were initiated on the day of
transplantation, and sirolimus was initiated post-operatively on day
6 coincident with the discontinuation of steroids. Clinical outcomes
from the early steroid withdrawal group were compared to a group
of historical controls (n = 50), who were kidney recipients at the
same medical center in previous years. The immunotherapy regimen
in this control group included selective thymoglobulin induction
only in high-risk recipients and maintenance sirolimus, tacrolimus,
and prednisone, which was continued throughout treatment.”

The results for the early steroid withdrawal group indicated excellent
2.5-year actuarial patient survival (97%), graft survival (93%), and
acute rejection-free graft survival (89%). Compared to historical
controls, the early steroid withdrawal cohort had comparable graft
survival, graft function, acute rejection-free survival, and significant-
ly better patient actuarial survival (P = 0.048). Renal function, as
assessed by mean serum creatinine, remained stable over time (1.5 £
0.6 mg/dL at one year and 1.5 * 0.6 mg/dL at two years; Figure 5).
Hematologic complications such as anemia and leukopenia were fre-
quent, but were aggressively managed and most cases resolved.
Complications with post-transplant wound healing were present
with both groups, although the historical control group had a signif-
icantly higher rate than the early steroid withdrawal group (18% vs.
5%; P =0.016).”

Beneficial effects for cardiovascular risk factors such as weight gain,
hypertension, hyperlipidemia, and new-onset diabetes mellitus were
observed among recipients who had early steroid withdrawal. The
recipients with early steroid withdrawal had significantly less weight
gain than the historical controls at both 6 months and 12 months,
with a difference in weight gain of 1.5 kg for the early steroid

Figure 5. Comparison of serum creatinine levels for early steroid
withdrawal patients (n = 84) and historical controls (n = 50). Data
points indicate mean + SD; no significant difference was detected
between the treatment groups. ! m>)
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withdrawal group and 5.2 kg for the control group after 1 year
(P = 0.024). Discontinuation of steroids also significantly reduced
the incidence of developing new-onset diabetes mellitus (5% early
steroid withdrawal vs. 21% control; P = 0.015; Figure 6). Blood
pressure control was assessed by comparing the number of anti-
hypertensive drugs taken by recipients over time. As time progressed,
the average number of antihypertensive agents for the last day of
follow-up (21-22 months) was significantly higher in patients with
steroid maintenance compared to those with steroid withdrawal
(1.38 drugs vs. 1.86 drugs; P = 0.008). The mean change in required
antihypertensive drugs per patient favored the early steroid
withdrawal group (-0.52 + 1.03 drugs/patient vs. +0.34 £ 0.92
drugs/patient). Furthermore, compared with their pre-transplant
requirements, 48% of steroid maintenance patients compared to
10% of early steroid withdrawal patients had an increase in >1 anti-
hypertensive drug. Hyperlipidemia, which was analyzed between the
2 groups by assessing the change in the number of required anti-lipid
agents from baseline, showed a significantly higher number of agents
for the historical controls (+0.66 £ 0.63 drugs/patient) compared to
the early steroid withdrawal group (+0.22 £ 0.51 drugs/patient)
assessed on the last day of follow-up (P < 0.001). Accordingly, the
mean cholesterol levels in the early steroid withdrawal group were
lower than those observed for the control group despite less anti-
lipid agents used in the early steroid withdrawal group.”

The authors conclude from this study that early steroid withdrawal
using thymoglobulin induction followed by a calcineurin inhibitor-
minimization protocol of maintenance sirolimus and mycophenolate
mofetil is associated with excellent patient and graft survival.
Further, they report acceptable rates of rejection and reduced side
effects that are observed with steroids including cardiovascular risk
factors. Cardiovascular risk factors such as hypertension, hyperlipi-
demia, and new onset diabetes were significantly lower in the early
withdrawal group. This study provides compelling evidence that
early steroid withdrawal combined with calcineurin inhibitor-
reduced immunosuppression in renal transplant recipients could
effectively decrease steroid-related adverse effects, decrease cardio-
vascular disease risk factors, and improve patient survival without
compromising graft function.

Figure 6. Comparison of the development of new-onset diabetes
mellitus in the early steroid withdrawal group compared with con-
trols, 12dapted from 50]
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Efficacy of Alemtuzumab Induction
in Renal Transplantation

Alemtuzumab is a humanized monoclonal antibody directed against
CD52, a glycoprotein expressed on circulating mononuclear cells.”
Although originally approved for treatment of chronic lymphocytic
leukemia, alemtuzumab has been increasingly used for induction
therapy in renal transplant recipients. Inducing lymphocyte
depletion perioperatively with antilymphocyte antibodies is one
strategy used to delay calcineurin inhibitor administration and
reduce acute nephrotoxicity resulting from calcineurin inhibitors.
Alemtuzumab induction has been used in several studies with
various regimens including low-dose calcineurin inhibitors, no
calcineurin inhibitors, and no steroids, with comparable graft
survival to conventional protocols. However, many of these studies
included small groups of study participants or short observation
periods with results indicating variable acute rejection rates.”* The
study by Vathsala et al. showed that alemtuzumab is an effective
induction agent that permits low-dose steroid-free immunosuppres-
sion.” A second study by Ciancio et al. showed that 80% of patients
receiving alemtuzumab remained steroid-free at 1 year following
transplantation with lower levels of tacrolimus and no difference in
other adverse events.” Unfortunately, it is difficult to assess long-
term outcomes from these studies due to small sample sizes and a
short duration of follow-up.

Recently Huang and colleagues™ conducted a large retrospective
analysis of deceased donor kidney transplantation using the Organ
Procurement and Transplantation Network (OPTN)/United
Network for Organ Sharing (UNOS) database to determine clinical
outcomes associated with alemtuzumab induction. They compared
alemtuzumab induction with no antibody induction, antithymocyte
globulin (ATG) induction, and interleukin-2 receptor antagonist
(basiliximab or daclizumab) induction. They also assessed outcomes
in relation to common maintenance regimens, including calcineurin
inhibitor-free protocols compared to triple immunosuppression.

A total of 14,362 patients were included in the analysis, including
those who received no induction (n = 4364), ATG (n = 4930), inter-
leukin-2 receptor antagonists (IL-2RAs, basiliximab or daclizumab)
(n = 4378), and alemtuzumab (n = 690). This study reported that
alemtuzumab induction was associated with a lower rate of acute
rejection (2.3%) during the initial hospital stay compared with
transplant recipients that received no antibody induction (7.6%),
ATG (3.4%), or induction by IL-2RA (4.8%, P < 0.001). At 6 months
post-transplant, the incidence of acute rejection was similar among
patients receiving alemtuzumab, no induction, ATG, or IL-2RAs.
At 1 year, the cumulative incidence of acute rejection with
alemtuzumab induction surpassed that of no antibody induction,
ATG, and IL-2RAs, respectively (19.2% vs. 14.8% vs. 10.2% vs.
13.0%; P < 0.001).

The graft survival rate in the alemtuzumab induction group was sig-
nificantly lower than observed for the IL-2RA group (P = 0.01;
Figure 7A). There was a sharp decline in alemtuzumab induction
beginning 6 months post-transplant that continued past 24 months.
Using multivariate analysis it was determined that no induction (RR:
0.76; P = 0.002), ATG (RR: 0.52; P < 0.01), and IL-2RA induction
(RR:0.66; P < 0.001) were each independently associated with a
decreased risk for acute rejection compared with alemtuzumab.
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This study also evaluated the effect of maintenance immunosuppres-
sion on graft outcomes in alemtuzumab recipients. The most
common regimen (59.6%) consisted of a calcineurin inhibitor,
mycophenolate mofetil, and steroids. Of the calcineurin inhibitor
recipients, 65.9% were maintained on tacrolimus and 34.1% on
cyclosporine. A total of 82 (11.9%) alemtuzumab patients were
placed on a calcineurin-free immunosuppression regimen consisting
of mycophenolate mofetil and steroids. Of these patients, 52.4%
remained calcineurin inhibitor-free for 6 months with 26.8% then
started on tacrolimus and 13.4% on cyclosporine. Graft and rejec-
tion-free survival for the various maintenance regimens is shown in
Figure 8. The results indicate that patients discharged on calcineurin
inhibitors had superior graft survival compared with those on cal-
cineurin inhibitor-free regimens (tacrolimus/mycophenolate
mofetil/steroids P < 0.001; cyclosporine/mycophenolate mofetil/
steroids P = 0.007). Further, a comparison of patients maintained
on tacrolimus/mycophenolate mofetil/steroids had superior graft
survival rates compared with patients maintained on cyclosporine/
mycophenolate mofetil/steroids (P = 0.03). Similarly, patients receiv-
ing calcineurin inhibitors demonstrated significantly better rejec-
tion-free survival compared to those on calcineurin-free protocols
(tacrolimus/mycophenolate mofetil/steroids P < 0.001; cyclosporine/
mycophenolate mofetil/steroids P = 0.006). Rejection-free survival

rates were similar for those treated with tacrolimus or cyclosporine
(P=0.59).

The authors conclude that alemtuzumab induction results in
reduced acute rejection rates compared with ATG, IL-2RA, or no
induction in the immediate post-transplant phase. Unfortunately
this benefit was not sustained as evident at 6 month post-transplant
and at 1 year alemtuzumab induction resulted in a significantly high-
er rate than observed with ATG, IL-2RA, or no induction. Further, in
patients that were administered alemtuzumab induction and not
maintained on calcineurin inhibitors, rejection-free and graft
survival was reduced compared to those maintained on calcineurin
inhibitors. These findings stress the need for further studies to
assess long-term graft outcomes using alemtuzumab induction
and to determine factors that can guide appropriate selection of
maintenance immunosuppression regimens.

Conclusion

In summary, renal transplantation is the treatment of choice for
patients with kidney failure. Effective management of renal transplant
recipients includes implementing immunosuppressive regimens that
are effective with a minimum of adverse effects. Calcineurin
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inhibitor-based immunosuppression has become an integral compo-
nent of post-transplant management as they are highly effective in
reducing acute rejection and prolonging patient survival.
Unfortunately adverse effects such as nephrotoxicity have prompted
investigators to consider minimizing calcineurin inhibitor doses or
implementing alternative agents. In recent years there has been a shift
in treatment focus from preventing acute rejection to aggressive
management of long-term comorbidities. No study to date has
adequately addressed outcomes with minimization of immunosup-
pression for more than a year or so. The optimal immunosuppressive
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CME/CE Test Questions

1. Which of the following adverse effects are potential considerations for 5. In the study evaluating early steroid withdrawal, how did early steroid
reduction or elimination of calcineurin inhibitors? withdrawal impact survival compared with historical controls?
A. Neurotoxicity A. Early steroid withdrawal was associated with increased patient
B. Nephrotoxicity survival
C. New-onset diabetes mellitus B. Early steroid withdrawal was associated with decreased patient
D. Hypertension survival
E. All of the above C. There was no significant difference in patient survival between the
early steroid withdrawal group and historical controls
2. In the study comparing high-dose tacrolimus with low-dose tacrolimus
maintenance immunosuppression, what effect is observed on renal func- 6. What effect did early steroid withdrawal have on weight gain?
tion? A. Early steroid withdrawal was associated with increased weight
A. Low-dose tacrolimus was associated with decreased glomerular fil- gain
tration rate (GFR), but lower incidence of renal interstitial fibrosis B. Early steroid withdrawal was associated with a reduction in weight
B. Low-dose tacrolimus was associated with decreased GFR, and gain
higher incidence of renal interstitial fibrosis C. There was no significant difference in weight gain between the
C. Low-dose tacrolimus was associated with improved GFR, and early steroid withdrawal group and the historical control group
lower incidence of renal interstitial fibrosis
D. Low-dose tacrolimus had a similar GFR to high-dose tacrolimus, 7. Compared to the control group, which of the following effects on car-
but lower incidence of renal interstitial fibrosis diovascular risks were associated with early steroid withdrawal?
A. Lower incidence of post-transplant diabetes mellitus
3. What effect did reducing tacrolimus dosing have on the rate of polyoma B. Lower prevalence of hypertension
virus nephropathy (PVAN)? C. Lower prevalence of hyperlipidemia
A. Lower doses of tacrolimus were associated with lower rates of D. All of the above
PVAN
B. Lower doses of tacrolimus were associated with higher rates of 8. In the study evaluating alemtuzumab efficacy, which of the following is
PVAN most consistent with the study findings?
C. Dosing of tacrolimus had no effect on rates of PVAN A. Alemtuzumab induction was associated with consistently lower
rates of acute rejection throughout the study compared to other
4. In the study comparing efficacy and toxicities of four different immuno- regimens

suppressive regimens, which regimen demonstrated better overall results
regarding renal function, allograft survival, and acute rejection?
A. Standard-dose cyclosporine, mycophenolate mofetil, and corticos-
teroids
B. Daclizumab induction, mycophenolate mofetil, corticosteroids,
and low-dose cyclosporine
C. Daclizumab induction, mycophenolate mofetil, corticosteroids,
and low-dose tacrolimus
D. Daclizumab induction, mycophenolate mofetil, corticosteroids,
and low-dose sirolimus

B. Alemtuzumab induction was associated with consistently higher
rates of acute rejection throughout the study compared to other
regimens

C. Alemtuzumab induction was associated with lower rates of acute
rejection initially, however over time, the rates of acute rejection
exceeded that of other regimens

D. None of the above
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PROGRAM OBJECTIVES:

Having completed this activity, I am better able to: Strongly Agree Strongly Disagree
Discuss the benefits of early steroid withdrawal and replacement with sirolimus and 5 4 3 2 1
mycophenolate mofetil to minimize calcineurin inhibitors in renal transplant recipients.

Compare the efficacy of alemtuzumab induction in conjunction with calcineurin 5 4 3 2 1
inhibitor maintenance or calcineurin inhibitor-free therapy.

Examine low- and high-dose tacrolimus levels on rejection and adverse effects 5 4 3 2 1
in renal transplant recipients.

Determine the impact of calcineurin inhibitor reduction on renal function and 5 4 3 2 1
graft survival in renal transplant patients.

OVERALL EVALUATION: Strongly Agree Strongly Disagree
The information presented increased my awareness/understanding of the subject. 5 4 3 2 1
The information presented will influence how I practice. 5 4 3 2 1
The information presented will help me improve patient care. 5 4 3 2 1
The program was educationally sound and scientifically balanced. 5 4 3 2 1
Opverall, the program met my expectations. 5 4 3 2 1
I would recommend this program to my colleagues. 5 4 3 2 1

The program was free of commercial bias or influence. [ ] Yes [ ] No (Please provide additional information below.)

If you anticipate changing one or more aspects of your practice as a result of your participation in this activity, please provide a brief description of how

you plan to do so.
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