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Background. Calcineurin inhibitor–associated nephrotoxicity and other adverse events have prompted efforts to minimize/
eliminate calcineurin inhibitor use in kidney transplant recipients. Methods. This open-label, randomized, multinational study
evaluated the effect of planned transition from tacrolimus to sirolimus on kidney function in renal allograft recipients. Patients re-
ceived tacrolimus-based immunosuppression and then were randomized 3 to 5 months posttransplantation to transition to
sirolimus or continue tacrolimus. The primary end point was percentage of patients with 5mL/min per 1.73 m2 or greater improve-
ment in estimated glomerular filtration rate from randomization to month 24. Results. The on-therapy population included
195 patients (sirolimus, 86; tacrolimus, 109). No between-group difference was noted in percentage of patients with 5 mL/min
per 1.73 m2 or greater estimated glomerular filtration rate improvement (sirolimus, 34%; tacrolimus, 42%; P = 0.239) at month
24. Sirolimus patients had higher rates of biopsy-confirmed acute rejection (8% vs 2%; P = 0.02), treatment discontinuation attrib-
uted to adverse events (21% vs 3%; P < 0.001), and lower rates of squamous cell carcinoma of the skin (0% vs 5%; P = 0.012).
Conclusions.Our findings suggest that renal function improvement at 24 months is similar for patients with early conversion to
sirolimus after kidney transplantation versus those remaining on tacrolimus.

(Transplantation Direct 2016;2: e69; doi: 10.1097/TXD.0000000000000579. Published online 3 March 2016.)
Calcineurin inhibitors (CNIs), such as tacrolimus (TAC)
and cyclosporine A (CsA), are a mainstay of immuno-

suppressive therapy in renal transplantation and have dra-
matically reduced risk of acute rejection and early allograft
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loss.1 However, prolonged exposure leads to progressive
nephrotoxicity, characterized by decline in renal function
and chronic allograft nephropathy, potentially shortening
renal allograft survival.1-3 Calcineurin inhibitor–induced
nephrotoxicity begins as early as 3 months posttransplantation
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and is associated with mild to moderate renal dysfunction.4,5

Concerns about nephrotoxicity3,4 and other CNI-associated
adverse events (AEs), such as posttransplantation diabetes
mellitus (PTDM),6-9 have prompted efforts to minimize or
eliminate CNI use in kidney transplant recipients.

Withdrawal from CNI and transition to sirolimus (SRL) is
one strategy to delay or prevent progressive renal allograft
dysfunction.3 Sirolimus, an inhibitor of mammalian target
of rapamycin (mTOR), has no effect on calcineurin activity.10

Relative to CNIs, SRL is less nephrotoxic. Its use for de novo
immunosuppression without a CNI in renal transplantation
is limited by lack of sufficient efficacy for preventing acute
rejection and by early AEs, such as impaired wound heal-
ing and delayed graft function.11,12 In the maintenance set-
ting, patients treated with SRL immunosuppressive regimens
show greater incidence of acute rejection at 1 year posttrans-
plantation versus patients treated with CNIs, but this differ-
ence is not seen at 2 years.13

The Sirolimus Renal Conversion Trial (CONVERT) was
the first large randomized study to evaluate CNI-to-SRL con-
version inmaintenance therapy for renal allograft recipients.14

Overall, late conversion (6-120 months posttransplantation)
had minimal impact on renal function 2 years postrandom-
ization, although a post hoc analysis showed improved renal
function in the subgroup of patients with baseline estimated
glomerular filtration rates (eGFRs) greater than 40 mL/min
and urine protein excretion within normal limits.14 These
findings indicate that early conversion to SRL, before the al-
lograft has sustained substantial CNI-induced nephrotoxi-
city and permanent injury, might conserve graft function.14

This premise is supported by findings from another study
wherein patients switched from CsA to SRL 3 months post-
transplantation had improved renal function versus patients
maintained on CsA, with benefits maintained up to 4 years.5

However, in recent studies wherein TAC was the CNI and
SRLwas themTOR inhibitor, early conversion was not asso-
ciated with improved renal function.15,16

This open-label, randomized study was conducted to
prospectively compare the effects of early transition from
TAC to SRL versus continued TAC on renal function in
renal allograft recipients. The broad time frame for con-
version (90-150 days posttransplantation) provided flex-
ibility, as some patients are not ready to switch at a specific
time point.

MATERIALS AND METHODS

Study Design and Patients

This open-label, randomized, comparative phase 4 study
was conducted at 39 centers in Europe, Latin America,North
America, and the Pacific Region between June 2009 and
July 2011. Patients were enrolled between 2 weeks before
and 2 weeks after transplantation and were initiated on
TAC + inosine monophosphate dehydrogenase (IMPDH) in-
hibitor (mycophenolate mofetil [MMF] or mycophenolate
sodium [MPS]) ± corticosteroids within 30 days of transplan-
tation. Between 90 and 150 days after renal transplantation,
patients were randomized (1:1) to transition from TAC to
SRL or continue TAC-based therapy for 19 to 21 months.
The study was conducted in compliance with Good Clinical
Practice guidelines in accordance with the Declaration of
Helsinki, was approved by independent ethics committees
at participating centers, and is registered at ClinicalTrials.
gov (NCT00895583).

Eligible patients aged 18 years or older were receiving a
primary renal allograft from a living or deceased donor. Pa-
tients were excluded if they had multiple organ transplants,
active infection, human immunodeficiency virus, or history
of malignancy within the previous 3 years (other than basal
or squamous cell carcinoma), or were pregnant, breast-
feeding, or willing to become pregnant. Before enrollment,
patients provided written informed consent.

At 90 to 150 days posttransplantation, randomizationwas
completed using computer-generated sequences. Select infor-
mation, including investigator's site number, patient number,
and patient’s date of birth, were entered by each site into the
Clinical Operations Randomization Environment (CORE) II
system, which provided a patient randomization number and
treatment assignment. Enrolled patients with eGFR less
than 40 mL/min per 1.73 m2 or spot urine protein to creat-
inine ratio (Up/c) 0.5 or greater within 2 weeks before ran-
domization, Banff grade 2 or higher acute T cell–mediated
or any acute antibody-mediated rejection any time post-
transplantation, more than 1 episode of any acute rejection
(biopsy-confirmed or presumed), or any acute rejection within
30 days before randomization could not be randomized. Pa-
tients were also excluded from randomization if they had
significant laboratory abnormalities in hematologic or met-
abolic parameters (hematologic: total white blood cell count,
<2000/mm3; absolute neutrophil count, <1000/mm3; or
platelet count, <100 000/mm3; metabolic: fasting triglycer-
ides, >400 mg/dL [>4.5 mmol/L] or fasting total cholesterol,
>300 mg/dL [>7.8 mmol/L], regardless of whether or not
they were on lipid-lowering therapy).

Treatment with TAC and an IMPDH inhibitor (MMF or
MPS) was initiated within 30 days of transplantation and
dosed per the center's standard of care. For management of
AEs, temporary discontinuation of TAC and/or IMPDH in-
hibitor was permitted if they were both reinitiated at least
30 days prerandomization. Inosine-5′-monophosphate de-
hydrogenase inhibitor was maintained in both treatment
groups postrandomization, dose adjustments were permit-
ted. Therapeutic drug monitoring was not performed for
IMPDH inhibitors. For patients continuing on TAC, there
was no protocol-mandated range for TAC trough concentra-
tions to allow the investigator to maintain patients accord-
ing to their standard of care. For patients transitioning to
SRL from TAC, SRL was initiated within 2 days post-
randomization, and dosed per the center's standard of care.
Tacrolimus was discontinued within 4 weeks of SRL initia-
tion by an abrupt or a gradual method, per each center's doc-
umented standard of care. Target SRL trough levels were 7 to
15 ng/mL through 12 months posttransplantation and 5 to
15 ng/mL thereafter. Corticosteroids were permitted, but
not required, to be administered as part of immunosuppres-
sion and were dosed per the center's standard of care. With-
drawal of corticosteroid therapy had to be completed at
least 30 days before randomization; otherwise, stable treat-
ment (minimum dose equivalent to prednisolone 2.5 mg/d)
was maintained throughout the study. Antibody induction
was also permitted per the center's standard of care. Al-
though not required in all patients, antibody induction with
rabbit antithymocyte globulin or alemtuzumab was re-
quired for patients with planned corticosteroid withdrawal.
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Discontinuation from either SRL or TAC after rejection was
performed at the discretion of the investigator.

Assessments

The primary end point was percentage of patients with
5 mL/min per 1.73 m2 or greater improvement in eGFR from
randomization to 24 months posttransplantation for the on-
therapy population. The eGFR was calculated using the sim-
plified Modification of Diet in Renal Disease formula.17

Secondary end points included percentage of patients with
eGFR improvement at 12 months; change in eGFR at 6, 12,
18, and 24 months posttransplantation; percentage of
patients with Up/c 0.5 or greater at 12 and 24 months; com-
posite rate of first occurrence of biopsy-confirmed acute
rejection (BCAR) (Banff 2007 criteria grades ≥1), graft
loss, or death up to 24 months posttransplantation; and
treatment-emergent AEs (TEAEs), including infection, ma-
lignancy, and PTDM. Posttransplantation diabetes mellitus
was defined as any patient without preexisting diabetes who
had any of the following after randomization: 30 days or lon-
ger of continual (defined <5-day gap between the same med-
ication use) or at least 25 days of nonstop [no gaps] use of
any diabetes treatment, fasting glucose ≥126 mg/dL, or
nonfasting glucose≥200mg/dL. Preexisting diabetes was de-
fined as known medical history of diabetes at transplanta-
tion, 30 days or longer of continual use of any diabetes
treatment, fasting glucose ≥126 mg/dL, or nonfasting glu-
cose≥200mg/dL.All patients underwent a single fasting glu-
cose test in the 2 weeks before randomization.

Changes in glycemic parameters from baseline (randomiza-
tion) were assessed through 24 months. Parameters included
fasting glucose levels, hemoglobin A1c, fasting insulin concen-
tration, homeostasis model assessment β-cell function, ho-
meostasis model assessment insulin resistance, weight, body
mass index, and waist circumference. Glycemic parameters
were not assessed if the patient discontinued treatment.

Statistical Analyses

The on-therapy population comprised all randomized
patients, who remained on assigned therapy until they
discontinued from assigned therapy, and varied depending
on the analysis time point used. For the primary end point
analysis, the on-therapy population included all randomized
patients who remained on study therapy through 24 months
posttransplantation. Every effort was made to complete
24 months of follow-up posttransplantation in patients who
discontinued from assigned treatment early (“off-therapy”
patients). The intent-to-treat (ITT) population comprised
all patients who took at least 1 dose of assigned therapy
(TAC or SRL).

Efficacy end points were performed on the on-therapy and
ITT populations; safety was assessed for the ITT population.
Efficacy and safety outcomeswere compared between groups
using analysis of covariance, with treatment as a factor and
baseline as a covariate, for continual variables, or Fisher ex-
act test for categoric variables. For change of Up/c from base-
line, log-transformation was applied before the analysis of
covariance to obtain normally distributed data. Cumulative
steroid dose from transplantation to 2 years posttransplanta-
tion was compared between groups using Wilcoxon rank-
sum test. P values (2-sided) less than 0.05 were considered
statistically significant. For the ITT analysis of GFR, data
collected on-therapy or off-therapy were included. Missing
GFR was imputed as follows: (1) GFR = 0 after graft loss
and (2) last observed value prior to missing carried for-
ward for death (with functioning graft), early termination,
or skipped assessment.

Assuming the percentage of patients with ≥5 mL/min per
1.73 m2 improvement in eGFR 24 months posttransplanta-
tion was 45% in the SRL group and 25% in the TAC group,
256 patients had to be randomized (1:1) to achieve 80%
power to detect the difference (2-sided, α = 0.05), with an es-
timated 30% dropout rate.
RESULTS

Of the 541 patients screened, 256 were randomized, 254
were evaluable for safety (ITT population), and 195 (SRL,
n = 86; TAC, n = 109) were evaluable for the primary efficacy
analysis (on-therapy population) (Figure 1). Forty-four (34%)
patients discontinued from SRL treatment versus 12 (10%)
patients who discontinued from TAC treatment (P < 0.001).
The most common reasons for discontinuation from treat-
ment were AEs (SRL group, 21%, TAC group, 3%;
P < 0.001). No patients discontinued TAC treatment because
of rejection. Of the 41 patients who discontinued from SRL
treatment for reasons other than death, 28 (63.6%) were con-
verted to TAC, and 3 (6.8%) remained on SRL after discontin-
uation (1 patient temporarily discontinued SRL for 20 days
owing to prostate cancer and another discontinued SRL for
45 days owing to humoral rejection, a third patient did not
discontinue SRL but was moved to off-therapy after not
taking MMF/MPS per protocol). The remaining 10 patients
discontinued SRL and had no further information available
on immunosuppression. Three patients diedwhile on-therapy.

Baseline patient demographics and disease characteristics
were generally similar between the SRL and TAC treatment
groups (Table 1). The most common etiologies of end-stage
renal disease were hypertension (21%), diabetes (21%),
and polycystic kidney disease (18%). Donors were primarily
white with amean age of 44 years, and approximately half of
all donors were deceased. The majority of patients (84%)
received antibody induction, most commonly antibody-
depleting agents (66%). Before randomization, the incidence
of acute rejection was greater in the SRL group (8.4%) versus
the TAC group (1.6%). Patients were randomized at a mean
of 131.3 ± 16.9 days after transplantation in the SRL group
and 128.3 ± 17.8 days in the TAC group.

All patients received TAC almost immediately posttrans-
plantation, and 98% were treated with corticosteroids be-
fore randomization (excluding treatment for rejection). At
the time of randomization, 70% of patients treated with
SRL and 67% treatedwith TAC continued receiving steroids
as part of their maintenance immunosuppression. Median
cumulative corticosteroid doses were significantly higher in
the SRL group versus the TAC group during the study period
(including screening) (5257.5mg vs 4667.5 mg, respectively;
P = 0.027). Mean SRL and TAC posttransplantation and
postrandomization trough concentrations are summarized
in Table 2.

Renal Function

The percentage of patients with ≥5 mL/min per 1.73 m2

improvement in eGFR from randomization to 24 months



FIGURE 1. Disposition of the study population. *Received ≥1 dose of assigned therapy. †Remained on assigned therapy through 24 months
after transplantation for the primary end point. d/c, discontinued; FSGS, focal segmental glomerulosclerosis; MPGN, membranoproliferative
glomerulonephritis.
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posttransplantation (on-therapy analysis) was not statis-
tically different between the 2 treatment groups (SRL,
33.7% vs TAC, 42.2%; odds ratio [OR], 0.7; 95% confi-
dence interval [95% CI], 0.4-1.3; P = 0.239) (Figure 2).
The percentage of patients with 5 mL/min per 1.73 m2 or
greater improvement in eGFR also was not statistically
different between the 2 treatment groups at 12 months. Re-
sults from the ITT analysis were similar to those from the
on-therapy analysis at 12 months (SRL, 38.2% vs TAC,
42.3%;OR, 0.8; 95%CI, 0.5-1.4; P = 0.524) and 24months
(SRL, 33.6% vs TAC, 40.7%; OR, 0.7; 95% CI, 0.4-1.2;
P = 0.298). Prespecified subgroup analyses (not shown) did
not reveal between-treatment statistical differences in the
primary end point for any patient subset, including donor
characteristics, depleting antibody and steroid use. Renal
function data at 24 months were available for 23 patients
who discontinued SRL and were converted back to a
CNI. Of those patients, 5 (21.7%) had 5 mL/min per
1.73 m2 or greater improvement in GFR at 24 months
off-therapy. The 18 remaining patients at 24 months off-
therapy had GFRs that ranged from 11.6 to 69.5 mL/min
per 1.73 m2. Renal function data at 24 months off-therapy
were available for 7 of 12 patients who discontinued TAC;
GFRs for these 7 patients ranged from 17.0 to 83.0 mL/min
per 1.73 m2.

For the on-therapy population, there was no difference
between treatment groups in mean (SE) eGFR increase from
baseline (randomization) to 24 months posttransplantation
(SRL, 1.2 ± 1.6 mL/min per 1.73 m2 vs TAC, 0.6 ± 1.3 mL/
min per 1.73 m2; least squares mean difference [SE], 0.7
[1.9]; 95%CI, −3.0 to 4.4; P = 0.710) (Figure 3). Similar re-
sults were observed for the ITTanalysis (SRL, 0.7 ± 1.4 mL/
min per 1.73 m2 vs TAC, 0.9 ± 1.3 mL/min per 1.73 m2;
least squares mean difference [SE], 0.0 [1.9]; 95% CI; −3.7
to 3.8; P = 0.989).
The percentage of patients with Up/c of 0.5 or greater was
significantly greater in the SRL group at 12 months (SRL,
19.6% vs TAC, 9.3%; P = 0.035) and was numerically higher
at 24 months (SRL, 22.5% vs TAC, 14.2%; P = 0.151). Geo-
metric mean fold change in Up/c from baseline was signifi-
cantly greater in the SRL group at 12 months (SRL, 1.7 vs
TAC, 1.0; treatment ratio, 1.7; 95% CI, 1.4-2.1; P < 0.001)
and at 24 months (SRL, 2.1 vs TAC, 1.1; treatment ratio,
1.8; 95% CI, 1.4-2.3; P < 0.001). Additionally, during the
on-therapy period, significantly more patients were receiving
angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers in the SRL group than in the TAC group
(43.5% vs 29.3%, respectively; P = 0.020).

BCAR, Patient Survival, and Graft Loss

Sirolimus was associated with a greater composite rate of
BCAR, graft loss, and death than TAC (15 vs 3 patients, re-
spectively; P = 0.006) (Table 3). This difference was driven
largely by the number of rejections, as BCAR occurred in
significantly more patients treated with SRL versus TAC
(P = 0.02). For 11 patients transitioned to SRL who had
BCAR, 7 (64%) experienced their episode within the first
12 months after transplantation and 2 (18%) were off ste-
roids at randomization as part of the immunosuppression
regimen. Among those maintained on steroids, the incidence
of BCAR was 9.8% (9/92). Biopsy-confirmed acute rejec-
tions were predominantly mild T cell–mediated rejections.
Some patients experienced more than 1 BCAR episode.
One of 17 patients in the SRL group, and no patients in
the TAC group with prerandomization delayed graft func-
tion developed BCAR after randomization. None of the pa-
tients with prerandomization acute rejection in either the
SRL (n = 11) or TAC (n = 2) group developed BCAR
postrandomization. Four patients treated with SRL died
due to metastatic squamous cell carcinoma, sudden cardiac



TABLE 1.

Baseline demographics, donor information, and posttransplantation characteristics (ITT Population)

Parameters Sirolimus (n = 131) Tacrolimus (n = 123) P

Baseline
Mean age (SD), y 50.7 (13.0) 54.2 (12.1) 0.302
Male sex, n (%) 89 (67.9) 77 (62.6) 0.429
Race 0.865
White 96 (73.3) 95 (77.2)
Black 20 (15.3) 14 (11.4)
Asian 2 (1.5) 2 (1.6)
Other 13 (9.9) 12 (9.8)

Mean weight (SD), kg 82.1 (19.6) 80.0 (17.4) 0.369
Mean BMI (SD), kg/m2 27.9 (5.4) 27.6 (5.0) 0.592
Hypertension, n (%) 121 (92.4) 116 (94.3) 0.620
Hyperlipidemia, n (%) 65 (49.6) 81 (65.9) 0.011
Dialysis recipient, n (%)a 100 (76.3) 101 (82.1) 0.217
Donor parameters
Mean age, years (SD) 44.4 (12.6) 43.7 (14.4) 0.695
Organ source 0.365
Living related donor 39 (29.8) 31 (25.2)
Living unrelated donor 24 (18.3) 21 (17.1)
Non–heart-beating deceased donor 14 (10.7) 8 (6.5)
Standard deceased donor 54 (41.2) 63 (51.2)

Extended criteria donor, n (%) 10 (7.6) 9 (7.3) 0.626
Mean cold organ ischemia time (SD), h 9.6 (11.0) 11.1 (11.4) 0.319
Posttransplantation (between transplantation and randomization)
Antibody induction, n (%) 108 (82.4) 106 (86.2) 0.491
Depleting 85 (64.9) 82 (66.7) 0.699

Acute rejection (presumed or biopsy-confirmed), n (%)b 11 (8.4) 2 (1.6) 0.020
Delayed graft function, n (%) 17 (13.0) 7 (5.7) 0.055
Baseline eGFR, mL/min per 1.73 m2

Mean (SD) 58.5 (14.3) 57.4 (14.1) 0.549
Median 57.5 53.0 –

Min, max 33.2, 97.0 29.8, 96.5 –

Mean baseline serum creatinine, μmol/L (SD) 118.3 (24.8) 117.7 (27.9) 0.844
a Dialysis history unknown for 1 patient in the TAC group.
b All rejections were mild T cell–mediated per exclusion criteria at randomization.

BMI, body mass index; max, maximum; min, minimum.
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death (off-therapy), metastatic uterine cancer, and unknown
cause. One patient treated with TAC died due to metastatic
squamous cell carcinoma. The fatal cases of squamous cell car-
cinoma in both groups were not skin cancers (primary cancer
TABLE 2.

Trough concentrations by study visit

Study visit

Sirolimus group: sirolimus trough, ng/mL sirolimus Grou

N Mean (sd) N

Day of randomization N/A N/A 111
Postrandomization
Week 1 114 9.4 (4.6) 40
Week 2 121 9.9 (4.0) 25
Week 3 110 9.3 (3.2) 4
Week 4 115 9.8 (3.7) 3
Month 6 78 10.3 (3.1) 0
Month 12 100 9.4 (3.0) 0
Month 18 94 9.3 (3.0) 0
Month 24 85 8.5 (2.8) 0

N/A, not available.
site unknown). No patient in either group experienced graft
loss (excluding death); however, 1 patient treated with SRL
had impending graft loss at 24 months (ie, patient was on di-
alysis for 25 days and continuing at the time the study ended).
p: tacrolimus trough, ng/mL tacrolimus group: tacrolimus trough, ng/mL

Mean (sd) N Mean (sd)

8.0 (3.1) 101 8.3 (3.5)

4.4 (1.9) 3 10.8 (0.9)
3.1 (1.8) 0 N/A
3.4 (0.8) 0 N/A
3.0 (1.4) 97 7.8 (2.8)
N/A 76 7.7 (2.2)
N/A 100 7.1 (2.6)
N/A 95 7.2 (4.0)
N/A 97 7.1 (3.3)



FIGURE 2. Percentage of patients with at least a 5-mL/min per 1.73 m2 improvement in renal function at 12 and 24 months after transplan-
tation (on-therapy population).

6 Transplantation DIRECT ■ 2016 www.transplantationdirect.com
Safety

Treatment-Emergent Adverse Events
Commonly reported TEAEs are summarized in Table 4.

Treatment-emergent adverse events that occurred signifi-
cantly more frequently with SRL than with TAC were acne,
dyslipidemia and hyperlipidemia, mouth ulceration, periph-
eral edema, and proteinuria. More TAC-treated patients ex-
perienced squamous cell carcinoma of the skin compared
with SRL-treated patients (6 vs 0; P = 0.012). However, the
number of patients with anymalignancywas not different be-
tween the groups (TAC, 9 vs SRL, 4; P = 0.158). A post hoc
analysis of patients with TEAEs of either dyslipidemia or hy-
perlipidemia revealed that 29 SRL versus 6 TAC patients ex-
perienced 1 or both of these events. Of those, 25 SRL patients
and all 6 TAC patients received concomitant lipid-lowering
therapy; however, 11 SRL and 4 TAC patients were receiving
lipid-lowering therapy before the onset of the event.

Significantly more SRL versus TAC patients discontinued
treatment because of a TEAE (35 vs 5; P < 0.001). The most
common TEAEs leading to discontinuation were rejection or
suspected rejection (SRL, 10 vs TAC, 0 patients; P = 0.002),
neutropenia (SRL, 2 vs TAC, 0), pyrexia (SRL, 2 vs TAC,
0), and BK virus infection (SRL, 0 vs TAC, 2).
FIGURE 3. Change from baseline in eGFR by abbreviated MDRD (on-th
patients with valid values available for both baseline and the study visit.
Posttransplantation Diabetes Mellitus
Baseline diabetes, steroid use, and insulin resistance pa-

rameters are shown in Table 5. In total, 100 patients (39%)
had preexisting diabetes at randomization; 70 (28%) had di-
abetes at the time of transplant and 30 of the remaining pa-
tients (16%) developed PTDM after transplantation but
before randomization while receiving TAC. Of the patients
who had no medical history of diabetes, 29 of 96 (30%) in
the SRL group and 20 of 88 (23%) in the TAC group devel-
oped PTDM during the study (before or after randomiza-
tion). In the on-therapy group, 61 (71%) patients in the
SRL group and 73 (67%) in the TAC group were not receiv-
ing treatment for diabetes at randomization (regardless of
study definition of PTDM or diagnosis at transplantation).
Of those not receiving treatment for diabetes at randomiza-
tion, 3 (4.9%) patients in the SRL group and 3 (4.1%) in
the TAC group were receiving treatment at 24 months. Ste-
roid use in these 6 patients was then evaluated and 4 were re-
ceiving steroids as part of their ongoing immunosuppressive
regimen (2 in each group).

At 24 months postrandomization, PTDM, as defined in
the protocol, was reported in 15 (18.3%) SRL patients and
4 (5.6%) TAC patients, respectively (P = 0.03; Figure 4). Of
the SRL patients, 13 had elevated laboratory values only
erapy population). Change from baseline was summarized based on
MDRD, Modification of Diet in Renal Disease.



TABLE 3.

Biopsy-confirmed acute rejection, death, and graft loss at
24 mo (ITT population)

Variable, n (%) Sirolimus Tacrolimus

BCARa 11/131 (8.4) 2/123 (1.6)b

Antibody-mediated rejection (n = 4) (n = 1)
Mild (grade 1)c 2 (50.0) 1 (100.0)
Moderate (grade 2)c 1 (25.0) 0
Severe (grade 3)c 1 (25.0) 0

T cell–mediated rejection (n = 9) (n = 2)
Grade 1A, 1B (mild)d 7 (77.8) 1 (50.0)
Grade 2A, 2B (moderate)d 2 (22.2) 1 (50.0)

Graft loss, n (%) 5/131 (3.8) 1/123 (0.8)e

Deathf 4 (80.0) 1 (100.0)
Impending graft lossf 1 (20.0)g 0

Composite BCAR, death, and graft loss 15/131 (11.5) 3/123 (2.4)h

a Patients may have experienced >1 BCAR episode; severity of the worst BCAR is presented. Worst
severity was determined separately within antibody-mediated rejections and T cell–mediated rejec-
tions; therefore, patients experiencing both during the course of the study were counted once under
both antibody- and T cell–mediated rejection.
b P = 0.020.
c Percentages were calculated based on the total number of patients with antibody mediated rejection.
d Percentages were calculated based on the total number of patients with T cell-mediated rejection.
e P = 0.215.
f Percentages were calculated based on the total number of patients with graft loss.
g Patient was dialysis dependent at the time that the study ended. Patient had not been on dialysis for
at least 56 days, and therefore did not meet protocol-defined definition of functional graft loss; how-
ever, patient remained on dialysis after the study was over.
h P = 0.006.
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(no treatment), 1 had elevated laboratory values and re-
ceived treatment, and 1 had no elevated laboratory values
but received treatment. The latter patient began treatment
shortly before randomization but did not meet the length
of treatment duration required to be considered to have
preexisting diabetes. Of the 4 TAC patients with PTDM,
3 had elevated laboratory values only (no treatment) and
1 had no elevated laboratory values but received treatment,
which began postrandomization.

No between-group difference was seen in adjusted mean
change in glycemic parameters from baseline (randomiza-
tion) to 24 months. Overall, 11 patients (4%) (SRL, n = 8
[6%]; TAC, n = 3 [2%]) experienced a TEAE of hyperglyce-
mia or PTDM; none led to discontinuation from the study.
TABLE 4.

Treatment-emergent adverse events in at least 10% of patients i

Adverse event, n (%) Sirolimus (n = 131)

Acne 19 (14.5)a

Diarrhea 23 (17.6)
Dyslipidemia 15 (11.5)a

Headache 16 (12.2)
Hyperlipidemia 14 (10.7)a

Mouth ulceration 17 (13.0)a

Peripheral edema 25 (19.1)a

Proteinuria 19 (14.5)a

Pyrexia 15 (11.5)
Upper respiratory tract infection 22 (16.8)
Urinary tract infection 17 (13.0)
a The lower bound of the 95% CI for the risk difference (SRL minus TAC) exceeded 0.
DISCUSSION

In this study, transition from TAC- to SRL-based immuno-
suppression 3 to 5 months after kidney transplantation was
no different from TAC-based immunosuppression regarding
improved renal function at 24 months. In the SRL group,
the greatest mean increase in eGFR from baseline was seen
at 6 months postrandomization, and the difference versus
the TAC group at this time point was significant (2.7 vs
0 mL/min per 1.73 m2; P = 0.019). Thereafter, the between-
group difference diminished.

The study design was based on historical values for CNI-
to-SRL conversion in patients with baseline eGFR greater
than 40 mL/min and assumed that, at 24 months, 45% of
SRL-treated patients and 25% treated with TACwould have
eGFR improvement of 5 mL/min per 1.73 m2 or greater from
baseline, considered the lowest interval for clinically signifi-
cant improvement.14 However, the primary end point was
achieved by a lower percentage of patients than expected in
the SRL group (34%) and by a much higher percentage than
expected in the TAC group (42%). The reason that fewer
than expected SRL-treated patients experienced a sustained
improvement in eGFR at 24 months is unknown; however,
it is possible that this was influenced by the disproportionate
number of SRL patientswho experienced rejection during the
screening period. Additionally, it is unclear why so many pa-
tients who continued on TAC experienced improvement in
renal function through 24 months after transplantation.
One possibility is that, by excluding patients with eGFR less
than 40 mL/min from randomization at 3 to 5 months post-
transplantation, the study population was enriched for pa-
tients with a lower risk of developing clinically significant
CNI-induced nephrotoxicity during the 24-month follow-up.

From randomization through 24 months posttransplanta-
tion, 11 patients (8.4%) in the SRL group and 2 (1.6%) in the
TAC group (P = 0.020) experienced BCAR. Most rejections
in the SRL group occurred within the first 12 months post-
transplantation. This is not unexpected given that the risk
of rejection in these patients may be higher due to the conver-
sion from one immunosuppressive medication to another.
The rate of graft loss, including death, was not significantly
different between the groups. Increased incidence of rejection
has been observed in other studies of mTOR inhibitors with
similar designs.16,18
n either group (safety population)

Tacrolimus (n = 123) Risk difference, % (95% CI)

1 (0.8) 13.7 (7.5-19.9)
14 (11.4) 6.2 (−2.4 to 14.8)
3 (2.4) 9.0 (2.9-15.1)
7 (5.7) 6.5 (−0.4 to 13.5)
4 (3.3) 7.4 (1.3-13.6)
0 13.0 (7.2-18.7)

9 (7.3) 11.8 (3.6-19.9)
2 (1.6) 12.9 (6.4-19.3)
6 (4.9) 6.6 (−0.1 to 13.2)
13 (10.6) 6.2 (−2.2 to 14.6)
10 (8.1) 4.8 (−2.7 to 12.4)



TABLE 5.

Glycemia-related characteristics at baseline: diabetes, steroid use, and insulin resistance parameters (ITT population)

Parameter Sirolimus (n = 131) Tacrolimus (n = 123) P

Diabetes at time of transplant, n (%) 35 (26.7) 35 (28.5) 0.780
PTDM before randomization, n (%)a 14 (14.6) 16 (18.2) 0.553
Evaluations at randomization, mean (SD)b

Fasting glucose, mmol/L 6.5 (3.6) 6.5 (2.5)
Fasting hemoglobin A1c, L/L 0.06 (0.01) 0.07 (0.05)
Fasting insulin, pmol/L 80.2 (77.3) 80.5 (80.5)
HOMA β-cell function 132.9 (155.3) 123.5 (109.9)
HOMA insulin resistance 3.7 (4.9) 3.4 (4.1)
Weight, kg 82.1 (19.6) 80.0 (17.4)
BMI, kg/m2 27.9 (5.4) 27.6 (5.0)
Waist circumference, cm 99.4 (13.9) 97.2 (15.2)

Preexisting diabetes at randomization, n (%) 49 (37.4) 51 (41.5) 0.523
No diabetes at randomization, n (%) 82 (62.6) 72 (58.5) 0.523
Diabetes at month 24, n (%) 15 (18.3) 4 (5.6) 0.025
Using steroid at randomization, n (%)c 49 (80.3) 53 (72.6)
Without steroid at randomization, n (%)c 12 (19.7) 20 (27.3)

a For PTDM occurring after transplantation, percentages were calculated based on the number of patients at risk for developing PTDM after transplant (sirolimus, n = 96; tacrolimus, n = 88).
b n for each evaluation varied.
c Percentages calculated based on the number of patients not treated for diabetes at randomization (sirolimus, n = 61; tacrolimus, n = 73).

HOMA, homeostasis model assessment.
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Several study limitations deserve mention, including the
open-label design. Patients converted to SRL had more study
visits during the first month postrandomization, which may
have contributed to the increased incidence of AEs reported
in this group. Further, a lack of prospective collection of in-
formation on risk factors present in this study complicates in-
terpretation of the results. Clinical risk factors for CNI
nephrotoxicity include older kidney age, use of nonsteroidal
anti-inflammatory drugs, and genetic polymorphisms in
CYP3A5 and other genes.3 Another major limitation of the
study is the lack of histologic analysis; biopsies were not re-
quired by protocol before conversion or at 24 months and
were instead performed at the investigator's discretion. Thus,
it is possible that the occurrence of BCAR at 24 months
FIGURE 4. Incidence of posttransplantation diabetes mellitus over 24 m
tation diabetes mellitus included only those patients who were not alread
tocol definition.
was underestimated in our study, or that patients who expe-
rienced postrandomization BCARmay have had subclinical
rejection prior to conversion. The presence of donor-specific
antibodies may also have influenced renal function out-
comes.19-21 However, development of donor-specific anti-
bodies was not assessed as this laboratory test was not
commonly performed at all centers at the time of this study;
thus, their impact on risk of rejection in this study remains
unknown. Lastly, caution should be taken in extrapolating
these results to other populations, especially those at higher
immunologic risk.

Despite these limitations, the findings are in agreement
with results from other early conversion studies involv-
ing TAC-to-SRL transition. In the Spare-the-Nephron trial,
onths after randomization. The at-risk population for posttransplan-
y categorized as having diabetes at or before randomization, per pro-
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TAC was the CNI used in 80% of patients, and the mean
time from transplant to randomization was 113 days.15 After
12 months, the mean change from baseline in measured GFR
was greater in patients who switched to SRL, but the change
was not different at 24 months. Another recent study exam-
ined changes in renal function when patients were switched
from TAC to SRL 3 months after renal transplantation.16

These patients were not allowed to undergo conversion
to SRL if they had eGFR less than 40 mL, protein-to-
creatinine ratio of 0.5 or greater, previous acute rejection
Banff IIA or higher or acute rejectionwithin the last 4 weeks,
or any wound healing event. At 24 months, no differences
were seen in renal function (ie, percent change in eGFR from
baseline) or in the severity of chronic sclerosing lesions scores
in biopsies. Collectively, these findings differ from the signif-
icant improvements in renal function seen in studies of early
conversion from CsA to an mTOR inhibitor compared with
continued CsA.5,18 Because TAC is associated with better re-
nal function than CsA,11 differences in eGFR after conver-
sion may be less evident.

The pattern of TEAEs reported by patients who tran-
sitioned to SRL was consistent with the known safety profile
of SRL, including dyslipidemia and proteinuria.6,22 Discon-
tinuation from assigned therapy because of AEs was signifi-
cantly greater in the SRL group (21 %) compared with the
TAC group (3%; P < 0.001), and rejection or suspected rejec-
tion was the most common TEAE leading to discontinuation
in the SRL treatment arm. As seen in other studies, conver-
sion to SRLwas associated with fewer cases of squamous cell
carcinoma of the skin compared with TAC continuation.23,24

An unexpected safety finding was the number of patients
who developed PTDM after transitioning to SRL. However,
most patients with PTDM, as defined in this study, did not re-
quire treatment with antidiabetes agents. The definition did
not consider hemoglobin A1c, a more accurate test in diag-
nosing diabetes, nor the patients who were prediabetic be-
fore randomization. Because the highest incidence was
close to randomization, the results are likely to have been
different if the definition was instead based on “need for
anti-diabetes treatment.” Although PTDM is a well-known
adverse effect of CNIs in kidney transplant recipients,6-9 the
mechanism for the development of PTDM that may occur
with the transition from TAC to SRL is unknown. It is possi-
ble that undergoing a major change in immunosuppressive
therapymay affect glucose metabolism or that the greater cu-
mulative dose of corticosteroids in the SRL group versus the
TAC group (5257.5 mg vs 4667.5 mg, respectively) may
have contributed to the increased incidence of PTDM.

Although a therapeutic strategy of early conversion from
TAC to SRL maintenance did not improve renal function,
there may be some patients who do receive benefit; the chal-
lenge is in identifying these patients. Although not proven in
this study, others have shown that early conversion to SRL-
based immunosuppression may be an appropriate CNI-free
strategy for patients with a low immunologic risk, after
careful screening at the time of conversion.25-27 Our find-
ings suggest that measurement of eGFR around 3 months
after transplantation is not sufficient to assess risk even in
this low-risk population. More stringent strategies, such as
biopsies to assess the rate of prior subclinical acute rejec-
tions or the presence of anti-HLA donor-specific antibodies,
might better assess the risk of nephropathy. The long-term
incidence of squamous cell carcinoma of the skin is signifi-
cantly greater with TAC, which is an important consider-
ation for some patients.

In conclusion, renal function improvement at 24 months
was similar when comparing patients after a planned TAC
to SRL transition 3 to 5 months after kidney transplantation
with those remaining on TAC. Sirolimus was associated
with higher rates of TEAEs, discontinuations attributable to
TEAEs, PTDM, and BCAR. Tacrolimus was associated with
a higher rate of squamous cell carcinoma of the skin.
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