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Background. Conversion from a calcineurin inhibitor to sirolimus has been used as a strategy to improve deteriorating
renal allograft function but the efficacy and safety of this intervention is unknown.
Methods. We performed a systematic review of studies that involved conversion from a calcineurin inhibitor to
sirolimus in kidney transplantation. The search yielded five randomized trials (n�1,040 patients) and 25 nonrandom-
ized studies (n�977 patients).
Results. In the randomized trials, conversion to sirolimus improved short-term creatinine clearance (weighted mean
difference 6.4 mL/min; 95% CI 1.9 to 11.0) compared to controls. In the nonrandomized studies, renal function
improved or stabilized in 66% (95% CI 61% to 72%), creatinine clearance improved (weighted mean change 5.7
mL/min; 95% CI 1.4 to 10.1), cholesterol increased (weighted mean change 20.8 mg/dL; 95% CI 11.2 to 30.4) and
triglycerides increased (weighted mean change 40.1 mg/dL; 95% CI 18.6 to 61.7). Sirolimus was discontinued by 28%
of patients (95% CI 0 to 59%) in the randomized trials and 17% (95% CI 12 to 22%) in the nonrandomized trials.
Conclusion. Conversion to sirolimus is associated with an improvement in short-term renal function. However, given
the discontinuation rate and potential side effects, adequately powered randomized trials with longer follow-up of hard
outcomes are needed to determine whether this strategy leads to a lasting benefit in the clinical care of transplant
recipients.
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S ince 1980, the incidence and prevalence of end-stage renal
disease has grown each year in most countries throughout

the world (1). Kidney transplantation is the treatment of
choice for end-stage renal disease as it prolongs survival (2),
improves quality of life (3) and is less costly when compared
to dialysis (3). However, we are not realizing the full potential
of this treatment because many renal transplants fail prema-
turely. Over 50% of kidney transplants fail because of pro-
gressive chronic allograft nephropathy or premature patient
death with a functioning transplant (1, 4, 5). Although pa-
tients can return to dialysis after transplant failure, loss of a
functioning transplant is associated with a threefold in-
creased risk of death (6, 7), a substantial decrease in quality of
life for those who survive (3) and a fourfold increase in cost
(1, 3). In the United States alone, approximately 5,000 pa-
tients each year return to dialysis after kidney transplant fail-
ure (8). From the perspective of both the patient and the
health care system, it is essential to maximize the number of
patients who remain alive with functioning renal transplants.

Chronic allograft nephropathy, the main cause of late
allograft failure, is characterized by impaired renal function
along with the pathological changes of tubular atrophy, inter-
stitial fibrosis, fibrous intimal thickening in the arteries with
variable glomerular lesions (9). Despite the use of potent im-
munosuppression, the prevalence of chronic allograft ne-
phropathy may be as high as 94% by one year (10, 11). The
pathogenesis of chronic allograft nephropathy is uncertain,
but both immune as well as nonimmune factors are involved
(12). Because calcineurin inhibitor toxicity is thought to con-
tribute to the pathogenesis of chronic allograft nephropathy
(4, 13–15), several investigators have attempted to replace
calcineurin inhibitors with other immunosuppressive medi-
cations. Calcineurin inhibitor withdrawal with addition or
continuation of mycophenolate mofetil in patients with es-
tablished chronic allograft nephropathy has been associated
with improved graft survival (16). A recent randomized trial
showed that calcineurin inhibitor withdrawal with the addi-
tion of mycophenolate mofetil was associated with an improve-
ment in renal function compared to addition of mycophenolate
mofetil with continued calcineurin inhibitor use (17).

Because sirolimus is an immunosuppressive agent that
is considered largely free of nephrotoxicity (18, 19), it is in-
creasingly being used to replace calcineurin inhibitors in pa-
tients with chronic allograft nephropathy (20, 21). However,
the potential risks and benefits of this conversion strategy are
not known. Accordingly, the aim of this study was to system-
atically review all clinical studies that evaluated calcineurin
inhibitor conversion to sirolimus in patients with chronic
allograft nephropathy. The endpoints of the study involved
both efficacy measures (change in renal function, proportion
of patients that improved/stabilized) and safety measures
(proteinuria, discontinuation rate, serum lipids).
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MATERIALS AND METHODS

Search Strategy
A systematic literature search strategy was conducted

on Medline (1966 to November 2005), Embase (1980 to No-
vember 2005) and Cochrane Central register of Clinical Trials
(4th quarter, 2005) by combining MeSH term “Kidney
Transplantation” with (sirolimus or rapamycin or Rapamune
or everolimus). We did not restrict the search by language,
age or, publication type. In addition, we hand-searched the
table of contents of two key transplantation journals (Trans-
plantation and the American Journal of Transplantation) from
January 2003 to November 2005 for relevant publications.
Abstracts presented at the American Transplant Congress be-
tween 2002 and 2005 were also hand-searched to identify rel-
evant studies. Bibliographies of eligible trials were examined
for additional trials. As suggested by experts in the field, a
recently published trial (22) and abstracts of a large trial sub-
mitted for the meetings of American Society of Nephrology
2005 (23) and European Society for Organ Transplantation
2005 (24) were also included.

Study Selection
Two investigators (A.M., R.S.) assessed all citations for

potentially eligible studies. Full publications of all potentially
eligible studies were retrieved and were evaluated by two in-
vestigators (A.M., R.S.), independently, to decide eligibility.
Disagreements were resolved by consensus or by consulting a
third reviewer (G.K.). To be eligible, the following inclusion
criteria had to be met: (a) patients were recipients of a solitary
kidney transplant (e.g., multiorgan transplants excluded); (b)
initial immunosuppression consisted of a calcineurin inhibi-
tor but not sirolimus or everolimus; (c) patients were con-
verted from calcineurin inhibitor to sirolimus or everolimus
followed by complete stoppage of calcineurin inhibitor; and
(d) indication for conversion was either histological confir-
mation of chronic allograft nephropathy and/or chronic cal-
cineurin inhibitor toxicity or decreased renal function that
was clinically presumed to be due to chronic allograft ne-
phropathy and/or chronic calcineurin inhibitor toxicity.
When studies reported patients who were converted to siroli-
mus for different indications, they were included if chronic
allograft nephropathy was the indication for conversion in
�50% of the patients or data from the subgroup converted
for chronic allograft nephropathy was reported separately. In
order to have a uniform study population and minimize het-
erogeneity, we excluded studies that reported conversion
from calcineurin inhibitor to sirolimus for thrombotic mi-
croangiopathy, acute calcineurin inhibitor toxicity, malig-
nancy, viral disease, or other individual adverse effects (e.g.,
hirsutism).

Data Abstraction
Data were abstracted from eligible studies using a stan-

dardized data abstraction form. When a study included patients
who were converted to sirolimus for different indications, an
attempt was made to extract data only from patients with
chronic allograft nephropathy and/or chronic calcineurin inhib-
itor toxicity. The following data were abstracted: patient demo-
graphics, reason for conversion, time posttransplant at the time
of conversion, renal function, proteinuria, total cholesterol, tri-

glyceride level, dose and target sirolimus levels, patient survival,
and graft survival.

Primary efficacy endpoints were change in renal function
(serum creatinine or creatinine clearance) and proportion of pa-
tients whose renal function either improved or stabilized after
conversion to sirolimus. Safety endpoints included serum cho-
lesterol, serum triglyceride level and discontinuation of siroli-
mus due to adverse events.

Methodological quality of randomized controlled trials
was assessed using the Jadad scale, which measures blinding,
randomization, withdrawals and dropouts (25). A maximum
score of five represents the highest quality trial. A score of
three or higher is considered good quality (25). We did not
use any formal scale to assess the methodological quality of
single-arm, nonrandomized studies, as no validated scale is
available to evaluate this type of study.

Analysis
The randomized trials were analyzed separately from

the non-randomized studies. Results of the intention-to-treat
analysis were used when provided, although this was clearly
stated in only one trial (26). Patients in the conversion arm of
nonrandomized controlled trials were analyzed along with
single-arm nonrandomized studies. For continuous out-
comes in the randomized trials, the difference in mean
change between baseline and end of treatment value was cal-
culated for individual trials. When variance of change from
baseline to end of study value was unavailable, it was assumed
to be the same as the variance of the values at the end of the
study. Pooled weighted mean differences with 95% confi-
dence intervals were calculated. To analyze continuous out-
comes of nonrandomized studies, we calculated mean change
from baseline to end of treatment value for individual studies
and used weighted means with 95% confidence intervals to
combine the results. Heterogeneity was formally tested using
the Q-statistic with P�0.1 considered significant (27). In the
absence of significant heterogeneity, individual study effects
were pooled using a fixed effects model by inverse variance
method (27). If there was evidence of heterogeneity, the out-
comes were pooled using the random effects model of
DerSimonian and Laird (27).

For dichotomous outcome (proportion of patients whose
renal function either improved or stabilized), two sided 95%
confidence intervals were calculated using Watson’s score
method (28) and the single proportions were combined using a
general estimating equation based random effects model (29).
All reported P values are two sided and P�0.05 was considered
statistically significant. We used an Excel spreadsheet and Co-
chrane Collaboration’s RevMan 4.2 software to perform the
analyses.

RESULTS
The search strategy resulted in 662 citations from Med-

line, 1,228 from Embase, 256 from Cochrane Central Register
of Clinical Trials, 19 from the hand-search, and three from
experts in the field. (Fig. 1). Of 2,168 citations, 58 were con-
sidered potentially eligible. Full-text evaluation identified 31
publications of 30 eligible studies (20 –24, 26, 30 –54) (Fig. 1).
The primary reviewers disagreed on the eligibility of one
study (55) that was excluded after consulting a third reviewer.
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Trial Characteristics
We identified five randomized controlled trials involv-

ing 1,040 patients, two nonrandomized controlled trials and
23 single-arm, nonrandomized studies. The control arm of
the nonrandomized trials was ignored and the conversion
arm was combined with the single-arm studies. In all, 977
patients underwent conversion to sirolimus in nonrandom-
ized studies (Table 1). None of the identified studies involved
everolimus. Of the five randomized trials, one (46) was
stopped prematurely due to adverse events in the conversion
arm. Two of the other four randomized trials (22, 26) were
published as full journal article and the other two studies (23,
24, 32) were presented in abstract form. Patients included in
the largest randomized trial (CONVERT Trial; n�830) (23)
were stratified according to baseline renal function. Sample
size of randomized trials ranged from 31 to 830 and the
follow-up time ranged from six to 24 months. None of the
randomized trials was blinded and renal biopsy was necessary
for inclusion in only one study (22). Dose of calcineurin in-
hibitor was reduced by 40% in the control group in one trial
(22), whereas it was unchanged in the other studies. The qual-
ity score on the Jadad scale was less than three for four of the
five trials (22–24, 32, 46) indicating poor quality.

Of the nonrandomized studies, 11 were published as
full journal articles (20, 21, 31, 33, 35–37, 43, 48, 53, 54) and
the other 14 were presented in abstract form (30, 34, 38 – 42,
44, 45, 47, 49 –52) (Table 1). Sample size of individual studies
ranged from 10 to 107 and the follow-up time ranged from six
to 36 months. Median time from transplantation to conver-
sion ranged from 15.6 to 104 months. Conversion to siroli-
mus was undertaken on clinical criteria alone in eight studies

(30, 33, 39, 40, 42, 43, 48, 53) while the rest used histological
information in addition to clinical parameters.

Change in Renal Function
Three randomized trials (22, 26, 32) reported creati-

nine clearance at baseline and at the end of follow-up. In the
CONVERT Trial (23), the stratum of patients with creatinine
clearance 20 to 40 ml/min (n�90) could not be included in
meta-analysis because data were not provided. As change in cre-
atinine clearance from baseline was available in the stratum with
baseline creatinine clearance greater than 40 ml/min (n�740),
this stratum was included in this analysis. In all four studies, the
change from baseline in creatinine clearance was positive in the
sirolimus conversion group, whereas it was negative in the con-
trol arm remaining on calcineurin inhibitor (Fig. 2A). The stud-
ies were heterogeneous (Q�9.6, P�0.02) and the weighted
mean difference in change from baseline was 6.4 mL/min (95%
confidence interval 1.9 to 11.0 ml/min; P�0.006; Fig. 2A). Six
nonrandomized studies (42, 43, 47, 49, 51, 54) reported creati-
nine clearance at baseline and at the study end. Mean change in
creatinine clearance from baseline to study end was heteroge-
neous across the studies (Q�18.0, P�0.003). Pooled estimate
showed that mean creatinine clearance improved significantly
after sirolimus conversion (weighted mean change 5.7 ml/min;
95% confidence interval 1.4 to 10.1 mL/min; P�0.003; Fig. 2B).
Ten nonrandomized studies (21, 34, 35, 37, 39, 41, 43, 49, 50, 54)
reported mean creatinine at baseline and at study end, of which
one (41) could not be included in analysis as variance was not
reported. The studies were homogeneous (Q�12.2, P�0.14)
and the pooled estimate showed a significant decrease in creati-

FIGURE 1. Search results and selection of trials for analysis.
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nine with sirolimus conversion (weighted mean change –0.19
mg/dl; 95% confidence interval –0.32 to –0.06; P�0.004).

The number of patients whose renal function either
improved or stabilized was reported by 11 studies (20, 30, 31,
33, 35, 36, 38, 47, 48, 51, 53). One study published in 2001 (35)
was excluded because the same patients were included in a
follow-up study published in 2004 (36). The criteria used by
individual studies to define improvement or stabilization in
renal function are shown in Table 2. The results were homo-
geneous across studies (Q�9.8, P�0.37). Pooled estimate
showed that renal function either improved or stabilized in

66% (95% confidence interval 61% to 72%) of the patients
(Fig. 3).

Serum Lipids
Serum cholesterol and triglycerides increased signifi-

cantly in the conversion group in one randomized controlled
trial (22). In another randomized trial (26), use of statins
significantly increased in the conversion group, although se-
rum lipids did not change significantly. Serum cholesterol
level was reported in eight nonrandomized studies (31, 33–
37, 43, 54). Results from one study (35) were not included in

FIGURE 2. Change from baseline in
creatinine clearance after conversion to
sirolimus. (A) Randomized controlled tri-
als. (B) Nonrandomized studies. CI, confi-
dence interval; MD, mean difference in
change in creatinine clearance in ml/min
from baseline between conversion and
control arm; MC, mean change in creati-
nine clearance in mL/min from baseline.

TABLE 2. Criteria used by different single-arm nonrandomized studies to define improvement or stabilization of
renal function

Study
Criteria for improvement or

stabilization of renal function
Number of patients

improved or stabilized (n/N) Proportion (%)

Guasch (38) Decline in glomerular filtration rate �2 mL/min 18/30 60

Citterlo (33) Not stated 11/19 58

Dominguez (20) �10% increase in serum creatinine 10/12 83

Diekmann (36) �0.3 mg/dL increase in serum creatinine 32/59 54

Amm (30) Not stated 42/57 74

Wali (47) Increase in creatinine clearance �0 mL/min 70/100 70

Sundberg (48) Not stated 9/12 75

Renders (31) Not stated 10/13 77

Wu (53) �10% increase in serum creatinine 10/16 62.5

Hoecker (51) Not stated 7/10 70
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the meta-analysis as the patients from this study were also
included in a larger study (36). The change in serum choles-
terol from baseline was homogeneous across the studies
(Q�2.1, P�0.91). Pooled estimate showed that there was sig-
nificant increase in serum cholesterol after conversion to
sirolimus (weighted mean change 20.8 mg/dL; 95% confi-
dence interval 11.2 to 30.4 mg/dL; P�0.0001). Serum triglyc-
eride level was reported in seven nonrandomized studies (31,
33, 35–37, 43, 54). Once again, only the larger of the two
studies by Diekmann (36) was included in the analysis. The
results were homogenous (Q�7.2, P�0.20). Pooled estimate
showed that conversion to sirolimus resulted in significant
increase in serum triglyceride level (weighted mean change
40.1 mg/dL; 95% confidence interval 18.6 to 61.7 mg/dL;
P�0.0003).

Proteinuria After Conversion to Sirolimus
Two randomized trials reported data on proteinuria

(22, 26). In the report by Stallone et al., proteinuria was sim-
ilar in both groups at baseline (0.75�0.43 vs. 0.83�0.19 g/24-
hours). In the other trial, mean values were not provided but
it appeared from a figure that most patients had less than 0.5
g/24-hours of proteinuria (26). In one randomized trial (22),
mean daily proteinuria tended to increase after conversion to
sirolimus while another randomized trial (26) did not show
any significant change in mean daily proteinuria. The data
could not be pooled because variance was not reported in one
study. Five nonrandomized trials (21, 40, 50 –52) reported
proteinuria before and after conversion. Four of these studies
reported baseline proteinuria in grams/24-hours with a range
from 0.39 to 1.9 g/24-hours (21, 40, 50, 52). The other study
reported a baseline protein excretion of 183 � 639 mg/m2/
24-hours (51). Due to both clinical as well as highly signifi-
cant statistical heterogeneity, the studies were not pooled.

Discontinuation of Sirolimus Due to
Adverse Events

Of the five randomized trials, one was stopped prema-
turely (46) because 9/15 patients in the conversion arm devel-
oped painful oral ulcers. The three randomized trials that
reported sirolimus discontinuation rate (26, 32, 46) were heter-
ogeneous for discontinuation rate (Q�14.7, P�0.001). In the
pooled estimate of randomized trials, 28% (95% confidence in-

terval 0 to 59%) of patients discontinued sirolimus due to ad-
verse effects. Fifteen nonrandomized studies (20, 21, 30, 31, 33,
34, 36, 37, 39, 40, 43, 45, 47, 53, 54) reported discontinuation
rates of sirolimus (Table 3). The studies were heterogeneous for
discontinuation rate (Q�59.9, P�0.00001). In the pooled esti-
mate of nonrandomized studies, 17% (95% confidence interval
12% to 22%) of patients discontinued sirolimus due to adverse
effects. Most common reported causes of discontinuation were
proteinuria (n�14), anemia (n�8), pneumonia (n�4), bad
taste (n�3), and decreased renal function (n�4).

Acute Rejection After Conversion to Sirolimus
None of the patients in three (22, 26, 32) of the random-

ized trials experienced acute rejection after conversion,
whereas a fourth trial (46) was prematurely stopped due to
other reasons. In the CONVERT trial (23), rejection rates
were not significantly different between the two study arms in
patients with baseline creatinine clearance greater than 40
mL/min (2.0% vs. 2.4%, P�1.0). Fifteen nonrandomized
studies (20, 21, 30, 31, 33, 36, 37, 39, 41– 43, 47, 48, 51, 54)
reported acute rejection rate. Overall, 20 of 593 (3.4%) pa-
tients had acute rejection following sirolimus conversion. Of
these, only two resulted in graft loss.

DISCUSSION
Our systematic review found that conversion from cal-

cineurin inhibitors to sirolimus in kidney transplant recipi-
ents with chronic allograft nephropathy was associated with
improved creatinine clearance in the short term. Renal func-
tion is improved or stabilized in the majority of the patients.
However, this strategy was associated with a high discontin-
uation rate, as well as an increase in the serum cholesterol and
triglyceride concentration.

Studies have shown that withdrawal of calcineurin in-
hibitor alone is associated with improved creatinine clearance
both in stable patients with kidney transplantation (56) or
patients with chronic allograft nephropathy (17). Therefore,
improved creatinine clearance seen in this study could simply
be due to withdrawal of calcineurin inhibitor rather that due
to a beneficial effect of sirolimus. Also, follow up of most of
the studies was relatively short, often less than 12 months.
Therefore, it is uncertain if the initial increase in creatinine

FIGURE 3. Proportion of patients in non-
randomized studies with improved or sta-
bilized renal function after conversion to
sirolimus. CI, confidence interval; p, pro-
portion of patients with improved or stabi-
lized renal function.

1158 Transplantation • Volume 82, Number 9, November 15, 2006



clearance will be sustained over longer period of time. Al-
though some studies (31, 34, 44, 57) had an initial improve-
ment in renal function followed by decline towards baseline
with continued follow-up, all four randomized trials (22, 23,
26, 32) showed slower decline in renal function after conver-
sion compared to control arm, which is reassuring. It should
be noted, however, that only on-therapy results of the
CONVERT trial were available (23) and the results of
intention-to-treat analysis may well be different. Also, in the
CONVERT trial, only the results of the stratum with baseline
creatinine clearance greater than 40 mL/min were available. It
is unclear if these results apply to the patients with lower
baseline renal function. In all, 68% of the patients in Watson
trial (26) had baseline creatinine clearance �40 ml/min and
the trials by Baboolal (32) and Stallone (22) included patients
with wide range of baseline renal function. Despite this, all
three of these randomized trials showed improvement in re-
nal function following conversion to sirolimus. The role of
baseline renal function could not be explored further due to
limited availability of data.

The discontinuation rate of sirolimus is somewhat con-
cerning. However, the pooled estimate of discontinuation
should be interpreted with caution, as possible reporting bias
cannot be excluded. In addition, the discontinuation rate in
this analysis is similar to other new therapies in renal trans-
plantation and may reflect an initial experience of a novel
treatment.

Increased proteinuria was the most common serious
side effect leading to discontinuation. Increased proteinuria
is an increasingly recognized complication after conversion

to sirolimus in both adult (58) as well as pediatric (59) kidney
transplant recipients. Proteinuria from native kidneys has
been reported in clinical islet transplantation treated with
sirolimus, which resolved after discontinuation of sirolimus
(60). The mechanism of increased proteinuria remains un-
certain, although increased glomerular pressure due to re-
moval of afferent arteriolar vasoconstriction secondary to
calcineurin inhibitor may contribute (57). Recently, Saurina
et al. (61) have demonstrated that glomerular capillary pres-
sure tends to increase after conversion from calcineurin in-
hibitor to sirolimus. This finding suggests that blockade of the
renin-angiotensin system, which reduces glomerular pres-
sure, might be useful in this setting (61). Myers et al. showed
that cyclosporin dose reduction or withdrawal in patients
with heart transplants and cyclosporin nephropathy of native
kidneys, was associated with increase in proteinuria (62). In
this study, albuminuria increased from approximately 0.23
g/day to 0.79 g/day (62). This amount of proteinuria suggests
that reduction in the calcineurin inhibitor itself may play a
major role in the proteinuria seen with sirolimus conversion.
Direct toxicity of sirolimus cannot be ruled out since siroli-
mus is associated with delayed recovery from delayed graft
function (63) and acute renal failure in native kidney glomer-
ulonephritis (64). Finally, as shown by Watson et al. (26),
allografts with proteinuria may continue to have worsening
proteinuria even in the absence of sirolimus conversion.

Because posttransplantation proteinuria has been
shown to adversely affect both graft and patient survival (65),
we recommend close monitoring of urinary protein excretion
in patients who are converted to sirolimus for chronic allo-

TABLE 3. Discontinuation of sirolimus due to adverse effects

Study No. discontinued (%) Reasons for discontinuation

Baboolal (32) (RCT) 4/30 (13.3) Not specified

Watson (26) (RCT) 2/19 (18.8) Acneiform rash

van Gelder (46) (RCT) 9/15 (60.0) RCT prematurely stopped because 9/15 patients developed painful oral ulcers

Schena (15) (RCT) Data not available

Egidi (37) 4/62 (6.5) Leucopenia (1), gastrointestinal intolerance (1), bad taste (2)

Letavernier (40) 19/68 (27.9) Not specified

Hadaya (39) 12/23 (52.2) Nephrotic proteinuria (7), acute rejection (1), pancreatitis (1), hepatitis (1),
abscess (1), wound healing (1), stroke (1), high triglyceride (1), increase in
creatinine (1)

Citterlo (33) 2/19 (10.5) Eyelid edema (1), pruritus (1)

Wyzgal (21) 2/13 (23.1) Pneumonia (2)

Dominguez (20) 4/20 (20) Pneumonia (2), PTLD (1), oral ulcer (1)

Diekmann (36) 4/59 (5.1) Pneumonia (1), nephrotic proteinuria (1), bad taste (1), diarrhea (1)

Peddi (43) 13/60 (21.7) Hyperlipidemia (55%), diarrhea (37%), rash (31.7%), anemia (26.7%)

Amm (30) 4/57 (7.0) Diarrhea, low white blood cell, low platelet count

Wali (47) 7/107 (6.5) Not specified

Crowley (34) 8/45 (17.8) Increase in creatinine (2), allergic reaction (3), high triglyceride (2),
leucopenia (1), fatigue (1)

Renders (31) 0/13 None discontinued

Wu (53) 3/16 (18.75) Itching, rash-2, edema-1

Bumbea (54) 13/43 (30.2) Proteinuria (6), low platelets (1), increased s. cholesterol (1), decreased
creatinine (1), edema (1)

Thaunat (45) 8/46 (17.4) Anemia (8)

RCT, randomized controlled trial; PTLD, posttransplant lymphoproliferative disease.
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graft nephropathy. Increased proteinuria usually responds to
a reduction in dose or withdrawal of sirolimus (39, 40) Cal-
cineurin inhibitor withdrawal is associated with increased
risk of acute rejection (66). Recent studies of calcineurin in-
hibitor withdrawal from sirolimus based triple therapy also
have shown increased risk of acute rejection after calcineurin
inhibitor withdrawal (67). The rejection rate seen in this anal-
ysis was comparatively small and rarely led to graft loss.

Dyslipidemia is a known complication of sirolimus
therapy (68). A clinically important increase in both serum
cholesterol and triglycerides was found in our analysis, which
was homogeneous across all studies. Conflicting data exist on
the role of lipids as an independent predictor of graft and
patient survival. Booth et al. (69) found no independent effect
of posttransplant total cholesterol whereas Roodnat et al. (70)
showed that total cholesterol was an independent predictor of
patient and graft survival. Over a 13-year follow-up period,
Ponticelli et al. (71) found that low-density lipoprotein (LDL)
cholesterol was an independent risk factor for graft failure or
death. They also found that cardiovascular disease was the
most common cause of death and that total cholesterol, LDL
and triglycerides were each independent predictors of car-
diovascular events (71). However, it should be noted that
dyslipidemia associated with sirolimus therapy has not been
associated with an increase in cardiovascular mortality (68).
Chueh and Kahan showed that after 48 months, patients re-
ceiving cyclosporine/sirolimus had the same incidence of car-
diac events as those receiving cyclosporine/prednisone (68).
In another analysis, Blum used data from two large sirolimus
trials to model cardiac events with the Framingham risk
model (72). This analysis showed that an increase in mean
cholesterol of 17 mg/dL would increase the incidence of cor-
onary heart disease by 1.5 cases per 1,000 patient-years and
coronary artery disease death by 0.7 events per 1,000 patient-
years (72). The author concluded that this additional risk was
small compared to the baseline risk of patients with kidney
transplantation (72). Finally, the clinical impact of the dyslip-
idemia associated with sirolimus will likely be confounded by
the increasing use of statins which have been recommended
for this population.

Although sirolimus use may adversely effect protein-
uria and lipid status, it may have a beneficial effect on ma-
lignancies. Kauffman et al. reported that sirolimus use was
associated with reduced incidence of posttransplant malig-
nancies (73). Because malignancy accounts for approximately
11% of the known causes of patient death with functioning renal
allograft (74), conversion to sirolimus may improve long-term
survival by reducing malignancy-related death.

There are several limitations of our systematic review.
Although we found a relatively large number of studies exam-
ining the strategy of sirolimus conversion in chronic allograft
nephropathy, most of the studies were nonrandomized and
had no concurrent control group. In addition, studies used
different measures of renal function and different criteria to
define improvement or stabilization of renal function. Such
studies are limited by possible selection bias as well as mea-
surement bias, which may ultimately affect the study result.
Finally, a large proportion of the studies, both randomized
and nonrandomized, were in abstract form, including the
largest randomized trial. It is not clear whether this prelimi-
nary data will ever be published in a peer-reviewed journal

and whether the final results may be different then reported
currently.

The deteriorating kidney transplant must be ap-
proached as a solvable problem (75). Few would agree that
the status quo is acceptable when a kidney transplant is failing
and a search for treatable conditions should be made (75). We
have found that patients with chronic allograft dysfunction
benefit from replacing the calcineurin inhibitor with siroli-
mus. However, the documented benefit to date, has been a
short-term improvement in renal function. Although this
finding is encouraging, an adequately powered randomized
controlled trial of sufficient duration addressing a clinically
meaningful outcome (e.g., composite endpoint of doubling
of serum creatinine, return to dialysis, repeat transplantation,
or death) is necessary to address whether this strategy leads to
a lasting benefit in the clinical care of transplant recipients.
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