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Abstract
Inhibitors of the mammalian target of rapamycin (mTOR), sirolimus and everolimus, reduce the
incidence of acute rejection following kidney transplantation but their impact on clinical outcomes
beyond two years after transplantation is unknown. We examined risks of mortality and allograft
loss in a prospective observational study of 993 prevalent kidney transplant recipients who
enrolled a median of 72 months after transplantation. During a median follow-up of 37 months, 87
patients died and 102 suffered allograft loss. In the overall population, use of mTOR inhibitors at
enrollment was not associated with altered risk of allograft loss, and their association with
increased mortality was of borderline significance. However, history of malignancy was the
strongest predictor of both mortality and therapy with an mTOR inhibitor. Among patients without
a history of malignancy, use of mTOR inhibitors was associated with significantly increased risk
of mortality in propensity score-adjusted (hazard ratio [HR] 2.6; 95%CI, 1.2, 5.5; P = 0.01),
multivariable-adjusted (HR 3.2; 95%CI, 1.5, 6.5; P = 0.002) and one-to-one propensity score-
matched analyses (HR 5.6; 95% CI 1.2, 25.7; P = 0.03). Additional studies are needed to examine
the long-term safety of mTOR inhibitors in kidney transplantation, especially among recipients
without a history of malignancy.
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Introduction
Despite great strides in short-term preservation of renal allografts following the introduction
of calcineurin inhibitors, there has been less progress in extending graft survival beyond 5
years (1). This lack of progress in long-term graft survival can be partially attributed to
chronic calcineurin inhibitor nephrotoxicity, a concern which prompted the search for
alternative immunosuppressive strategies in kidney transplantation (2). Inhibitors of the
mammalian target of rapamycin (mTOR), sirolimus and everolimus, have emerged as a
novel class of immunosuppressive agents with the promise of reduced nephrotoxicity
compared with calcineurin inhibitors (3, 4).

Sirolimus and everolimus are macrolide antibiotics derived from Streptomyces
hygroscopicus (5, 6). These agents engage the intracellular immunophilin FK binding
protein 12, and the receptor-ligand complex binds mTOR, which is a highly conserved
serine/threonine kinase involved in the control of cell growth and metabolism. In rat models,
effective immunosuppressive doses of mTOR inhibitors do not induce kidney injury (3). In
addition, the antiproliferative effects of sirolimus and everolimus are associated with
reduced incidence of malignancies in kidney transplant populations (7, 8). In contrast to
these potentially beneficial effects, mTOR inhibitors have been associated with impaired
wound healing, and increased risk of dyslipidemia and proteinuria (9–12).

Several randomized controlled trials tested the efficacy and safety of using mTOR inhibitors
in the management of kidney transplant recipients. A meta-analysis of 8 trials that compared
mTOR inhibitors versus calcineurin inhibitors as part of the primary immunosuppressive
regimen demonstrated lower serum creatinine and higher estimated glomerular filtration rate
(eGFR) among users of mTOR inhibitors, but no differences in rates of acute rejection,
allograft loss, or mortality during a maximum of 2 years of follow-up (13). In contrast, the
SYMPHONY study found higher rates of biopsy-proven rejection and lower eGFR in the
sirolimus arm, and no differences in hard clinical outcomes during the first year post-
transplant (14). Beyond these discrepant results for renal function during the early post-
transplant period, an important limitation of the published literature on mTOR inhibitors in
kidney transplantation is the exclusive focus on the early transplant period. Data on clinical
outcomes beyond 2 years following kidney transplantation are sparse (13). We investigated
the impact of treatment with mTOR inhibitors on long-term clinical outcomes in a
prospective observational study of kidney transplant recipients who had undergone
transplantation a median of 6 years earlier and were followed longitudinally for 3 additional
years.

Materials and Methods
Study Population

The study population consisted of kidney transplant recipients followed by the Department
of Transplantation and Surgery at Semmelweis University in Budapest, Hungary. The center
performs approximately 150 kidney transplants annually, and provides post-transplant care
to the majority of recipients with minimal loss to follow up. Kidney transplant recipients
followed at the center as of December 31, 2006 (n=1,214) were considered for inclusion in a
prospective observational study (the Malnutrition-Inflammation in Transplant – Hungary
(MINIT-HU Study) aimed at evaluating risk factors for adverse clinical outcomes that occur
years after successful transplantation (15–19). Exclusion criteria were current hospitalization
or an episode of acute rejection within the previous 4 weeks, transplantation within the
preceding 3 months, or an active infection at the time of enrollment. Sixteen patients (1%)
met exclusion criteria and 205 (17%) refused to participate, leaving 993 who enrolled in the
cohort. During the three years of prospective observation, there was 100% retention of
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participants in the cohort. The study was approved by the Institutional Review Board of the
Semmelweis University and written informed consent was obtained from all patients prior to
enrollment.

Baseline visits for all participants occurred between February and August 2007, during
which the following data were collected: age, gender, body mass index (BMI), blood
pressure (BP), past medical history, medications, primary etiology of end stage renal disease
(ESRD), and previous time spent on dialysis. The modified Charlson Comorbidity Index,
which is associated with outcomes in transplant populations (20), was calculated as a
summary measure of comorbidity. Transplant-specific data included duration post-transplant
at enrollment, donor type, number of HLA mismatches, titer of panel reactive antibodies at
the time of transplantation, cold ischemia time, current immunosuppressive medications, and
history of acute rejection or delayed graft function, defined as the need for hemodialysis at
any point within the first week post-transplant. Standard maintenance immunosuppressive
regimens at enrollment included prednisone plus cyclosporine A or tacrolimus, and
mycophenolate-mofetil, azathioprine, or sirolimus, but deviations from this regimen were
permitted for individual patients at the discretion of the primary transplant physician. The
local practice at the time at the Semmelweis transplant center was to convert kidney
transplant recipients to mTOR inhibitors without performing an allograft biopsy if there was
concern for calcineurin inhibitor toxicity or if they had a history of malignancy. Laboratory
data measured at the baseline visit in fasting blood specimens included basic chemistries,
lipid panels, albumin, calcium, phosphate, intact parathyroid hormone (PTH), and complete
blood counts. Baseline 25-hydroxyvitamin D was measured in frozen samples after
recruitment was complete. Dipstick proteinuria was not available at baseline but was
collected annually during the follow up period. Annual estimated GFR was calculated using
the equation derived from the Modification of Diet in Renal Disease Study (21).

Exposure and Outcomes
The primary exposure was use of an mTOR inhibitor, either sirolimus or everolimus, which
was ascertained at enrollment and annually during follow-up. Data on immunosuppressive
medications that were used prior to enrollment and the duration of use of current
medications were not available. The primary outcomes were all-cause mortality and
allograft loss, defined as the need to resume dialysis. Outcomes were ascertained from the
hospital’s electronic medical records and validated with national death registries. Follow-up
of study participants was 100% complete and continued until they died, returned to dialysis,
or the three-year observation period ended.

Statistical Analysis
We compared baseline characteristics among users versus non-users of mTOR inhibitors
using two-sample t-tests, Wilcoxon rank-sum test, or χ2 test as appropriate. Since follow-up
of individual patients was discontinued when they died or resumed dialysis, each outcome
event precluded the occurrence of the other. To address this issue of competing risks, we
used separate competing risk analyses of the specific outcomes (22). We used cumulative
incidence plots to present the univariate association between use of mTOR inhibitors at
enrollment and outcomes, and multivariable competing risk regression to adjust for
confounding factors.

Given important differences in clinical characteristics among users versus non-users of
mTOR inhibitors, the relatively low rates of outcome events and mTOR inhibitor use, and
the large number of potential confounders, we used propensity scores to parsimoniously
adjust for confounding factors and to address potential confounding by indication (23). We
calculated the propensity score of receiving an mTOR inhibitor at enrollment after fitting a
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multivariable logistic regression model with mTOR inhibitor use as the dependent variable.
Data that were evident to the clinical transplant team in real time and thus could affect the
choice of immunosuppressive agents were used to calculate the propensity score and
included age, sex, BP, BMI, smoking, diabetes, history of non-cutaneous malignancy (any
prior history of non-cutaneous malignancy ascertained at the time of enrollment), Charlson
comorbidity index, etiology of renal failure, duration of dialysis prior to transplant, duration
post-transplant at enrollment, titer of panel reactive antibodies, number of HLA mismatches,
donor type, cold ischemia time, history of rejection, history of delayed graft function, eGFR,
serum albumin, calcium, phosphate, PTH and 25-hydroxyvitmain D, hemoglobin, and white
blood cell and platelet counts.

We expected a history of non-cutaneous malignancy to be a risk factor for mortality and
among the strongest predictors of receiving an mTOR inhibitor years after transplantation.
Therefore, we performed pre-specified stratified analyses according to malignancy status at
enrollment. To adjust for confounding factors in the stratified analyses, we recalculated a
new propensity score exclusively in the subgroup without a history of malignancy. To assess
the robustness of our results, we also adjusted for individual covariates instead of the
propensity score, performed a one-to-one propensity score-matched analysis of mortality
(matching propensity scores ± 0.05 of treated and untreated patients), and analyzed
longitudinal use of mTOR inhibitors during follow-up as a time-varying factor adjusted for
propensity scores and the individual covariates. Since the study recruited patients several
years after transplantation, bias could have been introduced by excluding other patients who
died or lost their allografts before they could have enrolled. To address this potential bias,
we performed a left-truncated Cox regression analysis. In exploratory analyses, we also
adjusted for baseline lipid values and dipstick proteinuria during follow-up. Finally, to
determine whether the results were specific to mTOR inhibitors, we tested the impact on
outcomes of treatment with tacrolimus, cyclosporine, mycophenolate mofetil and
corticosteroids at enrollment after substituting use versus non-use of these agents for mTOR
inhibitors in the multivariable analyses. Analyses were performed using Intercooled Stata 11
(College Station, TX) and SAS 9.2 (SAS Institute, Cary, NC, USA). P values < 0.05 were
considered statistically significant.

Results
Baseline characteristics

The median duration post-transplant when participants enrolled was 72 months (interquartile
range, 39, 113 months). At enrollment, 101 (10%) patients were treated with mTOR
inhibitors, 79 with sirolimus and 22 with everolimus. Among the 101 users of mTOR
inhibitors, 37 received combination therapy with calcineurin inhibitors and 64 received no
calcineurin inhibitors. Baseline clinical and transplant characteristics of the study population
are presented in Table 1 according to treatment status with mTOR inhibitors. Greater than
95% of patients who were on an mTOR inhibitor at enrollment remained on one of these
agents during the longitudinal follow-up period, while only 2.5% of previously untreated
patients initiated an mTOR inhibitor during follow-up.

Factors Associated with Use of an mTOR Inhibitor at Enrollment
Given the significant differences in clinical characteristics among users versus non-users of
mTOR inhibitors, we calculated a propensity score of likelihood of mTOR inhibitor use at
enrollment. The most powerful independent clinical predictors of use of mTOR inhibitors,
derived from the multivariable model used to calculate the propensity score, were history of
malignancy followed, in descending order of strength of association, by diabetes, lower
serum albumin, BMI, and eGFR (Table 2).
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Outcomes
During a median follow-up of 37 months (interquartile range 35–39), 87 patients died and
102 suffered allograft loss. Although there was no significant difference in allograft loss
according to treatment with mTOR inhibitors (Figure 1A), patients receiving mTOR
inhibitors at baseline had a significantly increased risk of death in the overall cohort (Figure
1B) and in the subgroup without a history of malignancy (Figure 1C; P < 0.001 for each).

In multivariable models of the overall population that adjusted for the propensity score
(likelihood) of receiving mTOR inhibitors, use of mTOR inhibitors was no longer
independently associated with increased risk of mortality, while the lack of association
between mTOR inhibitors and allograft loss persisted (Table 3). In contrast, in models that
adjusted individually for covariates (instead of the propensity score), use of mTOR
inhibitors was associated with increased mortality (P = 0.02). This was attenuated with
further adjustment for lipids (Table 3). In the multivariable-adjusted analyses, reduced renal
function at baseline was the strongest predictor of allograft loss (hazard ratio [HR] 1.8 per
10 ml/min/1.73m2 decrease in eGFR, 95%CI 1.5, 2.1; P < 0.001), but it was not
independently associated with mortality. There was no difference in the slope of eGFR loss
over time between the mTOR inhibitor treatment groups (data not shown).

Stratified Analyses
History of malignancy was not associated with allograft loss (HR 1.0, 95% CI 0.4, 2.5; P =
0.9), but was strongly associated with greater risk of mortality (HR 3.8, 95% CI 2.1, 7.0; P <
0.001). Thus, a history of malignancy markedly increased risk of death and it was also the
single strongest predictor of treatment with mTOR inhibitors. Therefore, we performed
additional pre-specified analyses that stratified by history of malignancy. In the stratum of
50 patients with a history of malignancy, the unadjusted HR for death comparing users
versus non-users of mTOR inhibitors was 0.8 (95%CI 0.3, 2.5; P = 0.7). The limited number
of patients who received mTOR inhibitors (n = 33) and the few deaths (n = 13) in this
stratum precluded multivariable analyses.

In the subgroup of patients without a history of malignancy (n = 943), use of mTOR
inhibitors was independently associated with increased risk of death in unadjusted and
propensity score-adjusted analyses, and in an analysis that adjusted for covariates
individually (Table 3). Further adjusting the latter model for lipids did not substantially alter
the results, nor did adjustment for follow up dipstick proteinuria (data not shown). The
results were also qualitatively unchanged in the malignancy-free subgroup when we
analyzed longitudinal use of mTOR inhibitors during follow-up as a time-varying factor in
univariate (HR 2.1, 95%CI 1.2, 3.9; P = 0.01), propensity score-adjusted (HR 2.2, 95%CI
1.1, 4.5; P = 0.03), and fully adjusted models (HR 2.0, 95%CI 1.1, 3.8; P = 0.03).

Sensitivity Analyses
To further address potential confounding by indication, we compared mortality in a
subcohort of 78 pairs of users and non-users of mTOR inhibitors who were one-to-one
matched on their likelihood of being treated. The mean propensity scores in the two groups
were identical at 0.21, and Table 4 confirms that the one-to-one matching attenuated
differences in baseline characteristics between the groups compared to the overall
unmatched cohort (Table 1). In the matched subcohort (n=156), use of mTOR inhibitors was
associated with an identical point estimate for mortality as in the overall cohort (Table 3) but
the result did not reach statistical significance (HR 2.3; 95%CI 0.9, 6.2; P = 0.08). However,
among participants without a history of malignancy in the matched subcohort (n=128), use
of mTOR inhibitors was associated with significantly increased risk of mortality versus non-
use (HR 5.6; 1.2, 25.7; P = 0.03).
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In the left truncated analyses of the overall population, use of mTOR inhibitors was
associated with significantly increased risk of mortality in crude (HR 2.8; 95%CI 1.7, 4.8; P
< 0.001) and multivariable-adjusted analyses (HR 2.2; 95%CI 1.2, 4.1; P = 0.02). The
corresponding results were similar in participants without a history of malignancy (crude:
HR 2.6; 95%CI 1.3, 5.0; P = 0.005; adjusted: HR 2.8; 95%CI 1.4, 5.8; P = 0.005).

Other Immunosuppressive Agents
To examine the specificity of the findings for mTOR inhibitors, we repeated the
multivariable-adjusted analyses of death according to baseline treatment versus non-
treatment with other immunosuppressive agents. In the overall population, treatment with
tacrolimus (HR 0.8; 95%CI 0.5, 1.4; P = 0.44), cyclosporine (HR 0.8; 95%CI 0.5, 1.3; P =
0.32), mycophenolate mofetil (HR 0.8; 95%CI 0.4, 1.4; P = 0.41), and corticosteroids (HR
0.9; 95%CI 0.5, 1.6; P = 0.64) were not associated with altered risk of mortality. The results
were qualitatively unchanged in patients without a history of malignancy (data not shown).
Co-treatment with a calcineurin inhibitor did not modify the relationship between mTOR
inhibitors and mortality.

Discussion
In this prospective observational study of prevalent kidney transplant recipients who had
undergone transplantation approximately 6 years earlier, patients without a history of
malignancy who were receiving mTOR inhibitors had a significantly increased risk of death.
The results are indirectly supported by an unpublished trial of stable liver transplant
recipients that was terminated prematurely because of increased mortality in the arm that
was converted from a maintenance calcineurin inhibitor-based regimen to a sirolimus-based
regimen (24). Although this is the first study to our knowledge to identify increased risk of
mortality in association with mTOR inhibitors in kidney transplantation, the results should
be considered hypothesis-generating, in need of validation, and, based on the study’s
limitations, should not lead to a change in clinical practice.

Several scenarios lead clinicians to treat kidney transplant recipients with mTOR inhibitors,
and these emerged in our study. Sirolimus and everolimus exert antiproliferative effects and
are associated with decreased incidence of malignancy in kidney transplant populations (7,
8). In addition, mTOR inhibitors prolonged survival in randomized trials of metastatic
neuroendocrine tumors (25, 26). Based on these properties, mTOR inhibitors are often used
in transplant recipients with malignancy, which we confirmed was the leading predictor of
therapy in the current study. Diabetes was the second most powerful predictor of mTOR
inhibitor use, which was also expected because calcineurin inhibitors increase insulin
resistance (27, 28), and mTOR inhibitors may be beneficial in diabetes by blocking
diabetogenic cellular signaling pathways (29). Finally, patients with a lower eGFR were also
more likely to receive an mTOR inhibitor, which reflects the usual practice at the transplant
center of Semmelweis University to switch cyclosporine or tacrolimus to an mTOR inhibitor
when there is concern for calcineurin inhibitor-induced nephrotoxicity.

A history of malignancy, diabetes, and reduced eGFR were the primary determinants of
mTOR inhibitor therapy, and these are all risk factors for adverse outcomes in kidney
transplantation (30, 31). Therefore, it could be argued that the link between mTOR
inhibitors and mortality was driven by those patients who had a higher baseline risk of
mortality and were preferentially treated with mTOR inhibitors on the basis of these same
factors. The propensity score is particularly useful in such situations when confounding by
indication is a concern (23). The finding that mTOR inhibitors were associated with
mortality in the malignancy-free group in propensity score-adjusted analyses that modeled
mTOR inhibitor use as a fixed or time-varying factor and in a one-to-one propensity score-
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matched analysis argues against confounding by indication. The divergence of results for
allograft loss versus mortality strengthens this view. Reduced renal function at baseline was
more strongly predictive of allograft loss than mortality, and use of mTOR inhibitors was
not associated with allograft loss or differences in slope of eGFR. It is therefore unlikely that
the slightly lower eGFR among users of mTOR inhibitors could explain their 2-fold
increased risk of mortality.

As an observational, hypothesis-generating study, this report was unable to define potential
mechanisms to explain increased mortality among malignancy-free users of mTOR
inhibitors. Cardiovascular disease is a leading cause of death in kidney transplant recipients
(8), and sirolimus and everolimus exert dueling protective and detrimental effects on the
cardiovascular system. For example, mTOR inhibitors prevent proliferation of vascular
smooth muscle cells that contribute to atherosclerosis and restenosis of coronary artery
stents, suggesting they may slow progression of arterial disease (32). Conversely, mTOR
inhibitors are associated with hyperlipidemia, which can promote atherosclerosis (28). In a
systematic review, treatment with an mTOR inhibitor was associated with higher cholesterol
levels or increased use of lipid lowering agents in all but one of 17 trials (10). Indeed,
receiving an mTOR inhibitor was associated with higher levels of LDL and triglycerides in
our population. Although it is possible that dyslipidemia associated with use of mTOR
inhibitors contributed to increased mortality, it is interesting that adjusting for lipid levels
did not markedly attenuate the effect. This suggests additional possible mechanisms, but
further studies are needed to longitudinally assess the impact of repeated lipid measurements
on outcomes in patients receiving mTOR inhibitors.

Our study has limitations that require emphasis. First, we studied a homogenous population
of Caucasian kidney transplant recipients from Eastern Europe with a low prevalence of
diabetes, and thus, the results may not generalize to other transplant populations. Second,
because the low overall rate of mTOR inhibitor use required us to analyze sirolimus and
everolimus as a group, we could not investigate the agents individually. Likewise, although
we were able to carry out detailed analyses of patients without malignancy, the small
number with malignancy may have precluded us from detecting a survival benefit of mTOR
inhibitors in this subgroup. Third, the lack of data on the duration of use of specific
immunosuppressive regimens prior to enrollment and their associated impact on cumulative
cardiovascular burden may have been incompletely captured in the baseline variables we
studied. Another limitation is the lack of data on the specific cause of death, which could
have shed light on possible mechanisms underlying our findings. Similarly, we did not have
complete data on proteinuria or dyslipidemia, which are independently associated with
mortality and are known side effects of mTOR inhibitors (33). However, since proteinuria
and dyslipidemia are consequences of mTOR inhibitor therapy and not indications for their
use, they would lie along a causal pathway rather than representing true confounders, and
thus, adjustment for them in the primary analysis would have been inappropriate.

Although our study is limited by its relatively small size and observational design, it is
unlikely that a randomized trial will be performed with an adequate sample size and duration
of follow-up capable of detecting the long-terms differences in mortality that our study
suggests. In such situations when data is needed but resources are limited to conduct lengthy
and costly clinical trials, observational studies are an attractive option to fill the void and
direct further investigation. The literature abounds with examples of observational studies
detecting important outcomes data missed by randomized trials due to insufficient power or
length of follow-up (34, 35). Furthermore, direct comparisons of randomized trials and
carefully performed observational studies that evaluated identical interventions often
demonstrated similar results (36, 37). The current hypothesis-generating study should
stimulate larger studies of the long-term safety and efficacy of mTOR inhibitors in
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transplantation, both as de-novo and conversion therapy, and especially in patients without a
history of malignancy.
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Figure 1. Cumulative incidence plots of allograft loss (A) and all-cause mortality (B) in the
overall population, and all-cause mortality among those without a history of malignancy (C)
according to baseline use versus non-use of mTOR inhibitors
The mortality plots considered allograft loss as a competing risk, and the allograft loss
considered death as a competing risk. Study participants who remained event-free were
censored at the end of the 3-year observation period. No participants were prematurely lost
to follow-up.
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Table 1

Comparison of baseline characteristics among users and non-users of mTOR inhibitors.

+ mTOR inhibitor
n=101

−mTOR inhibitor
n=892

P

Post-transplant duration, months

 Median (interquartile range) 54 (36, 99) 74 (40, 115) 0.21

 Mean ± standard deviation 76 ± 54 80 ± 52 0.43

Age, years 53.8 ± 10.6 50.6 ± 13.0 0.02

Male (%) 57 53 0.41

Etiology of primary kidney disease (%) <0.001

 Glomerulonephritis 20 23

 Tubulointerstitial nephritis 5 14

 Polycystic Kidney Disease 19 18

 Diabetes 15 3

 Hypertension 9 6

 Other/Unknown 33 35

Dialysis duration, months 18 (9, 36) 20 (9, 38) 0.61

Deceased donor transplant (%) 93 94 0.86

HLA-A mismatches (%) 0.10

 0 7 13

 1 64 65

 2 29 22

HLA-B mismatches (%) 0.02

 0 8 14

 1 59 64

 2 33 22

HLA-DR mismatches (%) <0.001

 0 31 28

 1 53 65

 2 16 7

Delayed graft function (%) 25 26 0.89

History of acute rejection (%) 33 34 0.85

Body mass index, kg/m2 26 ± 5 27 ± 5 0.05

Systolic blood pressure, mmHg 143 ± 20 142 ± 19 0.42
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+ mTOR inhibitor
n=101

−mTOR inhibitor
n=892

P

Diastolic blood pressure, mmHg 82 ± 11 84 ± 12 0.32

Current smoker (%) 17 19 0.62

Charlson comorbidity index 4 (2, 5) 2 (2, 3) <0.001

History of malignancy (%) 33 2 <0.001

Creatinine, mg/dl 1.8± 1.2 1.6 ± 0.9 0.04

eGFR, ml/min/1.73m2 47 ± 23 51 ± 21 0.05

Cholesterol, mg/dl 243 ± 60 208 ± 47 <0.001

Low-density lipoprotein, mg/dl 138 ± 44 120 ± 34 <0.001

High-density lipoprotein, mg/dl 56 ± 22 50 ± 16 0.002

Triglycerides, mg/dl 225 ± 134 180 ± 130 0.001

Albumin, g/dl 3.8 ± 0.4 4.0 ± 0.4 <0.001

Calcium, mg/dl 9.4 ± 0.6 9.5 ± 0.6 0.24

Phosphate, mg/dl 3.3 ± 0.8 3.3 ± 0.9 0.55

25-hydroxyvitamin D, ng/ml 7.9 (5.4, 11.7) 10.0 (5.9, 14.9) 0.01

Parathyroid hormone, pg/ml 76 (48, 116) 70 (47, 102) 0.13

Hemoglobin, g/dl 13.4 ± 1.9 13.5 ± 1.7 0.79

White blood cells (cells × 103) 7.4 ± 2.2 7.9 ± 2.3 0.04

Results are reported as mean ± standard deviation, median (interquartile range) or proportions.
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Table 2
Independent predictors of use of mTOR inhibitors at enrollment

Odds ratios and 95% confidence intervals (CI) of use versus non-use of mTOR inhibitors were derived from
the multivariable propensity score model. Individual predictors are listed in descending order of strength of
association with use of mTOR inhibitors.

Clinical factor Odds ratio 95% CI P

Non-cutaneous malignancy versus no malignancy 41.5 16.1, 106.9 <0.001

Diabetes 9.8 4.0, 24.1 <0.001

Serum albumin (per 1 g/dl increase) 0.31 0.16, 0.60 <0.001

Body mass index (per 1 kg/m2 increase) 0.92 0.87, 0.98 0.01

Estimated GFR (per 10 ml/min/1.73m2 increase) 0.84 0.72, 0.99 0.03

In addition to the factors listed in the Table, the propensity score model included age, sex, BP, transplant vintage, previous dialysis vintage, current
smoking, current diabetes, white blood cell count, hemoglobin, platelet count, calcium, phosphate, PTH, panel reactive antibodies and cold
ischemic time at the time of transplantation, donor type, HLA mismatches, history of delayed graft function, and history of acute rejection.
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Table 3
Crude and multivariable-adjusted risks of all-cause mortality and allograft loss
comparing users versus non-users of mTOR inhibitors in the overall population (n = 993)
and in the subgroup without a history of malignancy (n = 943)

Hazard ratios (HR) for death were derived from competing risks regression models that considered allograft
loss as a competing risk. Hazard ratios for allograft loss were derived from similar models that considered
death as a competing risk.

All-cause Mortality Allograft Loss

Hazard Ratio (95%CI) P Hazard Ratio (95%CI) P

Overall population, n=993

Crude 2.6 (1.6, 4.3) <0.001 1.1 (0.6, 2.0) 0.84

+ Propensity Score 1.8 (0.8, 4.0) 0.14 0.7 (0.3, 1.6) 0.40

Full model* 2.3 (1.1, 4.5) 0.02 0.7 (0.4, 1.4) 0.32

Full model + LDL, triglycerides 1.9 (0.9, 4.1) 0.08 0.8 (0.4, 1.5) 0.42

Patients without a history of malignancy (n = 943)

Crude 2.3 (1.2, 4.3) 0.01 1.0 (0.5, 2.1) 0.95

+ Propensity Score 2.6 (1.2, 5.5) 0.01 0.6 (0.2, 1.5) 0.27

Full model* 3.2 (1.5, 6.5) 0.002 0.7 (0.3, 1.7) 0.41

Full model + LDL, triglycerides 2.9 (1.4, 6.1) 0.004 0.7 (0.3, 1.9) 0.53

*
Adjusted for age, sex, history of malignancy, eGFR, systolic blood pressure, BMI, albumin, calcium, phosphate, PTH, 25-hydroxyvitamin D,

Charlson comorbidity index, etiology of renal failure, transplant vintage at enrollment, smoking, diabetes, donor type and HLA mismatches.
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Table 4

Comparison of baseline characteristics in one-to-one matched pairs of users and non-users of mTOR
inhibitors.

+ mTOR inhibitor
n=78

−mTOR inhibitor
n=78

P

Post-transplant duration, months 74 ± 56 73 ± 51 0.88

 < 50 months, n (%) 33 (42) 33 (42)

 50–99 months, n (%) 26 (33) 25 (32)

 > 99 months, n (%) 19 (25) 20 (26)

Age, years 53.3 ± 9.6 53.8 ± 11.1 0.78

Diabetes, n (%) 13 (17) 10 (13) 0.50

Deceased donor transplant, n (%) 75 (96) 76 (97) 0.65

History of acute rejection, n (%) 28 (36) 26 (33) 0.74

HLA A mismatches, n (%) 0.58

 0 6 (8) 4 (5)

 1 46 (59) 52 (67)

 2 26 (33) 22 (28)

HLA B mismatches, n (%) 1.0

 0 8 (10) 8 (10)

 1 48 (62) 48 (62)

 2 22 (28) 22 (28)

HLA DR mismatches, n (%) 0.09

 0 24 (31) 18 (23)

 1 44 (56) 56 (72)

 2 10 (13) 4 (5)

eGFR, ml/min/1.73m2 47 ± 21 45 ± 19 0.57

Current malignancy, n (%) 13 (17) 15 (19) 0.68

Charlson comorbidity index 3 (2, 5) 3 (2, 5) 0.82
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