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Abstract: Everolimus is an immunosuppressive agent used for the prophylaxis of acute 

rejection after kidney transplantation. Everolimus inhibits the activity of the serine/threonine 

kinase mammalian target of rapamycin (mTOR), a key enzyme that controls cell growth and 

metabolism, producing cell cycle arrest from the G1 to S phase. As a consequence, everolimus 

has antiproliferative and antineoplastic effects. Everolimus is a drug with a narrow therapeutic 

index. The pharmacokinetics of everolimus indicates a need for twice-daily dosing. Intra- and 

interindividual variability and drug–drug interactions suggest the need for therapeutic drug 

monitoring to maximize the efficacy/toxicity ratio. The good correlation between exposure 

(area under the concentration–time curve) and trough concentration indicates that monitoring of 

everolimus trough concentrations is an adequate strategy after kidney transplantation. Everoli-

mus is indicated for low- to moderate-risk de novo kidney transplant candidates. There are no 

conclusive studies thus far indicating that everolimus can be used in high-risk patients, such as 

sensitized patients, retransplants, and African Americans. In de novo kidney transplant recipi-

ents, the recommended initial dose of everolimus is 0.75 mg twice daily, adjusted to maintain 

blood trough concentrations of 3–8 ng/mL, in combination with progressive reduction in blood 

trough cyclosporine concentrations to 25–50 ng/mL. In combination with reduced trough blood 

tacrolimus concentrations of 4–7 ng/mL the recommended initial dose of everolimus is 1.5 mg 

twice daily, adjusted to maintain trough blood concentrations of 3–8 ng/mL. Everolimus can also 

be used as a conversion strategy, mainly to preserve renal function and to manage patients with 

malignancy. There is no definition of the ideal strategy for conversion, ie, abrupt or sequential, 

initial dose of everolimus, or target therapeutic trough blood concentrations. Intensive monitor-

ing is recommended after conversion, especially for acute rejection and proteinuria. Because 

mTOR is ubiquitous and central to many intracellular processes, an array of adverse reactions 

may occur, including delayed tissue regeneration, proteinuria, dyslipidemia, diabetes, myelosup-

pression, infertility, ovarian cysts, and mouth ulcers. Because long-term benefits are the goal 

of any immunosuppressive strategy, further investigations aiming to understand, prevent, and 

manage everolimus-related adverse reactions are necessary to mitigate the risks and improve 

tolerability, allowing maximization of all the benefits of this drug.

Keywords: everolimus, immunosuppression, mTOR inhibitors, calcineurin inhibitors, kidney 

transplantation

Introduction
Current immunosuppressive drug regimens are effective for the prevention of early 

acute rejection episodes after kidney transplantation. Despite a decrease in the rate of 

acute rejection, there has been no significant improvement in overall graft survival.1 

Several factors may account for this observation. There are donor-related factors, with 
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an increasing use of organs showing a variable degree of 

structural damage retrieved from expanded criteria deceased 

donors.2 There are recipient-related factors because we are 

transplanting older patients with more comorbidities.3 There 

are also factors related to the safety, tolerability, and compli-

ance with immunosuppressive regimens.4

The safety and tolerability of immunosuppressive regi-

mens is relatively poor, and a substantial number of changes 

in drug combinations occur during the first years after kidney 

transplantation.5 These changes, regardless of the reason, may 

increase the risk of late allograft failure. Kidney transplant 

recipients are still developing infections, mainly during the 

first year after transplantation, which are associated with 

inferior patient and graft survival. After the first year of trans-

plantation, death due to cardiovascular events is the leading 

cause of graft loss. Long-term immunosuppression is also 

associated with an increased risk of malignancies, death, and 

graft loss.6 Calcineurin inhibitors and corticosteroid-sparing 

regimens have been explored because the side effects of these 

drugs are associated with increased risks of cardiovascular 

death and chronic allograft failure.7 Finally, compliance is 

poor, involving education, social, and financial aspects, and 

quality of life evaluation.8

The strategy of using systemic administration of pharma-

cological doses of drugs to intervene in the immune system 

in an attempt to prevent rejection of transplanted organs 

is intrinsically associated with an array of different and 

unpredictable adverse reactions. Efficacy, safety, and toler-

ability are influenced by genetically determined differences 

in immune response9 and in drug transport, metabolism, and 

sensitivity.10,11 Immunosuppressive regimens are selected 

based on pretransplant risk evaluation that is usually based 

on population analysis, including variables independently 

associated with long-term outcomes. Patients at the same 

risk level usually receive the same drug combination dosed 

to obtain predefined putative therapeutic concentrations. The 

efficacy, safety, and tolerability of the selected regimen is 

unpredictable for an individual patient, and changes may be 

necessary at various times after transplantation. Continuing 

development of new immunosuppressive drugs will not solve 

this complex situation, but will offer more alternatives to 

treat individual patients.

Considering these facts, two inhibitors of mammalian 

target of rapamycin (mTOR), sirolimus (rapamycin) and 

everolimus, have been developed for the prevention of 

acute rejection after solid organ transplantation. Sirolimus, 

combined with cyclosporine, was approved by the US Food 

and Drug Administration (FDA) in 1997 for the prevention 

of acute rejection after kidney transplantation. Everolimus, 

combined with reduced doses of cyclosporine, was approved 

by the European Agency for the Evaluation of Medical 

Products in 2004 for the prevention of acute rejection after 

heart and kidney transplantation and by the US FDA in 2010 

for the prevention of acute rejection after heart and kidney 

transplantation.

The mTOR is a conserved serine/threonine kinase that 

regulates cell growth and metabolism. mTOR is part of 

two distinct multiprotein complexes, ie, TOR complex 1 

(TORC1), which is sensitive to rapamycin, and TORC2, 

which is not. Drugs that interfere with mTOR function 

may be useful in the treatment of cancer, cardiovascular 

disease, and autoimmune and metabolic disorders.12 This 

review will focus on the pharmacology, pharmacokinetics, 

efficacy, and safety of everolimus in adult kidney transplant 

recipients, updating previous publications that should also 

be consulted.13–20 Oral formulation,21 pharmacokinetic,22 and  

efficacy studies23–25 have also been conducted in the pediatric 

population but will not be reviewed in this manuscript.

Molecular and chemical  
characteristics
Everolimus (C

53
H

83
NO

14
, molecular weight 958.2) is a semi-

synthetic macrolide derivative developed by introducing a 

stable 2-hydroxyethyl group substitution at position 40 on the 

sirolimus molecular structure. The introduction of this group 

makes this molecule more polar, with increased solubility in 

several organic solvents.26

Pharmacology
Everolimus has the ability to inhibit acute and chronic 

immune-mediated allograft responses and tumorigenesis, and 

forms an intracellular complex with the cytoplasmic immu-

nophilin FK binding protein 12. This complex binds with 

high affinity, and reversibly inhibits mTOR complex 1. This 

kinase is central to many pathways controlling cell growth, 

proliferation, metabolism, and angiogenesis.12 Therefore, 

everolimus inhibits growth factor (interleukins 2 and 

15)-driven proliferation and differentiation of T and B cells, 

as well as other cell lineages, including fibroblasts, smooth 

muscle cells, and endothelial cells.26 Although everolimus is 

active against B cell proliferation, its effect on antibody pro-

duction has not been defined clearly. In one study, the primary 

humoral response after vaccination with T cell-dependent 

and T cell-independent antigens was partially inhibited by 

treatment with cyclosporine, completely abolished by treat-

ment with mycophenolic acid, but remained intact in those 
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patients treated with everolimus. Recall responses were 

only inhibited by mycophenolic acid. Therefore, everolimus 

allowed a primary response and boosting of T cell-dependent 

and T cell-independent secondary humoral responses.27

Everolimus has been shown to prevent and reverse acute 

rejection in preclinical models of kidney, heart, and lung 

transplantation.13,28 In combination therapy, everolimus 

shows synergistic interactions with cyclosporine in several 

experimental transplant models in rodents and primates.26,29 

Everolimus is also effective in combination with fingolimod 

or mycophenolate mofetil, and does not show an antagonistic 

effect with tacrolimus in lymphocytes from renal transplant 

recipients.18 Experimental studies have shown that everolimus 

inhibits the manifestations of chronic rejection that may con-

tribute to graft loss, particularly by inhibiting smooth muscle 

cell proliferation and preventing neointimal thickening and 

transplant arteriosclerosis.15 These effects were recently 

confirmed in heart transplant recipients.30

In normal cells, mTOR activity is controlled by posi-

tive and negative regulators involved in the transmission of 

signals to mTOR through the phosphatidylinositol 3-kinase 

and serine/threonine protein kinase Akt and Ras-Raf kinase 

pathways. Increased mTOR activity appears to be promoted 

by dysregulation of the regulators of mTOR contributing to 

tumorigenesis. mTOR signals to initiate ribosomal transla-

tion of mRNA into protein leading to increased synthesis of 

multiple proteins, including several that have been implicated 

in the pathogenesis of multiple tumor types. This defined 

role has established mTOR as a major link in tumorigenesis. 

Preclinical data have supported the pivotal role of mTOR in 

cancer and led to the development of mTOR inhibitors as a 

therapeutic target.31

Pharmacokinetics
Absorption, distribution, metabolism,  
and elimination
The pharmacokinetics of everolimus have been reviewed 

in detail previously.32,33 In kidney transplant recipients, it is 

estimated (based on preclinical studies) that 16% of the oral 

dose of everolimus is rapidly absorbed,32 reaching maximum 

blood concentration (C
max

) after 1–2 hours (T
max

). Everolimus 

is widely distributed in several tissues34 with a mean appar-

ent volume of distribution of 110 l (1.55 L/kg). In the blood, 

76%–83% of everolimus is distributed into erythrocytes, and 

74% of the remaining fraction is bound to plasma proteins. 

Everolimus is converted into 11 metabolites, mainly in the 

intestine and liver, by the action of cytochrome P450 (CYP) 

3A4, 3A5, and 2C8 enzymes. The main metabolites found 

in blood are hydroxy-everolimus, dihydroxy-everolimus, 

dimethyl-everolimus, and the ring-opened form of 

everolimus. Everolimus is the main circulating compound 

in trough blood samples, with total metabolite concentra-

tions corresponding to 50% and 100% of the everolimus 

concentrations. The clinical importance of everolimus 

metabolites in the blood of patients, including pharmacody-

namics, remains to be evaluated.35

Approximately 98% of everolimus metabolites are 

excreted in the bile and only 2% is eliminated in urine. Based 

on population pharmacokinetics, the apparent clearance is 

8.8 L/hour, and the mean elimination half-live ranges from 

24–35 hours.32 Steady-state blood concentrations are reached 

usually by day 4 after multiple dosing, with systemic accu-

mulation ranging from 1.6- to 3.0-fold.36 Within the dose 

range used in kidney transplant recipients, everolimus blood 

concentrations are proportional to the dose administered. 

There is also a correlation between C
min

 blood concentra-

tions of everolimus and total exposure as measured by area 

under the curve (AUC). Therefore, C
min

 blood concentra-

tions can be used as a surrogate marker for total everolimus 

exposure.37,38

Factors interfering with pharmacokinetics
In kidney transplant recipients, moderate intra- and 

interindividual variability in everolimus C
min

 (45%, 55%, 

respectively), C
max

 (24%, 33%), and AUC (27%, 31%) were 

observed during the first six months after transplantation.38 

Several factors account for this observed variability. In 

adults, the pharmacokinetic characteristics of everoli-

mus do not differ according to age, weight, or gender.39 

Black patients may need a higher dose (20%) to achieve 

exposure that is similar to that of non-Black patients.38 

Patients with moderate hepatic impairment may show a 

two-fold increase in everolimus concentrations (AUC) and 

a two-fold prolongation in elimination half-life, without 

changes in the rate and extent of absorption. Therefore, the 

dosage of everolimus should be reduced by half in these 

patients.40 There is no correlation between creatinine clear-

ance and the apparent clearance of everolimus, indicating 

no need for dose adjustments in patients with impaired 

renal function.41

A high-fat meal delayed T
max

 by a median of 1.75 hours 

and reduced C
max

 by 53% and AUC by 21%. Although C
min

 

blood everolimus concentrations were not affected, it is 

recommended that everolimus should be administered con-

sistently either with or without food to minimize longitudinal 

variability in exposure.42
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The interindividual pharmacokinetic variability of 

everolimus can be explained by genetically determined dif-

ferent activities of the drug efflux pump, P-glycoprotein, and 

CYP3A4, 3A5, and 2C8.32 The critical role of the CYP3A4 

system in everolimus biotransformation increases the risk 

of drug–drug interactions with other drugs metabolized 

by this cytochrome system. Coadministration of strong 

CYP3A inhibitors (ketoconazole, itraconazole, voricon-

azole, ritonavir) may lead to a 15-fold increase in everolimus 

AUC, while coadministration of strong CYP3A inducers 

(rifampin, rifabutin) may decrease the everolimus AUC by 

60%. The concomitant use of these drugs should be avoided 

or used cautiously. The use of moderate CYP3A inhibitors 

(up to four-fold increase in everolimus AUC by erythromycin, 

fluconazole, calcium channel blockers) and inducers 

(carbamazepine, phenobarbital, phenytoin) also necessitates 

monitoring of blood everolimus concentrations.36,43

Interaction with  
immunosuppressive drugs
Everolimus and cyclosporine
In healthy subjects, simultaneous administration of 

cyclosporine microemulsion and everolimus increased the 

everolimus C
max

 and AUC by an average of 82% and 168%, 

respectively, but a nine-fold variability was observed across 

subjects. Everolimus elimination half-lives were unchanged 

in the presence of cyclosporine. If cyclosporine is not used 

or removed from an everolimus-cyclosporine immunosup-

pressive regimen, a two- to three-fold decrease in everoli-

mus exposure is expected. On the other hand, the AUC 

of cyclosporine was not affected by coadministration of 

everolimus, although C
max

 was significantly higher.44,45

Everolimus and tacrolimus
In an open-label exploratory trial in eight maintenance 

renal transplant patients, the addition of everolimus 1.5 mg 

twice daily did not change tacrolimus exposure (C
min

 

7.9 ±  3.9 versus 8.4 ±  4.0 ng/mL; AUC 132 ±  56 versus 

134 ± 70 ng⋅h/mL). Tacrolimus dose reduction did not change 

everolimus exposure (C
min

 3.3 ± 1.2 versus 3.0 ± 1.1 ng/mL; 

C
max

 10.4 ± 5.1 versus 8.2 ± 1.3 ng/mL; AUC 58 ± 20 versus 

49 ± 10 ng⋅h/mL). When compared with patients receiving 

cyclosporine, everolimus exposure was 2.5-fold higher with 

cyclosporine relative to tacrolimus. Tacrolimus appears to 

have a minimal effect on blood everolimus concentrations 

compared with the influence of cyclosporine.46

In a prospective, randomized, Phase II pharmacoki-

netic study in adult renal transplant recipients, lower-dose 

normalized tacrolimus concentrations (C
min

 and AUC) were 

observed on days 4, 14, and 42 after transplantation in 

patients receiving everolimus 1.5 mg compared with 0.75 mg 

twice daily. The apparent clearance of tacrolimus was 18% 

higher in patients receiving 1.5 mg twice daily. It is pos-

sible that everolimus induces the transport and metabolism 

of tacrolimus by the CYP3A4 and CYP3A5 isoenzymes, as 

hypothesized by Pascual et al.47

Therefore, the dose of everolimus when combined with 

tacrolimus needs to be higher than when combined with 

cyclosporine in order to reach a given everolimus blood 

concentration.46 Patients may also need a higher tacrolimus 

dose because everolimus significantly decreases the oral 

bioavailability of tacrolimus in a dose-dependent manner.47

Everolimus and sotrastaurin
Sotrastaurin is an immunosuppressant under development that 

blocks T lymphocyte activation via protein kinase C inhibi-

tion. In healthy volunteers, coadministration of a single 2 mg 

dose of everolimus decreased the sotrastaurin C
max

 by 13% 

(638 ± 295 versus 539 ± 211 ng/mL), but did not affect AUC 

(3660 ± 1853 versus 3630 ± 2006 ng⋅h/mL). A single 100 mg 

dose of sotrastaurin increased the C
max

 of everolimus by 15% 

(15 ± 6 versus 16 ± 6 ng/mL) and AUC by 20% (114 ± 50 versus 

137 ± 56 ng⋅h/mL).48 In kidney transplant recipients, the mean 

AUC of everolimus three months after transplantation was 35% 

higher in patients receiving a reduced exposure of cyclosporine 

than that observed in patients receiving sotrastaurin 300 mg 

twice daily. The correlation between the C
min

 and AUC of 

everolimus was similar when everolimus was combined with 

cyclosporine (r2 = 0.77) or sotrastaurin (r2 = 0.87).49

Efficacy
In a double-blind, parallel-group, multicenter Phase II 

study in de novo kidney transplant recipients receiving 

cyclosporine and corticosteroids, the incidence of biopsy-

proven acute rejection episodes within the first six months 

post-transplantation was lower in patients randomized to 

receive everolimus in fixed doses of 1 mg twice daily (14.7%) 

or 2 mg twice daily (25.7%) compared with those receiving 

0.5 mg twice daily (32.4%). The incidence of viral and fungal 

infections was higher among recipients treated with 2 mg 

twice daily.50 In this study, everolimus exposure (C
max

 and 

AUC) showed a median three-fold accumulation, which 

was dose-proportional and stable over time. For a four-fold 

range of everolimus doses, there were no differential effects 

on cyclosporine dosing or pharmacokinetics.36 Based on the 

efficacy, safety, and pharmacokinetic findings of this study, 
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intermediate doses of everolimus (0.75 mg and 1.5 mg twice 

daily) were selected for Phase III trials.

Everolimus combined with cyclosporine 
in de novo kidney transplantation
Over the last 12 years, several immunosuppressive strate-

gies have been investigated combining everolimus with 

cyclosporine. Initially, fixed doses of everolimus 0.75 mg 

or 1.5 mg twice daily were compared with mycophenolate 

mofetil 1 g twice daily in patients receiving full doses of 

cyclosporine and steroids but with no induction therapy. In 

two multicenter, double-blind studies (B20151,52 and B25153), 

efficacy for the prevention of acute rejection was comparable 

with a mycophenolate mofetil group (Table 1) but inferior 

graft function was observed at one year (Table 2). During 

the trial, reduction in cyclosporine doses and exposure 

resulted in stabilization of graft function and did not increase 

the rate of biopsy-proven acute rejection, but at the end of 

three years of follow-up a significant difference in graft 

function was still favoring the mycophenolate mofetil group 

(Table 3). At 36 months, no differences in biopsy-proven 

chronic allograft nephropathy were observed in both studies 

(B201, 13.4% versus 11.1% versus 10.2%; B251, 11.4% 

versus 14.9% versus 8.7%) comparing patients randomized 

to receive everolimus 0.75 mg twice daily or 1.5 mg twice 

daily, or mycophenolate mofetil, respectively. No significant 

differences in mortality were observed, but a higher rate of 

graft failure was observed in the B201 study among those 

patients randomized to receive everolimus 1.5  mg twice 

daily (Table 3).

Table 1 Summary of efficacy endpoints 12 months after transplantation

Study ID Study groups n BPAR (%) Graft loss (%) Death (%)

B20152 CsAf + EVR 0.75 mg bid 194 23.2 4.6 5.2

CsAf + EVR 1.5 mg bid 198 19.7 10.6 4.0

CsAf + MMF 1 g bid 196 24.0 9.2 2.6
B25153 CsAf + EVR 0.75 mg bid 193 19.2 8.8 3.1

CsAf + EVR 1.5 mg bid 194 22.2 4.1 3.6

CsAf + MMF 1 g bid 196 24.0 5.1 2.0
B15659 CsAf + EVR 1.5 mg bid (basiliximab) 53 17 5.7 3.8

CsAr + EVR 1.5 mg bid (basiliximab) 58 6.9* 1.7 0
A230663 CsAr + EVR 0.75 mg bid adjusted to .3 ng/mL 112 25.9 5.4 0.9

CsAr + EVR 1.5 mg bid adjusted to .3 ng/mL 125 19.2 3.2 4.8
A230763 CsAr + EVR 0.75 mg bid adjusted to .3 ng/mL (basiliximab) 117 13.7 1.7 0

CsAr + EVR 1.5 mg bid adjusted to .3 ng/mL (basiliximab) 139 15.8 5.0 1.4
B230964 CsAr + EVR 0.75 mg bid adjusted to 3–8 ng/mL (basiliximab) 277 16.2 4.3 2.5

CsAr + EVR 1.5 mg bid adjusted to 6–12 ng/mL (basiliximab) 279 13.3 4.7 3.2

CsAf + MPA 720 mg bid (basiliximab) 277 17 3.2 2.2
EVLEC65 CsAr + EVRs (basiliximab) 143 14.7 9.9 1.4

CsAvl + EVRh (basiliximab) 142 11.9 2.1 1.4
A242066 CsAr + EVR 0.75 mg bid adjusted to 3–8 ng/mL (basiliximab) 65 20.0 9.2 7.7

CsAf + MPA → EVR 0.75 mg bid adjusted to 3–8 ng/mL (basiliximab) 74 20.3 6.8 2.7
CRADUS0967 TACr + EVR 1.5 mg bid adjusted to 3–12 ng/mL (basiliximab) 49 14 0 0

TACf + EVR 1.5 mg bid adjusted to 3–12 ng/mL (basiliximab) 43 14 2.3 0
ASSET69 TACr-vl + EVR 1.5 mg bid adjusted to 3–8 ng/mL (basiliximab) 107 18.7* 7.5 2.8

TACr + EVR 1.5 mg bid adjusted to 3–8 ng/mL (basiliximab) 117 7.7 1.7 2.6

Notes: All patients received steroids. B201: CsAf: CsA C0 concentration 150–400 ng/mL (0–1 month) and 100–300 ng/mL (2–12 months); B251: CsAf: CsA C0 
concentration 200–350 ng/mL (0–1 month) and 100–300 ng/mL (2–12 months); B156: CsAf: CsA C0 concentration 150–300 ng/mL (0–2 months) and 125–250 ng/mL 
(3–36 months); CsAr: CsA C0 concentration 75–125 ng/mL (0–2 months) and 50–100 ng/mL (3–36 months); A2306: CsAr: CsA C2 concentration 1000–1400 ng/mL (0–1 
month), 700–900 ng/mL (1–2 months); 550–650 ng/mL (3–4 months) and 350–450 ng/mL (4–12 months); A2307: CsAr: CsA C2 concentration 500–700 ng/mL (0–2 months) 
and 350–450 ng/mL (3–12 months); B2309: CsAr: CsA C0 concentration 100–200 ng/mL (0–2 months), 75–150 ng/mL (2–4 months), 50–100 ng/mL (4–6 months) and 
25–50 ng/mL (6–12 months), CsAf: CsA C0 concentration 200–300 ng/mL (0–2 months) and 100–250 ng/mL (2–12 months); EVLEC: CsAr + EVRs: CsA C2 concentration 
500–700 ng/mL (0–2 months), 350–500 ng/mL (2–6 months) and 350–450 ng/mL (6–12 months) + EVR 0.75 bid adjusted to 3–8 ng/mL, CsAvl + EVRh: CsA C2 concentration 
500–700 ng/mL (0–7 days), 250–450 ng/mL (8 days–2 months), 200–400 ng/mL (3–4 months) and 150–300 ng/mL (6–12 months) + EVR 0.75 bid adjusted to 3–8 ng/mL 
(week 1) and to 8–12 ng/mL (week 2–12 months); A2420: CsAr + EVR: C2 concentration 500–700 ng/mL (0–2 months), 350–450 ng/mL (3–12 months), CsAf + MPA: C2 
concentration 1100–1500 ng/mL (0–1 months), 500–700 ng/mL (1–2 months), 350–450 ng/mL (3–12 months) + MPA converted at week 5 to EVR 0.75 bid adjusted to 3–8 
ng/mL; CRADUS09: TACr: TAC C0 concentration 4–7 ng/mL (0–3 months) and 3–6 ng/mL (4–6 months), TACf: TAC C0 concentration 8–11 ng/mL (0–3 months) and 
7–10 ng/mL (4–6 months); ASSET: TACr-vl: TAC C0 concentration 4–7 ng/mL (0–4 months) and 1.5–3 ng/mL (4–12 months); TACr: TAC C0 concentration 4–7 ng/mL 
(0–12 months). *P , 0.05 versus control group.
Abbreviations: BPAR, biopsy-proven acute rejection; CsAf, full cyclosporine exposure; CsAr, reduced cyclosporine exposure; CsAvl, very low cyclosporine exposure; 
EVRs, standard EVR exposure; EVRh, high EVR exposure; TACf, full tacrolimus exposure; TACr, reduced tacrolimus exposure; TACr-vl, reduced to very low tacrolimus 
exposure; MPA, mycophenolic acid; bid, twice daily.
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Table 2 Summary of renal function 12 months after transplantation

Study ID Study groups CrCl (mL/min)#

B20152 CsAf + EVR 0.75 mg bid 52.9 ± 20.89*
CsAf + EVR 1.5 mg bid 49.3 ± 16.95*
CsAf + MMF 1 g bid 56.9 ± 14.75

B25153 CsAf + EVR 0.75 mg bid 58 (7–124)*

CsAf + EVR 1.5 mg bid 52 (6–196)*

CsAf + MMF 1 g bid 69 (8–153)
B15659 CsAf + EVR 1.5 mg bid (basiliximab) 53.5 ± 12.1*

CsAr + EVR 1.5 mg bid (basiliximab) 60.9 ± 11.3
A230663 CsAr + EVR 0.75 mg bid adjusted to .3 ng/mL (basiliximab) 65 ± 24.5

CsAr + EVR 1.5 mg bid adjusted to .3 ng/mL (basiliximab) 64 ± 22.6
A230763 CsAr + EVR 0.75 mg bid adjusted to .3 ng/mL (basiliximab) 67 ± 24.2

CsAr + EVR 1.5 mg bid adjusted to .3 ng/mL (basiliximab) 64 ± 19.6
B230964 CsAr + EVR 0.75 mg bid adjusted to 3–8 ng/mL (basiliximab) 68.8 ± 23.3 

CsAr + EVR 1.5 mg bid adjusted to 6–12 ng/mL (basiliximab) 67.3 ± 23.7
CsAf + MPA 720 mg bid (basiliximab) 67.9 ± 25.7

EVLEC65 CsAr + EVRs (basiliximab) 62.5 ± 20.7
CsAvl + EVRh (basiliximab) 61.3 ± 22.0

A242066 CsAr + EVR 0.75 mg bid adjusted to 3–8 ng/mL (basiliximab) 48.4 ± 21.3
CsAf + MPA (basiliximab) → EVR 0.75 mg bid adjusted to 3–8 ng/mL 49.0 ± 22.2

CRADUS0967 TACr + EVR 1.5 mg bid adjusted to 3–12 ng/mL (basiliximab) 82.8 ± 26.8
TACf + EVR 1.5 mg bid adjusted to 3–12 ng/mL (basiliximab) 77.2 ± 21.8

ASSET69 TACr-vl + EVR 1.5 mg bid adjusted to 3–8 ng/mL (basiliximab) 67.1 ± 23.0
TACr + EVR 1.5 mg bid adjusted to 3–8 ng/mL (basiliximab) 61.1 ± 19.7

Notes: #Cockcroft–Gault formula; P , 0.05 versus control group.
Abbreviations: CrCl, creatinine clearance; CsAf, full cyclosporine exposure; CsAr, reduced cyclosporine exposure; CsAvl, very low cyclosporine exposure; EVRs, standard 
EVR exposure; EVRh, high EVR exposure; TACf, full tacrolimus exposure; TACr, reduced tacrolimus exposure; TACr-vl, reduced to very low tacrolimus exposure; MPA, 
mycophenolic acid; bid, twice daily.

Table 3 Summary of efficacy endpoints and renal function at 36 months after transplantation

Study ID Study groups n BPAR (%) Graft loss (%) Death (%) CrCl (mL/min)

B20152 CsAf + EVR 0.75 mg bid 194 24.2 7.2 7.7 55 ± 23 
CsAf + EVR 1.5 mg bid 198 24.7 16.7# 9.1 50 ± 21*
CsAf + MMF 1 g bid 196 26.5 10.7 8.2 57 ± 21

B25153 CsAf + EVR 0.75 mg bid 193 25.4 11.9 6.2 57 (4–140)*

CsAf + EVR 1.5 mg bid 194 25.8 7.7 6.7 49 (3–113)*

CsAf + MMF 1 g bid 196 26.5 7.1 6.1 70 (8–157)
B15659 CsAf + EVR 1.5 mg bid (basiliximab) 53 18.9 13.2* 9.4 51.7 ± 13.1

CsAr + EVR 1.5 mg bid (basiliximab) 58 12.1 3.4 3.4 56.6 ± 20.0

Notes: #P , 0.05 versus EVR 0.75 mg bid; *P , 0.05 versus control group.
Abbreviations: BPAR, biopsy-confirmed acute rejection; CrCl, creatinine clearance; EVR, everolimus; CsAf, full cyclosporine exposure; CsAr, reduced cyclosporine 
exposure; MMF, mycophenolate mofetil; bid, twice daily.

Everolimus and cyclosporine displayed synergistic 

immunosuppressive activity when used in combination 

in vitro and in preclinical models, predicting that they could 

be used together at lower doses in humans.26,29,54 Adequate 

efficacy, but with a synergistic nephrotoxic effect, was 

observed in kidney transplant recipients receiving everolimus 

in combination with full doses of cyclosporin.51–53 These 

initial findings were the first evidence of the complex syn-

ergist pharmacokinetic and pharmacodynamic drug–drug 

interaction between everolimus and cyclosporine in kidney 

transplant recipients.55,56 At that time, basiliximab, an 

interleukin-2 receptor antagonist monoclonal antibody, had 

demonstrated efficacy for the prevention of acute rejection in 

kidney transplant recipients.57,58 These findings provided the 

rationale for using basiliximab induction and everolimus in 

combination, with reduced doses of cyclosporine to mitigate 

renal toxicity without loss of immunosuppressive efficacy.

In a subsequent, exploratory, open-label study, fixed 

doses of everolimus 1.5  mg twice daily were combined 

with full or reduced (50% reduction) cyclosporine exposure 
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in combination with steroids and basiliximab induction. 

At one and three years, the incidence of biopsy-proven 

acute rejection was lower (Table 1), and graft function was 

superior in the group of patients receiving reduced-dose 

cyclosporine (Table 2), which supports the hypothesis of 

a synergistic drug–drug interaction when these two drugs 

are combined. The differences in renal function at one year 

were high enough (Table 2) to generate an amendment to 

the protocol to reduce cyclosporine doses in the control arm, 

thereby reducing the difference in renal function between the 

two groups at three years (Table 3).59

In the B201 and B251 studies, the everolimus dose 

(0.75 or 1.5 mg twice daily) did not correlate with the inci-

dence of biopsy-proven acute rejection. This finding could 

be explained by a considerable overlap of trough everolimus 

blood concentrations observed in those patients receiving 

these two dose levels.14 On the other hand, a retrospective 

analysis of 3355 trough everolimus blood concentrations 

(C
min

) from the 695 patients in these two studies showed 

that freedom from acute rejection was significantly related 

to the C
min

 of everolimus. Freedom from biopsy-proven acute 

rejection was 68% at an everolimus C
min

 of 1.0–3.4 ng/mL, 

81%–86% at 3.5–7.7 ng/mL, and 91% at 7.8–15.0 ng/mL. 

This analysis identified an everolimus C
min

 of 3 ng/mL as 

the lower therapeutic concentration when everolimus is 

combined with cyclosporine and steroids.60

The design of subsequent studies was based on the fol-

lowing information available at that time: use of reduced 

cyclosporine exposure was associated with improved safety 

(preserved renal function) and similar efficacy (incidence 

of biopsy-proven acute rejection);59 therapeutic C
min

 blood 

everolimus concentrations should be above 3 ng/mL;60 and 

blood cyclosporine concentration two hours after the morning 

dose (C2) was a superior surrogate of cyclosporine exposure 

compared with C
min

 concentrations.61 To explore a wider 

range of immunosuppressive alternatives, two prospective 

trials were designed, comprising one study which used 

progressive reduction in cyclosporine C2 concentrations 

without induction therapy62,63 and another study which used 

basiliximab induction with initially reduced cyclosporine 

C2 concentrations.62,63 African American patients were not 

randomized, and received initial 1.5 mg twice daily doses 

of everolimus because these patients have a higher immu-

nological risk and higher everolimus clearance compared 

with Caucasian patients.39 In both studies, two everolimus 

dose levels were used, enabling prospective therapeutic drug 

monitoring to ensure everolimus concentrations higher than 

3 ng/mL.

These two studies produced essentially similar results. 

At one year, the efficacy of the two initial everolimus dos-

ing regimens (0.75  mg or 1.5  mg twice daily), ensuring 

an everolimus C
min

 above 3  ng/mL, in combination with 

progressive reduction in cyclosporine exposure and without 

induction, was similar to that observed in the B201 and B251 

studies (Table  1). A slightly higher incidence of biopsy-

proven acute rejection in the low-dose everolimus group, 

which was not observed in the study with induction, may be 

due to the fact that a higher proportion of patients in the low-

dose group showed everolimus concentrations lower than 

3 ng/mL during the first two weeks after transplantation.62,63 

A lower incidence of biopsy-proven acute rejection was 

observed in the study using basiliximab induction, conferring 

further protection, while everolimus doses were adjusted to 

obtain concentrations above 3 ng/mL.62,63 Patients in both 

studies showed comparable graft function but the lack of 

an adequate parallel control in these trials precluded any 

final conclusions from use of these strategies (Table  2). 

Furthermore, no clear difference in the efficacy/toxicity 

analysis was made comparing both everolimus dose levels, 

perhaps because, again, significant overlap in everolimus 

concentrations was observed in patients receiving everolimus 

0.75 or 1.5 mg twice daily.62,63

To consolidate the findings of these previous studies, a 

large, prospective, multicenter trial was designed based on 

the following information: as a result of: a need to confirm 

the additional benefits for the prevention of biopsy-proven 

acute rejection of basiliximab induction therapy in patients 

receiving cyclosporine and everolimus; no universal accept-

ability and clinical utility of using cyclosporine C2 monitor-

ing over C
min

 as a surrogate marker of cyclosporine exposure; 

a need to evaluate prospectively two concentration levels 

of everolimus instead of two dose levels; and a need for an 

adequate parallel control arm. Considering these issues, in the 

following study: all patients received basiliximab induction; 

cyclosporine doses were adjusted to obtain a predefined and 

progressively reduced C
min

 identified in the previous study 

with basiliximab induction (where cyclosporine doses were 

adjusted based on C2 concentrations but C
min

 was collected 

simultaneously); everolimus doses were adjusted to obtain 

a target C
min

 of 3–8 ng/mL for the lower initial dose group 

(0.75 mg twice daily) and 6–12 ng/mL for the initial higher 

dose group (1.5 mg twice daily); and a control arm using full 

doses of cyclosporine and mycophenolate sodium 720 mg 

twice daily.64 In this study, cyclosporine C
min

 was 60% lower 

in both everolimus groups compared with cyclosporine and 

mycophenolate sodium at one year. Noninferior efficacy 
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(composite of biopsy-proven acute rejection, graft loss, 

death, or loss to follow-up) and renal function was observed 

comparing the higher and lower everolimus target concen-

trations with the control arm (Table 1). For the first time, a 

concentration-dependent higher incidence of selected adverse 

events was observed in the everolimus arms, indicating that 

progressive reduction in cyclosporine concentrations in com-

bination with everolimus concentrations in the 3–8 ng/mL 

range provides the best risk/benefit assessment.64

To explore further the interaction between cyclosporine 

and everolimus, mainly due to the different adverse event pro-

files related to each drug class (cyclosporine or everolimus), 

another prospective trial investigated the risk/benefit ratio of 

using everolimus with very low-exposure cyclosporine. In 

this study, very low-dose cyclosporine (C2, 150–300 ng/mL) 

and high-dose everolimus (C
min

 8–12 ng/mL) was compared 

with low-dose cyclosporine (C2, 350–500 ng/mL) and low-

dose everolimus (C
min

, 3–8  ng/mL). All patients received 

basiliximab and prednisone. Overlapping C2 cyclosporine 

concentrations between the two study arms prevented a final 

conclusion on the superiority of one strategy over the other 

in terms of preservation of renal function. On the other hand, 

because there was no statistical difference when comparing 

the incidence of biopsy-proven acute rejection and renal 

function (Tables 1 and 2), this study provided evidence for 

use of alternative strategies for individual patients.65

More recently, a prospective study (A2420) in kidney 

transplant patients at higher risk of developing delayed graft 

function who received basiliximab induction, cyclosporine, 

and corticosteroids showed a similar incidence of biopsy-

proven acute rejection comparing patients with immediate 

(day 1) or delayed (week 5, conversion from mycophenolic 

acid) introduction of everolimus (20.0% versus 20.3%). 

Renal function at one year was also similar in both groups 

(Tables 1 and 2).66

Everolimus combined with tacrolimus  
in de novo kidney transplantation
Because the use of tacrolimus in de novo kidney transplant 

recipients has increased substantially, studies were conducted 

to investigate optimal dosing in combination with everolimus. 

Based on the previous experience with cyclosporine, the first 

exploratory study compared full and reduced tacrolimus 

exposures in combination with everolimus in patients receiv-

ing basiliximab induction and steroids. Initial everolimus 

dose was 0.75 mg twice daily, adjusted to obtain an everoli-

mus C
min

 of 3–12 ng/mL. No differences were observed in 

the incidence of biopsy-proven acute rejection or in renal 

function, mainly because tacrolimus exposures were simi-

lar in both groups (Tables 1 and 2).67 Patients with a mean 

everolimus C
min

 below 3 ng/mL had a higher incidence of 

biopsy-proven acute rejection compared with those with a 

mean everolimus C
min

 of 3–8 ng/mL or above 8 ng/mL. The 

proportion of African Americans in the group of patients 

who had trough everolimus concentrations less than 3 ng/

mL was significantly higher compared with that in the other 

two groups. No correlation was observed between everolimus 

C
min

 and renal function.68

To investigate the potential benefit of further reductions 

in tacrolimus exposure, a 12-month, prospective, multicenter 

study was conducted. In this study, patients received basilix-

imab induction, everolimus 1.5 mg twice daily (everolimus 

C
min

 3–8 ng/mL) and low-dose tacrolimus (4–7 ng/mL), and 

were randomized to undergo (very low-dose tacrolimus) or 

not to undergo (low-dose tacrolimus) further reduction in 

tacrolimus exposure (1.5–3.0 ng/mL) after the third month.69 

Unexpectedly, the incidence of biopsy-proven acute rejection 

was higher in the very low-dose tacrolimus group during the 

first three months (18.7% versus 7.7%; P = 0.0138) when 

tacrolimus concentrations were comparable between the two 

groups. Between months 4 and 12, both groups showed a 

similar incidence of biopsy-proven acute rejection (2.7% ver-

sus 1.1%; P = 0.165), respectively (Table 1). Slightly superior 

renal function was achieved in patients from the very low-

dose tacrolimus group (Table 2). At months 6 (3.5 ng/mL), 

9 (3.4 ng/mL), and 12 (3.4 ng/mL), tacrolimus exposures in 

the very low-dose tacrolimus groups were higher than that 

recommended by the protocol.69 Although it seems possible 

that tacrolimus concentrations below 4 ng/mL may be effec-

tive in combination with everolimus, the lack of an active 

and adequate comparator group, perhaps using low exposure 

tacrolimus and mycophenolate mofetil/cyclosporine, and 

mycophenolate sodium, preclude any robust risk/benefit 

evaluation at this point.

Conversion to everolimus in maintenance 
kidney transplant recipients
Two clinical considerations have been the leading reasons to 

switch patients from calcineurin inhibitors to mTOR inhibi-

tors after kidney transplantation. The first and predominant 

one is to preserve renal function. Because of the perceived 

contribution of chronic use of calcineurin inhibitors to the 

development of chronic allograft nephropathy,70 the lead-

ing cause of graft loss after kidney transplantation, there 

is now considerable and growing interest in calcineurin 

inhibitor-sparing immunosuppressive regimens.71 The second 
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one is related to the management of patients with a previous 

history of or current malignancies.72

Preservation of allograft function
Although a substantial amount of conversion strategies 

using sirolimus have been reported, little data are currently 

available for everolimus. Several single-center uncontrolled 

studies have investigated the efficacy and safety of conver-

sion from a calcineurin inhibitor to everolimus in kidney 

transplant recipients. The majority of studies included only 

stable patients with good renal function and without signifi-

cant proteinuria. A few studies attempted to use everolimus 

in patients with chronic allograft dysfunction. Most studies 

proposed an abrupt conversion strategy, but others have sug-

gested a gradual reduction of the calcineurin inhibitor dose, 

with one study maintaining patients on an 80% calcineurin 

inhibitor dose reduction. The preferred initial everolimus 

dose was 1.5  mg twice daily, with proposed target blood 

everolimus concentrations in the 3–10  ng/mL range. The 

incidence of acute rejection after conversion varied from 

0% to 17% according to different strategies. Renal function 

either improved or remained stable. While dyslipidemia 

was observed in the majority of studies, proteinuria was not 

consistently observed.73–80

A retrospective review of registry data for 272 patients 

followed for six months after introduction of everolimus was 

reported after approval of everolimus in Europe in 2005. 

Everolimus was preferentially introduced as a conversion 

strategy (93.8%) after the first month of transplantation. 

Six months after conversion, 75% of patients were off cal-

cineurin inhibitors. Prevention and/or treatment of toxicities, 

especially nephrotoxicity, accounted for 46.3% of the indica-

tions for everolimus. Initial mean doses were 1.37 mg/day, 

increased to 2 mg/day at six months. Renal function remained 

unchanged during the follow-up period, whereas proteinu-

ria increased. Five (2%) episodes of acute rejection were 

observed, with excellent patient and graft survivals at six 

months after conversion.81

In a multicenter, prospective, randomized trial, low- to 

moderate-risk patients received basiliximab induction, 

cyclosporine, cyclosporine and mycophenolate sodium, and 

prednisolone after transplantation. Patients with good graft 

function (glomerular filtration rate .20 mL/min), without 

severe rejection within the previous four weeks, and without 

subclinical rejection at a protocol biopsy after six months 

(n  =  113) underwent either mycophenolate sodium with-

drawal over 14 days (cyclosporine group n=39), cyclosporine 

withdrawal over 14 days (mycophenolate sodium group, 

n=36) or abrupt conversion from cyclosporine to everolimus 

followed by withdrawal of mycophenolate sodium over 14 

days (EVR group, n=38). Doses of cyclosporine, mycophe-

nolate sodium or everolimus were adjusted to obtain pre-

defined target AUC concentrations. Doses of cyclosporine, 

mycophenolate sodium, or everolimus were adjusted to obtain 

predefined target AUC concentrations. Prednisolone was tem-

porarily increased to minimize the risk of rejection because 

of pharmacokinetic fluctuations. After a mean follow-up of 

8 ± 5 months after intervention, the incidence of acute rejec-

tion was 3% in the cyclosporine group, 22% in the myco-

phenolate sodium group, and 0% in the everolimus group 

(P , 0.009). Mean creatinine values at the latest follow-up 

were lower in the everolimus group than in the cyclosporine 

group. No significant differences were observed in lipids, 

hematology, or proteinuria. However, side effects occurred 

significantly more often in the everolimus group.82

In a German prospective, open-label, multicenter, con-

trolled study, 300 renal allograft recipients receiving basi-

liximab induction, cyclosporine, mycophenolate sodium, 

and steroids were randomized at 4.5  months to undergo 

conversion from cyclosporine to everolimus (n = 155) or to 

be maintained on the original regimen (n = 145). The initial 

everolimus dose was twice daily, targeting trough blood 

concentrations of 6–10 ng/mL. Renal function (calculated 

glomerular filtration rate) was comparable at 4.5  months 

(64.2  ±  17.4 versus 63.0  ±  15.5  mL/min/m2), improving 

in the conversion group at 24 months (68.9 ± 19.4 versus 

61.7  ±  17.1  mL/min/m2; P  ,  0.017). The incidence of 

biopsy-proven acute rejection was higher among patients in 

the conversion group (11% versus 4.8%). Three deaths and 

one graft loss were observed in the cyclosporine group and 

none in the everolimus group. The cumulative incidences of 

infections (22.6% versus 20.7%) and hospitalizations (27.7% 

versus 35.2%) were similar.83

In a prospective, open-label, multicenter, controlled 

study conducted in Spain, 195 renal allograft recipients 

receiving tacrolimus, mycophenolate sodium, and steroids 

were randomized at three months to undergo a conversion 

from tacrolimus to everolimus or to be maintained on the 

original regimen. To undergo randomization and treatment 

allocation, patients had to show a serum creatinine lower 

than 2.5 mg/dL, proteinuria lower than 1 g/day, no previous 

biopsy-proven acute rejection (either severe grade or any 

grade in the prerandomization biopsy). An interim analysis 

six months after randomization including 50 patients in 

the control group (tacrolimus) and 51  in the conversion 

group (everolimus) showed no differences in renal function  
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(51.1 versus 55.2  mL/min; P  =  0.24) or proteinuria  

(100 versus 140  mg/dL). The incidence of biopsy-proven 

acute rejection after conversion to everolimus was 13.7%. A 

higher incidence of cytomegalovirus infection was observed 

in the tacrolimus group (12.2 versus 3.4%; P = 0.01).84

Management of malignancies
Several series have demonstrated the effectiveness of conver-

sion from a calcineurin inhibitor to everolimus in patients 

with nonmelanoma skin cancer,85,86 Kaposi’s sarcoma,87 post-

transplant lymphoproliferative disorders,88 and other types 

of malignancies.89 The mechanisms of antineoplastic effects 

in vitro, effects in animal models,90 and the reported initial 

clinical experience with mTOR inhibitors led European and 

Australian investigators to develop a clinical guideline for 

use of mTOR inhibitors in the management of post-transplant 

malignancies.91

Other
There are a few reports on conversion from sirolimus to 

everolimus. The most common reason for this switch was 

the occurrence of an adverse reaction, mainly aphthous 

ulcers or pneumonitis, in patients receiving sirolimus.92,93 In 

a six-month prospective, open-label pilot study, maintenance 

renal transplant patients receiving sirolimus, mycophenolate 

sodium, and corticosteroids were converted to everolimus 

8 mg/day (8–15 ng/mL) and followed for six months. This 

pilot study suggests that this strategy is safe and easily man-

ageable, but there was no consistent evidence for a change in 

glomerular filtration rate or proximal renal allograft tubular 

function.94

Safety and tolerability
Study drug discontinuation may be used as a direct measure 

of the safety and tolerability of a treatment regimen. In trials 

conducted in kidney transplant recipients, the main reason for 

study drug discontinuation is the occurrence of an adverse 

event. In the majority of prospective trials (double-blind 

or open-label) the rate of discontinuation of everolimus 

was higher than for the active comparator drug. There are 

confounding factors precluding a direct analysis and conclu-

sion from these studies. First, investigators may have less 

knowledge and experience to manage adverse events related 

to the experimental regimen (leading to more discontinua-

tions) as opposed to the control one (leading to more dose 

adjustments and temporary interruptions). In the A2309 

trial, when considering adverse events leading to study drug 

discontinuation or study drug dose adjustment or interruption, 

the incidence was 36.5% for everolimus 0.75 mg twice daily, 

47.1% for everolimus 1.5  mg twice daily, and 43.6% for 

cyclosporine and mycophenolate sodium.64 Selected safety 

and tolerability parameters from prospective multicenter 

trials are shown in Table 4.

Initial renal allograft function and surgical 
wound healing
The use of mTOR inhibitors immediately after kidney 

transplantation has been limited by data indicating that the 

antiproliferative effects of these immunosuppressive agents 

may delay recovery from ischemia-reperfusion injury and 

proper wound healing. In animal models, recovery from 

renal ischemia-reperfusion injury95 may be aggravated by 

the antiproliferative effect of mTOR inhibitors on renal 

tubular cells.96

Reports from single-center studies indicate that sirolimus 

is associated with an increased incidence97 and/or duration 

of delayed graft function.98 In the 2309 study, the incidence 

of delayed graft function in patients receiving everolimus 

0.75 mg or 1.5 mg twice daily was similar to that observed 

in patients receiving cyclosporine and mycophenolate 

sodium (10.2% versus 10.4% versus 9.2%), respectively.64 

Nevertheless, this effect may be more evident in patients with 

higher risk of developing delayed graft function.

In a prospective kidney transplant study including patients 

at higher risk of developing delayed graft function and receiv-

ing cyclosporine, corticosteroids, and interleukin-2 receptor 

antagonist antibody induction, a similar low rate of delayed 

graft function was observed comparing patients with imme-

diate or delayed introduction of everolimus (24.6% versus 

24.3%, respectively). Furthermore, the incidence of slow 

graft function (38.5% and 47.2%) and rate of recovery of 

renal function and glomerular filtration rate at three months 

(52.7 ± 20.4 versus 48.8 ± 19.6 mL/min/1.73 m2) were not 

different comparing patients with immediate or delayed 

introduction of everolimus.99

A higher incidence of wound healing complications 

after kidney transplantation has been described for both 

sirolimus100,101 and everolimus. Early clinical trials (B201, 

B251) already indicated an increase incidence of lym-

phocele in kidney transplant patients receiving fixed-dose 

everolimus versus mycophenolate mofetil.51 The A2309 

study prospectively and systematically investigated wound 

healing events, confirming the initial impression of a higher 

incidence in patients receiving everolimus.64 On the other 

hand, a cross-study comparison of everolimus versus myco-

phenolate mofetil observed tissue regeneration to be similar 
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Table 4a Safety and tolerability of everolimus regimens

Study ID Study groups Overall 
study drug 
discontinuation (%)

Study drug 
discontinuation 
due to AEs (%)

SAE (%) DGF (%) Wound healing  
events (%)

Malignancy (%)

B20152 CsAf + EVR 0.75 mg bid 50.5 31.0 71.0 23.0 9.0 5.2

CsAf + EVR 1.5 mg bid 57.1 28.0 75.0 21.0 12.0 4.5

CsAf + MMF 1 g bid 41.3 39.0 62.0 20.0 4.0 4.6
B25153 CsAf + EVR 0.75 mg bid 56.5 na na na 16.1 4.7

CsAf + EVR 1.5 mg bid 64.9 na na na 18.6 5.2

CsAf + MMF 1 g bid 45.4 na na na 12.2 6.1
B15659 CsAf + EVR 1.5 mg bid 54.7 39.6 84.9 na na 3.8

CsAr + EVR 1.5 mg bid 32.8 17.2 77.6 na na 5.1
A230663 CsAr + EVR 0.75 mg bid 26.8# 18.8# na 14.0 15.2 1.8

CsAr + EVR 1.5 mg bid 20.0 10.4 na 16.8 8.0 1.6
A230763 CsAr + EVR 0.75 mg bid 18.8# 12.0# na 19.7 10.3 2.6

CsAr + EVR 1.5 mg bid 15.8 9.4 na 20.1 7.2 2.2
B230964 CsAr + EVR 0.75 mg bid 30.0 23.4 56.6 10.2 35.0 3.3

CsAr + EVR 1.5 mg bid 34.9 28.4 60.4 10.4 38.8 2.9

CsAf + MPA 720 mg bid 21.7 15.8 53.8 9.2 25.6 5.9
EVLEC65 CsAr + EVRs

21.8 17.5 52.5 30.8 15.4 1.4

CsAvl + EVRh
21.0 23.5 50.1 23.2 21.1 1.4

A242066 CsAr + EVR 32.3 26.2 69.2 24.6 40.0 1.5

CsAf + MPA → EVR  
0.75 mg bid

48.6 35.1 77.0 24.3 37.8 5.4

CRADUS067 TACr + EVR 1.5 mg bid 12.2 10.2 22.0 8.2 10.0 0.0

TACf + EVR 1.5 mg bid 25.6 9.0 33.0 9.3 9.3 2.3
ASSET68 TACr-vl + EVR 1.5 mg bid 23.4 11.9 58.7 na 17.4 0.0

TACr + EVR 1.5 mg bid 19.8 6.7 51.3 na 21.0 0.9

Notes: Definitions and criteria of these selected events vary between studies. B201, B251, and B156: incidences at three years; the other studies incidences are at one year. 
#Incidences at six months.
Abbreviations: EVR, everolimus; CsAf, full cyclosporine exposure; CsAr, reduced cyclosporine exposure; CsAvl, very low cyclosporine exposure; EVRs, standard 
EVR exposure; EVRh, high EVR exposure; TACf, full tacrolimus exposure; TACr, reduced tacrolimus exposure; TACr-vl, reduced to very low tacrolimus exposure; MPA, mycophenolic  
acid; MMF, mycophenolate mofetil; MPA, mycophenolate acid; AEs, adverse events; SAE, serious adverse events; DGF, delayed graft function; na, not available; bid, twice daily.

with either agent after kidney transplantation.102 Furthermore, 

no differences in wound healing events were observed in 

another prospective study comparing immediate versus 

delayed introduction of everolimus.99

The contrasting clinical observations for the incidence 

of delayed graft function and wound healing complica-

tions across different studies and using different mTOR 

inhibitors (sirolimus or everolimus) may involve sev-

eral donor and recipient risk factors and mTOR blood 

concentrations.

Proteinuria
The development of proteinuria has been observed in kidney 

transplant patients on mTOR inhibitor treatment.103 A higher 

incidence of proteinuria has been seen in kidney transplant 

recipients receiving everolimus. This was observed when 

everolimus was combined with full doses of cyclosporin53 and 

with progressive reduction in cyclosporine exposure.64 In the 

B251 trial, by 36 months, values of 1000 mg/day were observed 

in 11% versus 2% in the everolimus and mycophenolic acid 

groups, respectively.53 In another trial (A2309), the incidence 

of subnephrotic proteinuria (urinary protein:creatinine ratio 

300–3000 mg/g) at month 12  in the everolimus group was 

twice that in the mycophenolic acid group (24% versus 12.7%). 

There is also a dose effect, and patients receiving higher doses 

of everolimus (1.5 mg twice daily) show a higher incidence 

and magnitude of proteinuria.64

mTOR inhibitors may alter the behavior and integrity of 

glomerular podocytes. The use of these drugs immediately 

after kidney transplantation or as a conversion strategy 

decreased the expression of nephrin within the glomerulus, 

a critical component of the glomerular slit-diaphragm, and 

increased proteinuria in some but not all patients. This 

effect was not observed in biopsies from control transplant 

patients not treated with mTOR inhibitors. Whether there 

is a direct correlation between mTOR concentrations, 

decreased expression of nephrin, and proteinuria is not 

known.104
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Metabolic adverse events
Dyslipidemia is common in kidney transplant recipients. 

Cyclosporine, steroids, and mTOR inhibitors are directly 

involved in the incidence and magnitude of this adverse 

reaction.105 In the majority of studies, mean cholesterol and 

triglyceride concentrations were higher among patients 

receiving everolimus compared with those receiving 

mycophenolate mofetil or mycophenolate sodium, despite 

a higher proportion of patients receiving lipid-lowering 

agents. Hypercholesterolemia and hypertriglyceridemia 

peaks at two to three months after transplantation, sta-

bilizing or decreasing thereafter. This finding may be 

related to an increased use of lipid-lowering agents, 

reduction in dose of everolimus and and/or steroids, or 

discontinuation of everolimus treatment.106 Furthermore, 

because of the relatively low number of patients treated 

with everolimus and the short duration of follow-up thus 

far, it is difficult to assess the impact of dyslipidemia on 

cardiovascular disease in kidney transplant recipients 

receiving everolimus.

New-onset diabetes after transplantation (NODAT) is 

associated with inferior patient and graft survival.107 The 

use of mTOR inhibitors may be associated with an increased 

incidence of NODAT. A registry analysis including 20,124 

adult recipients of a first kidney transplant and without 

diabetes demonstrated that sirolimus-treated patients were 

at an increased risk for NODAT. This risk was higher when 

sirolimus was used in combination with cyclosporine or 

tacrolimus compared with mycophenolate mofetil or azathio-

prine.108 In the most recent everolimus study, the incidence 

of NODAT was 9.1% versus 12.2% versus 6.6% in patients 

receiving everolimus 0.75 mg twice daily, 1.5 mg twice daily, 

or mycophenolate sodium, respectively.64

Viral infections
Cytomegalovirus infection/disease has been associated 

with acute rejection, chronic graft dysfunction, increased 

risk of opportunistic infections, and synergistic effects 

with other agents to cause disease (Epstein–Barr virus 

and post-transplant lymphoproliferative disorders, 

Table 4b Safety and tolerability of everolimus regimens

Study ID Study groups CMV (%) NODAT (%) Proteinuria (%) Peripheral  
edema (%)

Diarrhea (%)

B201 CsAf + EVR 0.75 mg bid 5.7 6.7 na 19.6 24.7

CsAf + EVR 1.5 mg bid 8.1 12.6 na 22.2 20.7

CsAf + MMF 1 g bid 19.9 6.6 na 17.3 16.3
B251 CsAf + EVR 0.75 mg bid 5.2 na 39.5 52.3 31.6

CsAf + EVR 1.5 mg bid 4.1 na 39.2 47.4 35.6

CsAf + MMF 1 g bid 6.1 na 14.9 41.8 30.6
B156 CsAf + EVR 1.5 mg bid 11.3 na 9.4 na 32.1

CsAr + EVR 1.5 mg bid 3.4 na 22.4 na 19.0
A2306 CsAr + EVR 0.75 mg bid 0.9# 10.7 na na 16.1#

CsAr + EVR 1.5 mg bid 3.2 10.4 na na 8.0
A2307 CsAr + EVR 0.75 mg bid 2.6# 8.6 na na 12.8#

CsAr + EVR 1.5 mg bid 2.2 8.6 na na 12.9
B2309 CsAr + EVR 0.75 mg bid 2.9 5.1 9.1 44.9 na

CsAr + EVR 1.5 mg bid 2.1 7.9 12.9 43.2 na

CsAf + MPA 720 mg bid 12.5 7.0 7.3 39.6 na
EVLEC CsAr + EVRs

na 2.1 na na 11.2

CsAvl + EVRh
na 4.9 na na 9.9

A2420 CsAr + EVR 1.5 na 12.3 40.0 na

CsAf + MPA → EVR 0.75 mg bid 6.8 na 9.5 56.8 na
CRADUS09 TACr + EVR 1.5 mg bid na 38 0.0 47.0 36.7

TACf + EVR 1.5 mg bid na 24 2.3 20.9 30.2
ASSET TACr-vl + EVR 1.5 mg bid 1.8 17.8 11.0 23.9 15.6

TACr + EVR 1.5 mg bid 2.8 20.5 7.6 23.5 16.0

Notes: #Incidences at six months. Definitions and criteria of these selected events vary between studies. B201, B251, and B156: incidences at three years; the other studies 
incidences are at one year; #P , 0.05 versus EVR 0.75 mg bid.
Abbreviations: CMV, cytomegalovirus; NODAT, new-onset diabetes after transplantation; na, not available; EVR, everolimus; CsAf, full cyclosporine exposure; 
CsAr, reduced cyclosporine exposure; CsAvl, very low cyclosporine exposure; EVRs, standard EVR exposure; EVRh, high EVR exposure; TACf, full tacrolimus 
exposure; TACr, reduced tacrolimus exposure; TACr-vl, reduced to very low tacrolimus exposure; MPA, mycophenolic acid; MMF, mycophenolate mofetil; 
MPA, mycophenolate acid; bid, twice daily.
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viral syndromes and graft loss with human herpes 

viruses 6 and 7). Cytomegalovirus disease also appears 

to be an independent risk factor for patient and graft 

survival.109

In a meta-analysis of 33 trials (27 of sirolimus, five of 

everolimus, and one head-to-head comparison), patients 

receiving mTOR inhibitors replacing mycophenolate mofetil/

mycophenolate sodium/azathioprine had a 51% reduction 

in the risk of developing cytomegalovirus infection.110 In 

another study involving 1398 renal transplant recipients, 

a maintenance regimen containing sirolimus was indepen-

dently associated with a 84% lower risk of cytomegalovirus 

infection.111 In two everolimus studies, the incidence of 

cytomegalovirus infection was lower among patients receiv-

ing everolimus.52,64,112 In the A2309 study, the incidences of 

cytomegalovirus infection (0.7%, 0.0%, and 5.9%), syndrome 

(1.5%, 1.4%, and 4.4%), and disease (0.7%, 0.7%, and 

2.2%) were higher among patients receiving mycophenolate 

sodium.64,112

The prevalence of polyoma virus-associated nephropathy 

in renal transplant recipients varies from 1% to 10%, reflect-

ing differences in intensity of immunosuppressive regimens 

and in diagnostic approaches. The prognosis is poor, with 

progressive deterioration of allograft function and return to 

dialysis in at least 50% of cases in the early years.113 In the 

A2309 trial, patients receiving everolimus showed a lower 

incidence of BK viruria (0.7 versus 0.4 versus 3.3), viremia 

(1.1 versus 0.7 versus 1.8) and nephropathy (0.4 versus 0.0 

versus 0.7) compared with those receiving mycophenolate 

sodium.64,112

Cyclosporine-related adverse events
The A2309 study showed that reduced cyclosporine exposure 

in combination with everolimus resulted in a lower incidence 

of cyclosporine-related adverse events (tremor, gingival 

hyperplasia, gingival hypertrophy, and hirsutism) compared 

with standard cyclosporine exposure in combination with 

mycophenolate sodium.64

Thrombotic events
Inhibitors of mTOR have been associated with thrombotic 

microangiopathic events, whether combined with a cal-

cineurin inhibitor or not.114 In one registry analysis, risk 

factors for de novo thrombotic microangiopathy included 

younger recipient age, older donor age, female gender, and 

initial use of sirolimus.115 Production of vascular endothelial 

growth factor in podocytes is required for survival of glom-

erular endothelial cells. Alteration of vascular endothelial 

growth factor podocyte production is one mechanism by 

which sirolimus may increase the risk of renal thrombotic 

microangiopathy.116

In the B201 trials, hemolytic uremic syndrome was the 

cause of discontinuation of treatment in 4% of patients receiv-

ing everolimus 1.5 mg twice daily.51 In the B251 trial, the 

incidence of hemolytic uremic syndrome was 2.5% in the 

everolimus 0.75 mg twice daily group, 1.5% in the everoli-

mus 1.5 mg twice daily group, and 0.5% in the mycopheno-

late mofetil group. An additional patient receiving everolimus 

1.5 mg twice daily developed thrombotic thrombocytopenic 

purpura.53 In the A2306/A2307 trials, three patients receiv-

ing everolimus 0.75  mg twice daily and one on 1.5  mg 

twice daily developed hemolytic uremic syndrome.62 Two 

additional patients were reported to develop hemolytic ure-

mic syndrome in other studies.65,69 In the A2309 study, three 

serious adverse events (on days 1, 6, and 115) were reported, 

including hemolytic uremic syndrome, thrombotic microan-

giopathy, and thrombotic thrombocytopenic purpura.64 While 

calcineurin inhibitors may cause or aggravate endothelial 

lesions through their pronecrotic, vasoactive, and profibrotic 

activity, mTOR inhibitors may delay repair of the endothelial 

damage by interference with endothelial growth factor.117 

Therefore, the increased incidence of hemolytic uremic 

syndrome could be related to the known biological synergy 

with cyclosporine, thus exacerbating calcineurin inhibitor-

induced endothelial damage.118

Furthermore, there is a concern as to whether graft loss 

due to thrombosis is more frequent among patients receiv-

ing mTOR inhibitors. A pooled analysis of three prospective 

randomized studies (B201, B251, and A2309) revealed that 

the incidence of graft loss due to thrombosis was similar 

(1.66% versus 1.34% versus 1.5%) in patients receiving 

everolimus 0.75 mg twice daily, everolimus 1.5 mg twice 

daily, or mycophenolate mofetil/mycophenolate sodium, 

respectively.119

Hematology
The most frequent hematological adverse event in the 

everolimus trials was anemia.52,53,62 In the A2309 study, 

the incidences were 26.6% versus 33.8% versus 27.5% for 

everolimus 0.75 mg twice daily, everolimus 1.5 mg twice 

daily, or mycophenolate mofetil/mycophenolate sodium, 

respectively. The use of erythropoietin-stimulating agents was 

also similar (27.7% versus 29.9% versus 26.4%). Leucope-

nia (2.9% versus 2.2% versus 12.1%) appeared to be more 

frequent among patients receiving mycophenolate mofetil/

mycophenolate sodium.64
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Malignancies
In randomized controlled trials, the incidence of new malig-

nancies was lower in patients receiving sirolimus compared 

with other immunosuppressive agents.120 Because of lim-

ited short duration follow-up in the everolimus trials, the 

magnitude of this effect has not been clearly analyzed as 

yet (Table 4). In the A2309 study, the incidence of malig-

nancies at 12 months post-transplantation was 3.3%, 2.9%, 

and 5.9% in patients receiving everolimus 0.75 mg twice 

daily, everolimus 1.5  mg twice daily, or mycophenolate 

sodium.64

Other mTOR-associated adverse events
Treatment with mTOR inhibitors has been associated with an 

increased incidence of peripheral edema, stomatitis and oral 

ulcers, and pneumonitis. In the A2309 study, the incidence of 

peripheral edema was higher among patients receiving everoli-

mus compared with mycophenolate sodium (44.9% versus 

43.5% versus 39.6%). Similarly, stomatitis and oral ulcers were 

reported as adverse events in 3.3% versus 5.0% versus 1.8% 

of patients. The overall incidence of lung-related disorders 

was rare in the A2309 study (0.8% versus 2% versus 0.4%).64 

Pneumonitis is an unusual but potentially fatal adverse reac-

tion of this drug class. In a single-center, retrospective study 

including 205 patients switched from a calcineurin inhibitor 

to sirolimus (n = 88) or to everolimus (n = 117), six (2.9%) 

developed pneumonitis, one receiving sirolimus and five on 

everolimus. Pneumonitis was not associated with everolimus 

or sirolimus blood concentrations. All patients recovered 

completely after drug withdrawal.121

Exposure–effect relationships
Exposure–efficacy
Retrospective60,68 and prospective64 studies have demonstrated 

the relationship between everolimus C
min

 and risk of biopsy-

proven acute rejection when everolimus is combined with 

cyclosporine or tacrolimus. Target everolimus concentra-

tions of 3–8 ng/mL were defined, based on these studies, 

as therapeutic concentrations in combination with reduced 

calcineurin inhibitor exposure.122 The mean dose required to 

achieve this concentration was 2.6 mg/day when everolimus 

was combined with cyclosporine64 and 3.0–3.5  mg when 

combined with tacrolimus.67,69 However, there is no target 

concentration defined when everolimus is combined with 

mycophenolate mofetil/mycophenolate sodium. There is 

a perception that concentrations should be at the high end 

or above the target range ($8 ng/mL) when everolimus is 

combined with a calcineurin inhibitor.83

Exposure–safety
In studies combining everolimus with cyclosporine, patients 

randomized to receive the higher-dose level consistently 

presented an inferior safety profile when compared with the 

lower-dose level. However, because these studies used either 

fixed everolimus doses (B201, B251, 2306, 2307, ensuring 

everolimus levels . 3 ng/mL) or only one dose level (B156, 

CRADUS09, ASSET), only study 2309 was able to address 

this issue properly. In this study, patients were randomized 

to receive initial everolimus doses of 0.75 mg twice daily 

adjusted to obtain an everolimus C
min

 of 3–8  ng/mL or 

1.5 mg twice daily adjusted to obtain an everolimus C
min

 of 

6–12 ng/mL.122

Several class-related adverse events, including dyslipi-

demia, new-onset diabetes, wound healing complications, 

and proteinuria appear to be associated with the everolimus 

C
min

. The use of everolimus, regardless of dose or concen-

tration, was associated with an increased risk of oral ulcers 

and peripheral edema. Everolimus concentrations were not 

associated with impaired renal function.122,123

On the other hand, the significant reduction in cyclosporine 

concentrations among patients receiving everolimus was 

associated with significant reductions in cyclosporine-related 

adverse events. Furthermore, even within the lower range 

of cyclosporine exposures obtained in patients receiving 

everolimus, there was an association between cyclosporine 

concentrations and impaired renal function.122

Therapeutic drug monitoring
Everolimus is a drug with a narrow therapeutic index. The 

limited and variable bioavailability, intrinsic interindividual 

pharmacokinetic variability, the number of factors affecting 

the pharmacokinetics, and the number of drug interactions 

limits the use of fixed doses of everolimus. The everolimus 

C
min

 is a good surrogate marker of everolimus exposure 

(AUC), and correlates with pharmacological response and 

clinical outcomes. Therefore, prospective dose adjustments 

to obtain and maintain a therapeutic everolimus C
min

 have 

the potential to improve efficacy and reduce toxicity.60 Solid 

organ transplant recipients are maintained on immunosup-

pressive therapy for long periods. Aggravation of pre-existing 

comorbidities, new clinical events requiring pharmacological 

treatment, and noncompliance will likely influence blood 

drug concentrations and outcomes, underscoring the need 

for therapeutic drug monitoring.124

Several analytic methods are available to quantify 

everolimus concentrations in blood, including fluorescent 

polarization immunoassay and liquid chromatography-tandem 
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mass spectrometry. Analytical methods to determine everoli-

mus blood concentrations often differ in performance.125,126

In 333 predose blood samples from 45 renal transplant 

patients, everolimus concentrations measured using the 

fluorescent polarization immunoassay method had accept-

able analytical performance, but overestimated everolimus 

concentrations (mean bias of 24.4%) compared with high 

performance liquid chromatography-mass spectrometry. 

This overestimation is probably due to calibration differences 

between the methods and cross-reactivity of the fluorescent 

polarization immunoassay antibody with everolimus metabo-

lites.126 In another study including 612 whole blood samples 

from 28 adult renal transplant recipients, everolimus blood 

concentrations determined by fluorescent polarization immu-

noassay showed higher variability, and were 23% higher than 

concentrations quantified by liquid chromatography-mass 

spectrometry.127 The clinical relevance of the different perfor-

mances shown by different assays has not been evaluated.

Risk–benefit analysis and strategy
The recognition of the efficacy and safety profiles of the 

everolimus regimens has passed through two distinct phases. 

First, clinical trials detected that the combination of everoli-

mus and full doses of cyclosporine were associated with 

inferior graft function, and subsequent studies were designed 

to reduce this negative impact on renal function in kidney 

transplant recipients. This was made possible by a substantial 

decrease (60%) in calcineurin inhibitor exposure, ensuring 

that initial everolimus doses were adjusted to obtain and 

maintain concentrations above 3 ng/mL, without compro-

mising efficacy in prevention of acute rejection.122 Similar 

observations were made when everolimus was combined 

with tacrolimus.68

Subsequently, more attention was given to adverse events 

related to drug class and the relationship between these 

events and blood everolimus concentrations. Everolimus 

concentrations up to 8 ng/mL were associated with a lower 

incidence of proteinuria, wound healing events, dyslipidemia, 

and diabetes mellitus.64,122,123

Therefore, everolimus at an initial dose of 0.75  mg 

twice daily, adjusted to maintain a blood concentration of 

3–8  ng/mL, in combination with a 60% reduction in the 

usual doses of cyclosporine, is the strategy that provides the 

best risk–benefit outcome.64 Studies so far have not been 

able to define the magnitude of the reduction in tacrolimus 

exposure, but presumably a 40%–50% reduction will main-

tain the efficacy–safety profile of this drug combination.69 

Hyperlipidemia appears to be more frequent in patients 

receiving cyclosporine, whereas diabetes is more prevalent 

among those receiving tacrolimus (Table 4).

Studies so far have not included a comprehensive pro-

portion of high-risk patients, such as African Americans, 

sensitized patients, and retransplants. African Americans 

are known to have a higher risk for acute rejection and graft 

loss after kidney transplantation. This population usually 

requires higher doses to benefit from mycophenolate mofetil 

or sirolimus therapy.128,129 African Americans have a 20% 

higher clearance of everolimus.39 The proportion of African 

American patients in the everolimus trials was relatively 

small. Furthermore, in two studies using everolimus in 

combination with cyclosporine, African American patients 

were not randomized and received the higher initial dose 

(1.5 mg twice daily).62 In another study, the proportion of 

African Americans who had trough everolimus concentra-

tions less than 3 ng/mL was significantly higher.68 Therefore, 

more studies are necessary to define the efficacy and thera-

peutic concentrations of everolimus in this population.

When choosing to use everolimus in combination with a 

calcineurin inhibitor, one needs to be aware of class-related 

adverse effects that are not related to blood concentration, 

such as mouth ulcers and peripheral edema. Wound healing 

events appear to be related to everolimus concentration, but 

it remains to be determined whether recovery from ischemia-

reperfusion injury is or is not associated with everolimus in 

combination with a calcineurin inhibitor.99 Potential advan-

tages of using everolimus also include a lower incidence of 

viral infections, particularly cytomegalovirus and BK virus, 

a lower incidence of malignancies, and reduction of calcineu-

rin inhibitor-related adverse events.64 Certainly longer-term 

follow-up is necessary to determine whether the combination 

of everolimus with reduced doses of calcineurin inhibitors is 

associated with preservation of renal function.

Conversion from a calcineurin inhibitor to everolimus 

within the first six months after transplantation may point 

out the fear of initial use of everolimus regarding initial 

allograft function and wound healing events. This strategy 

appears to improve renal function at a cost of a higher inci-

dence of biopsy-proven acute rejection after conversion.83 

Whether these mild and easily treatable rejection episodes 

will have any negative impact on graft function in longer-

term follow-up is not known. Also, prospective studies are 

needed to determine the target everolimus concentration in 

conversion studies when everolimus is combined with myco-

phenolate mofetil/mycophenolate sodium. This may reduce 

the risk of rejection after conversion from a calcineurin 

inhibitor to everolimus.
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Finally, there are no head-to-head studies comparing cal-

cineurin inhibitor reduction and calcineurin inhibitor elimina-

tion (conversion to everolimus) strategies. Furthermore, to 

achieve the proposed benefits of these regimens, long-term 

tolerability is crucial. Changes in immunosuppressive regi-

mens, regardless of the chosen drug combination, is frequent 

after transplantation and is mostly related to tolerability and 

safety issues.5

Future perspectives
There are no prospective studies using everolimus without 

calcineurin inhibitors in de novo kidney transplant recipients, 

perhaps because of a higher incidence of acute rejection when 

sirolimus is used in this setting.101 A combination of everoli-

mus with sotrastaurin is under investigation, and may be an 

alternative calcineurin inhibitor-free strategy for patients at 

low to moderate risk.

Conclusion
The bulk of the data indicates that everolimus can be used with 

reduced exposure to calcineurin inhibitors in de novo kidney 

transplant candidates at low to moderate risk. Furthermore, 

of the patient population at low to moderate risk, only a frac-

tion may be converted to everolimus, ie, excluding patients 

with previous severe rejection, those with already damaged 

grafts, and those prone to developing recognized adverse 

reactions, such as dyslipidemia or diabetes associated with 

everolimus treatment. Because of its immunosuppressive 

and antineoplastic effects, everolimus may be attractive for 

the treatment of patients who develop malignancies after 

transplantation, or as a pre-emptive approach in those with 

a previous history of malignancy or premalignant lesions. 

Studies so far do not indicate that everolimus can be used 

in high-risk patients, such as African Americans, sensitized 

patients, and retransplants. Limited information is available 

for these populations. Therapeutic drug monitoring is essen-

tial to improve the efficacy/toxicity profile and to improve 

long-term tolerability.

The potential benefits of everolimus therapy go beyond 

prevention of acute rejection. Everolimus is associated with 

a lower incidence of viral infections, may preserve renal 

function, may be an alternative to manage patients with 

malignancy, and may be associated with tolerogenic pro-

cesses, such as induction and maintenance of T regulatory 

cells following transplantation.130 On the other hand, because 

of the central role of mTOR in a number of critical intercel-

lular processes in many tissues, it is not surprising that the 

nonselective inhibition of mTOR by everolimus would be 

associated with an array of adverse reactions, like any other 

immunosuppressive drug, including risk of delayed graft 

function and onset of proteinúria, dyslipidemia, diabetes, 

myelosuppression, delayed wound healing, infertility, ovar-

ian cysts, and mouth ulcers.131

Everolimus may prolong patient and allograft survival by 

reducing the incidence and severity of certain systemic and 

graft toxicities associated with the chronic use of calcineurin 

inhibitors. Nevertheless, to achieve this goal, further inves-

tigations aimed to understanding, preventing, and manag-

ing everolimus-related adverse reactions are necessary to 

improve its long-term safety and tolerability.
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