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Abstract: The authors review the use of everolimus in long-term studies both in renal and heart
transplantation. The pharmacokinetic and pharmacodynamic differences between everolimus
and its parent drug, sirolimus are discussed. The improved pharmacokinetic, in particular the
improved bioavailability, the reduced half-time and the reduced binding to plasma protein makes
everolimus the first choice among the proliferation signal inhibitors. Everolimus is given in almost
all studies in association with cyclosporine, but fixed doses of this drug can cause nephrotoxic-
ity. The first studies used everolimus and CsA in fixed doses, but later studies with reduced CsA
doses revealed which revealed improved outcomes. Finally, therapeutic drug monitoring became
the better choice for both drugs. Recently very high everolimus exposure allowed the use of
very low CsA exposure with improvement of the worse side effects linked to the CsA standard
dose. The Zeus study revealed a complete and safe CsA withdrawal, thanks to everolimus and
mycophenolic acid. In heart transplantation, everolimus resulted in improved outcomes with respect
to antiproliferative drugs such as mycophenolic acid and azathioprine. Along with antirejection
properties, everolimus provided evidence for antiproliferative effects on several cells. This resulted
in fewer viral infections (mainly CMV), anti-atherosclerotic properties (mainly important in heart
transplantation, and antineoplastic effect. The latter activity resulted in lower cancer incidence
in transplant patients treated by everolimus. An important piece of evidence for this activity is
documented by the use of everolimus in the treatment of some cancers, including renal cancer,
neuroendocrine cancers and hepatocellular cancers, also outside the field of transplantation.
Keywords: everolimus, renal transplantation, heart transplantation, CNI minimization, CNI
withdrawal

Introduction

The evolution of immunosuppressive therapies since the 1980s has led to lower rejection
rates and improved recipient and short-term allograft survival, primarily because of the
use of calcineurin inhibitors, which are still the cornerstone of the maintenance phase
of immunosuppression. The aim of this review is to highlight the role of everolimus,
based on long-term studies, in the modern era of immunosuppression.

In 2006, the Scientific Registry of Transplant Recipients reported that 93% of
recipients leaving hospital with a kidney transplant were receiving a calcineurin
inhibitor.! By the beginning of the 2000s, 1-year allograft survival rates approached
90%, whereas acute rejection rates were below 20%. On the other hand, long-term
calcineurin inhibitor-based immunosuppression is associated with nephrotoxicity
(cyclosporine, tacrolimus) and other adverse effects, including hypertension
(cyclosporine), hyperlipidemia (cyclosporine), and diabetes (tacrolimus).
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As a consequence, long-term improvement in allograft
survival did not improve, as expected.

Studies conducted in the early to mid 1990s suggested that
decreasing early acute rejection rates would lead to improve-
ment in long-term allograft survival. Notwithstanding, between
1988 and 1995, there was a slight increase in transplanted
kidney half-life as calculated from Kaplan—Meier curves.>?
The observed limited improvement in half-lives highlights the
concern that calcineurin inhibitor nephrotoxicity might inter-
fere with a significant improvement in long-term survival.

Few issues in immunosuppression are as controversial
as the use of calcineurin inhibitors. Although the short-term
benefits of calcineurin inhibitors are unquestionable,
their effects on long-term outcomes are debated.?
Minimization, withdrawal, or elimination of calcineurin
inhibitors could minimize the toxicities attributed to these
agents, in particular nephrotoxicity. The availability of
mycophenolic acid and proliferation signal inhibitors could
allow calcineurin inhibitor-sparing regimens designed to
decrease exposure to these agents. Three calcineurin inhibitor-
sparing strategies have been studied, ie, calcineurin inhibitor
withdrawal or elimination, calcineurin inhibitor minimization,
and calcineurin inhibitor avoidance. Attempts to withdraw
cyclosporine with the use of mycophenolic acid did not result
in improved outcomes. Indeed the cyclosporine withdrawal
study group® was stopped for an excess of rejection. Better
results were obtained by the CAESAR (Cyclosporine sparing
with mycophenolate mofetil, daclizumab and corticosteroids
in renal allograft recipients) study,® even if cyclosporine
withdrawal was associated with a higher rejection rate.

Besides mycophenolate mofetil, potential alternatives to the
traditional calcineurin inhibitor-based regimens are calcineurin
inhibitor-sparing regimens with the use of proliferation signal
inhibitors. So far, sirolimus and everolimus are the two available
compounds of this class. In addition to lacking intrinsic
nephrotoxicity and exhibiting sufficient immunosuppressant
activity, some of the nonimmunosuppressant effects of these
compounds may actually turn out to be clinically useful. For
example, their strong antigrowth effect is currently being
studied in patients with renal cell cancer in their native
kidneys.” Furthermore, recent experimental data suggest that
mammalian target of rapamycin (mTOR-I) inhibitors may
cause fewer glucose utilization problems.?

Pharmacokinetics and

pharmacodynamics
Sirolimus, first discovered in soil samples from Easter
Island in 1964, is a macrocyclic lactone antibacterial

isolated by the fungus Streptomyces hygroscopius, and has
been found to have potent immunosuppressive properties.’
Everolimus (RAD, [40-O-[2-hydroxyethyl]-rapamycin]) is a
novel macrolide immunosuppressant that has been developed
for use in combination with cyclosporine for prophylaxis of
acute rejection and prevention of chronic rejection in patients
receiving kidney, heart, lung, and liver transplants.

Everolimus is a new, orally active proliferation signal
(mTOR) inhibitor that blocks late cell cycle events in response
to growth factors in the cellular response to alloantigens.
Everolimus, which has greater polarity and is more
hydrophilic, was developed to improve the pharmacokinetic
and pharmacodynamic properties of sirolimus, especially oral
bioavailability.!” The chemical structures of everolimus and
sirolimus differ by the presence of a 2-hydroxyethyl group
at position 40 (Figure 1).

Despite the similarities in chemical structure, there are
important pharmacokinetic and pharmacodynamic differ-
ences between everolimus and sirolimus. The higher oral
bioavailability (20% vs 14%), and the lower plasma protein
binding (74% vs 92%) allow everolimus to have a shorter
time to steady state (4 days vs 5—7 days). As a consequence,
sirolimus needs an initial oral load that may increase its
negative side effects. The shorter half-life and twice-daily
dosing for everolimus facilitate dose adjustment to achieve
target levels. As a consequence of its increased oral bioavail-
ability, everolimus is twice as potent in vivo as sirolimus on
oral dose comparison, implying improved gut absorption
(Tables 1 and 2)."

Only one of the seven major metabolites of sirolimus
and two of the nine main metabolites of everolimus have
any immunosuppressive potency. However, these are negli-
gible contributors to the biological effect of the drugs. Both
sirolimus and everolimus are substrates for hepatic and
intestinal cytochrome P450 (CYP) 3A4 enzymes, as well
as for P glycoprotein.!" The difference in potency between
sirolimus and everolimus may explain the different target
trough blood levels, which are 3-8 ng/mL for everolimus
and 4-12 ng/mL for sirolimus.

Everolimus is absorbed rapidly, with peak blood
concentrations (C__ ) being reached 1-2 hours after an
oral dose. Steady state is generally achieved by day 4.'2
Absorption kinetics were dose-proportional in renal
transplant recipients after oral doses of 1.5 mg/day or
3 mg/day in combination with cyclosporine microemulsion
and corticosteroids in a 6-month study.” Mean minimum
trough blood everolimus concentrations (C_. ) should be
maintained above the therapeutic threshold of 3 ng/mL.
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Everolimus

Figure | Chemical structures of everolimus and sirolimus.

Moreover, mean C . values were also maintained above the

therapeutic threshold in cardiac transplant recipients receiv-
ing everolimus 1.5 mg/day or 3 mg/day over 6 months."

Dose-proportional kinetics, as shown by the area under the
blood-concentration time curve (AUC), were also reported
after a single dose of everolimus (administered alone),"s and
after multiple doses of up to 5 mg/day.'® Systemic exposure
(AUC and C_ ) was also dose-proportional in cardiac trans-
plant recipients.'* In renal transplant patients, inter- and intrain-
dividual variability for AUC was 31% and 27%, respectively,
suggesting the need for therapeutic drug monitoring.'?

The bioavailability of everolimus is affected by food, as
shown by delays in time to reach peak concentration (t_ ) of
up to a median 1.75 hours and reductions in C__ by up to a
mean of 60%, associated with high-fat meals with respect to
the fasting state, in studies including 24 healthy volunteers and
six renal transplant recipients.!” Although systemic exposure
to everolimus was reduced to a more modest extent (by 16%
in volunteers and 21% in patients), consistent administration
of the drug either with or without food is recommended to
minimize variability in patient exposure.'” Although tissue
distribution in humans has not been determined, the highest
tissue concentrations in monkeys have been measured in

Table | Pharmacokinetic characteristics of Everolimus and

Sirolimus

Everolimus  Sirolimus
Oral bioavailability 20% 14%
Time to reach peak plasma concentration -2 hours 1-2 hours
Elimination half-life 28 hours 62 hours
Dosing interval Twice daily Once daily
Time to steady state 4 days 5-7 days
Plasma protein binding 74% 92%

Sirolimus

the gall bladder, pancreas, transplanted lung, cerebellum,
kidneys, and spleen.'®

Like sirolimus, everolimus blocks growth factor-stimulated
cell proliferation (of both hemopoietic and nonhemopoietic
cells) by forming a complex with the intracellular immuno-
phyllin, FK506 (tacrolimus)-binding protein 12 (FKBP12).
This complex binds to FKB12-rapamycin-associated protein
(FRAP, also known as mTOR) and blocks its activity, which
includes the phosphorylation of p70 S6 kinase and subsequent
protein synthesis.!? This arrests the cell cycle at G1 phase, and
prevents progression to S phase. The affinity of everolimus
for FKBP12 is lower than that of sirolimus.

The mechanism of action of everolimus differs from that
of the calcineurin inhibitors, which bind to the intracellular
protein, cyclophyllin, and thereby inhibit calcium-dependent
T lymphocyte activation by interfering with the ability of the
cell to transcript interleukin-2 (IL-2). It also differs from
that of mycophenolate mofetil, which is a noncompetitive,
selective, and reversible inhibitor of inosine monophosphate
dehydrogenase, an important enzyme in the synthesis of
guanosine nucleotides in T and B lymphocytes. The main
cells targeted by everolimus, as well as by sirolimus, are

Table 2 Pharmacokinetic characteristics

e Everolimus is twice as potent in vivo as sirolimus on a oral dose
comparison, implying improved gut absorption

o Passive permeability through the gut wall; everolimus twice that of
sirolimus

® Passive first-pass extraction of sirolimus greater than everolimus;
increased sirolimus metabolism by gut (cytochrome P450 3A4), and
more efflux back into the gut lumen

e Cytochrome P450 3A4 polymorphism — increased sirolimus doses to
achieve therapeutic CO

Transplant Research and Risk Management 201 |:3

submit your manuscript 79

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Transplant Research and Risk Management downloaded from https://www.dovepress.com/ by 207.241.231.81 on 26-Jul-2018
For personal use only.

Salvadori and Bertoni

Dove

Table 3 Cells targeted by everolimus

Cell type Growth factor IC,, (nM)
T cells IL-2 20+0.8
T cells IL-15 20£ 1.6
B cells IL-6 25+0.7
Smooth muscle cells FCS 1.9+0.8
HaCaT (keratocyte cells) FCS 02+0.1
Synovial cells FCS 0.1 £3.0

Abbreviations: FCS, fetal calf serum; IL, interleukin.

shown in Table 3. Besides targeting cells of the immune
system, proliferation signal inhibitors, including everolimus
and sirolimus, have an important antiproliferative effect on
other cells, including cancer cells, hence their antineoplastic
action. Indeed, these drugs, besides impairing cancer cells
by increasing E cadherin, decrease the cyclin pathway and
the cell cycle, by decreasing IL-10 and the Jak/STAT system.
They also have an important role as antineoplastic agents via
mTOR inhibition and consequent inhibition of cell prolifera-
tion, including endothelial cells and tumor cells (Figure 2).

Use in renal transplantation
Everolimus and cyclosporine displayed synergistic immu-
nosuppressive activity when used in combination in vitro
and in preclinical models, predicting that they could be
used together at lower doses in humans. The immunosup-
pressive ability of everolimus has been clearly documented
in preclinical studies, showing efficacy in an in vitro model
of mixed lymphocyte culture,® efficacy in heart and kidney
allotransplants in mouse and rat models,?*?! and efficacy in
kidney and lung transplantation in monkeys.?? Overall, the
preclinical studies showed:

e The potential of everolimus as an immunosuppressant
in rodent and nonhuman primate models of solid organ
transplantation

e Everolimus was well tolerated after single oral adminis-
tration in acute toxicity studies

e In repeated-dose toxicity studies, effects secondary to
immunosuppression were evident at higher dosages in
all species

e Evaluation of combination studies of everolimus
with other immunosuppressive compounds, such as
cyclosporine, revealed toxicities often notably exacer-
bated compared with those when the compounds were
administered alone.

Given the efficacy and the tolerability documented
by preclinical models, trials in humans were started,
taking in account the interferences between everolimus
and cyclosporine. Trials in renal transplantation included

a Phase II study evaluating everolimus in combination
with either full-dose or reduced-dose cyclosporine and
corticosteroids (Study 156), two Phase III trials com-
paring everolimus vs mycophenolate mofetil when
combined with full-dose cyclosporine and corticosteroids
(Study 201 and Study 251),2¢ and two trials evaluating
concentration-controlled everolimus in combination with
reduced-dose cyclosporine and corticosteroids (Study 2306
and Study 2307).”” More recently, trials in renal transplanta-
tion attempting to minimize or withdrawal cyclosporine have
been successfully performed.?®?

Long-term and short-term efficacy

Study 251 and Study 201 were 3-year, randomized, multi-
center, parallel-group studies that investigated the efficacy and
safety of everolimus 1.5 mg/day or 3 mg/day, vs mycophe-
nolate mofetil 2 g/day, as part of a triple immunosuppressive
regimen (concomitant cyclosporine and prednisone) in de
novo renal transplant recipients. The studies included a 1-year,
double-blind, double-dummy initial phase, followed by an
open-label renal amendment phase during the next 2 years,
and were powered to demonstrate equivalence between
everolimus and mycophenolate mofetil. A total of 583 patients
were enrolled into Study 251 from centers in North and South
America, and 588 patients were enrolled for Study 201 world-
wide (Australia, Europe, and South America).

The primary objective of both studies was to compare
the efficacy of the two oral doses of everolimus (0.75 mg or
1.5 mg twice daily vs mycophenolate mofetil 1 g twice daily),
as measured by the incidence of efficacy failure (ie, biopsy-
proven acute rejection, graft loss, death, or loss to follow-up)
during the first 6 months of treatment, and the incidence of
graft loss, death, or loss to follow-up during the first 12 months
of treatment. The studies also considered efficacy at months
24 and 36. The secondary efficacy variables were incidence
of biopsy-proven acute rejection episodes, graft loss, death,
biopsy-proven acute rejection episodes requiring antibody
treatment, and chronic rejection episodes. Additional end-
points in Study 201 included prevention of chronic allograft
rejection, safety, pharmacokinetics of everolimus, and health-
related quality of life.

The results of both studies after 12 months, as well as
after 36 months, suggested that everolimus and mycophe-
nolate mofetil were comparable in the prevention of acute
rejection in renal transplant patients, and no differences were
observed in efficacy between the everolimus 1.5 mg/day and
3 mg/day groups. Most cases of biopsy-proven acute rejec-
tion were mild or moderate in severity (Banff Grade I or II).
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Figure 2 Antineoplastic pathways for everolimus.

The incidence of antibody-treated acute rejection was simi-
lar in the everolimus 1.5 mg and 3 mg groups (10% and
14%, respectively), but was higher in the mycophenolate
mofetil group (18%), with a significant difference between
the everolimus 1.5 mg and mycophenolate mofetil groups.
Similarly, the incidence of graft loss or death was comparable
between the two groups. Table 4 shows the main efficacy
data at month 36 for Study 251.

Cox regression analysis indicates that patients with trough
levels <3 ng/mL had a significantly increased risk of having
biopsy-proven acute rejections than those with everolimus
trough levels within the 3—8 ng/mL range (relative risk
increased 3.4 fold; P < 0.0001).3° As a consequence, during
the open-label phase (months 12-36), a renal amendment was

Table 4 Efficacy of everolimus and mycophenolate mofetil at 36
months from Study 251

Everolimus Everolimus MMF

1.5 mg/day 3.0 mg/day (n=196)

(n=193) (n=194)
Primary efficacy 65 (33.7%) 66 (34%) 62 (31.1%)
failure
BPAR 49 (25.4%) 50 (25.8%) 52 (26.5%)
Graft loss/death 31 (16.1%) 27 (13.9%) 20 (10.2%)
Graft loss 23 (11.9%) 15 (7.7%) 14 (7.1%)
Death 12 (6.2%) 13 (6.7%) 10 (5.1%)
Lost to follow-up 2 (1.0%) | (0.5%) 1 (0.5%)

Antibody-treated 10% 14% 18%
acute rejection

Abbreviations: BPAR, biopsy-proven acute rejection; MMF, mycophenolate mofetil.

applied so that doses of everolimus were adjusted to provide
trough levels =3 ng/mL, and doses of cyclosporine were
adjusted to provide a trough level of 50—75 ng/mL. The main
drawback of both studies was a higher serum creatinine level
in patients receiving everolimus vs mycophenolate mofetil.
Figure 3 shows 12-month data from Study 201.

In conclusion, everolimus and mycophenolate mofetil
with full-dose cyclosporine showed similar efficacy.
These studies had the power to demonstrate the efficacy of
everolimus (trough levels >3 ng/mL) in association with
cyclosporine in renal transplant recipients. The main weak-
ness of these studies was the higher serum creatinine level in
patients receiving everolimus than that in patients receiving
mycophenolate mofetil, indicating potential nephrotoxicity
with full-dose cyclosporine (Figure 4). These data indicate
that cyclosporine reduction should be done gradually in the
late posttransplant period in order to optimize benefit/risk.

Study B156 was a Phase II, 3-year, multicenter, random-
ized, open-label, parallel-group, dose-finding study of everoli-
mus in de novo transplant recipients.” All patients enrolled
in the study received everolimus 3 mg/day (fixed dose) plus
methylprednisone (standard dosing, started immediately
prior to transplantation) and basiliximab as induction therapy
(20 mg on days 0 and 4). After transplantation, patients were
randomized to either full-dose (trough level 125-250 ng/mL
from 3-36 months) or reduced-dose cyclosporine (trough
blood levels 50-100 ng/mL from 3-36 months). The study
was also subject to the renal protocol amendment, reducing

Transplant Research and Risk Management 201 |:3
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Figure 3 Serum creatinine values after 12 months on treatment (Study B201).

cyclosporine exposure after 12 months in both study groups.
The strength of the B156 study was that it showed in de novo
renal transplant recipients, that the regimen of everolimus
plus reduced-dose cyclosporine is well tolerated, with low
efficacy failure and better renal function in comparison with
everolimus plus full-dose cyclosporine (Figure 5).

In light of the findings from these studies, two prospective,
multicenter, randomized studies were set up to evaluate the
efficacy and safety of two doses of everolimus (1.5 mg/day
vs 3 mg/day) in combination with low-exposure cyclosporine
and corticosteroids in de novo renal transplant recipients.
The A2306 study (n = 237) had no induction therapy, and
in the A2307 study (n =256) basiliximab was administered.
An open-label design was adopted because therapeutic drug
monitoring required the investigators to adjust the dose
of everolimus. In these prospective, randomized studies

B201
B251

Full
Neoral ull dose

Fixed dose
vs MMF

Certican

T Creatinine

Figure 4 I) Optimizing the use of everolimus (Certican®) in renal transplantation.

(A2306 and A2307), the primary endpoint was renal function
at 6 months, and the secondary endpoints included incidence
of efficacy failure (first occurrence of either biopsy-proven
acute rejection, graft loss, death, or loss to follow-up).”
Everolimus dosing was adjusted to maintain a trough
level =3 ng/mL. For the first time in the everolimus studies,
the concept of therapeutic dose monitoring was introduced.
The overall design of the studies is shown in Figure 6.

Median creatinine levels at 6 and 12 months were less
than 135 pumol in both groups and in both studies. These
results for renal function were comparable with those
observed with mycophenolate mofetil arm in the B251
study and were better than the B201 results.’’ Comparing
the renal function evaluated by creatinine clearance in the
different arms of B156 and A2307, we obtained the results
showed in Figure 7.

B201
B251 B156
e Fulldose e Full dosevs
Neoral ¢ Reduced dose
. Fixed dose e Fixed dose
Certican vs MMF

1 Creatinine ‘ Creatinine

‘ Acute rejection
graft loss

Figure 5 Il) Optimizing the use of everolimus (Certican®) in renal transplantation.
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Group 1: everolimus 1.5 mg/day + CyA + steroids

Transplant
surgery
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<24 hours >
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Figure 6 Everolimus and reduced-exposure calcineurin inhibitor (Study 2306/2307).

Note: *Black patients are enrolled to receive everolimus 3.0 mg/day'. Basiliximab (Days 0 and 4) also administered in Study 2307.

The incidences of efficacy failure and biopsy-proven
acute rejection were comparable with those observed
in the B251 and B201 studies. However, biopsy-proven
acute rejection occurred more frequently with everolimus
1.5 mg/day in study A2306 (25%) than in study A2307
(13.7%), suggesting that anti-IL-2 receptor induction
therapy is probably beneficial for reducing the risk of early
biopsy-proven acute rejection when used with a lower
dose of everolimus.?? The strength of these studies was the
documentation that concentration-controlled everolimus
in combination with low-exposure cyclosporine results in
effective protection against rejection with good renal func-
tion (Figure 8). Later on, two further studies compared a
high-dose everolimus therapy, very low-dose cyclosporine,
and steroid combination with an enteric-coated mycophenolic
acid, standard-dose cyclosporine, and steroid combination.

In the large open-label A2309 study,** 833 de novo renal
transplant patients were randomized to receive everolimus

Certican

70
[J1.5mg [ 3mg
65
68
60

55
50

45 -

40

Full Reduced Very low

Neoral B156 B156 A2307

Figure 7 Renal function: 6-month creatinine clearance (Study A2307 vs C /full-dose
and reduced-dose cyclosporine.

1.5 mg/day or 3 mg/day (target trough levels 3—8 ng/mL
and 6-12 ng/mL, respectively) with reduced-exposure
cyclosporine or mycophenolic acid 1440 mg/day plus
standard-exposure cyclosporine. All patients received basi-
liximab and corticosteroids. The primary efficacy endpoint
was efficacy failure, defined as the composite of biopsy-
proven acute rejection, graft loss, death, or loss to follow-up
at 12 months. The main safety endpoint was renal function at
month 12. Efficacy failure rates at month 12 were noninferior
in the everolimus 1.5 mg/day (25.3%) and 3 mg/day (21.9%)
vs mycophenolic acid (24.2%) groups. Mean estimated glom-
erular filtration rate at month 12 was noninferior in the everoli-
mus groups vs the mycophenolic acid group (54.6 mL/min
and 51.3 vs 52.2 mL/min in the everolimus 1.5 mg/day and
3 mg/day and mycophenolic acid groups, respectively). In this
study, the use of everolimus, with progressive reduction in
cyclosporine exposure of up to 60% at 1 year resulted in
similar efficacy and renal function compared with standard-
exposure cyclosporine plus mycophenolic acid.

In a smaller study,* 106 patients were randomized to
receive either high-exposure everolimus (8—12 levels) and

B201 B156 A 2306
B251 A 2307
e Full dose e Fulldosevs e Reduced dose
Neoral
e Reduced dose
i e Fixed dose e« Fixed dose e Controlled dose
Certican | , ys MMF
f Creatinine ‘ Creatinine

Acute rejection
graft loss

Figure 8 Ill) Optimizing the use of everolimus (Certican®) in renal transplantation.
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very low-dose cyclosporine (C2 150-250, 73% reduction)
and corticosteroids or enteric-coated mycophenolic acid
1440 mg/day and standard-dose cyclosporine (C2 500-700)
plus steroids. All patients received induction with basiliximab.
The primary endpoint was estimated glomerular filtration
rate by Cockcroft-Gault at 24 months. The secondary end-
point was evaluated as efficacy failure. The analysis was
conducted per protocol, and all analyzed patients had drug
levels in the specified range for the whole period. Patients
with graft loss or who had switched to other therapies were
not considered.

At 24 months, everolimus patients had a significantly
higher estimated glomerular filtration rate with respect to
enteric-coated mycophenolic acid patients (77.78 = 31.9 vs
54.76 £ 18.76 mL/min; P < 0.001). Biopsy-proven acute
rejections were higher in the everolimus group, but not
significantly so in the enteric-coated mycophenolic acid
group (24% vs 18%, not statistically significant). The study
conclusions were that high-exposure everolimus associ-
ated with very low cyclosporine exposure compared with
enteric-coated mycophenolic acid associated with standard
cyclosporine exposure was safe and effective, with a lower
incidence of biopsy-proven acute rejection and a signifi-
cantly higher estimated glomerular filtration rate at 2 years.
These latter studies seem to have different results, mainly
in terms of renal function. We should observe relevant
differences between the two studies. First of all, the study
dimension is in favor of A2309. Nonetheless, in this study,
the analysis has been made on an intention to treat basis, and
almost 30% patients had discontinuation of their assigned
therapy. More importantly, the statistical analysis was made
using the last-observation-carried-forward approach, imput-
ing missing glomerular filtration rates at 12-month analysis,
with a value of zero.

Fewer studies have been done to explore the associa-
tion of everolimus and tacrolimus. The most important one
is US09, a prospective, 6-month, multicenter, open-label,
exploratory study enrolling de novo renal transplant recipi-
ents who were randomized to receive everolimus, steroids,
and basiliximab with low or standard tacrolimus exposure.*
The results were similar to those obtained with cyclosporine,
and lower tacrolimus exposure was not associated with loss
of efficacy compared with the standard dose. The 6-month
renal function was excellent in both groups.

For a better understanding of the pharmacokinetic
interrelationship between everolimus and tacrolimus, an
investigator-driven, prospective, open-label, randomized
Phase II pharmacokinetic study was undertaken in five

Spanish centers.*® Patients were randomly assigned to receive
either tacrolimus (standard dose) and corticosteroids with
everolimus 1.5 mg/day or tacrolimus (standard dose) and
corticosteroids with everolimus 3 mg/day. Complete 12-hour
pharmacokinetic curves for both drugs were done at days 4,
14, and 42 following transplant. The authors concluded that,
in adult renal transplant recipients, everolimus significantly
decreases the oral bioavailability of tacrolimus in a dose-
dependent manner. Everolimus doses higher than 3 mg/day
and therapeutic dose monitoring are probably needed for
tacrolimus minimization strategies because, in this setting,
3 mg/day is not enough to achieve levels more than 3 ng/mL
during the first weeks.

Very low calcineurin inhibitor
exposure in association

with everolimus

Due to the synergistic effect between cyclosporine and
everolimus documented in the aforementioned studies, a new
approach using a further reduction of cyclosporine exposure
and increased everolimus exposure has been evaluated in a
new trial.

In the EVEREST study,?® after induction with basi-
liximab, patients were enrolled either to receive a very
high everolimus dose (to reach CO between 8§—12 ng/mL)
in association with very low-dose cyclosporine (to reach
C2 150-300 ng/mL) and steroids, or to receive standard-dose
everolimus (CO 3-8 ng/mL) in association with low-dose
cyclosporine (C2 350-500 ng/mL) and steroids. The aim of
EVEREST was to evaluate if higher exposure to everolimus
in combination with very low exposure to cyclosporine
achieves better renal function 6 months after transplantation
in comparison with a standard dose. The strength of this
study was that it confirmed the efficacy and safety of this
new association therapy with a similar rate of acute rejection
and few dropouts. The weakness of the study was the lack of
compliance of the investigators in keeping cyclosporine levels
as low as they should have. As a consequence, the primary
endpoint was missed, and better renal function could not be
detected in the very low-dose cyclosporine arm. The reduc-
tion of cyclosporine exposure throughout the study was as
high as 73%. Such reduction was never reached previously
in studies attempting to minimize cyclosporine exposure
(Figure 9).

The EVEREST study conclusions were that the combina-
tion of everolimus with very low-dose cyclosporine starting
immediately after transplant is effective and well tolerated,
and the noninferiority of upper everolimus/very low-dose
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Figure 9 IV) Optimizing the use of everolimus (Certican®) in renal transplantation.

cyclosporine was proven in terms of biopsy proven acute
rejection and therapy failures. The upper everolimus/very
low-dose cyclosporine group did not have a higher incidence
of adverse events than the standard everolimus group. Overall
patient retention of the everolimus/cyclosporine regimen at
24 months was 71%.

Calcineurin inhibitor withdrawal

The most important and recent study of calcineurin inhibitor
withdrawal with everolimus has been the ZEUS study.”
The ZEUS study was a prospective, multicenter, random-
ized, controlled, parallel-group trial in recipients of de novo
renal transplants. The purpose of the study was to assess
whether treatment with everolimus in combination with
enteric-coated mycophenolic sodium starting 4.5 months
after kidney transplantation resulted in equal efficacy and
safety but better renal function compared with a regimen
consisting of enteric-coated mycophenolic sodium and
cyclosporine. After initial treatment with cyclosporine, based
on trough concentrations, and enteric-coated mycophenolic
sodium 1440 mg/day, corticosteroids, and basiliximab induc-
tion, 300 patients were randomly assigned at 4.5 months to
undergo calcineurin inhibitor elimination and increasing
everolimus trough levels (6—10 ng/mL). The primary efficacy
endpoint was glomerular filtration rate at month 12. Second-
ary endpoints were biopsy-proven acute rejection, graft loss,
death, loss to follow-up, and drug discontinuation. At month
12, glomerular filtration rate was significantly higher in the
everolimus group, and the incidence of biopsy-proven acute
rejection was similar between the groups. In conclusion, this
study demonstrated that these two regimens have similar

efficacy and safety, but the everolimus and enteric-coated
mycophenolic sodium group had significantly improved
renal function. The ZEUS regimen reflects a therapeutic
approach of maintaining stable renal function without
compromising efficacy and safety.

Long-term safety

Study drug discontinuation is a direct measure of safety and
tolerability.”’ In general, drug discontinuation is linked to the
occurrence of adverse events. In early studies, eg, Study 251,
the incidence of suspected drug-related adverse events was
comparable in all three groups (75.6%, 78.4%, and 73.5%,
respectively). Recently, in Study A2309, the incidence of
adverse events leading to drug discontinuation was 36.5%
for everolimus 1.5 mg/day, 47.1% for everolimus 3 mg/day,
and 43.6% for cyclosporine and enteric-coated mycophenolic
sodium.*® In Study 251, the only significant differences in
adverse events at 36 months were for anemia (mycophenolate
mofetil 21.4% vs everolimus 1.5 mg/day, 32.1%, P = 0.02;
and everolimus 3 mg/day, 39.2%, P = 0.0002) and periph-
eral edema (mycophenolate mofetil 41.8% vs everolimus
1.5 mg/day, 52.3%, P = 0.04; and everolimus 3 mg/day,
47.4%, P =0.31). These data were confirmed by Study 201,
but not for anemia.

The antiproliferative effects of everolimus are not lim-
ited to the immune system.*® Indeed, the antiproliferative
effect is due to blockade of the mTOR serine-threonine
kinase pathway which is common to almost all cells in the
body. This antiproliferative effect has beneficial effects, but
is also a disadvantage of the drug (Table 5). Everolimus
exhibits a protective effect against viral diseases, in particular
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Table 5 Beneficial and adverse events linked to the anti-

proliferative effect

Beneficial effects Adverse effects

Antiviral Proteinuria
Wound healing
Antiatherosclerotic Lymphocele

Antineoplastic Delayed graft function

cytomegalovirus. Table 6 shows the different incidences of
cytomegalovirus infection in different studies and in different
arms. As can be seen, everolimus therapy is associated with a
very low incidence of cytomegalovirus in every study and in
every arm using everolimus. This is an intrinsic property of
the molecule, and is not due to a direct antiviral action, but to
a proapoptotic action. Indeed, cytomegalovirus infection and
dissemination in the host requires viability of the epithelial
cells of the host that are primarily infected. Cytomegalovirus
then replicates and spreads to monocytes in the peripheral
blood. Infected monocytes promote cytomegalovirus migra-
tion into host organ tissues.* The activity of everolimus against
cytomegalovirus is noteworthy, because cytomegalovirus dis-
ease is associated with allograft rejection, decreased graft and
patient survival, and predisposition to malignancies.*’

In a randomized, prospective, controlled trial, the inci-
dence of new malignancies was lower in patients receiving
sirolimus compared with those receiving other immunosup-
pressive agents.*' This can be ascribed to the above mentioned
activity of the drug in the mTOR kinase pathway common to
all cells, including cancer cells. A peculiar effect of mMTOR
inhibitors, including everolimus, is blockade of angiogenesis.
This is due to the prevention of vascular remodeling and
interference with hypoxia inducible factors. These factors
cause overexpression of hypoxia inducible factor-1 target
gene products, such as vascular endothelial growth factor.
Vascular endothelial growth factor and other factors are
thought to be the key drivers of tumor angiogenesis, enabling
the growth and progression of cancers. Even if the short
follow-up duration of the everolimus trials does not permit any
conclusions regarding the magnitude of an epidemiologically

Table 6 Cytomegalovirus infection rate in everolimus therapy

significant antineoplastic effect in kidney transplantation, the
efficacy of everolimus in cancers, outside the field of trans-
plantation, has been documented in renal cell carcinoma,* in
neuroendocrine tumors,* and in hepatocellular cancer.* In
such studies, the everolimus doses to be administered were
higher than those used in transplantation. Notwithstanding
this, the side effects are almost similar.*’

Interestingly, proliferation signal inhibitors have been
shown to inhibit smooth muscle cells and proliferation of
endothelial cells, thereby preventing vascular remodeling.
m-TOR inhibitors may also exert cardioprotective effects in
a similar manner. Animal data suggest that m-TOR inhibitors
may restrict the pathogenesis of atherosclerosis, consistent
with preliminary clinical data showing that switching from
calcineurin inhibitors to everolimus can stabilize markers of
arterial stiffness. Use of m-TOR inhibitors has the potential to
reduce the burden of cardiovascular disease following kidney
transplantation, an opportunity that merits further exploration.
The use of mTOR inhibitors has been associated with delayed
recovery from ischemia-reperfusion injury. This effect is more
associated with sirolimus, perhaps because of the initial oral
load necessary to reach steady state.*® This effect seems not
to be associated with everolimus, and has not been seen in
patients at risk of developing delayed graft function.**’

Wound healing problems and lymphocele formation have
also been related to the use of proliferation signal inhibitors.
These effects could be related to the antiproliferative effect of
these drugs on fibroblasts. Early clinical trials (B201, B251)
indicated a higher lymphocele formation rate in patients
receiving everolimus than in those receiving mycophenolate.
Recently, the A2309 study confirmed a higher incidence of
wound healing problems in patients receiving everolimus.
This is an indication to avoid putting obese patients on prolif-
eration signal inhibitors, not to use loading doses of prolifera-
tion signal inhibitors, to adjust proliferation signal inhibitor
levels, and to avoid or minimize the use of steroids.

In the majority of studies, mean cholesterol and
triglyceride concentrations were higher among patients
receiving everolimus compared with those receiving

Study Ev 1.5 mg Ev3 mg MMF Ev3mg+FDN Ev3mg+RDN Ev 1.5+ TDMN Ev3 mg+ TDMN
251 5.2% 4.1% 6.1%

201 5.7% 8.1% 19.9%

BIS6 1.9% 0%

A2306 0.9% 3.2%

A2307 2.6% 2.2%

Abbreviations: DN, full dose Neoral; ev, everolimus; FD N, full dose Neoral; MMF, mycophenolate mofetil; RDN, reduced dose Neoral; TDM N, Therapeutic Dose

Monitoring Neoral.
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mycophenolic acid, despite a higher proportion of patients
receiving lipid-lowering agents. Due to the short duration of
follow-up, it is difficult to assess the impact of these changes
in dyslipidemia on cardiovascular disease.

Proteinuria has been described in patients switched from
calcineurin inhibitors to everolimus, and also in renal trans-
plant patients treated de novo with everolimus. In the B251
study, values of 1 g/day were observed in 11% vs 2% in the
everolimus and mycophenolic acid groups, respectively.
Proteinuria was detected in <5% of patients in the A2306
and A2307 studies. In the A2309 study, the rate of proteinuria
in the everolimus group was twice that in the enteric-coated
mycophenolic acid group. Proteinuria is important because
it is a hallmark of progressive deterioration of renal function.
However, the mechanism of proliferation signal inhibitor-
induced proteinuria continues to be debated.*®

In a study comparing renal function and characteristics of
proteinuria in sirolimus-treated vs cyclosporine-treated patients,
kidney function was similar in both groups, but levels of markers
associated with glomerular damage (ie, albumin and transferrin),
and those associated with tubular damage (alphal-microglobulin
and retinol-binding protein) were higher at day 7 in patients on
sirolimus therapy, with similar findings at day 90.%

A recent proteomics analysis with protocol biopsies®
ascribed proteinuria to the antiproliferative and proapoptotic
effects of everolimus. Proteinuria was mainly of tubular
origin, and associated with increased apoptosis of tubular
cells and podocytes. Proteinuria appeared in the early period
after transplantation and disappeared over the longer term. In
this study, proteinuria was not associated with deterioration
of renal function.

In another study comparing high-dose everolimus and very
low-dose cyclosporine with enteric-coated mycophenolate
sodium and standard-dose cyclosporine,* everolimus patients
had higher proteinuria immediately after transplantation,
but this disappeared with time. One year after transplanta-
tion, the incidence of proteinuria was low and similar in both
groups. Renal function was significantly better in everolimus
patients.

Endothelium, atherosclerosis,

and heart transplantation

As already mentioned, the antiproliferative effects of everoli-
mus are not limited to the immune system.* Proliferation
signal inhibitors have been shown to inhibit proliferation of
smooth muscle cells and endothelial cells, thereby preventing
vascular remodeling. This property may represent an addi-
tional benefit of everolimus, because these proliferative

processes are implicated in the development of cardiac
allograft vasculopathy in cardiac allograft recipients.'-*?

Repetitive cycles of cytokine release, upregulation of
growth factors, and smooth muscle cell proliferation may
cause diffuse vascular luminal narrowing and intimal thick-
ening that can be reversed by everolimus.*® Cardiac allograft
vasculopathy after heart transplantation is an accelerated form
of coronary disease characterized by diffuse and progressive
thickening of the intima along the entire length of affected
intramyocardial arteries. There are various immunologic
and nonimmunologic factors underlying cardiac allograft
vasculopathy that act on the wall of the grafted coronary
vessels, damaging the endothelium, and triggering release
of proliferative substances. These processes cause growth of
the intimal layer by proliferation and migration of smooth
muscle cells, and deposition of a connective tissue matrix.>*
In general terms, it has been established that the prevalence of
cardiac allograft vasculopathy at 5 years after transplantation
is almost 50% and reaches 100% at 10 years.

The antiatherosclerotic activity of everolimus is mostly
important in heart transplantation where cardiac allograft
vasculopathy is the main cause of chronic rejection. This effect
is linked to the antiproliferative effect exerted on vascular
smooth muscle cells and endothelial cells, so preventing
vascular remodeling. Moreover, even if everolimus causes
blood lipid increase, the drug has a protective effect on
atherosclerosis. Such an effect could be linked to an anti-
proliferative p27 Kip-dependent mechanism, involving
abrogation of the upregulation of MCP-1 mRNA expression,
which promotes monocyte chemoattraction, “stabilization”
of vessel wall architecture via increased transforming growth
factor-B, suppression of low-density lipoprotein and very
low-density lipoprotein receptors and CD36 gene expression,
and increased cholesterol efflux from human mesangial cells.
The beneficial effects of everolimus in atherosclerotic disease
were firstly documented in the treatment of vascular lesions
using an everolimus-eluting stent. Newer generation stents
also seem to be highly effective.® Obviously, in this setting,
the effects on the endothelium are greater because of the high
local drug concentrations.

RAD B253% was a prospective, multicenter, double-blind
study in which 634 patients were randomized after heart
transplantation into three arms to receive either everolimus
1.5 mg/day or 3 mg/day or azathioprine, in combination with
cyclosporine and steroids (Figure 10). After 12 months, the
mean increase in coronary media-intima thickness among
azathioprine-treated patients was more than double that
observed in both the everolimus arms, and the incidence of
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To compare the efficacy and safety of each of two oral doses of
RAD (1.5 mg/day and 3.0 mg/day with azathioprine) in de novo

heart transplant recipients

Randomization
first dose of RAD
day 1

Group 1: CsA + 1.5 mg RAD + steroids

Transplant | <72 hrs

Group 2: CsA + 3 mg RAD + steroids

surgery

| Baseline |

Group 3: CsA + 1-3 mg/kg AZA + steroids

Figure 10 Overall study design and objectives.

vasculopathy, evaluated by intravascular ultrasonography, was
also significantly higher in this group, at 52.8% vs 35.7% and
30.4%. The results were confirmed at 24 months.*’

The RAD B253 data at 4 years showed that significantly
fewer patients on everolimus had a major cardiovascular
event related to cardiac allograft vasculopathy compared with
patients treated with azathioprine. In addition, according to an
economic analysis, everolimus is associated with a decrease
of 57.2% in the average cost of treatment for such events.*

In another large multicenter study of everolimus in heart
transplantation (RAD 2411),%® everolimus (trough level
3-8 ng/mL) with reduced cyclosporine was compared with
mycophenolate mofetil 3 g/day plus standard cyclosporine.
Overall, 176 patients were randomized into a 12-month,
multicenter, open-label study. All efficacy endpoints were
noninferior for everolimus vs mycophenolate mofetil. The
12-month incidence of biopsy-proven acute rejection grade
=3A was 21 of 92 (22.8%) with everolimus and 25 of 84
(29.8%) with mycophenolate mofetil. Adverse events were
consistent with class effects, including less frequent cyto-
megalovirus infection with everolimus (four [4.4%]) vs
mycophenolate mofetil (14 [16.9%], P=0.01). In summary,
everolimus was effective in preventing both acute and
chronic rejection in heart transplantation in comparison
with antiproliferative agents, such as azathioprine and
mycophenolate mofetil. The drug discontinuation rate was
similar for low-dose everolimus and azathioprine. As in
kidney transplantation, an antiviral effect was documented

Study phase 2 years

6-, 12-, and 24-month analyses

Scheduled :
|

in both studies. Wound healing events were higher in
everolimus patients. Serum lipid levels were also higher in
everolimus patients.

Conclusion

The efficacy and safety of everolimus in renal transplantation
have been confirmed by several studies. The possibility
of cyclosporine dose reduction became evident since the
early studies when everolimus and cyclosporine were
administered as fixed doses, and several trials documented
the efficacy and safety of everolimus when given with a low
cyclosporine dose. Given the potential nephrotoxicity as a
consequence of interference by everolimus with calcineurin
inhibitors, the best therapeutic regimen using these drugs
involves therapeutic dose monitoring of both agents.
Recently, the association of very high everolimus exposure
with very low cyclosporine exposure has been shown to be
a promising therapeutic regimen in renal transplantation.
Everolimus has an antiproliferative effect not only on the
immune system, but also on other cells. This antiproliferative
effect gives the drug relevant antiviral activity. Almost all
the trials with everolimus documented a significantly lower
incidence of cytomegalovirus infection and disease in the
everolimus arms with respect to mycophenolic acid. The
antiproliferative effect on vascular smooth cells and endothe-
lial cells avoids vascular remodeling after transplantation.
This effect has been the basis of everolimus use in heart
transplantation where the vascular remodeling is the main
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hallmark of chronic rejection. The antiproliferative effect on

fibroblasts is also the basis of the main drawbacks of the drug,

ie,

lymphoceles, delayed wound healing, and proteinuria.

To avoid such problems, careful use of the drug in the early

posttransplant period is recommended.
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