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Abstract

Introduction: Graft survival has remained stable in the long term, without significant increase in recent

years. Among the main causes of renal graft loss after the first year are death with functioning kidney 
graft from cardiovascular, infectious and neoplastic causes, and chronic graft injury for immunological and 
non-immunological causes. This has been attributed to the chronic use of calcineurin inhibitors (CNI), in-
creased cardiovascular risk, the incidence of certain infections and increased incidence of post-transplant 
malignancies. Also, reports show the increased frequency of histological lesions related to nephrotoxicity 
caused by these drugs. The switch from CNI to mTOR inhibitors may decrease some of these effects in the 
long term. We conducted a retrospective study of conversion to mTOR inhibitors in patients with a CNI-ba-
sed scheme.

Materials and methods: A retrospective single-center case study was conducted, including renal transplanta-
tion patients with more than 6 months of transplantation, who were switched to everolimus, after an abrupt 
withdrawal of calcineurin inhibitor with a previous biopsy of the renal graft. Patients with evidence in the 
biopsy of changes of acute rejection, glomerular disease or relapse of acute tubular necrosis were excluded. 
Similarly, patients with proteinuria over 1 g in 24 hours and patients with clinical acute rejection within 3 
months prior to conversion were excluded. A total of 40 patients were included, monitoring of variables 
such as glomerular filtration rate, proteinuria, lipids, use of antihypertensive drugs and adverse effects was 
performed after conversion until Day 720.
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Results: The results, after 720 days of monitoring, show an increased glomerular filtration rate in 65% of the 
patients and a decrease in 30% of them. The proteinuria increased with respect to the pre-conversion values 
in all the patients, however proteinuria >1 g was present in 6 of the 40 patients after the same monitoring 
time. Of the 6 patients with proteinuria, 5 patients had more than 5 years of transplantation and moderate to 
severe interstitial fibrosis in the pre-conversion biopsy, which would be linked to the increase in proteinuria. 
The incidence of post-conversion acute rejection was 5%. The conversion tolerance was adequate, with a low 
frequency of adverse events that could lead to discontinuance of therapy.

Conclusion: Late conversion to everolimus in patients with kidney transplant from a CNI-based scheme 
is safe, improves renal function without a significant increase in the degree of proteinuria, associated with 
pre-conversion biopsies evidencing no significant degrees of interstitial chronicity. The tolerance to the sche-
me is appropriate and the frequency of acute rejection was not significantly increased. 

Key words: Renal transplantation, Everolimus, Calcineurin inhibitors, Chronic graft nephropathy, Nephro-
toxicity (MeSHsource).

Conversión tardía desde un régimen basado en inhibidores de calcineurina a everolimus 
en receptores de trasplante renal. Seguimiento a 24 meses.
Resumen
Introducción: La sobrevida del injerto renal a largo plazo ha permanecido estable, sin un aumento signi-
ficativo en los últimos años. Dentro de las causas principales de pérdida de los injertos renales, en el largo 
plazo, se encuentran la muerte con injerto renal funcional por causas cardiovasculares, infecciosas y neo-
plásicas, y la lesión crónica del injerto por causas inmunológicas y no inmunológicas. Se ha atribuido al uso 
crónico de inhibidores de calcineurina (CNI, por su sigla en inglés), al aumento en el riesgo cardiovascular, 
a la incidencia de algunas infecciones y al aumento en la incidencia de neoplasias postrasplante. Igualmente, 
reportes en la literatura evidencian el aumento en la frecuencia de lesiones histológicas relacionadas con 
nefrotoxicidad por estos medicamentos, en la medida que el tiempo de exposición a los mismos aumenta. Se 
plantea que el cambio a esquemas basados en inhibidores mTOR puede disminuir alguno de estos efectos 
en el largo plazo. Por lo que se realizó un estudio de casos retrospectivo, de conversión tardía a inhibidores 
mTOR, en pacientes con esquema a base de CNI. 
Materiales y métodos: Se realizó un estudio de casos retrospectivo de centro único, incluyendo pacientes 
con más de 6 meses de trasplante renal, quienes fueron convertidos a everolimus despues de suspensión 
abrupta de CNI previa biopsia del injerto renal. Se excluyeron pacientes con evidencia en la biopsia de cam-
bios de rechazo agudo, recaída de enfermedad glomerular o necrosis tubular aguda. Igualmente, se excluye-
ron pacientes con proteinuria >1 g en 24 horas y pacientes con rechazo agudo clínico en los 3 meses previos 
a la conversión. Se incluyeron un total de 40 pacientes, se realizó seguimiento posconversión de variables 
como tasa de filtración glomerular, proteinuria, lípidos, uso de hipotensores y efectos adversos, hasta el día 
720 posconversión. 
Resultados: Los desenlaces, a 720 días de seguimiento, muestran aumento de la tasa de filtración glomeru-
lar en el 65% de los pacientes y en el 30% se presentó disminución. Se presentó aumentó en la proteinuria 
con respecto a los valores preconversión en todos los pacientes, sin embargo, proteinuria >1 g se presentó en 
6 de los 40 pacientes, en el mismo tiempo de seguimiento. De los 6 pacientes con proteinuria 5 tenían más 
de 5 años de trasplante y fibrosis intersticial moderada a severa en la biopsia preconversión, lo que estaría 
relacionado con el aumento de la proteinuria. La incidencia de rechazo agudo posconversión fue del 5%. La 
tolerancia a la conversión fue adecuada, con poca frecuencia de eventos adversos que llevaran a desconti-
nuación de la terapia. 
Conclusión: La conversión tardía a everolimus en pacientes con trasplante renal, desde un esquema a base 
de CNI, es segura, genera mejoría de la función renal sin aumento significativo del grado de proteinuria, aso-
ciado a biopsias preconversión que no evidencien grados importantes de cronicidad intersticial. La tolerancia 
al esquema es adecuada y no se aumentó de forma importante la frecuencia de rechazo agudo. 
Palabras clave: Trasplante renal, Everolimus, Inhibidores de calcineurina, Nefropatía crónica del injerto, 
Nefrotoxicidad (fuente DeCS).
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Introduction

Despite advances in immunosuppressive the-
rapy, graft rejection continues to be one of 
the main causes of its dysfunction and loss. 

While it is true that the percentage of rejections, es-
pecially the acute cellular type, has decreased sig-
nificantly in relation with the different protocols for 
immunosuppression historically being used, chronic 
antibody-mediated rejection and the patient’s death 
with a functioning graft persist as the main causes of 
late renal graft loss, resulting in an annual loss rate 
of 3 to 5%1.

Most late-lost grafts, except those associated with 
the death of the patient, are attributed to a progres-
sive renal dysfunction related to interstitial fibrosis 
and tubular atrophy of immunological or non- im-
munological etiology2.

CNI have been the main strategy of immunosuppres-
sion in kidney transplant recipients from its intro-
duction1. The long-term exposure to CNI, cyclospo-
rine A (CsA) and tacrolimus triggers nephrotoxicity 
which, not only generates the acute deterioration of 
the glomerular filtration rate (GFR), but also contri-
butes to anatomical lesions, such as interstitial fibro-
sis and tubular atrophy2-5.

A kidney-pancreas transplantation study, with pro-
tocol biopsies performed annually, demonstrated 
histological evidence of CsA toxicity in all renal 
grafts in 10 years6. In order to avoid nephrotoxicity 
problems of CNI in the long term, a variety of stra-
tegies have been explored; including the withdrawal 
of CNI at some point during the post-transplantation 
monitoring or just minimizing the exposure. Never-
theless, suspension of CNI, even after 12 months, is 
often associated with acute rejection7-17.

Because mTOR inhibitors are less nephrotoxic, es-
pecially in the absence of CNI, attention has been 
focused on its use as a replacement of CNI or as a 
method of reducing the exposure to those18-21. Ad-
ditionally, cardiovascular disease and neoplasia are 
important, critical aspects during the monitoring of 
transplants; mTOR inhibitors may be one impor-
tant strategy to consider in kidney transplants reci-
pients22,23 since, through its mechanism of action, 
they may delay progressive arteriosclerotic injuries 

and avoid the negative impact of the compliance of 
large vessels, associated with CsA24-27; which are, 
likewise, associated with a reduced incidence of 
neoplasias28,29.

Clinical trials evaluating early conversion (first 6 
months after transplantation) of CNI to sirolimus 
or everolimus, as well as different strategies of late 
substitution, have shown that CNI can be replaced 
by a scheme based on mTOR inhibitors in combina-
tion with mycophenolic acid, maintaining renal graft 
function stable without compromising effectiveness 
and safety30-37.

This article presents clinical data obtained from late 
conversion of 40 kidney transplant recipients to eve-
rolimus, to test graft survival without increasing the 
risk of adverse events when removing CNI.

Methodology
Study design
This study seeks to determine whether renal trans-
plantation patients, who are subjected to sustained 
conversion of immunosuppressive therapy based on 
treatment with everolimus, have graft failure and 
involvement of renal function. The development of 
this retrospective case study was implemented open-
ly in a single institution and with the prior consent of 
the patients who were monitored.

The late conversion scheme was carried out (over 6 
months after the transplant to reduce the risk of early 
acute rejection) by replacing the previous scheme of 
immunosuppression based on CsA in combination 
with azathioprine or mycophenolic acid to a sche-
me based on everolimus in combination with my-
cophenolic acid in kidney transplant recipients. The 
behavior of GFR along the 24-month monitoring is 
compared to the one registered in the time prior to 
conversion, being this the main outcome of interest 
in the study.

Likewise, creatinine, proteinuria levels, WBC, HGB 
and platelets counts; cHDL, cLDL, TC and TG; use 
of hypolipidemic and antihypertensive drugs are 
analyzed during post-conversion monitoring. The 
most important safety outcomes are reported.
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Patients
The study was conducted on 40 men and women, 
over 18 years old, who reported more than 6 mon-
ths after transplant, but with no time limits for the 
permanence of the transplant, with a biopsy of the 
renal graft before conversion, absence of proteinu-
ria in blood >1 g (except in patients with indication 
of conversion because of the presence of neoplasia). 
Patients whose graft biopsies showed evidence of 
acute cellular rejection, glomerular disease or acute 
tubular necrosis, and patients with a history of acute 
cellular rejection in the 3 months prior to conver-
sion, were not converted to everolimus. Pregnant 
women were excluded, and women who were enro-
lled in the study were invited to use effective contra-
ception methods during monitoring. All the patients 
included signed informed consent.

The conversion protocol
The patients involved in the study were consul-
ted, and authorized to be converted to everolimus 
to replace CsA or tacrolimus in combination with 
mycophenolic acid with 1 g/day or 720 mg/day, 
simultaneously. The day before conversion the pa-
tients received the last dose of CNI and when the 
conversion protocol started, the dose of everolimus 
for all patients was 1.5 mg/d. This dose was adjusted 
according to the concentration in blood of everoli-
mus recorded during Days 4, 6, 14, 30, 60 and 90, 
in order to reach whole blood levels of between 3 to 
8 ng/ml. The adjustment was maintained during the 
monitoring, but according to levels of everolimus in 
blood reported for Days 180, 360 and 720.

During pre-conversion stage, as well as on Days 90, 
180, 360 and 720, and during the period immedia-
tely after conversion, reports from the examination 
of renal function, blood count, lipids, hypolipidemic 
and antihypertensive drugs were collected.

Statistical considerations
Given that the GFR is the main result in the study, 
it was calculated using the Cockcroft-Gault equa-
tion.

The sample size was due to the number of patients 
of whom the researcher was in charge, who were 
consulted to participate in conversion and subse-
quent monitoring of their records. Where the effects 
on the GFR were higher than 2 or 3 standard devia-
tions from the mean, monitoring was suspended on 
the grounds that it undermined the ethical basis of 
the case-study. Descriptive analyses were performed 
using frequency and distributions of proportions for 
the categorical variables and measures of central ten-
dency, and dispersion for the continuous variables.

The results for conversion days 0, 90, 180, 360 and 
720, were compared using Student’s t-tests for the 
difference in means. Although of the 40 monitored 
patients, 2 presented graft rejection, the Kaplan-
Meier graft survival analysis was developed on the 
initial sample of 50 patients, in which the time was 
considered until the moment of rejection. All the 
analyses were two-tailed, for a 0.05 level of signi-
ficance.

Results
The initial sample included monitoring 50 patients; 
However, 2 of them died before the first 90 days 
after conversion. The first death registration in the 
study is a 42-year-old white man, with a primary 
deceased-donor transplant, unknown etiology and 
indication of conversion determined by histological 
criteria.

The transplantation is performed on the patient when 
he is 33 years old, and the treatment with mTOR 
starts at age 37. The transplant age was 5 years. Du-
ring the monitoring, no acute rejection episodes, 
suspension of mTOR, or graft loss were evident; 
community-acquired pneumonia (CAP) was recor-
ded as the only clinically important infection during 
monitoring. The dose of everolimus supplied to the 
patient was always 1.5 mg with trough levels of 3.80 
on Day 4 of monitoring and 4.69 on Day 60.

The second record of death in the study corresponds 
to a 43-year-old white woman, with a primary decea-
sed-donor transplant, unknown etiology and indica-
tion of conversion determined by histological crite-
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ria. The transplant is performed on the patient when 
she is 38 years old and the treatment with mTOR 
starts at 43. The transplant age was 5 years. During 
the monitoring, no acute rejection episodes or clini-
cally significant acute infections were present, but 
she presented myeloproliferative disease with initial 
findings of pancytopenia and hepatitis. Suspension 
of treatment with mTOR is decided before Day 90 of 
monitoring. The dose of everolimus supplied to the 
patient was always 1.5 mg with trough levels of 4.23 
on Day 4 and 3.59 on Day 30 of monitoring.

Additionally, the records of 8 patients were discarded 
for presenting one of the indications that were used 
as an exclusion criterion from the sample to be mo-
nitored in the study. As shown in Table 1, the analy-
sis sample is constituted by 40 patients, as follows: 
25 white men, 1 black men and 14 white women, 
with an average age of 44.5 years and 40.4 years, 
respectively, at the beginning of conversion. They 
received, on average, 950.65 days of treatment with 
mTOR with a transplant average age of 6.8 years.

Only 2 of the 40 patients have a secondary transplant 
and 18 of the 40 received living-donor transplants. 

Non-melanoma skin cancer, solid organ cancer, 
and post-transplant lymphoproliferative disorder 
(PTLD) records were taken from Day 180, finding 
that none of the 40 patients had one of these cancers 
or PTLD during the study. In Table 1 the demogra-
phic characteristics of the population in the study are 
presented.

The suspension of mTOR due to acne is reported 
on Day 720 in a 53-year-old patient, who during the 
earlier stages of the monitoring reported, not only 
acne, but also vertigo. From Day 180, the occurrence 
of cardiovascular events (acute coronary event, ce-
rebrovascular event and peripheral vascular event) is 
monitored, finding that none of the 40 patients show 
cardiovascular events during the 720 days following 
conversion.   

Renal function

In Figure 1 a reduction in the levels of creatinine 
is observed and it is maintained until day 720, after 
conversion to mTOR inhibitors.

Table 1. 

Demographic characteristics

           Patients converted to everolimus		                                       Male (n= 26)			   Female (n= 14)

           Age (mean; SD)	 	 46.38; 10.67	 41; 9.01
Ethnicity	 White	 25	 14
	 Black	 1	 0
Transplantation 	 Living-donor	 10	 8
	 Deceased-donor	 16	 6
Transplant time (mean; SD)		 6.88; 2.99	 6.63; 2.60
Receiving CsA		  25	 14
Receiving Tacrolimus		  1	 0
Receiving Azathioprine		  15	 13
Receiving mycophenolic acid 	 10	 0
Receiving Statins		  24	 13
Receiving Fibrates		  1	 1
Biopsy 	 Yes	 21	 6
	 No	 5	 8
CAN	 Grade I	 5	 2
	 Grade II	 10	 3
	 Grade III	 1	 0
	 Not recorded	 10	 9
CNI	 Toxicity	 6	 3
	 No toxicity	 13	 3
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The GFR was constant only in 2 (5%) of the pa-
tients observed in the study, decreased in 12 patients 
(30%) after 720 days from conversion and increased 
in 26 patients (65%), as shown in Figure 2.

During the monitoring, it was possible to observe 
that both the average level of creatinine and the GFR 
have an abrupt change after conversion, decreasing 
and increasing respectively, as can be seen in Figu-
res 1, 2 and 3. The average levels of both variables 
tend to stabilize after day 360. The average level of 
proteinuria does not show a significant change after 
conversion. Only from day 360 a significant increase 
is reported, maintaining this behavior until day 720. 
Regarding the tendency, after conversion the GFR 
and proteinuria increased throughout the monito-
ring. The variability of the average levels of creati-
nine, proteinuria and GFR is low.

As evidenced in Figures 4 and 5, in the case of pro-
teinuria, none of the patients in the study maintained 
the same levels. The level of proteins decreased in 
22 patients; i.e., 55% of the study sample. This level 
increased in the remaining 18 patients (45%).

The hemoglobin count after 720 days from conver-
sion increased in 16 patients; i.e., 40% of the pa-
tients in the study. This count decreased in 18 sub-
jects (45%) and remained unchanged in six of them 
(15%). The white blood cell count remained the same 
only in 2 patients, 5% of the patients in the study, af-
ter 720 days from conversion. The count increased 
in 10 patients (25%) and decreased in 28 patients 
(70%). The platelet count remained unchanged in 2 
patients (5%) after 720 days from conversion. This 
count increased in 26 patients (65%) and decreased 
in 12 of them (30%). Table 3 shows the basal and 
post-conversion hematological parameters.

The average of each of the variables of the comple-
te blood count decreased immediately after conver-
sion. However, the averages of the white blood cells 
and hemoglobin count on day 180 increased again 
(being the increase of white blood cells count slight-
ly lower). Then the average of these two variables 
decreased again, and continued with a stable beha-
vior until day 720. The average of the platelets count 
remained stable after the decline subsequent to con-

Figure 1.
Behavior of Creatinine Level during monitoring
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Figure 2.
Behavior of GFR during monitoring 

Figure 3.
 Diferencia de medias para los niveles de TFG
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Figure 4.
Number of patients per interval of interest of proteinuria

Figure 5.
Difference of means for proteinuria levels
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version and until day 180, and then started showing 
a growing behavior until day 720.

Lipids
The average HDL-C and LDL-C increases immedia-
tely after conversion, but then the HDL cholesterol 
begins to decrease, until day 720 when its average is 
even lower than in the pre-conversion time. In con-
trast, the average of LDL-C continues increasing as 
time passes after conversion (Figures 6 and 7).

TG and TC averages show similar behaviors: they 
decrease immediately after conversion, show an in-
crease on day 180, and then stabilize from day 360 
to day 720.

Use of hypolipidemic drugs
The use of hypolipidemic drugs decreased along the 
monitoring, the most widely used throughout the 
study was lovastatin (from being used in 87.5% of 
patients, it came to be used in 60% of the patients). 
In parallel, the hypolipidemic drug that increased 
in its frequency of use was gemfibrozil (from being 
used in 5% of patients, it came to be used in 35% of 
these) (Figure 8).

Use of antihypertensive drugs
Controlling blood pressure was achieved by redu-
cing the number of antihypertensive drugs after con-
version. ACE and LITA inhibitors were indicated in 
all the patients receiving more than 1 antihyperten-
sive drug. The doses were higher in the second year, 
compared to the first one, to achieve similar thera-
peutic ranges. The average number per patient of 

antihypertensive drugs during the post-conversion 
monitoring are shown in Figure 9.

Analysis of graft survival
As shown in Table 4, only two suspected episodes of 
graft rejection were reported within the 40 monito-
red patients, without histological confirmation, wi-
thout graft loss or compromise of the associated re-
nal function. This is equivalent to 5% of the patients 
with acute rejection after conversion over a period of 
720 days. The graft survival rate at day 135 (from a 
total of 720) is 97.5%; at day 540, it is 97.4%.

Everolimus dose and blood levels
Both the doses levels of everolimus and trough level 
were monitored from day 4 of conversion and then 
on days 14, 30, 60, 90, 180, 360 and 720 after con-
version.

On day 4, all the patients receive 1.5 mg/day of Eve-
rolimus, showing an average blood level of 4.38. 
From day 14, daily doses administered to the pa-
tients start changing, going from 1.5 mg/day to 3.0 
mg/day. These changes continue along the monito-
ring time and therefore, different patients receive 
0.75 mg/day, 1.5 mg/day, 2.0 mg/day, 2.5 mg/day or 
3.0 mg/day (Table 5).

Figure 10 demonstrates the immediate effect of con-
version on the average blood levels, reflected on the 
increase from day 0, recording a decrease from day 
90 and up to day 180, to return to its growing beha-
vior on day 360, but having at the end of the monito-
ring period a dramatic decrease of the average trou-
gh levels. The general trend is that after conversion, 
the average trough levels decrease. In terms of the 

Table 3. 

Blood Count 

	                                   Mean 		              SD 	                           95 % Confidence Interval

 	 Day 0 	 Day 720 	 Day 0 	 Day 720 	 Day 0 	 Day 720

Leukocytes	 8.08	 6.95	 2.65	 1.61	 (7.24 ; 8.93)	 (6.44 ; 7.47)

Hemoglobin 	 14.17	 13.87	 1.73	 2.08	 (13.62 ; 14.73)	 (13.20 ; 14.53)

Platelets	 270.55	 290.67	 57.30	 63.28	 (252.22 ; 288.87)	 (270.44 ; 310.91)
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Figure 6.
Difference of means for LDL-C

Figure 7.
Difference of means for TG

Number of patients per interval of interest of LDL-C

 Pre-conversion	          Day 90                   Day 180	                 Day 360	 Day 720
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Figure  8.
Frequency of use of hypolipidemic drugs

Figure  9.
Use of antihypertensive drugs per number of patients 
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Table 5. 

Everolimus Dose and Blood Level at Day 4, post-conversion

        Starting dose and starting levels of everolimus

	 Minimum levels (ng/ml) (4-5 d)

Starting dose (mg/d))	 < 3.0	 3.0 - 8.0	 > 8.0	 n

1.0 - 2.0 (1.5 mg/d)	 9(24,3%)	 25 (67,6%)	  3(8,10)%	 37

Survival average time 		  Typical deviation  		                 Lower threshold (95%) 	 Upper threshold (95%)

529,875	 14,139	 502,163	 557,587

Table  4. 

Kaplan- Meier’s analysis of survival 

statistical difference, the averages reporting a sig-
nificant difference compared to the average trough 
level at the start of conversion, are the ones on days 
60 and 90.

On the other hand, to make a total count of the ad-
verse events reported by each of the 40 patients du-
ring the four stages of the post-conversion treatment, 
it is possible to observe that 75.6% of the patients 
do not report any clinically important adverse event, 
and that, with a low frequency, the most common 
ones are mouth ulcers, diarrhea, acne and nausea 
(Figure 11).

DISCUSSION
The late CNI withdrawal in a scheme based on eve-
rolimus and mycophenolic acid was associated with 
stability and improvement of the renal function at 
24 months, in most patients, with a cellular rejection 
rate of 5%.

The results of our experience have significant ob-
servations to take into account when deciding late 
CNI withdrawal and mTOR inhibitors introduction. 
Positive results in renal graft function, a reduction of 

nephrotoxicity, without the presence of cardiovascu-
lar events or neoplasia, and adequate tolerance to the 
drug were found. These results are favorable com-
pared to those obtained in the CONVERT30 study, 
where no significant difference was observed in the 
renal graft function in the late CNI withdrawal and 
the introduction of sirolimus, suggesting no benefit 
in renal graft function.

A probable explanation of the outcomes could be 
associated with renal graft function, to proteinuria 
levels prior to conversion and to the exploration of 
histological findings, excluding subclinical acute ce-
llular rejection, glomerular disease relapse and acute 
tubular necrosis of renal graft. Once again, the use 
of mTOR inhibitors requires conditions that must be 
previously evaluated in order to obtain positive re-
sults. We emphasize that this is not a useful strategy 
for all patients receiving CNI, we exclude those with 
severe impairment of renal graft function30, signi-
ficant proteinuria32, glomerular inflammatory disea-
se of the renal graft38, acute tubular necrosis39 and, 
possibly, subclinical acute cellular rejection. We still 
have no evidence about the clinical behavior in kid-
ney transplant recipients with humoral component 
who receive mTOR inhibitors.
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The use of mTOR inhibitors is associated with signi-
ficantly higher acute cellular rejection, in a de novo 
scheme with low and free doses of CNI, compared 
to schemes based on CNI21; however, at higher con-
centrations the rejection rate is similar18, 39-43, fin-
ding tolerance as the main obstacle, and triggering 
high rates of medication withdrawal because of ad-
verse effects.

This study was conducted expecting an exposure 
to everolimus between 3 and 8 ng/ml, considering 
that immunologic events in renal transplant are cha-
racterized by a high immune early response stage 
(first year after transplantation), and a late stage of 
lower intensity; this level of exposure contributed to 
prophylaxis for acute cellular rejection in the vast 
majority of patients, obtaining adequate tolerance in 
almost all of these, unlike previously reported rates, 
where higher exposures with medication withdrawal 
rates close to 25% 30 were used.

It is important to note the increase in the average 
levels of proteinuria by the end of the monitoring, 

compared to pre-conversion values. However, the 
presence of severe proteinuria (>1 g) was reported in 
only 6 out of 40 patients in 24 months. Five or more 
years after transplant, the 6 patients, except for one, 
had interstitial fibrosis and moderate tubular atrophy 
in the pre-conversion biopsy, proteinuria >800 mg 
in 2 of them before the start of everolimus, and no 
electron microscopy, c4d and donor specific antibo-
dies studies were performed to establish a diagnosis 
of chronic glomerulopathy, the latter being one of 
the limiting conditions to be considered at the mo-
ment of conversion in our monitoring. Two of the 6 
patients had a significant reduction in the GFR. In 
3 out of 6 the function was stable, and in 1 out of 6 
renal graft function improved significantly, despite 
the presence of significant proteinuria. The clinical 
impact of mild levels of proteinuria is unknown, and 
deserves an adequate analysis in the long term44. 
Performing a new renal graft biopsy was not possi-
ble in any of the patients with significant proteinuria 
at the end of the monitoring.

Figure  10.
Everolimus dose and blood levels

Everolimus: average dose and average blood levels

Everolimus dose (mg/d)
Blood levels (ng/ml)

Start         Day 4      Day 14    Day 30     Day 60     Day 90    Day 180   Day 360   Day 720
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As for the results of hemoglobin levels, only 1 pa-
tient presented hemoglobin levels <11 g/L at the end 
of the monitoring. Similar results were reported in 
renal transplant recipients with late introduction of 
everolimus, finding that the anemia caused by eve-
rolimus is characterized by microcytosis, low serum 
iron, high ferritin levels, and high PCR levels, con-
sistent with anemia associated with chronic inflam-
matory conditions. This alteration occurred in the 
first 3 months after conversion, disappearing at 6 
months45.

Furthermore, LDL cholesterol levels and, predomi-
nantly, triglycerides, have a progressive increase in 
each of the recorded time points. This demanded a 
change of strategy, related to the drugs used befo-
re conversion, since 37 out of 40 patients received 
statins (only 14 out of 40 patients reached the target 
LDL cholesterol ranges), reducing the use of these 
to 26 patients and increasing the use of oral fibrates 
at the end of the monitoring in 14 of the 40 patients. 
However, despite the increase in the use of oral fibra-
tes, the target triglyceride levels are only reached by 

13 of the 40 patients, and the target LDL cholesterol 
levels are only reached by 4 patients in 24 months.

It is important to add that the use of lovastatin, which 
was the only statin included in the Compulsory Heal-
th Plan in our country during the period of the study, 
is ineffective for reaching adequate LDL levels pro-
posed by Kidney Disease Outcome Quality Initia-
tive (KDOQI) for the treatment of dyslipidemia in 
patients with chronic renal failure46. This is based 
on the recommendations of the National Cholesterol 
Education Program (NCEP) Adult Treatment Panel 
III (ATP III)47, who assumed reasonably that the 
attainment of these targets must reduce the risk of 
adverse cardiovascular outcomes. The use of other 
types of statin, such as fluvastatin in renal transplant 
recipients describes an average reduction in LDL 
cholesterol levels from 159 mg/dl before the start of 
the hypolipidemic drug to 98 mg/dl at the end of the 
monitoring, associated with a lower risk of cardio-
vascular events48. Although, during the 24 months 
of monitoring, the study group showed no adverse 
cardiovascular outcomes, long-term monitoring and 

Figure  11.
Total frequency after conversion of adverse events.
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analysis must be performed to conclude on the direct 
effects on lipids behavior.

The control of blood pressure was achieved by redu-
cing the number of antihypertensive drugs after con-
version, being ACE inhibitors and LITA the drugs 
formulated in all patients receiving one or more an-
tihypertensive drugs.

The starting doses of everolimus (0.75 mg bid) did 
not help to achieve the target levels in 25% of the pa-
tients. Therefore, after the analysis of the results, the 
starting dose has been modified for future patients in 
late conversion (1 mg bid). Similarly, the levels were 
higher in the second year compared to the first year to 
achieve similar therapeutic ranges, but the explana-
tion of this behavior is not clearly identifiable, as the-
re is no data supported by pharmacokinetic studies.

In conclusion, the use of everolimus in combina-
tion with mycophenolic acid in a reduced dose 
allows the withdrawal of CsA in selected renal graft 
recipients, in a late and safe way, allowing impro-
vement or stabilization in graft function without 
increasing the risk of adverse cardiovascular out-
comes or presence of neoplasia, and with a suitable 
tolerance.

Acknowledgements
Diana Gayón Nurse, Nursing Coordinator of the 
Transplant Program at Clínica San Pedro Claver.

Interest conflict
The authors declare no conflict of interest.

Bibliographical references

1. 	 Calne RY, Rolles K, White DJ, Thiru S, Evans DB, McMaster P, et al. Cyclosporine A initially as the only immunosu-
ppressant in 34 recipients of cadaveric organs: 32 kidneys, 2 pancreas, and 2 livers. Lancet. 1979;2:1033.

2. 	 Bennet WM. Insights into chronic cyclosporine nephrotoxicity. Int J Clin Pharmacol Ther. 1996;34:515.

3. 	 Myers BD, Newton L. Cyclosporine induced chronic nephropathy: an obliterative microvascular renal injury. J Am Soc 
Nephrol. 1991;2(Suppl.1):45

4. 	 Pascual M, Swinford RD, Ingelfinger JR, Williams WW, Cosimi AB, Tolkoff-Rubin N. Chronic rejection and chronic 
cyclosporine toxicity in renal allografts. Immunol Today. 1998;19:514.

5. 	 Solez K, Vincenti F, Filo RS. Histopathologic findings from 2 year protocol biopsies from a US multicenter kidney 
transplant trial comparing tacrolimus vs cyclosporine: a report of the FK506 Kidney Transplant Study Group. Trans-
plantation 1998;66:1736.

6. 	 Nankivell BJ, Borrows RJ, Fung CL, O’Conell PJ. Calcineurin inhibitor nephrotoxicity: longitudinal assessment by 
protocol histology. Transplantation 2004;78:557.

7. 	 Morris PJ, Chapman JR, Allen RD, Ting A, Thompson JF, Dunill MS, et al. Cyclosporine conversion versus conventio-
nal immunosuppression: long term follow up and histological evaluation. Lancet 1987;1:586.

8. 	 Morris PJ, French ME, Dunill MS, Hunnisett G, Ting A, Thompson JF, et al. A controlled trial of cyclosporine in renal 
transplantation with conversion to azathioprine and prednisolone after three months. Transplantation 1983;36:273.

9. 	 MacPhee IA, Bradley JA, Briggs JD, Juno BJ, MacPherson SG, McMillan MA, et al. Long term outcome of a pros-
pective randomized trial of conversion from cyclosporine to azathioprine treatment one year after renal transplantation. 
Transplantation 1998;66:1186.

10. 	 Ducloux D, Fournier V, Bresson Vautrin C, Rebibou JM, Billerey C, Saint Hillier Y, et al. Mycophenolate mofetil in renal 
transplant recipients with cyclosporine associated nephrotoxicity: a preliminary report. Transplantation 1998;66:1186.



Rev. Colomb. Nefrol. 2015; 2(2): 78 - 94

Camilo Montero, Guillermo Aldana, Rodolfo Torres 93

11. 	 Schnuelle P, van der Heide JH, Tegzess A, Verburgh CA, PaulLC, van der Woude FJ, et al. Open randomized trial com-
paring early withdrawal of either cyclosporine or mycophenolate mofetil in stable renal transplant recipients initially 
treated with a triple drug regimen. J Am Soc Nephrol 2002;13:536.

12. 	 Weir MR, Blahut S, Drachenburg C, Young C, Papademitriou J, Klassen DK, et al. Late calcineurin inhibitor withdrawal 
as a strategy to prevent graft loss in patients with suboptimal kidney transplant function. Am J Nephrol 2004;24:379.

13. 	 Smak Gregoor PJ, de Sevaux RG, Ligtenberg G, Hoitsma AJ, Hene RJ, Weimar W, et al. Withdrawal of cyclosporine or 
prednisone six months after kidney transplantation in patients on triple drug therapy: a randomized, prospective, multi-
center study. J Am Soc Nephrol 2002;13:1365.

14. 	 Afzali B, Shah S, Chowdhury P, O;sullivan H, Taylor J, Goldsmith D. Low-dose mycophenolate mofetil is an effective 
and safe treatment to permit phased reduction in calcineurin inhibitors in chronic allograft nephropathy. Transplantation 
2005;79:304.

15. 	 Hollander AA, van Saase JL, Kootte AM, van Dorp WT, van Bockel HJ, van Es LA, et al. Beneficial effects of conver-
sion from cyclosporine to azathioprine after kidney transplantation. Lancet 1995;345:610.

16. 	 Heim-Duthoy KL, Chitwood KK, Tortorice KL, Massy ZA, KasiSke BL. Elective cyclosporine withdrawal 1 year after 
renal transplantation. Am J Kidney Dis 1994;24:846.

17. 	 Smak Gregoor PJ, van Gelder T, van Besouw NM, van der Mas BJ, Ijzermans JN, Weimar W. Randomized study on 
the conversion of treatment with cyclosporine to azathioprine or mycophenolate mofetil following by dose reduction. 
Transplantation 2000; 70:143.

18. 	 Larson TS, Dean PG, Stegall MD, Griffin MD, Textor SC, Schwab TR, et al. Complete avoidance of calcineurin inhibi-
tors in renal transplantation: a randomized trial comparing sirolimus and tacrolimus. Am J Transplant 2006;6:514.

19. 	 Grinyo JM, Cruzado JM, Mycophenolate mofetil and sirolimus combination in renal transplantation. Am J Transplant 
2006;6:1991.

20. 	 Flechner SM, Kurian SM, Solez K, Cook DJ, Burke JT, Rollin H, et al. De novo kidney transplantation without use of 
calcineurin inhibitors preserves renal structure and function at two years. Am J Transplant 2004;4:1776.

21. 	 Ekberg H, Tedesco–Silva H, Demirbas A, Vitko S, Nashan B, Gurkan A, et al. Reduced exposure to calcineurin inhibi-
tors in renal transplantation. N England J Med 2007;357:2562.

22. 	 Kasiske BL, Chakkera HA, Roel J. Explained and unexplained ischemic heart disease risk after renal transplantation. J 
Am Soc Nephrol 2000;11:1735.

23. 	 Vajdic CM, McDonald SP, McCredie MR, van Leeuwen MT, Stewart JH, Law M, et al. Cancer incidence before and 
after kidney transplantation. JAMA 2006;296:2823.

24. 	 Sturgill TW, Hall MN. Holding back TOR advances mitosis. Nat Cell Biol 2007;9:1221.

25. 	 Wullschleger S, Loewith R, Hall MN. TOR signaling in growth and metabolism. Cell 2006;124:471.

26. 	 Joannides R, Etienne I, Iacob M, Hurault de Ligny B, Barbier S, Bellien J, et al. Comparative effects of sirolimus and 
cyclosporine on conduit arteries endothelial function in renal transplant recipients. Transplant Int 2010;23(11):1135.

27. 	 Seckinger J, Sommerer C, Hinkel UP, Hoffmann O, Zeier M, Schwenger V. Switch of immunosuppression from cy-
closporine A to Everolimus: impact on pulse wave velocity in stable de novo renal allograft recipients. J Hypertens 
2008;26(11):2213.

28. 	 Mathew T, Kreis H, Friend P. Two years incidence of malignancy in sirolimus treated renal transplant: results from five 
multicenter studies. Clin Transplant 2004;18:446.

29. 	 Kahan BD, Yakupoglu YK, Schoenberg L, Knight RJ, Katz SM, Lai D, et al. Low incidence of malignancy among 
sirolimus/ cyclosporine treated renal transplant recipients. Transplantation 2005;80:749.

30. 	 Schena FP, Pascoe MD, Alberu J, del Carmen Rial M, Oberbauer R, Brennan DC, et al. Conversion from calcineurin 
inhibitors to sirolimus maintenance therapy in renal allograft recipients: 24-months efficacy and afety results from the 
CONVERT trial. Transplantation 2009;87(2):233.



Rev. Colomb. Nefrol. 2015; 2(2): 78 - 94

24-month monitoring to a late conversion from a Calcineurin inhibitor regime to everolimus in kidney transplant 
recipients94

31. 	 Mulay AV, Cockfield S, Stryker R, Fergusson D, Knoll GA. Conversion from calcineurin inhibitors to sirolimus for 
chronic renal allograft dysfunction: a systematic review of the evidence. Transplantation 2006;82(9):1153.

32. 	 Diekmann F, Budde K, Oppenheimer F, Fritsche L, Neumayer HH, Campistol JM. Predictors of success in conversion 
from calcineurin inhibitor to sirolimus in chronic allograft dysfunction. Am J Transplant 2004;4:1869.

33. 	 Stallone G, Infante B, Schena A, Battaglia M, Ditonno P, Loverre A, et al. Rapamycin for treatment of chronic allograft 
nephropathy in renal transplant patients. J Am Soc Nephrol 2005;16:3755.

34. 	 Bumbea V, Kamar N, Ribes D, Esposito L, Modesto A, Guitard J, et al. Long-term results in renal transplant patients with 
allograft dysfunction after switching from calcineurin inhibitors to sirolimus. Nephrol Dial Transplant 2005;20:2517.

35. 	 Sennesael JJ, Bosmans JL, Bogers JP, Verbeelen D, Verpooten GA. Conversion from cyclosporine to sirolimus in stable 
renal transplant recipients. Transplantation 2005;80(11):1578.

36. 	 Budde K, Becker T, Arns W, Sommerer C, Reinke P, Eisenberger U, et al. Everolimus based calcineurin inhibitor free re-
gimen in recipients of de novo kidney transplants: an open label randomized controlled trial. Lancet 2011;377(9768):837.

37. 	 Sánchez Fructuoso A, Ruiz JC, Hernández J, Sánchez Plumed J, Fernández A, Pastor Rodríguez A, et al. Early Eve-
rolimus Introduction and Calcineurin Inhibitor Withdrawal in Renal Transplant Patients: A Multicenter, Randomized, 
Open-Label Study (The ERIC Study). Abstract [1647] American Transplant Congress 2010.

38. 	 Daniel C, Ziswiler R, Frey B, Pfister M, Marti HP. Proinflammatory effects in experimental mesangial proliferative 
glomerulonephritis of the immunosupressive agent SDZ RAD, a rapamycin derivate. Exp Nephrol 2000;8(1):52.

39. 	 Buchler M, Caillard S, Barbier S, Thervet E, Toupance O, Mazouz H, et al. Sirolimus vs cyclosporine in kidney reci-
pients receiving thymoglobulin, micophenolate mofetil and 6 month course of steroids. Am J Transplant 2007;7:2522.

40. 	 Lo A, Egidi MF, Gaber LW, Amiri HS, Vera S, Nezakatgoo N, et al. Comparison of sirolimus based calcineurin inhibitor 
sparing and calcineurin inhibitor free regimens in cadaveric renal transplantation. Transplantation 2004;77(8):1228.

41. 	 Flechner SM, Goldfarb D, Modlin C, Feng J, Krishnamurthi V, Mastroianni B, et al. Kidney transplantation wi-
thout calcineurin inhibitor drugs: a prospective, randomized trial of sirolimus versus cyclosporine. Transplantation 
2002;74(8):1070.

42. 	 Hamdy AF, EL Agroudy AE, Bakr MA, Mostafa A, El Baz M, EI Shahawy el M, et al. Comparison of sirolimus with 
low dose tacrolimus versus sirolimus based calcineurin inhibitor free regimen in live donor renal transplant recipients. 
Am J Transplant 2005;5:2531.

43. 	 Glotz D, Charpentier B, Abramovicz D, Lang P, Rostaing L, Rifle G, et al. Thymoglobulin induction and sirolimus 
versus tacrolimus in kidney transplant recipients receiving mycophenolate mofetil and steroids. Transplantation 
2010;89(12):1511.

44. 	 Letavernier E, Legendre C. mTOR inhibitors induced proteinuria: mechanisms, significance, and managment. Trans-
plant Rev (Orlando) 2008;22:125.

45. 	 Sánchez Fructuoso A, Calvo N, Moreno MA, Giorgi M, Barrientos A. Study of Anemia After Late Introduction of Evero-
limus in the Immunosuppressive Treatment of Renal Transplant Patients. Transplantation proceedings 2007;39(7):2242.

46. 	 K/DOQI clinical practice guidelines for management of dyslipidemias in patients with kidney disease. Am J Kidney Dis 
2003;41(4 Suppl 3):I–IV, 1.

47. 	 Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark LT, Hunninghake DB, et al. Coordinating Committee of the 
National Cholesterol Education Program. Implications of recent clinical trials for the National Cholesterol Education 
Program Adult Treatment Panel III guidelines. J Am Co Cardiology 2004;44(3):720.

48. 	 Holdaas H, Fellström B, Jardine AG, Holme I, Nyberg G, Fauchald P, et al. Effect of fluvastatin on cardiac outcomes in 
renal transplant recipients: a multicentre, randomized, placebo-controlled trial. Lancet 2003;361:2024.


