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Abstract
Introduction: mTOR inhibitors Sirolimus and Everolimus are an alternative for inmunosuppression in renal transplant recipients. The aim 
of the study was to describe the experience of patients with switch to mTOR inhibitors, followed up for more than five years. 
Materials and methods: Patients with renal transplantation from 1995 to 2013, who had indication of calcineurin inhibitor (CNI) withdrawl 
after the third month post-transplant were included. All patients underwent renal biopsy prior to conversion. No patient had a diagnosis of 
chronic nephtopathy, IFTA>40 % or proteinuria >350mg/24h. A descriptive analysis for all variables was devoloped. Kaplan-Meier method 
was used for the patient`s and graft survival and graft rejection incidence. 
Results: From 1273 renal transplants, the switch from CNI to mTOR inhibitors was performed in 166 (13 %), 78 % (n=129) were switched 
to Sirolimus. 12,6 % of the patients lost graft function and 4,2 % (n=7) died. 37% had mTOR inhibitors withdrawal, and the major cause was 
pathologic proteinuria. The incidence of graft rejection after switching to mTOR inhibitors was 9,6 %. The one and five year graf survival 
was 96,6 % and 83,5 %. The patient survival at one and five years was 98 % and 97 %.
Conclusions: The use of mTOR inhibitors drugs appears to be safe in the managgement of specific renal transplant recipients, with a low 
rejection rate and good survival.
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Resumen
Introducción: los ImTOR, sirolimus y everolimus son una alternativa de inmunosupresión en personas que han recibido transplantes rena-
les. En este artículo, se describe la experiencia de pacientes que han experimentado una conversión a ImTOR, y a los que se les ha hecho un 
seguimiento por más de cinco años.
Materiales y métodos: se incluyeron pacientes con transplantes renales desde 1995 hasta 2013, quienes tuvieron indicación de suspensión 
del inhibidor de calcineurina (ICN) después del tercer mes posterior al trasplante. Todos los pacientes fueron sometidos a biopsia renal antes 
de la administración de ImTOR. Ningún paciente tuvo diagnóstico de nefropatía crónica, IFTA >40 % o proteinuria >350 mg/24h. Se elaboró 
un análisis descriptivo para todas las variables. Para estudiar la supervivencia del paciente y del injerto, y la incidencia de rechazo agudo, 
se usó el método de Kaplan-Meier.
Resultados: de 1273 trasplantes renales, la conversión de ICN a ImTOR se realizó en 166 casos (13 %). Al 78 % (n=129) se le administró 
sirolimus. El 13 % de los pacientes perdió la función del injerto y 7 pacientes (4,2 %) fallecieron. En el 37 % de los casos, se retiró el ImTOR. 
La principal causa de retiro fue el hallazgo de proteinuria patológica. La incidencia de rechazo agudo después del cambio a ImTOR fue de 
9,6 %. La supervivencia del injerto tras uno y cinco años fue de 96,6 % y 83,5 %, respectivamente; y la supervivencia del paciente a uno y 
cinco años fue de 98 % y 97 %, respectivamente.
Conclusiones: el uso de inhibidores ImTOR parece ser seguro en este grupo de pacientes trasplantados, pues hubo una baja tasa de rechazo 
y buena supervivencia del injerto. 

Palabras clave: trasplante de riñón, inmunosupresión, sirolimus, everolimus, insuficiencia renal crónica.
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Introduction

In Colombia, there have been programs of 
kidney transplant for 40 years as a definitive 
alternative in the treatment of the terminal 

chronic kidney disease (TCKD). In 2015, 979,409 
individuals with TCKD were identified in Colombia, 
34,469 of them were under renal replacement 
therapy (RRT).1 According to the latest report from 
the National Information System on Donation and 
Transplants of the National Institute of Health,2in 
2015, 1,906 persons were on the waiting list for a 
kidney transplant. The average wait time was 400 
days and 61 patients died on the waiting list. 844 
kidney transplants were carried out.2 According 
to our knowledge, in Colombia there are no data 
on the overall survival in transplanted patients.
However, one study showed a long-term survival 
of 90.7% for the patients and 90.4% for the grafts.3

Kidney transplantation is the definitive treatment 
of choice for patients with TCKD, with an ostensible 
lower mortality with respect to patients on RRT 
with dialysis.4 In order to successfully achieve graft 
survival, pharmacological immunosuppression 
regimens that allow to achieve acceptance of 
the transplanted organ must be followed.5 The 
introduction of calcineurin inhibitors (CNIs), 
one of the main drugs used for post-transplant 
immunosuppression, significantly improved the 
survival of transplanted patients, reaching a survival 
of more than 90%.

However, it has been evidenced in the long 
term a direct relationship between the time of 
exposure/dose of the drug and the development of 
adverse events.The cause of deterioration of graft 
function is multifactorial. In contrast to what was 
previously thought, the majority of cases of renal 
graft loss have an identifiable alloimmune cause,6 
and are also related to the deleterious effects of 
the CNIs on patient and graft survival. The CNIs 
generate multiple adverse effects, among which 
are nephrotoxicity, hypertension, hyperlipidemia, 

de novo diabetes mellitus, neoplasm and viral 
infection.7,8,9

With the advent of new immunosuppressive 
therapies, it has been possible to design therapeutic 
strategies aimed to minimize the negative impact of 
calcineurin inhibitors on chronic graft dysfunction, 
and to reduce renal, cardiovascular and infectious 
comorbidities.10,11 The rapamycin inhibitor drugs 
or mTOR (Mammalian Target of Rapamycin) 
inhibitors are immunosuppressive agents with 
antiproliferative and antimigratory capacities.This 
confers them a potential role to protect against 
kidney graft dysfunction, reduce acute rejection, 
optimize the cardiovascular profile and reduce the 
appearance of de novo tumors.11,12 All this can, 
theoretically, preserve the renal function and the 
life in the long-term in a selected group of patients.
However, the side effects could counteract these 
benefits in a longer term.13,14,15 Thus, the study aims 
to evaluate the experience of our institution with 
the switch of an anticalcineurinic agent to anmTOR 
inhibitor in 5 years of follow-up, in order to evaluate 
the graft survival, adverse effects and complications 
with the use of these drugs.
Materials and methods

It was conducted an observational retrospective 
study which included patients with TCKDwho 
were transplanted in the Valle de Lili Foundation 
from October 1995 until December 2013. Since 
the introduction of mTOR inhibitors in the country, 
these patients received an indication for suspension 
of CNI after the third month post-transplant.

All patients underwent renal biopsy prior to 
the switch. No patient was diagnosed with chronic 
nephropathy,IFTA >40 % or proteinuria >350 
mg/24h. Patients coming from other cities were 
excluded, because for them, the post-transplant 
follow-up was shorter than 30 days. The use of 
mTOR inhibitors was indicated in patients with a 
history of cancer, de novo neoplasia, nephrotoxicity 
documented by biopsy and neurotoxicity. 
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The data of the recipients were obtained from 
the institutional registry of renal transplantation 
(TRENAL), created since 2009. The collection of 
data specific for the study was carried out in an 
alternate database, through the review of clinical 
records and paraclinical reports. 

The CNI toxicity, both renal and neurological, 
was established by biopsy and brain magnetic 
resonance imaging, respectively. For the analysis of 
the adverse effects and complications, were taken the 
definitions of the KDIGO 2009 guidelines,16 which 
defined proteinuria as a urinary excretion or total 
proteins greater than 300 mg/day; dyslipidemia as 
a register of triglycerides ≥500 mg/dL and/or LDL 
≥100 mg/dL; anemia as a hemoglobin level <13.5 
g/dL in men and<12 g/dL in women. In addition, 
a diagnosis of diabetes was made according to the 
ADA guidelines. 17 The Banff 2007 criteria and 
classification18 were used to define the acute graft 
rejection. 

A descriptive statistical analysis was conducted 
for all variables and for selected subgroups using 
STATA 12.0. The Shapiro-Wilk test was used to 
determine the normality of the data.Those data with 
a normal distribution were summarized as mean ± 
standard deviation, otherwise they were summarized 

by medians and interquartile ranges. The qualitative 
variables were presented in proportions and 
analyzed using the chi-square test. The Kaplan-
Meier method was used for the analysis of survival 
of the patient and the graft and for the study of the 
incidence of acute rejection, and the log-rank test 
was used to compare the different groups. 

Results

Of 1273 kidney transplants, the switch from 
CNI to mTOR inhibitors was done in 166 (13%), 
of which 25 (15.1%) were under treatment for less 
than 6 months. The median age was 48 years (IQR 
= 35-57), 59% consisted of men and 81% of the 
transplants were from a deceased donor. 

85 % (n=141) were under treatment with 
cyclosporine; and 15 % (n=25), with tacrolimus. 
78% (n = 129) were switched to sirolimus and 22% 
(n = 37) to everolimus. The median post-transplant 
follow-up was 84 months (IQR =43-126); and the 
median duration of treatment with mTOR inhibitor 
of 37 months (IQR =10-71). Acute rejection 
occurred in 9.6 % (n=16), none of which was 
humoral; graft loss in 12.6 % (n=21); and death in 
4.2 % (n=7). The causes of death were malignancy 
(n=4) and sepsis (n=3) (Table 1).

Age (years)* 48 (35-57)
Type of donor n (%)
Living 31 (19 %)
Deceased 135 (81 %)
Gender n (%)
Female 68 (41 %)
Male 98 (59 %)
CNI n (%)
Cyclosporine 141 (85 %)
Tacrolimus 25 (15 %)
mTOR inhibitor n (%)
Sirolimus 129 (78 %)
Everolimus 37 (22 %)
Time of post-transplant follow-up (months)* 84 (43-126)
Time of treatment with mTOR inhibitor (months)* 37 (10-71)
Acute rejection, n (%) 16 (9,6 %)
Graft loss, n (%) 21 (12,6 %)
Death, n (%) 7 (4,2 %)

Table 1.
Demographic and clinical characteristics of kidney transplant patients switched to mTOR inhibitors 

*Median (IQR) 
IQR: interquartile range; CNI: calcineurin inhibitors; mTOR inhibitors: rapamycin inhibitors.
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In 56.6 % (n=94) of the patients, the cause of 
switch to mTOR inhibitor was the CNI toxicity. This 
cause was followed by malignancy, in 27.1% (n = 
45), and by infection with polyomavirus 4.8% (n = 
8). 53% (n = 24) of the patients with malignancy 
had skin cancer; 17.8% (n = 8), post-transplant 
lymphoproliferative disorder (PTLD); and 28.9% 
(n = 13), other tumors.Of these patients, 6 (13%) 
had a relapse of malignancy.

In 62 patients (37 %), the mTOR inhibitor was 
withdrawn, and the main causes for this were: de 
novo pathological proteinuria (48.8 %, n=30), 
late acute rejection (19.4 %, n=12) and adverse 
events associated withmTOR inhibitors (11.3 

%, n=7), such as diarrhea and stomatitis, among 
others.In two patients, the cause of withdrawal 
of the mTOR inhibitor was the development of 
infections: one patient presented urinary infections 
with multiresistant Klebsiella pneumoniae and one 
patient had pulmonary tuberculosis (Table 2). 

The complications that arose after the switch 
to mTOR inhibitors were dyslipidemia in 56.6 
% of cases (n=94), anemiain 20.4 % (n=34),de 
novo post-transplant diabetes mellitus in 5.4 % 
(n=7),acute myocardial infarction in 5.4 % (n=7), 
diagnosis of hepatitis B and C in 1.2 % (n=2),and 
stroke occurred in 1 patient (0.6 %). (Table 2). 

Causes of switch to mTOR inhibitor n (%)
CNI toxicity 94 (56,6 %)
Malignancy 45 (27,1 %)
Polyomavirus 8 (4,8 %)
Chronic graft dysfunction 5 (3 %)
Gastrointestinal adverse effects 4 (2,4 %)
Other 10 (6 %)
Post-switch complications n (%)
Dyslipidemia 94 (56,6 %) 
Anemia 34 (20,4 %) 
Diabetes mellitus 7 (5,4 %) 
Acute myocardial infarction 5 (3 %) 
Hepatitis B and C 2 (1,2 %) 
Stroke 1 (0,6 %) 
Causes of withdrawal of the mTOR inhibitor,  n(%) n=62, (%)
Pathological proteinuria 30 (48,4 %)
Late acute rejection 12 (19,4 %)
Adverse effects of mTOR inhibitor 7 (11,3 %)
Dyslipidemia 5 (8,1 %)
Infection 2 (3,2 %)
Myopathy 1 (1,6 %)
Anemia 1 (1,6 %)
Other 4 (6,5 %)

Table 2.
Characteristics of the use of mTOR inhibitors

mTOR inhibitors: rapamycin inhibitors; CNI: calcineurin inhibitors.

Among the 141 patients under treatment with 
mTOR inhibitor for more than 6 months, it was 
observed that the median serum creatinine (Scr) at 
6, 12, 24, 36, 48 and 60 months after the switch 
was: 1.49 mg/dL (IQR=1.1-2), 1.42 mg/dL (IQR 
=1- 1.9), 1.38 mg/dL (IQR =0.98-1.76), 1.3 mg/dL 

(IQR =0.91-1.69), 1.35 mg/dL (IQR =0.89-1.7) and 
1.25 mg/dL (IQR =0.88-1.7), respectively. 

The overall graft survival after the switch to 
mTOR inhibitor was analyzed. It was found that, at 
one year it was 96.6 %; and at five years, 83.5 %. 
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When comparing the causes for which the switch 
to mTOR inhibitor was made, the overall survival 
of the graft at the first and fifth year was 96.8% for 
the patients whose cause of switch was malignancy; 
98.7% -80% for those who were modified due to 
a CNI toxicity; and 92% -77% for other causes 
(Figure 1). The overall survival of the patient after 

the switch to anmTOR inhibitor was also analyzed.
In the first year, it was 98%; and at five years, 97%.
In the patients whose cause of switch to the mTOR 
inhibitor was malignancy, it was found a survival of 
96.8 %; for those who had CNI toxicity, it was 98.7 
%; and for other causes, 97.3 % (Figure 2).

Figure 1. Renal graft survival (upper: patients switched to mTOR inhibitors; lower: 
according to the indications for switching to mTOR inhibitors)
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Figure 2. Patient survival (upper: patients switched to mTOR inhibitors; lower: 
according to the indications for switching to mTOR inhibitors)

Discussion 

Until 2013, more than 1,500 patients were in 
post-transplant follow-up, most of them treated 
in the postoperative period with CNI as the first 
management option.14 In our cohort, 12.6% of 
patients required a change to mTOR inhibitor. The 
main cause of switching was CNI toxicity (mainly 
renal and neurological), demonstrated by renal 

biopsy and brain magnetic resonance imaging.The 
next cause was the diagnosis of malignancy, mostly 
skin cancer. These causes have been reported in 
other studies.15 In the majority of patients, a switch 
to sirolimus was carried out. 

It is known that the early use of mTOR inhibitors 
is associated with an increase in graft rejection, 
infections at the surgical site and alteration of the 
healing process.19,20 For this reason, in our study the 
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switch to mTOR inhibitors was made in patients 
with more than 3 months post-transplant. 

37% of the patients in our study required the 
withdrawal of the mTOR inhibitor. The main cause 
for this was pathological proteinuria and late acute 
rejection, despite the fact that our population had 
a good renal function prior to the switch, with 
glomerular filtration rates higher than 40mL/min/
M2 and with proteinuria below 500mg /24h. It has 
been demonstrated that mTOR inhibitors have high 
rates of adverse events and that these are the main 
cause of withdrawal of the drug.21

Of the 45 patients with malignancy, 13 % had 
a relapse after the switch to mTOR inhibitor. 
Skin cancer was the main neoplasm in our study. 
Hematological and solid organ neoplasms were also 
evidenced, to a lesser extent.22

It has been described that sirolimus is related 
to the development of dyslipidemia.In fact, we 
found that it was the main post-switch complication 
in our patients.In our study, the onset of anemia 
with requirement of erythropoietin treatment was 
frequent after the switch to mTOR inhibitors.23 De 
novo diabetes occurred in 5.4 % of our population. 

The survival of the graft and the patient found is 
good and is not different from that reported in other 
studies.23,24 Acute graft rejection occurred in 9.6% 
of the patients.One study demonstrated that the 
incidence of acute rejection with the use of mTOR 
inhibitors varies between 10% and 20%.25

In numerous studies that show the benefit of 
the switch to mTOR inhibitors, the quality of the 
tests to justify the replacement of the CNI by the 
mTOR inhibitor is inconclusive.13,14 The switch to 
a mTOR inhibitor has very precise indications and 
must be carried out under specific conditions, with 
the intention of reducing the risks inherent to its use 
that may affect the survival of the patient and the 
graft.

In the population of kidney transplanted patients 
who were switched to mTOR inhibitors, we found 
a low incidence of relapse or onset of malignant 
disease. A large number of patients had adverse 

drug events. The main post-switch complications 
were proteinuria, dyslipidemia and anemia.In 
patients with specific indication for the use of 
mTOR inhibitors, the protocol with renal graft 
biopsy, glomerular filtration rate higher than 40ml/
min/M2 and proteinuria lower than 350mg/24h 
prior to the switch to mTOR inhibitor allowed for 
greater safety, less adverse effects and good graft 
and patient survival.

Conflict of interest and funding.
The authors of the article declare not having 

any type of conflict of interest, or any economic, 
personal, political, financial or academic interest 
that may influence our judgment. We also declare 
that we have not received any type of monetary 
benefit, goods or subsidies from any source that 
may have an interest in the results of this research. 

This study was funded by the Valle del Lili 
Foundation, through the Clinical Research Center. 
It was also approved by the Ethics Committee 
in Biomedical Research of the Valle del Lili 
Foundation, Cali, Colombia.

Acknowledgments
This work was carried out thanks to the support 

and collaboration of the staff from the Clinical 
Research Center of the Valle del Lili Foundation 
and the Faculty of Health Sciences of the ICESI 
University, Cali, Colombia; especially, thanks to 
Dr. Fernando Rosso, Dr. Diana Dávalos and Dr. 
Gabriel Jaime Echeverri J.

Ethical responsibilities 

Protection of people and animals
The authors declare that no experiments were 

performed on human beings or animals for this 
research.

Data confidentiality
The authors declare that they have followed the 

protocols of their workplace on the publication of 
patient data.



 Mesa-Ramírez L, Gómez-Vega JC, Pino-Escobar J, Rivera LM, 
Manzi-Tarapues E, Posada-Chávez JG, et al

Rev. Colomb. Nefrol. 2018;5(1): 26 - 35. http://www.revistanefrologia.org 

33

Right to privacy and informed consent
The authors state that patient data do not appear 

in this article.

Contribution of the authors
Liliana Mesa-Ramírez: design of the study, 

writing of the article, review and edition of the 
manuscript. 

Juan C. Gómez-Vega, Jessica Pino-Escobar: 
design of the study, database, literature review, 
writing of the article. 

Lina M Rivera: literature review, writing of the 
article. 

Eliana Manzi-Tarapues: design of the study, data 
analysis, review and edition of the manuscript. 

Juan G. Posada-Chávez, Johanna Schweineberg-
López, Carlos E. Durán-Rebolledo, Jorge I. Villegas-
Otálora, Oscar J. Serrano-Ardila, Luis A. Caicedo-
Rusca: review and edition of the manuscript. 



   Clinical outcomes after switch to  mTOR inhibitors in kidney transplant recipients

Rev. Colomb. Nefrol. 2018;5(1): 26 - 35. http://www.revistanefrologia.org 

34

References 

1. Cuenta de Alto Costo. Situación de la enfermedad renal crónica, hipertensión arterial y diabetes mellitus, 2015. Bogotá: Fondo 
Colombiano de enfermedades alto costo; 2015.

2. Acosta O, Arias Y, García S, Salinas M, Torres E, Osorio L. Informe anual red de donacion y trasplante en Colombia. [Internet] 
2016 [accedido 23 Jun 2017]. Disponible en: http://www.ins.gov.co/lineas-de-accion/Red-Nacional-Laboratorios/Estadsticas/In-
forme Red de Donación y Trasplante 2015.pdf

3. Dávila FA, Pareja MJ, Rodríguez ES, Fajardo WR, Luna RD, Flórez KV. Análisis de supervivencia del trasplante renal (cohorte 
retrospectiva). Urol Colomb. 2017;26(1):12-16. doi: 10.1016/j.uroco.2016.03.005

4. Méndez Durán A, Fermín Piñón JG. Mortalidad en ingresos a diálisis peritoneal. Estudio comparativo de la modalidad continua 
ambulatoria y automatizada Rev Fac Med UNAM. 2009;52(5):199-203.

5. Montero Benzo R, Vicente Guillén R. Tratado de transplante de órganos, españa. Madrid: Arán Ediciones; 2006
6. El-Zoghby ZM, Stegall MD, Lager DJ, Kremers WK, Amer H, Gloor JM, Cosio FG. Identifying Specific Causes of Kidney Allo-

graft Loss. Am J Transplant. 2009;9(3):527-535. doi: 10.1111/j.1600-6143.2008.02519.x
7. Graham RM. Cyclosporine: Mechanisms of Action and Toxicity. Cleve Clin J Med. 1994;61(4); 308-313.
8. de Mattos AM, Olayaei AJ, Bennett WM. Nephrotoxicity of Immunosuppressive Drugs: Long-Term Consequences and Challen-

ges for the Future. Am J Kidney Dis. 2000;35(2):333-346.
9. Riva N, Cáceres Guido P, Rousseau M, Dip M, Monteverde M, Imventarza O, et al. Farmacovigilancia de inhibidores de calcineu-

rina en trasplante renal y hepático pediátrico. Farm Hosp. 2013;37(6):441-449. doi: 10.7399/FH.2013.37.6.778
10. Andrés A, Polanco N, González E. Optimización de la función renal con inhibidores de mTOR. Nefrología. 2011;2(3):10-18. doi: 

10.3265/NefrologiaSuplementoExtraordinario.pre2011.Jun.10992
11. Rodríguez Pérez JC. El papel de los inhibidores de mTOR en las enfermedades renales. Nefrología. 2011;31(3):251-255. doi: 

10.3265/Nefrologia.pre2011.Apr.10947
12. Franco-Esteve A, Tordera D, de la Sen ML, Jiménez L, Mas P, Muñoz C, Olivares J. mTOR Inhibitor Monotherapy. A Good Treat-

ment Choice in Renal Transplantation?. Nefrología. 2012;32(5):631-638. doi: 10.3265/Nefrologia.pre2012.Jun.11314
13. Lebranchu Y, Snanoudj R, Toupance O, Weestel PF, Hurault de Ligny B, Buchler M, et al. Five-Year Results of a Randomi-

zed Trial Comparing De Novo Sirolimus and Cyclosporine in Renal Transplantation: The SPIESSER Study. Am J Transplant. 
2012;12(7):1801-1810. doi: 10.1111/j.1600-6143.2012.04036.x

14. Letavernier E, Legendre C. mToR Inhibitors-Induced Proteinuria: Mechanisms, Significance, and Management. Transplant Rev 
(Orlando). 2008;22(2):125-130. doi: 10.1016/j.trre.2007.12.001

15. Diekmann F, Andrés A, Oppenheimer F. mTOR Inhibitor-Associated Proteinuria in Kidney Transplant Recipients. Transplant Rev 
(Orlando). 2012;26(1):27-9. doi: 10.1016/j.trre.2011.10.003

16. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group. KDIGO Clinical Practice Guideline for the Care 
of Kidney Transplant Recipients. Am J Transplant. 2009;9(Suppl 3):S1-S157. doi: 10.1111/j.1600-6143.2009.02834.x

17. American Diabetes Association. Standards of Medical Care in Diabetes-2009. Diabetes Care. 2009;32(Suppl 1):S13-S61. doi: 
10.2337 / dc09-S013

18. Soles K, Colvin RB, Racusen LC, Haas M, Sis B, Mengel M, et al. Banff 07 Classification of Renal Allograft Pathology: Updates 
and Future Directions. Am J Transplant. 2008;8(4):753-760. doi: 10.1111/j.1600-6143.2008.02159.x

19. Montero C, Aldana G, Torres R. 24-Month Monitoring to a Late Conversion From a Calcineurin Inhibitor Regime to Everolimus 
in Kidney Transplant Recipients. Rev Colomb Nefrol. 2015;2(2):78-95. doi: /10.22265/acnef.2.2.209

20. Lieberthal W, Levine JS. The Role of the Mammalian Target of Rapamycin (mTOR) in Renal Disease. J Am Soc Nephrol. 
2009;20(12):2493-2502. doi: 10.1681/ASN.2008111186

21. Gaber AO, Kahan BD, Van Buren C, Schulman SL, Scarola J, Neylan JF; Sirolimus High-Risk Study Group. Comparison of Siro-
limus Plus Tacrolimus Versus Sirolimus Plus Cyclosporine in High-Risk Renal Allograft Recipients: Results from an Open-Label, 
Randomized Trial. Transplantation. 2008;86(9):1187-1195. doi: 10.1097/TP.0b013e318187bab0



 Mesa-Ramírez L, Gómez-Vega JC, Pino-Escobar J, Rivera LM, 
Manzi-Tarapues E, Posada-Chávez JG, et al

Rev. Colomb. Nefrol. 2018;5(1): 26 - 35. http://www.revistanefrologia.org 

35

22. Knoll GA, Kokolo MB, Mallick R, Beck A, Buenaventura CD, Ducharme R, et al. Effect of Sirolimus on Malignancy and Survival 
after Kidney Transplantation: Systematic Review and Meta-Analysis of Individual Patient Data. BMJ. 2014;349. doi: 10.1136/
bmj.g6679

23. El-Agroudy AE, Alarrayed SM, Al-Ghareeb SM, Farid E, Alhelow H, Abdulla S. Efficacy and Safety of Early Tacrolimus Con-
version to Sirolimus after Kidney Transplantation: Long-Term Results of a Prospective Randomized Study. Indian J Nephrol. 
2017;27(1):28-36. doi: 10.4103/0971-4065.176146

24. Mayer AD, Dmitrewski J, Squifflet JP, Besse T, Grabensee B, Klein B, et al. Multicenter Randomized Trial Comparing Tacrolimus 
(FK506) and Cyclosporine in the Prevention of Renal Allograft Rejection: A Report of the European Tacrolimus Multicenter Renal 
Study Group. Transplantation.1997;64(3):436-443.

25. Guba M, von Breitenbuch P, Steinbauer M, Koehl G, Flegel S, Hornung M, et al. Rapamycin Inhibits Primary and Metastatic 
Tumor Growth by Antiangiogenesis: Involvement of Vascular Endothelial Growth Factor. Nat Med. 2002;8(2):128-135.


