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1. INTRODUCTION 

Mammalian target of rapamycin inhibitor (m-

Tor) have no nephrotoxic effects and can avoid 

cell proliferation and migration by blocking the 

intracellular signaling pathway that regulates the 

proliferation of activated Tcells [1].
 
These cells 

have a potential protective role against renal 

graft dysfunction, improve patient cardiovascular 

profiles and reduce the rate of cancer by also 

reducing rates of angiogenesis [1,2] 

Besides, non adherence is a major risk factor for 

graft failure [3]. Multiple daily dosing can 

contribute to lack adherence [4]. We then 

developed a protocol on m-Tor monotherapy 

that avoids high pill burden and could improve 

adherence and outcome. Evidences on the topic 

could justify the conversion to this   protocol on 

m-Tor monotherapy of all patients who have no 

contraindication for it. 

We reported a serie of 98 low immunological 

risk renal transplant recipient on m-Tor 

monotherapy and concluded the safety and 

efficacy of monotherapy with m-Tor as 

immunosuppressive agent in selected renal 

transplant recipients [5].   

We decided to extent this study three years more 

to confirm our previous experience. 

2. MATERIAL AND METHODS 

This is a three years extension study of a 

previous prospective study of renal transplant 

recipient on m-Tor monotherapy. 

Abstract: We developed a  protocol on m-Tor monotherapy three years ago that avoids high pill burden and 
could improve adherence and outcome.  

In a three years extension study we examined the evolution of 83 of 98 recipients who was on m-TOR 

monotherapy at the end of the previous study. 

At the final of the follow up time, 74 months, 11 recipient more have dropped out .Finally 72 of 98 recipients 

(73,4%)  remained on the protocol.  

Renal function slightly decreased at the end of the study, but it was still better than the one registered before 

starting the protocol. On the other hand, proteinuria was higher. There was no change in levels of sirolimus, 

but everolimus levels fell a significant degree during the extended period.  

The use of erythropoietin decreased while there was no change in body weight, angiotensin-converting 

enzyme inhibitors, hypotensive drugs or lipid-lowering drugs use and patients with diabetes.  

No case of non adherence was detected. 

The rates of recipient and graft survivals were 97, 7% and 94.4% at 4 years and, 91.7% and 87, 2% at 6 

years, while the percentages of patients on monotherapy were 85.5% and 76.6 % respectively.  

This extended study supports the previous reported data of safety and efficacy on m-Tor monotherapy as 

immunosuppressive agent in selected renal transplant recipients. 

Keywords: renal transplant,  m-TOR inhibitors, monotherapy, protocol 

Abbreviations: Angiotensin-converting enzyme inhibitors (ACE), Angiotensin receptor blockers (ARB), 

Diabetes mellitus (DM), Mammalian target of rapamycin inhibitors (m-TOR), Glomerular rate filtration 

(GRF) 

 

*Corresponding Author: Antonio Franco, Departments of Nephrology Hospital General Universitario 

de Alicante, Spain,  Email: franco_ant@gva.es 



Mammalian Target of Rapamycin Inhibitors Monotherapy: Efficacy in Renal Transplant. Three Years 

Later 

 

ARC Journal of Nephrology                                                                                                               Page | 2 

Briefly, the previous study was a prospective, 
simple arm, observational one in which 98 

patients were followed up for 46 months on m-

Tor monotherapy. Fifteen recipient dropped out 

of the study (15.3%): 8 patients (8.2%) had to 
change their immunosuppression regime due to 

complications and 7 (7.1%) lost their grafts as a 

result of chronic rejection (4 cases) or death (3 
cases). At the end of follow up, 83 of 94 

recipients (84.6%) remained on monotherapy. 

Renal function improved in a significant degree 

while proteinuria decrease was not significative. 
After starting the protocol, the use of 

eritropoyetin, angiotensin-converting enzyme 

inhibitors (ACE)/angiotensin receptor blockers 
(ARB), and other hypotensive agents increased 

[5]. 

After the completion of the study, follow up was 

continued in periodic visits. The data reported in 

the current article correspond to the data 

obtained at the third year after the publication of 

the serie. The parameters monitored were: 

trough m-Tor levels, renal function measured by 

serum creatinine and the Glomerular rate 

filtration  by MDRD-4 ( modification on diet in 

renal disease study equation), biopsy proven 

acute rejection episodes, proteinuria, use of 

eritropoyetin, lipid-lowering drugs , ACE/ ARB, 

hypotensive agents, body weight, incidence of 

diabetes, recipients  on protocol and patient and 

graft survivals . 

The plasma concentrations of sirolimus and 

everolimus were determined using immunoassay 

techniques (ACMIA Siemens(R) on auto-analyser 

Dimension XPand
®
 platform and QMS Thermo 

Fisher (R) on Indiko(R) platform, respectively). 

The sensitivity limit of these techniques was 

2ng/dl and 1, 5ng/dl, respectively. 

Compliance was evaluated through a personal 

interview and by measuring drug levels. 

3. STATISTICAL ANALYSIS 

Continuous variables are expressed as mean and 

95% CI, or as median and interquartile range, 

depending on the distribution of the data. For 

the description of categorical variables, the 

number and percentage of patients per response 

category have been used. 

We compared variables between groups using 
ANOVA tests in continuous variables or the 

equivalent for non-parametric variables, 

depending on the inherent characteristics for 
each study variable, and McNemar tests for 

analysing categorical variables from related 
samples. 

Recipient, graft survival, and patients on m-

TOR monotherapy were studied using Kaplan-

Meier survival curves. All statistical analyses 
were carried out using SPSS statistical software, 

version 19.0. In all statistical tests applied to the 

study variables, a statistical significance (α) of 
0.05 was considered. 

4. RESULTS  

A total of 83 of 98 initial recipients were 

enrolled in the extension study. Demographic 
data of our cases, causes of the previous drop 

out and the percentage of patients on sirolimus 

or everolimus has been previously reported [5].  
The medium follow up was 74(p25-p75: 49-91,) 

months,(range 18-153) . At the end of the follow 

up time 11 recipients more have dropped out of 
the study due to different causes, as showed in 

table 1, rising the  total  drop-out number to  26 

,26.5% of the initial population. Finally 72 out 

of 98 (73, 4%), recipients remain on the 
protocol. 

Renal function slightly decreased during the 

extended period in the patients who were on the 
protocol at the end of the study, serum 

creatinine increased from 1.5 (95%CI: 1.1-1.8) 

mg/dl to 1.6 (95%IC: 1.1-2.0) mg/dl (p= 0.005) 
and GRF by MDRD decreased from 

45.1(95%IC: 36.6-64.6) to 40.4 (95%IC: 31.2-

61.5) ml/min (p=0.003), but it was better than 

before starting the protocol,1.8 (95%CI: 1.2-2.6) 
mg/dl (p=0.0012) and  38.2 (95%IC: 25.2-55.4) 

ml/min (p=0.027). Proteinuria was higher, 

increasing from 132 (p25-p75: 46-356) to 213 
(p25-p75: 90-652) mg/24h (p= 0.005) and was 

the main cause to drop out from the study for of 

one patient (case 11). 

There was no change in the trough levels of 

sirolimus, from 10.4ng/ml (95% CI: 9.7-11.1) to 

9.7ng/ml (95% CI: 9.0-10.5) p=0.17. On the 

other hand, the levels of everolimus, 

significantly decreased from 7,8ng/ml (95% CI: 

6.6 – 9.1ng/ml) to 6, 0 ng/ml (95% CI: 5.0 – 

7.0ng/ml), p= 0.035. 

During the extended period, the use of 

erythropoietin (26.1% to 15.3%; p≤0.001) 

decreased but there was no change in body 
weight (72 (95%IC: 65-81) to 74(95%IC: 64-

80)  kg), p=0.069, percentage of recipients with  

ACE)/ ARB (50.0% to 41.7 %; p=0.180), 
hypotensive drugs (from 76.1% to 69.7%; 

p=0.172) use of lipid-lowering drugs (77.3% to 
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73.6%; p=0.238) and patients with DM (31.7% 
a 31.9; p: 0.203).  

No case of nonadherence was recorded during 

the follow up. 

The rates of patient and graft survivals were 
97,7% and 94.4% at 4 years and , 91.7% and 

87,2% at 6 years, while the percentages of 

patients on monotherapy after  4 and 6 years 

were 85.5% and 76.6 % respectively (figure 1).  

 

5. DISCUSSION 

It is well known that renal function declines 
gradually after transplantation. In a large cohort 

of stable renal transplants, Gill reported that 

GFR decreased an average of 1, 66 ml/mn per 

year over a follow up, similar to ours, of 5.7 
years [6]. Thus, our recipients maintained a  

stable renal function and, better than expected, 

higher than before starting the protocol, perhaps 
due to the lack of nephrotoxicity. [1]

 

Proteinuria was the side effect responsible for 

the removal of one patient from the protocol 
(case11 Table 1) and increased a significant 

degree during the extended period.  Although it 

was believed that proteinuria was the 

consequence of Calcineurin inhibitors removal, 
it seems to be an independent effect of m-TOR, 

due to glomerular hyper-filtration [7]. 

ACE/ARB can reduce proteinuria in renal 
transplant recipients [8], but only partially. In 

spite of the fact that a high percentage of our 

patients (41, 7%) receive ACE/ARB, we 

reported a significant increase of proteinuria.  

The use of concomitant medication did not 

change and we reduced the percentage of 

recipients with erythropoietin in a significant 
degree. These data point out a stabilization or 

even an improvement of the clinical condition of 

our patients on protocol. 

Sellares
 
[3]

 
has recently reported non adherence 

as a major risk factor for graft failure. Multiple 

daily dosing can contribute to lack adherence 

[4].  Our protocol on m-Tor monotherapy avoids 
high pill burden and could improve adherence 

and outcome, As a matter of fact we have 

recorded no cases of non adherence during the 

follow up (medium 74 months). 

One patient in our extension study developed a 

mild episode of acute rejection, borderline (case 

10 Table 1), who responded to a change in 
immunosuppression. We consider that our rate 

of acute rejection is low, since our patients were 

on monotherapy, and Guirado has reported 
incidences of 0.6, 1, 1 and 0, 4% during the first, 

second and third year in a large cohort of stable 

renal recipients converted from twice-daily to 

once-daily tacrolimus[9]
 

reflecting that 
increased experience with m-TOR has provided 

important guidance for clinical use [10].
 

There are very few data about the trough levels 
on m-Tor monotherapy. Pinto reported a level of 

9, 6 ± 3,3 ng/ml of sirolimus at the end of his 

study[11], similar to ours, and has no experience 

in everolimus. We found a reduction of the 
trough levels of everolimus in the extended 

period, based on clinical experience, without 

adverse effects which could be applied to 
sirolimus too.  

Most of our recipients who dropped out from 

the extended study (cases 1-5 Table 1) lost their 

grafts due to death with a functioning kidney.  

At the present time, this is the most frequent 

cause of transplant failure reported in the 
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literature [12]. These data seems to recommend 

a possible reduction in immunosuppression dose 

since our protocol is potent enough to avoid 

rejection. 

Table1.  Recipients Dropped Out of the Extended Study 

No Months on protocol Patient status Graft Status Drop-out cause Final therapy 

1 53 Dead Functioning Heart Attack  

2 56 Dead Functioning Sudden Death  

3 67 Dead Functioning Colon Neoplasia  

4 99 Dead Functioning Stroke  

5 154 Dead Functioning Sudden Death  

6 18 Alive Lost Chronic Rejection  

7 46 Alive Lost Chronic Rejection  

8 76 Alive Lost Chronic Rejection  

9 78 Alive Lost Chronic Rejection  

10 43 Alive Functioning Acute Rejection* FK,MMF 

11 71 Alive Functioning Proteinuria MMF 

 Fk:tacrolimus  *Borderline.  MMF:mycophenolate mofetil  

      

Three-quarters of our patents, 72 out of 98 (73, 

4%), remained on the protocol at the end of the 

extended follow-up time (Figure 1), which was 

quite long.  Besides, their renal function 

decreased less than the usual degree seen in 

other renal transplant patients [6] and was better 

than before enrolling on the protocol. There 

were only 26 drop outs of the total population 

and all of them were late. These results confirm 

the absence of nephrotoxic effects and the 

adequate and well tolerated immune suppression 

achieved with mTOR [13]. 

6. CONCLUSION 

Our study is observational, for which 

conclusions are limited due to the absence of a 

control group, but the experience is useful for 

daily clinical practice. This extended study 

supports the previous reported data of safety and 

efficacy on m-Tor monotherapy as immune 

suppression in selected renal transplant 

recipients. 
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