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Abstract
Background: With the introduction of new immunosuppressive agents like Sirolimus (SRL), we could
increase long term allograft survival and decrease the use of other agents like calcineurin inhibitors. SRL
in combination with other immunosuppressive medications like calcineurin inhibitors can lead to increase
graft function and produce better long-term outcomes.
Methods : We enrolled 40 kidney transplantation recipients in trial and followed them up for a duration of
6 months in Shahid Labba nejad Medical Center. These patients were assigned to receive Tacrolimus
(TAC) in combination with Mycophenolic acid or SRL, along with glucocorticoids. All kidney transplant
recipients were followed up for serum creatinine and glomerular ltration rate and also complications
during therapy.
Results : There were no signi cant differences between the two treated groups regarding serum creatinine
level ( p -values = 0.075). However, glomerular ltration rate was signi cantly increased in SRL group than
the other one ( p -values = 0.023). There was no difference between the number of biopsies performed in
the two treated groups. In biopsies that were done, in TAC/Mycophenolic acid group, acute antibody
mediated rejection in four patients and in SRL/TAC group, acute cellular rejection in two patients were
reported. Total cholesterol level was signi cantly increased in patients who received SRL ( p -values =
0.002). Other side effects were not signi cantly different in two arms.
Conclusions : Our study demonstrated that SRL in the immunosuppressive regimen of kidney transplant
recipients in de novo approach lead to better renal function. The long-term outcomes of de novo SRL
utilization in kidney allograft recipients should further be assessed. Trial registration: The trial was
retrospectively registered in the Iranian Registry on Clinical Trials ( www.irct.ir , registration code:
IRCT20160412027346N6), by the date of 04/30/2019. ( https://www.irct.ir/trial/22416 ) Key words :
Kidney transplantation, Immunosuppressive Agents, Mammalian target of rapamycin, Calcineurin
Inhibitors, Graft Rejection, Sirolimus, Tacrolimus.

Background
Kidney transplantation is the optimal treatment option of patients with end stage renal disease (ESRD)
[1]. With introduction of calcineurin inhibitors (CNIs) such as cyclosporine in 1980s, as main
Immunosuppressive medication to be used in patients who were undergone kidney transplantation,
recipients experienced increased in short term survival and decrease in number of acute rejection episode
[2]. Although, CNIs have reduced incidence of acute rejection and increased short-term survival of graft,
long-term survival with the use of these agents is limited [3]. The failure of these agents in long term
survival, is due to delayed nephrotoxicity that causes chronic allograft dysfunction [4–7]. Most centers
currently use CNIs as maintenance immunosuppression therapy. In this pharmacologic categoric,
cyclosporine was used most commonly. In spite of acute and chronic nephrotoxicity, other side effects
such as hypertension, metabolic adverse effects, risk of malignancy and opportunistic infections are
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common in patients who use CNIs [8]. Dose adjustment and therapeutic drug monitoring for reducing
nephrotoxicity and over immunosuppression as well as prevention of immunological allograft failure are
some burdens for CNI use. With the introduction of newer medications such as Sirolimus (SRL), use of
CNIs as an immunosuppressive is reducing [9–12]. SRL has many bene cial effects like increased long
term survival, improvement of renal function, better quality of life and lower risk of malignancy [13–17].
Combination of SRL and CNIs provides effective immunosuppression by strong synergistic
pharmacologic effect and permits dose reduction of CNIs [18, 19]. It is notable that the use of SRL
without CNIs did not improved post-transplant outcome in terms of acute rejection, graft function and
survival in previous studies [20–22]. The early use of SRL is associated with a series complication such
as impaired wound healing, hyperlipidemia, new onset diabetes after transplantation (NODAT) [23, 24].
Many of this complication depend on the initiation time for SRL consumption after transplantation and
dose of the medication. Therefore, therapeutic drug monitoring of SRL, appropriate time for initiation and
avoiding the use of SRL in high risk recipients, can decrease the risk of these side effects and graft loss
[24]. E cacious immunosuppression regimen with the highest long-term survival is not known yet. One of
the options is to use sirolimus by de novo approach (in rst day after transplantation) combined with
Tacrolimus (TAC). Therefore, the purpose of this study was to examine de novo use of SRL and TAC
combination versus mostly used immunosuppressive regimen, tacrolimus and mycophenolic acid.

Methods

Study design and patient selection
In this prospective randomized clinical trials, 43 renal transplant recipients were included to be followed
for a duration of 6 months. We enrolled kidney transplant recipients between years 2016 and 2017 in
Shahid Labba nejad Medical center. Study was done in accordance with the declaration of Helsinki. The
trial was registered in the Iranian Registry on Clinical Trials (www.irct.ir, registration code:
IRCT20160412027346N6). It was approved by the ethics committee of Shahid Labba nejad medical
center, Tehran, Iran. Written informed consents were obtained from all patients before enrollment.
Patients were randomly selected and divided into two groups of test and control. Randomization was
computer generated. Block randomization method has be used and each block was of 10 patients. The
inclusion and exclusion criteria were as followed. All patients who received kidney transplant from
cadaver or unrelated living donor (age of cadaveric donor < 50 years) that were negative for panel reactive
antibody (cytotoxicity), pre-transplantation Anti-human leukocyte antigens (HLA), were recruited. All
patient were 18 to 65 years of age and had body mass index (BMI) less than 30 kg/m2. Patients who
received kidney transplant previously were not included. Increase in serum creatinine higher than 3 mg/dl
in day 3 post-transplantation as an indicator of slow graft Function (SGF) and dialysis in rst week as an
indicator of delayed graft function (DGF) were de ned as exclusion criteria.

Immunosuppression protocols
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After transplantation, the patients were randomly received one of the immunosuppressive regimens as
followed. Combination of TAC (Prograf®; AstraZeneca, Cambridge, United Kingdom), SRL (Rapamune®;
P zer, New York City, New York, United States) and Corticosteroids for test group and TAC, Mycophenolate
sodium (Myfortic®; Novartis, Basel, Switzerland) and Corticosteroids in control group. All patients
received Antithymocyte Globulin (ATG) for immunosuppression induction. Immunosuppressive
medications were administered with the following dosages. ATG 3 mg/kg divided in 3 to 4 doses daily.
Methylprednisolone 250 mg daily for 2 days, followed by prednisolone 1 mg/kg (maximum of 60 mg) for
3 days afterward, then it was tapered by 5 mg daily to reach the dose of 15 mg on day 14, 10 mg daily on
day 30 and nally 5 mg daily on day 60 and thereafter. Patients received same doses of ATG and Steroid
in 2 group. In test group, SRL, 2 mg as a loading dose followed by doses to reach the trough levels of 3–
5 ng/mL as maintenance regimen in combination with TAC, 0.08 mg/kg/day for trough levels of 6–
7 ng/mL in rst 6 months after transplantation were administered. In control group, TAC, 0.1 mg/kg/day
to reach the trough level of 8–10 ng/ml; Myfortic®, 1080 mg daily for 7 rst day followed by 720 mg as
maintenance regimen in rst 6 months after transplant.

Data collection
Collecting required demographic, clinical, preclinical data were performed under supervision of a clinical
pharmacist. The recorded data were included age, sex, BMI, source of allograft tissue (living/cadaveric),
reason for chronic kidney disease, underlying diseases and comorbidities, PRA, anti-HLA and
immunosuppressant medications. Glomerular ltration rate (GFR) estimated by The Modi cation of Diet
in Renal Disease Study (MDRD) equation [25], number of biopsy proven acute rejection, protocol biopsy
of 4th month to evaluated the frequency of borderline changes, subclinical acute cellular rejection and
subclinical antibody mediated rejection by BANFF II classi cation, frequency of NODAT, Hypertension,
Dyslipidemia, Cytomegalovirus (CMV) viremia (> 2000 copy/ml) and CMV disease (Fever, leukopenia or
organ involvement + CMV DNA > 2000 copies/ml ), BK viremia (> 10000 copy/ml blood) and BK virus
associated nephropathy, Hospitalization and graft loss were documented.

Statistical analysis
All statistical analyses were performed by the Statistical Package for the Social Sciences (SPSS) version
20.0 software. Mean and standard deviation were used to expressed continuous variables and numbers
and percentage for categorical variables. Paired t-test were used for comparison of the quantitative data
and the chi-square test for qualitative ones. p-values less than 0.05 were considered to be statistically
signi cant.

Results
Entry and participant ow through the study are shown in gure 1. A total of 45 patients were recruited.
Two patients were excluded because of severe Acute Tubular Necrosis (ATN) and then nephrectomy and
dialysis need after one-week post transplantation. After 6 months within follow-up, 18 and 22 patients
were remained in the test group and control group, respectively. The baseline characteristics of patients
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were expressed in Table 1. Categorical variables were homogenous between two groups and there were
no statistical differences between two groups in comparing other variables. The mean of age was
33.7±9.9, 35.5±12.2 years for test and control group, respectively. There were no signi cant differences
between two treated groups regarding serum creatinine level for 6 months after transplantation (p-values
= 0.075). However, patients who received SRL included immunosuppressant medication regimen,
experienced more rapid increase in GFR and this difference was statistically signi cant (p-values = 0.023)
(Figures 2). There were signi cant differences regarding their total cholesterol level (p-values = 0.002).
Total cholesterol and triglyceride level in SRL group were increased in comparison to control group. But
there were no signi cant differences between two treated groups regarding triglyceride level (p-values =
0.391) (Figure 3, Table 2). Mean arterial pressure (MAP) and fasting plasma glucose (FPG) were not
signi cantly different. (Figure 3 and Table 2). On patient in control group was infected by CMV at the end
of the third month, which was treated with valgancyclovir. Similarly, BK viremia was reported only in one
patient in control group. There were no signi cant differences between the two treated groups regarding
their number of biopsies on indications (p-values = 0.999). Protocol of biopsy was done on 16 patients in
two treated groups, Nine and seven patients from control and test group, respectively. There were no
signi cant differences between the two groups regarding number of protocols of biopsy (p-values =
0.633). From nine patients in control group, ve recipients had been reported with normal pathology, in
three cases acute cellular rejection were reported and one patient had been shown Acute AntibodyMediated Rejection (ABMR). In seven patients of test group, ve patients had been reported with normal
pathology and in two patients, simple ATN and recurrent membranous glomerulonephritis (MGN) were
reported. There were no signi cant differences between the two groups regarding the duration of
hospitalization and number of re-hospitalizations after transplantation (p-values = 0.616) (Table 3). Readmission of patients in control group were reported as 11 times. the most frequent reason for
hospitalization after transplantation in this group wat urinary tract infection with E.coli microorganism.
Other seven recipients were hospitalized after receiving the allograft because of leukopenia (WBC< 1000)
in two patients, pancytopenia, CMV infection, renal artery stenosis in three patients and two recipients
were diagnosed by acute rejection. Similarly, the most frequent cause for Re-hospitalization in test group
were reported as, urinary tract infection due to E.coli microorganism. One patient in this group
hospitalized after transplantation for treating leukopenia (WBC<1000) and one patient with pulmonary
emboli. In test group three patients were diagnosed with acute rejection.

Discussion
Effectiveness of combine use of SRL and TAC in prevention of acute rejection, preserve renal function
and safety is not well established in contrast to conventional immunosuppressive regimen of
Mycophenolic acid and TAC. In addition, it is expected that use of SRL could facilitate TAC dose reduction
while maintaining immunosuppression based on their mechanism and results from previous studies. In
present study, it was showed that improvement in renal function was superior in patients who were
treated with SRL. In ADHERE study, data analysis showed mean GFR at week 52 post-transplantation was
signi cantly higher in patients who received SRL only in patients with donor with the of 50 years or less
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[26]. This is in line with results from previous study that reported better graft function when combination
of TAC and SRL is used as an immunosuppressive regimen in kidney transplant recipient without preexisting interstitial brosis and tubular atrophy [27]. In contrast to our study, most studies did not
administer SRL exactly in rst day after transplantation. most of the studies, administrated SRL three
months post-transplantation or ultimately, two or three weeks after transplantation. Concomitant use of
SRL with MMF is the preferred immunosuppression regimen in studies on SRL but our approach was to
combine SRL with Tacrolimus as an immunosuppression regimen. In our study, immunosuppression
induction therapy was done by ATG, but in IL-2 receptor antagonist like Daclizumab or Basiliximab is now
being used in patients who are low risk for allograft rejection. In Symphony trial, it was shown that GFR in
patients who received TAC and MMF as their immunosuppressive regimen was higher than patients who
received SRL with MMF. In the study SRL was administrated from the beginning of immunosuppression
in doses similar to our study, but Daclizumab were used for induction therapy and along with SRL, MMF
was administered [28]. Mohsen nafar, et al, also were conducted study on 100 kidney transplant patients,
CNIs based regimen were compared with SRL based regimen in a for 4 years follow up period. Results
were reported that in SRL group, renal function were improved compared to patients who received CNI
[29]. Based on the biopsy that were performed for recipients, in control group four patients with ABMR
and in test group, acute cellular rejection was reported in two patients. In our study, protocol biopsy was
performed (without indication), in control group, and in one patient pathology was compatible with ABMR
and in three patients with acute cellular rejection. Patients who received SRL in their immunosuppressant
regimen, hasn’t showed these two types of rejection. Although there were no signi cant differences
between two groups in triglyceride level, total cholesterol level and serum TG level in SRL included group
were higher than control group. There were no signi cant differences between the two groups regarding
infections frequency, NODAT and MAP. In CONCEPT trial, a multi-centered one-year study, the drug
regimen was cyclosporine in combination with MMF. In some of these patients, cyclosporine has been
changed to SRL after 3 months of transplantation and others continued their immunosuppression by
cyclosporine. GFR in patients who received SRL was higher than cyclosporine group. But, episodes of
acute rejection in SRL group was more frequent than patients who received cyclosporine. However, most
rejections were mild and occurred in time of steroid withdrawal. It seems in CNI-free regimen, induction
therapy with Daclizumab due to absence of prolong T-cell depletion is not very strong, Especially, when
steroid is withdrawn. In this immunosuppressive drug regimen, induction therapy by ATG due to
prolonged T-cell depletion, is a better choice. In some recipients who received SRL, adverse drug reactions
such as, diarrhea, acne and hypertriglyceridemia were observed, and it led to SRL discontinuation in some
cases. There were no differences in the incidence of BK and CMV infections and MAP, total cholesterol
and LDL-C level in two groups but TG level in SRL group was higher [30]. In a multi-centered, open-label,
randomized controlled, non-inferiority trial, which followed the goal of comparison the effect of SRL plus
Extended Release Tacrolimus (ERTC) by method of non-inferiority and SRL dose and through level same
as our study, it was proven that immunosuppressive regimen consists of SRL and ERTC was no inferior to
combination of MMF and ERTC. Renal function was assessed by serum creatinine level and estimated
glomerular ltration rate which were determined by MDRD equation as we did [31]. Although, in our study
the incidence of CMV and BKV disease between two groups were not statistically different, in previous
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studies some points were reported. Anti-proliferative effect of SRL besides antiviral effect against CMV
and BKV and anticancer effect of SRL are some advantages in using this medication as an
immunosuppressive medication [32–35]. In an observational study which continued an open-label,
randomized, comparative trial (SPIESSER study), patients followed for 5 years. The original study was to
assess the e cacy of SRL/MMF regimen compared to a cyclosporine/MMF in deceased donor kidney
transplant recipients. Patients in SRL group had signi cantly better renal function. Episodes of acute
rejection were not statistically different in two groups. Induction therapy in this study made by ATG which
was like our study. There were not signi cant differences regarding total cholesterol, TG level and
NODAT[36]. One of the objectives to use SRL in combination with CNIs is to reduce the dose of CNI in
order to have less renal function decrease because of CNI’s nephrotoxicity. In eight years follow up of
heart transplanted patient which use SRL and low-dose tacrolimus as immunosuppressive regimen, it
was showed that this approach did not result in superior long-term renal function in when was weight
against Full-dose tacrolimus and MMF as immunosuppressive medications[37]. Some limitation to this
study were observed and ndings of the study should be interpreted with caution. First, this study was
done in single-centered approach. Second, Low sample size is considered as the biggest limitation and
nally, Insu cient time for follow up is considered as another limitation to this study.

Conclusions:
our study indicated that combination use of SRL plus TAC increase renal function in kidney transplant
recipients in comparison to Mycophenolate plus TAC without more side effect. Based on the data we
received from this study it could be suggested that consumption of SRL as an immunosuppressive agent
in patient who received kidney transplant could lead to better renal function and increased in GFR. As we
said before SRL need more studies with larger number of populations to detect all the limitation and
advantage of de novo use of this agent with an CNI. Findings of this study is a clue for further studies to
determine long-term outcome of SRL use on transplanted kidney function when we use it in De novo
approach.
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Tables
Baseline Demographic and Clinical Data in Kidney Transplant Recipients Receiving SRL-based and Mycophenolate-based Immunosuppressive
Regimen*

Test group

Control group

p-value

15/7

13/5

0.528

Age (years)

33.7 ± 9.9

35.5 ± 12.2

0.378

BMI (kg/m2)

24.3 ± 3.7

24.2 ± 3.6

0.856

Hypertension

22.2

18.3

0.235

Diabetes mellitus

11.2

4.5

Others

66.6

77.2

Living, unrelated

66.7

45.5

Cadaver

33.3

54.5

Variable
Sex (ratio)

Male/Female

Reason for CKD (%)

Source of Allograft
Tissue (%)
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0.153

*Values are means unless otherwise explained.

Mean Clinical and Laboratory Values in Kidney Transplant Recipients Receiving SRL-based and
.Mycophenolate-included Immunosuppressive Regimen after 6 months of Follow-up
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p-values

Control group
0.002

Test group

34.96 ± 137.81

Parameter
42.70 ± 146.00

Baseline

Total
serum
cholest

35.28 ± 170.91

37.82 ± 199.56

After 6

erol

months

(mg/dl
(

0.391

160.16 ± 199.46

92.72 ± 141.61

Baseline

Serum
triglyc
eride

66.80 ± 164.00

89.71 ± 173.44

After 6
(mg/dl
months
(

0.152

27.58 ± 92.14

15.35 ± 82.94

Baseline

Fastin
g
plasma
glucos

16.41 ± 93.05

33.05 ± 101.17

After 6
e
months
(mg/dl
(

0.510

9.91 ± 95.14

6.26 ± 95.78

Baseline

Mean
arteria
l
pressu

8.70 ± 93.68

5.63 ± 93.50

After 6
months

re
(mmH
(g
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Mean Length of Stay (LOS) and re-hospitalization in Kidney Transplant Recipients Receiving SRL-based and
Mycophenolate-based Immunosuppressive Regimen

-valuep

Control group

Test group

Parameter

0.329

13.54 ± 5.59

11.44 ± 2.95

LOS (days)

0.616

0.50 ± 0.86

0.44 ± 0.70

Mean number of
admission (n)

Figures
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Figure 1
Study ow diagram. The diagram illustrates the study enrollment and disposition of trial participants
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Figure 2
Serum creatinine level and eGFR during the 6 months post-transplantation follow-up in patients receiving
SRL-included and Mycophenolate-included immunosuppressive medication regimen.
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Figure 3
Serum total cholesterol level, Serum triglyceride level, MAP, FPG during the 6 months post-transplantation
follow-up in patients receiving SRL-included and Mycophenolate-included immunosuppressive
medication regimen.
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