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	 Background:	 Calcineurin inhibitor drugs (CNI), which are the basis of immunosuppression in kidney transplantation, contrib-
ute to renal graft loss, with increased morbidity and mortality due to their potentially harmful effects on the 
renal graft, cardiovascular system, and tumor pathology. For this reason, the mammalian target of rapamycin 
inhibitors (mTORi) such as sirolimus (SRL) and everolimus (EVE) has been preferred more frequently, as they 
are associated with fewer complications and longer graft function.

	 Material/Methods:	 We enrolled 89 adult renal transplant patients (37 patients on mTORi and 52 on CNI) who had similar age, sex, 
primary renal disease, dialysis type, post-transplant follow-up period, and donor type. We analyzed and com-
pared the data between patients using mTORi for longer than 5 years and those using CNI regarding pre- and 
post-transplant panel reactive antibody (PRA), and donor-specific antibody (DSA), as well as post-transplanta-
tion and current graft functions.

	 Results:	 Although those using mTORi for more than 5 years had significantly higher mismatch rates (P=0.024) than those 
using CNI, there was no significant change in PRA and DSA levels. Transplant time was longer in mTORi users 
(P=0.025). The switch time to mTORi in patients ranged from 0 to 19 years, but the average was 4 years. As ex-
pected, actual spot urine protein/creatinine was significantly higher in those using mTORi (P=0.009). Diabetes 
mellitus (DM) and BK virus nephropathy (BKVN) rates were significantly higher due to switching the regimen 
from CNI to mTORi.

	 Conclusions:	 Long-term use of mTORi does not appear to be an immunological problem.
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Background

CNI-based regimens are switched to mTORi-based regimens 
due to some indications and adverse effects such as chron-
ic allograft nephropathy, diabetes mellitus, malignancies, and 
cardiovascular system toxicity. The SYMPHONY trial showed 
that de novo SRL use without CNI was associated with higher 
rates of acute graft rejection and poor kidney function com-
pared to full-dose or reduced-dose addition of CNI to the reg-
imen [1]. KDIGO clinical practice guidelines have prevented 
these drugs from being used as the first-line therapy for im-
munosuppression in kidney transplants [2]. Instead, as the 
SMART clinical trial showed, randomized switching from cy-
closporin A (CsA) to SRL in the second to the third week was 
associated with marked improvement of renal function com-
pared to maintenance with CsA [3].

Early conversion from CNI to SRL or EVE can keep a stable kid-
ney function, but it is questionable that this prevents graft dys-
function [4]. EVE added to reduced doses of tacrolimus may 
cause antifibrotic effects in renal allografts by the inhibition of 
mTOR [5]. By taking advantage of the antiviral effect of SRL, it 
has been shown that, the renal allograft is protected and HIV 
replication is prevented [6].

Chronic antibody-mediated rejection is one of the major causes 
of graft loss today and the cause is insufficient immunosup-
pression. Although the immunologic effects of the mTORi in the 
literature are based on the short-term uses, it was not known 
what the result would be if it was used longer than 5 years.

In chronic graft dysfunction, the contribution of antibody-me-
diated rejection (AMR) is highly appreciated. AMR is triggered 
by the action of humoral immunity against various antibod-
ies, especially human leukocyte antigens (HLA). Several reports 
demonstrated that the presence of DSA is related to poor graft 
function in long-term follow-up [7-10].

Croze et al reported that DSA levels were increased in patients 
who switched from CNI to mTORi-based regimens, but this 
increase did not reflect any clinical follow-up or graft func-
tion [11]. In that study, a clinical outcome of DSA in the first 
year was not shown. For this reason, we wanted to investi-
gate whether DSA positivity has a clinically significant long-
term effect.

Material and Methods

This single-center retrospective cohort study compared clini-
cal and immunological outcomes of kidney transplant recipi-
ents receiving a CNI-based immunosuppressive regimens ver-
sus a cohort of patients converted from CNI to mTORi-based 

immunosuppressive therapy due to CNI-associated adverse 
events.

We included adult renal transplant patients receiving mTORi-
based therapy for more than 5 years or CNI-based regimen, 
with functional graft function higher than 25 ml/min/1.73 m2, 
followed at the Izmir Tepecik Training and Research Hospital. 
Patients with incomplete information in their files and those 
who lost their graft or died were excluded. Thus, a total of 89 
patient files, 37 of whom were using mTORi and 52 using CNI, 
were examined with the approval of the Ethics Committee.

Age, sex, dialysis duration, donor type, transplant times, trans-
plant number, mismatch number, diabetes mellitus (DM), his-
tory of cardiovascular disease (CVD) and hypertension (HT), 
delayed graft function (DGF), and induction treatments were 
recorded in both groups. Serum CNI and mTOR levels have 
been tried to be kept at therapeutic levels since the transplan-
tation of the patients. Patients whose drug levels could not be 
provided were switched to a different drug. Serum drug lev-
els in the patients included in the study were at therapeutic 
levels (EVE: 3-8 ng/ml, SRL: 8-12 ng/ml, TAC: 3-8 ng/ml as c0, 
CsA: -800 ng/ml as c2).

We recorded PRA levels before transplantation and the latest 
PRA and DSA results for post-transplant immunological mon-
itoring, as well as the lowest creatinine level reached by the 
patients after transplantation and data showing the graft func-
tion at the last visit. We also recorded the reason for switching 
to mTORi, as well as the duration of mTORi and CNI use be-
fore conversion. Acute rejection, malignancy, and BKVN were 
noted in both groups.

Sequence-specific Oligonucleotides Method

Sequence-specific oligonucleotides (SSO) method was per-
formed according to the manufacturer’s instructions (Lifecodes 
HLA SSO Typing Kit Immucor, USA). For the first amplification 
step, 16 µl of a mix containing master mix, H2O, and Taq poly-
merase was added to 4 microliters of DNA (15-200 ng) in an 
Eppendorf tube (200 µl). The total volume of 20 µl sample was 
placed in the thermal cycler and the program was run. For the 
second hybridization step, the probe mix was warmed at 56°C 
for 7 minutes. The probe mix was sonicated and vortexed be-
fore use. Then, 15 µl of probe mix was added to 5 microliters 
of amplicon in 96-well plates, and the samples were placed in 
the thermal cycler and the hybridization program was run for 
20 minutes. During this run, the Luminex fluoroanalyzer in-
strument was prepared for the analysis. When the hybridiza-
tion program ended at 56°C, 170 µl diluted streptavidin was 
added on the samples in the wells, and the well was placed in 
the Luminex instrument. The results were analyzed by MatchIt 
software program.
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Panel Reactive Antibody method

Lifecodes LifeScreen Class I and II ID Kits (Immucorgamma, USA) 
were used for Class I and Class II identification, respectively. 
After the 96-well plates were moisturized, and washed with 
buffer, patient/control sera and HLA Class I or II ID beads were 
added into the wells. The plate was incubated at room tem-
perature for 30 minutes in the dark. After incubation, the wells 
were washed with 200 µl buffer 3 times. Then, the conjugate 
was prepared in appropriate concentration and added into the 
wells. After incubation at room temperature for 30 minutes in 
the dark, 150 µl wash buffer was added into the wells. The plate 
was gently mixed in the Luminex Fluoroanalyzer instrument, 
and the results were analyzed by MatchIt Software program.

In this study, we performed a bead-based PRA specific test. 
Since we know the patient-donor HLA typing results, we inter-
preted whether patients had DSA according to the PRA results; 
in other words, we can express this as a virtual cross-match.

The main tests used to investigate the presence of DSA are 
cell-based cross-match tests such as CDCXM and FCXM. We 
need living cells to perform these tests. However, some of our 
patients included in the study had cadaveric transplants. There 
are transplants from living donors, but our study covers the 
late post-transplant period and it was difficult to reach the do-
nors. In recent years, it has been used to support the deter-
mination of DSA in solid-phase cross-match tests. Since solid-
phase cross-match tests were not performed in our laboratory 
during the years covering the study, we evaluated our results 
according to Luminex-PRA specific test results.

Additionally, DSA can be interpreted with single-antigen brad 
tests. However, due to high cost of soap kits, it could not be 
performed by us.

Statical Analysis

Statistical analyzes were performed using IBM® SPSS® 25 (NY, 
USA) software. The suitability of variables to normal distribu-
tion was examined using analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Descriptive statistics were done 
by giving the mean±standard deviation, median and IQR, 
minimum-maximum value. In categorical variables, frequency 
and percentage values were given and Pearson’s or Fisher’s 
Exact Chi-Square test were used for comparison of categori-
cal variables. In comparison of independent groups between 
continuous variables, the t test was used for variables that 
conformed to normal distribution, and the Mann-Whitney U 
test was used for non-normal distribution. In comparison of 
more than 2 groups, Kruskal-Wallis test was used and then 
post hoc Bonferroni correction was used. p<0.05 was consid-
ered significant.

Results

Primary etiologies of kidney diseases, dialysis type, donor type, 
history of hypertension, cardiovascular disease, rate of DGF, and 
induction therapy were similar in both groups. Additional im-
munosuppressive drugs given to both groups were MMF/MPA 
and prednisolone. The switch time to mTORi in patients ranged 
from 0 to 19 years, but the average was 4 years.

In the mTORi group, all the individuals were initiated with CNI 
and 75% of them were switched to mTORi regimen due to ad-
verse reactions with CNI. These adverse reactions were dia-
betes mellitus (18.9%), gingival hyperplasia (16.2%), BK and 
CMV infections (10.8%), malignancy (8.1%), dermatological 
effects (8.1%) in decreasing frequency. Therapeutic transition 
was made in 35% of the patients because the desired drug 
blood level was not achieved and nephrotoxicity needed to 
be avoided. In 4 patients with acute rejection, kidney biopsy 
was performed in 1 steroid-resistant patient and chronic an-
tibody-mediated rejection was detected. No finding related to 
CNI toxicity was detected in the biopsy.

The demographic information and comorbid diseases of the 
patients are shown in Table 1 and the biochemical data are 
shown in Table 2. Tables revealed that mismatch (MM), trans-
plant time, DM, BKVN, and actual spot urine protein/creati-
nine ratios were significantly different between the 2 groups.

The increased prevalence of MM in the CNI group might be re-
lated to targeting more potent immunosuppression. The high-
er rates of DM and BKVN in the mTORi group may be attribut-
ed to the use of CNIs before conversion to mTORi. Proteinuria, 
which is a specific adverse effect of mTORi, was significantly 
increased in our study. Acute rejection was increased in the 
CNI group, whereas malignancy rates were increased in mTORi 
group, although the differences were not statistically significant.

As seen in Table 3, no difference was found between the groups 
in immunological tests such as PRA and DSA.

Discussion

DSAs that occurs against a graft’s antigens cause AMR and 
subsequent chronic graft dysfunction [12]. Use of solid-phase 
single-antigen bead technology to detect HLA antibodies has 
started a new research phase in this field. Solid-phase immu-
nity analysis, especially LUMINEX®, is more sensitive than com-
plement-dependent lymphocytotoxicity (CDC) analysis that has 
been used before; thus, it is recommended for use in high-risk 
patients [13]. In our center, therapy is managed based on im-
munologic analysis and pathological data when necessary, by 
performing these follow-ups at regular intervals.
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Variables
mTOR group (n=37)

mean±SD
CNI group (n=52)

mean±SD
p

Age (year) 45.2±12.5 46.4±12.1 0.500

Transplant year 11.2±4.5 9.1±3.9 0.025

Transplant number 1.03±0.1 1.02±0.1 0.800

Mismatch 3.27±0.6 3.56±0.6 0.024

n (%) n (%)

Sex (F/M) 	 19/18	 (51.4/48.6) 	 21/31	 (40.6/59.4) 0.300

Presence of DM 	 8	 (21.6) 	 2	 (3.8) 0.015

Presence of HT 	 17	 (45.9) 	 31	 (59.6) 0.200

Presence of CVD 	 2	 (5.4) 	 1	 (1.9) 0.568

Post-transplant BKVN 	 4	 (10) 	 0	 (0) 0.020

Post-transplant AR 	 4	 (10.8) 	 7	 (13.5) 0.700

Post-transplant malignancy 	 3	 (8.1) 	 1	 (1.9) 0.300

Delayed graft function 	 4	 (10.8) 	 10	 (19.2) 0.282

Cadaveric donor 	 15	 (40.5) 	 22	 (42.3) 0.867

Live donor 	 22	 (59.5) 	 30	 (57.7) 0.867

Induction therapy 	 29	 (78.4) 	 42	 (80.8) 0.781

Used ATG 	 8	 (21.6) 	 21	 (40.4) 0.236

Used IL-2 antagonist 	 21	 (56.8) 	 21	 (40.4) 0.693

Table 1. Comparing demographic and comorbidity variables between groups.

Independent t test was used for comparing age parameter. Pearson’s or Fisher’s exact chi-square tests were used for categorical 
data. P<0.05 was considered significant. DM – diabetes mellitus; HT – hypertension; CVD – cardiovascular disease’ BKVN – BK virus 
nephropathy; AR – acute rejection.

Variables
mTOR group (n=37)

mean±SD
CNI group (n=52)

mean±SD
p

Post-transplant creatinine (mg/dl) 1.20±0.3 1.30±0.3 0.060

Actual creatinine (mg/dl) 1.32±0.5 1.43±0.5 0.330

Post-transplant eGFR (ml/min per/1.73 m2) 67.4±16 63±12.8 0.230

Actual eGFR (ml/min per/1.73 m2) 59.7±20 57±17 0.520

Post-transplant spot urine protein/creatinine 0.1±0.2 0.14±0.3 0.110

Actual spot urine protein/creatinine 0.3±0.5 0.28±1.0 0.009

Table 2. Biochemical analysis features of the study groups.

Independent t test was used and P<0.05 was considered significant.
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The emerging information regarding the effect of DSA on graft 
results and the ability to evaluate DSA levels under specific im-
munosuppressive regimens highlighted the question of which 
classes of drugs may affect the risk of DSA occurrence [14]. 
The SPIESSER and CENTRAL trials showed that no significant 
effect was found after discontinuation of CsA then switching 
to SRL or EVE [15,16]. We observed no significant increase of 
DSA levels after using these drugs for a longer period.

In another trial it was reported that switching therapy from CNI 
to mTORi in the 2nd year after transplantation, HLA class I lev-
els were higher in the group that was switched to EVE than in 
the control group, whereas HLA class II levels were similar [17].

The clinicians’ first mission should be preventing AMR occur-
rence, as there is no specific salvage therapy. Post-transplant 
DSA formation risk is determined by the intensity of immu-
nosuppressive therapy and the rate of patient compliance to 
the therapy. An early switch from CNI to mTORi might increase 
the risk of DSA formation. To reduce risk, maintaining optimal 
MMF/MPA and probably continuing steroids seems to be con-
venient. In case of an early switch to another regimen without 
CNI, DSA follow-up and protocol biopsies should be performed. 
The late transformation from CNI treatment to a mTORi after 
the first year of transplantation has not been shown to affect 
the risk of developing DSA [18].

In the clinical trial carried out in human cell culture, EVE was 
found less potent in inhibiting cellular alloimmunity, but equally 

effective on humoral alloimmunity. This is why EVE might be 
a suitable alternative if tacrolimus toxicity occurs in the early 
period of renal transplant patient [19]. In an EVE study aimed 
at avoiding CNI toxicity, EVE was shown to be no less effec-
tive than MPA in patients with low to moderate immunolog-
ical risk [20]. Improvement in kidney functions was observed 
when the regimen was switched from CNI to mTORi in liver 
transplant patients [21].

Randomized controlled studies show that an optimal treatment 
can be successful in terms of both adverse effects and efficacy 
with everolimus added with reduced tacrolimus levels [22,23]. 
The use of mTOR-i instead of antimetabolites may not signifi-
cantly alter major clinical outcomes. The use of mTOR-i can be 
a valuable pharmacological tool to minimize complications of 
CNI and achieve adequate immunosuppression [24].

Complement-based IgG subgroup-DSAs might be more useful 
in immunological monitoring [25,26]. Immunological responses 
emerging as either subclinical or clinical rejections critically af-
fect both graft and overall survival [27]. It has also been shown 
that there is no increase in AMR in short-term results [28].

After 7 years of follow-up, there was no significant difference 
between the groups in terms of IMT (intima media thickness), 
actual CV events and mortality, CV risk profile, predicted MACE/
Mortality between the mTORi and CNI-based regimen [29].

Variables
mTOR group (n=37)

n (%)
CNI group (n=52)

n (%)
p

Pretransplant PRA positivities 	 4	 (11.1) 	 10	 (20) 0.240

Pretransplant PRA I positivities 	 4	 (11) 	 7	 (14) 0.260

Pretransplant PRA II positivities 	 3	 (8.7) 	 7	 (14) 0.260

Post-transplant PRA positivities 	 12	 (33) 	 13	 (27) 0.390

Post-transplant PRA I positivities 	 3	 (8.3) 	 7	 (14.6) 0.670

Post-transplant PRA II positivities 	 8	 (22) 	 9	 (18) 0.900

Post-transplant PRA-A positivities 	 0	 (0) 	 3	 (6.3) 0.160

Post-transplant PRA-B positivities 	 4	 (11.1) 	 5	 (10.4) 0.500

Post-transplant PRA-DR positivities 	 2	 (5.6) 	 1	 (2.1) 0.570

Post-transplant PRA-DQ positivities 	 7	 (19.4) 	 9	 (18.8) 0.500

Post-transplant DSA positivities 	 6	 (16.7) 	 6	 (12.5) 0.290

Post-transplant non-DSA positivities 	 7	 (19.4) 	 10	 (20) 0.720

Table 3. Comparing pre- and post-transplant immunological variables between study groups.

Pearson’s or Fisher’s exact chi-square tests were used. P<0.05 was considered significant.
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This study was retrospective. In both groups, those who died 
and those who lost their graft were excluded. Unfortunately, 
these are the shortcomings of the study. This study is prospec-
tive and can yield better results in cases where regular im-
munological monitoring is performed from the beginning and 
any graft loss is noted by supporting biopsy when necessary. 
But still, there is no immunological problem in using mTORi 
instead of or alongside CNI for whatever reason.

Conclusions

Long-term use of mTORi does not appear to be an immunolog-
ical problem. Further clinical trials with a larger population are 
needed to optimize the strength of our evidence.
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