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Background: Nephrotoxicity is a serious adverse effect of calcineurin inhibitor therapy in 

patients after heart transplantation (HTX).

Aim: In this retrospective registry study, renal function within the first 2 years after HTX in 

patients receiving de novo calcineurin inhibitor treatment, that is, cyclosporine A (CSA) or 

tacrolimus (TAC), was analyzed. In a consecutive subgroup analysis, renal function in patients 

receiving conventional tacrolimus (CTAC) was compared with that of patients receiving 

extended-release tacrolimus (ETAC).

Methods: Data from 150 HTX patients at Heidelberg Heart Transplantation Center were 

retrospectively analyzed. All patients were continuously receiving the primarily applied cal-

cineurin inhibitor during the first 2 years after HTX and received follow-up care according to 

center practice.

Results: Within the first 2 years after HTX, serum creatinine increased significantly in patients 

receiving CSA (P0.0001), whereas in patients receiving TAC, change of serum creatinine was 

not statistically significant (P=not statistically significant [ns]). McNemar’s test detected a signifi-

cant accumulation of patients with deterioration of renal function in the first half year after HTX 

among patients receiving CSA (P=0.0004). In patients receiving TAC, no significant accumulation 

of patients with deterioration of renal function during the first 2 years after HTX was detectable  

(all P=ns). Direct comparison of patients receiving CTAC versus those receiving ETAC detected 

no significant differences regarding renal function between patients primarily receiving CTAC 

or ETAC treatment during study period (all P=ns).

Conclusion: CSA is associated with a more pronounced deterioration of renal function, espe-

cially in the first 6 months after HTX, in comparison with patients receiving TAC as baseline 

immunosuppressive therapy.

Keywords: heart transplantation, renal function, extended-release tacrolimus

Introduction
Calcineurin inhibitor (CNI-)-based immunosuppressive therapy is mainly used to 

prevent acute rejection episodes (AREs) in patients after heart transplantation (HTX).1,2 

Referring to current International Society for Heart and Lung Transplantation registry 

data, the use of cyclosporine A (CSA) decreased in recent years, and accordingly, tac-

rolimus (TAC) has become the predominant CNI in patients after HTX, as TAC is more 

effective in avoiding AREs.1,3–7 Given the improved patient mortality during the last 

decades, possible toxic effects of immunosuppression, especially nephrotoxicity, have 

to be considered more carefully.8 In addition, prevention of severe renal dysfunction 
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becomes all the more important, as heart transplanted patients 

receiving long-term dialysis have adverse survival rates.9,10

For this reason, this study was initiated to compare both 

CNI immunosuppressive regimens regarding renal function 

within the first 2 years after HTX in patients continuously 

receiving the primarily applied CNI regimen. 

Primary endpoint was change in renal function assessed 

by Modification of Diet in Renal Disease (MDRD) equation 

during the first 2 years after HTX. In addition, we compared 

patients receiving conventional tacrolimus (CTAC) with 

patients receiving extended-release tacrolimus (ETAC) 

regarding renal function.

All human studies were reviewed by the ethics committee 

of the University of Heidelberg and have been performed in 

accordance with the ethical standards laid down in the 2008 

Declaration of Helsinki.

Patients and methods
Patients
A total of 150 patients who were continuously receiving the 

primary applied CNI within first 2 years after HTX were ret-

rospectively analyzed. Inclusion criteria included CNI-based 

immunosuppression without change of primarily applied CNI 

within the first 2 years after HTX (per protocol analysis). 

Exclusion criteria were external follow-up and death within 

first 2 years after transplantation.

Patients underwent HTX between May 1998 and October 

2010 at the Heidelberg Heart Transplantation Center in 

Germany. All patients received routine follow-up visits 

according to center standard, including physical examination, 

and routine laboratory analysis, including immunosuppres-

sive drug monitoring.

Routine follow-up visits were performed monthly after 

primary discharge after HTX until month 6, bimonthly from 

month 6 to month 12, and every 3 months in the second year 

after transplantation.

Renal function
Renal function was analyzed by MDRD equation and serum 

creatinine levels.11 For the purpose of the present study, renal 

function tests immediately after HTX as baseline value and 

at months 6, 12, and 24 after HTX were analyzed.

Referring to the National Kidney Foundation, patients 

were divided into three groups, based on estimated glom-

erular filtration rate (eGFR), assessed by MDRD equation.12 

In group 1, eGFR was 30 mL/minute/1.73 m2, in group 2, 

eGFR was 30 and 60 mL/minute/1.73 m2, and in group 3, 

eGFR was 60 mL/minute/1.73 m2. In subgroup analysis, 

patients’ renal function was analyzed according to primarily 

applied TAC formulation.

Routine laboratory testing and 
immunosuppressive drug-level monitoring
Laboratory analysis was performed during routine follow-up 

visits, including complete blood count, liver function tests, 

blood glucose levels, and blood lipid profile.

Immunosuppressive medication was applied and moni-

tored according to the center’s routine protocol. In line with 

the center’s routine protocol, target levels of immunosuppres-

sive drugs were reduced during the study period.13

In general, CNI therapy was part of a dual immunosup-

pressive regimen. In 2001, azathioprine was replaced by 

mycophenolate mofetil as a concomitant immunosuppressive 

drug. Steroids were routinely applied during the first half year 

after HTX and were tapered whenever possible.

Statistical analysis
Data were statistically analyzed using SAS 9.3 (SAS Insti-

tute Inc., Cary, NC, USA). Numerical data were expressed 

as mean value ± standard deviation or were described as 

absolute numbers or percentages. Analyses of differences 

in groups were detected using t-test for continuous data and 

chi-square-test for categorical data. To detect significant 

deterioration of renal function within groups between study 

visits, McNemar’s test was used. A P-value of 0.05 was 

assessed as statically significant. 

Results
Patient demographic and baseline 
characteristics
Baseline demographic data and characteristics are shown 

in Table 1. Seventy-eight patients (52.0%) received a CSA-

based immunosuppressive regimen, and 72 patients (48.0%) 

received a TAC-based immunosuppressive therapy continu-

ously during the first 2 years after HTX. Within the TAC 

group, 29 patients (40.3%) received a CTAC-based de novo 

regimen, and 43 (59.7%) patients received an ETAC immu-

nosuppressive regimen (as soon as oral uptake was possible).  

In each subgroup, five patients changed their primarily 

applied immunosuppressive regimen from CTAC to ETAC, 

respectively ETAC to CTAC. Data from these patients 

were censored for subgroup analysis at the point of switch. 

Regarding age at HTX, no statistically significant differences 

between the groups were detectable (P=not statistically sig-

nificant [ns]). However, in patients receiving a TAC-based 

immunosuppressive regimen, ischemic time was significantly 
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longer (P0.0001), donors were older (P0.0001), percent-

age of male donors was lower (P=0.0037), and sex mismatch 

was higher (P=0.038). Further analysis of diagnoses leading 

to HTX detected a significantly higher percentage of patients 

transplanted due to coronary heart disease in the CSA group 

(P=0.0134); all other principal diagnoses leading to HTX did 

not differ statistically significantly between both groups (all 

P=ns). Regarding concomitant medication, no statistically 

significant differences regarding use of statins was seen 

between groups 2 years after HTX (P=ns).

Renal function and serum electrolytes
Analysis of renal function referring to eGFR by MDRD equa-

tion is shown in Figure 1. Renal function during the study 

period according to serum creatinine levels is described in 

Figure 2. Analysis of renal function at each visit with regard 

to eGFR detected no statistically significant differences 

between patients receiving TAC and patients receiving CSA 

(all P=ns; Table 2). A significant decrease of eGFR during 

the study period was detectable in both groups (CSA group,  

2 years after HTX vs baseline, P0.0001; TAC group,  

2 years after HTX vs baseline, P=0.0094). McNemar’s test 

detected a significant accumulation of patients with dete-

rioration of renal function in the first half year after HTX 

among patients receiving CSA (P=0.0004). In patients 

receiving TAC, no significant accumulation of patients 

with deterioration of renal function during the first 2 years 

after HTX was detectable (all P=ns). Figures 3 and 4 show 

the composition of both CNI groups referring to eGFR at 

performed study visits.

Within the first 2 years after transplantation, serum 

creatinine increased significantly in CSA patients (2 years 

after HTX vs baseline P0.0001), whereas in patients 

receiving TAC, serum creatinine did not differ signifi-

cantly from baseline values (P=ns). At baseline, serum 

creatinine in patients receiving CSA was significantly lower  

(CSA, 1.12±0.53 mg/dL; TAC, 1.47±0.94 mg/dL; P=0.0066). 

Starting from month 6 after HTX, serum creatinine levels in 

patients receiving CSA and patients receiving TAC did not 

differ statistically significantly (all P=ns).

Analysis of serum electrolytes, that is, serum sodium and 

serum potassium, detected no statistically significant differ-

ences between both CNI regimens (all P=ns). Changes within 

both study groups regarding eGFR, serum creatinine, and 

electrolytes versus baseline values are given in Table 2. 

Analyzing eGFR in TAC subgroups detected no statis-

tically significant differences between patients primarily 

receiving an ETAC or patients receiving a CTAC immuno-

suppressive regimen at all performed study visits (all P=ns). 

At baseline, eGFR in patients receiving CTAC treatment was 

Table 1 Patient baseline demographic data

Characteristics CSA  
patients

TAC  
patients

P-value

Included patients, n 78 72 na
Mean age at HTX, years ± SD 50.90±10.71 50.43±10.10 ns

Mean donor age, years ± SD 36.10±14.04 45.31±12.62 0.0001
Male/female recipient, n 66/12 52/20 ns
Male/female donor, n 42/36 22/50 0.0037
Sex mismatch, n (%) 27 (34.6) 37 (51.4) 0.038
Ischemic time, minutes ± SD 202.36±58.01 250.17±44.05 0.0001
Diagnosis leading to HTX, n

DCM 43 44 ns
CAD 28 13 0.0134
Cardiac vitium 1 1 ns
Cardiac amyloidosis 4 10 ns
Other 2 4 ns

Abbreviations: CSA, cyclosporine A; TAC, tacrolimus; na, not applicable; HTX, 
heart transplantation; SD, standard deviation; DCM, dilated cardiomyopathy; CAD, 
coronary artery disease; ns, not statistically significant; n, total number.

Figure 1 Renal function assessed by MDRD equation.
Abbreviations: MDRD, Modification of Diet in Renal Disease; HTX, heart 
transplantation; CSA, cyclosporine A; TAC, tacrolimus.

Figure 2 Renal function assessed by serum creatinine.
Abbreviations: HTX, heart transplantation; CSA, cyclosporine A; TAC, tacrolimus.
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71.62±41.17 mL/minute/1.73 m2 versus 70.16±39.28 mL/

minute/1.73 m2 (P=ns). After the study period, eGFR was 

57.46±27.64 mL/minute/1.73 m2 in patients receiving CTAC 

versus 57.71±23.25 mL/minute/1.73 m2 in patients receiv-

ing ETAC (P=ns). Analysis of serum creatinine detected no 

statistically significant differences between patients receiving 

CTAC and patients receiving ETAC at performed study 

visits (all P=ns). 

Laboratory evaluation and physical data
No statistically significant differences between patients 

receiving CSA- and TAC-based therapy were found regarding 

serum triglycerides and high-density lipoprotein at base-

line and during the study period (all P=ns). In contrast to 

patients receiving CSA, within the patients receiving TAC, 

a significant reduction of serum triglyceride levels during the 

study period was observed (2 years after HTX vs baseline, 

P=0.0031). Analysis of serum cholesterol levels detected 

no significant differences within the first year after HTX. 

Beginning at month 12 after transplantation, statistically 

significant differences regarding blood cholesterol levels were 

seen between both groups (month 12 after HTX, P=0.0002; 

month 24 after HTX, P=0.0252). However, a significantly 

lower blood cholesterol level was detected in both CNI groups 

2 years after HTX versus baseline values (patients receiving 

CSA: 2 years after HTX vs baseline, P=0.0010; patients 

receiving TAC: 2 years after HTX vs baseline, P=0.0003). 

Two years after HTX, high-density lipoprotein levels were 

significantly lower in both groups (CSA: 2 years vs baseline, 

P=0.0004; TAC: 2 years vs baseline, P=0.0002), low-density 

lipoprotein was continuously higher in patients receiving CSA 

at all performed study visits. Except from month 6 after HTX, 

serum glucose did not differ significantly between patients 

receiving CSA and patients receiving TAC (P=0.0169). 

Figure 4 Patient distribution percentage regarding MDRD in TAC group at 
performed study visits.
Abbreviations: eGFR, estimated glomerular filtration rate; HTX, heart transplantation; 
MDRD, Modification of Diet in Renal Disease; TAC, tacrolimus.

Table 2 Renal function and serum electrolytes

Characteristics 
and month

CSA patients,  
mean ± SD

TAC patients,  
mean ± SD

P-value

eGFR, mL/minute/1.73 m2

Baseline 82.13±30.72 70.75±39.77 ns
6 60.89±24.14* 55.46±23.10* ns
12 59.48±23.18* 60.91±25.17* ns
24 61.28±25.04* 57.61±24.92* ns

Serum creatinine, mg/dL
Baseline 1.12±0.53 1.47±0.94 0.0066
6 1.47±0.59* 1.65±1.01† ns
12 1.46±0.47* 1.48±0.83† ns
24 1.42±0.44* 1.67±1.30† ns

Serum sodium, mmol/L
Baseline 136.65±3.86 137.72±3.43 ns
6 138.82±3.75* 137.99±3.90† ns
12 138.84±2.94* 139.31±2.94* ns
24 138.60±3.47* 139.18±2.80* ns

Serum potassium, mmol/L
Baseline 4.23±0.50 4.27±0.54 ns
6 4.05±0.42* 4.05±0.46* ns
12 4.28±0.41† 4.34±0.53† ns
24 4.28±0.36† 4.36±0.54† ns

Notes: *P0.05 vs baseline, statistically significant; †P0.05 vs baseline, ns.
Abbreviations: CSA, cyclosporine A; SD, standard deviation; TAC, tacrolimus; 
eGFR, estimated glomerular filtration rate; ns, not statistically significant.

Figure 3 Patient distribution percentage regarding MDRD in CSA patients at 
performed study visits.
Abbreviations: eGFR, estimated glomerular filtration rate; HTX, heart trans­
plantation; MDRD, Modification of Diet in Renal Disease; CSA, cyclosporine A.
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Table 3 Clinical and laboratory parameters

Characteristics  
and month

CSA patients,  
mean ± SD

TAC patients,  
mean ± SD

P-value

Triglycerides, mg/dL
Baseline 191.53±103.56 195.97±78.64 ns
6 164.76±88.70† 170.67±82.26* ns
12 166.03±92.08† 161.79±93.56* ns
24 163.19±135.50† 158.76±84.17* ns

Blood cholesterol, mg/dL
Baseline 221.29±57.97 204.52±49.41 ns
6 190.20±38.21* 180.13±37.03* ns
12 194.59±47.49* 168.10±34.14* 0.0002
24 193.72±46.61* 178.14±35.50* 0.0252

HDL, mg/dL
Baseline 60.13±23.61 62.28±19.42 ns
6 50.04±15.66* 51.20±16.87* ns
12 50.50±18.13* 49.14±18.11* ns
24 48.74±15.63* 50.07±16.34* ns

LDL, mg/dL
Baseline 128.56±49.66 108.16±31.50 0.0068
6 109.11±29.47* 94.71±31.76† 0.0056
12 111.65±35.65* 85.82±28.22* 0.0001
24 114.04±30.51* 95.77±31.42† 0.0006

Serum glucose, mg/dL
Baseline 112.49±45.06 118.51±43.11 ns
6 100.91±20.56* 116.99±51.96† 0.0169
12 103.60±23.03† 109.24±31.39† ns
24 109.15±30.15† 114.00±37.04† ns

ASAT, U/L
Baseline 16.53±9.07 23.87±12.37 0.0003
6 15.21±7.71† 24.49±11.04† 0.0001
12 15.50±7.95† 28.77±16.78* 0.0001
24 16.39±8.29† 29.83±32.79† 0.0014

ALAT, U/L
Baseline 36.85±33.43 48.39±36.08 0.0444
6 15.63±10.84* 26.04±20.75* 0.0003
12 14.62±8.02* 26.44±19.67* 0.0001
24 17.62±13.55* 24.33±15.24* 0.0061

GGT, U/L
Baseline 104.96±90.20 273.93±242.54 0.0001
6 45.49±60.70* 123.54±186.62* 0.0013
12 32.69±34.99* 122.28±199.35* 0.0003
24 30.56±29.70* 83.31±99.36* 0.0001

Serum bilirubin, mg/dL
Baseline 1.58±1.16 0.88±0.62 0.0001
6 0.81±0.36* 0.46±0.22* 0.0001
12 0.81±0.37* 0.54±0.27* 0.0001
24 0.77±0.34* 0.56±0.21* 0.0001

Hemoglobin, g/dL
Baseline 11.28±1.18 11.21±1.10 ns
6 11.63±1.25* 10.84±1.37* 0.0004
12 12.03±1.39* 11.68±1.61* ns
24 12.73±1.58* 12.81±1.83* ns

Thrombocytes, 1/nL
Baseline 264.79±115.41 318.33±143.55 0.0134
6 238.88±71.73* 230.41±74.87* ns

(Continued)

Table 3 (Continued)

Characteristics  
and month

CSA patients,  
mean ± SD

TAC patients,  
mean ± SD

P-value

12 240.21±67.64* 238.59±122.86* ns
24 244.29±66.47† 215.83±67.27* 0.0109

Leukocytes, 1/nL
Baseline 9.48±4.59 10.34±4.64 ns
6 5.33±2.11* 4.63±1.99* 0.0406
12 6.06±1.78* 5.26±2.04* 0.0131
24 6.67±1.97* 6.26±2.03* ns

Systolic blood pressure, mmHg
Baseline 126.10±14.27 121.86±16.86 ns
6 127.40±15.91† 122.72±15.13† ns
12 127.17±13.74† 121.90±14.20† 0.0230
24 126.15±15.77† 121.06±14.44† 0.0405

Notes: *P0.05 vs baseline, statistically significant; †P0.05 vs baseline, ns.
Abbreviations: CSA, cyclosporine A; SD, standard deviation; TAC, tacrolimus; ns, 
not statistically significant; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; GGT, gamma-
glutamyltransferase.

Analyzing liver function enzymes detected continuously 

higher values of aspartate aminotransferase and alanine 

aminotransferase at all performed study visits in patients 

receiving TAC. In addition, gamma-glutamyl-transferase 

was significantly higher in patients receiving a TAC-based 

immunosuppressive regimen, and a higher serum bilirubin 

level was detected in patients with de novo CSA therapy 

during study period (all P0.0001).

With regard to blood pressure profile, no statistically 

significant differences between groups were seen during 

the first year after HTX (all P=ns). Beginning in month 12 

after HTX, systolic blood pressure was significantly higher 

in patients receiving CSA. Detailed laboratory findings are 

shown in Table 3.

Immunosuppressive regimen 
and measured drug levels
Immunosuppressive drug trough levels are described in 

Table  4, and applied doses of immunosuppression are 

described in Table 5. No statistically significant differences 

regarding immunosuppressive drug trough levels were 

found between the CTAC and ETAC groups (all P=ns). 

Only at baseline, patients receiving ETAC received signifi-

cantly higher TAC doses (ETAC: 11.71±4.71 mg; CTAC: 

8.14±3.13 mg; P=0.0002).

Discussion
The primary endpoint of our study was to evaluate the neph-

rotoxic effects of a TAC- or CSA-based immunosuppressive 

regimen in patients after HTX. To detect possible effects 
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Table 4 Immunosuppressive drug trough levels

Month and  
characteristics, all  
parameters µg/L

CSA  
patients,  
mean ± SD

TAC  
patients,  
mean ± SD

P-value

Baseline 
CNI 266.1±102.0 12.6±4.4 na

+MPA 2.1±1.9 2.4±1.5 ns

+mTOR 7.4±3.9 6.2±2.7 ns
Month 6 

CNI 202.3±71.6* 10.1±3.1* na

+MPA 2.3±1.2 2.9±1.4 0.0207

+mTOR 6.7±1.9 7.6±2.6 ns
Month 12

CNI 174.5±83.7* 8.9±4.2* na

+MPA 2.5±1.7 2.3±1.2 ns

+mTOR 7.9±5.4 6.1±3.1 ns
Month 24

CNI 130.8±56.7* 7.2±2.2* na

+MPA 2.5±1.5 2.2±1.2 ns

+mTOR 6.8±3.9 6.3±2.1 ns

Notes: *P0.05 vs baseline, statistically significant.
Abbreviations: CSA, cyclosporine A; SD, standard deviation; TAC, tacrolimus; 
CNI, calcineurin inhibitor; na, not applicable; MPA, mycophenolic acid; ns, not 
statistically significant; mTOR, mammalian target of rapamycin inhibitor.

Table 5 Immunosuppressive drug doses

Visit and characteristics,  
all parameters mg

CSA patients,  
mean ± SD (n)

TAC patients,  
mean ± SD (n)

P-value

Baseline
CNI 323.0±101.5 (78) 10.3±4.5 (72) na

+MMF 2803.0±918.0 (33) 2300.7±902.0 (69) 0.0116

+mTOR 1.3±0.4 (2) 4.0±2.0 (3) ns

+AZA 88.4±25.1 (41) — (0) na

+steroids 19.3±12.1 (77) 30.4±13.7 (72) 0.0001
Month 6

CNI 260.6±72.4 (78) 7.1±4.1 (72) na

+MMF 2750.0±908.7 (34) 1810.3±680.7 (58) 0.0001
+Mycophenolate sodium — (0) 840.0±680.7 (3) na

+mTOR — (0) 3.6±1.5 (11) na

+AZA 82.8±24.1 (32) — (0) na

+steroids 6.4±3.1 (68) 5.9±3.4 (63) ns
Month 12

CNI 219.4±69.6 (78) 5.7±3.4 (72) na

+MMF 2700.0±848.8 (45) 1804.4±739.6 (46) 0.0001
+Mycophenolate sodium — (0) 1170.0±877.2 (5) na

+mTOR 3.2±4.1 (4) 3.0±1.4 (20) ns

+AZA 74.0±34.2 (25) — (0) na

+steroids 7.8±13.1 (54) 3.8±2.9 (16) 0.0411
Month 24

CNI 193.1±62.3 (78) 4.5±2.5 (72) na

+MMF 2779.4±869.8 (51) 1625.0±670.5 (50) 0.0001
+Mycophenolate sodium — (0) 1260.0±496.2 (6) na

+mTOR 1.1±0.1 (4) 3.0±1.3 (14) 0.0001
+AZA 57.1±15.3 (14) 50.0±35.4 (2) ns

+steroids 5.2±2.7 (34) 2.6±1.5 (8) 0.0017

Note: — indicates that there is no measured drug level.
Abbreviations: CSA, cyclosporine A; TAC, tacrolimus; SD, standard deviation; CNI, calcineurin inhibitor; na, not applicable; MMF, mycophenolat mofetil; mTOR, mammalian 
target of rapamycin inhibitor; ns, not statistically significant; AZA, azathioprine; n, number of patients.

caused by CNI, we only analyzed the data of patients who 

received the same CNI, that is, CSA or TAC, for 2 years 

after HTX. Analyzing renal function by means of serum 

creatinine detected a significant deterioration of renal func-

tion in patients receiving CSA as their baseline immunosup-

pressive regimen within the first 2 years after HTX (2 years 

after HTX vs baseline, P0.0001). In patients receiving 

TAC, no statistically significant deterioration of renal func-

tion measured by serum creatinine was detectable (2 years 

after HTX vs baseline, P=ns). 

As the MDRD equation is a more appropriate marker 

to assess renal function than serum creatinine, we used the 

MDRD equation to analyze renal function more precisely in 

our study cohort.11 Analyzing renal function according to the 

MDRD equation detected a significant decrease of eGFR, both 

in patients receiving CSA and in patients receiving TAC. 

On the basis of eGFR, we divided both CNI groups into 

three subgroups to analyze the composition of both groups at 

performed study visits. To detect a significant shift of patients 

with deterioration of renal function between study visits, 
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we used McNemar’s test. In contrast to recently published 

data reporting similar nephrotoxic effects of both CNIs, we 

detected significant deterioration of renal function in patients 

receiving CSA.6,14–16 Our data underline data reporting bet-

ter renal function of TAC-based immunosuppression, as 

a significant accumulation of patients with deterioration 

of renal function was only seen in patients receiving CSA 

immunosuppressive treatment within the first 6 months after 

HTX.4,17 Between all other study visits, a significant shift of 

patients receiving CSA with deterioration of renal function 

was not seen (all P=ns). Analyzing patients receiving TAC by 

McNemar’s test detected no statistically significant transition 

during the study period. 

Data comparing ETAC and CTAC are rarely published; 

however, in contrast to recently published data in patients 

after renal transplantation, no significant differences regard-

ing renal function in patients receiving either ETAC or CTAC 

therapy were found in our study cohort.18 To clarify the 

effects on renal function of both TAC regimes, randomized 

controlled studies should be initiated. The importance of 

local renal factors, for example, variability in P-glycoprotein 

and CYP3A4/5 expression or activity, older kidney age, salt 

depletion, the use of nonsteroidal anti-inflammatory drugs, 

and genetic polymorphisms in genes such as TGF-β and 

ACE, in comparison with systemic exposure to CNIs, for 

susceptibility to CNI-induced nephrotoxicity has been previ-

ously published.19 In addition, the effects of comedication 

(eg, ACE-inhibitors, amlodipine), CNI avoidance and dose 

minimization, and simultaneous injection of anti-TGF-β 

antibodies have to be taken into account.20–26

Cholestasis and hepatotoxic effects in patients receiv-

ing a TAC-based medication have already been detected in 

previously published case reports; however, both CNIs are 

suspected to cause cholestasis.27–29

In line with previously published data, blood cholesterol 

levels and systolic blood pressure values were significantly 

higher in patients receiving CSA.7,14,15,30 Higher systolic blood 

pressure may partly be explained by a higher sympathetic 

tone caused by vasoconstriction of afferent and efferent 

glomerular arterioles.31,32 

Limitations
Our retrospective study was performed as a single-center 

study, and patients were followed up according to the center’s 

specific routine follow-up care. Moreover, we only consid-

ered patients without change of CNI immunosuppressive 

regimen to analyze specific CNI effects on renal function. 

A possible era effect cannot be ruled out, given the long 

follow-up period. 

Conclusion
The superior rejection profile of the TAC-based immunosup-

pressive regimen had already been demonstrated previously.7 

In addition, our data detect the favorable effects of a TAC-

based immunosuppression with respect to nephrotoxicity, 

as CSA immunosuppressive therapy was associated with a 

significant deterioration of renal function (McNemar’s test), 

especially in the first 6 months after HTX, when high immu-

nosuppressive drug trough levels are needed to prevent AREs. 

Given the increasingly older HTX recipients, with a multitude 

of comorbidities, preservation of renal function is of eminent 

interest. Therefore, in our opinion, a TAC-based immunosup-

pressive regimen is favorable after HTX.
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