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Background: A calcineurin inhibitor (CNI)-based immunosuppression combined with
mammalian target of rapamycin inhibitors (mTORs) seems to be attractive in patients after
heart transplantation (HTX) in special clinical situations, for example, in patients with adverse
drug effects of prior immunosuppression. Previous studies in patients after HTX detected
advantageous effects regarding renal function of a tacrolimus (TAC)-based vs cyclosporine-A
(CSA)-based immunosuppression (in combination with mycophenolate mofetil). However, data
regarding renal function after HTX in mTOR/CNI patients remain limited.

Aim: Primary end point of the present study was to analyze renal function in HTX patients
1 year after switch to an mTOR/CNI-based immunosuppression.

Methods: Data of 80 HTX patients after change to mTOR/CNI-based immunosuppression were
retrospectively analyzed. Renal function was assessed by measured serum creatinine and by estimated
glomerular filtration rate (eéGFR) calculated from Modification of Diet in Renal Disease equation.
Results: Twenty-nine patients received mTOR/CSA-based treatment and 51 patients received
mTOR/TAC-based therapy. At time of switch and at 1-year follow-up, serum creatinine and
eGFR did not differ significantly between both study groups (all P=not statistically significant).
Analysis of variances with repeated measurements detected a similar change of renal function
in both study groups.

Conclusion: The present study detected no significant differences between both mTOR/CNI
study groups, indicating a steady state of renal function in HTX patients after switch of immu-
nosuppressive regimen.

Keywords: heart transplantation, cyclosporine A, tacrolimus, risk factors

Introduction

Calcineurin inhibitor (CNI)-based immunosuppression in combination with
mycophenolate mofetil (MMF) is the most frequently used immunosuppression in
patients after heart transplantation (HTX).!* As a result of remodeling of renal arterioles
and tubuli, interstitial fibrosis, and glomerular sclerosis, CNI-based immunosuppression
is associated with irreversible renal damage.>® For this reason, a further deterioration
of renal function parameters by maintenance CNI therapy is often observed.® Although
both CNIs suppress the immune system via a similar mechanism, differences in their
side-effect profile can be observed.>* One important reason for the better renal function
parameters in patients on tacrolimus (TAC)-based immunosuppression can possibly
be explained by the 100 times lower serum concentration of TAC.!
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After introduction to clinical practice in 2004, mammalian
target of rapamycin inhibitors (mTORs) are presently used
in about 10% of HTX patients."!! Due to its antiprolifera-
tive effects, mMTOR-based immunosuppression appears to be
favorable regarding development and progression of cardiac
allograft vasculopathy (CAV).!'"!4 Moreover, posttransplant
malignancy and CNI minimization,'"'*! for example, to
avoid further deterioration of renal function, are important
reasons for mTOR-based immunosuppression.

However, application of a completely CNI-free immu-
nosuppressive regimen may not be suitable in all clinical
situations, for example, in patients with recurrent rejection
episodes.'® Thus, the choice of concomitant immunosup-
pression is of enormous clinical interest. In patients on
concomitant MMF therapy, especially gastrointestinal disor-
ders, like diarrhea, and changes in blood count, for example,
leukopenia, are often observed.!”!® Side effects of mTOR-
based immunosuppression are dyslipidemia, leukopenia, and
thrombopenia.'"?

The present study focused on renal function in patients
on mTOR therapy in combination with a CNI, which may be
indicated in special clinical situations, for example, intoler-
ance of MMF. As previous studies demonstrated differences
in renal function parameters between different CNIs,?*320-22
primary endpoint of this retrospective, observational study
was renal function assessed by serum creatinine and esti-
mated glomerular filtration rate (eGFR) calculated from
Modification of Diet in Renal Disease (MDRD) equation
1 year after change of immunosuppressive regimen.

Patients and methods

Patients

In total, data of 80 adult HTX patients with mTOR-based
immunosuppressive therapy in combination with a CNI were
retrospectively analyzed. In all patients, HTX was performed
at Heidelberg Heart Transplantation Center (Heidelberg,
Germany). According to center’s routine protocol, primary
immunosuppressive regimen after HTX consisted of a CNI,
which was changed from cyclosporine A (CSA) to TAC in
February 2006, as part of a dual immunosuppressive regimen.*

Steroids are routinely given for 6 months after HTX.* To pre-
vent adverse clinical outcomes in the early posttransplant
period, like pericardial effusion and wound-healing problems, !
mTOR inhibitors were not started de novo after HTX.

Main inclusion criterion was an mTOR-based immu-
nosuppressive regimen combined with a CNI, that is, CSA
or TAC. All patients had to be on adequate and stable
immunosuppression and had to be at least 2 months after
HTX. Furthermore, patients had to be on mTOR/CNI therapy
for at least 4 months after change of immunosuppressive
regimen. Patients with a previous change of immunosuppres-
sive therapy were consequently excluded from analysis.

This study was approved by the Ethics Committee of
the University of Heidelberg. It was based upon the ethical
principles of the Declaration of Helsinki (2013). Analyzed
data were taken from clinical routine. Patient data confiden-
tiality was warranted. As only clinical routine data were used
for this study, no additional written informed consent was
required from the patients.

Renal function

Renal function was analyzed by means of measured serum
creatinine levels and by eGFR calculated from MDRD
equation.? Differences in renal function were analyzed by
comparing values at time of switch to mTORs and at month 4,
8, and 1 year after introduction of mTORs. All follow-up
parameters were obtained during routine follow-up.

Laboratory testing and

immunosuppressive drug level monitoring
Laboratory parameters were collected during routine
follow-up visits, including blood count, lipid profile, liver
function parameters, and clinical routine data, for example,
resting heart rate and blood pressure. Immunosuppres-
sive medication was adapted according to center’s routine
protocol.* Trough levels of mycophenolic acid, CNIs, and
mTOR are routinely monitored. Targeted immunosuppressive
drug trough levels are described in Table 1. Immunosuppres-
sive drug trough levels at the time of switch were collected
at first laboratory control after medication switch.

Table | Targeted immunosuppressive drug trough levels according to Heidelberg Heart Transplantation Center’s routine protocol

Immunosuppressive Months 1-2 Months 3-6 Months 7-12 Months 13-24 >24 months
Drug after HTX after HTX after HTX after HTX after HTX
CSA (ug/L) 125-175 100-125 90-110 70-90 50-70

TAC (ug/L) 911 7-9 6-8 4-6 3-5

mTOR (ug/L) 4-6,5 3-5

Note: Data from Helmschrott et al.*

Abbreviations: HTX, heart transplantation; CSA, cyclosporine A; TAC, tacrolimus; mTOR, mammalian target of rapamycin inhibitor.
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Acute rejection episodes

All endomyocardial biopsies were performed according to
the center’s routine protocol, time after HTX, and occur-
rence of previous acute rejection episodes (AREs). Results
of endomyocardial biopsies were graded according to the
revised International Society for Heart and Lung Transplan-
tation classification.?* An endomyocardial biopsy =2 R was
consequently treated as ARE, making an additional steroid
treatment necessary.

Statistical analysis

Data were statistically analyzed using SAS 9.3 (SAS
Institute Inc., Cary, NC, USA). Numerical data were
expressed as mean value = SD or were described as absolute
numbers (n) or percentage (%). Differences between both
study groups were analyzed by means of chi-square test
and Student’s #-test. For further analysis of renal function,
analysis of variances with repeated measurements was
used. A P-value of <0.05 was estimated to be statistically
significant. Statistical graphics were used to illustrate find-
ings, whenever suitable.

Results

Patient demographic and baseline
characteristics

Eighty patients were included in this present retrospective,
observational study. Twenty-nine patients (36.3% of total)
received an mTOR immunosuppression in combination
with CSA and 51 patients (63.8% of total) in combination
with TAC. Both groups were balanced regarding gender
distribution (P=0.78 not statistically significantinsly apnd regarding
reason for HTX (P=0.49"). However, inclusion of patients
with CSA as a concomitant immunosuppressive drug was

Table 2 Patients’ baseline demographic data

significantly later after HTX (P=0.0093) and patients were
significantly younger in mTOR/TAC group (P=0.0414).
HTX was performed between 06/1991 and 10/2013 in
mTOR/CSA patients and between 12/1999 and 07/2013
in mTOR/TAC patients. Patients’ demographic data are
described in Table 2.

Main reasons for introduction of mTOR-based immu-
nosuppressive therapy were nephroprotection (n=29),
adverse drug effects of prior immunosuppressive regimen
(n=22), rejection profile (n=14), development of CAV (n=9),
malignancies (n=4), infection (n=1), and left ventricular
hypertrophy (n=1). Sixteen of 22 patients with adverse drug
effects of prior immunosuppression were switched because
of side effects of MMF.

Renal function

At time of switch and after observation period, no statisti-
cally significant differences regarding renal function between
both mTOR/CNI study groups were detectable. At time
of switch, serum creatinine in mTOR/CSA patients was
1.9£1.6 mg/dL vs 1.6£1.0 mg/dL in mTOR/TAC patients
(P=0.44"). At the end of study, serum creatinine was
2.4+2.0 mg/dL in mTOR/CSA group and 1.8+0.8 mg/dL in
mTOR/TAC group (P=0.25"). Analysis of renal function
by eGFR showed an eGFR of 50.1£20.5 mL/min/1.73 m?
(mTOR/CSA) vs 57.9427.3 mL/min/1.73 m? (mTOR/TAC)
at the time of switch (P=0.16™). After the study period
eGFR was 44.1+21.1 mL/min/1.73 m? (mTOR/CSA) vs
50.9£26.6 mL/min/1.73 m?> (mTOR/TAC) (P=0.32™).
Analysis of variances with repeated measurements detected
significant difference regarding renal function parameters
over time (P=0.0067) in both study groups, but no interaction
oftreatment and time. In summary, analysis of variances with

Characteristics mTOR/CSA mTOR/TAC P-value
Included patients (n/% of total) 29/36.3 51/63.8 na
Age at baseline (mean £ SD, years) 55.419.7 50.3£11.9 0.0414
Time after HTX (mean * SD, days) 1,507.3£1,904.3 479.4+855.0 0.0093
Male patient (n/% of group) 19/65.5 35/68.3 0.78™
Reason for HTX (n) 0.49

NCM 15 27

CAD I 13

Valvular heart disease | 2

Cardiac amyloidosis 2 5

Other 0 4
Total death (n/%) 2/6.9 1/2.0 0.26™
Change of immunosuppressive regimen (n/%) 7/24.1 16/31.4 0.49m

Abbreviations: CSA, cyclosporine A; TAC, tacrolimus; HTX, heart transplantation; NCM, non-ischemic cardiomyopathy; CAD, coronary artery disease; n, total number;
na, not applicable; ™, not statistically significant; mTOR, mammalian target of rapamycin inhibitor; SD, standard deviation.
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Table 3 Renal function parameters during study period

Characteristics, Month mTOR/CSA mTOR/TAC P-value

all parameters, mean + SD

eGFR (mL/min/1.73 m?) 0° 50.1+20.5 57.9427.3 0.16™
4 37.6x15.7 54.4124.2 0.0017
8 45.1£23.9 54.31£26.3 0.18™
12 44.1£21.1 50.9£26.6 0.32™

Serum creatinine (mg/dL) 0° 1.9+1.6 1.6x1.0 0.44"
4 2.612.8 1.7£1.1 0.14"
8 2.412.1 1.7£0.9 0.17
12 2.44+2.0 1.8+£0.8 0.25™

Notes: “Time of medication switch to mTOR/CNI.

Abbreviations: CNI, calcineurin inhibitor; CSA, cyclosporine A; eGFR, estimated glomerular filtration rate; mTOR, mammalian target of rapamycin inhibitor; ™, not

statistically significant; SD, standard deviation; TAC, tacrolimus.

repeated measurement detected a comparable deterioration
of renal function parameters in both study groups. Detailed
information is shown in Table 3 and Figures 1 and 2.

Survival

In total, three patients of included study patients (3.8%
of total) died during observation period. In mTOR/CSA
group two patients and in mMTOR/TAC patients one patient
died (P=0.26™). Reasons for deaths were cardiopulmonary
arrest (n=1, mTOR/CSA group) and infection (n=1, in
each group).

ARE

An ARE was found in 10 patients in the mTOR/CSA group
(34.5% of group) and in 12 patients in the mTOR/TAC group
(24.0% of group) during study period (P=0.32"). One patient
in the mTOR/TAC group received no endomyocardial biopsy
during observation period.
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Figure | Renal function assessed by serum creatinine during study period.
Abbreviations: C, nTOR/cyclosporine A; T, mTOR/tacrolimus; mTOR, mammalian
target of rapamycin inhibitor.

Laboratory findings and physical data
Analysis of laboratory values during study period detected no
significant differences regarding serum triglycerides, blood
cholesterol, and high-density lipoprotein. Significant higher
low-density lipoprotein values at beginning (P=0.0179) and
after study period (P=0.0386) were seen in patients with
mTOR/CSA immunosuppression. Detailed laboratory find-
ings regarding lipid profile and liver function parameters are
shown in Table 4.

Analysis of hematological parameters detected no statisti-
cally significant differences at the time of study inclusion and
after study period. In particular, hemoglobin, leukocytes, and
thrombocytes did not differ significantly at the time of switch
and during study period (all P=ns). Moreover, analysis of
clinical parameters detected no significant differences in both
study groups. Resting heart frequency was 85.6+12.6/min
(mTOR/CSA) vs 84.3+£12.9/min (mTOR/TAC) at the time
of switch (P=0.69"), and at the end of study 87.1+12.2/min
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Figure 2 Renal function assessed by estimated glomerular filtration rate during
study period.

Abbreviations: C, mTOR/cyclosporine A; T, mTOR/tacrolimus; nTOR, mammalian
target of rapamycin inhibitor.
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(mTOR/CSA) vs 80.6£13.6/min (mTOR/TAC) (P=0.13"™).
Regarding systolic blood pressure no statistically significant
differences were seen during the study period (all P=ns).

Immunosuppressive regimen and

measured drug levels

Immunosuppressive therapy before switch to mTOR/CNI
was TAC/MMF in 48 patients, CSA/MMF in 25 patients,
CSA/azathioprine in three patients, and TAC/azathioprine
in two patients. One patient was switched from a CNI-free
immunosuppression and one patient was switched from a
single CSA-based regimen.

Immunosuppressive therapy was monitored by immuno-
suppressive drug trough levels (therapeutic drug monitoring).
At the time of switch, mean dose of mTOR was 5.712.6 mg
in mTOR/CSA patients vs 4.312.2 in mTOR/TAC patients
(P=0.28"). During the study period no statistically significant
differences in mTOR drug trough levels between both study
groups were seen (all P=ns); however, significantly higher
mTOR doses in patients on mTOR/TAC treatment were
seen. Moreover, a reduction in CNI exposure was detectable,

Table 4 Lipid profile and liver function parameters

as described in Table 5. Discontinuation rate in both study
groups did not differ significantly (P=0.49"). For detailed
information see Tables 2, 5, and 6.

Discussion

Previously, advantageous renal function parameters in TAC
patients compared to CSA patients were reported;>320-2?
therefore, primary endpoint of the present study was to
evaluate renal function in patients with mTORs in com-
bination with either CNL.*#2225 Qur data detected no sig-
nificant differences regarding renal function at the time of
switch and after study period in both mTOR/CNI groups
assessed by measured serum creatinine levels and by eGFR
calculated from MDRD equation. Further analysis of
variances with repeated measurements detected a similar
deterioration of renal function in both study groups during
study period, which was independent of time after HTX.
Recently published data suggest that expected effect on
renal function is dependent on renal function at the time of
mTOR introduction.?® Arora et al, detected posttransplant
effects of mTOR introduction on renal function in patients

Characteristics, all parameters, Month mTOR/CSA mTOR/TAC P-value
mean = SD
Triglycerides (mg/dL) 0* 142.6169.1 169.8+102.0 0.20™
4 198.6+133.7 246.81317.5 0.44"
8 217.9£129.5 199.4+95.7 0.59
12 223.8+229.3 187.6+87.0 0.59
Blood cholesterol (mg/dL) 0? 196.8+40.4 175.2+46.6 0.0482
4 209.3+£55.9 192.5+38.8 0.26™
8 219.4£58.5 193.5+£38.3 0.09™
12 216.8+40.3 194.6+34.9 0.10™
HDL (mg/dL) 0* 53.3+17.3 51.7£19.1 0.72
4 49.1£12.1 49.1£15.2 0.99
8 53.9+17.8 65.7£79.1 0.43
12 53.0+13.3 53.1£24.6 0.99
Low-density lipoprotein (mg/dL) 0? 111.5£34.7 90.2+31.5 0.0179
4 117.9146.3 103.2+32.8 0.28™
8 119.9+49.0 97.3128.1 0.13
12 132.2+41.3 100.8+29.2 0.0386
ASAT (U/L) 0? 20.417.3 25.319.5 0.0236
4 27.7+10.5 36.9122.4 0.0464
8 28.1+15.0 33.6x19.6 0.2556™
12 32.8+20.8 34.1+18.0 0.8366™
ALAT (U/L) 0* 19.848.7 29.8423.9 0.0158
4 24.449.5 48.8£57.0 0.0139
8 24.748.3 36.8125.8 0.0140
12 35.3+27.4 35.2+15.4 0.99

Note: “Time of medication switch to mTOR/CNI.

Abbreviations: ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; CSA, cyclosporine A; HDL, high-density lipoprotein; mTOR, mammalian target of

rapamycin inhibitor; ™, not statistically significant; TAC, tacrolimus.
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Table 5 Immunosuppressive drug trough levels

Month Characteristics, mTOR/CSA mTOR/TAC P-value
all parameters, mean = SD

0* mTOR (ug/L) 5.7+2.6 4.3+2.2 0.2762™
+ CNI (ug/L) 139.1£58.3 9.7+4.8 na

4 mTOR (ug/L) 6.212.0 6.813.4 0.3382™
+ CNI (ug/L) 104.6+62.5 7.5+2.4 na

8 mTOR (ug/L) 6.412.8 6.11£3.3 0.6763™
+ CNI (ug/L) 88.2137.4 7.613.1 na

12 mTOR (ug/L) 74138 6.612.9 0.4069™
+ CNI (ug/l) 90.23 6.6+5.7 na

Note: *Time of medication switch to mTOR/CNI.

Abbreviations: CSA, cyclosporine A; CNI, calcineurin inhibitor; mTOR, mammalian target of rapamycin inhibitor; na, not applicable; ™, not statistically significant;

TAC, tacrolimus.

with pretransplant renal failure.? In general, study patients
in our current study can be classified to the stage of moderate
renal insufficiency. In line with present publications we see
similar changes of renal function parameters in both study
groups.”**” However, inclusion of patients with mTOR/CSA
was significantly later after HTX.

As chronic renal failure is associated with mortality and
morbidity in patients after HTX, CNI reduction in terms
of nephroprotection is of particular interest.! As the use of
mTORs offers the possibility of CNI reduction, positive
effects on renal function may be assumed in the current study,
as immunosuppressive drug trough levels were reduced dur-
ing study period.!!

Due to its antiproliferative effects,'>?*3* mTOR-based
immunosuppression is an attractive option in patients with
CAV,'¢ posttransplant malignancies,'"'*!>! or in patients
with impaired renal function.'"'” In accordance with the pres-
ent publications, main reasons for mTOR introduction in our
study population were avoidance of further deterioration of
renal function, rejection profile, development of posttrans-
plant CAV, and malignancies.!" However, combination of
mTORs with CNIs may also be indicated in patients intoler-

Table 6 Immunosuppressive drug doses

Month Characteristics mTOR/CSA mTOR/TAC P-value
all doses (mg) (mean +SD) (mean + SD)

0° mTOR 1.6+0.6 2.3+0.9 0.0006
+CNI 205.7+97.3 7.245.0 na

4 mTOR 1.7£0.7 3.1£1.5 <0.0001
+ CNI 147.31£59.7 6.1+4.6 na

8 mTOR 1.6£1.1 2.9+1.1 <0.0001
+ CNI 143.8+54.5 5.1£3.5 na

12 mTOR 1.8+1.4 2.9+1.2 0.0019
+ CNI 132.8452.3 5.143.6 na

Note: “Time of medication switch to mTOR/CNI.
Abbreviations: CSA, cyclosporine A; CNI, calcineurin inhibitor; mTOR, mammalian
target of rapamycin inhibitor; na, not applicable; TAC, tacrolimus.

ant to MMF, allowing CNI reduction and minimization of
consecutive possible dose-dependent adverse drug effects
of CNIs, like nephrotoxicity and tremor.'"!53! In the present
study, a large percentage of patients were switched to CNI/
mTOR because of adverse drug effects of previous immu-
nosuppressive regimens. Especially application of MMF is
often not possible because of gastrointestinal disorders and
changes in blood count, especially leukopenia.'”!#

Present studies reported advantageous effects of CNI
in preventing AREs.* Thus, in patients with recurrent
rejection episodes, complete CNI avoidance is not possible
and concomitant immunosuppressive medication has to be
chosen carefully. Regarding rejection profile, noninferior-
ity of CNI/mTOR regimen vs MMF/mTOR was described
before.*34 As favorable effects of immunosuppression based
on TAC versus CSA were seen, combination of TAC and
mTORs is of special interest.*#8192225 Analysis of occur-
rence of AREs demonstrated comparable rejection profiles
in both mTOR study groups. Recently published consensus
report showed that mTOR trough levels >3 ng/mL provide
protection against AREs.** In our study cohort, trough
levels >3 ng/mL were seen at all study visits. Consequently,
we can underline data reporting effectiveness of mTORs in
combination with CNIs in preventing AREs.>

Analysis of concomitant laboratory values detected no
statistically significant differences regarding blood count
and physical data between both study groups. Significantly
higher cholestasis parameters, that is, gamma glutamyl
transferase and serum bilirubin, were seen in patients with
mTOR and TAC at the time of switch. After study period
no statistically significant differences regarding cholestasis
parameters were detectable. As higher cholestasis param-
eters in patients with TAC-based immunosuppression
were reported before, we interpret this as effects of CNI
reduction.’”3¥ In line with the present publications, a trend
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to higher liver function parameters in patients receiving
TAC was seen; however, statistically significance was not
reached.* However, higher lipid levels in patients with
CSA-based immunosuppression were reported before. #4042
As introduction of mTORSs can possibly cause further dete-
rioration of lipid status, close monitoring of mTOR/CNI
patients appears warranted.*

In both study arms, rate of drug discontinuation was high,
but similar in comparison to other studies.**** In a prospective
randomized trial by Eisen et al, main reasons for discontinu-
ation of mTOR therapy were hematological, gastrointestinal,
and neurological disorders because of antiproliferative effects
of mTORs.* In line with the present publications, we see
significant higher mTOR doses in patients on TAC/mTOR
treatment.**

Limitations

Findings have to be interpreted carefully because of the
retrospective and observational character of current data.
Moreover, data were collected in a comparatively small
study cohort. Time after HTX was significantly different
in both study groups, consequently an era effect cannot be
completely denied. However, a possible better renal function
of patients with mTOR/TAC could be assumed, as immu-
nosuppressive drug trough levels tend to be higher in early
period after HTX. For this reason, analysis of variances with
repeated measurements was performed and detected similar
deterioration of renal function in both groups. Additionally,
renal function at study inclusion did not differ significantly
and consequent immunosuppressive drug monitoring
was performed.

In summary, our data should be considered as hypothesis-
generating. To evaluate the impact of immunosuppressive
effects on renal function of mTOR-based therapy, random-
ized, controlled clinical trials should be planned.

Conclusion

The present study demonstrated no statistically significant
differences in renal function parameters in both mTOR/
CNI study groups. Moreover, both mTOR/CNI groups were
safe regarding occurrence of AREs, changes in concomitant
laboratory values, and physical data.

In summary, we could show that the introduction of an
mTOR/CNI immunosuppressive regimen was associated
with a stabilization of renal function parameters in HTX
patients.

Disclosure
The authors report no conflicts of interest in this work.
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