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Abstract

Introduction. The lifelong use of calcineurin inhibitors in liver transplant
recipients leads to an increased incidence of chronic kidney disease.
Objective. To compare the changes in glomerular filtration rate over five
years in liver transplant recipients between those on everolimus with a
reduced exposure to calcineurin inhibitors and those on standard doses
of calcineurin inhibitors.

Material and methods. Fourteen liver transplant recipient switched to
everolimus with a minimization of calcineurin inhibitors exposure in the
first months after liver transplantation from February 2009 to February
2015 who had received that therapy continuously for at least 60 months
were included in the case-control study. Twenty eight liver transplant
recipients (matched by sex, etiology of the underlying disease,
calcineurin inhibitors) who were followed-up for at least 60 months after
liver transplantation, who had received no dose of everolimus, in  whom
the glomerular filtration rate could be calculated at all points of analysis

were selected as a comparison group (1:2). Glomerular filtration rate
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was calculated immediately before liver transplantation; 12, 24, 36, 48,
and 60 months after liver transplantation. The glomerular filtration rate
after liver transplantation was also calculated for liver transplant
recipients from the main group immediately before the conversion to
everolimus.

Results. Before liver transplantation, the median of glomerular filtration
rate in the main group of liver transplant recipients was lower (81.2
ml/min) than in the comparison group (97.5 ml/min, p=0.01). After liver
transplantation, the renal function worsened in both groups of patients.
In a pairwise comparison, the medians of glomerular filtration rate were
statistically significantly lower after 12 months, 24 months, 36 months, 48
months after liver transplantation, than before liver transplantation. The
median of glomerular filtration rate at the time of immunosuppression
conversion was 44.3 ml/min. After the conversion of immunosuppression,
the median of glomerular filtration rate gradually increased, and after 36
months the differences in glomerular filtration rate reached statistical
significance compared with the level before conversion (69.4 ml/min;
p=0.048). These differences still increased after 60 months after
conversion (72.3 ml/min; p=0.041).

Conclusion. Long-term administration of everolimus with minimization
of calcineurin inhibitors exposure with the early conversion to this
immunosuppression regime provides a steady improvement in renal
function in liver transplant recipients with a low glomerular filtration
rate in the preoperative and early post-transplant period.
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AVT, antiviral therapy

BMI, body mass index

Cl, confidence interval

CKD, Chronic Kidney Disease
CN, calcineurin inhibitors
EVE, everolimus

GFR, glomerular filtration rate
HCC, hepatocellular carcinoma
IS, immunosuppression

LT, liver transplantation

Me, median

MPA, mycophenolic acid

Introduction

After liver transplantation (LT), the recipients need lifelong
maintenance immunosuppression (1S), which standard for the latest
decades included calcineurin inhibitors (ClI): cyclosporine and tacrolimus.
One of the serious complications of their long-term use is the
development of chronic kidney disease (CKD). According to the results
of investigators from France, before LT, the glomerular filtration rate

(GFR) of lower than 60 mL/min was observed in 11% of patients on the



Waiting List, but at 1 year after LT, a decrease in GFR of lower than 60
mL/min occurred in 51% of recipients [1]. Minimization of exposure to
Cls (as per area under the concentration-time curve) has been one of the
promising interventions aimed at slowing the progression of CKD and
preserving kidney function in liver recipients. Obviously, a decrease in Cl
exposure below a certain level is accompanied by an increase in the risk
of rejection. An important method to correct insufficient IS in this case is
the use of proliferative signal inhibitors (MTOR): sirolimus or
everolimus. The renoprotective properties of everolimus in combination
with reduced doses of tacrolimus have been demonstrated in a clinical
trial CRAD2304, which compared GFR levels between the groups of
recipients who received everolimus in combination with reduced
tacrolimus exposure, and recipients who received doses that provided
standard tacrolimus exposure. After randomization, the recipients of both
groups were followed-up for two years after LT [2]. The results obtained
in this study were confirmed in further observation of a cohort of
recipients who agreed to continue the study for the third year [3].
However, both groups of recipients in this study had relatively high
GFR at the time of randomization (80 mL/min/1.73 m?). Statistically
significant differences in GFR were detected after 24 months of therapy
(mean GFR 77.6 mL/min/1.73 m? in the group of recipients who received
everolimus with the reduced tacrolimus exposure, compared to 66.1
mL/min/1.73 m® in the comparison group). The significant difference
between the mean GFR values is all the more impressive, since the
overlap of tacrolimus concentration levels between the studied groups of
patients turned out to be greater than expected [2]. An important result of
the study is that the differences in GFR between the groups were detected
very quickly, as early as at one month after randomization, meanwhile, a

complete differentiation between the groups had been achieved by the 4th



month of therapy. That is, the kidney function of the recipients included
in this study remained normal or deteriorated in the early post-transplant
period. In this context, it is important to study the effect of minimizing CI
exposure while taking everolimus on the renal function in the recipients
with initially impaired renal function who currently comprise a
significant proportion of liver recipients.

The study objective was to compare the GFR changes during 60
months of everolimus administration in combination with reduced ClI
exposure and the GFR changes in liver recipients who received Cls at

standard doses, in early IS conversion.

Material and methods

The main study group. From February 2009 to February 2020, 215
liver recipients from a deceased donor received one or more doses of
everolimus as part of routine clinical practice. Twenty of these recipients
received everolimus as one of the components of maintenance IS
continuously, for more than 60 months. From the further analysis we
excluded 3 recipients who underwent simultaneous liver and kidney
transplantation, 2 recipients in whom everolimus was administered in the
long-term post-transplant period (52 and 36 months after LT), and a
female patient who received everolimus after liver retransplantation
surgery performed 76 months after her first LT. Thus, for the further
analysis we selected 14 recipients in whom everolimus was administered
in the first month after LT (n=8), in the 2nd month (n=3), in the 3rd
month (n=2), and at 4 months after LT (n=1).

Principles of forming the comparison group
The comparison group consisted of liver recipients who, by the

time of analysis, had been followed-up for at least 60 months after LT



and did not receive a single dose of everolimus. From September 2000 to
February 2015, 320 LTs were performed at the Moscow Liver
Transplantation Center. After excluding those who died after liver
retransplantation and dropped from follow-up earlier than 60 months after
surgery, as well as the recipients who received everolimus during any
period of follow-up, patients with a transplanted kidney, patients who
received chemotherapy for the progression of hepatocellular cancer
(HCC), there remained a group of 135 liver transplant recipients. Patients
who did not have information about body weight and serum creatinine at
least at one of the analysis time points were excluded from the
considering them as candidates for the comparison group.

To enhance the statistical power of the study, pairs were selected in
a ratio of 1:2. Thus, for the comparison group, we selected 28 recipients,
most comparable to those in the main study group in gender, etiology of
the underlying disease, and the CI exposure. In a retrospective review, the
recipient groups were comparable in age, body mass index, the presence
of diabetes mellitus, and the incidence of post-transplant hepatitis C.

The clinical and demographic characteristics of the compared

recipient groups are presented in Table 1.

Table 1. Clinical and demographic characteristics of the compared

groups of recipients

Parameters Maln_group, Companfon
n=14 group, n=28
Gender (M/F), % M 11/3, 78.6% 21/7, 75%

Age at the time of LT, M (95% 56.1 (53.0; 59.2) | 51.1(48.2;54.0)
Cl), years

Calcineurin inhibitor: 10/4 (71.4%) 20/8 (71.4%)
Tacrolimus / Cyclosporine,
% tacrolimus

Etiology | Viral, n (%) 10 (71.4%) 19 (67.9%)

of Alcoholic, n (%) 4 (28.6%) 6 (21.4%)




cirrhosis | Autoimmune, n (%) — 3 (10.7%)
BMI, M (95% CI), kg/m’ 26.9 (24.0; 29.7) | 26.8 (25.2; 28.4)
HCV infection, n (%) 5 (35.7%) 14 (50%)
Diabetes Before LT 1 (7.14%) 5 (17.9%)
mellitus After LT 4 (28.6%) 10 (35.7%)

Notes: Cl, confidence interval; BMI, body mass index; M, mean

Liver recipients from the main study group were administered
everolimus at an initial dose of 2 mg/day; the dose was adjusted, if
necessary, to reach a trough concentration of 2-6 ng/mL. In parallel, the
Cl dose was reduced until the target trough concentrations of tacrolimus
2-5 ng/mL, and cyclosporine 50-80 ng/mL had been reached.

Recipients from the comparison group received one of the ICs in
doses that provided the standard target trough blood levels of the drug
with regard to the time elapsed after LT [4].

In all liver recipients included in the analysis, GFR was calculated
according to the Cockcroft-Gault formula at the time periods:
immediately before LT, at 12, 24, 36, 48, and 60 months after LT [5]. The
acceptable time deviation from the corresponding time point was
considered to be 1 month. Recipients from the main study group were
also evaluated for GFR after LT immediately before everolimus
administration.

Statistical processing of the study results was performed using the
Statistica 8.0 software. The Kolmogorov-Smirnov test was used to check
the normality of the data distribution. Statistical significance of
differences between the compared parameters in case of a normal
distribution was determined using the Student's t-test. In the absence of a
normal data distribution, nonparametric criteria were used, namely,
Wilcoxon test for pairwise comparisons of dependent variables, the
Mann-Whitney U-test for

comparison of independent variables.

Differences between the compared parameters were considered



statistically significant if the error probability was lower than 0.05
(p<0.05).

Results

At the time of data analysis, all recipients were alive.

The indications to the use of everolimus in 5 patients included an
impaired renal function in the early post-transplant period. In other 5
cases, everolimus was administered to prevent the HCC recurrence. Both
those indications were seen in 4 patients. No HCC progression in any
case was observed during the follow-up period.

IS conversion (reduction of CIl exposure with concomitant
administration of everolimus) took place shortly after LT. The median
follow-up from the time of LT to IS conversion was 0.52 months
(interquartile range 0.13-1.8 months). The median follow—up period for
recipients from the main study group was 73.4 months, the minimum was
63.6 months, and the maximum was 100.5 months.

By the 60th month of follow-up, the maintenance
Immunosuppressive therapy in 14 recipients of the main group included
everolimus at a mean daily dose of 2.1 mg (mean CO (trough
concentration was 5.0 ng/mL; 95% CI: 3.9; 6.0 ng/mL) and either IC
tacrolimus (n=9) at a mean daily dose of 2.3 mg (mean CO 3.6 ng/mL,
95% CI 2.5; 4.6 ng/mL), or cyclosporine (n=3) at doses of 75-100 mg/day
(CO 40 ng/mL; 95% CI: 40.6 ng/mL, 42.7 ng/mL). In 2 liver recipients,
Cl was completely canceled at 7 and 33 months after everolimus
administration, and then they continued to receive monosuppression with
everolimus in combination with 4 mg of methylprednisolone until the end
of the follow-up period. All recipients received mycophenolic acid
(MPA) preparations in the first 3 months after LT, which had been

discontinued by the 4th month according to the protocol established at the



Center. Two recipients from the comparison group resumed taking MPA
in the long-term period after LT.

In the comparison group, 20 patients received tacrolimus at a mean
daily dose of 5.7 mg (95% CI: 4.7; 6.7 mg) by the 12th month after LT,
with the mean blood level of tacrolimus being 7.6 ng/mL (95% CI: 5.8;
9.3 ng/mL) before taking the morning tacrolimus dose. At 60 months
after LT, the mean daily dose of tacrolimus in this group was 4.4 mg
(95% CI: 3.6; 5.1 mg), with a mean trough tacrolimus concentration of
5.9 ng/mL (95% CI: 5.0; 6.9 ng/mL). Eight patients in the comparison
group received cyclosporine as the main component of maintenance IS.
By the 12th month of follow-up, the mean daily dose of cyclosporine was
212 mg (95% CI: 159; 266 mg) at a mean trough concentration of 159
ng/mL (95% CI: 109; 205 ng/mL). By the 60th month after LT, the mean
daily dose of cyclosporine was 150 mg (95% CI: 105; 195 mg) with a
mean trough concentration of 96 ng/mL (95% CI: 59; 132 ng/mL).

During the follow-up period, a histologically confirmed episode of
an acute cellular rejection was observed in a single (female) patient from
the comparison group, and in no case in the main study group (including
those 2 recipients who received monosuppression with everolimus). The
episode of an acute cellular rejection was completely coped with by using
a pulse therapy with methylprednisolone.

Recurrent hepatitis C was observed after LT in 5 of 14 recipients
(35.7%) from the main study group and in 14 of 28 (50%) recipients from
the comparison group (p>0.3). HCV replication persisted for more than a
half of the follow-up period (>30 months) in one patient from the main
study group and in 5 patients from the comparison group. The median
start of antiviral therapy (AVT) in the main study group was 9 months
(Q25% 6.5 months; Q75% 27 months). In the comparison group, the
median start of AVT was 22.5 months. (Q25% 7 months.; Q75% 38.5



months, p=0.056). After AVT, a stable virological response was obtained

in all patients.

The results of GFR calculation during the follow-up period,

depending on the scheme of the maintenance IS, are presented in Table. 2

and in the Figure.

Table 2. Glomerular filtration rate depending on the type of

maintenance immunosuppression

Glomerular filtration

rate

Group of liver transplant recipients

Main study group
(n=14)

Comparison group
(n=28)

before LT (ml/min),
M (Q25%; Q75%)

81.2 (57.0; 96.9)

97.5 (86.5; 140.9)

before starting EVE
(ml/min),
M (Q25%; Q75%)

44.3 (36.3; 74.0)

after 12 months
(ml/min),
M (Q25%; Q75%)

65.4 (51.3; 78.0)*

74.9 (65.9; 84.8)t

after 24 months
(ml/min),
M (Q25%; Q75%)

63.3 (52.0; 77.3)*

79.1 (70.0; 107.0)t

after 36 months
(ml/min),
M (Q25%; Q75%)

69.4 (48.0; 79.5)*

84.1 (63.5; 101.9)t

after 48 months
(ml/min),
M (Q25%; Q75%)

67.1 (46.8; 73.5)*

79.0 (57.3; 101.0)t

after 60 months
(ml/min),
M (Q25%; Q75%)

72.3 (49.7; 80.0)

79.7 (60.0; 97.1)t

Notes: EVE, everolimus.

t p <0.002 compared to GFR before LT;
* p <0.05 compared to GFR before LT.
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Figure. Changes in the median glomerular filtration rate in patients
from the comparison group (red line) and the main group compared
to the glomerular filtration rate before orthotopic liver
transplantation (blue line) and glomerular filtration rate at the time

of immunosuppressive therapy conversion (green line)

None of the patients who received everolimus in our group for a
long time displayed any significant proteinuria. In 3 patients from the
comparison group, diabetic nephropathy was identified, in one case it was

manifested by massive proteinuria.

Discussion

We analyzed the routine clinical practice of our Liver
Transplantation Center in order to identify the effect of early conversion
of immunosuppressive therapy (reducing the CI exposure and
administering everolimus) on kidney function in the long-term period

after LT. At the time of the analysis (February 2020), only 14 recipients



met the criteria for inclusion in the data analysis. IS conversion was
performed in the early post-transplant period, followed by continuous
administration of everolimus for at least 60 months. The comparison
group was selected in such a way as to balance the main possible risk
factors for CKD progression in liver recipients (Cls, BMI, diabetes
mellitus, recurrent hepatitis C). Despite all the disadvantages inherent in
retrospective studies with a relatively small patient sample size, the
statistical power of our study seems to be sufficient to solve the tasks set.

Before LT, the median GFR in the main study group of recipients
was significantly lower (81.2 mL/min) than in the comparison group
(97.5 mL/min, p=0.01), which could be explained by the study design.
After LT, the renal function deteriorated in both groups of patients. In
pairwise comparison, GFR medians were significantly lower at 12
months, 24 months, 36 months, and 48 months than before LT. After 60
months of follow-up, statistically significant differences in GFR
compared to the level of pre-LT persisted in liver recipients from the
comparison group who received monosuppression with CI. It should be
noted that in this group of recipients, GFR having initially deteriorated,
then remained stable throughout the entire follow-up period.

The group of patients who underwent early conversion of
immunosuppressive therapy mainly included recipients whose renal
function was initially decreased. Only 5 of 14 recipients operated on for
HCC had GFR more than 60 mL/min at the time of immunosuppressive
therapy conversion (to everolimus with reduced CI exposure), but none of
them had GFR more than 90 mL/min. The median GFR at the time of
immunosuppressive therapy conversion was 44.3 mL/min. After IS
conversion, the median GFR gradually increased, and after 36 months,
the differences in GFR reached statistical significance compared to the

pre-conversion level (69.4 mL/min; p=0.048). These differences, also



statistically significant, increased even more at 60 months after
conversion (72.3 mL/min; p=0.041).

I. Bilbao et al. (2015) found that in the recipients with an impaired
renal function who started taking everolimus in the long term (after the
first year post-LT), GFR did not improve, or, having initially improved,
GFR deteriorated again at 12 months after the everolimus administration.
If the IS conversion in such recipients was undertaken in the first year
after LT, the improvement in kidney function was more significant [6].
However, during the first year, earlier IS conversion (the first 3 months
after LT) did not lead to such pronounced differences in GFR changes
compared to a later administration of everolimus [7].

Another group of investigators emphasized the importance of
timely detection of renal dysfunction in liver recipients and an immediate
Immunosuppressive therapy conversion with administering everolimus
[8]. Thus, in the group of liver recipients whose GFR continued to
decrease after IS conversion, the follow-up from the moment of recording
the renal failure to the moment of IS conversion was significantly longer
(26 = 14 months), than in the group of recipients whose GFR improved (7
+ 10 months; p = 0.04, statistically significant).

The results of our study have confirmed the possibility of early (in
the first 3 months) conversion of immunosuppressive therapy, which is
safe from the point of the risk of liver graft rejection and effective from
the point of improving glomerular filtration rate. Such a change in
immunosuppressive therapy leads to a lasting improvement of the renal
function in liver recipients having a low glomerular filtration rate in the
preoperative and early post-transplant period, and this improvement
retains for 5 or more years. The results obtained give us the grounds to
recommend the earliest possible administration of everolimus with

concomitantly reducing the calcineurin inhibitor exposure in the patients



with a marked decrease in glomerular filtration rate (no more than 60
mL/minute), especially in the presence of other risk factors for

deterioration of the renal function.

Conclusions

1. A long-term use of calcineurin inhibitors in standard doses in
liver transplant recipients with the normal renal function leads to its
deterioration by the mean of 18.3% after 60 months from orthotopic
kidney transplantation.

2. An early administration of everolimus in combination with
minimizing the dose of calcineurin inhibitors in liver transplant recipients
with an initially impaired renal function leads to its rapid improvement,

which retains for a long time in 39% of patients.
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