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Background: Tacrolimus (TAC) is a main therapy for liver transplantation (LT) patients,
but it has side effects such as chronic nephrotoxicity that progressively aggravate renal
function. The purpose of this study was to retrospectively compare the renal function be-
tween a TAC group and a combination of everolimus and reduced TAC (EVR-TAC) group
after deceased donor liver transplantation (DDLT).

Methods: The study comprised 131 patients who underwent DDLT between January
2013 and April 2018 at our institution. They received TAC or EVR-TAC after DDLT. Everoli-
mus (EVR) was introduced between 1 and 6 months after DDLT.

Results: Thirty-six of 131 patients (27.5%) received EVR-TAC. The incidence of chronic
kidney disease (CKD; estimated glomerular filtration rate, <60 mL/1.73 m?) in the EVR-
TAC group was higher than in the TAC group (25% vs. 8.4%; P=0.019). Increasing serum
creatinine (n=23, 63.9%) was the most common cause for adding EVR to treatment of
the posttransplant patients. There were no statistical differences in acute rejection and
CKD between the two groups. The TAC trough level was significantly lower in the EVR-
TAC group than in the TAC group, and the renal function of the EVR-TAC group was worse
than that of the TAC group until 1 year after DDLT. However, the renal function of the EVR-
TAC group improved and became similar to that of TAC group at 3 years posttransplant.
Conclusions: The present study suggests that EVR should be introduced as soon as pos-
sible after DDLT to reduce exposure to high doses of TAC to improve the renal function.
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INTRODUCTION

The goal of immunosuppression (IS) in liver transplanta-
tion (LT) is to maintain graft function and to balance low
acute rejection and IS drug-related adverse events. Tacroli-
mus (TAC) has been the most common therapy to prevent
acute rejection after LT, but dose-related side effects were
associated with acute and chronic renal dysfunction, neu-
rotoxicity, increased malignancies, cardiovascular disease,
and metabolic disorders [1].

Improved surgical techniques and advanced perioper-
ative care have contributed to improved patient survival,
which has led in turn to increased prevalence of late com-
plications after LT such as chronic kidney disease (CKD).
The cumulative incidence of chronic renal failure was
about 20% at 3 years after transplantation and this was as-
sociated with a 4-fold increase in the risk of death [2]. One
major contributor to renal dysfunction in LT recipients was
calcineurin inhibitors (CNIs) [1,3].

Everolimus (EVR; Certican, Novartis, Basel, Switzerland)
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HIGHLIGHTS

« Early use of everolimus (EVR) in patients with deterio-
rated renal function after deceased donor liver trans-
plantation (DDLT) shows that renal function improves 2
or 3 years after DDLT.

* Present study suggests that EVR should be introduced
as soon as possible after DDLT to reduce exposure to
high doses of tacrolimus to improve the renal function.

with a reduced-dose of TAC was found to have sufficient effi-
cacy regarding rejection episodes and graft failure [4-7]. Addi-
tionally, the use of EVR facilitated safe reduction or withdraw-
al of CNIs to preserve renal function over the long-term after
transplantation [3-8]. Since EVR coverage was introduced to
Korean social health insurance in early 2016, the use of
EVR in Korea has resulted in notable changes to IS regi-
mens [9]. Korean social health insurance policy forcefully
suggests administration of TAC and EVR concurrently.

In our center, we have used different immunosuppres-
sive regimens, including a TAC-based regimen and EVR-
TAC combination. This study compared efficacy and renal
function in liver recipients who received EVR between 1
and 6 months after deceased donor liver transplantation
(DDLT) and in those who did not use EVR.

METHODS

Ethical Approval and Consent to Participate

This retrospective observational study was approved by
the Samsung Medical Center Institutional Review Board
(IRB No. SMC-2020-05-050). The consent of the partic-
ipants was exempted by the IRB. The IRB waived the
requirement for patient consent because this was a retro-
spective study of patient medical records. The accessed
patient data were maintained with confidentiality in the
present study.

Patient Population

We reviewed a prospectively collected database of the re-

cords of all adults who underwent DDLT between January

2013 and April 2018 at our institution; during that time,

278 adult DDLTs were performed at our institution.
Patients were excluded according to the following cri-
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teria: living donor LT, retransplantation, use of cyclosporin
and/or antimetabolite monotherapy, discontinuation of
EVR, history of continuous renal replacement therapy on
the waiting list, history of proteinuria or hyperlipidemia,
synchronous multiple organ transplants, pediatric LT (age
<18 years), receiving a split graft, receiving a liver graft af-
ter donor cardiac death, and incomplete medical records.
Patients who died from transplantation until May 2020 or
received hemodialysis or kidney transplantation because
of renal failure until May 2020, were also excluded. One
hundred thirty-one patients were included in our study.

Surgical Technique and Data

Patients underwent DDLT via a piggyback technique and
side-to-side inferior vena cava reconstruction. IS strategy
in our center was as described previously [10]. Steroids
were used only up to 3 months after DDLT. In the combina-
tion of everolimus and reduced tacrolimus treatment (EVR-
TAC) group, TAC was administered on the first 5 postopera-
tive days, and EVR was administered from one to 6 months
of the posttransplant period, with a target level of 4-8 ng/
mL of TAC. Patients taking EVR did not received mycophe-
nolate mofetil (MMF). In the TAC group, TAC was adminis-
tered twice a day, starting from the fifth postoperative day,
with a target level of 6-10 ng/mL. In the latter group, the
combination with MMF was introduced in cases of renal
failure to reduce the target levels to 4-8 ng/mL.

Endpoints and Definition

The endpoint of the study was the incidence of acute re-
jection and chronic renal failure. The EVR-TAC group was
composed of recipients who were treated with EVR be-
tween 1 month and 6 months after DDLT. Use of EVR was
chosen in recipients with renal dysfunction greater than
2.0 mg/dL, treated by one surgeon. Other surgeons did not
use EVR in any recipients.

Renal function was evaluated by estimated glomerular
filtration rate (eGFR) and creatinine level at 1, 3, 6, 12, 24,
and 36 months. Graft rejection was diagnosed by liver bi-
opsy according to the Banff criteria [11]. CKD was defined
eGFR <60 mL/1.73 m? The overall survival rate was cal-
culated from the date of transplantation to the date of the
last follow-up visit or until graft loss (defined as need for
relisting or patient death).

Statistical Methods
Continuous variables were analyzed using the Mann-Whit-
ney U-test, with results expressed as meanststandard
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deviations or medians and ranges. Categorical variables
were expressed as numbers and percentages of patients.
Chi-square tests or Fisher’s exact tests were conducted
to evaluate differences in frequencies of categorical vari-
ables between groups. Cumulative risk rates were estimat-
ed using the Kaplan-Meier method, and survival curves
were compared with the log-rank test. A mixed model was
used in repeated measures of eGFR, serum creatinine, and
TAC trough level. All tests were two-sided, and statistical
significance was defined as P<0.05. Analyses were carried
out using the IBM SPSS ver. 24 (IBM Corp., Armonk, NY,
USA).

RESULTS

Baseline Characteristics

Ninety-five patients (72.5%) received TAC-based IS and
36 patients (27.5%) received EVR-TAC. There were no sta-
tistically significant differences in age, body mass index,
hypertension, diabetes, etiology for DDLT, coexistence of
hepatocellular carcinoma (HCC), model for end-stage liver
disease (MELD) score, Child-Pugh class, eGFR, or serum
creatinine level between the two groups (Table 1). Howev-
er, the incidence of CKD in the EVR-TAC group was higher
than that in the TAC group (25% vs. 8.4%; P=0.019).

Reason for Adding EVR

The EVR-TAC group showed high proportion of CKD and
high serum creatinine level before LT compared with the
TAC group. Accordingly, increasing serum creatinine (n=23,
63.9%) was the most common reason for adding EVR
treatment. Other causes were increased liver function (n=6,
16.7%), de novo malignancy (n=1, 2.8%), adverse effects of
MMF (n=2, 5.6%), and adverse effects of TAC (n=4, 11.1%).
The median time from DDLT to add EVR treatment was 3.3
months (range, 1.1-6.0 months).

Efficacy

The median follow-up duration was 46.6 months (range,
36.0-77.8 months) in the TAC group and 46.2 months
(range, 36.0-79.2 months) in the EVR-TAC group. The
incidence of acute rejection was 12.6% (n=12) in the TAC
group and 22.2% (n=8) in the EVR-TAC group. The cumu-
lative acute rejection risk rate in the EVR-TAC group was
higher than that in the TAC group (P=0.174) (Fig. 1A). How-
ever, there was no statistical difference in acute rejection
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between the two groups. The second and third acute cel-
lular rejection (ACR) occurred in the EVR-TAC group. How-
ever, there were no more than two ACRs in the TAC group.
A total of six patients stopped using EVR. Two patients did
not want to take EVR. In addition, EVR discontinued due to
hyperlipidemia (n=2) and infection (n=2).

The incidence of CKD was 56.8% (n=54) in the TAC
group and 75.0% (n=27) in the EVR-TAC group (P=0.070)
and there was no statistically significant difference in
cumulative CKD rate between the two groups (Fig. 1B).
The serially measured median TAC trough level in the TAC
group was higher than that in the EVR-TAC group within
1 year after DDLT, but the median TAC trough level after 2
years in the TAC group did not differ from that in the EVR-
TAC group (Fig. 2). Serially measured median eGFR within

Table 1. Baseline recipient characteristics

Variable TAC (n=95) EVR-TAC (n=36) P-value

Male sex 59 (62.1) 22 (61.1) 0.917
Age (yr) 53 (28-77) 51 (20-68) 0.453
Body mass index (kg/m?)  24.9 (14.9-38.0) 23.0(17.5-37.9) 0.014
Hypertension 15(15.8) 6(16.7) 0.932
Diabetes 24 (25.3) 5(13.9) 0.238
Diagnosis 0.713

Alcoholic 32 (33.7) 8(22.2)

Hepatitis B virus 41 (43.2) 14 (38.9)

Hepatitis C virus 4(4.2) 4(11.1)

Non B, non C 8 (8.4) 5(13.9)

Autoimmune 3(3.2) 1(2.8)

Toxic 3(3.2) 2 (5.6)

Hepatitis A virus 2(2.1) 1(2.8)

Others 2(2.1) 1(2.8)
Coexistence of HCC 25(26.3) 8(22.2) 0.822
MELD 33 (7-40) 37(13-40)  0.135
Child-Pugh class 0.129

A 5(5.3) 0

B 21(22.1) 6(16.7)

c 69 (72.6) 30 (83.3)
CKD pretransplant 8(8.4) 9 (25.0) 0.019
eGFR pretransplant 67.4 (6.4-123.7) 54.2(5.9-114.4) 0.054

(mL/1.73 m?)

Cr pretransplant (mg/dL) ~ 1.05(0.31-3.08) 1.24 (0.44-3.80) 0.086

Values are presented as number (%) or median (range).
TAC, tacrolimus treatment group; EVR-TAC, combination of everolimus
and reduced tacrolimus treatment group; HCC, hepatocellular carcinoma;
MELD, model for end-stage liver disease; CKD, chronic kidney disease;
eGFR, estimated glomerular filtration rate; Cr, creatinine.
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Fig. 1. The risk for developing acute rejection (A) and chronic kidney disease (CKD) (B). TAC, tacrolimus; EVR-TAC, combination of everolimus and re-

duced tacrolimus; DDLT, deceased donor liver transplantation.
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Fig. 2. Renal function change after deceased donor liver transplantation. (A) Estimated glomerular filtration rate (eGFR) and (B) serum creatinine. TAC,
tacrolimus; EVR-TAC, combination of everolimus and reduced tacrolimus. *P<0.05.

1 year of DDLT in the TAC group was significantly higher
than that in the EVR-TAC group, and the median serum
creatinine level within 1 year in the TAC group was signifi-
cantly lower than that in the EVR-TAC group. The median
eGFR and serum creatinine level at 3 years in the TAC
group were similar to those in the EVR-TAC group (Fig. 3).
The proteinuria caused by EVR was not severe and was
observed. The incidence of cytomegalovirus (CMV) infec-
tion in the TAC group did not differ from that of the EVR-
TAC group (63.2% vs. 61.1%; P=0.842). The incidences
of proteinuria and hyperlipidemia in the EVR-TAC group
were higher than those in the TAC group (19.4% vs. 2.1%,
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P=0.002 and 30.6% vs. 11.6%, P=0.017, respectively).

DISCUSSION

Acute kidney injury after LT is associated with poor long-
term outcomes, including worse survival and higher
incidence of CKD [12]. Chronic renal failure occurs in LT
recipients at a rate of 8% after 1 year and 18% by 5 years.
When eGFR is below 30 mL/min/1.73 m?, the risk of death
increases dramatically [13]. Strategies of CNI reduction
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Fig. 3. TAC trough level. TAC, tacrolimus; EVR-TAC, combination of evero-
limus and reduced tacrolimus. *P<0.05.

and withdrawal have been introduced in clinical practice in
view of preventing CNIs-related toxicities. EVR-based regi-
mens have been introduced to prevent CNIs-related toxici-
ties and improve long-term renal function after LT [8,14].

In our study, the most frequent indication for intro-
ducing EVR in our population was renal dysfunction. The
main endpoint was the change in renal function after in-
troduction of EVR. We observed stable renal function, as
assessed by eGFR and serum creatinine, in this population,
which was followed for a minimum of 36 months. The
EVR-TAC group had more CKD patients before DDLT than
the TAC group. Thus, the median serum creatinine level
in the EVR-TAC group was higher and the median eGFR in
the EVR-TAC group was lower than those in the TAC group
after DDLT. However, kidney function gradually recovered
in patients who added EVR treatment between 1 and 6
months after DDLT; thus, median creatinine level and medi-
an eGFR were similar to those of the TAC group at 3 years
after DDLT.

There is a consensus that TAC is the main immuno-
suppressant after LT, but the blood standard target dose is
not well-defined [15]. Patients with early mean TAC level of
7-10 ng/mL after LT showed similar ACR rates and better
graft survival compared to patients with TAC level greater
than 10 ng/mL [16]. Thus, a low-dosage TAC level below 6
ng/mL could be considered sufficient to prevent most ACR
[17], but median TAC levels was 3.6—6.2 ng/mL in the TAC
group within 3 years posttransplant and 3.2-4.3 ng/mL in
the EVR-TAC group. Our study showed that the acute rejec-
tion rate of the EVR-TAC group did not differ from that in
the TAC group. Additional drugs such as EVR or MMF may
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be used to increase immune potency.

The timing of the introduction of EVR seems to play a
decisive role in the balance between graft protection, renal
protection, and adverse effects. EVR introduction with re-
duced exposure to TAC after T month posttransplant pro-
vides a significant benefit to renal function after 2 years of
follow-up [4]. A meta-analysis reported that EVR combined
with reduced TAC significantly improved creatinine clear-
ance at 1 year, and decreased biopsy-proven acute rejec-
tion [18]. In our center, EVR is currently introduced at 1 to 6
months post-LT in combination with TAC. The median TAC
trough levels from 1 month to 1 year in the EVR-TAC group
were lower than those of the TAC group or the recom-
mended TAC trough level. Experimental studies suggested
that EVR can significantly improve glomerular hypertrophy
in diabetic mice, and that EVR improves renal function [18].

EVR allows a dose reduction of CNIs in LT. Recently,
several reports have shown that de novo use of EVR re-
duces the incidence of renal impairment 1-2 years post-
LT compared to CNIs therapy [3,4]. Many studies have
demonstrated the efficacy of EVR-based regimens in renal
protection compared to CNIs therapy [3,4,19]. The random-
ized H2304 study demonstrated that EVR with reduced
TAC was associated with significantly better renal func-
tion and comparable efficacy over the first 3 years after
LT compared with standard TAC therapy [4,5,20]. However,
several studies have demonstrated that late conversion to
EVR after LT, once CNIs-related kidney damage has already
occurred, is not effective in restoring renal function [19,21-
23]. Perhaps, long exposure to CNIs contributes to intersti-
tial fibrosis and glomerular obliteration due to prolonged
vasoconstriction of renal microcirculation [24].

EVR has several adverse events. EVR increases the risk
of leukopenia likely due to inhibition of cell proliferation by
blocking the cells from the G1 to S phase [18]. EVR also
increases the risk of bacterial infection [6,19], perhaps due
to deterioration of immune function associated with leuko-
penia. However, our study did not demonstrate an increase
in CMV infection in the EVR-TAC group compared with the
TAC group. In addition, EVR increases low-density lipopro-
tein cholesterol or proteinuria. The possible mechanism is
that EVR inhibits secretion of vascular endothelial growth
factor and blocks its signaling pathway [6,19]. In addition,
the peripheral edema caused by EVR may be explained
by decreased plasma osmolality because of proteinuria,
which causes interstitial fluid reflux disorder and edema.

This study has several limitations. First, it was a small
single-center retrospective study without protocol liver bi-
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opsies. Second, we did not separately present the profiles
of patients after HCC recurrence or development of de
novo malignancies alive at the time of data collection, as
these data will be presented in future reports of ongoing
studies.

In conclusion, DDLT recipients treated with EVR-TAC
maintained stable renal function, whereas kidney function
worsened in the TAC group. The present study suggests
that EVR should be early introduced as soon as possible
after DDLT to reduce exposure to high doses of TAC to
preserve renal function. It may therefore be considered a
valid option after DDLT in selected recipients at high risk
for renal impairment or TAC-related comorbidities.
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