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ABSTRACT
Aim. We designed a retrospective case-control study to determine the efficacy and
feasibility of everolimus (EVR) combined with low-dose tacrolimus (Tac) ab initio
versus standard-dose Tac after liver transplantation (LT).
Methods. Seventy-one adult LT patients, receiving EVR and low-dose Tac without
corticosteroids or induction therapy from postoperative day 1 (EVR group) were
compared with a well-matched control group of 61 recipients treated with standard-dose
Tac in association with antimetabolite.
Results. Baseline characteristics for the two groups were comparable. The overall patient
and graft survival rates were similar (P ¼ .908). Liver function was stable during the follow-
up. In the EVR group, biopsy-proven acute rejection occurred in two cases (2.8%),
whereas chronic rejection occurred in one (1.4%). The EVR group experienced a better
renal function already after 2 weeks (estimated glomerular filtration rate: 89.85 [36.46 to
115.3] mL/min/1.73 m2 vs. 68.77 [16.11 to 115.42] mL/min/1.73 m2; P ¼ .013), which was
also observed after a median time of 27 months (range, 0 to 82 months) from LT
(estimated glomerular filtration rate: 80 [45 to 118.3] mL/min/1.73 m2 vs. 70.9 [45 to
88.4] mL/min/1.73 m2; P ¼ .04). After a median time of 27 months, the EVR group
showed lower incidence of arterial hypertension and insulin-dependent diabetes mellitus.
Conclusion. Ab initio EVR-based immunosuppression could be a valid option
immediately after surgery in recipients at high-risk for post-LT renal impairment.

THE goal of immunosuppression (IS) in liver trans-
plantation (LT) is to maintain graft function with a low

grade of acute rejection while minimizing drug-related
adverse effects. Calcineurin inhibitors (CNIs) are the main
immunosuppressant therapy used to prevent acute rejection
after LT, but it is well known that prolonged exposure to
CNIs was associated with short- and long-term side effects,
including nephrotoxicity [1,2], neurotoxicity [3], increased
risk of malignancies [4,5], hypertension, and metabolic
complications [6,7].
Therefore, nowadays the objective is to identify an

optimal IS regimen to be personalized in the single recip-
ient, preventing rejection and reducing IS-adverse events.
Strategies such as dose reduction or delayed introduction of
CNIs in association with other IS drugs have been explored

in an attempt to decrease the occurrence of IS-related
morbidities.
Everolimus (EVR), a mammalian target of rapamycin

inhibitor (mTORi), in combination with reduced-dose of
tacrolimus (Tac), has been widely used as immunosup-
pressive agent in maintenance LT recipients [8]. The use of
mTORi is a well-established strategy to facilitate the safe
reduction or withdrawal of CNIs to preserve renal function
over the long-term after transplantation [9e11].
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However, the early post-transplantation use (i.e., within 30
days) of EVR has been explored only in a limited number of
studies [12e17]. In 2006 a phase 2 study had shown the safety
and efficacy of EVR use from post-transplantation day 1, in
association with a low dose of CNIs (namely, cyclosporine)
and corticosteroids [18]. Whereas in a recent proof-of-
concept study, we have shown the 1-year post-LT safety of
corticosteroid-free mTORi use immediately after LT in a
group of LT recipients treatedwithout induction andwith low
doses of CNIs [19]. To retrospectively investigate the long-
term efficacy and feasibility of EVR in LT, we now
compared our cohort of LT recipients who received mTORi
immediately after transplantation with a matched cohort of
patients who were treated with standard Tac exposure.

MATERIAL AND METHODS
Study Design

We reviewed a prospectively collected database of the records of all
adults who underwent LT between September 2009 and June 2015
at our institution.

The EVR group was composed of recipients who were treated
with EVR (Certican, Novartis, Basel, Switzerland) associated with
low-dose of once-daily prolonged-release Tac (Advagraf, Astellas,
Tokyo, Japan) from postoperative day (POD) 1. The decision to use
EVR ab initio was chosen to mitigate Tac exposure in recipients
with potentially CNI-related side-effects (i.e., mild preoperative
hyperglycemia, mild renal impairment at LT [i.e, following our
laboratory upper limit serum creatinine value >106.08 mmol/L] or
previous hepatorenal syndrome) which may deteriorate with stan-
dard-Tac exposure, and also in recipients with hepatocellular car-
cinoma within Milan criteria after down staging [19]. The study
group was compared with a matched control group who received
standard once-daily prolonged-release Tac exposure (Advagraf), in
combination with antimetabolites (mycophenolic acid [Myfortic,
Novartis] and mycophenolate mofetil [MMF] [CellCept, Roche,
Basel, Switzerland]), according to a previous multicentric study [20].
The matching criteria adopted are summarized in Table 1. Exclu-
sion criteria included recipients in treatment with EVR associated
with cyclosporine and/or antimetabolite (AntiM) monotherapy,
administration of EVR after the POD 1, simultaneous liver and
kidney transplantation, re-LT, and patients who died within 24
hours of LT who could not receive IS drugs.

The endpoint of the study was to compare the efficacy of steroid-
free EVR-based IS therapy combined with low-Tac exposure versus
standard Tac exposure. The local ethics committee of our
institution approved the study.

IS Regimen

As local policy, in the EVR group, the drug target blood levels were
2 to 5 ng/mL and 3 to 5 ng/mL for EVR and Tac, respectively,
within the first week. At day 1, the starting dose of EVR was 0.015
mg/kg/d. Once-daily prolonged-release Tac was started at a dose of
0.05 mg/kg/d from POD 1. No patients received corticosteroids or
induction therapy.

In the control group, the IS therapy was based from POD 1 on
standard dose of once-daily prolonged-release Tac (0.175 mg/kg/d)
combined with MMF 2000 mg/d or enteric-coated mycophenolate
sodium 1440 mg/d. Patients also received basiliximab (20 mg) on
PODs 0 and 4.

Measurement of EVR and Tac blood trough levels were assayed
on a liquid chromatography coupled to tandem mass spectrometry
analyzer in both groups [21].

Graft and Renal Function

Graft and renal function were evaluated by liver and renal function
tests as routine practice (i.e., assessing liver function tests [LFT] and
estimated glomerular filtration rate [eGFR]) at first post-
transplantation week, at POD 15, months 1, 3, 6, 12, and 24, and
at last follow-up available.

Graft rejection was diagnosed by liver biopsy according to Banff
criteria [22]. As for local protocol, liver biopsies were performed
only if clinical examinations and laboratory tests (defined as
increasing of aspartate aminotransferase [AST] or alanine
aminotransferase [ALT] > 2-fold baseline levels and/or in both
gamma-glutamyltransferase [GGT] and AP > 1.5-fold baseline
levels) were suggestive of acute cellular rejection (ACR). The
severity of ACR was classified as indeterminate, mild, moderate, or
severe, as well as chronic rejection [23]. Biopsies were also scored
for the grade of necro-inflammatory activity and stage of fibrosis
according to Ishak et al [24]. Hepatitis C virus (HCV)einfected
recipients underwent protocol liver biopsies at 6 months and 1 year

Table 1. Recipients, Donors and Surgical Characteristics of the
Two Groups at Baseline.

Variables EVR Control P Value

Patients 71 61
Age (yrs) 58 (25e67) 52 (34e65) .397
Male (%) 55 (77.5%) 49 (80.3%) .831
BMI 25 (16e30) 24 (18e32) .861
MELD score at LT 19 (11e26) 20 (7e31) .265
Donor age (years) 57 (6e79) 65 (15e83) .645
CIT (minutes) 447 (240e721) 402 (235e520) .739
WIT (minutes) 45 (32e70) 40 (20e105) .466
Indications to LT

HCV-related cirrhosis 14 (19.8%) 7 (11.5%) .237
HCC-T2 24 (33.8%) 25 (40.9%) .471

HCC-T2 after
down staging

24 (100%) 12 (48%) .04

HBV-related cirrhosis 6 (8.4%) 4 (6.6%) .751
Alcoholic cirrhosis 13 (18.2%) 14 (23%) .524
Autoimmune liver disease 1 (1.4%) d 1.000
Cryptogenetic liver disease 3 (4.2%) 5 (8.2%) .470
NASH 2 (2.8%) d .499
Budd-Chiari syndrome d 1 (1.6%) 1.000
Wilson’s disease 1 (1.4%) 1 (1.6%) 1.000
Primary sclerosing

cholangitis
7 (9.8%) 3 (4.92%) .339

Polycystic liver disease d 1 (1.6%) 1.000
Comorbidities pre-LT
IDDM 9 (12.7%) 12 (19.7%) .342
Cardiovascular disease 4 (5.6%) 3 (4.9%) .855
Arterial hypertension 9 (12.9%) 6 (9.8%) .784
Hypercholesterolemia 1 (1.4%) d 1.000
Hypertriglyceridemia 2 (2.8%) 3 (4.9%) .662

Values reported as medians and ranges, nonparametric data compared with
Mann-Whitney U test; P < .05 ¼ significant.
Abbreviations: EVR, everolimus; BMI, body mass index; MELD, Model of End-

stage Liver Disease; LT, liver transplantation; CIT, cold ischaemia time; WIT,
warm ischaemia time; HCV, hepatitis C virus; HCC T2, hepatocellular carcinoma
type 2; HBV, hepatitis B virus; NASH, nonalcoholic steatohepatitis; IDDM,
insulin-dependent diabetes mellitus.

176 MANZIA, ANGELICO, TOTI ET AL



from LT. All liver biopsy specimens were evaluated by experienced
LT histopathologists.

Evaluation of Adverse Events

All drug-related adverse events were considered, including: 1) new-
onset insulin-dependent diabetes mellitus (IDDM), diagnosed for
insulin therapy for "30 consecutive days [25]; 2) hyperlipidemia
(defined as serum cholesterol >6.2 mmol/L and/or triglycerides
>1.69 mmol/L); 3) leukopenia (defined as a white blood cell count
of <2000/mL); 4) infection requiring specific treatment; 5) wound
dehiscence; 6) cardiovascular events; 7) new onset of arterial
hypertension (defined as systolic blood pressure >140 mm Hg and/
or diastolic blood pressure >90 mm Hg who require hypotensive
medications); 8) de novo tumors; and 9) thrombotic vascular
complications (e.g., hepatic artery thrombosis).

Statistical Analysis

Data were collected from a prospectively collected consecutive
database (Microsoft Access 2.0; Microsoft Corporation, Redmond,
Washington, United States). Donor/recipient characteristics and
clinical data are shown (wherever applicable) as either median with
range or mean # standard deviation. Univariate data were analyzed
using the Mann-Whitney test and Fisher’s exact test. A P value
of <.05 was considered significant. Normal distribution continuous
data were analyzed by parametric test (Student t test). Survival
rates were calculated using the Kaplan-Meier method. The

software used for statistical analysis was SPSS 13.0 for Windows
(Chicago, Illinois, United States).

RESULTS
Patient Population and Survival

A total of 179 LTs were performed during the study period;
the median study follow-up was 27 months (range, 0 to 82
months) Seventy-one (n ¼ 71; 39.7%) nonconsecutive LT
recipients (n ¼ 55 males, median age 58 years [range, 25 to
67 years]) were treated with EVR associated with low Tac
exposure from the POD 1 and formed the EVR group. The
control group consisted of 61 nonconsecutive recipients
(n ¼ 49 males, median age 52 years [range, 34 to 65 years])
who received standard Tac exposure and antimetabolites
immediately after LT (Fig 1). Recipients, donors, and
surgical variables were comparable in the two groups
(Table 1).
The overall patient and graft survival rates in the EVR

and control groups were 78% versus 79% (P ¼ .908),
respectively (Fig 2). The causes of death are summarized in
Table 2.

Liver Function Profile

The LFT peaks (defined as the highest value recorded
within the first post-transplant week) were comparable in

Fig 1. Selection process of the study group and the well-matched control group. The study group (EVR group) consisted in 71 LT re-
cipients receiving immunosuppression based on EVR þ low dose of tacrolimus ab initio (from postoperative day 1). The EVR group was
then compared with a well-matched control group (n ¼ 61) represented by all patients receiving a LT in the same period at our insti-
tution, treated with standard dose of tacrolimus combined with antimetabolites. Abbreviations: LT, liver transplant; EVR, everolimus;
Pts, patients; AntiM, antimetabolites; CsA, cyclosporine.
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the two groups as described in Table 2. One month after LT,
AST values (35 [4-462] IU/L in the EVR group vs 27 [6-206]
IU/L in the control group, P ¼.165) and ALT values (55
[10-539] IU/L in the EVR group vs. 35 [4-462] IU/L in the
control group, [P ¼ .358]) were similar and remained stable
over the entire follow-up. There were no significant varia-
tions also for GGT (P ¼ .281) (Fig 3). In the EVR group,
two (2.8%) patients developed biopsy-proven moderate
ACR 1 month after LT and one (1.4%) recipient presented
chronic rejection at the 28-month follow-up. In the control
group, two (3.3%) recipients experienced moderate ACR
after 3 months and 1 year, respectively (P ¼ 1.000). All
HCV-recipients who had liver biopsies for local policy, none
showed signs of rejection.

Renal Function

Details of renal function for both groups during the entire
follow-up period are reported in Fig 4. At the time of trans-
plantation none of the patients were in hemodialysis and the
median eGFR was similar. The EVR group showed superior
renal function compared to the control group after 2 weeks
from surgery and throughout the entire follow-up period.
During post-LT hospitalization, 3 (4.2%) patients in the

EVR group versus 5 (9.2%) (P ¼ .876) in the control group
experienced acute kidney failure requiring hemodialysis.
Moreover, in the control group, long-term dialysis (i.e.,
patients who required dialysis for a period of >3 months)
was needed for 3 (4.9%) LT recipients, whereas none of the
EVR group needed long-term renal support. Of the 8
recipients who experienced renal impairment, three died
(two from the control group and one from the EVR group);

one died from myocardial ischemia, and 2 from respiratory
failure. Five patients recovered after the Tac dose was
decreased.

Fig 2. Overall patient and graft survival in the two groups. Graft
and patient survival in patients who received EVR-based immu-
nosuppression ab initio combined with low dose of CNI
(n ¼ 71, EVR group) versus patients who received standard
dose of CNI with antimetabolites (n ¼ 61, Control group) after
liver transplantation. Abbreviations: EVR, everolimus; CNI, calci-
neurin inhibitor.

Table 2. Overall Follow up of the EVR and Control Groups

Variables
EVR

(n ¼ 71)
Control
(n ¼ 61) P

Median Follow-up (mo) 30 (0e82) 24 (0e54) .568
Peak LFTs

AST (IU/L) 1085 (410e7769) 962 (85e10,926) .345
ALT (IU/L) 832 (194e4391) 905 (105e3810) .484
Total bilirubin (mg/dL) 6.2 (1.8e21.7) 3.27 (1.3e9.85) .496

LFTs at last follow-up
AST (IU/L) 20 (10e75) 26 (13e218) .823
ALT (IU/L) 31 (10e256) 31 (6e169) .943
Total bilirubin (mg/dL) 0.5 (0.2e5.93) 0.72 (0.3e5.7) .134

Total number of deaths 16 (22%) 15 (24%) 1.000
Cause of death

HCC recurrence 2 (2.8%) 2 (3.3%) 1.000
Other tumor 2 (3.3%)
PNF 3 (4.22%) d .249
Sepsis 5 (7.04%) 5 (8.2%) 1.000
Respiratory failure 2 (2.82%) 3 (4.92%) .662
Myocardial ischemia 2 (2.8%) 1 (1.64%) 1.000
Complicated

pancreatitis
1 (1.41%) 2 (3.28%) .595

Cerebral ischemia 1 (1.41) d 1.000
Adverse events

Leukopenia 3 (4.22%) 4 (6.5%) .530
IDDM 10 (14%) 19 (31.7%) .021*
New-onset IDDM 4 (5.6%) 7 (11.47%) .344
New-onset arterial

hypertension
11 (15.4%) 21 (34.4%) .001*

Hypertriglyceridemia 15 (21%) 10 (16.3%) .391
Hypercholesterolemia 11 (15.4%) 9 (14.8%) .391
Recurrent infections 13 (18.3%) 17 (27.9%) .193
CMV infection

requiring treatment
6 (8.5%) 6 (9.8%) 1.000

Cardiovascular
disease

2 (2.8%) 6 (9.8%) .093

Wound dehiscence 8 (11.3%) 4 (6.6%) .383
HCC recurrence 2 (2.8%) 2 (3.3%) .383
Tumor de novo 2 (2.8%) 5 (8.2%) .181
Hepatic artery

thrombosis
2 (2.8%) d 1.000

Dyspepsia 0 4 (6.6%) .134
Therapy at last

follow-up
(Alive: 55) (Alive: 46)

EVR monotherapy 8 (13%) 5 (10.8%)*
Tacrolimus

monotherapy
5 (9.3%) 18 (39%)

EVR þ tacrolimus 40 (74%) 6 (13%)†

Tacrolimus þ AntiM 2 (3.7%) 17 (36.9%)

Values reported as medians and ranges, nonparametric data compared with
Mann-Whitney U test; P < .05 ¼ significant.
Abbreviations: EVR, everolimus; LFT, liver function test; AST, aspartate

aminotransferase; ALT, alanine aminotransferase; HCC, hepatocellular carci-
noma; PNF, primary nonfunction; IDDM, insulin dependent diabetes mellitus;
CMV, cytomegalovirus; AntiM, antimetabolites.
*During follow up, five recipients were treated with Everolimus monotherapy

because de novo tumor occurred.
†Antimetabolites were switched to everolimus because dyspepsia (n.4) and

HCC recurrence (n.2) occurred.
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Immunosuppressive Regimen

EVR trough level and doses are reported in Fig 5. The
median EVR blood concentration at month 1 after LT was
2.41 ng/mL (range, 1.09 to 7.40 ng/mL), and no significant
variation of trough levels was observed during the entire
observational period (P ¼ .121). The median EVR daily
dose during the follow-up period was 1 mg/d (range, 0.25 to
4 mg/d). The median Tac trough level was 4.95 ng/mL
(range, 1.41 to 6.81 ng/mL) and was maintained by adjust-
ing the dosage for the entire period. At last follow-up, 9 of
71 (12%) had a Tac trough level >5 ng/mL.
In the control group, the starting dose of Tac was 8 mg/

d (range, 2 to 22 mg/d), with a trough blood level of
8.5 ng/mL (range, 4.04 to 13.5 ng/mL) after 1 month from
OLT. No significant variation in Tac daily dose and blood
level were observed during the entire follow-up. MMF

was administered in 44 (72%) recipients (median dose
2000 mg/d [range, 1000 to 2000 mg/d), whereas enteric-
coated mycophenolate sodium was administered in 16
(28%) patients (median dose 1080 mg/d [range, 720 to
1440 mg/d) from the POD 1.

Adverse Events

Drug-related toxicities are described in Table 2. During the
entire follow-up, evidence of leukopenia was observed in
three (4.9%) patients in control group versus two (2.8%) in
the EVR group (P ¼ .530), and there were no cases of
thrombocytopenia. All events were resolved by dose
reduction of EVR or AntiM, with the only exception of one
patient who required EVR withdrawal.
Four recipients (5.6%) in EVR group and 7 (11.5%) in

the control group developed new onset IDDM after LT

Fig 3. Median blood levels after transplantation of alanine aminotransferase and gamma-glutamyltransferase. Abbreviations: LT, liver
transplantation; EVR, everolimus; GAMMA-GT, gamma-glutamyltransferase (IU/L); ALT, alanine aminotransferase (IU/L).
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(P ¼ .344). Of the nine patients in the EVR group who had
IDDM before LT, three recipients were able to discontinue
insulin therapy after LT. In contrast, none of the patients in
the control group discontinued insulin therapy. At the last
follow-up, 10 (14.1%) patients in the study group and 19
(31.7%) in the control group required insulin treatment
(P ¼ .021).
The median level of cholesterol was similar in the two

groups during the entire observational period, and increased
in both groups at the last follow-up (EVR group:
3.2 mmol/L [range, 1.24 to 6.1 mmol/L] at baseline and 4.71
mmol/L [range, 1.65 to 8.15 mmol/L] after a median time of
27 months [P ¼ .00002]; control group: 3.1 mmol/L [range,
1.3 to 5.1 mmol/L] at baseline vs. 4.32 mmol/L [range, 2.07
to 5.46 mmol/L] at last follow-up [P ¼ .00001]). Similarly,
the median triglyceride blood level increased significantly at
the last follow-up both in the EVR group (from 0.9 mmol/L
[range, 00.44 to 2.41 mmol/L] to 2.11 mmol/L [range, 0.73 to

3.51 mmol/L] [P ¼ .0001]) and in the control group (from
0.94 mmol/L [range, 0.37 to 3 mmol/L] to 1.62 mmol/L
[range, 0.73 to 3.63 mmol/L] [P ¼ .0012]). The number of
patients requiring treatment for hyperlipidemia was similar
in both groups (10 [14.1%] patients in EVR group vs. 4
[6.5%] patients in the control group, [P ¼ .160]).
New-onset arterial hypertension was significantly higher

in patients treated with a standard dose of Tac compared to
those receiving an EVR-based regimen with low-dose Tac
(n ¼ 21 [34.4%] vs. n ¼ 8 [11.3%], respectively; P ¼ .002).

DISCUSSION

The identification of “tailored” IS regimens is a challenge
for transplantation science. The choice of an optimal
regimen is a key point to balance low rejection and IS
adverse events. In the last decades, the CNI-based immu-
nosuppressive regimen has been the most common therapy
worldwide, despite the well-known dose- and time-related
side effects, including acute and chronic renal dysfunction,
cardiovascular disease, increased malignancies, and meta-
bolic disorders [1e7].
Current strategies to reduce IS adverse events are focused

on delaying introduction or reducing dose exposure to CNIs
by combining them with different drugs. In this regard, the
introduction of new immunosuppressive drugs, such as
EVR, has allowed the individual tailoring of IS regimens
after LT based on specific recipient CNI comorbidities.
EVR has recently been approved by the Food and Drug

Administration as a new immunosuppressive agent in pa-
tients receiving LT, in combination with Tac and steroids
[8]. Until now, mTORi-based regimens have been
commonly adopted in long-term recipients to withdraw or
minimize the exposure to cyclosporine or Tac, with the
principal aim of improving long-term renal function after
organ transplantation [26].

Fig 4. Median glomerular filtration rate (MDRD formula) from LT to last follow-up in the EVR group and control group. Abbreviations:
eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; LT, liver transplant; EVR, everolimus.

Fig 5. Median everolimus blood trough levels and daily dose
throughout the entire observation period. Abbreviations: EVR,
everolimus.
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In maintenance LT recipients, the efficacy and safety of
conversion from CNIs to EVR have been intensely
investigated [27]. In a randomized, open-label, multicenter
study, 145 long-term LT recipients with CNI-related renal
dysfunction were randomized either to start EVR with CNI
reduction/discontinuation or to continue standard exposure
to CNI regimen: EVR monotherapy was achieved in 85% of
patients with very low rates of biopsy-proven ACR [28].
However, in this trial no benefits were reported in terms of
renal function, probably due to the lengthy exposure to CNI,
which may lead to interstitial fibrosis and glomerular oblit-
eration due to prolonged vasoconstriction of renal micro-
circulation [29]. This hypothesis was confirmed by the larger
study on the use of mTORi in kidney transplantation, in
which the conversion from CNI-based therapy to EVR or
sirolimus in patients with baseline eGFR <50 mL/1.73 m2

reported no improvement in renal function [30,31].
Recently, a national working group recommended the use
of EVR in predefined clinical scenarios, especially in LT
recipients with high risk of post-transplantation nephrotox-
icity and long-term CNIs adverse events [32].
The early introduction of EVR after LT was first

described by Masetti et al in 2010 [15], showing a significant
improvement in renal function after EVR introduction
versus the controls under a standard CNI regimen (eGFR:
87.7 # 26.1 mL/min vs. 59.9 # 12.6 mL/min; P ¼ .001).
More recently, the PROTECT study randomized patients
after 30 post-transplantation days to continue a CNI-based
regimen or start EVR with CNI discontinuation [10].
Results showed that the conversion was achieved safely
because biopsy-proven ACR rates were similar, with bene-
ficial effects on renal function.
Later, the larger cohort of the H2304 open-label ran-

domized trial confirmed that after 1 month, the EVR with
Tac discontinuation arm was associated with a high rate of
mild ACR, which led to premature termination of patient
enrolment [9]. The authors concluded that mTORi regimen
without induction therapy or other IS drugs might not be a
viable option until 3 months after LT. Yet, the same authors
reported that EVR introduction with reduced-exposure to
Tac after 1 month from LT provides a significant benefit to
renal function after 2 years of follow-up [33]. Moreover,
recently De Simone et al showed that the efficacy of early
EVR introduction with reduced Tac exposure is maintained
even in recipients with high-risk factors for graft rejection
(e.g., younger and HCV-positive recipients) and chronic
renal failure [34].
All studies mentioned above reported the early

introduction (within 30 post-transplantation days) of EVR
in de novo LT [12e17], but only Levy et al [18] have shown
good safety, tolerability, and efficacy of the EVR-based
regimen with corticosteroids from the “very” first day
post-transplantation.
To the best of our knowledge, the current study is the first

report that compares the use of a steroid-free EVR-based
IS regimen with low-dose Tac, adopted from the first post-
transplantation day, with standard Tac-based IS. Our

results show that EVR-based therapy is safe and effective,
even when used without corticosteroids or induction ther-
apy. Recipients treated with EVR ab initio had graft and
patient survival rates comparable to those receiving a stan-
dard Tac dose. In the study population, only three (4.2%)
LT recipients presented increased LFTs requiring liver
biopsy, which confirmed rejection. The absence of subclin-
ical rejection episodes was confirmed by the HCV-positive
graft protocol biopsy specimens at 6 and 12 months after
LT, which did not show any histologic sign of rejection. We
believe that the low rate of ACR was mainly due to the
judicious adjustment of EVR dose administration based on
the careful drug trough blood monitoring during the entire
follow-up period. This concept is also in line with data re-
ported in a recent review on the optimal exposure range of
EVR (defined as 3 to 8 ng/mL) in combination with
reduced-exposure CNI therapy [35].
Moreover, Willuweit et al recently reported that

receiving mTORi as an IS regimen after LT is a protective
factor against the development of donor-specific antibodies,
which could potentially represent an additional benefit for
the immunological profile in the post-transplantation
setting [36].
In our study, LT recipients treated with EVR ab initio

maintained a stable renal function with no cases of chronic
renal dysfunction, whereas kidney function worsened in the
control group. These results confirm data from a French
experience, suggesting that EVR should be introduced as
soon as possible after LT to reduce exposure to high doses
of CNIs to preserve the renal function [37]. Therefore, it is
conceivable that the administration of EVR from the first
post-operative day may be particularly beneficial in patients
experiencing renal impairment while on the waiting list or
early after LT, decreasing the incidence of chronic renal
failure in future [31,38e40]. Moreover, a recent meta-
analysis of randomized controlled trials showed that EVR
use with CNI minimization is associated with improved
renal function at 12 months without increased risk of biopsy-
proven ACR, but with higher risk of infections [41].
The ab initio administration of EVR also avoids many

CNI-related toxicity effects, since in our series it was
associated with lower incidence of new onset arterial hy-
pertension and beneficial effects on IDDM. Although the
incidence of new onset IDDM was similar in both groups,
30% of recipients treated with EVR were able to withdraw
insulin.
In our study, the drug’s toxicity profile was comparable

with data from other EVR trials [42]. The most frequently
observed EVR-related adverse event was an increase in
triglyceride and cholesterol blood levels in patients receiving
EVR, which was easily managed by drug therapy. Drug-
related side effects were mainly resolved by dose
adjustment, except for one case of leukopenia which
required EVR withdrawal.
The main limitations the present study are represented by

its retrospective nature and the small cohort of patients. Our
current analysis, however, appears to corroborate the results
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previously described in our entire cohort of LT recipients
treated with EVR from day 1 after LT [19]. Notwithstanding,
these encouraging data clearly need confirmation within
randomized trials to assess the favorable impact of EVR ab
initio in terms of both safety and efficacy.

CONCLUSION

In conclusion, these data are the first that compare the clin-
ical outcomes of LT recipients treated with EVR-based IS
versus Tac at a standard dose immediately after LT. The
results suggest that the association of EVRwith low-dose Tac
ab initio after LT without corticosteroids and induction
therapy seems to be safe and effective in terms of preserva-
tion of renal function and showed a goodmanagement of CNI
side effects. It may therefore be considered a valid option
immediately after surgery in selected recipients at high risk
for renal impairment or CNI comorbidities.
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