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Background. Data are |acking regarding the long-term effect of preemptive conversion to everolimus from calcineurin inhibitors
early after liver transplantation to avoid renal deterioration. Methods. In a prospective, multicenter, open-label study, de novo liver
transplant patients were randomized at day 30 to (i} everolimus + reduced exposure tacrolimus (EVR + Reduced TAC), (i) evero-
limus + tacrolinnus elimination (TAC Elimination}, or (i} standard exposure tacrolimus (TAC Control). Results. Randomization to
TAC Elmination was terminated prematurely due to a higher rate of treated biopsy-proven acute rejection (tBPAR) during TAC with-
drawal. Of 370 patients who completed the 24-month core study on-treatment, 282 {(76.2%) entered an additional 12-month ex-
tension phase. The composite eficacy failure endpoint (tBPAR. graft loss or death) occurred in 11.5% of EVR+Reduced TAC
patients versus 14.6% TAC Controls from randomization to month 36 (difference, =3.2%:; 95% confidence interval, =10.5% to
4.2%; P = 0.334). Treated BPAR occurred in 4.8% versus 9.2% of patients (£ = 0.076). From randomization to month 38,
mean (SD) estimated glomerular filtration rate decreased by 7.0 (31.3) mL/min per 1.73 m® in the EVR+Reduced TAC group.
and 15.5 (22.7) mL/min per 1.73 m? in the TAC Control group (P = 0.005}. Rates of adverse events, serious adverse events,
and discontinuation due to adverse events were similar in both groups during the extension. Conclusions. A clinically
relevant renal benefit after introduction of everolimus with reduced-exposure tacrolimus at 1 month after liver transplanta-
tion was maintained to 3 years in patients who continued everolimus therapy to the end of the core study. with comparable

efficacy and no late safety concerns.
(Transplantation 2015;99: 1455-1462)
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t has long been recognized that liver transplant recipients
are at high risk for chronic renal failure,’ with 1 in 5 pa-
tients progressing within 5 vears.” One of the few modifiable
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risk factors for posttransplant renal dysfunction is exposure
to calcineurin inhibitor (CNI) therapy. The majority of stud-
ies which have studied CNI-sparing regimens in liver transplant
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populanons examined changes to the 1mmunosuppresswe
regimen only after renal dysfun(.tlon developed Less well-
explored are preemptive Immunosuppressive strategies to
avold renal deterioration. Randomized trials have demon-
strated that reduced-CNI regimens with concomitant myco-
phenolate mofetil from the time of transplant can provide
effective immunosuppression with 1mproved renal function
versus a standard-exposure CNI protocol.** An alternative
approach is to harness the immunosuppressive synergism’
between the mammalian target of rapamycin inhibitor evero-
limus and CNI to reduce CNI exposure, which appears to be
a promising approach. Two randomized trials of everolimus
with early CNI discontinuatdon after liver transplantaton have
shown similar efficacy to a standard CNI-based regimen, but
with higher estimated glomerular fileration rate (eGFR) at
1 year after transplantation.®” Data are required, however,
concerning the long-term effect of conversion to everolimus
after liver transplantation.

The randomized H2304 trial compared everolimus with
reduced-exposure tacrolimus or tacrolimus elimination, both
from month 1 after transplantation versus a standard tacroli-
mus regimen in a populadon of 719 liver transplant recipi-
ents.'” At 12 and 24 months after transplantation, patients
randomized to everolimus showed a significant and clinically
relevant improvement in renal function versus the control
arm.'™!! After completion of the 24-month core study, pa-
tents were followed-up until month 36 to evaluate the long-
term safety and efficacy of everolimus with CNI reduction in
de novo liver transplant recipients. Efficacy, safety, and renal
outcomes at 3 years after transplantation are reported here.

MATERIALS AND METHODS

Study Design and Conduct

The H2304 study methodology has been published in full
previously.'® This was a 24-month prospective, randomized,
3-arm, parallel group, open-label trial in which de novo hver
transplant patients were recruited at transplant centers in 19
countries worldwide.'? After a run-in period to 30 days after
transplantation, during which the immunosuppression regi-
men was identical for all patients, patients were randomized
(1:1:1) to (1) EVR+Reduced TAC (i) TAC Control, or (iii)
TAC Elimination. Patients who completed the 24-month
core study on-treatment were eligible to enter an extension
study which followed up patients until month 36 after trans-
plantation. The core study started in January 2008, with the
final 36-month patient visit in May 2013.

Eligibility Criteria

Full inclusion criteria have been published previously.'®
Patients aged 18 to 70 years were eligible for the core study
if they received a primary full-size liver transplant from a de-
ceased donor and had been treated with tacrolimus and
corticosteroids (with or without mycophenolic acid) since
transplantation, unless hepatocellular (.ar(.moma (HC‘ C) was
present which did not fulfill Milan criteria.'>" Key addi-
tional inclusion erlterla at randomization were (i) eGFR
30 mL/min per 1.73 m? or higher by the 4- vanable Modifica-
ton of Diet in Renal Dlsease (MDRD4) formula'; (i) no ab-
normal liver function'®; (iii) tacrolimus trough concentration
8 ng/mL or higher in the week before randomization. All pa-
tients who completed the month 24 visit of the core study and
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who had been continuously treated with the assigned regi-
men were eligible to enter the extension study.

Randomization

Patients were stratified before randomization according to
pretransplant hepatitis C virus (HCV) status and the stratum
of eGFR (MDRD4 formula). Randomization to the TAC Elimi-
nation arm was stopped in April 2010, when approximately
690 patients had been randomized in total after a recommen-
dation from the independent Data Monitoring Committee.'

Immunosuppression

In the EVR+Reduced TAC arm, everolimus dose was ad-
justed to target a trough (Cy) concentration in the range of
3 to 8 ng/mL with a target tacrolimus trough concentration
of 3 to 5 ng/mL. In the TAC Control arm, the target tacroli-
mus trough concentration was 8 to 12 ng/mL until month 4
after transplantation and 6 to 10 ng/mL thereafter. Cortico-
steroids were administered according to local practice with
a minimum oral dose of 5 mg prednisolone/day to be contin-
ued undl at least month 6 after transplantation. At the end of
the core 24-month study, immunosuppression was to con-
tinue unchanged during the extension study.

Study Endpoints

The main efficacy endpoints of the extension study (at
month 36 after transplantation) were renal function estimated
by eGFR (MDRD4 formula), the composite efficacy end-
point of treated biopsy-proven acute rejection (tBPAR), graft
loss or death since randomization, and progression of HCV-
related allograft fibrosis (Ishak-Knodell score) in HCV-
positive patients. Treated BPAR was defined as treated acute
rejection with rejection activity index of 3 or higher accord-
ing to Banff 1997 criteria."?

Statistical Analysis

Because of the premature discontinnation of recruitment
to the TAC Elimination group and extensive conversion
of patients in this arm to standard therapy, the statistical
analyses focused on the EVR+Reduced TAC and TAC
Control groups.

No inferential statistical comparisons were performed. The
efficacy endpoints that occurred in the extension study were
summarized for all extension patients. Efficacy events which
occurred since randomization were further analyzed by the
Kaplan-Meier method for the intent-to-treat population, con-
sisting of all patients randomized in the core study. In the
Kaplan-Meier analyses, the patients who did not enter the ex-
tension study were censored at their last contact day. Slopes
of renal function were assessed using a mixed-effect model
for longitudinal data in the extension study with postrandomi-
zation eGFR as the response variable, treatment, randomiza-
tion eGFR and HCV status, day of creatinine sample collection,
and the interaction of day by treatment as fixed effects, and
with intercept and patient as the random effects.

RESULTS

Patient Population

In total, 580 of 719 randomized patients (80.7%) com-
pleted the month 24 visit of the core study. Of the 370
patients (63.8 %) who remained on their assigned immuno-
suppressive regimen at month 24, 282 (76.2%) provided
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mformed consent to enter the extension study (Figure 1). The
baseline characteristics of the treatment groups were well
balanced (Table 1) and showed no marked differences to
the core study population.”

Immunosuppression

Mean everolimus Cg concentration was within target range
(3 to 8 ng/mL) for the EVR+Reduced TAC group during the ex-
tension study (Table §1, SDC, heep:/links.lww.con/TP/B99).
At months 24 and 36, everolimus Cq was below 3 ng/mL in
9.6% and 10.3% of the patients, and tacrolimus Cq below
the target range (6 to 10 ng/mL) in 29.4% and 34.1% of
the patents. In the TAC Control group, 35.4% and 43.4%
had tacrolimus Cq level below 6 ng/mL at months 24 and
36, although mean tacrolimus Cy was within the target (6 to
10 ng/mL) (Table 81, SDC, http//links. lww.com/TP/B99).

Corticosteroids were administered in 13.2% (n = 14) of the
patients in the EVR4+Reduced TAC group and 20.8% (n = 26) of
TAC Control patients at some point during the extension study.
Mean steroid dose was slightly higher in the EVR+Reduced
TAC group (Table §1, SDC, http:/links.lww.com/TP/B99).

Efficacy

The composite efficacy failure endpoint of tBPAR, graft
loss, or death occurred in 11.5% of EVR+Reduced TAC pa-
tients and 14.6% of TAC Controls between randomization
and month 36 in the intent-to-treat population (Kaplan-
Meier estimates). The between-group difference was =3.2%
mn favor of EVR+Reduced TAC (95% confidence mterval,
—10.5% to 4.2%; P = 0.334) (Table 2, see Figure S1a, SDC,
heep:/links. lww. u)m/TP/B99) This result was similar to
that observed at month 12'° and month 24."" The inci-
dence of tBPAR from randomization to month 36 was
4.8% in the EVR+Reduced TAC group versus 9.2% in
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the TAC Control group (P = 0.076) (see Figure S1b, SDC,
heep:/Minks lww.com/TP/B99).

Overall, efficacy events were rare during months 24 to 36.
Two patients died in the EVR+Reduced TAC group due to
hyperglycemia and sudden death. In the TAC Control arm,
there was 1 graft loss during months 24 to 36 caused by he-
patic artery thrombosis. There was no tBPAR in the EVR
+Reduced TAC group, and 2 episodes of tBPAR (Banff scores,
6 and 7) in the TAC Control arm. Biopsy-proven acute rejec-
tion was reported in 1 (0.9%) patient in the EVR+Reduced
TAC group (Banff score, 4) during the extension study and
in 5 (4.0%) patients in the TAC Control group; maximum se-
verity in the 2 groups during the extension study was Banff
scores 4 and 7, respectively.

Renal Function

Mean (SD) eGFR (MDRD4) at time of transplant was 102.0
(56.1) mL/min per 1.73 m? in the EVR+Reduu:d TAC group
versus 92.1 (44.5) mL/min per 1.73 m? in the TAC Control
arm (P = 0.371). The incidence of BPAR before randomiza-
tion was 8.2% in both groups, with identical immuno-
suppression. By the time of randomization, eGFR was
85.0 (35.8) mL/min per 1.73 m” in the EVR+Reduced
TAC group versus 78.0 (28.1) mL/min per 1.73 m? in
the TAC Control group (P = 0.203) (Table S2, SDC,
heep:/Minks lww.com/TP/B99). From 1 month after randomi-
zaton to month 36, mean eGFR was significantly higher in
the EVR+Reduced TAC group (Figure 2A, Table §2, SDC,
heep:/links.lww.com/TP/B99). At month 36, mean (SD)
eGFR was 78.7 (25.7) mL/min per 1.73 m? in the EVR
+Reduced TAC group versus 63.5 (18.3) mL/min per
1.73 m? in the TAC Control group (P < 0.001) (Table S3,
SDC, htep:/links.dlww.com/TP/B99). From randomization to

719 randomized
I
[ I ]
245 EVR+Reduced TAC 231 TAC Elimination 243 TAC Cantrol
141 completed core study on 65 caompleted core study on 164 completed core study on
study medication study medication study medication
106 entered extension study 51 entered extension study 125 entered extension study
I I
10 discontinued study 2 discontinued study 8 discontinued study
3 withdrew consent 2 administrative problem 3 withdrew consent
5 adminlstrative problem 2 adminlstrative problem
2 death 3 lost to follow-up
17 discontinued study 4 discontinued study 18 discontinued study
medication madication madication
9 adverse events | 4 adverse events | 9 adverse events ]
1 abnormal laboratory value 2 withdrew consent
1 withdrew consent 1 lost to follow-up
4 protocol deviation 3 administrative problem
2 death 3 protocol deviations
86 completed 3-year follow-up 48 completed 3-year follow-up 117 completed 3-year follow-up
89 on study medication 47 on study maedication 107 on study medication

FIGURE 1. Patient disposition.
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TABLE 1.

Demographics and baseline characterstics {(extension study population)

EVR+Reduced TAC, N = 106

TAC Elimination, N = 51

TAC Control, N = 125

Age, y
Male sex, n (%)
Race, n (%)
Caucasian
Black
Asian
Other
Body mass index, kg/m
HCY positive, n, %*
Diabetes at randomization, n, %*
Primary disease leading to liver transplantation, n, %
Alcoholic cirmhosis
HCV
Hepatocellular carcinoma
Other
MELD score”
Donor age, y
Cold ischemia time, h
Cystatin C, mg/L*

eGFR at randomization (MDRD4, mL/min per 1.73 m3?

Mean (SD)
Median {min, max)

eGFR at randomization (MDRD4), n, %
<30 mU/min per 1.73 m?
30 to 45 mL/min per 1.73 m?
45 to <60 mL/min per 1.73 m®
>60 mL/min per 1.73 m*

53.5(9.6) 54.9(10.1) 552 8.1)
77 (72.6) 33(64.7) 87 (69.6)
85 (89.6) 44 (86.3) 89 (79.2)

0(0.0) 1(2.0) 432
2(19 1(2.0) 4( 2)
g(8.5) 588 8 (14.4)

24839 25.44.7) 24 539
26 (24.5) 16 (31.4) 37 (29.6)
36 (34.0) 22 (43.1) 53 (42.4)
36 (34.0) 12 (23.5) 24 (19.2)
22 (20.8) 12 (23.5) 27 (21.6)
22 (20.8) 6(11.8 8 (14.4)
26 (24.5) 21(41.2) 56 (44.8)

16.0 (8.4) 18.48.0) 194 (7.9

51.0(18.6) 46.3(17.3) 48 2(17.5)
8.5(54) 753.2) 7 (3.0
12(0.4) 12{0.2) 304

85.0(35.8) 83.3 (38.5) 780 (28.1)

7881(254,247.7) 748242, 2467) 741 (21.1,193.2)

2019 12.0) 2(1.6)
10 8.6) 1(2.0) 8(7.3)
14 (13.2) 8 (16.0) 18 (14.6)
80 (75.5) 40 (80.0) 94 (76.4)

# Among patients who attended the manth 36 visit,

# MELD score based on laboratory values only.

Continuous variables are shown as mean (3D) unless othenidse stated
MELD, model for end-stage liver disease.

month 36, mean (SD) eGFR decreased by 7.0 (31.3) mL/min
per 1.73 m? in the EVR+Redu(.ed TAC group, and by 15.5
(22.7) mL/min per 1.73 m? in the TAC Control group (P =
0.005). Based on the longitudinal data analysis, eGFR in
the EVR+Reduced TAC arm increased slightly during the
study (slope = 0.04 mL/min per 1.73 m” per month), whereas
it decreased in the TAC Control group (slope = =0.26 mL/min
per 1.73 m? per month).

Mean (SD) eGFR at month 36 in the patients who re-
mained on their randomized study drug to month 36 was
79.7 (25.8) mL/min per 1.73 m® in the EVR+Reduced TAC
group versus 63.0 (18.0) mL/min per 1.73 m? in the TAC
Control arm (P < 0.001).

From month 6 onward, mean eGFR (MDRD4) was
highest in the TAC Elimination group (Figure 2B, Table S2,
SDC, hup:/links.Iww.com/TP/B99). By month 36, mean (SD)

TABLE 2.
Efficacy endpoints from randomization to month 36 {ITT population)

EVR+ Reduced TAC versus TAC control

EVR+ Reduced TAC N = 245 TAC Elimination N = 231 TAC Control N = 243 difference (97.5% CI) P?

Compasite efficacy endpoint’

n 26 56 32 — —

Incidence (KM %) 1.5 275 146 -32(-105,4.2) 0.334
Secondary endpoints
Graft logs, n (KM %) 839 6 (2.8 8(4.0) 00(-4.3,4.3 0.987
Death, n (KM %} 14 657 15 (7.3) 10 (4.4) 21(=28,70 0.348
BPAR, n (KM %) 11 (4.8) 43 (21.5) 20(9.2) -44(-898,12 0.076
BPAR, n (KM %) 15(7.3) 53 (26.8) 34(17.7) -10.4 ~18.0,-1.9) 0.006

2 7-test (no-difference).

BPAR, graft loss or death.

“Including 2 petients who never received everolimus,

05% Cl, 95% confidence interval; ITT, intent-to-treat; KM, Kaplan-Meier estimate.
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FIGURE 2. Estimated GFR (MDRD4) to month 36 according to treatment group (A) extension study population and (B) on-treatment popu-

lation. Values are shown as mean and 95% confidence interval.

eGFR was 835.5 (28.1) mL/min per 1.73 m? in the TAC Elim-
mation arm versus 63.5 (18.3) mL/min per 1.73 m? in the
TAC Control arm.

Proteinuria (defined as 1.0 to <3.0 g/day) was present in
three patents each in the EVR+Reduced TAC and TAC Con-
trol groups at month 36, but no patient had nephrotic syn-
drome (defined as 23.0 g proteinuria/day). The mean urine
protein to creatinine ratio increased slightly in both the EVR
+Reduced TAC and TAC Control groups during months 24
to 36; the between-group difference remained nonsignificant
(Table §3, SDC, heep:/links.lww.con/TP/B99). No patients in
either group discontinued study drug due to proteinuria dur-
ing the extension phase. Renal failure was reported as an ad-
verse event during the extension phase in 7.5% (n = 8) and
14.4% (n = 18) patients in the EVR+Reduced TAC and TAC
Control groups, respectively.

HCV-Positive Patients

Twenty-six patients in the EVR+Reduced TAC group
(24.5%) and 37 TAC Control patents (29.6%) were HCV-
positive at the start of the extension phase of whom 14 and
22 patients, respectively, were genotype 1. The mean (SD)
HCV RNA level was 6.8 (0.7) in the EVR+Reduced TAC
group and 6.4 (0.8) in the TAC Control group at month 24,
compared to 6.6 (0.8) and 6.8 (0.6), respectively, at month
36 (log)o-transformed values). Analysis of the Ishak-Knodell
score between treatment groups during the extension phase
was not considered meaningful due to the low number of pro-
tocol biopsies performed at month 36 (EVR+Reduced TAC
group 10, TAC Elimination 3, TAC Control group 13).

Safety

During months 24 to 36, 82.1% and 76.8% of patients in
the EVR+Reduced TAC and TAC Control groups, respec-
tively, experienced 1 or more adverse event (P = 0.335)
(Table 3). Serious adverse events occurred in 30.2% of
patients in the EVR+Reduced TAC group and 22.4% of pa-
tients in the TAC Control group (P = 0.228) during the exten-
sion phase, the most frequent of which were diarrhea (2.8%
and 1.6%), pyrexia (2.8% and 1.6%), and pneumonia (1.9%
and 2.4%). Nine patients in both treatment groups (EVR
+Reduced TAC 8.5 %, TAC Control 7.2%) discontinued study
medication due to adverse events during the extension phase.
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No single type of adverse event in either group led to study
drug discontinuation in more than one patient.

The HCC recurred in 1 patient in both treatment groups
during the extension period. During the extension phase,
1 or more neoplasm was reported in 3 patients in the EVR
+Reduced TAC (recurrent HCC; malignant lung neoplasny;
malignant lung neoplasm with squamous cell carcinoma
[SCC] of the lung) and nine patients in the TAC Control arm
(HCC; diffuse large B-cell lymphoma; basal cell carcinoma
[BCC] with SCC of the skin; BCC with SCC of the skin and
sebaceous adenoma; BCC with benign neoplasm of the skin;
melanotic nevus; intraductal papillary mucinous neoplasm [2
pqnents] qnglosqru)mq) Cardiovascular events occurred in
3 patents in the EVR+Reduced TAC group and 6 patients
in the TAC Control arm.

Three patients in each of the 2 groups developed pneumo-
nia. Viral infections were reported in 2 patients in the EVR
+Reduced TAC arm and 5 patents in the TAC Control arm.
There were no reported cases of cytomegalovirus infection
or cytomegalovirus disease during the extension phase in
either group.

Seventeen patients (16.0%) in the EVR + Reduced TAC
group and 9 patients (7.2%) in the TAC Control group were
receiving lipid-lowering therapy at month 36. High-density
lipoprotein-cholesterol increased to a greater extent during
the extension study in the EVR+Reduced TAC group than
in the TAC control arm (mean [SD] 0.08 [0.30] mmol/L versus
0.01 [0.22] mmol/L; P = 0.024). There were no other signifi-
cant differences for change in lipid values between the 2 treat-
ment groups. By month 36, new-onset diabetes mellitus had
occurred in 1 patient in the EVR+Reduced TAC group and
2 patients in the TAC Control arm. Hematological parame-
ters, liver enzyme levels, biochemical parameters {except for
lipids) and blood pressure showed no marked differences be-
tween treatment arms at month 36, other than total bilirubin
{Table 84, SDC, http:/links. Iww.com/TP/B99).

DISCUSSION

Three-year follow-up data from the extension phase of this
randomized trial show that liver transplant patients receiving
everolimus with reduced-exposure tacrolimus from 1 month
after transplantation experience a significant renal benefit
versus a standard tacrolimus regimen. The difference in eGFR
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