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Everolimus Is Associated With Less Weight Gain
Than Tacrolimus 2 Years After Liver Transplantation:

Results of a Randomized Multicenter Study
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Background. \Weight gain early after transplant is a risk factor for posttransplant metabolic syndrome (PTMS), cardiovascular

events, and renal insufficiency. The impact of mammalian target of rapamycin inhibition on posttransplant weight gain and the de-
velopment of PTMS components postliver transplantation were examined in a randomized, controlled study. Methods. After a
run-in period, patients (N = 719) were randomized at 30 + 5 days posttransplantina 1:1:1 ratio to 3 treatment groups: (i) everolimus
(EVR) + reduced tacrolimus (TAC) (n = 245); (ii) TAC control (n = 243) or (jii) TAC elimination (n = 231). In this post hoc analysis,
weight change at 12 and 24 months was compared between groups. Vital signs, lipids, and laboratory parameters at 12 and
24 months and rates of PTMS were assessed. Results. Mean increase in weight from baseline was higher at month 12 in the
TAC control arm (8.15 + 9.27 kg) than in the EVR + reduced TAC (5.88 + 12.60 kg, P = 0.056) and the TAC elimination arms
(4.76 + 9.94 kg, P = 0.007). At month 24, the TAC control arm displayed a significantly greater weight increase (9.54 + 10.21 kg) than
either the EVR + reduced TAC (6.69 + 8.37 kg, P = 0.011) or the TAC elimination groups (6.01 + 9.98 kg, P = 0.024). Rates of PTMS
were similar for the EVR + reduced TAC (71.8%), TAC elimination (70.3%) and TAC control (67.4%) arms (P = NS). Conclusions.
EVR with reduced-exposure TAC attenuated weight gain at 1 and 2 years posttransplant compared with a standard TAC immuno-

(Transplantation 2017;101: 2873-2882)

suppression regimen. Rates of PTMS were comparable between EVR-containing and TAC control regimens.

/

besity increases in prevalence and severity after liver

transplantation. Many of the most frequent causes of
long-term mortality after liver transplantation are associated
with or are exacerbated by obesity before or after transplanta-
tion.” Two thirds of long-term mortality after liver transplant
is unrelated to graft function, with cardiovascular (CV) com-
plications being a common cause of nongraft-related mortality
and morbidity.”>”* Metabolic syndrome, a clustering of cardio-
metabolic risk factors including obesity, hyperglycemia, dys-
lipidemia and elevated blood pressure, is an important risk

factor in the development of CV disease. Therefore, reduction
in the development of posttransplant metabolic syndrome
(PTMS) or its components should be a major management
focus to optimize outcomes after liver transplantation.
Several studies have shown a link between weight gain,
dyslipidemia, PTMS, and increased posttransplantation morbid-
ity. In a retrospective review of 455 liver transplant recipients
from 1999 to 2004, the prevalence of obesity increased from
23.8% at 4 months to 40.8% at 3 years after liver transplant
and predicted metabolic syndrome at 1 year posttransplant.”
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Prior CV disease, hypertension, and diabetes were also associ-
ated with increased CV risk. PTMS is associated with higher
posttransplantation body mass index (BMI) and with a signif-
icantly increased risk of major vascular events.®

The basis of weight gain after liver transplantation is likely
to be multifactorial, with an important contribution from
immunosuppressive agents. Although a role of calcineurin
inhibitor (CNI)-based immunosuppression in weight gain,
hypertension, hyperglycemia, and dyslipidemia in liver trans-
plant recipients has been reported, the relative impact of
mammalian target of rapamycin inhibition (mTORi) on these
factors has not. A study of weight gain in liver transplant pa-
tients receiving tacrolimus (TAC) versus cyclosporine A (CsA),
with or without corticosteroids, demonstrated similar levels of
weight gain between the 2 CNIs with a limited impact of cortico-
steroids.® However, TAC use versus non—CNI-based immuno-
suppression was associated with a reduced risk of CV disease
in a retrospective review of 455 liver transplant recipients.”

The signaling molecule mTOR is a regulator of cell mass
and growth. In animal studies, the use of mTOR inhibitors
has been associated with lower body mass when compared
with CNIs.”"!

In liver transplant patients, mTOR inhibitors are known to
contribute to dyslipidemia posttransplant.'? The early intro-
duction of the mTOR inhibitor everolimus (EVR) in combi-
nation with reduced TAC is associated with improved renal
function 2 years postliver transplantation.'® However, the ef-
fect of this immunosuppressive regimen on body weight and
other PTMS related factors is less clear. The aim of the cur-
rent study was to assess the comparative impact of mTOR in-
hibition on the course of posttransplant weight gain and the
development of components of PTMS in subjects after liver
transplantation using data collected in the randomized, con-
trolled RAD001H2304 study.'*'*

MATERIALS AND METHODS

Study Design and Conduct

The methodology and inclusion/exclusion criteria of this
study have been described in detail previously."? Briefly, this
was a 24-month prospective, randomized, multicenter, 3-arm,
parallel-group, open-label study in de novo liver transplant re-
cipients during January 2008 to April 2012. After a run-in pe-
riod where the immunosuppression regimen was identical for
all groups, patients (N = 719) were randomized at 30 = 5 days
posttransplant in a 1:1:1 ratio to 1 of 3 treatment groups:
(i) EVR + reduced TAG; (ii) TAC control or (iii) TAC elimina-
tion. The trial was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice guidelines,
and all patients provided written informed consent.

Study Objectives

We present post hoc analyses to examine the effect of each
treatment arm on body weight and other PTMS-related factors
including blood pressure, heart rate, glycosylated hemoglobin
(HbA1c), total cholesterol, high-density lipoprotein (HDL),
lactate dehydrogenase, triglycerides and glucose (fasting), cre-
atinine, lipid profile, and routine laboratory parameters were
also evaluated.

Subgroup analyses of weight change were performed using
cutoffs as follows: age, younger than 60 years and 60 years or
older; sex, male or female; baseline BMI underweight, <18;
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normal, 18 to 25; overweight, 25 to 30; and obese, >30, HDL
categories as per American Heart Association for low (male,
< 40 mg/dL; female, < 50 mg/dL), normal (male, > 40 mg/dL;
female, >50 mg/dL), and optimal (>60 mg/dL), LDL categories
as per American Heart Association criteria of optimal (<100 mg/
dL), near or above optimal (100 to < 130 mg/dL), borderline
high (130 to < 160 mg/dL) and high (>160 mg/dL), HbA1c nor-
mal (<5.6%) and elevated (>5.6%), systolic blood pressure
(SBP), >140 versus <140, and patients with diabetes at baseline
versus those without diabetes.

Patients with PTMS at month 12 and month 24 were iden-
tified using the following definition: at least 3 of obesity (BMI,
>30 kg/m?), serum triglyceride level greater than 150 mg/dL
(1.7 mmol/L) or treatment for high lipids, HDL level less than
39 mg/dL (1 mmol/L) in men and less than 50 mg/dL (1.3 mmol/
L) in women, hypertension (SBP >140 mmHg or treatment for
hypertension), and fasting plasma glucose of 100 mg/dL or
greater (5.6 mmol/L) or glucose-lowering therapy.

An analysis of incidence of major adverse CV events in pa-
tients with and without PTMS was also performed to exam-
ine whether there were any effects of PTMS on CV outcomes.

Immunosuppression

In the EVR + reduced TAC arm, patients received EVR
1.0 mg twice a day as starting dose, which was adjusted from
day 5 to maintain a trough level of 3 to 8 ng/mL. TAC was
dosed to achieve a trough concentration of 3 to 5 ng/mL by
week 3 after randomization. For the TAC control arm, the
target TAC trough concentration was 8 to 12 ng/mL until
4 months posttransplant and 6 to 10 ng/mL thereafter. In
the TAC elimination arm, EVR was administered as in the
EVR + reduced TAC group until month 4 posttransplant,
when the target trough concentration range was increased
to 6 to 10 ng/mL. TAC elimination was then initiated and
was to be completed by the end of month 4 posttransplant.

Statistical Methods

Analyses were performed on all randomized patients who
received at least 1 dose of randomized study drug. An addi-
tional per protocol analysis of weight change was also un-
dertaken and included randomized patients who fulfilled the
requirements of the study protocol. Changes from baseline
for vital signs measurements were compared between treat-
ment groups using an analysis of variance. Median changes
from baseline for laboratory measurements were compared
between treatment groups using a Wilcoxon Rank Sum test.
P values for the pairwise treatment comparisons of the mean
were derived for the subgroups analysis. x* tests were used to
compare rates of PTMS between treatment groups.

RESULTS

Patient Population

Of 719 patients (full analysis set) randomized to each of
the treatment groups (EVR + reduced TAC, 245; TAC elimi-
nation, 231; TAC control, 243), 716 individuals (safety set)
received study medication (EVR + reduced TAC, 245; TAC
elimination, 229; TAC control, 242).

Demographics and baseline characteristics are summa-
rized in Table 1. The 3 groups were balanced with respect
to demographic and background characteristics, including
weight and BMI. A BMI of over 30 was recorded in 11.2%
of EVR + reduced TAC patients, 13.7% of TAC elimination
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Demographic and baseline characteristics by treatment group (ITT population—24 month analysis)
EVR + reduced
TAC TAC elimination TAC control
n =245 n=231 n =243
Age (mean = SD), y 53.6 +9.2 532 +10.8 545+ 87
Gender, n (%)

Male 180 (73.5) 164 (71.0) 179 (73.7)

Female 65 (26.5) 67 (29.0) 654 (26.3)
Race, n (%)

Caucasian 211 (81.6) 196 (84.8) 194 (79.8)

Black 4(1.6) 6 (2.6) 9 (3.7

Asian 4 (1.6) 8 (3.5 5(2.1)

Native American 1(0.4) 0 2 (0.8

Other 20 (8.2) 17 (7.4) 27 (11.1)

Missing 5(2.0) 4(1.7) 6 (2.5)
Weight (mean =+ SD), kg 747 +£14.8 746 +150 725+ 151
BMI at Rdn (mean + SD) 252 +42 253+43 245+ 42
BMI >30 (%) 11.2 13.7 9.4
MELD score (mean =+ SD) 192+90 196 +7.5 19.0+7.6
Albumin (mean + SD) 39154 388 +5.1" 39.7+46
HCV status, n (%)

Positive 79 (32.2) 72 (31.2) 76 (31.3)
eGFR at Rdn (mean + SD) 81.3+33.3 829+ 37.2 78.8 £ 27.7
Diabetes status at Rdn

Yes 95 (38.8) 83 (35.9) 101 (41.6)
History of NASH, n (%) 5 (2.0) 522 8 (3.3

P = 0.038 compared to TAC control; all other P values nonsignificant.

eGFR, estimated glomerular fiftration rate; HCV, hepatitis C virus; MELD, model for end stage liver disease; Rdn, randomization.

patients, and 9.4% of the TAC control group. Mean MELD
scores were similar between the 3 groups at 19.2, 19.6, and
19.0 for EVR + reduced TAC, TAC elimination, and TAC
control groups. Baseline albumin was slightly lower in the
TAC elimination than the TAC control group but there was
no significant difference between the EVR + reduced TAC
group and TAC control group. Rates of diabetes and nonal-
coholic steatohepatitis (NASH) were also similar at baseline
between the 3 treatment arms.

Weight Gain

In the on-treatment analysis, mean increase in weight from
baseline (30 days posttransplant) was higher at month 12 in
the TAC control arm (8.15 + 9.27 kg) than in the EVR + re-
duced TAC (5.88 = 12.60 kg, P = 0.056) and the TAC elimi-
nation arms (4.76 = 9.94 kg, P = 0.007). At month 24, the
TAC control arm displayed a significantly greater weight in-
crease (9.54 = 10.21 kg) than either the EVR + reduced TAC
(6.69 = 8.37 kg, P = 0.011) or the TAC elimination groups
(6.01 = 9.98 kg, P = 0.024) (Table 2A and Figure 1). Results
from the on-treatment analysis were further supported using a
sensitivity analysis of per-protocol weight changes, in which
mean increase in weight from baseline was significantly greater
at months 12 (8.43 = 8.42 kg) and 24 (9.81 = 10.16 kg) in the
TAC control arm than in the EVR + reduced TAC (month 12:
5.72 +13.2, P = 0.037; month 24: 6.52 = 8.55 kg, P = 0.005)
and the TAC elimination groups (month 12: 4.50 = 9.89,
P = 0.001; month 24: 5.26 = 9.70, P = 0.002) (Table 2A
and Figure 1). Excluding patients with stomatitis or mouth
ulceration gave very similar results (Table 2B).

Weight Change by Subgroups

When analyzed by subgroups, weight change was signifi-
cantly lower in the EVR + reduced TAC arm than in the
TAC control arm for patients aged younger than 60 years
(P = 0.0200), but not those aged 60 years and older (Table 3).
Patients with baseline BMI less than 25 (P = 0.0306),
systolic BP of 140 mm Hg or higher (P = 0.0069), normal
HbA1c (P = 0.0029), low HDL (P = 0.0047), and optimal
LDL (P = 0.0041) also had significantly lower weight gain
in the EVR + reduced TAC arms than in the TAC control

EVR+reduced TAC
B 7AC elimination

B TAC control
P=0.056 P=0.011
12
Pe.007 P=0.024
10 - 254
-z 815
g 8
£ 669
- 588 6.01
:§ 6
T 476
=
g 4
O
=
2
o0- 2 - . : ;

Month 12 Month 24

FIGURE 1. Mean weight change from baseline at 12 and 24 months.

Weight gain was statistically significantly lower in the EVR containing
arms (EVR + reduced TAC and TAC elimination) at 24 months.
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6.00 (~176.0 10 184.0)

9.00 (-165.0 to 386.0),

6.00 (—78.0 to 470.0),

6.00 (-219.0 to 184.0)

12.00 (-175.0 to 243.0),

7.00 (-157.0 0 252.0),

AST, ULL

0.071

P
0.00 (<126.0 to 215.0),

0.945

P
—450 (~242.0 10 325.0),

0.002

P
7.00 (<127.0 0 390.0),

0.606

P
—1.00 (-183.0 to 280.0),

-1.00 (-222.0 to 199.0)

~150 (~253.0 to 150.0)

ALT, UL

0.821

P
—27.00 (-787.0 t0 2769.0),

0.119

P
—43.00 (-565.0 to 1307.0),

0.022

P
—28.00 (-508.0 t0 1239.0),

0.761

P
—35.00 (-606.0 to 860.0),

—38.00 (—1045.0 to 1073.0)

—33.00 (-939.0 to 1406.0)

GGT, UL

0.494

P
~5.00 (~450.0 to 474.0),

0.499

P
—13.00 (—482.0 to 128.0),

0.297

P
7.50 (~346.0 o 459.0),

0.714

P
~1.00 (~426.0 t0 850.0),

~19.50 (~404.0 to 581.0)

~14.00 (=377.0 to 651.0)

Alkaline phosphatase, U/L

0.020

P
81.00 (34.0-487.0),

0.137

P
70.00 (10.0-2390.0),

0.038

P
78.50 (—14.0 10 367.5),

0.244

P
70.50 (4.0-2222.0),

51.50 (-24.0 t0 2197.0)

39.50 (—15.0 to 2485.0)

CPK, UL

P < 0.0001
~6.00 (=52.0 0 47.0)

P < 0.0001
~6.00 (~103.0 0 37.0)

P < 0.0001
~7.00 (~79.0 0 144.0)

P < 0.0001
~5.00 (~104.0 t0 32.0),

~2.00 (~96.0 0 42.0)

~2.00 (~96.0 0 631.0)

Total bilirubin, pmol/L

0.0005
~250 (-113.0 0 52.0),

p=

0.0002

P
2.50 (-91.0 t0 118.0),

P<0.0001
-6.00 (-116.0 10 97.0),

P<0.0001
0.00 (-81.0 to 115.0),

13.00 (-116.0 to 106.0

10.00 (—146.0 to 87.0)

Creatinine, pmol/L

P < 0.0001
4.00 (-8.0 10 19.0),

0.011

P
3.00 (<22.0 t0 22.0),

P < 0.0001
2.25 (<1150 21.0),

0.0002

P
3.00 (-8.0 0 23.0),

4.00 (=5.010 16.0)

4.00 (~15.0 0 16.0)

Albumin, g/L

0.342

P
~036 (-2.010 0.1),

0.286

P
-0.30 (<2210 1.4),

0.014

P
~0.30 (1610 0.6),

0.032

P
~0.25 (-2.010 0.6),

~031 (2010 2.5)

~0.11 (-1.210 0.9)

Cystatin C, mg/L

0.220

p=

0.520

p=

0.004

p=

0.010

p=

“Changes as per the safety population “on treatment” analysis unless otherwise stated.

5P value vs TAC control (by ANOVA).

°Pvalue vs TAC control (by Wilcoxon Rank Sum).

HDL, high-density lipoprotein; LDL, low-density lipoprotein, GGT, gamma-glutamyl transferase.
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arm (Table 3). In the TAC elimination arm, weight gain was
significantly lower than in the TAC control arm for female
patients (P = 0.0241), those with baseline BMI > 25 to < 30
(P = 0.0315), systolic BP >140 mm Hg (P = 0.0183), normal
HbAlc (P = 0.0057), low HDL (P = 0.0005), and near-
optimal LDL (P = 0.0208) (Table 3).

Vital Signs, Lipids and Laboratory Measures

There were no significant changes in heart rate or blood
pressure (systolic or diastolic) at months 12 and 24 between
study arms (Table 2A).

Triglycerides and LDL cholesterol showed significantly
greater median increases from baseline in the EVR + reduced
TAC and TAC elimination arms compared with the TAC
control arms at months 12 and 24. There were no significant
differences in HDL cholesterol levels at month 12, although
at month 24, a significantly greater increase in median
HDL cholesterol was observed for the EVR + reduced TAC
arm than for the TAC control group (Table 2C).

Median increase in glycosylated hemoglobin was similar
across groups by month 24 (Table 2C).

Total bilirubin decreased by a significantly greater amount
in the EVR-containing treatment arms than in the TAC con-
trol arm. There were no significant differences between the
EVR + reduced TAC and TAC control groups for other liver
chemistries, including aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase and
GGT; however, at 12 months there were significantly higher
increases in ALT, AST, and alkaline phosphatase in the TAC
elimination group than for TAC control patients (Table 2C).
Kidney function measures creatinine and cystatin C both showed
greater reductions from baseline in the EVR + reduced TAC
and TAC elimination arms than in the TAC control arm at
month 12 (Table 2C).

Median changes from baseline in creatine phosphokinase
(CPK) levels were significantly greater in the EVR-containing
arms than in the TAC control arm at months 12 and 24
(Table 2C). Absolute mean CPK levels at 12 months were
122.5 +181.2,114.2 =+ 75.4 and 94.7 + 257.0 for the EVR +
reduced TAC, TAC elimination, and TAC control groups,
respectively, and at 24 months were 161.3 = 281.0, 131.9 =
100.3 and 100.2 = 278.8. All mean values therefore remained
within normal range for CPK (60 to 174 U/L," depending on sex).

PTMS

Overall, 379 (52.9%) patients at baseline and 500 patients
(69.8%) posttransplantation met criteria for metabolic syn-
drome as detailed in Methods (Table 4). Between week 5
and month 24, PTMS occurred in 176 (71.8%) patients
receiving EVR + reduced TAC, 161 (70.3%) patients in the
TAC elimination arm and 163 (67.4%) in the TAC Control
arm (Table 4). PTMS was newly occurring in 68 (56.2%)
patients receiving EVR + reduced TAC, 56 (53.3%) patients
in the TAC elimination arm and 58 (52.3%) in the TAC
Control arm (Table 4). There were no significant differences
between the frequencies of PTMS in the EVR + reduced
TAC and TAC elimination groups versus the TAC control
arm (Table 4).

Concomitant medication for PTMS components was
allowed for in the definition of PTMS, where treatment indi-
cated the presence of a component. In the EVR + reduced
TAC group, 62.5% of patients received antihypertensive
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Weight changes at 24 months by subgroup

Weight change from baseline at 24 months? (mean = SD), kg

EVR + reduced TAC” TAC elimination” TAC control
Age
<60 +6.94 + 8.92 +7.18 +11.09 +10.00 + 9.90
n =100, P=0.0200 n=238 P=NS n=11
>60 +5.95 + 6.49 +3.99 + 7.53 +8.33 +11.04
n=33, P=NS n=22 P=NS n=142
Sex
Male +7.42 + 9.01 +8.15 + 8.84 +9.98 +10.24
n=94, P=NS n=39, P=NS n=109
Female +4.89 + 6.25 +2.04 +10.97 +8.44 +10.20
n=38, P=NS n =22, P=0.0241 n=44
Baseline BMI
<18 +8.20 + 12.45 +23.00 +16.8 = 5.10
n=2,P=NS n=1 n=5
18 to <25 +7.48 £7.73 +9.19 £ 6.28 +10.38 = 10.60
n=70, P=NS n=27,P=NS n=78
<25 +7.50 +7.76 +9.68 + 6.69 +10.77 £ 10.45
n=72, P=0.0306 n=28 P=NS n=383
>2510<30 +6.37 = 8.57 +2.44 +7.40 +7.94 +10.36
n=40, P=NS n=21,P=0.0315 n=148
>30 +2.35 +11.79 +1.09 + 18.99 +6.30 £ 7.95
n=11, P=NS n=8, P=NS n=10
Systolic BP
<140 mm Hg +3.29 + 6.96 +517 £ 11.17 +5.77 + 6.99
n=20,P=NS n=17,P=NS n=39
>140 mm Hg +7.30 = 8.48 +6.34 +9.60 +10.83 = 10.84
n=112, P =0.0069 n =43, P=0.0183 n=114
DM at Rdn
Yes +6.70 = 8.12 +5.34 = 10.56 +10.27 = 10.27
n=41,P=NS n=20,P=NS n =64
No +6.65 + 8.52 +6.35 + 9.81 +9.02 +10.21
n=91,P=NS n=40,P=NS n=289
HbA1c
Normal (<5.6%) +6.67 + 8.49 +5.78 +9.15 +10.77 £ 10.52
n =96, P=0.0029 n=47, P=0.0057 n=104
Elevated (>5.6%) +6.07 £ 7.30 +3.76 £ 10.75 +8.03 + 8.64
n=230,P=NS n=11,P=NS n=44
HDL
Low (M <40 mg/dL; F <50 mg/dL) +7.59 + 9.41 +3.85 +11.13 +13.81 £10.94
n=44, P=0.0047 n =25, P=0.0005 n=47
Normal (M >40 mg/dL; F >50 mg/dL) +5.88 +7.73 +7.37 £ 7.54 +7.61 +9.51
n=284, P=NS n=32 P=NS n=100
Optimal (=60 mg/dL) +6.78 £ 7.23 +7.05 473 +4.89 + 6.99
n=29 P=NS n=16, P=NS n =36
LDL
High (=160 mg/dL) +3.68 + 6.87 +17.25 + 4.60 +3.77 + 8.48
n=4,P=NS n=2,P=NS n=6
Borderline high (130 to <160 mg/dL) +8.21 £ 7.71 +5.77 £13.24 +10.03 = 10.39
n=22 P=NS n=7,P=NS n=18
Near optimal (100 to < 130 mg/dL) +6.12 + 5.21 +0.96 + 11.33 +7.50 + 8.79
n=29, P=NS n=16, P=0.0208 n =46
Optimal (<100 mg/dL) +6.23 + 9.57 +7.55 + 6.16 +11.19+11.13
n=73, P=0.0041 n=32 P=NS n=77

Changes as per the safety population “on treatment” analysis.

% values vs TAC control.
DM, diabetes mellitus; NS, not significant.
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Notable events by treatment arm at 24 months

EVR + reduced TAC TAC elimination TAC control
Notable events, n (%) n=245 n=229 n=242
Any notable events 159 (64.9) 160 (69.9) 149 (61.6)
Nonfatal SAEs/infections 138 (56.3)° 150 (65.5)° 131 (64.1)
DAE 73 (29.9) 73(31.9) 52 (21.5)
Dropouts due to notable events 74 (30.2) 66 (28.1) 46 (19.0)
AEs 70 (28.6) 64 (27.9) 44 (18.2)
Abnormal laboratory values 4 (1.6) 1(0.4) 2 (0.8)
Abnormal test procedure results 0 1(0.4) 0

4P = 0.6493 compared with TAC control.
“P = 0.0145 compared with TAC control.
Notable events as presented are not mutually exclusive.

AE, adverse event; SAE, serious adverse event; DAE, adverse event leading to premature discontinuation of study medication.

and new onset diabetes mellitus were similar between treat-
ment arms. The frequency of renal failure was significantly
lower in the EVR + reduced TAC group in comparison to
the TAC control group (21.1% vs 30.6%, P = 0.023). Hy-
perlipidemia was more frequent in the EVR-containing arms
(P <0.001). Rates of neutropenia (15.5% vs 7.9%, P = 0.011),
peripheral edema (22.4% vs 14.9%, P = 0.036), stomatitis or
mouth ulceration (10.6% vs 1.2%, P < 0.001), and

thrombocytopenia (8.2% vs 2.9%, P = 0.016) were all
greater in the EVR + reduced TAC group in comparison to
the TAC control group.

DISCUSSION

Obesity is linked to increased morbidity after liver trans-
plantation.” Weight gain early after transplant is a risk factor

TABLE 7.

Selected AEs and infections of interest by treatment arm at 24 months (safety population)

EVR + reduced TAC TAC elimination TAC control
n=245 n=229 n=242 P?
Any adverse event, n (%) 236 (96.3) 216 (94.3) 237 (97.9) 0.42
Anemia 24 (9.9) 29 (12.7) 25(10.3) 0.88
Angioedema 6 (2.4) 4(1.7) 5@2.1) 1.00
Ascites 1.5 14 (6.1) 11 (4.5) 1.00
CMV infection 2 (4.9 17 (7.4) 13 (5.4) 0.84
CV event 0(4.1) 4(1.7) 15 (6.2) 0.31
Gl ulcers 5 (2.0) 3 (1.3 8 (3.3 0.42
Hepatocellular carcinoma recurrence 3(1.2 4(1.7) 3(1.2) 1.00
Hyperlipidemia 66 (26.9) 63 (27.5) 28 (11.6) <0.001
Incisional hernia 24 (9.8 15 (6.6) 19 (7.9 0.52
Interstitial lung disease 2 (0.8 1(0.4) 2 (0.8) 1.00
Malignancy 19 (7.8) 16 (7.0) 17 (7.0) 0.86
Neutropenia 8 (15.5) 31315 19 (7.9) 0.011
NODM 51 (20.8) 53 (23.1) 40 (16.5) 0.25
Peripheral edema 55 (22.4) 45 (19.7) 36 (14.9) 0.036
Pleural effusion 5(6.1) 73.1) 13 (6.4) 0.85
Proteinuria 9@3.7) 11 (4.8) 2(0.8) 0.063
Renal failure 52 (21.2) 40 (17.5) 74 (30.6) 0.023
Stomatitis/mouth ulceration 26 (10.6) 10 (4.4) 3(1.2) <0.001
Thrombocytopenia 20 (8.2 21 (9.2 7(2.9) 0.016
Thrombotic and thromboembolic events 8 (7.3 13(6.7) 14 (5.8) 0.58
Thrombotic microangiopathy 0 1(0.4) 0 -
Wound healing complications 27 (11.0) 25 (10.9) 20 (8.3) 0.36
Any infection, n (%) 138 (56.3) 134 (58.5) 125 (51.7) 0.32
Bacterial infection 48 (19.6) 45 (19.7) 32 (13.2) 0.067
Viral infection 45 (18.4) 45 (19.7) 44 (18.2) 1.00
Fungal infection 8 (3.3 17 (7.4) 15 (6.2) 0.14

VR + reduced TAC vs TAC control; Fisher exact test.
CMV, cytomegalovirus; Gl, gastrointestinal; NODM, new onset diabetes mellitus.
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for metabolic syndrome’ and associated complications.
Weight gain posttransplant is also of interest in the context
of rapidly increasing frequency of obesity-related liver disease
(NASH) as an indication for liver transplantation. In animal
studies, mMTOR inhibitors have been associated with reduced
weight gain compared with CNIs.” Here, we assessed the
comparative impact of mTOR inhibition on the course of
postliver transplant weight gain and PTMS from baseline to
month 24 in 716 patients in the context of a prospective, ran-
domized controlled trial.

The results of this study provide a unique opportunity to
examine the relative effect of EVR on weight gain and compo-
nents of the metabolic syndrome after liver transplantation.
The most important result of this analysis is that that early in-
troduction of EVR with reduced-exposure TAC at 1 month af-
ter liver transplantation reduced weight gain assessed at 1 and
2 years posttransplant. Weight gain was even lower in the
TAC elimination arm, suggesting that the difference can be at-
tributed to EVR. Stomatitis and mouth ulceration did not im-
pact the extent or pattern of weight gain observed, when the
low numbers of patients affected were removed from the anal-
ysis, as might be expected for these transitory AFs.

Subjects who are obese before liver transplantation are
likely to remain obese, and those who are overweight may
become obese after transplant,'® with increased comorbidity
and risk for major CVevents.®” In the current study, subjects
who were of normal weight at baseline who were treated
with EVR plus reduced TAC gained less weight than those
treated with TAC alone. Weight gain was also reduced in pa-
tients with optimal or near-optimal LDL cholesterol and nor-
mal HbA1c, suggesting that weight gain is linked to changes
in other metabolic factors. Although the frequency of obesity
increased posttransplant, there were no significant differ-
ences in rates of obesity between treatment arms. The impact
of EVR-containing regimens on posttransplant weight gain
may be more pronounced among patients with normal BMI
at the time of transplantation. Although it is conceivable that
there may have been a group of malnourished recipients
regaining muscle mass and restoring their nutritional status
after liver transplantation, detected as weight gain, there
were very few patients who were underweight or had a signif-
icant extent of muscle wastage before transplantation in this
study and nutritional parameters, such as albumin were not
lower in the TAC control arm. Longer, larger studies will be
required to determine the impact, if any, of weight gain on
posttransplant mortality and/or graft loss.

The frequency of hypertension increased from baseline
over the course of the study, but did not differ significantly
between treatment arms. Notably, patients with hyperten-
sion, defined as SBP >140, gained significantly less weight
when treated with EVR-containing regimens than in the
TAC control arms. This could in part arise due to additional
medication and lifestyle modifications aimed at reducing hy-
pertension. The findings here indicate that EVR does not ex-
acerbate hypertension in liver transplant patients.

The increased incidence of hyperlipidemia with EVR-
containing regimens observed in this study is a known effect
of mTOR inhibitors. However, despite the significantly greater
increase in LDL and triglycerides, this did not translate into an
increased rate of PTMS among EVR-treated patients. The ef-
fect of HDL increase at month 24 may offset some of these
LDL and triglyceride findings. This suggests that EVR does
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not exacerbate PTMS. The reduction in weight gain observed
with EVR may in part counter the lipid effects. Despite the rise
in cholesterol, no increase in cardiac events was observed with
EVR. The first line approach to the treatment of hyperlipid-
emia is lifestyle change through diet, exercise and weight
loss'’; in those who have maximized lifestyle intervention,
statins are effective in reducing CV risk. Weight gain is more
challenging to treat.

Although glycosylated hemoglobin showed a slightly greater
increase with EVR-containing regimens in the first year after
transplantation, this difference was no longer present at
24 months, potentially due to the use of concomitant glucose-
lowering medication. Similarly, to the effects observed with
lipids, this transient increase HbAlc does not translate into an
increased occurrence of PTMS with EVR. Despite the increase
in glycosylated hemoglobin, the rates of diabetes at baseline
and after transplantation were similar across the 3 regimens
compared. A previous study of diabetes and posttransplant risk
found that while diabetes at time of liver transplantation is asso-
ciated with reduced posttransplant survival, an additive effect
was observed for obesity and diabetes.'® Whether the reduction
in weight gain with EVR-containing regimens, and the absence
of any increase in PTMS, translates into long term benefits will
require longer follow-up posttransplantation. The impact of
lower weight on allograft steatosis and recurrent NASH cannot
be addressed in this study. The rates of NASH as an indication
for liver transplantation were low, which may reflect the earlier
period for recruitment of the study.

In line with the data previously reported for the
RADO001H2304 study,'® the analysis of laboratory measures
at 12 and 24 months showed improved kidney function mea-
sures with the EVR-containing regimens compared to TAC
control. Renal failure rates were also lower in the EVR-
containing arms. Since obesity has been linked with chronic
renal disease,'” reducing obesity may have even further long-
term renal benefits. Patients treated with EVR had higher
mean CPK values than controls, which may be attributable
to muscle-specific inactivation of mTOR leading to dystrophic
effects, as demonstrated in mice.2® Mean values remained with
normal ranges, however.

Many of the study subjects met the criteria for PTMS at
baseline. Of those patients with newly occurring PTMS, there
were no significant differences between treatment arms in
rates of occurrence. Overall, there were no differences in rates
of CV adverse events between treatment arms.

There are several limitations to the current analysis. First,
this is a post hoc assessment of weight gain and other parame-
ters. The impact of the attenuated weight gain observed in par-
ticipants who received EVR is uncertain. In the nontransplant
setting, weight gain is strongly correlated with the frequency
and severity of components of the metabolic syndrome. The im-
pact of weight gain after liver transplantation, however, has not
been well defined. It is also possible that the duration of study
follow-up in our analysis (2 years), while long for clinical trials
in transplantation, may have been too short to observe any im-
pact on medical consequences of obesity, which can take years
to manifest. The open-label design of RAD001H2304 was
necessitated by the requirement for careful adjustment of
EVR and TAC exposure, but represents a further limitation.
The control regimen—TAC with steroids either continued
or withdrawn 6 months post liver transplant—is a stan-
dard immunosuppressive regimen, although an addition of
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mycophenolic acid (to enable lower TAC exposure) has be-
come more common since the protocol was developed. The
rates of NASH were low and cryptogenic disease was not
separately identified in the analysis. Finally, the study was
not powered to detect differences in relatively infrequent
2 year adverse events, such as cardiac events.

EVR with reduced-exposure TAC decreased post liver
transplantation weight gain at 1 and 2 years posttransplant
in comparison to a standard TAC containing immunosup-
pression regimen. Longer follow-up is needed to determine
the long-term impact of the reduced weight gain on the devel-
opment of PTMS, CV complications and related outcomes.
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