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INTRODUCTION
Liver transplantation has evolved as the treatment of 
choice for acute and chronic end-stage liver disease. The 
etiology and the procedures for liver transplantation differ 
due to organ availability and type of indications, leading 

to end-stage liver diseases between Western and Asian 
countries. Deceased donor liver transplantation (DDLT) 
account for >95% of transplantations in Western coun-
tries, whereas living donor liver transplantation (LDLT) 
account for >90% of transplantations in Asia.1-5 Although 
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Background and Methods. Data from 2 randomized liver transplant trials (N = 772; H2304 [deceased donor, n = 488], 
H2307 [living donor, n = 284]) were pooled to further evaluate the efficacy and safety of everolimus with reduced tacrolimus 
(EVR + rTAC) versus standard tacrolimus (sTAC) regimen at month 24. Results. EVR + rTAC was comparable to sTAC 
for composite efficacy failure of treated biopsy-proven acute rejection, graft loss, or death (9.8% versus 10.8%; difference, 
−1.0%; 95% confidence interval, −5.4 to 3.4; P = 0.641) at month 24. EVR + rTAC was superior to sTAC for the mean 
change in estimated glomerular filtration rate (eGFR) from randomization to month 24 (−8.37 versus −13.40 mL/min/1.73 
m2; P = 0.001). A subanalysis of renal function by chronic kidney disease (CKD) stage at randomization showed significantly 
lower decline in eGFR from randomization to month 24 for patients with CKD stage 1/2 (eGFR ≥ 60 mL/min/1.73 m2) in EVR 
+ rTAC group versus sTAC (−12.82 versus −17.67 mL/min/1.73 m2, P = 0.009). In patients transplanted for hepatocellular 
carcinoma (HCC) beyond Milan criteria, HCC recurrence was numerically lower although not statistically significant with EVR 
+ rTAC versus sTAC group (5.9% [1 of 17] versus 23.1% [6 of 26], P = 0.215), while comparable in patients within Milan crite-
ria (2.9% [3 of 102] versus 2.1% [2 of 96], P = 1.000), irrespective of pretransplant alpha-fetoprotein levels. Conclusions. 
EVR + rTAC versus sTAC showed comparable efficacy and safety with significantly better renal function, particularly in 
patients with normal/mildly decreased renal function (CKD stage 1/2) at randomization and a trend toward lower HCC recur-
rence in patients transplanted with HCC beyond Milan at month 24. Further long-term data would be required to confirm 
these results.

(Transplantation 2021;105: 1564–1575).
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alcoholic liver disease, followed by hepatitis C virus 
(HCV) and hepatocellular carcinoma (HCC), are the most 
common reasons for liver transplantation in the Western 
region, HCC remains the most common reason for liver 
transplantation in Asia.1,2,6 Despite these differences in 
transplantation setting and medical root causes leading to 
liver transplantation, similar 5-year patient survival rates 
of over 75% have been achieved in both DDLT and LDLT 
settings.1,7-10

Calcineurin inhibitors (CNIs), cyclosporine A, and tac-
rolimus (TAC), have been the mainstay of maintenance 
immunosuppression following liver transplantation.1,11 
The use of CNIs has markedly improved liver graft sur-
vival, as well as patient survival. However, their long-term 
use is associated with chronic nephrotoxicity, increased 
risk of infections and (de novo) malignancies, and recur-
rence of HCC, which are among the major causes of 
patient death in patients with initially successful liver 
transplantation.12-14

Everolimus (EVR), a mammalian target of rapamycin 
inhibitor (mTORi), exerts synergistic immunosuppressive 
efficacy with CNIs, thereby allowing reduction of CNI 
exposure.15 In addition to this immunosuppressive effect, 
the antiproliferative effect through inhibition of the mTOR 
pathway results in direct antitumor activity of EVR, which 
offers an additional approach in bridging the unmet clini-
cal need in liver transplant recipients, mainly in patients 
with primary HCC.16 Two randomized controlled trials 
by Novartis Pharma (Basel, Switzerland), namely, H2304 
(NCT00622869) and H2307 (NCT01888432), explored 
the early introduction of EVR in combination with reduced 
TAC exposure at 1 month after liver transplantation. The 
12-month to 36-month data from the H2304 trial and the 
24-month results from the H2307 trial have demonstrated 
the benefits of renal function with EVR-facilitated early 
TAC exposure reduction without compromising the antire-
jection efficacy.17-21 Both trials had a similar study design, 
albeit a slightly different study populations (Table S1, SDC, 
http://links.lww.com/TP/B975). The H2304 trial, primarily 
conducted in the United States and in Europe with no sites 
in Asia, involved DDLT recipients, majorly Caucasian, and 
only included patients transplanted for HCC who fulfilled 
Milan criteria. In contrast, the H2307 trial was primar-
ily conducted in Asian countries, which involved LDLT 
recipients, majorly Asian by race, and included patients 

with HCC within as well as exceeding Milan criteria. In 
the H2304 study, >30% of patients were HCV positive, 
whereas only 17% of the patients were HCV positive in the 
H2307 study at baseline. Overall, mean glomerular filtra-
tion rate (eGFR) was higher at baseline in the H2307 study 
versus H2304 study.

Pooling 24-month data posttransplantation from these 2 
major trials provided a unique opportunity to enhance the 
statistical power, to further evaluate the long-term efficacy 
and safety of EVR with reduced TAC (EVR + rTAC) ver-
sus standard TAC (sTAC) regimen, with particular interest 
on impact of these regimens on renal function, as well as 
HCC recurrence in patients transplanted with HCC within 
and beyond Milan criteria across the sites, irrespective of 
donor types.

MATERIALS AND METHODS

Study Conduct
Full study details and first outcome results of these tri-

als have been published elsewhere.17-21 Both trials were 
approved by the local ethics committees at all participat-
ing institutions and were conducted according to the rec-
ommendations of Good Clinical Practice (GCP) and the 
Declaration of Helsinki. All study participants gave their 
written informed consent to participate in the original tri-
als, H2304 and H2307.

Study Population
Common inclusion criteria for both trials included 

(1) adult (age ≥18 years) recipients of a primary liver 
transplant who had been initiated on protocol-defined 
TAC-based immunosuppression; (2) acceptable allograft 
function at the time of randomization, defined as aspartate 
transaminase, alanine transaminase (ALT), and total bili-
rubin levels ≤3 times of the upper limit of normal; and (3) 
eGFR (abbreviated Modification of Diet in Renal Disease 
[MDRD]) ≥30 mL/min/1.73 m2.

Randomization and Study Medication
Both studies were 24-month, multicenter, open-label, 

controlled trials with randomization at 30 ± 5 days post-
transplantation. In the H2304 trial, randomization (1:1:1) 
was stratified by pretransplant HCV status and quartile 
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ranges of eGFR to either (1) TAC elimination, (2) EVR 
+ rTAC, or (3) sTAC group. Randomization to the TAC 
elimination group in the H2304 trial was prematurely 
stopped based on the recommendation of the independent 
Data Monitoring Committee due to a high rate of treated 
biopsy-proven acute rejections (tBPARs) clustered at the 
time of TAC elimination, and no data for this group will 
be shown in the present report.17 In the H2307 trial, ran-
domization (1:1) was stratified by HCC status to either 
(1) EVR + rTAC or (2) sTAC group. Otherwise, the study 
designs for H2304 and H2307 were identical.

Patients randomized to the EVR + rTAC group in both 
studies received an initial EVR dose of 2.0 mg/day, adjusted 
to a target trough level of 3–8 ng/mL throughout the study, 
while the TAC dose was tapered to 3–5 ng/mL in paral-
lel. In contrast, in the sTAC group, the TAC target trough 
levels were maintained in the range of 8–12 ng/mL from 
randomization to month 4 and 6–10 ng/mL thereafter.

Study Endpoints
The primary endpoint in both trials was the composite 

efficacy failure rate of tBPAR, graft loss, or death at month 
12 posttransplantation. The key focus of this pooled anal-
ysis of the H2304 and H2307 trials is to compare the com-
posite efficacy failure rate of tBPAR, graft loss, or death, as 
well as renal function (using eGFR, as measured by means 
of the MDRD4 [4-variable modification of diet in renal 
disease] formula), HCC recurrence, and safety of the EVR 
+ rTAC regimen against the sTAC therapy at month 24 
posttransplantation. Discontinuation or adjustment in the 
study drug was based on physician’s decision. Additionally, 
a subanalysis of renal function was conducted by chronic 
kidney disease (CKD) stage at randomization and model 
for end-stage liver disease (MELD) score at transplanta-
tion. HCC recurrence was subanalyzed using alpha-feto-
protein (AFP) levels and by Milan criteria at the time of 
transplantation.

Statistical Analysis
All efficacy analyses are based on the full analysis set 

(FAS) that followed intent-to-treat principle and included 
all randomized patients. Safety analyses are based on the 
safety population that consisted of all randomized patients 
who received at least one dose of the assigned study medi-
cation (EVR + rTAC versus sTAC). The TAC elimination 
group of the H2304 trial was not included in the analy-
sis. Continuous parameters of age, body mass index, and 
MELD score at transplantation was compared by using t 
test. Categorical parameters of sex, race, primary disease 
leading to transplantation, and diabetes status at baseline 
were compared by using χ2 test. The incidence of tBPAR, 
graft loss, death, and the composite of all at month 24 was 
assessed using the Kaplan–Meier formula with 2-sided P 
value and 95% confidence intervals (CIs) for the between-
treatment difference in the FAS. In the Kaplan–Meier 
estimate, the censoring day for patients without an event 
was the last contact day, except for the on-treatment event 
analysis. For on-treatment event analysis, the censoring 
day for patients without an on-treatment event was the 
last day of study medication plus 2 days or the first day 
if the subject was not treated. The change in eGFR from 
randomization to month 24 was assessed by an analysis of 

covariance model, with treatment, study, and randomiza-
tion eGFR as covariates in the FAS. Missing eGFR values 
at month 24 were imputed with the value at randomization 
if no postrandomization value was available or, otherwise, 
the worst value within the period in which the last assess-
ment was done. For patient on renal replacement therapy, 
15 mL/min/1.73 m2 was imputed. A subanalysis of renal 
function by CKD stage and MELD score was conducted in 
the FAS. CKD stage was classified based on renal function 
(eGFR MDRD4).22 A multivariate analysis was conducted 
using transplant cohort (DDLT versus LDLT), end-stage 
disease leading to liver transplantation (alcoholic cirrhosis 
versus HCC versus hepatitis C versus hepatitis B versus 
other), donor gender (female versus male), recipient gen-
der (female versus male), donor age (continuous variable), 
recipient age (continuous variable), diabetes at baseline 
(yes versus no), MELD score (≤14 versus ≥15), and recipi-
ent race (Caucasian versus Asian versus other) as potential 
variables to identify their impact on the primary composite 
efficacy failure and renal function. HCC recurrence was 
analyzed in the safety population.

RESULTS

Patient Population
Among 772 randomized patients included in the pooled 

analysis (387 EVR + rTAC versus 385 sTAC), 656 (85.0%) 
completed the 24-month study (327 [84.5%] EVR + 
rTAC versus 329 [85.5%] sTAC). The major reasons for 
premature discontinuations were physician/subject deci-
sion (5.7% versus 5.5%), death (5.2% versus 3.6%), and 
technical or administrative problem (2.8% versus 3.4%) 
for the EVR + rTAC and sTAC groups, respectively. The 
treatment groups were well balanced in terms of baseline 
demographics and clinical characteristics (Table 1). Most 
patients were male and/or Caucasian, whereas alcoholic 
cirrhosis was the leading cause of liver transplantation 
followed by HCC and HCV. Patients who entered into 
H2304 trial had numerically higher MELD scores at trans-
plantation than those in H2307 trial. The demographic 
and baseline characteristics between the groups were not 
significantly different after pooling both the studies.

Immunosuppression
At week 5, 56.1% of patients were within and 39.0% of 

patients were below the EVR target range, which changed 
to 81.3% within and 10.7% below at month 24. When we 
evaluated the distribution of EVR trough level by demo-
graphic/baseline parameters (such as ethnicity, graft func-
tion by CKD stages, and body weight), it was not very 
different from what we have observed for overall popula-
tion. Mean EVR C0 levels were within the target range 
of 3–8 ng/mL throughout the study (Figure 1A). The pro-
portion of patients with TAC trough levels >5 ng/mL was 
79.6% at week 5, declining to 19.3% at month 24 in the 
EVR + rTAC group. In contrast, proportion of patients 
with TAC trough levels above the target range in the 
sTAC group was 16.2% at week 5 and 8.7% at month 24. 
Overall, the mean TAC trough concentrations exceeded 
the target range of 3–5 ng/mL in the EVR + rTAC group 
until month 6 and remained close to the upper thresh-
old thereafter. In the sTAC group, the mean TAC trough 
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concentrations were within the target range throughout 
the study (Figure  1B). The median bodyweight-adjusted 
dose of steroid was similar between EVR + rTAC (0.20 mg/
kg/day) and sTAC group (0.20 mg/kg/day) at randomiza-
tion and at month 24 (0.08 versus 0.07 mg/kg/day).

Efficacy
The Kaplan–Meier incidence for composite efficacy 

failure (tBPAR, graft loss, or death) was 9.8% in the EVR 
+ rTAC group versus 10.8% in the sTAC group, with a 
difference of −1.0% favoring EVR + rTAC group (95% 
CI, −5.4 to 3.4, P = 0.641 for no difference; Figure 2). 
tBPAR occurred in 15 (4.2%) patients versus 24 (6.4%) 
patients in EVR + rTAC versus sTAC groups, respec-
tively (Table  2). Out of these 15 patients who experi-
enced tBPAR in the EVR + rTAC group, 10 patients had 
EVR trough level of 3–8 ng/mL with corresponding TAC 
trough levels of 3–5 ng/mL in 3 patients, >5–<6 ng/mL in 
4 patients, 6–10 ng/mL in 2 patients, and >10 ng/mL in 1 
patient. In addition, 2 patients had EVR trough level of 
>8 ng/mL and TAC trough level of 3–5 ng/mL, who expe-
rienced tBPAR. The incidence of graft loss was compa-
rable between both the treatment groups. Survival rates 
were high; a total of 20 patients died in the EVR + rTAC 
group versus 14 patients in the sTAC group; the primary 
cause of death was respiratory failure due to infections, 
sepsis, and/or multiple organ failure (8 versus 5 patients), 
liver failure (4 versus 5 patients), cardiac failure (3 ver-
sus 1 patient), cancer (de novo or recurrence; 3 versus 
2 patients), and others/unknown (2 versus 1 patient). 
On-treatment death was reported for 9 patients in the 
EVR + rTAC group compared with 11 patients in the 
sTAC group.

The multivariate analysis showed presence of diabetes at 
baseline (P = 0.0232) and MELD score ≥15 (P = 0.0352) 
among the patients receiving EVR + rTAC regimen to be 
associated with significantly higher incidences of compos-
ite efficacy failure. However, none of these parameters 
had significant association with composite efficacy failure 
events in the sTAC group (Table 3).

Renal Function
The least square mean change in eGFR from randomi-

zation to month 24 was superior with EVR + rTAC versus 
sTAC (−8.37 versus −13.40 mL/min/1.73 m2), with a differ-
ence of 5.03 mL/min/1.73 m2 in favor of EVR + rTAC (95% 
CI, 2.02-8.05, P  =  0.001). Consistent with the results in 
the FAS, the mean change in eGFR in the subpopulation of 
patients who remained on treatment was significantly better 
with EVR + rTAC versus sTAC (−7.34 versus −14.20 mL/
min/1.73 m2; difference 6.85 mL/min/1.73 m2; 95% CI, 3.89-
9.82, P < 0.001). The mean eGFR at randomization (week 4) 
was comparable between EVR + rTAC versus sTAC group. 
Starting at week 6 through to month 24, the mean eGFR 
remained significantly higher with EVR + rTAC versus sTAC 
(Figure 3). At week 6, the mean eGFR was 92.0 mL/min/1.73 
m2 in the EVR + rTAC group versus 79.8 mL/min/1.73 m2 
in the sTAC group (P < 0.001). The corresponding mean 
eGFR values at month 24 were 76.7 mL/min/1.73 m2 versus 
70.7 mL/min/1.73 m2 (P = 0.003), respectively.

A subanalysis of change in eGFR from randomiza-
tion to month 24 by MELD score at the time of trans-
plantation showed a numerically lower decline, although 
not significant, with EVR + rTAC compared with sTAC 
in patients with MELD score ≤14 (−7.5 versus −12.3 mL/
min/1.73 m2, P = 0.084), MELD score 15–19 (−1.4 versus 

TABLE 1.

Baseline demographics and clinical characteristics

Parameters EVR + rTAC, N = 387 sTAC, N = 385 P

Age, y, mean (SD) 53.8 (9.12) 53.9 (9.39) 0.9792
Gender
 Female, n (%) 103 (26.6) 107 (27.8) 0.7132
 Male, n (%) 284 (73.4) 278 (72.2)
Race, n (%)
 Caucasian 241 (62.3) 224 (58.2) 0.5888
 Asian 115 (29.7) 117 (30.4)
 Othersa 31 (8.0) 44 (11.4)
Body mass index, kg/m2, mean (SD) 24.4 (4.37) 23.9 (3.94) 0.1354
Primary disease leading to transplant, n (%)
 Alcoholic cirrhosis 99 (25.6) 78 (20.3) 0.6452
 HCC 89 (23.0) 77 (20.0)
 Hepatitis C 73 (18.9) 67 (17.4)
 Hepatitis B 32 (8.3) 38 (9.9)
 Cryptogenic cirrhosis 20 (5.2) 26 (6.8)
 Otherb 74 (19.1) 99 (25.7)
Diabetes at baseline, n (%) 129 (33.3) 147 (38.2) 0.1599
MELD overall score at transplant, mean (SD) 17.2 (8.19) 17.1 (7.41) 0.9552
eGFR at transplant (MDRD4, mL/min/1.73 m2), mean (SD) 98.6 (38.58) 98.7 (39.75) 0.9644

P values are provided for descriptive purpose only.
aInclude African Americans, native Americans, other, and missing.
bInclude acute liver failure, amyloidosis, autoimmune hepatitis, biliary atresia, Budd–Chiari syndrome, hemochromatosis, metabolic disease, nonalcoholic steatosis hepatitis, sclerosing cholangitis, 
polycystic liver disease, primary biliary cirrhosis, and other causes.
eGFR, estimated glomerular filtration rate; EVR, everolimus; HCC, hepatocellular carcinoma; MDRD4, 4-variable modification of diet in renal disease formula; MELD, model for end-stage liver disease; 
rTAC, reduced tacrolimus; sTAC, standard tacrolimus.
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−9.7 mL/min/1.73 m2, P = 0.060), and MELD score 20–24 
(−7.9 versus −12.8 mL/min/1.73 m2; P = 0.141). However, 
the decline in eGFR was comparable in patients with 
MELD score 25–29 (−15.8 versus −16.6 mL/min/1.73 m2, 
P = 0.734) and MELD score ≥30 (−15.9 versus −16.2 mL/
min/1.73 m2, P = 0.671; Figure 4).

A subanalysis of renal function by CKD stage at randomi-
zation showed comparable change in eGFR from randomi-
zation to month 24 for patients with CKD stage 4/5 (eGFR 
<30 mL/min/1.73 m2; change: +11.54 mL/min/1.73 m2 with 
EVR + rTAC versus +24.94 mL/min/1.73 m2 with sTAC, 
P = 0.487), CKD stage 3B (eGFR 30–<45 mL/min/1.73 m2; 
change: +17.93 mL/min/1.73 m2 versus +9.56 mL/min/1.73 
m2 with sTAC, P  =  0.162), and CKD stage 3A (eGFR 
45–<60 mL/min/1.73 m2; change: +3.12 mL/min/1.73 m2 
versus +2.12 mL/min/1.73 m2 with sTAC, P = 0.491). For 
patients with CKD stage 1/2 (eGFR ≥60 mL/min/1.73 m2) 
at randomization, the decline in eGFR from randomiza-
tion to month 24 was significantly lower with EVR + rTAC 
versus sTAC (−12.82 mL/min/1.73 m2 versus −17.67 mL/
min/1.73 m2, P = 0.009). Of 4 patients with CKD stage 4/5 

at randomization in the EVR + rTAC group, renal function 
improved in 3 patients (2 patients had eGFR 30–<45 mL/
min/1.73 m2, 1 patient had eGFR ≥60 mL/min/1.73 m2), 
while renal function remained stable in 1 patient (eGFR 
<30 mL/min/1.73 m2). In the sTAC group, 2 patients had 
CKD stage 4/5 at randomization; renal function was 
improved in both the patients by month 24 (1 patient had 
eGFR 30–<45 mL/min/1.73 m2 and 1 patient had eGFR 
45–<60 mL/min/1.73 m2). Overall, 10 patients in the EVR 
+ rTAC group and 5 patients in the sTAC group had CKD 
stage 4/5 at month 24 (Table 4).

The multivariate analysis showed that the presence of 
diabetes at baseline (P  =  0.0322) and MELD score ≥15 
(P  = 0.0003) among the patients receiving EVR + rTAC 
regimen were significantly associated with the lower renal 
function outcome up to month 24. Male recipients receiv-
ing sTAC treatment were significantly associated with the 
better renal function outcome (Table 5). However, recipi-
ent’s age and eGFR at randomization were significantly 
associated with renal function outcomes, irrespective of 
the immunosuppression regimen they are receiving.

A

B

FIGURE 1. Everolimus (A) and tacrolimus (B) trough concentrations during the study. Values are shown as mean (SD). Shaded areas 
indicate target ranges. EVR, everolimus; M, month; rTAC, reduced tacrolimus; sTAC, standard tacrolimus; W, week.
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HCC Recurrence
A total of 251 patients had HCC at the time of liver 

transplantation (123 EVR + rTAC and 128 sTAC). HCC 
was the primary reason for transplantation in 80 (20.7%) 
patients in the EVR + rTAC group and 70 (18.2%) patients 
in the sTAC group. HCC was the secondary reason for 
liver transplantation in 28 (7.2%) and 36 (9.4%) patients, 
although HCC was incidentally diagnosed in 15 (3.9%) 
and 23 (6.0%) patients, respectively. The majority of the 
participants in both study groups had HCC within Milan 
criteria (82.9% and 75.0%, respectively). The number of 
lesions and tumor size were similar between both treat-
ment groups (Table 6).

Overall, HCC recurrence was observed in 4 of 123 
(3.3%) patients in the EVR + rTAC group versus 8 of 128 
(6.3%) patients in the sTAC group (risk difference, −3.0; 
95% CI, −15.4 to 9.4, P = 0.377) at month 24. Of these, 
2 patients had discontinued EVR before the recurrence of 
HCC. One patient discontinued EVR on day 439, and the 
HCC recurrence was diagnosed on day 754, whereas the 
second patient discontinued EVR on day 543, and HCC 
recurrence was diagnosed on day 588. A subgroup analy-
sis showed that HCC recurrence was comparable between 
the EVR + rTAC and sTAC groups in patients who were 

within Milan criteria at the time of transplantation (2.9% 
[3 of 102] versus 2.1% [2 of 96]; risk difference, 0.9; 95% 
CI, −13.2 to 14.8; P = 1.000). In patients classified outside 
Milan criteria, HCC recurrence was numerically lower 
with EVR + rTAC compared with sTAC (5.9% [1 of 17] 
versus 23.1% [6 of 26]; risk difference, −17.2; 95% CI, 
−45.6 to 13.0; P = 0.215).

In a subanalysis of HCC recurrence by AFP levels, HCC 
recurrence was reported in 2 of 90 (2.2%) patients in 
EVR + rTAC group and 5 of 104 (4.8%) patients in sTAC 
group with a pretransplant AFP <400 µg/L (risk difference, 
−2.6; 95% CI, −16.6 to 11.5; P = 0.453). However, 1 of 
5 (20.0%) and 2 of 3 (66.7%) patients with a pretrans-
plant AFP ≥400 µg/L had HCC recurrence (risk difference, 
−46.7; 95% CI, −92.3 to 30.1; P = 0.464), respectively.

Safety
Adverse events (AEs) were, in general, comparable 

between EVR + rTAC and sTAC groups (97.2% versus 
97.4%; risk ratio, 1.00; 95% CI, 0.97-1.02). Notably, 
peripheral edema, leukopenia, hypercholesterolemia, and 
hyperlipidemia were more frequent in the EVR + rTAC 
group (Table 7). However, tremor, renal failure, and back 
pain were more frequent in the sTAC group. Majority of 

FIGURE 2. Kaplan–Meier plot for proportion of patients free from composite efficacy failure of tBPAR, graft loss, or death. EVR, 
everolimus; rTAC, reduced tacrolimus; sTAC, standard tacrolimus; tBPAR, treated biopsy-proven acute rejection.

TABLE 2.

Kaplan–Meier incidence rates of efficacy endpoints at mo 24

EVR + rTAC,  
N = 387, n (%)

sTAC,  
N = 385, n (%)

EVR + rTAC vs sTAC

Difference (95% CI) Pa

tBPAR, graft loss, or death 36 (9.8) 40 (10.8) −1.0 (−5.4 to 3.4) 0.641
tBPAR 15 (4.2) 24 (6.4) −2.3 (−5.5 to 1.0) 0.168
Graft loss 9 (2.5) 8 (2.3) 0.2 (−2.1 to 2.5) 0.862
Death 20 (5.5) 14 (3.9) 1.6 (−1.5 to 4.7) 0.305
Graft loss or death 25 (6.8) 19 (5.3) 1.5 (−1.9 to 5.0) 0.387
aZ test for no difference.
EVR, everolimus; rTAC, reduced tacrolimus; sTAC, standard tacrolimus; tBPAR, treated biopsy-proven acute rejection.
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the AEs were mild to moderate in severity for both the 
treatment groups. In the EVR + rTAC group, 34.6% of 
recipients experienced severe AEs, whereas 28.2% of 
recipients in the sTAC group had severe AEs.

Serious adverse events (SAEs) occurred in 57.1% and 
54.6% of patients in the EVR + rTAC and sTAC group, 
respectively. AEs leading to study treatment discontinua-
tion were reported in 24.3% (n = 94) patients in the EVR 
+ rTAC group versus 18.3% (n = 70) in the sTAC group. 

Proteinuria (2.8% versus 0.3%), renal failure (0.8% ver-
sus 2.1%), hepatitis C (1.6% versus 1.3%), and renal 
impairment (0.5% versus 1.8%) were the most frequent 
AEs leading to study treatment discontinuation. De novo 
malignancies in patients without HCC at the time of liver 
transplantation were reported in 7 (2.7%) patients in the 
EVR + rTAC group versus 10 (3.9%) in the sTAC group 
(risk ratio, 0.68; 95% CI, 0.26-1.75). Most of these events 
were non hematological malignant tumors.

TABLE 3.

Multivariate Cox proportional hazard model for composite efficacy failure (full analysis set)

Parameters

EVR + rTAC TAC control

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Transplant     
 LDLT vs DDLT 1.2 (0.29-4.60) 0.8424 0.6 (0.19-2.04) 0.4332
ESDCAT
 Hepatitis B vs alcoholic cirrhosis 0.4 (0.05-3.32) 0.4044 0.7 (0.13-3.40) 0.6246
 Hepatitis C vs alcoholic cirrhosis 1.3 (0.43-3.63) 0.6816 1.4 (0.47-4.18) 0.5528
 Hepatocellular carcinoma vs alcoholic cirrhosis 1.7 (0.63-4.63) 0.2929 1.3 (0.39-4.01) 0.7058
 Others vs alcoholic cirrhosis 1.1 (0.41-3.14) 0.8032 1.7 (0.64-4.60) 0.2867
Donor sex
 Male vs female 0.9 (0.44-1.88) 0.8022 1.1 (0.57-2.20) 0.7388
Recipient sex
 Male vs female 1.1 (0.46-2.41) 0.9068 1.3 (0.57-2.83) 0.5503
Diabetes at baseline
 Yes vs no 2.3 (1.12-4.54) 0.0232 0.8 (0.41-1.70) 0.6217
MELD score at RND
 ≥15 vs ≤14 2.4 (1.06-5.49) 0.0352 1.8 (0.84-3.89) 0.1289
Race
 Caucasian vs Asian 0.9 (0.23-3.84) 0.9343 0.8 (0.24-2.87) 0.7651
 Other vs Asian 0.7 (0.11-5.21) 0.7610 0.4 (0.08-2.50) 0.3566
Donor age 1.0 (0.98, 1.03) 0.6447 1.0 (0.98, 1.02) 0.8538
Recipient age 1.0 (0.95, 1.03) 0.5777 1.0 (0.95, 1.01) 0.2334

DDLT, deceased donor liver transplant; ESDCAT, end-stage disease condition at transplant; EVR, everolimus; LDLT, living donor liver transplant; MELD, model end-stage liver disease; RND, randomiza-
tion; rTAC, reduced-exposure tacrolimus; TAC, tacrolimus.

FIGURE 3. Renal function from baseline to month 24. P value based on the Wilcoxon rank-sum test. BL, baseline; eGFR, estimated 
glomerular filtration rate; EVR, everolimus; LTx, liver transplantation; M, month; MDRD4, 4-variable modification of diet in renal disease 
formula; RND, randomization; rTAC, reduced tacrolimus; sTAC, standard tacrolimus; W, week.
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DISCUSSION
The 24-month results from this pooled analysis of 

H2304 and H2307 trials involving 772 liver transplant 
recipients showed that EVR + rTAC versus sTAC regimen 
provides comparable efficacy with a balanced safety pro-
file. Further, EVR + rTAC treatment was associated with 
improved renal function, particularly in patients who had 
normal or mildly decreased renal function (CKD stage 1/2) 
at randomization, and a trend toward numerically lower 
HCC recurrence compared with sTAC in patients with 
large HCC beyond Milan at transplantation.

In the pooled analysis, EVR + rTAC was comparable to 
sTAC in terms of composite efficacy failure (tBPAR, graft 
loss, or death), which is consistent with the individual stud-
ies.19,21 The incidence of tBPAR was numerically lower in 
the EVR + rTAC group compared with sTAC group, while 

the incidence of graft loss was comparable. With regard to 
safety, 20 deaths were reported in the EVR + rTAC group 
in comparison to 14 deaths in the sTAC group. However, 
on-treatment analysis demonstrated a more balanced event 
rate—on-treatment deaths were reported in 9 patients in 
the EVR + rTAC group versus 11 patients in the sTAC 
group. Based on the multivariate analysis, diabetes at base-
line and MELD score ≥15 among the patients receiving 
EVR + rTAC regimen were associated with significantly 
higher incidences of composite efficacy failure.

In terms of renal outcomes, the mean eGFR at month 24 
was significantly higher in the EVR + rTAC group versus 
sTAC group. Superior renal function with EVR + rTAC was 
evident starting from week 4 posttransplantation and was 
sustained to month 24. Similar results were seen in a subset 
of patients who remained on randomized study treatment. 

FIGURE 4. Change in eGFR from randomization to month 24 by MELD score at transplant. P value based on the Wilcoxon rank-sum 
test. Patients with assessments at both randomization and month 24 are included. eGFR, estimated glomerular filtration rate; EVR, 
everolimus; M, total number of patients; MDRD4, 4-variable modification of diet in renal disease formula; MELD, model for end-stage 
liver disease; n, number of patients evaluable; rTAC, reduced tacrolimus; sTAC, standard tacrolimus.

TABLE 4.

Shift in eGFR from randomization to month 24 by CKD stage

Randomization Month 24 CKD stage (eGFR range)

CKD stage  
(eGFR range) n (%)

Stage 4/5  
(<30), n (%)

Stage 3B  
(30–<45), n (%)

Stage 3A  
(45–<60), n (%)

Stage 1/2  
(≥60), n (%)

EVR + rTAC (N = 387) Stage 4/5 (<30) 4 (1.3) 1 (25.0) 2 (50.0) 0 (0.0) 1 (25.0)
Stage 3B (30–<45) 25 (8.1) 2 (8.0) 6 (24.0) 6 (24.0) 11 (44.0)
Stage 3A (45–<60) 49 (16.0) 5 (10.2) 10 (20.4) 9 (18.4) 25 (51.0)
Stage 1/2 (≥60) 229 (74.6) 2 (0.9) 6 (2.6) 32 (14.0) 189 (82.5)

sTAC (N = 385) Stage 4/5 (<30) 2 (0.6) 0 (0.0) 1 (50.0) 1 (50.0) 0 (0.0)
Stage 3B (30–<45) 19 (6.1) 1 (5.3) 9 (47.4) 5 (26.3) 4 (21.1)
Stage 3A (45–<60) 48 (15.5) 1 (2.1) 11 (22.9) 25 (52.1) 11 (22.9)
Stage 1/2 (≥60) 241 (77.7) 3 (1.2) 11 (4.6) 43 (17.8) 184 (76.3)

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; EVR, everolimus; rTAC, reduced tacrolimus; sTAC, standard tacrolimus.
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TABLE 5.

Multivariate ANCOVA model for on-treatment eGFR (MDRD4) from randomization to month 24 (full analysis set)

Parameters

EVR + rTAC TAC control

Estimate (SE) P Estimate (SE) P

Transplant
 LDLT vs DDLT −2.1 (5.00) 0.6702 6.4 (3.70) 0.0838
ESDCAT
 Hepatitis B vs alcoholic cirrhosis −4.6 (5.63) 0.4200 4.2 (4.20) 0.3214
 Hepatitis C vs alcoholic cirrhosis 4.6 (4.85) 0.3429 6.6 (3.53) 0.0615
 Hepatocellular carcinoma vs alcoholic cirrhosis 5 (4.17) 0.2281 2.9 (3.33) 0.3860
 Others vs alcoholic cirrhosis 2.7 (4.25) 0.5257 7.6 (3.13) 0.0155
Donor sex
 Male vs female 0.6 (2.99) 0.8383 1.6 (2.12) 0.4552
Recipient sex
 Male vs female 2.9 (3.44) 0.3931 9.6 (2.54) 0.0002
Diabetic
 Yes vs no −6.7 (3.12) 0.0322 −0.9 (2.20) 0.6669
MELD score at RND
 ≥15 vs ≤14 −11.2 (3.07) 0.0003 −3.0 (2.24) 0.1764
Race
 Caucasian vs Asian −4.7 (5.00) 0.3452 2.2 (3.78) 0.5667
 Other vs Asian −3.8 (7.48) 0.6137 0.3 (5.06) 0.9483
Donor age 0.2 (0.10) 0.0616 0.04 (0.07) 0.5570
Recipient age −0.9 (0.17) <0.0001 −0.6 (0.13) <0.0001
Recipient eGFR −0.7 (0.04) <0.0001 −0.6 (0.04) <0.0001

ANCOVA, analysis of covariance; DDLT, deceased donor liver transplant; eGFR, estimated glomerular filtration rate; ESDCAT, end-stage disease condition at transplant; EVR, everolimus; LDLT, living 
donor liver transplant; MDRD4, 4-variable modification of diet in renal disease formula; MELD, model end-stage liver disease; RND, randomization; rTAC, reduced-exposure tacrolimus; TAC, tacrolimus.

TABLE 6.

HCC history at transplant and recurrence at month 24

EVR + rTAC, N = 387 sTAC, N = 383 Risk difference (95% CI) P

Patients with HCC at transplant, n (%) 123 (31.8) 128 (33.4) – –
Milan criteria, n (%)
 Within Milan 102 (82.9) 96 (75.0) – –
 Beyond Milan 17 (13.8) 26 (20.3) – –
 Missing 4 (3.3) 6 (4.7) – –
AFP level, µg/L, n (%)     
 <400 90 (73.2) 104 (81.3) – –
 ≥400 5 (4.1) 3 (2.3) – –
 Missing 28 (22.8) 21 (16.4) – –
Number of lesions, mean (SD) 2.0 (2.42) 2.0 (1.70) – –
Diameter of largest tumor, cm, mean (SD) 2.6 (1.54) 3.0 (3.20) – –
Total tumor diameter, cm, mean (SD) 4.0 (3.57) 4.7 (5.62) – –
HCC recurrence at month 24, n/m (%) 4/123 (3.3) 8/128 (6.3) −3.0 (−15.4 to 9.4) 0.377
HCC recurrence by Milan criteria, n/m (%)
 Within Milan 3/102 (2.9) 2/96 (2.1) 0.9 (−13.2 to 14.8) 1.000
 Beyond Milan 1/17 (5.9) 6/26 (23.1) −17.2 (−45.6 to 13.0) 0.215
 Missing 0/4 0/6 – –
HCC recurrence by AFP level (µg/L) prior to transplant, n/m (%)
 <400 2/90 (2.2) 5/104 (4.8) −2.6 (−16.6 to 11.5) 0.453
 ≥400 1/5 (20.0) 2/3 (66.7) −46.7 (−92.3 to 30.1) 0.464
 Missing 1/28 (3.6) 1/21 (4.8) −1.2 (−29.4 to 27.1) 1.000

AFP, alpha-fetoprotein; CI, confidence interval; EVR, everolimus; HCC, hepatocellular carcinoma; m, total number of patients who had HCC at transplant in the given criteria; n, number of patients with 
HCC event; rTAC, reduced tacrolimus; sTAC, standard tacrolimus.
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Comparatively higher mean MELD score and lower mean 
eGFR at randomization were reported in the H2304 study 
than in the H2307 study. Despite the differences in MELD 
score and eGFR at randomization, better renal function 
outcomes were observed in both studies with EVR + rTAC 
group versus sTAC group at month 24, which is similar to 
this pooled analysis.19,21 Given that eGFR at the time of 
transplantation was close to normal in this analysis, the 
preservation of renal function is clinically relevant because 
two-thirds of deaths occur after the first year of liver 
transplantation, with renal insufficiency being the strong-
est predictor of late mortality following liver transplanta-
tion.23 In this pooled analysis, patient survival was ≈95%, 
which is higher than the reported ≈80% patient survival 
at 2 years following liver transplantation.1 To note, this 
analysis does not capture the further renal function ben-
efit seen with EVR + rTAC regimen up to month 36 from 
the extension of the H2304 trial, as the H2307 trial was 
concluded at month 24.18,21 Nevertheless, minimiza-
tion of immunosuppressant-related renal complications 
early after transplantation is pivotal as the proportion of 
patients with high MELD score at liver transplantation 
has almost tripled (medical urgency status as MELD score 
≥35 in 2002 was 7.0% compared with 22.9% in 2016) 

since the adoption of MELD score for organ allocation, 
particularly in the DDLT setting.1,24 In our study, a sub-
group analysis of eGFR by MELD score at transplanta-
tion showed that patients with low MELD score (≤14, 
15–19, and 20–24) benefited the most with EVR + rTAC 
treatment compared with patients with high MELD score 
(25–29, and ≥30). Further, an analysis by CKD stage at 
randomization showed comparable renal outcomes with 
EVR + rTAC treatment for patients with CKD stage 4/5, 
stage 3B, and stage 3A, while significant benefit was seen 
in patients with CKD stage 1/2. These findings reiterate 
the benefit of EVR before irreversible kidney damage has 
developed. The multivariate analysis showed that diabe-
tes at baseline and MELD score ≥15 among the patients 
receiving EVR + rTAC regimen were significantly associ-
ated with the lower renal function outcome up to month 
24. Irrespective of immunosuppression regimen, recipient’s 
age and eGFR at randomization were significantly associ-
ated with renal function outcomes.

HCC is the most frequent indication for liver transplan-
tation in Asian countries and accounts for >60% of HCC 
cases reported globally.3,25 To maximize the HCC patient 
pool who might be benefitted from liver transplantation, 
many transplant centers apply more liberal criteria for the 

TABLE 7.

Adverse events

Event, n (%) EVR + rTAC, N = 387 sTAC, N = 383 Risk ratio (95% CI) P

Any AE/infection 376 (97.2) 373 (97.4) 1.00 (0.97-1.02) 0.8437
Any SAE/infection 221 (57.1) 209 (54.6) 1.05 (0.92-1.19) 0.4785
AEs leading to study drug discontinuation 94 (24.3) 70 (18.3) 1.33 (1.01-1.75) 0.0416
Death 20 (5.2) 14 (3.7) 1.41 (0.72-2.76) 0.3070
AEs ≥10% in any group
 Diarrhea 92 (23.8) 79 (20.6) 1.15 (0.88-1.50) 0.2937
 Hypertension 81 (20.9) 67 (17.5) 1.20 (0.89-1.60) 0.2262
 Headache 72 (18.6) 70 (18.3) 1.02 (0.76-1.37) 0.9066
 Pyrexia 70 (18.1) 54 (14.1) 1.28 (0.93-1.78) 0.1322
 Peripheral edema 63 (16.3) 37 (9.7) 1.69 (1.15-2.47) 0.0063
 Abdominal pain 61 (15.8) 44 (11.5) 1.37 (0.96-1.97) 0.0840
 Hypercholesterolemia 49 (12.7) 11 (2.9) 4.41 (2.33-8.35) <0.0001
 Leukopenia 48 (12.4) 19 (5.0) 2.50 (1.50-4.17) 0.0002
 Nausea 44 (11.4) 42 (11.0) 1.04 (0.70-1.54) 0.8589
 Nasopharyngitis 44 (11.4) 41 (10.7) 1.06 (0.71-1.59) 0.7686
 Anemia 44 (11.4) 39 (10.2) 1.12 (0.74-1.68) 0.5955
 Insomnia 43 (11.1) 38 (9.9) 1.12 (0.74-1.69) 0.5907
 Hyperlipidemia 43 (11.1) 13 (3.4) 3.27 (1.79-5.99) <0.0001
 Hepatitis C 40 (10.3) 29 (7.6) 1.37 (0.86-2.16) 0.1794
 Tremor 29 (7.5) 48 (12.5) 0.60 (0.39-0.93) 0.0198
 Renal failure 29 (7.5) 40 (10.4) 0.72 (0.45-1.13) 0.1518
 Back pain 29 (7.5) 39 (10.2) 0.74 (0.46-1.17) 0.1885
AEs leading to study drug discontinuation  

in ≥1% of patients in any group
 Proteinuria 11 (2.8) 1 (0.3) 10.89 (1.41-83.91) 0.0060
 Hepatitis C 6 (1.6) 5 (1.3) 1.19 (0.37-3.86) 0.7746
 Renal failure 3 (0.8) 8 (2.1) 0.37 (0.10-1.39) 0.1413
 Renal impairment 2 (0.5) 7 (1.8) 0.28 (0.06-1.35) 0.1058
 Blood creatinine increased 0 (0.0) 7 (1.8) 0.00 0.0073
 Hepatocellular carcinoma 0 (0.0) 5 (1.3) 0.00 0.0300

P values are provided for descriptive purpose only.
AE, adverse event; CI, confidence interval; EVR, everolimus; rTAC, reduced tacrolimus; SAE, serious adverse event; sTAC, standard tacrolimus.
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selection of HCC patients that include, but are not limited 
to, University of California San Francisco (UCSF) crite-
ria, Asan criteria, Tokyo criteria, Kyoto criteria, Shanghai 
Fudan criteria, and Hangzhou criteria.26-31 Similar out-
comes have been reported, with these expanded criteria 
compared with Milan criteria following LDLT.32-35 In this 
analysis, data from both HCC patients within (H2304 and 
H2307) and outside (H2307) Milan criteria were pooled. 
Overall HCC recurrence was numerically low in the EVR 
+ rTAC versus sTAC group, despite the TAC trough level 
in the EVR + rTAC group was mostly beyond the upper 
threshold, including HCC subgroup. It is noteworthy to 
highlight that the H2307 trial involving LDLT recipients 
included HCC patients exceeding Milan criteria, provided 
there was no extrahepatic spread or macrovascular inva-
sion of tumor. In this subanalysis, recurrence of HCC was 
numerically lower, although not statistically significant, 
in patients transplanted beyond Milan with EVR + rTAC 
compared with sTAC (5.9% versus 23.1%, P  =  0.215). 
The results from this subanalysis are in line with the meta-
analyses by Cholongitas et al36 and Tarantino et al37 who 
reported encouraging results with the use of mTORis in 
terms of prevention and treatment of HCC recurrence in 
patients undergoing liver transplantation for HCC.

Recently, the SiLVER trial, a large, prospective, rand-
omized trial involving 525 liver transplant recipients with 
HCC, compared recurrence-free survival and overall sur-
vival for mTORi-based (sirolimus) versus mTORi-free 
immunosuppression therapy.38 At 8 years, recurrence-free 
survival (70% versus 65%) and overall survival (75% 
versus 68%) were numerically higher in patients receiv-
ing mTORis; however, the difference was not statistically 
significant, and the primary endpoint of the study was not 
met. A planned analysis by yearly interval showed a signifi-
cant benefit in terms of recurrence-free survival with siroli-
mus (81% versus 72%, P = 0.0499) for the first 3 years 
after transplantation, with significantly improved overall 
survival up to 5 years (79% versus 70%, P  =  0.0479). 
Furthermore, a subgroup analysis showed that younger 
patients (aged ≤60 years), patients within Milan crite-
ria, and patients receiving sirolimus monotherapy ben-
efited the most. Interestingly, in our analysis, the high-risk 
patients (outside Milan criteria) appear to benefit the most 
with EVR + rTAC therapy. The HCC patients from H2307 
study is being followed for additional 3 years in an obser-
vational study (H2406) to confirm these findings.

The incidence of AEs/SAEs was similar between both 
treatment groups. Nearly, 50% of the recipients expe-
rienced SAEs in both the groups. AEs leading to study 
treatment discontinuation were more frequent in the EVR 
+ rTAC group compared with sTAC group. Proteinuria 
was more common in the EVR + rTAC group and led 
to study treatment discontinuation for 11 patients com-
pared with 1 patient in the sTAC. Renal failure and renal 
impairment were more common in sTAC group, leading 
to study treatment discontinuation for 8 and 7 patients, 
compared with 3 and 2 patients in the EVR + rTAC 
group, respectively. After discontinuation of randomized 
study medications, majority of the patients in the EVR + 
rTAC group started receiving TAC, corticosteroids, and/
or mycophenolic acid, and few patients also switched to 
cyclosporine. On the contrary, among patients who were 
discontinued from randomized study medication from 

the sTAC group, majority of patients received TAC and/
or corticosteroids. Some of these patients also switched 
to mTORi (eg, sirolimus or EVR). Overall, the safety pro-
file of EVR was consistent with the known class effect of 
mTORis, and no new or unexpected safety signals were 
identified in either trial.39-41

The main limitation of this study lies in the post hoc 
nature of the analysis. However, the main strength of 
the analysis is the similar study design of the H2304 and 
H2307 trials that enabled data pooling to achieve a large 
sample size, with a distinct patient population in terms of 
etiology, transplant setting, race, and geographical region.

In conclusion, the introduction of EVR to facilitate 
early TAC exposure reduction ensures similar immuno-
suppressive efficacy compared with the sTAC regimen at 
month 24 after either DDLT or LDLT, while providing 
better renal function and a trend toward numerically 
lower HCC recurrence. These findings are in line with the 
recently published clinical guidelines by the Asian Liver 
Transplant Network that recommended the use of mTO-
Ris while reducing the CNI exposure for preservation of 
renal function in liver transplant patients, and in patients 
transplanted for HCC, as well as in patients with post-
transplant HCC recurrence.42 The overall safety of EVR 
+ rTAC therapy in this pooled analysis was in line with 
the known profile, and no unexpected safety concerns 
were identified. The trend toward numerically lower 
HCC recurrence seen with EVR + rTAC was more pro-
nounced in patients outside Milan criteria, an important 
finding that may expand liver transplantation bounda-
ries if confirmed by prospective studies with longer fol-
low-up data.
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