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 Background: The study objective was to evaluate the effect of everolimus (EVR) in combination with reduced tacrolimus 
(rTAC) compared with a standard TAC (sTAC) regimen on hepatocellular carcinoma (HCC) recurrence in de novo 
living-donor liver transplantation recipients (LDLTRs) with primary HCC at liver transplantation through 5 years 
after transplantation.

 Material/Methods: In this multicenter, non-interventional study, LDLTRs with primary HCC, who were previously randomized to 
either everolimus plus reduced tacrolimus (EVR+rTAC) or standard tacrolimus (sTAC), and who completed the 
2-year core H2307 study, were followed up. Data were collected retrospectively (end of core to the start of fol-
low-up study), and prospectively (during the 3-year follow-up study).

 Results: Of 117 LDLTRs with HCC at LT in the core H2307 study (EVR+rTAC, N=56; sTAC, N=61), 86 patients (EVR+rTAC, 
N=41; sTAC, N=45) entered the follow-up study. Overall HCC recurrence was lower but statistically non-signif-
icant in the EVR+rTAC group (3.6% vs 11.5% in sTAC; P=0.136) at 5 years after LT. There was no graft loss or 
chronic rejection. Acute rejection and death were comparable between treatment groups. Higher mean esti-
mated glomerular filtration rate in the EVR+rTAC group (76.8 vs 65.8 mL/min/1.73 m2 in sTAC) was maintained 
up to 5 years. Reported adverse events were numerically lower in the EVR+rTAC group (41.0% vs 53.5% sTAC) 
but not statistically significant.

 Conclusions: Although statistically not significant, early EVR initiation reduced HCC recurrence, with comparable efficacy and 
safety, and better long-term renal function, than that of sTAC treatment.
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Background

Liver transplantation (LT) in patients with hepatocellular car-
cinoma (HCC) is the optimal treatment resulting in cancer re-
section and total replacement of potentially carcinogenic he-
patocytes. However, post-transplant HCC recurrence remains 
an unsolved critical issue. Reduced host immunity against mi-
cro-metastases or de novo carcinogenesis due to post-trans-
plant immunosuppression might contribute to the higher rate 
of HCC recurrence compared to non-transplanted HCC patients 
undergoing surgical resection [1]. An increased risk of post-
transplant HCC recurrence, chronic renal failure, and nephro-
toxicity has been linked to prolonged exposure to calcineurin 
inhibitor (CNI) after LT [2,3]. CNI reduction/elimination regi-
mens based on mammalian target of rapamycin (mTOR) in-
hibitors, everolimus (EVR), or sirolimus (SRL), are expected to 
overcome CNI-related adverse effects while maintaining com-
parable efficacy and safety [4].

The pivotal H2304 study (NCT00622869) showed compara-
ble efficacy and superior renal function in deceased donor 
LT (DDLT) recipients, who received EVR with early tacrolim-
us (TAC) reduction (starting Month 1) compared to standard 
TAC (sTAC), at Month 12 [5]. In addition, improved renal func-
tion over sTAC treatment persisted with EVR treatment until 
Month 36 [6,7]. A similarly designed randomized controlled 
study (RCT) (H2307 study, NCT01888432) in the living-donor 
liver transplantation (LDLT) setting reported comparable ef-
ficacy and renal function with no HCC recurrence in the EVR 
group at Month 12 [8]. Analysis of data pooled from 2 RCTs 
(NCT00622869 and NCT01888432) further supported the ben-
efit of early EVR-facilitated CNI reduction, resulting in compa-
rable efficacy across 2 treatment regimens at Month 24 [9]. 
Moreover, the findings of a meta-analysis, including 3666 LT 
recipients from 42 RCTs with a median follow-up of 36 months, 
supported the effectiveness of mTOR inhibitors (EVR and 
SRL) in significantly lowering HCC recurrence rates compared 
to standard CNI treatment [10]. Other studies, including the 
Preservation of Renal Function in Liver Transplant Recipients 
with Certican Therapy (PROTECT) study [11] and the observa-
tional Everolimus Liver registry (EVEROLIVER) in France [12], 
showed superior renal function with EVR, which was main-
tained long-term in DDLT recipients. However, long-term data 
are limited in the LDLT setting.

Here, we report the results of a non-interventional, long-term 
follow-up study (CRAD001H2406) designed to evaluate HCC 
recurrence, efficacy, renal function, and safety outcomes at 5 
years after LT in HCC patients who underwent LDLT in the core 
study (NCT01888432).

Material and Methods

Study Design and Conduct

The follow-up study was a long-term, multicenter, non-inter-
ventional, observational study in LDLT recipients (LDLTRs) with 
primary HCC at LT who completed the 2-year multicenter, open-
label, randomized, controlled core H2307 study and were fol-
lowed for another 3 years. In the core H2307 study, LDLTRs re-
ceiving TAC-based immunosuppression were randomized (1: 1) 
at 30±5 days after transplantation to EVR plus reduced TAC 
(EVR+rTAC) or sTAC [8]. The study protocol and amendments 
were reviewed by the Independent Ethics Committee or the 
Institutional Review Board for each center. The study was con-
ducted according to International Council for Harmonization 
(ICH) E6 guideline for Good Clinical Practice (GCP) that has its 
origin in the Declaration of Helsinki, and the Strengthening of 
the Reporting of Observational Studies in Epidemiology guide-
lines. Written informed consent was obtained from each pa-
tient as per local regulatory guidance.

Available data at the clinical practice were collected using a 
flexible visit schedule. Primary data of the eligible patients, who 
provided consent, from the core H2307 study including CT scan 
(or other imaging data) for HCC recurrence were collected pro-
spectively at a routine outpatient clinic visit until the end of 
the follow-up study or withdrawal of consent. Secondary pa-
tient data were collected retrospectively between the comple-
tion/end of study visit in the core study and the start of the ob-
servational follow-up study, including information on patients 
that died after the end of the core study. A schematic diagram 
of the study design is presented in Figure 1.

Study Population

The study population was composed of patients who com-
pleted the 2-year core study, signed the informed consent, 
and had primary HCC at the time of LT. Patients who experi-
enced graft loss either during the 2-year core study, or in the 
9 months before the start of follow-up study, were excluded.

Study Medication

In the follow-up study, patients continued their randomized treat-
ment of either EVR+rTAC (target trough concentration 3-8 ng/mL 
for EVR and 3-5 ng/mL for TAC) or sTAC (target trough concentra-
tion, 6-10 ng/mL), as assigned in the core study [8]. Any treatment 
changes during the follow-up period were captured and evaluated.

Study Endpoints

The primary endpoint was HCC recurrence from randomization 
in core study until Month 60 after transplantation in patients 
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with HCC at the time of LT. Secondary endpoints, including ef-
ficacy assessments (incidences of acute and chronic rejections 
[AR/CR], graft loss [GL], death [D], ‘composite of drop-out’ [death, 
withdrawal of consent and lost to follow-up], malignancies other 
than HCC), changes in immunosuppressive regimen, and change 
in renal function as measured by the estimated glomerular filtra-
tion rate [modification of diet in renal diseases-4] (eGFR [MDRD-
4] mL/min/1.73 m2) and other formulae (MDRD-6, chronic kid-
ney disease classification-epidemiology collaboration [CKD-EPI], 
Cockcroft-Gault), were analyzed from randomization in the core 
study until Months 36, 48, and 60 after transplantation. The in-
cidence of HCC recurrence was analyzed for Months 36 and 48 
for secondary endpoints, as well as at Month 60 for the primary 
endpoint. Safety endpoints were incidences of adverse events 
(AEs), including infections and renal replacement therapy, and 
severe AEs (SAEs) and were analyzed from the start of the fol-
low-up study until Month 60 after transplantation.

Statistical	Analysis

The 5-year post-transplant data analysis was based on com-
bined datasets of patients with HCC from the start of the core 
study and 3 years of retrospective and prospective data from 
the follow-up study, except for medical history, AEs (other than 
HCC recurrence and malignancies), and concomitant medica-
tions, which were based on follow-up study data only.

The intent-to-treat (ITT) population consisted of all patients who 
had HCC at the time of transplantation and initiated treatment 

in the core study. It was used for primary analysis and secondary 
analyses for rejections/graft loss/death and renal parameters. 
The ITT population also included data retrospectively collected 
from patients who died after the end of the core study and be-
fore the start of the follow-up study. Informed consent was ob-
tained from next of kin in case of such deceased patients. The 
as-treated (AT) population consisted of patient groups accord-
ing to the presence or absence of EVR in the treatment regi-
men at any time during the prospective period of the follow-
up study. The AT population excluded patients who died after 
the end of the core study and before the start of the follow-up 
study. The AT population was utilized for analyses of safety data 
(AEs and concomitant medications) during the follow-up study.

Demographics, patient baseline characteristics, recipient LT in-
formation, and HCC history were summarized using frequency 
distributions in case of categorical variables and descriptive 
statistics in case of continuous variables. Efficacy parame-
ters, including HCC recurrence, as well as the cumulative rate 
of HCC or death at Months 24, 36, 48, and 60, were estimat-
ed based on the Kaplan-Meier (KM) estimator in the ITT pop-
ulation. Greenwood’s formula was used to derive the variance 
and the two-sided 95% Z-test based confidence interval (CI). 
For analyses on incidence of rejection, graft loss, death, and 
HCC recurrence, patients who discontinued this study with-
out any event were censored at the latest known day to be 
free of the event. The HCC recurrence rate until Month 60 was 
also analyzed in subgroups within and beyond Milan criteria 
at transplantation.

H2307: 2-year open label

EVR+reduced exposure of TAC***

TAC+MPA*+CS

TAC-control***

TAC (C0: 6-10 ng/mL)

EVR (C0: 3-8 ng/mL) EVR (N=41)

Reduced exposure of TAC (C0: 3-5 ng/mL)

TAC
(C0: 8-12 ng/mL)

Standard exposure of TAC
Standard exposure of TAC (N=45)

Reduced exposure of TAC

RND
(1:1)

D1
BL

M1
RND

M60
EOS

Follow-up
for H2406

M4 M12 M24 M36 M48

##H2406 (HCC population): 3-year open label

Prospective (extension)
#9 months

gap

Basiliximab or
no induction*

**Run-in
period

30±5 days

Figure 1.  Design of the follow-up study. * Per the center’s choice; ** All patients received TAC (C0: 5-15 ng/mL) during the run-
in phase; *** CS in both arms per the local practice; # variable period between the end of study visit in the H2307 study 
and the start of data collection for study H2406; ## treatment as per the local clinical practice during H2406. C0 – trough 
level; CS – corticosteroid; EOS – end of study; EVR – everolimus; HCC – hepatocellular carcinoma; LT – liver transplantation; 
M – month; MPA – mycophenolic acid; RND – randomization; TAC – tacrolimus. Created using Microsoft Office (2016, 
Microsoft).
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Summary statistics for eGFR (MDRD-4, MDRD-6, CKD-EPI, 
Cockcroft-Gault), as well as serum creatinine, were captured 
by visit and analyzed within the ITT population, as well as for 
the on-treatment data defined as those measured up to the 
last dose of randomized medication + 2 days. No imputation 
was performed for eGFR.

Results

Patient disposition

In the core H2307 study, 117 patients who had HCC were ran-
domized after LT (EVR+rTAC, 56 patients; sTAC, 61 patients), 
out of which 86 patients (EVR+rTAC, 41; sTAC, 45) entered the 
follow-up study. Four patients who died after completion of 
the core study but before start of the follow-up study (1 pa-
tient in EVR+rTAC and 3 patients in sTAC) were also included 
in the 86 patients (Figure 2).

Demographics and Baseline Characteristics

Patient demographics and background characteristics for pa-
tients on or before the first dose of study treatment in the 
core study and who entered the follow-up study were com-
parable between 2 treatment groups (Table 1). The majority 
of patients were Asians (91.9%), and 31.4% of patients had 
type II diabetes at baseline. Most patients had high (³60) eGFR 
(MDRD 4) [mL/min/1.73 m2] at baseline (90.7%) as well as at 

randomization (74.4%) in the core study. More than 75% of 
patients had MELD score £14, and 73.3% of the patients with 
HCC from the core study who entered the follow-up study were 
within Milan criteria at the time of transplantation.

Immunosuppression/Patient	Exposure

In the EVR+rTAC group, 39 patients received EVR+rTAC treat-
ment, while only 41 of 43 in the sTAC group received the stan-
dard dose of TAC. At Month 60 in the follow-up study, 32 out of 
39 patients in the EVR+rTAC treatment arm were still receiving 
EVR (6 patients switched to sTAC), while 34 of 41 patients in 
the sTAC arm continued to receive TAC (5 patients switched to 
the EVR treatment). At Month 60, 82% to 83% of the patients 
who received either EVR+rTAC or sTAC in core study contin-
ued to receive their respective treatment regimen (Table 2).

Efficacy

The summary of efficacy outcomes is presented in Table 3. 
HCC recurrence was observed at a lower numerical rate in the 
EVR+rTAC group as compared to the sTAC group (1 vs 3; ob-
served difference of −4.2% in KM rate [95% CI: −12.9%, 4.5%]) 
at Month 60 after LT, in the follow-up study; however, the dif-
ference was not statistically significant. HCC recurrence oc-
curred in 1 patient in each treatment group during the fol-
low-up study period. In the EVR+rTAC group, HCC recurrence 
occurred a few weeks after completion of the core Month 24 
visit (ie, during the retrospective period), while in the sTAC 

117 randomized in H2307

56 EVR+rTAC

48 completed
H2307

39 completed
H2406

8 discontinued study
   5 deaths
   3 subject/guardian decision

6 discontinued study
   3 deaths
   2 subject/guardian decision
   1 physician decision 

56 EVR+rTAC

8 lost to follow-up 10 lost to follow-up

41 entered
H2406*

55 completed
H2307

41 completed
H2406

2 discontinued study
   2 deaths

4 discontinued study
   4 deaths

45 entered
H2406

Figure 2.  Patient disposition up to Month 60. * One patient discontinued the core study, but was enrolled in H2406. Created using 
Microsoft Office (2016, Microsoft).
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Characteristics
EVR+rTAC

N=41
sTAC
N=45

Age (years), mean (SD)  56.3 (7.58)  56.5 (7.27)

Male gender, n (%)  33 (80.5)  35 (77.8)

Race, n (%)

 Caucasian  3 (7.3)  4 (8.9)

 Asian  38 (92.7)  41 (91.1)

eGFR at randomization (mL/min/1.73 m2), mean (SD)  86.2 (30.79)  76.6 (23.34)

BMI (kg/m2), mean (SD)  22.7 (3.27)  24.0 (3.55)

HCV-positive, n (%)  6 (14.6)  12 (26.7)

HBV-positive, n (%)  24 (58.5)  20 (44.4)

Primary disease leading to transplant, n (%)

 Alcoholic cirrhosis  4 (9.8)  3 (6.7)

 Hepatitis B  4 (9.8)  6 (13.3)

 Hepatitis C  1 (2.4)  3 (6.7)

 HCC  32 (78.0)  32 (71.1)

 NASH  0  1 (2.2)

Diabetes at baseline, n (%)  10 (24.4)  17 (37.8)

MELD score category, n (%)

 £14  32 (78.0)  36 (80.0)

 15~19  5 (12.2)  4 (8.9)

 20~24  3 (7.3)  4 (8.9)

 25~29  0  1 (2.2)

 ³30  1 (2.4)  0

HCC at transplantation

 Milan criteria, n (%)  31 (75.6)  32 (71.1)

  Yes  10 (24.4)  12 (26.7)

  No  0  1 (2.2)

  Missing

 Tumor lymph node metastasis stage* n (%)

  Stage I  13 (31.7)  11 (24.4)

  Stage II  15 (36.6)  19 (42.2)

  Others**  2 (4.9)  3 (6.7)

  Missing  11 (26.8)  12 (26.7)

 Number of lesions, mean (SD)  2.6 (3.59)  2.4 (2.33)

 Diameter of largest tumor (cm), mean (SD)  2.5 (1.51)  2.8 (1.73)

Table 1. Demographics and baseline characteristics in ITT patients who followed to the H2406 study.
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group, the recurrence occurred at Month 30 after LT. The low-
er rate of HCC recurrence for the EVR+rTAC group was consis-
tent over the 60-month period in the ITT population across the 
core and follow-up studies (Figure 3A, Table 4).

The KM incidence of composite endpoint of AR/CR/GL/death was 
lower in the EVR+rTAC group versus sTAC group, showing the larg-
est difference of -8.4% (95% CI: -21.8, 4.9%) among all the effica-
cy endpoints for the ITT population who entered follow-up study. 
GL or CR was not observed during the follow-up study for either 

Table 1 continued. Demographics and baseline characteristics in ITT patients who followed to the H2406 study.

TNM classification criteria, developed jointly by the American Joint Committee on Cancer and the International Union for Cancer 
Control, assesses primary tumor features, the presence or absence of nodal involvement and distant metastasis for tumor staging 
as per AJCC Cancer Staging Manual; 2017 Ed. * Collected pre-LT or at LT; ** includes TNM category IIIA-IVB. AFP – alpha fetoprotein; 
BMI – body mass index; eGFR – estimated glomerular filtration rate; EVR – everolimus; HBV – hepatitis B virus; HCC – hepatocellular 
carcinoma; HCV – hepatitis C virus; ITT – intent-to-treat; LT – liver transplantation; MELD – model for end-stage liver disease; 
n – number of subjects with event; N – the number of subjects in the treatment group; NASH – non-alcoholic steatohepatitis; 
sTAC – standard dose tacrolimus; SD – standard deviation; TNM – tumor lymph node metastasis.

Characteristics
EVR+rTAC

N=41
sTAC
N=45

 Total tumor diameter (cm), mean (SD)  3.6 (3.20)  4.5 (4.11)

 AFP level (µg/mL), Median (Min-Max)  14.4 (1.0-479.3)  5.7 (0.1-37088.0)

Table 2. Number and percentage of patients in either immunosuppressive regimen by randomized treatment group and timepoint.

ITI	patients	in	H2307

Months after transplantation Regimen
EVR+rTAC	N=56

n/M	(%)
sTAC	N=61
n/M	(%)

Month 6
EVR  51/52 (98.1)  0/60

sTAC  1/52 (1.9)  60/60 (100.0)

Month 9
EVR  51/52 (98.1)  0/59

sTAC  1/52 (1.9)  59/59 (100.0)

Month 12
EVR  50/52 (96.2)  3/58 (5.2)

sTAC  2/52 (3.8)  55/58 (94.8)

Month 18
EVR  48/52 (92.3)  3/57 (5.3)

sTAC  2/52 (3.8)  53/57 (93.0)

Month 24
EVR  45/50 (90.0)  3/55 (5.5)

sTAC  2/50 (4.0)  52/55 (94.5)

Month 30
EVR  33/41 (80.5)  3/44 (6.8)

sTAC  4/41 (9.8)  40/44 (90.9)

Month 36
EVR  34/41 (82.9)  4/44 (9.1)

sTAC  4/41 (9.8)  38/44 (86.4)

Month 42
EVR  34/41 (82.9)  4/44 (9.1)

sTAC  4/41 (9.8)  39/44 (88.6)

Month 48
EVR  34/41 (82.9)  5/42 (11.9)

sTAC  4/41 (9.8)  36/42 (85.7)

Month 54
EVR  33/40 (82.5)  6/42 (14.3)

sTAC  6/40 (15.0)  34/42 (81.0)

Month 60
EVR  32/39 (82.1)  5/41 (12.2)

sTAC  6/39 (15.4)  34/41 (82.9)
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treatment, and the KM incidences of death (EVR+rTAC, 2; sTAC, 
4) were comparable between the 2 treatment groups. The KM 
incidence of HCC recurrence remained the same from Month 24 
to Month 60 in the EVR+rTAC group, while the KM incidence of 
the composite endpoint of AR/CR/GL/death increased in both the 
treatment groups from Month 24 to Month 60 (EVR+rTAC vs sTAC 
arm: 2 vs 3 at Month 24; 3 vs 5 Month 48; 3 vs 7 at Month 60). 
The KM incidence of HCC recurrence was 1 and 2 in the EVR+rTAC 
group and sTAC group, respectively, at Month 24 (Table 3).

The cumulative rate of either no HCC recurrence or death from 
any cause (whichever occurred earlier) in the ITT population had a 
higher KM estimate at Month 60 in the EVR+rTAC group (86.2%) 
than in the sTAC group (82.5%) (Figure 3B, Table 5). A smaller 
reduction in the cumulative rate of HCC or death was also ob-
served for the ITT patients (difference=-4.0% with 95% CI: -14.6%, 
6.6%). A subgroup analysis for HCC recurrence in ITT population 

at Month 60 found that 2 out of 42 patients (KM rate%=5.8) in 
the EVR+rTAC group and 1 out of 40 patients (KM rate%=2.7) 
in the sTAC group were within Milan criteria, while 6 out of 19 
patients (KM rate%=34.3) in the sTAC group were beyond Milan 
criteria. No HCC recurrence was found in the 14 patients in the 
EVR+rTAC group that were beyond Milan criteria. The KM inci-
dence of malignancies other than HCC recurrence was also nu-
merically lower in the EVR+rTAC group (12.6%) than in the sTAC 
group (17.5%), with a difference of -4.8% (-18.5, 8.9) at Month 
60; however, the difference was not statistically significant.

Multivariate (MV) Cox regression analysis for overall survival 
(OS) showed a significant difference for recipient age and Milan 
criteria, as shown in Table 6; however, there is no significant 
difference across treatments. OS is defined here as the length 
of time when recipients survived from death by any cause or 
HCC recurrence, whichever occurred earlier.

Table 2 continued.  Number and percentage of patients in either immunosuppressive regimen by randomized treatment group and 
timepoint.

EVR – everolimus; ITT – intent-to-treat; M – the total number of patients remaining in study; n – number of patients with event; 
N – the total number of patients in the treatment group; rTAC – reduced-dose tacrolimus; sTAC – standard-dose tacrolimus.

ITT	patients	who	entered	H2406

Months after transplantation Regimen
EVR+rTAC	N=41

n/M	(%)
sTAC	N=45
n/M	(%)

Month 6
EVR  40/41 (97.6)  0/45

sTAC  1/41 (2.4)  45/45 (100.0)

Month 9
EVR  40/41 (97.6)  0/45

sTAC  1/41 (2.4)  45/45 (100.0)

Month 12
EVR  40/41 (97.6)  2/45 (4.4)

sTAC  1/41 (2.4)  43/45 (95.6)

Month 18
EVR  38/41 (92.7)  1/45 (2.2)

sTAC  1/41 (2.4)  43/45 (95.6)

Month 24
EVR  37/41 (90.2)  3/45 (6.7)

sTAC  2/41 (4.9)  42/45 (93.3)

Month 30
EVR  33/41 (80.5)  3/44 (6.8)

sTAC  4/41 (9.8)  40/44 (90.9)

Month 36
EVR  34/41 (82.9)  4/44 (9.1)

sTAC  4/41 (9.8)  38/44 (86.4)

Month 42
EVR  34/41 (82.9)  4/44 (9.1)

sTAC  4/41 (9.8)  39/44 (88.6)

Month 48
EVR  34/41 (82.9)  5/42 (11.9)

sTAC  4/41 (9.8)  36/42 (85.7)

Month 54
EVR  33/40 (82.5)  6/42 (14.3)

sTAC  6/40 (15.0)  34/42 (81.0)

Month 60
EVR  32/39 (82.1)  5/41 (12.2)

sTAC  6/39 (15.4)  34/41 (82.9)
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Event

ITT	population	who	entered	follow-up	study	 ITT	population	in	core	study

EVR+rTAC
N=41

n	(KM	rate%)

sTAC
N=45

n	(KM	rate%)

EVR+rTAC	vs	sTAC
(Difference	[%],	

95%	CI)

EVR+rTAC
N=56

n	(KM	rate%)

sTAC
N=61

n	(KM	rate%)

EVR+rTAC	vs	sTAC
(Difference	[%],	

95%	CI)

Month 60

 HCC recurrence  1 (2.4)  3 (6.7)  −4.2 (−12.9, 4.5)  2 (4.4)  7 (12.3)  −8.0 (−18.4, 2.5)

 GL  0 (0.0)  0 (0.0)   0 (0.0)  0 (0.0)

 Death  2 (4.9)  4 (8.9)  −4.0 (−14.6, 6.6)  7 (13.8)  7 (13.5)  0.3 (−13.1, 13.7)

 AR/CR  2 (4.9)  3 (7.1)  −2.2 (−12.4, 8.0)  4 (7.6)  3 (6.2)  1.4 (−8.6, 11.3)

 AR/CR/GL/death  3 (7.3)  7 (15.7)  −8.4 (−21.8, 4.9)  9 (17.0)  10 (19.3)  −2.2 (−17.2, 12.7)

Month 48

 HCC recurrence  1 (2.4)  3 (6.7)  −4.2 (−12.9, 4.5)  2 (4.4)  7 (12.3)  −8.0 (−18.4, 2.5)

 GL  0 (0.0)  0 (0.0)   0 (0.0)  0 (0.0)  

 Death  2 (4.9)  3 (6.7)  −1.8 (−11.6, 8.0)  7 (13.8)  6 (11.4)  2.4 (−10.5, 15.3)

 AR/CR  2 (4.9)  2 (4.4)  0.4 (−8.5, 9.4)  4 (7.6)  2 (3.5)  4.0 (−4.5, 12.6)

 AR/CR/GL/death  3 (7.3)  5 (11.1)  −3.8 (−16.0, 8.4)  9 (17.0)  8 (14.8)  2.2 (−11.8, 16.2)

Month 24

 HCC recurrence  1 (2.4)  2 (4.4)  −2.0 (−9.7, 5.6)  2 (4.4)  6 (10.2)  −5.9 (−15.7, 3.9)

 GL  0 (0.0)  0 (0.0)   0 (0.0)  0 (0.0)  

 Death  0 (0.0)  1 (2.2)  −2.2 (−6.5, 2.1)  5 (9.3)  4 (7.2)  2.2 (−8.2, 12.5)

 AR/CR  2 (4.9)  2 (4.4)  0.4 (−8.5, 9.4)  4 (7.6)  2 (3.5)  4.0 (−4.5, 12.6)

 AR/CR/GL/death  2 (4.9)  3 (6.7)  −1.8 (−11.6, 8.0)  8 (14.9)  6 (10.6)  4.3 (−8.2, 16.7)

Table 3. Efficacy results for patients in ITT population.

KM rate and 95% CI for each treatment are obtained using KM estimates and standard error derived based on Greenwood’s formula; 
95% CI for difference from z-test statistic for no difference. AR – acute rejection; CI – confidence interval; CR – chronic rejection; 
D – death, EVR – everolimus; GL – graft loss; HCC – hepatocellular carcinoma; ITT – intent-to-treat; KM – Kaplan Meier; n – number of 
patients with event; N – the total number of patients in the treatment group; rTAC – reduced-dose tacrolimus; sTAC – standard-dose 
tacrolimus.

Renal Function

Mean eGFR [MDRD4] remained numerically higher in the 
EVR+rTAC group as compared to the sTAC group throughout 
the core study period (Month 24: EVR+rTAC: 84.28 mL/min/1.73 
m2, sTAC: 70.18 mL/min/1.73 m2), as well as through the course 
of H2406 up to Month 60 (EVR+rTAC: 76.83 mL/min/1.73 m2, 
sTAC: 65.84 mL/min/1.73 m2) after transplantation in the ITT 
population (Figure 4).

Mean eGFR [MDRD-4] by treatment and time point was also 
higher in the EVR+rTAC group for most of the eGFR formu-
lae used (MDRD-6, CKD-EPI), except for mean values using 
Cockcroft-Gault method from Month 42 onward.

Safety

The proportion of patients with AEs was numerically lower in 
patients receiving EVR+rTAC (16 [41.0%]) compared to those 
receiving sTAC (23 [53.5%]) at Month 60. Most AEs were mild 
in nature, with 3 patients (7.7%) in the EVR+rTAC group and 
6 patients (14.0%) in the sTAC group that presented with se-
vere AEs. The incidence of infections and infestations was low-
er in the patients receiving EVR+rTAC (15.4%) as compared to 
those receiving sTAC (23.3%). Safety events are presented as 
a MedDRA preferred term (PT) in Table 7. Two deaths occurred 
in the prospective period of H2406 in the AT population, out of 
which 1 death in the EVR+rTAC group was due to HCC recur-
rence (diagnosed at Day 1318 and died on Day 1350), while 
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Figure 3.  Kaplan-Meier plot for proportion of 
patients (ITT population) free from 
HCC recurrence (A) and free from HCC 
recurrence or death (B). EVR+rTAC – 
everolimus plus reduced tacrolimus; 
HCC – hepatocellular carcinoma; ITT 
– intent-to-treat; sTAC – standard 
tacrolimus. Created using SAS version 
9.4.

that in the sTAC group was due to respiratory failure. The inves-
tigator did not suspect a relationship of death with treatment 
in either of the cases. AEs leading to study drug discontinua-
tion were experienced by 1 patient in each treatment group.

Discussion

We present the results of a 5-year follow-up study examining 
the long-term efficacy and safety of early EVR initiation in pa-
tients who underwent LDLT for HCC and completed the 2-year 
core RCT study. A numerically lower rate of HCC recurrence in 
EVR+rTAC was observed as compared to those in sTAC at 5 

years after LT. Moreover, better renal function was maintained 
in the EVR+rTAC group than that in the sTAC group throughout 
5 years after LDLT. Overall, a balanced safety profile was ob-
served for the EVR regimen, with lower incidence of infections 
versus sTAC regimen. Although statistically not significant, the 
5-year OS (ie, death by any cause or HCC recurrence, which-
ever occurred earlier) was 86.2% and 82.5% in the EVR+rTAC 
group and sTAC group, respectively. The recurrence-free surviv-
al (RFS) was also numerically higher with EVR+rTAC than with 
the sTAC regimen (95.6% vs 87.7%) in the whole cohort of the 
core study. The trend was maintained throughout the 5-year 
study period, with no HCC recurrence beyond 24 months af-
ter LT EVR+rTAC, while 1 HCC recurrence was observed in sTAC 
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Time since LT

EVR+rTAC	N=56 sTAC	N=61

Cumulative 
incidence rate

KM%	estimation 
without event

Cumulative 
incidence rate

KM%	estimation 
without event

n KM% (95%	CI) n KM% (95%	CI)

Week 4* 0 100.0 (100.0, 100.0) 0 100.0 (100.0, 100.0)

Month 12 0 100.0 (100.0, 100.0) 5 91.6 (84.5, 98.6)

Month 24 2 95.6 (89.7, 100.0) 6 89.8 (82.0, 97.5)

Month 36 2 95.6 (89.7, 100.0) 7 87.7 (79.1, 96.3)

Month 48 2 95.6 (89.7, 100.0) 7 87.7 (79.1, 96.3)

Month 60 2 95.6 (89.7, 100.0) 7 87.7 (79.1, 96.3)

Table 4. Kaplan-Meier estimates of the proportion of subjects free from HCC recurrence (ITT).

* Day of randomization i.e., start point. CI – confidence interval; EVR – everolimus; HCC – hepatic cell carcinoma; ITT – intent-to-treat; 
KM – Kaplan-Meier; LT – liver transplantation; n – number of patients with event; N – the total number of patients in the treatment 
group; rTAC – reduced dose tacrolimus; sTAC – standard dose tacrolimus.

Time since LT

EVR+rTAC	N=56 sTAC	N=61

Cumulative 
incidence rate

KM%	estimation 
without event

Cumulative 
incidence rate

KM%	estimation 
without event

n KM% (95%	CI) n KM% (95%	CI)

Week 4* 0 100.0 (100.0, 100.0) 0 100.0 (100.0, 100.0)

Month 12 2 96.3 (91.3, 100.0) 6 90.0 (82.4, 97.6)

Month 24 6 88.4 (79.7, 97.2) 8 86.6 (77.9, 95.2)

Month 36 6 88.4 (79.7, 97.2) 9 84.6 (75.2, 93.9)

Month 48 7 86.2 (76.7, 95.8) 9 84.6 (75.2, 93.9)

Month 60 7 86.2 (76.7, 95.8) 10 82.5 (72.6, 92.4)

Table 5. Kaplan-Meier estimates of the proportion of subjects free from HCC recurrence or death (ITT).

* Day of randomization i.e., start point. CI – confidence interval; EVR – everolimus; HCC – hepatic cell carcinoma; ITT – intent-to-treat; 
KM – Kaplan-Meier; LT – liver transplantation; n – number of patients with event; N – the total number of patients in the treatment 
group; rTAC – reduced dose tacrolimus; sTAC – standard dose tacrolimus.

at Month 30. MV Cox regression analysis identified exceeding 
Milan criteria (P=0.03) and younger recipient age (P=0.01) as 
significant risk factors for HCC recurrence or death, as previ-
ously reported [13,14]. In the population beyond Milan crite-
ria, no HCC recurrence was observed in EVR+rTAC, while 6 re-
currences occurred in the sTAC group.

HCC is most prevalent in Asia, accounting for >60% of HCC 
cases reported globally, and is the most common indication 
of LT, secondary to hepatitis B [15-17]. Therefore, the efficacy 
of early EVR initiation in lowering HCC recurrence is certainly 
encouraging for this population. The results of this observa-
tional study are also in line with the findings of meta-analyses 

that showed mTOR inhibitors were better at lowering the HCC 
recurrence rates after LT compared to that of CNIs [10,18,19]. 
Also, a recent meta-analysis showed that 5-year OS and 3-year 
RFS improved with mTOR inhibitor-based compared with mTOR 
inhibitor-free immunosuppression [20].

The KM incidence of malignancies other than HCC recurrence 
was also numerically lower in the patients (in ITT) receiving 
EVR+rTAC (12.6% vs 17.4% in sTAC group; 90% CI: −18.5%, 8.9%) 
in the core study at 5 years. In ITT patients who entered the 
follow-up study, no incidence of CR or GL up to 60 months af-
ter LT was observed, and the KM incidences of AR and death 
were comparable (AR: difference=-2.2%, 95% CI: -12.4, 8.0%; 
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 Parameter Hazard	ratio	(95%	CI) P-value

Treatment: EVR+rTAC vs sTAC 0.979 (0.323, 2.969) 0.9702

Milan Criteria: within vs beyond 0.252 (0.072, 0.881) 0.0309

ESDCAT: non-HCC vs HCC 1.119 (0.273, 4.596) 0.8758

Donor sex: male vs female 0.378 (0.123, 1.163) 0.0897

Recipient sex: male vs female 0.610 (0.153, 2.437) 0.4840

Diabetes at baseline: yes vs no 1.191 (0.377, 3.766) 0.7659

MELD score: ³15 vs £14 3.029 (0.957, 9.582) 0.0594

Race: White vs Asian 1.246 (0.319, 4.873) 0.7515

Donor age (by 1 year) 0.973 (0.921, 1.027) 0.3224

Recipient age (by 1 year) 0.924 (0.870, 0.982) 0.0108

Table 6.  Multivariate Cox regression analysis for time to HCC recurrence or death (ie, death by any cause or HCC recurrence, whichever 
occurred earlier; ITT population*).

* Firth’s penalized maximum likelihood estimation was used. The interpretation of this multivariate analysis needs to consider few 
HCC recurrences or deaths in the data (only 7 and 10 for EVR and sTAC), and imbalance of some background factors due to which 
widths of CI have become large for some parameters. CI – confidence interval; ESDCAT – end-stage disease condition at transplant; 
EVR – everolimus; HCC – hepatocellular carcinoma; ITT – intent-to-treat; MELD – model for end-stage liver disease; rTAC – reduced-
dose tacrolimus; sTAC – standard-dose tacrolimus.

death: difference=-4.0%, 95% CI: -14.6, 6.6%) between the 
treatment arms. In the core study, the non-inferiority of the pri-
mary composite efficacy failure endpoint (treated BPAR, GL, or 
death) was maintained until Month 24, and a lower incidence 
of tBPAR in patients receiving EVR was also observed [8,21]. 

The analysis of patient data pooled from 2 RCTs (pivotal H2304 
in DDLT setting and 2-year core study in LDLT setting) also 
found comparable efficacy between the 2 treatment groups 
[9]. Although tBPAR was not evaluated in the follow-up peri-
od, the reduction was highest for the composite endpoint of 
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AR/CR/GL/death in the EVR group versus the sTAC group (dif-
ference=-8.4%, 95% CI: -21.8, 4.9%) at 5-year post-LT for ITT 
patients who entered in the follow-up study. Therefore, early 
initiation of EVR is effective in both DDLT [6,7] and LDLT [8,21] 
settings, even in the long term.

Chronic renal failure is another concern associated with pro-
longed use of CNI in solid-organ recipients, and mTOR inhib-
itor-facilitated CNI reduction has been effective in preserving 
renal function. In DDLT settings, several clinical trials, including 
H2304 (3 years) [7], SIMCER (5 years) [22, 23] and PROTECT (5 
years) [11], demonstrated better renal function with EVR-based 
CNI reduction or CNI-free EVR regimens for up to 5 years of fol-
low-up. The 2-year core study showed significantly higher renal 
function at 2 years after LT in patients (with HCC at LT) receiving 
EVR+rTAC versus sTAC, which was maintained up to 5-year af-
ter LT [21]. Furthermore, the pooled analysis of the H2304 and 
H2307 trials demonstrated significantly better renal function 

in the EVR+rTAC group versus the sTAC group at 24 months of 
follow-up, particularly in patients with normal/mildly decreased 
renal function (chronic kidney disease stage 1 or 2) at random-
ization [9]. The EVEROLIVER registry data also reflected the re-
nal benefit of the EVR-facilitated CNI reduction regimen in im-
proving mean eGFR in patients at up to 5-year follow-up [12]. 
The findings from this follow-up study in the LDLT setting fur-
ther demonstrated that early conversion to an EVR-based regi-
men improves/preserves renal function, both immediately and 
long-term. A recent retrospective real-world study showed that 
patients with renal impairment experienced significant improve-
ment in renal function after conversion to mTOR inhibitor [24].

Compared to a very high proportion of patients with AEs in 
both treatment groups (98.6% in EVR+rTAC vs 96.5% in sTAC) 
during the core study, a larger reduction in the proportion of 
patients with AEs in both treatment groups (41.0% vs 53.5%) 
with greater reduction in the EVR group was reported in the 
follow-up period [8]. A lower incidence of infections and infes-
tations was also observed in the patients receiving EVR during 
the follow-up period. Overall, the safety data obtained during 
the follow-up study period suggest that reducing CNI exposure 
with early EVR initiation would provide LT recipients long-term 
safety against exposure to immunosuppressive treatment in-
volving the standard CNI regimen.

As this was a follow-up study of the preceding randomized 
controlled study (H2307 study, NCT01888432), the statistical 
power was not sufficient due to the limited number of cases 
that could be analyzed.

Conclusions

This follow-up study demonstrated the efficacy of early initia-
tion of EVR with reduced TAC in numerically lowering the rate 
HCC recurrence and graft rejection. Statistically, the efficacy 
of EVR regimen was comparable with standard TAC regimen. 
Better long-term renal function was preserved in patients re-
ceiving the EVR regimen throughout the course of the study. 
Importantly, a safety profile comparable to sTAC with less in-
cidence of infections was also achieved with EVR treatment 
at up to 5-year follow-up in the LDLT setting.
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AEs	by	PT
EVR+rTAC	
N=39
n	(%)

sTAC 
N=43
n	(%)

Subjects with at least one AE  16 (41.0)  23 (53.5)

Subjects with SAEs  3 (7.7)  6 (14.0)

AEs (³3% in any group)

 Abdominal pain  0  2 (4.7)

 Dental caries  2 (5.1)  1 (2.3)

 Diarrhea  2 (5.1)  0

 Nasopharyngitis  1 (2.6)  2 (4.7)

 Sinusitis  0  2 (4.7)

  Upper respiratory tract 
infection

 1 (2.6)  4 (9.3)

 Increased hepatic enzyme  2 (5.1)  0

 Osteoarthritis  0  2 (4.7)

 Chronic kidney diseases  0  2 (4.7)

 Cough  0  2 (4.7)

Table 7.  Safety events for the patients who entered in H2406 in 
the AT population.

Treatment-emergent AEs/infections were defined as any events 
starting on or after the first dose of immunosuppressant drug 
during the prospective period or before the last dose +7 days 
or events present prior to the start of the study but increased 
in severity after entering in this study. AE – adverse events; 
AT – as treated; EVR – everolimus; n – number of patients with 
events; N – the total number of patients in the treatment group; 
PT – preferred term; rTAC – reduced tacrolimus; SAE – serious 
adverse events; sTAC – standard dose tacrolimus.
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