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	 Background:	 In adult liver transplant patients, the use of prolonged-release tacrolimus may have treatment adherence bene-
fits over the immediate-release formulation. The aim of this study was to characterise real-world practice data 
on conversion of liver transplant recipients from immediate- to prolonged-release tacrolimus in France.
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between three and 12 months after transplantation (late conversion group) (n=184). Clinical data were col-
lected at an initial baseline outpatient visit and six-month and 12-month follow-up visits. Endpoints included 
the dose conversion ratio from immediate-release to prolonged-release tacrolimus, number of and reasons for 
additional visits due to conversion, safety, and tolerability.
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conversion of tacrolimus dose was 1.04±0.28; 1.01±0.28 (early) and 1.08±0.28 (late) (p=0.0247). The mean ±SD 
time from conversion to the first tacrolimus trough blood concentration was 30.8±42.8 days; 24.8±45.4 days 
(early) and 37.5±38.7 days (late). Only one patient required an additional visit due to conversion. Reasons for 
conversion included the physician’s preference (56.3%), center practice (38.6%), and the dosing frequency 
(36.0%). Conversion was associated with a low rate of graft rejection, and no new safety issues were reported.

	 Conclusions:	 Conversion of liver transplant recipients from immediate-release to prolonged-release tacrolimus within three 
to 12 months of transplantation was easy to manage and associated with favorable clinical outcomes and 
safety profiles.
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Background

In the past two decades, improvements in immunosuppressive 
regimens, and other advances in liver transplantation, have re-
sulted in six-month graft survival rates of more than 90% [1]. 
Tacrolimus, a calcineurin inhibitor, is given to more than 90% 
of liver transplant recipients immediately following transplant 
surgery, as part of an immunosuppressive regimen in combi-
nation with corticosteroids and anti-proliferatives (e.g. myco-
phenolate mofetil or mycophenolic acid) [1,2]. Poor adherence 
to immunosuppressive therapy is a significant issue following 
transplantation and can contribute to graft failure [3]. Several 
studies have shown that reducing the frequency of dosing of 
immunosuppressive therapy has a positive impact on treat-
ment adherence in transplant patients [4–6].

Once-daily, prolonged-release tacrolimus has been available 
since 2007, for the prevention of graft rejection in adults who 
have had kidney or liver transplants and for the treatment of 
allograft rejection in adult transplant recipients resistant to ther-
apy with other immunosuppressive drugs. The primary benefit 
of the prolonged-release formulation is improved patient ad-
herence with once-daily dosing [7–9], which has been shown 
in observational and randomized controlled trials [10–13]. 
Furthermore, the findings from several studies that have in-
cluded hundreds of liver transplant recipients who have con-
verted from immediate-release to prolonged-release tacroli-
mus have shown comparable safety and efficacy between the 
two formulations [9,13,14].

The safety and efficacy of both immediate-release and 
prolonged-release tacrolimus formulations are now well estab-
lished. In clinical practice, immediate-release tacrolimus remains 
a popular therapeutic option in the immediate post-transplant 
phase, followed by conversion to the prolonged-release formu-
lation. Currently, there is a lack of practical recommendations 
regarding the initiation of prolonged-release tacrolimus in liver 
transplant recipients [9], including the optimal timing of con-
version from the immediate-release to the prolonged-release 
formulation. Furthermore, the basis for the clinical decision 
regarding the choice of formulation and when to convert re-
mains poorly described in the literature. The use of both for-
mulations of tacrolimus varies widely according to local prefer-
ences, and individual circumstances, and previously published 
studies have rarely described conversion earlier than six months 
following liver transplantation.

Therefore, the aim of this study was to characterise real-world 
practice data on conversion of liver transplant recipients from 
immediate- to prolonged-release tacrolimus in France.

Material and Methods

Patients and study design

A prospective, observational, cohort study (NCT02143479) was 
undertaken in 18 centers in France that included liver transplant 
recipients who converted from twice-daily immediate-release 
tacrolimus (Prograf®, Astellas Pharma Ltd., Chertsey, UK) to 
once-daily prolonged-release tacrolimus (Advagraf®, Astellas 
Pharma Europe BV, Netherlands). The study was conducted 
in accordance with the relevant ethical standards, approved 
by the local advisory committee (CCTIRS) and was authorized 
by the French National Commission for Data Processing and 
Privacy (CNIL) (authorization No. DR-2014-136). All study par-
ticipants provided informed consent and were free to with-
draw from the study at any stage.

Stable liver transplant recipients (³18 years) who had under-
gone transplantation in the preceding 12 months, were eligi-
ble for inclusion in the study if their physician had decided to 
convert them from immediate-release to prolonged-release ta-
crolimus according to the usual medical practice at a previously 
scheduled appointment. The only exclusion criterion was con-
comitant participation in any other international clinical study.

Treatment

Conversion from twice-daily immediate-release to once-daily 
prolonged-release tacrolimus was undertaken either within the 
first three months post-transplantation (the early conversion 
group) or between three and 12 months (the late conversion 
group). The individual tacrolimus dosing regimen and care of 
the patient during the conversion were left to the discretion 
of the treating physician.

Conversion from immediate-release to prolonged-release ta-
crolimus took place at the initial baseline clinic visit, and the 
study data were gathered during routine follow-up visits at 
six months and 12 months post-conversion. Detailed dosing 
and treatment information was collected, as well as the time 
to the first measurement of tacrolimus trough blood concen-
tration (C0) and the number of additional visits due to conver-
sion. Reasons for conversion, complications, biopsy-confirmed 
acute rejection (BCAR), graft and patient survival rates, and 
emerging comorbidities were also recorded.

Endpoints

The primary endpoint was an evaluation of the modalities 
of conversion, using the following: the dose ratio of conver-
sion from immediate-release to prolonged-release tacrolimus, 
expressed as =1, <1, or >1; the time to first determination of 
the tacrolimus trough blood concentration (C0) after conversion; 
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and the number of additional visits due to conversion (if any). 
The secondary endpoints included reasons for conversion, qual-
ity of life, patient adherence to treatment, complication rate, 
concomitant comorbidities and treatment, and drug safety 
and tolerability.

For patients in the late group only, quality of life was re-
corded at baseline and one-year post-conversion using the 
EQ-5D-5L questionnaire, which has been previously validated 
in patients with chronic hepatic disorders [15]. Adherence to 
treatment in the late group was measured using the 8-item 
Morisky Medication Adherence Scale (MMAS-8) [16], where 
scores of 8, 6–7, and <6 indicated full, moderate, and low ad-
herence, respectively.

Details of adverse events (AEs) and severe adverse events 
(SAEs) that occurred at any time during treatment with 
prolonged-release tacrolimus were recorded, and the treating 
physician assigned their relationship to treatment.

Statistical analysis

The target enrollment was 400 liver transplant recipients, based 
on the number of participating sites and the annual rate of 
liver transplantation in France at the time of initiation of the 
study [17]. This sample size was determined to allow data de-
scription at a precision of 5% and a confidence interval (CI) of 
95%. The baseline data and all safety analyses were based on 
the full population. All other analyses were based on the per-
protocol population (PPS), which included all enrolled patients 
who complied with the inclusion and exclusion criteria, with no 
significant deviations. Qualitative data were compared using 
Pearson’s chi-squared test or Fisher’s exact test. Quantitative 
data were compared using Student’s t-test or Wilcoxon test. 
Statistical analysis was performed using SAS™ software, ver-
sion 9.3 or above (SAS Institute, NC, Cary, USA). There was no 
input for missing data.

Results

Patient characteristics

Overall, 398 liver transplant recipients were screened by 30 
physicians in 18 centers between June 2014 and March 2016. 
Nine recipients were ineligible for enrollment (due to unmet 
inclusion criteria or missing data). The per-protocol population 
(PPS) comprised 389 patients, of whom 205 underwent early 
conversion and 184 late conversion, between three months 
and 12 months (Figure 1). During follow-up, 23 liver transplant 
recipients (12 early conversions, and 11 late conversions) with-
drew from the study. The mean ±SD time between inclusion 
and withdrawal was 4.81±3.48 months.

Baseline characteristics were similar between early and late 
conversion groups (Table 1). The mean ±SD age of all liver trans-
plant recipients at conversion was 54.88±11.0 years. The ma-
jority of liver transplant patients were Caucasian (90.4%) and 
male (76.9%). The most common indications for liver trans-
plant were alcoholic cirrhosis (58.4%) and hepatocellular car-
cinoma (HCC) (42.9%) (Table 1).

The mean ±SD time between liver transplant and conver-
sion was 40.27±24.48 days in the early conversion group, and 
188.92±75.88 days in the late conversion group. Additional base-
line demographics and clinical characteristics are shown in Table 1. 
The mean ±SD total follow-up duration was 11.81±2.34 months.

Conversion from twice-daily immediate-release to once-
daily prolonged-release tacrolimus

The overall mean ±SD ratio of conversion of the tacrolimus dose 
was 1.04±0.28; 1.01±0.28 in the early conversion group and 
1.08±0.28 in the late conversion group (p=0.0247) (Table 2). 
In the early conversion group, 39.7% of liver transplant pa-
tients had a dose conversion ratio of 1, with a rate of 58.5% 
in the late conversion group.

Overall, the mean ±SD tacrolimus dose at conversion was 
6.07±3.3 mg/day, with significantly higher doses recorded in the 
early conversion group (6.93±3.4 mg/day) compared with the 
late conversion group (5.11±3.0 mg/day) (p<0.0001). The mean 
±SD time from conversion to the first tacrolimus trough blood 
concentration measurement was 30.8±42.8 days; 24.8±45.4 
days in the early conversion group and 37.5±38.7 days in the 
late conversion group. Only one patient required an additional 
visit as a result of conversion, which occurred in a patient in 
the late conversion group at 17 days post-conversion.

Reasons for conversion

The main reasons for conversion from immediate-release to 
prolonged-release tacrolimus included the physician’s decision 
in 56.3% of all cases; 44.9% in the early conversion group and 
69.0% in the late conversion group. The next reason for conver-
sion was according to the standard clinical practice of the cen-
ter in 38.6%; 45.9% in the early conversion group and 30.4% in 
the late conversion group. The final reason was the number of 
treatment doses required in 36.0%; 27.3% in the early conver-
sion group and 47.5% in the late conversion group (Figure 2).

Quality of life and adherence to treatment

Compared with baseline, the quality of life in the late conver-
sion group improved at one-year post-conversion for all five 
EQ-5D-5L dimensions, particularly mobility and usual activities, 
from 41.4% to 25.2%, and from 42.6% to 28.6%, respectively. 
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Health status, defined as the proportion of recipients expe-
riencing problems with at least one of the five EQ-5D-5L di-
mensions, decreased from 74.6% to 62.0% during the year 
following conversion in the late conversion group (Figure 3).

The mean ±SD adherence score in the late conversion group 
was 7.48±0.78 at conversion with immediate-release tacrolimus 
and 7.51±0.91 at one year following conversion (Figure 4). More 
liver transplant recipients recorded full adherence (score=8) 
with prolonged-release tacrolimus at one year than at base-
line (70% compared with 61%, respectively). However, the pro-
portion of liver transplant recipients with moderate adherence 
(score 6–8) decreased from conversion to one-year follow-up 
(34% compared with 25%, respectively).

Patient survival, complications, and comorbidities

Overall, at one-year post-conversion, 4.7% of patients had re-
nal failure (Table 3); 4.2% in the early conversion group and 
5.4% in the late conversion group. Seven (1.9%) new cases of 
diabetes were recorded, and dyslipidemia occurred in six pa-
tients (1.7%). Non-hepatocellular carcinoma (HCC) occurred in 
six patients (1.7%), and six patients (1.7%) experienced recur-
rence of their initial disease. Eleven patients (3.1%) developed 
arterial hypertension as an emergent comorbidity, which was 
higher in the late conversion group (5.4%) compared with the 
early conversion group (1%) (Table 3), indicating that the inci-
dence of arterial hypertension increases with time.

Selected population
N=400

PPS population
N=389

(97.7% of enrolled population)

Early conversion
N=205

(98.1% of early conversion group
of enrolled population)

Late conversion
N=184

(99.5% of late conversion group
of enrolled population)

Follow-up visit at 6 months
N=196

(93.8% of early conversion group
of enrolled population)

Follow-up visit at 6 months
N=181

(97.8% of late conversion group
of enrolled population)

Follow-up visit at 1 year
N=193

(92.3% of early conversion group
of enrolled population)

Follow-up visit at 1 year
N=173

(93.5% of late conversion group
of enrolled population)

Patient with a liver transplant performed
>12 months (+1 month)
Patient participating in an interventional
clinical trial at the time of enrollment
Start of Advagraf is missing
Start of Advagraf more than 7 days
after inclusion
Start of Advagraf more than 7 days
before inclusion
Only data in Prograf

N=2

N=2
N=4

N=2

N=2
N=1

N=9**

Excluded (N=12)
Patient moved or changed medical
team to monitor post-transplant (n=8)
Lost to follow-up (n=2)
Death (n=2)

Excluded (N=11)
Lost to follow-up (n=3)
Death (n=7)
No reasons speci�ed (n=1)

Entered by mistake
Duplicate patient

N=1
N=1

N=2
Enrolled population

N=398
Early conversion
Late conversion
Unknown group*

N=209
N=185
N=4

Figure 1. �Flowchart of the study population. 
* Patients without recorded dates of transplantation and conversion. ** Several possible modalities. PPS – per-protocol 
population.
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At six months post-conversion, there were six (1.6%) biopsy-
confirmed acute rejection (BCAR) episodes in patients treated 
with prolonged-release tacrolimus, including 2/196 (1.0%) in the 
early conversion group and 4/181 (2.2%) in the late conversion 
group. The mean ±SD time from conversion to first BCAR was 

93.0±57.1 days; 90.0±19.8 days in the early conversion group and 
94.5±72.8 days in the late conversion group. Between six months 
and 12 months post-conversion, eight BCAR episodes (2.2%) 
occurred under treatment with prolonged-release tacrolimus; 
7/193 (3.6%) in the early conversion group and 1/173 (0.6%) in 

Early conversion
(N=205)

Late conversion
(N=184)

Total
(N=389)

Age, years (SD) 	 54.2	 (11.3) 	 55.6	 (10.6) 	 54.9	 (11.0)

Gender, n male (%) 	 154	 (75.1) 	 145	 (78.8) 	 299	 (76.9)

Ethnic origin, n (%)

	 Caucasian 	 174	 (85.7) 	 175	 (95.6) 	 349	 (90.4)

	 African 	 18	 (8.9) 	 5	 (2.7) 	 23	 (6.0)

	 Asian 	 1	 (0.5) 	 1	 (0.5) 	 2	 (0.5)

	 Other 	 10	 (4.9) 	 2	 (1.1) 	 12	 (3.1)

BMI, kg/m2 (SD) 	 24.9	 (4.9) 	 24.7	 (4.5) 	 24.8	 (4.7)

Indications for liver transplant, n (%)

	 Cancer (HCC) 	 88	 (42.9) 	 79	 (42.9) 	 167	 (42.9)

	 Viral cirrhosis (HCV) 	 47	 (22.9) 	 38	 (20.7) 	 85	 (21.9)

	 Viral cirrhosis (HBV) 	 21	 (10.2) 	 17	 (9.2) 	 38	 (9.8)

	 Alcoholic cirrhosis 	 110	 (53.7) 	 117	 (63.6) 	 227	 (58.4)

	 Repeat transplantation 	 9	 (4.4) 	 7	 (3.8) 	 16	 (4.1)

	 Cholestatic disease 	 19	 (9.3) 	 15	 (8.2) 	 34	 (8.7)

	 Fulminating hepatitis 	 7	 (3.4) 	 5	 (2.7) 	 12	 (3.1)

	 Dysmetabolic cirrhosis 	 29	 (14.1) 	 34	 (18.5) 	 63	 (16.2)

	 Other 	 22	 (10.7) 	 18	 (9.8) 	 40	 (10.3)

Comorbidities, n (%)

	 Diabetes 	 80	 (39.0) 	 66	 (35.9) 	 146	 (37.5)

	 Dyslipidemia 	 15	 (7.3) 	 19	 (10.3) 	 34	 (8.7)

	 Arterial hypertension 	 106	 (51.7) 	 81	 (44.0) 	 187	 (48.1)

	 Cancer (other than HCC) 	 1	 (0.5) 	 2	 (1.1) 	 3	 (0.8)

	 Other 	 28	 (13.7) 	 40	 (21.7) 	 68	 (17.5)

Time since liver transplant (days) 	 40.3	 (24.5) 	 188.9	 (75.9) 	 110.6	 (92.5)

Graft complications between liver transplant and 
conversion, n (%) 

	 Acute graft rejection 	 9	 (4.4) 	 10	 (5.4) 	 19	 (4.9)

	 BCAR 	 8	 (3.9) 	 8	 (4.3) 	 16	 (4.1)

Table 1. Demographic characteristics of liver transplant recipients at baseline.

BP – blood pressure; BCAR – biopsy proven acute rejection; BMI – body mass index; HBV – hepatitis B virus; HCC – hepatocellular 
carcinoma; HCV – hepatitis C virus; SD – standard deviation.
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the late conversion group. The mean ±SD time from conversion 
to late-onset BCAR (between six and 12 months) was 287.1±70.9 
days; 302.4±60.6 days in the early conversion group and 180 
days for one patient in the late conversion group. At one-year 
post-conversion, 12/389 (3.1%) of all liver transplant recipi-
ents had BCAR; 8/205 (3.9%) in the early conversion group and 
4/184 (2.2%) in the late conversion group. The mean ±SD time 
between conversion and the first BCAR was 6.54±4.12 months, 
with no difference between the two groups (p=0.3307).

No graft loss occurred in the late conversion group. Two indi-
viduals in the early conversion group suffered graft loss, at 8.5 
months and 8.3 months following liver transplantation, respec-
tively, which was 8.2 and 6.0 months, respectively since con-
version to prolonged-release tacrolimus. Reasons for graft loss 
were bile duct stenosis and chronic hepatic rejection (Table 3), 

Early conversion 
(N=205)

Late conversion 
(N=184)

Total 
(N=389)

P value

Conversion ratio, mean (±SD) 	 1.01	 (0.28) 	 1.08	 (0.28) 	 1.04	 (0.28) 0.0247*

Proportion of subjects, n (%)

	 Ratio <1 	 66	 (32.4) 	 23	 (12.6) 	 89	 (23.0)

<.0001**	 Ratio =1 	 81	 (39.7) 	 107	 (58.5) 	 188	 (48.6)

	 Ratio >1 	 57	 (27.9) 	 53	 (29.0) 	 110	 (28.4)

Conversion ratio, mean (±SD)

	 Ratio <1 	 0.76	 (0.13) 	 0.76	 (0.13) 	 0.76	 (0.13) 0.8696*

	 Ratio >1 	 1.32	 (0.31) 	 1.37	 (0.35) 	 1.35	 (0.33) 0.4780*

Tacrolimus dose at conversion, mg/day, 
mean (±SD)

	 6.9	 (3.0) 	 5.11	 (3.0) 	 6.1	 (3.3) <0.0001#

Additional visits due to conversion, n (%) 	 0	 (0.0) 	 1	 (0.5%) 	 1	 (0.3%)

Table 2. �Dose conversion ratio and conversion-related additional visits between pre-conversion immediate-release tacrolimus and 
post-conversion prolonged-release tacrolimus dose in liver transplant recipients.

Conversion ratios of the tacrolimus dose are shown. * Student t-test; ** chi-square test, # Wilcoxon test. SD – standard deviation.
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but neither were considered related to tacrolimus. Overall one-
year survival in liver transplant recipients following conversion 
was 97.7% (Table 3). Nine liver transplant recipients (2.3%) died 
during the study, two (1.0%) in the early conversion group, and 
seven (3.8%) in the late conversion group (Table 3). Contributing 
factors included, but were not limited to, acute kidney injury, 
veno-occlusive disease, lymphoproliferative disorder, endocarditis, 
cerebrovascular accident (CVA), hemorrhagic shock, multiple or-
gan dysfunction, and sepsis. The overall mean ±SD time between 
liver transplant and death was 9.78±2.90 months; 11.32±1.42 
months in the early conversion group and 9.34±3.14 months 
in the late conversion group; p=0.3055). The overall mean ±SD 
time between conversion and death was 5.73±3.44 months; 
10.43±0.86 months in the early conversion group and 4.38±2.49 
months in the late conversion group (p=0.0570). One death, due 
to sepsis, was considered to be related to tacrolimus. Overall, 
infections and infestations was the class of AE most commonly 
associated with death and was recorded in 4/9 cases (44%).

Immunosuppressive treatment regimens

At baseline, the combination of prolonged-release tacrolimus 
with mycophenolic acid (with or without corticosteroids) was 
the most commonly initiated immunosuppressive regimen 
for the liver transplant recipients who underwent conversion. 
This immunosuppression regimen was used in 86.7% of pa-
tients; 94.1% in the early conversion group and 78.6% in the 
late conversion group (Figure 5). Overall, this treatment regi-
men was the most commonly used at six months, in 77.5% of 

recipients; 80.4% in the early conversion group and 74.4% in 
the late conversion group. Also, this treatment regimen was 
the most commonly used at one-year, in 78.7% of recipients; 
82.4% in the early conversion group and 74.7% in the late 
conversion group. The proportion of liver transplant recipients 
receiving prolonged-release tacrolimus as a monotherapy in-
creased over time from 3.1% at conversion to 7.6% at one-year 
post-conversion and was less common in the early compared 
with the late conversion group (3.2% compared with 12.4%). 
The mammalian target of rapamycin (mTOR) inhibitors, siroli-
mus, and everolimus, were used by 0.8% patients at baseline, 
which increased to 4.5% at one-year post-conversion.

During the first six months following conversion, 64.7% of pa-
tients had no change to their prolonged-release tacrolimus ther-
apy; 66.8% in the early conversion group and 62.4% in the late 
conversion group. Between six months and one year, 87.9% of 
patients had no modification of their prolonged-release tacro-
limus dosing; 91.7% in the early conversion group and 83.7% 
in the late conversion group. The most common change was 
dose modification, which was required in 32.6% of patients 
from conversion to six months; 30.6% in the early conversion 
group and 34.8% in the late conversion group. Dose modifi-
cation was required in 11.3% of patients from six months to 
one year; 7.8% in the early conversion group and 15.1% in the 
late conversion group. In total, 42.9% of patients required dose 
modification of prolonged-release tacrolimus one year after con-
version, and 54.1% had no modification. Ten patients during 
the first six months post-conversion and three patients during 
the following six months discontinued prolonged-release ta-
crolimus. Six of these patients returned to immediate-release 
tacrolimus, mainly due to tolerance issues and C0 adjustment.

The two add-on therapies for which doses were modified most 
frequently during the first 6 months were mycophenolate 
mofetil and corticosteroids. Mycophenolate mofetil was modi-
fied in 14.9% of patients; 20.4% in the early conversion group 
and 8.8% in the late conversion group. Corticosteroids were 
modified in 21.0% of patients; 31.1% in the early conversion 
group and 9.9% in the late conversion group. Discontinuation 
of treatment occurred most commonly with corticosteroids 
during the first six months in 28.9% of patients; 36.2% in the 
early conversion group and 21.0% in the late conversion group. 
In the following six months, 2.7% of patients discontinued cor-
ticosteroid treatment; 4.2% in the early conversion group and 
1.2% in the late conversion group.

Safety and tolerability

Between baseline and one-year post-conversion, 65.6% of pa-
tients reported at least one adverse event (AE), and 28.1% re-
ported at least one serious adverse event (SAE). A total of 739 
AEs were recorded, which were similarly distributed between 
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Figure 4. �Adherence of liver transplant recipients to immediate-
release and prolonged-release tacrolimus. Adherence 
to immediate-release tacrolimus at conversion and to 
prolonged-release tacrolimus at one-year follow-up; 
late conversion group only. Adherence was measured 
using MMAS-8; the maximum score of 8 indicated 
high adherence, scores of 6–8 indicated moderate 
adherence, and <6 indicated low adherence. N=184. 
IR-T – immediate-release tacrolimus; MMAS-8 – 8-item 
Morisky medication adherence scale PR-T – prolonged-
release tacrolimus.
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the early conversion group, with 390 AEs, and the late conver-
sion group, with 349 AEs. The most common AEs were infec-
tions and infestations (16.3%), together with urinary and renal 
disorders (14.6%).

AEs and SAEs considered to be associated with tacrolimus ther-
apy, were reported in 15.6% and 3.0% of patients, respectively. 
The proportion of AEs associated with tacrolimus therapy was 
lower in the early conversion group (12.4%) compared with the 
late conversion group (19.5%). Twelve patients (3.0%) recorded 
19 tacrolimus-related SAEs, including one death due to sepsis.

Early conversion 
(N=205)

Late conversion 
(N=184)

Total 
(N=389)

P value

Survival at 1-year, n (%) 	 203	 (99.0) 	 177	 (96.2) 	 380	 (99.7) 0.0909*

	 Death at 1-year, n (%) 	 2	 (1.0) 	 7	 (3.8) 	 9	 (2.3) 0.0909*

	� Time between transplantation and 
death, months (SD)

	 11.3	 (1.4) 	 9.34	 (3.1) 	 9.78	 (2.9) 0.3055**

	� Time between conversion and death, 
months (SD)

	 10.43	 (0.9) 	 4.38	 (2.5) 	 5.73	 (3.4) 0.0570**

Graft complications, n (%) 205 184 389

	 Graft loss 	 2	 (1.0) 	 0	 (0) 	 2	 (0.5) 0.3249#

	 BCAR 	 8	 (3.9) 	 4	 (2.2) 	 12	 (3.1) 0.0508**

	� Time between conversion and first 
BCAR, months (SD)

	 8.26	 (3.76) 	 3.10	 (2.39) 	 6.54	 (4.12)

Complications, n (%)

	 n 192 172 364

	 Renal failure 	 8	 (4.2) 	 9	 (5.2) 	 17	 (4.7)

	 Diabetes 	 2	 (1.0) 	 5	 (2.9) 	 7	 (1.9)

	 Dyslipidemia 	 3	 (1.6) 	 3	 (1.7) 	 6	 (1.6)

	 Arterial hypertension 	 2	 (1.0) 	 9	 (5.2) 	 11	 (3.0)

	 Cancer (other than HCC) 	 1	 (0.5) 	 5	 (2.9) 	 6	 (1.6)

	 Initial disease recurrence 	 3	 (1.6) 	 3	 (1.7) 	 6	 (1.6)

	 Other 	 47	 (24.5) 	 45	 (26.2) 	 92	 (25.3)

Laboratory data, mean (±SD)

	 n 183 165 348

	 Blood creatinine (μmol/l) 	 96.8	 (56.9) 	 106.0	 (34.4) 	 101.3	 (47.5)

	 Alkaline phosphatase (UI/l) 	 119.2	 (78.3) 	 113.3	 (120.0) 	 116.2	 (101.3)

	 AST (UI/l) 	 98.8	 (933.5) 	 26.2	 (32.2) 	 63.8	 (672.1)

	 ALT (UI/l) 	 56.9	 (331.6) 	 30.9	 (50.2) 	 44.3	 (241.2)

	 GammaGT (UI/l) 	 95.7	 (206.1) 	 83.0	 (189.0) 	 89.5	 (197.8)

	 Total bilirubin (μmol/l) 	 12.0	 (13.9) 	 11.0	 (6.1) 	 11.5	 (10.8)

	 Fasting blood glucose (mmol/l) 	 6.3	 (1.9) 	 7.1	 (5.8) 	 6.7	 (4.3)

Table 3. Outcomes in liver transplant recipients including newly presenting complications and comorbidities at 1-year post-conversion.

Data represents new cases of complications and comorbidities since conversion. N numbers vary due to occasional missing data. 
* Fisher’s exact test; ** Wilcoxon test; # Chi-Square. ALT – alanine aminotransferase; AST – aspartate aminotransferase; 
BCAR – biopsy-confirmed acute rejection; GT – glutamyl transferase; HCC – Hepatocellular carcinoma; SD – standard deviation.
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Discussion

Despite excellent clinical outcomes in the majority of liver trans-
plant recipients, a minority experience graft rejection during 
the first year post-transplantation [1]. Liver transplant rejection 
may be due to an insufficient or variable dose of immunosup-
pressant drugs or from non-adherence to therapy [18–20]. This 
real-world clinical study investigated data from 18 liver trans-
plant centers in France on early and late conversion from im-
mediate-release to prolonged-release tacrolimus. Demographic 
data analysis showed that the mean age of the patients stud-
ied was 54.9 years and that more than 90% of the patients 
were Caucasian, which was representative of the liver trans-
plant patient population in France [17].

Previous studies have reported good clinical outcomes follow-
ing the use of prolonged-release tacrolimus when treatment 
begins both immediately post-transplantation and following 
conversion from immediate-release formulations [14,21,22]. 
Stable hepatic and renal function has been reported in a pre-
vious study conducted in France, in which 394 liver transplant 
recipients were converted to prolonged-release tacrolimus six 
years after transplantation [23]. There was no change in the 
incidence of hypertension or dyslipidemia and only a slight in-
crease in the incidence of diabetes [23]. Also, a two-year fol-
low-up study of patients who converted to prolonged-release 
tacrolimus at least six months after liver transplantation re-
ported high rates of patient survival and graft survival [14]. 
Analysis of the European Liver Transplant Registry showed 

reduced graft rejection and reduced patient mortality when 
liver transplant recipients were treated with prolonged-release 
compared with immediate-release tacrolimus [21].

The timing of treatment conversion in previous studies typi-
cally ranged from six months to several years post-transplan-
tation [23], but there have been few studies on outcomes fol-
lowing conversion in the medium term, between three and 12 
months [9]. This observational, real-world study was under-
taken on a population of liver transplant recipients in France, 
who converted from immediate-release to prolonged-release ta-
crolimus, primarily as a result of routine clinical practice, either 
early, up to three months, or late, between three months and 
12 months, after liver transplantation. Following conversion, 
adherence tended to be higher at 1 year when patients were 
receiving prolonged-release tacrolimus, compared with base-
line when patients were taking immediate-release tacrolimus.

The overall dose conversion ratio was 1.04, which is consis-
tent with the recommended 1:1 ratio in the manufacturer’s 
guidelines for tacrolimus [24]. The dose conversion ratio in this 
study was slightly different from that recommended, as the 
real-world observational nature of the study meant that phy-
sicians were free to adjust tacrolimus doses according to the 
needs of the patient. Only one patient in the late conversion 
group required an additional visit as a result of the conversion, 
which indicated the ease with which conversion was achieved. 
Tacrolimus has a narrow therapeutic window, and careful dos-
ing is required to achieve a maximal immunosuppressive effect 
with minimal drug-related adverse events (AEs) [12]. A pre-
vious study reported a significant dip in the mean tacrolimus 
trough concentrations (C0) in the first two weeks following con-
version from twice-daily to once-daily formulations, requiring 
stabilization by dose adjustment [10].

Furthermore, in a randomized trial that compared the phar-
macokinetics of tacrolimus in de novo liver transplant patients, 
the mean area under the curve (AUC) between 0 to 24 hours 
for tacrolimus on treatment Day 1 was approximately 50% 
lower for prolonged-release versus immediate-release tacro-
limus, but was comparable by Day 14 [25]. Therefore, the pro-
longed time to the first determination of the tacrolimus trough 
blood level (C0) was relatively unexpected, at 24.8±45.4 days 
after early conversion, and 37.5±38.7 days after late conver-
sion (p=0.041). It is important to note that a low number of C0 
measurements were reported in the present study, resulting 
in insufficient data to accurately describe the degree of ex-
posure of patients to prolonged-release tacrolimus. The data 
relating to the first determination of the C0 were considered 
unreliable, especially for intrapatient variability and steady-
state assessments. Therefore, these data were not presented.
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Figure 5. �Change in immunosuppressive regimens in liver 
transplant recipients. Therapy combinations in liver 
transplant recipients in early and late conversion 
groups at conversion and at one-year follow up. 
MPA – mycophenolic acid; mTOR – mammalian 
target of rapamycin.
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However, consistent with previously published reports, more 
than half (57.1%) of patients in this study did not require 
dose adjustment of their prolonged-release tacrolimus dose 
over the course of the study [10,14]. Other studies have sug-
gested that higher doses are needed to achieve target tacro-
limus concentrations after early conversion, within less than 
one month following liver transplant, compared with late con-
version following liver transplant [22]. Similarly, in the pres-
ent study, the mean dose was significantly higher in the early 
conversion group (6.93±3.36 mg/day) compared with the late 
conversion group (5.11±3.00 mg/day) (p<0.0001).

Only minor changes to immunosuppressive regimens were 
needed during the one-year post-conversion period, indicating 
that emerging treatment-related complications and AEs were 
manageable and did not require a change of therapy. Ideally, 
due to potential AEs, corticosteroid therapy should be rap-
idly tapered and maintained in the immunosuppression reg-
imen for at least the first three to six months following liver 
transplantation [2]. In this study in real-world clinical prac-
tice, a significant proportion of liver transplant recipients re-
mained on corticosteroids up to a year following liver trans-
plantation. This finding was consistent with data from the USA 
in which 58% of liver transplant recipients remained on cor-
ticosteroids as part of their immunosuppressive regimen at 
one-year post-transplant [1].

Adherence to immunosuppressive therapy is essential following 
liver transplantation to reduce the risk of acute episodes of re-
jection [19]. Non-adherence with anti-rejection medication has 
been associated with the increased complexity of dosing regi-
mens [26], including dosing frequency [27]. In the present study, 
there was a trend towards improved adherence following the 
conversion from twice-daily immediate-release to once-daily 
prolonged-release tacrolimus. Using the MMAS-8 [16], 69.7% 
of patients achieved full adherence, with an MMAS-8 score 
of 8/8, at one-year after conversion, compared with 61.0% at 
conversion. This finding was consistent with previous studies 
that reported statistically significant improvements in adher-
ence following conversion from twice-daily to once-daily tacro-
limus formulations [11]. However, it is important to note that 
high levels of adherence at baseline may have explained the 
lack of a more substantial improvement in the present study. 
Also, while improvement in patient’s quality of life was also ob-
served, the high quality of life at baseline may have explained 
the lack of a more significant improvement.

The efficacy and safety of tacrolimus following conversion from 
immediate-release to prolonged-release formulations were 
confirmed up to 12 months post-transplantation. Clinical out-
comes were good, with overall patient survival of 97.7% and 
graft survival of 99.5%. These values are similar to those de-
scribed by Beckebaum et al., who reported 96% patient and 

graft survival at one year after the conversion to prolonged-
release tacrolimus [10]. In the present study, neither of the re-
ported graft losses were considered to be related to tacrolimus. 
Of the nine deaths reported, just one was considered to be 
related to tacrolimus, which was a case of sepsis. At one-year 
post-conversion, biopsy-confirmed acute rejection (BCAR) was 
recorded in only 3.1% of patients, including 3.9% in the early 
conversion group and 2.2% in the late conversion group. There 
were no new safety signals, and the most commonly recorded 
drug-related AEs were consistent with previous studies [9].

This observational study had several limitations. The limited 
available data on the tacrolimus trough concentration (C0), 
prevented the reliable analysis of this outcome. The time be-
tween conversion and the first determination of C0 was around 
30 days for the whole population, which meant that the anal-
ysis of tacrolimus blood trough levels in the early post-con-
version phase was not possible. Rather than giving an accu-
rate representation of when C0 measurement was performed, 
we speculate that this may be due to incomplete recording of 
earlier C0 measurements. For patients in the early conversion 
group, within three months of transplantation, it is unrealis-
tic that the first attempt to measure C0 would have occurred 
as late as suggested by the study records. Incomplete record-
ing of C0 also affected the ability to investigate intrapatient 
variability, which could not be analyzed. However, the aim of 
this study was to investigate the conversion of patients from 
immediate-release to prolonged-release tacrolimus in a real-
world clinical setting. Early post-conversion trough levels of ta-
crolimus have been reported in previous studies [10,28], there-
fore, despite its observational nature, the real-world findings 
of the study complement the results obtained from previous 
randomized controlled trials.

Conclusions

This study describes the real-world practicalities of converting 
liver transplant recipients from immediate- to prolonged-release 
tacrolimus within 3–12 months of transplantation in France. 
Favourable clinical outcomes and safety profiles were ob-
served, suggesting that medium-term conversion to once-daily 
tacrolimus is an appropriate option for liver transplant re-
cipients in preventing transplant rejection. Conversion from 
immediate-release to prolonged-release tacrolimus was per-
formed with a dose ratio of 1. In most cases, the initial de-
cision to convert was taken by the physician or according to 
the local clinical practice of the transplant center. Most impor-
tantly, tacrolimus conversion was associated with a very low 
number of additional clinical visits and a low rate of graft re-
jection. No new safety signals were detected with the switch 
to prolonged-release tacrolimus.
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