
ORIGINAL RESEARCH

Pharmacokinetics of Prolonged-Release Once-Daily
Formulations of Tacrolimus in De Novo Kidney
Transplant Recipients: A Randomized, Parallel-Group,
Open-Label, Multicenter Study

Nassim Kamar . Elisabeth Cassuto . Giovanni Piotti . Mirco Govoni . Giorgia Ciurlia .

Silvia Geraci . Gianluigi Poli . Gabriele Nicolini . Christophe Mariat . Marie Essig .

Paolo Malvezzi . Yannick Le Meur . Valerie Garrigue . Arnaud Del Bello . Lionel Rostaing

Received: October 1, 2018 / Published online: December 14, 2018
� The Author(s) 2018

ABSTRACT

Introduction: Different prolonged-release for-
mulations of tacrolimus are available. To date,
the pharmacokinetic (PK) profile of LCP-tacro-
limus (LCPT; Envarsus�) has not been compared
with PR-Tac (Advagraf�) in de novo kidney

transplant recipients. These profiles will guide
clinical recommendations for the initiation and
dose titration strategies of once-daily tacrolimus
formulations.
Methods: This randomized, parallel-group,
open-label, multicenter PK study randomized
75 de novo, adult, white kidney transplant
recipients to LCPT 0.17 mg/kg/day (n = 37) or
PR-Tac 0.20 mg/kg/day (n = 38) for 4 weeks.
Dose adjustments were permitted to target a
pre-defined therapeutic range based on mea-
sured trough blood concentrations.
Results: PK analysis (days 1, 3, 7 and 14)
included 68 patients (LCPT, n = 33; PR-Tac,
n = 35). Similar proportions of patients were

Enhanced digital features To view enhanced digital
features for this article go to: https://doi.org/10.6084/
m9.figshare.7392524.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s12325-
018-0855-1) contains supplementary material, which is
available to authorized users.

N. Kamar � A. Del Bello
Departments of Nephrology and Organ
Transplantation, CHU Rangueil, INSERM U1043,
IFR-BMT, Université Paul Sabatier, Toulouse, France

E. Cassuto
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within the pre-defined therapeutic tacrolimus
trough blood concentration range, with\ 12%
in each group having below-target trough levels
over the study period. LCPT demon-
strated * 30% greater relative bioavailability
[LCPT/PR-Tac adjusted geometric mean ratio:
day 3, 1.32 (p = 0.007); day 7, 1.25 (p = 0.051);
day 14, 1.43 (p = 0.002)] and * 30% lower
peak-to-trough percentage fluctuation of blood
concentration [LCPT/PR-Tac adjusted geometric
mean ratio: day 3, 0.70 (p\0.001); day 7, 0.68
(p\ 0.001); day 14, 0.73 (p = 0.004)] in addition
to longer time to maximum blood concentra-
tion (tmax), lower maximum concentration
(Cmax) and a consistently lower daily dose
(* 40% dose reduction with LCPT vs. PR-Tac by
day 28). Safety profiles were similar.
Conclusion: In de novo kidney transplant
recipients, prolonged-release formulations of
tacrolimus can reach therapeutic concentra-
tions in the immediate post-transplant period.
LCPT has greater relative bioavailability and
lower peak-to-trough fluctuation compared
with PR-Tac.
Trial registration: Registered at ClinicalTrials.-
gov; study number NCT02500212.
Funding: Chiesi Farmaceutici S.p.A.

Keywords: Advagraf; Denovo kidney transplan-
tation; Envarsus; LCPT; Pharmacokinetics; PR
Tac; Tacrolimus

INTRODUCTION

Tacrolimus is a potent calcineurin inhibitor
used in almost all kidney transplant recipients
[1] because of its proven ability to prevent graft
rejection. However, the use of tacrolimus is
complicated by a narrow therapeutic index that
requires regular monitoring of the drug con-
centration in the blood to maintain therapeutic
targets and minimize toxicity [2, 3]. Both under-
and over-dosing of tacrolimus may compromise
clinical outcomes by exposing patients to either
the risks of graft rejection or adverse events
(AEs) associated with immunosuppressive ther-
apy [4]. Although tacrolimus trough levels are
currently the most widely used pharmacoki-
netic (PK) parameter in the standard

management of transplanted patients, a recent
retrospective study on 488 renal transplant
recipients showed several patient-specific fac-
tors, such as recipient’s age, BMI, hemoglobin
level and the presence of anti-HCV antibodies,
increase the sensitivity to tacrolimus, repre-
senting independent risk factors for potential
tacrolimus-related toxicity. The authors high-
light the importance of further studies to opti-
mize management of risk-loaded patients [5].

Tacrolimus is available in a twice-daily imme-
diate-release (IR-Tac; originator Prograf�, Astellas
Pharma Inc., Tokyo, Japan) and recently in two
once-daily prolonged-release formulations. PR-
Tac (Advagraf�, Astellas Pharma Inc., Tokyo,
Japan), the first prolonged-release formulation,
showed similar efficacy to IR-Tac [6]; however, in
the phase III study in de-novo renal transplanta-
tion, the rate of acute rejection was numerically
higher with PR-Tac, and PR-Tac failed to demon-
strate non-inferiority to IR-Tac at 24 weeks
(treatment difference 4.5%, 95% CI - 1.8%,
10.9% with the upper limit outside the prede-
fined 10% non-inferiority margin) [7].

LCP-tacrolimus (LCPT; Envarsus�, Chiesi
Farmaceutici S.p.A., Parma, Italy) is a new pro-
longed-release formulation of tacrolimus, indi-
cated for prophylaxis against transplant
rejection in adult kidney or liver allograft
recipients and for the treatment of allograft
rejection in adult patients who are resistant to
other immunosuppressants [8]. LCPT has been
developed using MeltDoseTM drug-delivery
technology, which enhances oral bioavailabil-
ity, controls drug release and produces a more
distal distribution of tacrolimus within the gut
[9, 10]. These features enable once-daily
administration [11–13], and data from Phase I
studies in healthy volunteers show that LCPT
increases oral bioavailability and has lower
peak-to-trough fluctuation compared with IR-
Tac and PR-Tac, demonstrating that the two
prolonged-release formulations are not bioe-
quivalent [14, 15].

Multiple factors are known to affect the
metabolism of tacrolimus, such as patient age,
gender and gene polymorphisms in proteins
involved in drug absorption and metabolism,
such as CYP3A5 [16, 17]. In the ASERTAA study,
conducted in African American kidney
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transplant recipients, the achievement of ther-
apeutic trough concentrations with IR-Tac was
associated with a 33% higher peak concentra-
tion in patients expressing the CYP3A5*1 allele
compared with non-expressers (3*/3*) [18].
With LCPT, this difference was attenuated to
11%. The authors speculated that the minor
susceptibility of LCPT to the CYP3A5 genotype
may be because LCPT is absorbed in the more
distal gastrointestinal tract where CYP3A5
activity is decreased [18]. LCPT also demon-
strated non-inferiority in clinical outcomes and
similar safety profiles to twice-daily tacrolimus
in both de novo and stable kidney transplant
patients [11–13].

Tremblay et al. published the first steady-
state, head-to-head study (ASTCOFF) comparing
the PK profiles of IR-Tac, PR-Tac and LCPT in
stable kidney transplant recipients converting
from established twice-daily tacrolimus therapy
[9]. The study reported greater relative
bioavailability, lower fluctuation and at least
30% dose reduction with LCPT versus IR-Tac
and PR-Tac [9]. While ASTCOFF provided valu-
able insights into dose conversion strategies in
stable patients, the PK profile of LCPT has not
yet been compared with PR-Tac in de novo
kidney transplant recipients. In addition, the PK
of PR-Tac in de novo kidney transplant recipi-
ents is not currently well characterized, with
discordant results among different studies [19].
The present study compared the PK profiles of
LCPT and PR-Tac to explore whether a similar
relationship also held in de novo patients and
to guide clinical recommendations for the ini-
tiation and dose titration strategies of tacroli-
mus for de novo kidney transplant recipients.

METHODS

The objectives of this study were to compare the
PK and safety profile of once-daily LCPT or PR-
Tac in adult de-novo kidney transplant recipi-
ents followed for 28 days after transplantation.

Study Population

Adult (C 18 years), white, de novo recipients of
a living or deceased donor kidney transplant,

including patients undergoing a second kidney
transplant, with a body mass index (BMI)
between 15 and 35 kg/m2, and who provided
written informed consent were included in this
analysis. Recipients of other transplants and
patients who were already on immunosuppres-
sants the day before transplantation were
excluded.

Study Design and Sample Collection

This randomized, parallel-group, open-label,
multicenter study (NCT02500212) was con-
ducted at seven transplantation centers in
France. Eligible patients were randomized 1:1 to
either LCPT [Envarsus� 0.75 mg, 1 mg and 4 mg
tablets (Veloxis Pharmaceuticals, Copenhagen,
Denmark)] or PR-Tac [Advagraf� 0.5 mg, 1 mg,
3 mg, 5 mg capsules (Astellas Ireland Co., Ltd)]
once-daily in the morning, initiated within 24 h
after surgery, at starting doses of 0.17 mg/
kg/day for LCPT and 0.20 mg/kg/day for PR-Tac.
Starting doses were according to the respective
EU summary of product characteristics [8, 20]
and were maintained until day 3; thereafter,
doses of LCPT and PR-Tac could be adjusted on
the scheduled days (days 4, 8, 15 and 22)
according to the trough levels measured on the
previous day. Adjustments were performed with
the aim of targeting predefined ranges of
5–15 ng/ml from days 2 to 15 and 5–10 ng/ml
from days 16 to 28 (Fig. 1). A single whole-blood
sample was collected at screening for CYP3A5
genotyping to identify single nucleotide poly-
morphisms (CYP3A5 *1/*1, *1/*3 and *3/*3). To
avoid information on the patient genotype
influencing dose adjustments, these data were
disclosed at the end of the study. To study the
PK profiles of tacrolimus in whole blood, 13
blood samples were collected in K2EDTA tubes
pre-dose and 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0,
12.0, 16.0, 20.0 and 24.0 h after the morning
dose on days 1, 3, 7 and 14. Tacrolimus trough
levels were assessed in whole blood every day
from day 2 to 8 and then on days 14, 15, 21 and
28 (Fig. 1). More detailed methods for geno-
typing and the assessment of tacrolimus whole-
blood trough levels are provided in the Online
Resource.
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Compliance to tacrolimus prescription was
evaluated based on the counts of tablets/cap-
sules returned by the patients to each study visit
and the patient’s diary used for recording drug
intake starting from hospital discharge until the
end of the study.

Concomitant immunosuppressive drugs
were standardized to basiliximab (Simulect�,
Novartis Pharmaceutical Corp., NJ, USA; 20 mg
intravenously on day 0 and 4), mycophenolate
mofetil (CellCept�, Hoffmann-La Roche Ltd.,
Mississauga, Ontario, Canada; 1 g orally twice
daily until day 14 ± 2 days; 0.5 g orally twice
daily until day 28 ± 2 days) and corticosteroids
(intravenous methylprednisone: 10 mg/kg on
day 0, 1 mg/kg on days 1 and 2; oral prednisone:
0.5 mg/kg on days 3–7 ± 2 days and then
0.3 mg/kg until day 15 ± 2 days and 10 mg
until 28 ± 2 days).

A list of medications known to significantly
interfere with the metabolism of tacrolimus was
provided with the study protocol with the rec-
ommendation to avoid such medications unless
clinically necessary.

PK Outcomes

The PK population was defined as all random-
ized subjects in the safety population (who had
received C one dose of study treatment)
excluding subjects without any valid PK mea-
surement. Patients with major protocol devia-
tions significantly affecting PK were excluded
from PK analysis for the period of the deviation,
but not from the PK population.

All PK variables were calculated using non-
compartmental analysis (NCA) with Phoenix
WinNonlin 7.0 (Certara, Inc., Princeton, NJ,
USA). The PK outcomes of this study were the
ratio between the area under the curve from 0 to
24 h and daily dose (AUC0–24h)/daily dose) as an
index of relative oral bioavailability, percentage
peak-to-trough fluctuation [maximum whole-
blood drug concentration (Cmax) - minimum
whole-blood drug concentration (Cmin) 9 100/
average whole-blood drug concentration (Cavg)]
and time to peak concentration (tmax) on days 1,
3, 7 and 14. Additional outcomes included
AUC0– 24h, Cmax, Cavg and Cmin on days 1, 3, 7
and 14; trough levels [whole-blood trough drug
concentration 24 h post dose (C24h)] daily from

Fig. 1 Study design
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day 2 to day 8 and on days 14, 15, 21 and 28;
proportion of patients with trough levels lower
than, within and higher than the target range;
proportion of patients with trough levels within
the target range between day 2 to 4; and num-
ber of dose adjustments.

Safety Assessments

The safety population was defined as all ran-
domized subjects who had received C one dose
of study treatment.

Safety parameters included vital signs,
weight, BMI, serum creatinine, estimated
glomerular filtration rate (eGFR; calculated
according to the chronic Kidney Disease Epi-
demiology Collaboration creatinine equation
[21]), blood chemistry, hematology, urinalysis,
incidence of delayed graft function (DGF;
defined as hemodialysis within 1 week follow-
ing transplant or serum creatinine[ 5 mg/dl by
day 7), AEs, serious adverse events, adverse drug
reactions (ADRs), serious ADRs, severe AEs, AEs
leading to study discontinuation and AEs lead-
ing to death. Safety laboratory analyses were
conducted at each site.

Statistical Analysis

No formal sample size calculations were
undertaken. A sample size of 32 evaluable
patients per treatment group was considered
sufficient to characterize the PK of the study
drugs. Based on a dropout rate of * 12%, 72
participants were planned (36 per treatment
group).

All statistical analyses were performed using
SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
Tacrolimus AUC0–24, C24h, Cmax, Cavg, Cmin,
tmax, percentage peak-to-trough fluctuation
[(Cmax - Cmin) 9 100/Cavg] and AUC0–24h/daily
dose were summarized using descriptive statis-
tics by treatment and visit. Fluctuation (%) and
AUC0–24h/daily dose at day 3, day 7 and day 14
were log-transformed to the natural logarithmic
scale and then analyzed using an analysis of
variance (ANOVA) model with treatment as a
fixed effect. Alpha was set at 0.05, but the ratios
of adjusted geometric means (GM) between the

two groups were provided with 90% CIs. Due to
the exploratory nature of the study, compar-
isons were done independently at three differ-
ent time points without adjustment for any
covariates and without accounting for repeated
measures and multiple comparisons.

Tmax at day 3, day 7 and day 14 was analyzed
using the Wilcoxon signed-rank test based on
untransformed data. Hodges-Lehman estimates
with 90% two-sided CIs for the median differ-
ence between the two treatments were applied.

The proportion of patients with tacrolimus
C24h within the target range at day 2 and
maintained within this range at day 3 and 4 was
calculated by treatment. Differences between
treatments were evaluated using Fisher’s exact
test at the 0.05 significance level, with 95% CIs.

Compliance with Ethical Guidelines

All procedures performed in studies involving
human participants were according to the clin-
ical study protocol, the current International
Council for Harmonization Good Clinical
Practice guidelines, all local guidelines and the
Declaration of Helsinki (1964 and amend-
ments). The independent ethics committee/in-
stitutional research board for this study was the
Committee for the Protection of Persons South
Mediterranean V, CHU de Nice-Hôpital De
Cimiez.

Informed consent was obtained from all
individual participants included in the study. A
specific Patient Information Sheet-Informed
Consent Form for genotyping tests was
obtained.

RESULTS

Patient Disposition

A total of 76 patients were enrolled in this study
between 30 June 2015 and 24 June 2016. Of the
75 patients randomized (98.7%), 37 and 38
patients were allocated to the LCPT and PR-Tac
group, respectively. Six patients who did not
receive any study drug (four in the LCPT group
and two in the PR-Tac group) were excluded;
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one patient in the PR-Tac group was excluded
from the PK population because of receiving
treatment for only 1 day following diagnosis of
vascular graft thrombosis on day 1. Therefore,
68 patients were evaluable for the PK analysis
(LCPT group, n = 33; PR-Tac group, n = 35).
Overall, 84.0% (n = 63) completed the study; of
these, 83.8% (n = 31) and 84.2% (n = 32) were
in the LCPT and PR-Tac group, respectively
(Fig. 2).

One patient in each group received medica-
tion significantly interfering with the metabo-
lism of tacrolimus: LCPT, fluconazole from day
12; PR-Tac, voriconazole from day 17. Both
patients were excluded from PK analysis from

the 1st day of the intake of the interfering
concomitant medication. No patient was
excluded from the study because of inadequate
compliance.

Demographic characteristics varied slightly
between the treatment groups, with a mean age
of 58.9 and 53.7 years in the LCPT and PR-Tac
group, respectively. The majority of patients
(73.5%) were male in both treatment groups
[LCPT, 66.7% (n = 22); PR-Tac, 80.6% (n = 28)].
All patients were white, and among those who
provided consent for genotyping, 84.8%
(n = 56) expressed CYP3A5 *3/*3, 15.2%
expressed CYP3A5 *1/*3, and none expressed
CYP3A5 *1/*1 (Table 1).

Fig. 2 Patient disposition. *Reasons for not receiving the
allocated LCPT treatment (and being excluded from the
safety and PK analysis populations) were: transplantation
not performed (n = 2); patient did not meet inclusion/
exclusion criteria (n = 1); study logistical issues (n = 1).
Reasons for not receiving the allocated PR-Tac treatment
(and being excluded from the safety and PK analysis
populations) were: transplantation not performed (n = 1);

patient withdrew consent (n = 1). �Death due to coronary
artery thrombosis. �Discontinuation due to vascular graft
thrombosis. §Excluded from the PK analysis for receiving
only one dose of PR-Tac following the diagnosis of
vascular graft thrombosis on study day 1. AE adverse event,
LCPT LCP-tacrolimus, PK pharmacokinetic, PR pro-
longed release, CI confidence interval. Solid line represents
100%
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PK Outcomes

The relative bioavailability assessed as
AUC0–24h/daily dose was greater (average of

33%) in the LCPT group than in the PR-Tac
group on days 3, 7 and 14.

On day 1, the mean AUC0–24h/daily dose was
similar between the treatment groups
(19.02 ng h/ml/mg vs. 20.09 ng h/ml/mg for

Table 1 Demographics and baseline characteristics (safety population)

LCPT (n = 33) PR-Tac (n = 36) Total (N = 69)

Race, white, n (%) 33 (100) 36 (100) 69 (100)

Age (years) 59 (14) 54 (16) 56 (15)

Sex, male, n (%) 22 (66.7) 29 (80.6) 51 (73.9)

Height (cm) 168.30 (10.29) 173.39 (7.06) 170.96 (9.06)

Weight (kg) 72.12 (13.24) 73.15 (13.08) 72.66 (13.07)

BMI (kg/m2) 25.40 (3.67) 24.26 (3.66) 24.81 (3.69)

Genotypea,b, n (%)

CYP3A5 *3/*3 26 (81.3) 30 (88.2) 56 (84.8)

CYP3A5 *1/*3 6 (18.8) 4 (11.8) 10 (15.2)

Hemoglobin (g/L) 121.4 (14.2) 124.7 (15.6) –

Hematocrit (%) 37 (4) 37 (5) –

Transplant information

Donor type, living, n (%) 5 (15.2) 5 (13.9) 10 (14.5)

Retransplant, n (%) 1 (3.0) 0 1 (1.4)

Preemptive transplantation, n (%) 5 (15.2) 10 (27.8) 15 (21.7)

HLA overall mismatch, n (%)

Yes 32 (97.0) 36 (100.0) 68 (98.6)

No 1 (3.0) 0 1 (1.4)

HLA-DR mismatch, n (%)

0 7 (21.2) 14 (40.0) 21 (30.9)

1 13 (39.4) 17 (48.6) 30 (44.1)

2 13 (39.4) 4 (11.4) 17 (25.0)

Time from first dialysis to transplantation, monthsb,c 38.48 (25.05) 28.75 (22.78) 33.62 (24.19)

Time from transplant to first dose of tacrolimus, hoursb,d 12.77 (4.39) 13.23 (3.53) 13.02 (3.94)

Values are mean (SD) unless otherwise stated
BMI body mass index, CYP cytochrome P450
a Number of patients in the treatment groups: LCPT (n = 32); PR-Tac (n = 33); total (N = 65)
b Values presented are calculated from patients for whom data are available
c Number of patients in the treatment groups: LCPT (n = 24); PR-Tac (n = 24); total (N = 48)
d Number of patients in the treatment groups: LCPT (n = 31); PR-Tac (n = 35); total (N = 66)
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LCPT and PR-Tac, respectively). By day 3, the
AUC0–24h/daily dose for the LCPT group had
increased to 45.63 ng h/ml/mg compared with
34.60 ng h/ml/mg in the PR-Tac group, with a
significant difference between groups (LCPT/PR-
Tac 90% CI adjusted GM ratio 1.12–1.56,
p = 0.007), which was maintained at day 7 and
14 (Table 2; Fig. 3).

AUC0–24h/daily dose in patients with the
CYP3A5 1*/3* genotype was numerically lower
than that in CYP3A5 3*/3* genotype. However,
the greater relative bioavailability in the LCPT
group compared with the PR-Tac group was
confirmed on each genotype subset on days 3, 7
and 14 (Online Resource).

Mean peak concentrations were consistently
lower for LCPT compared with PR-Tac, leading
to approximately 30% lower peak-to-trough
percentage fluctuation compared with PR-Tac
[LCPT/PR-Tac adjusted GM ratio: day 3, 70.17%
(p\ 0.001); day 7, 68.34% (p\0.001); day 14,
72.6% (p = 0.004)] (Fig. 3). The lower peak-to-
trough percentage fluctuation for LCPT com-
pared with PR-Tac was maintained within each
genotype subset (Online Resource).

LCPT had a consistently longer time to tmax

compared with PR-Tac on days 1, 3, 7 and 14
[day 3 median (range) tmax 6.05 (1.5–24.0) vs.
2.00 (0.9–6.0) for LCPT vs. PR-Tac, respectively;
Fig. 4). On all assessment days, LCPT also
demonstrated a lower Cmax for tacrolimus,

resulting in flatter PK profiles compared with
the PR-Tac treatment group. At day 14, the Cmax

ratio (90% CI) for LCPT compared with PR-TAC
was 85.74 (74.36–98.85). Comparing LCPT with
PR-Tac, the Hodges-Lehmann estimates of
treatment effect for the time to tmax were 4.5 h
(90% CI 4.0–5.8) on day 3, 3.6 h (90% CI
2.6–4.5) on day 7 and 3.0 h (90% CI 2.1–4.0) on
day 14.

Mean trough concentrations were generally
similar between the treatment groups over the
28-day study period. The proportions of
patients within the tacrolimus trough blood
concentration target range over the study per-
iod were similar between the treatment groups
over the 28-day study period (Online Resource
Figure S1 and Table S1). A limited number of
patients had below-target tacrolimus trough
levels (\12% in each group) between days 2
and 28. Overall, a greater proportion of CYP3A5
(1*/3*) expressers had tacrolimus trough blood
concentrations below the target trough levels
compared with non-expressers (3*/3*), particu-
larly at day 2 where 50% of CYP3A5 expressers
had tacrolimus trough blood concentrations
below the target trough levels compared with
1.9% of non-expressers. At day 2, 33% of
CYP3A5 expressers treated with LCPT had
tacrolimus trough blood concentrations below
the target trough levels compared with 75%
receiving PR-Tac (Online Resource Table S1).

Fig. 3 Between treatment group PK comparisons: a analysis of % peak-to-trough fluctuation (PK population). b Analysis
of dose-normalized AUC0–24h (PK population)
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LCPT showed a consistently lower median
daily dose with an approximately 50% lower dose
by day 28 compared with the PR-Tac group [me-
dian daily dose (IQR) 5.00 mg (5.25) vs. 10.50 mg
(9.00) for LCPT vs. PR-Tac, respectively; Fig. 5].
The number of dose adjustments was similar
between the treatment groups over the study
period: 74 adjustments (mean 2.24 per patient) in
the LCPT group and 79 adjustments (mean 2.26
per patient) in the PR-Tac group.

Safety

Renal function improved over the 28-day
treatment period in both groups. Mean (SD)

serum creatinine levels decreased from 7.52
(3.02) mg/dl and 7.00 (2.40) mg/dl at baseline
to 1.68 (0.41) mg/dl and 1.81 (0.69) mg/dl at
day 28 for the LCPT and PR-Tac groups,
respectively; mean change (SD) from baseline
was - 5.90 (3.24) mg/dl for LCPT and - 5.31
(2.51) mg/dl for PR-Tac (Fig. 6a). Similar
improvements were observed for eGFR, with
increases observed from 7.68 (2.85) ml/min/
1.73 m2 and 8.85 (3.86) ml/min/1.73 m2 at
baseline to 43.73 (15.78) ml/min/1.73 m2 and
47.11 (22.03) ml/min/1.73 m2 at day 28 for
LCPT and PR-Tac, respectively. Mean change in
eGFR from baseline to day 28 was 36.62 (17.59)

Fig. 4 Concentration-time plots: a day 1; b day 3; c day 7; d day 14
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ml/min/1.73 m2 for LCPT and 37.47 (21.49) ml/
min/1.73 m2 for PR-Tac (Fig. 6b).

The proportion of patients with DGF was
similar between the two groups, 39.5% (n = 13)
in the LCPT group and 44.4% (n = 16) in the PR-
Tac group [- 5.1% (95% CI - 28.6% to 18.5%);
p = 0.80].

Treatment-emergent adverse events (TEAEs)
are summarized in Table 3. A total of 274 TEAEs
were reported in 33 patients in the LCPT group;
314 TEAEs were reported in 36 patients in the
PR-Tac group. The most frequently reported
TEAEs in both the LCPT and PR-Tac groups were
anemia (57.6% and 55.6%, respectively), con-
stipation (30.3% and 38.9%, respectively) and
hematuria (30.3% and 38.9%, respectively).

Serious TEAEs were reported in 15 (45.4%) and
11 (30.6%) patients in the LCPT and PR-Tac
groups, respectively. ADRs were reported in ten
(30.3%) and nine patients (25%) patients in the
LCPT and PR-Tac group, respectively. The safety
profile of LCPT was similar to that of PR-Tac, as
was the short-term improvement in renal graft
function. Treatment discontinuations occurred
in two (6.1%) and three (8.3%) patients in the
LCPT and PR-Tac groups, respectively. One
patient in the LCPT group died because of a
TEAE (unrelated; myocardial infarction). Acute
graft rejection was observed in one patient
(3.0%; T-cell-mediated rejection on day 10) in
the LCPT group and in three patients (8.3%;
T-cell-mediated rejection on day 12, antibody-
mediated rejection on day 10, borderline rejec-
tion on day 15) in the PR-Tac group; all resolved
within 11–19 days.

DISCUSSION

The present study was the first to compare the
PK and safety profiles of the two prolonged-re-
lease tacrolimus formulations, LCPT and PR-
Tac, in de novo kidney transplant patients.

The proportion of patients within the target
trough concentration of tacrolimus was similar
between both groups, and only a few patients
(\12% in each group) had below-target tacro-
limus trough levels over the study period. The
PK profile following LCPT administration
demonstrated significantly greater relative
bioavailability (* 30%) compared with PR-Tac
at day 3 in de novo kidney transplant patients,
which was maintained on days 7 and 14.

Significantly lower peak-to-trough fluctua-
tion in concentration, a longer tmax, lower Cmax

and higher AUC were also shown for LCPT
versus PR-Tac, resulting in a flatter PK profile.
The enhanced relative bioavailability of LCPT
was accompanied by a reduction in daily dose;
by day 28, the mean daily dose in the LCPT
group was approximately 40% lower than that
of the PR-Tac group.

These findings are consistent with those of
Nigro and colleagues [10], who demonstrated
sustained release of tacrolimus with a broad
absorption along the gastrointestinal tract in

Fig. 5 Daily dose of tacrolimus: a mean daily dose;
b weight-adjusted mean daily dose
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healthy volunteers over 24 h and PK parameters
consistent with the present study.

The ASERTAA study [18] compared LCPT
with IR-Tac in stable African American kidney
transplant recipients and reported a similar PK
profile for LCPT to the results described here.
The ASTCOFF study compared the PK profiles of
LCPT, PR-Tac and IR-Tac and reported increased
relative bioavailability and tmax for LCPT, with
significantly lower Cmax achieved after post-
conversion exposure normalization [9]. In

addition, LCPT exhibited a similar safety profile
and drug tolerability to PR-Tac, consistent with
the results here and those reported previously
[9, 22]. Importantly, ASERTAA and ASTCOFF
investigated the PK and safety of patients
switching to LCPT, thereby providing dose
conversion strategies between the different for-
mulations of tacrolimus. In contrast, the pre-
sent study investigated these end points in
patients initiating immunosuppressant therapy
with LCPT or PR-Tac, therefore providing

Fig. 6 Mean serum creatinine (a) and mean eGFR (b)
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valuable insights not only into PK and safety,
but also into dosage titration guidance for
white, de novo kidney transplant patients.
Notably, until the current study the PK of PR-
Tac in de novo kidney transplant recipients was
not well characterized, with discordant results
among different studies [19].

The clinical implications of the PK charac-
teristics of LCPT are potentially beneficial
beyond reducing the risks of over- and under-
dosing. Although further research is necessary,
it is conceivable that reducing the variation
between tacrolimus peak and trough blood
concentrations may help reduce the likelihood
of drug toxicity, which to date has been linked
with higher AUC and trough levels [23]. Addi-
tionally, enabling once-daily administration of
tacrolimus can relieve the pill burden for
patients [2] and may improve patient adherence
[24]. Reducing the required dose and hence the
potential for side effects may also improve
patient adherence [22, 25], which in turn
reduces the risk of graft rejection [26, 27]. The
more distal distribution of tacrolimus with
LCPT may mitigate the impact of some drug-
drug and drug-food interactions. Of note,
tacrolimus-induced tremor may be associated
with higher peak blood concentrations of
tacrolimus (Cmax). The STRATO study demon-
strated a significant improvement in tremor in
renal transplant recipients with tacrolimus-in-
duced hand tremors who were switched from
twice-daily tacrolimus to LCPT while main-
taining similar tacrolimus exposure. The impact
of improved tremor potentially extends into
daily activities, quality of life and psychosocial
benefits for the patient [22]. Although evidence
is not conclusive, an improved renal blood flow
was also seen in healthy volunteers receiving a
lower, once-daily Cmax formulation of tacroli-
mus compared with tacrolimus twice daily [28].

While a robust design was utilized, it must be
emphasized that due to the exploratory nature
of the study, the results are not confirmatory.
The number of patients included was fairly low,
although sufficient for pharmacokinetic evalu-
ation of the tacrolimus formulations. The sam-
ple size of patients for other important factors,
such as genotype, were small and may have
precluded meaningful comparisons between

Table 3 Summary of treatment-emergent adverse events
reported by at least 5% of patients (safety population)

N (%) LCPT

(N = 33)

PR-Tac

(N = 36)

Anemia 19 (57.6) 20 (55.6)

Constipation 10 (30.3) 14 (38.9)

Hematuria 10 (30.3) 14 (38.9)

Diarrhea 8 (24.2) 7 (19.4)

Abdominal pain 7 (21.2) 8 (22.2)

Edema peripheral 7 (21.2) 9 (25.0)

Procedural pain 7 (21.2) 8 (22.2)

Insomnia 6 (18.2) 6 (16.7)

Urinary tract infection 6 (18.2) 4 (11.1)

Headache 5 (15.2) 7 (19.4)

Hyperkalemia 5 (15.2) 6 (16.7)

Hypokalemia 5 (15.2) 9 (25.0)

Hypophosphatemia 5 (15.2) 4 (11.1)

Lymphopenia 5 (15.2) 5 (13.9)

Metabolic acidosis 5 (15.2) 6 (16.7)

Nausea 5 (15.2) 2 (5.6)

Tremor 4 (12.1) 4 (11.1)

Complications of transplanted

kidneya
3 (9.1) 7 (19.4)

Diabetes mellitus 3 (9.1) 6 (16.7)

Hyperglycemia 6 (18.2) 6 (16.7)

Proteinuria 3 (9.1) 4 (11.1)

Renal impairmentb 2 (6.1) 4 (11.1)

Kidney transplant rejection 1 (3.0) 3 (8.3)

Vascular graft thrombosis 1 (3.0) 3 (8.3)

Hypertension 0 5 (13.9)

Hypocalcemia 0 4 (11.1)

Leukocytosis 0 6 (16.7)

Vomiting 0 5 (13.9)

a Complications such as renal graft dysfunction and a delay

in renal function recovery
b Suboptimal recovery of renal function, defined by

investigator
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subgroups, for example, n = 6 and n = 4 patients
with CYP3A5 1*/3* genotype for LCPT and PR-
Tac, respectively [29, 30]. One possible reason
for this could have been that the study popu-
lation was largely comprised of white males:
only 5–15% of this population carry the wild-
type (CYP3A5 *1) allele compared with 45–73%
of African Americans [31]. In addition, investi-
gators and patients were not blinded to the
study drugs, which may be a source of unin-
tentional bias in the evaluation of clinical out-
comes and AEs, although PK data cannot be
biased by unblinding and CYP3A5 polymor-
phism data were revealed after study end.
Additionally, the short duration of the study
cannot allow evaluation of the long-term evo-
lution of the outcomes and renal function of
the patients. Likewise, it must be considered
that patients were all at low-standard
immunologic risk, being recipients of kidneys
from HLA- and ABO-compatible donors. Finally,
our results may not be reproducible in kidney
recipients under different immunosuppressive
regimens, such as inductive lymphocyte deple-
tion and steroid avoidance or withdrawal pro-
tocols, or in kidney recipients with extreme
BMIs (\ 15 or[35 kg/m2).

CONCLUSION

The present study demonstrated that pro-
longed-release formulations of tacrolimus can
reach therapeutic concentrations in the imme-
diate post-transplant period. LCPT showed a
unique PK profile in white, de novo kidney
transplant recipients with greater relative
bioavailability and less peak-to-trough fluctua-
tion in blood concentrations compared with
PR-Tac, longer tmax and lower Cmax. The safety
profile and drug tolerability were similar
between treatment groups, consistent with
studies in stable kidney transplants converting
their therapy to LCPT.
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