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Abstract

Background: The narrow therapeutic window of tacrolimus (Tac) requires in-
tense drug monitoring to achieve adequate efficacy while minimizing dose-related
toxicities. Once-daily formulations of Tac (LCP-Tac and PR-Tac) have been recently
designed for higher bioavailability and a more consistent exposure over time, as
opposed to the twice-daily, administered immediate-release formulation of Tac
(IR-Tac).

Methods: This single-center, open-label, randomized cross-over pharmacoki-
netic (PK) study compares extended-release LCP-Tac with the prolonged-release
formulation of tacrolimus (PR-Tac) in adult de novo liver transplant recipients.
Eligible patients were screened and randomized 1:1 to the two treatment arms
up to 30 days after liver transplantation. Patients were administered either LCP-
Tac or PR-Tac for 14 days followed by another 14-day time interval of the other
once-daily Tac medication. A 24hr-PK profile was obtained at the end of each
time interval.

Results: Nine patients (45%) completed the study resulting in a total of 18 Tac PK
profiles. Overall, the profile of the mean concentrations indicated a flattened kinetic
of LCP-Tac compared to PR-Tac, especially in the first 3h after drug intake. The
average cumulative dose per day to achieve equivalent trough levels was approxi-
mately 25% lower for LCP-Tac (8.7 mg) than for PR-Tac (11.7 mg). LCP-Tac re-
sulted in a longer t,, and fewer peak-to-trough fluctuations compared to PR-Tac.
Conclusion: Despite methodological weaknesses that limit the conclusions, we
have found a more consistent drug exposure for LCP-Tac in de novo LT re-
cipients. LCP-Tac demonstrated a greater bioavailability compared to PR-Tac.
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1 | INTRODUCTION

The calcineurin inhibitor (CNI) tacrolimus (Tac) remains
the cornerstone of immunosuppressive therapy after solid
organ transplantation. Approximately 90% of adult kidney
and liver transplant recipients receive Tac as part of their
immunosuppressive regimen."” Although Tac potently
prevents graft rejection, significant between-subject and
within-subject variability in absorption and between-subject
variability in metabolism present significant challenges in
the utilization of CNIs in clinical practice.” Consequently,
transplant recipients require intense therapeutic drug
monitoring to maintain therapeutic target trough levels and
minimize toxicity, especially during the first months after
transplantation.

The narrow therapeutic window of Tac may otherwise
easily lead to undesirable effects such as over- or under-
immunosuppression, risking either drug-related toxicity or
acute rejection episodes early after liver transplantation.™”
Usually administered as a standard twice-daily formulation
every 12h, the immediate-release formulation of Tac
(IR-Tac) exhibits a relatively low and variable bioavail-
ability.” A potential strategy in patients who have demon-
strated variability in immunosuppressive exposure under
twice-daily IR-Tac (e.g, Prograf®, Tacrolimus HEXAL®,
Crilomus®, Tacpan®) is to switch to a prolonged-release for-
mulation of Tac (PR-Tac). One advantage of prolonged-
release formulations is the simplification of the therapy
regimen by once-daily dosing, which can be beneficial to the
medication adherence of the patient.”

Advagraf® was the first PR-Tac formulation introduced
into routine clinical practice. To achieve a sustained release
of Tac, galenics were changed by excipients such as ethyl-
cellulose.” The other once-daily Tac formulation is using the
MeltDose drug delivery technology (LCP-Tac, Envarsus®)
and has been authorized by the European Medicines Agency
(EMA) in 2014. LCP-Tac is approved for the prevention of
transplant rejection in adult kidney or liver allograft re-
cipients and for the treatment of allograft rejection in adult
patients who fail to respond to other immunosuppressants.
The MeltDose technology allows reducing the particle size of
Tac to the smallest possible unit (<0.1 um diameter), which
results in enhanced bioavailability by better dissolution and
absorption.”” As shown in an open, multicentric, and pro-
spective study with 57 stable liver transplant recipients, the
greater bioavailability of LCP-Tac allowed not only once-
daily dosing but achieved also comparable systemic exposure
and Tac trough levels at a dose approximately 30% less than
the total daily dose of IR-Tac.

The objective of our study is to analyze the differ-
ences in the pharmacokinetic (PK) profile of LCP-Tac
and PR-Tac in de novo liver transplant recipients in a
prospective randomized trial. Investigating the dose of
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the two formulations required to achieve therapeutic
trough levels in de novo administration may help to gain
additional information on dose titration strategies in
daily clinical practice.

2 | PATIENTS AND METHODS

The primary objective of this study was to determine the
equivalent dose of LCP-Tac to yield the same target
trough level as achieved with PR-Tac and to assess the
conversion ratios of Tac in adult de novo liver transplant
recipients switching between LCP-Tac and PR-Tac. Sec-
ondary endpoints included the comparative evaluation of
the LCP-Tac- and PR-Tac-associated PK profiles and
bioavailability, and the assessment of the safety profiles
of the two Tac formulations.

21 | Study design
This was an investigator-initiated, single-center, open-
label, randomized, and controlled clinical cross-over Phase
III study (EudraCT Number: 2015-002935-16) conducted
at the University Medical Center Hamburg-Eppendorf,
Department of Visceral Transplantation, Germany.

Eligible patients were screened and randomized 1:1 to
the two treatment arms after a run-in period with standard
IR-Tac twice daily via nasogastric tube (Modigraf®) or orally
(Prograf®) for up to 30 days after liver transplantation. Pa-
tients were then switched to either LCP-Tac (Envarsus®) or
PR-Tac (Advagraf®) for 14 days followed by another 14-day
time interval of the other once-daily Tac medication (cross-
over concept) (Figure 1). Tac trough target levels were in-
dividually defined for each patient usually ranging between
6 and 10 ng/ml. Trough level adjustment was based on liver
function tests, risk of rejection, comorbidities such as renal
failure or infections, time elapsed since transplantation, and
clinical experience.

All patients received induction therapy with basiliximab
20 mg on postoperative Days 0 and 4. Steroids were given
according to center practice with a fast taper to 5-10mg
of Prednisolon orally after 1 week. No further im-
munosuppression was permitted during the study period.

2.2 | Compliance with ethical
guidelines

The study was approved by the Ethics Committee of the
University Medical Center Hamburg-Eppendorf, Germany.
All patients gave written consent for participation in the
study.
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FIGURE 1
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2.3 | Inclusion and exclusion criteria
Female or male recipients of a liver graft from a deceased
or living donor within the last 30 days were eligible if they
were aged >18 years and received a twice-daily Tac-based
immunosuppressive treatment at the time of randomiza-
tion. Patients receiving combined organ transplants or
ABO-incompatible allografts and patients with impaired
kidney function requiring dialysis were excluded. Fur-
thermore, patients with known hypersensitivity to any of
the drugs used in the study, inability to take oral medi-
cation at the time of randomization, or comedication with
drugs known to strongly interact with the CYP3A4 system
were disqualified to participate in this study. In all cases,
the eligibility of patients was assessed within the data re-
view meeting (DRM) (blind DRM).

2.4 | Sample collection and
bioanalytical methods

During the 2-week intervals, study visits were per-
formed every 2-4 days to analyze Tac through blood
levels (Cp) and to adjust the study medication if neces-
sary. A conversion ratio of either 0.7 (LCP-Tac) or 1.0
(PR-Tac) was used to determine the first dose of each
formulation when switching from IR-Tac or between
the two once-daily Tac formulations.'”'" To evaluate
the PK profiles of LCP-Tac in comparison to PR-Tac, a
24-h PK assessment was conducted on Day 14 of re-
ceiving each formulation. Blood samples (2.7 ml) were
taken as trough level (predose, within 30 min before
administration of the medication) and at 0.5, 1.0, 1.5,
2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 16.0, 20.0, and 24.0 h after
oral intake of the immunosuppressant. The 24-h PK
sample collection required a steady state of Tac trough
levels (no dose adjustment >25% performed at the next-to-
last study visit, and no dose adjustment at all at the last
study visit; otherwise PK profiling was postponed until a

steady state was reached as assessed by additional study
visits). Study visits took place in the outpatient clinic for
patients already discharged after liver transplantation,
while all study participants were readmitted to the hos-
pital for assessment of PK profiles. Tac whole blood con-
centrations were analyzed by tandem mass spectrometry
(liquid chromatography-mass spectrometry/mass spectro-
metry [LC-MS/MS]) at the Clinical Chemistry Labora-
tories of the University Medical Center Hamburg-
Eppendorf, Germany.

2.5 | PK population

As set out in the study protocol, completion of both 14-day
intervals with LCP-Tac and PR-Tac was required for in-
clusion in the PK population. Patients were excluded from
PK analysis if the plasma concentration-time profile might
have been unreliable due to gastrointestinal disturbances
such as vomiting and diarrhea or if concomitant medica-
tions were used that could interact with the absorption or
the metabolism of the study drug. Further drop-out from
PK analysis was based on missing samples hindering an
unbiased estimation of (AUC,.,4) or the failure to achieve
a stable Tac trough level (Cy). The PK variables describing
the cumulative dose per study period/period days (Dav),
and conversion ratios (Cy/dosess, AUCg.,4/dosess) were
the primary endpoints of the study. PK variables assessing
bioavailability in terms of extent and rate of exposure
(area under the curve from 0 to 24h [AUCq_»4], time to
peak concentration [tpn.], peak-to-trough fluctuation
[PTF, which is defined as the fluctuation within a dosing
interval in the steady state and is calculated as the quo-
tient of the difference between the maximum and mini-
mum plasma concentration and the mean plasma level],
highest concentration determined in the measuring in-
terval/the final dose when the predefined C, at steady
state was achieved [Cp../dosess]) served as secondary
endpoints.
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2.6 | Safety analysis

All patients receiving at least once the study medication
were included in the safety review. Safety was evaluated
by investigating the incidence of reported adverse events
(AEs) at regular intervals throughout the clinical trial
and by assessing changes in physical examination find-
ings, vital signs, and blood test parameters.

2.7 | Statistical analysis

All statistical calculations were carried out using SAS lan-
guage and procedures (SAS 8.2 or higher version SAS-
Institute Inc.). The arithmetic mean (mean), the standard
deviation (SD), coefficient of variation (CV), minimum
(min), maximum (max), and median (med) were reported
for each variable. Additionally, the geometric mean (GeoM)
was determined for concentration-related parameters and, in
accordance with the multiplicative model, the coefficient of
variation of the GeoM was calculated as CV = (exp(62)- 1)
1/2, with & =variance of log-transformed data. The in-
dividual patients’ differences were preferably reported for the
tmax While the patient's ratios are given for all other para-
meters. Analysis of variance (ANOVA) was performed for
the following endpoints: Dpy, AUCy,s/doses, Co/dosess,
AUCq.24, Crnax, and C,. The sample size estimation was based
on the endpoint of the AUC,, »,/dose, while data on the intra-
or interpatient variability were not available for the primary
endpoint of equivalent dose. A sample size of n = 20 patients
was considered sufficient to determine the Duy.

3 | RESULTS
3.1 | Patient recruitment and study
population

During the enrollment phase from August 31, 2016, to
April 1, 2019, 189 patients underwent liver transplantation
at the University Medical Center Hamburg-Eppendorf. All
pediatric liver transplant recipients (n =61) and patients
with a combined liver-kidney transplant (n =7) were ex-
cluded from participation in the study. The remaining liver
transplant recipients were generally considered for the
study; reasons for exclusion were (1) impaired kidney
function requiring renal replacement therapy (2) poor graft
function (INR > 2.0) or abnormal blood tests (thrombocy-
topenia < 20 10 X 9/L, leukopenia < 1.0 1 X 9/L) at the time
of randomization, (3) the patient's inability to take oral
medication, (4) the patient's refusal to participate in this
very complex study, (5) long-distance/long journey time
between the patient's home and the transplant center,
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making the frequent follow-up study visits impossible, and
(6) unavailability of the liver transplant recipient to parti-
cipate in the 24-h PK profiles based on the medical need of
an inpatient rehabilitation program, which is usually lo-
cated far away from our transplant center.

Hence, 20 patients were screened and included for
participation in this study. Eighteen patients (90%) received
the study medication at least once and were, therefore,
included in the safety population (SAF). Nine patients
(45%) completed the study, 11 patients were excluded from
the PK population for various reasons (Figure 2).

3.2 | Demographic and baseline
characteristics

The majority of patients in both study groups were male
with a mean (SD) age of 54.3 (10.34) years (Table 1).
Ethnicity was White in 88.9% and Asian in the remaining
11.1%. The mean (SD) weight and body mass index
(BMI) at baseline were 81.4 (12.53) kg and 26.7 (4.22),
respectively. Four participants of the SAF cohort tested
positive for hepatitis C (22.2%) and one liver transplant
recipient was hepatitis B antigen positive (5.6%), while all
donors were negative for both hepatitis C and hepatitis B
antigen.

3.3 | PK outcomes

Nine patients completed both 14-day study intervals with
LCP-Tac and PR-Tac including plasma profiles, resulting
in a total of 18 Tac PK profiles. Figures 3 and 4 illustrate
the plasma profiles for the individual patients as well as
the mean concentration of LCP-Tac or PR-Tac, respec-
tively. The results of the absolute and relative
bioavailability with the extent and rate of exposure cal-
culated as Cocp-rac)/ Copr-Tacyy AUCq.24(Lcp-Tac)/ AUC,.
24(PR-Tac), aNd Craxr.cp-Tac)/ Cmax(Pr-Tac) are presented in
Table 2. Adjusted GeoM ratios ranging between 100%
and 115% indicated that the mean systemic exposure to
LCP-Tac was similar to that of PR-Tac with no significant
difference between the mean concentrations. However,
the time point of maximum blood concentration (tyay)
was reached significantly earlier for PR-Tac (median of
1.5h) versus LCP-Tac (median of 6.0 h) (location shift
[90% CI]: 4.0 [2.0, 6.5]). Moreover, the PTF tended to be
higher for PR-Tac versus LCP-Tac with adjusted GeoMs
of 1.1 and 1.4, respectively (adjusted GeoM ratio: 84.3%
[90% CI: 46.6, 152.5]). Taken together, the profile of the
mean concentrations indicates a flattened kinetic of LCP-
Tac compared to PR-Tac, especially in the first 3 h after
drug intake (Figures 3 and 4).
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Regarding the required medication dose, the ratio Cy/
dosess was significantly higher for LCP-Tac (0.9 vs. 0.5
for LCP-Tac vs. PR-Tac, adjusted GeoM ratio 176.2%
[131.6%-235.8%]), which implies that the administered
dose of LCP-Tac was lower in relation to the predose
concentration at steady state (C,). The same applied to
the ratio AUC_,4/dosey 37.6 versus 21.3 LCP-Tac versus
PR-Tc, adjusted GeoM ratio 176.5% (139.0%-224.1%),
which confirms a lower need for LCP-Tac to achieve the
same AUCy,, The average cumulative dose per day
(Dav)—one of the primary endpoints of the study—was
lower for LCP-Tac (8.7 mg) than for PR-Tac (11.7 mg).
For D,y, the untransformed values were used and,
therefore, the adjusted mean difference was calculated
with -2.9 (90% CI: —5.9, 0.1).

3.4 | Safety

Of the 18 patients included in the safety cohort, 15 had
received at least one LCP-Tac and 13 patients had received at
least one dose of PR-Tac. Overall, 16 patients (88.9%) ex-
perienced AEs and a total of 62 AEs were documented.
Twenty-six AEs were reported in eight patients (8/
15=153.3%) during treatment with LCP-Tac and 36 AEs
occurred in 12 patients treated with PR-Tac (12/13 = 92.3%).
The most common AEs under both treatment regimens
were infections/microbial colonization (38.9%), hepatobiliary
complications, in particular cholangitis/cholestasis (27.8%),
and central nervous system (CNS) disturbance such as

dizziness, tremor, and headache (27.8%). Overall, most AEs
were categorized as mild to moderate. Five patients experi-
enced serious adverse events (SAE, n=10) during the trial
period. All SAEs were unrelated to the study drugs, and all
10 SAEs resolved. None of the study participants lost their
graft or died during the study.

4 | DISCUSSION

The present study is a randomized cross-over PK study
comparing the innovative once-daily Tac formulation
LCP-Tac with the established once-daily Tac formulation
PR-Tac in adult de novo liver transplant recipients.
Comparing the ratio between Cy or the AUCy 4y to the
daily dose, which served as a measure of relative oral
bioavailability, LCP-Tac demonstrated a better bioavail-
ability than PR-Tac. Additionally, treatment with LCP-
Tac resulted in a longer t,,, and fewer PTF, which
contributes to a potentially more stable and flattened PK
profile of LCP-Tac compared to PR-Tac. Similar char-
acteristics of LCP-Tac, as opposed to IR-Tac in liver
transplant recipients, have been reported by Alloway
et al.'” Moreover, Kamar et al."” recently demonstrated in
a PK study in de novo kidney transplant recipients that
LCP-Tac was associated with significantly less PTF, a
longer tpax lower Cpay, and higher AUC than PR-Tac."”
Hence, the different PK properties of LCP-Tac imply a
reduced risk for over -or under-dosing of Tac and may
also help to diminish the likelihood of Tac-associated
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PR-Tac - LCP-Tac LCP-Tac - PR-Tac
(n=10) (n=38)
Sex, male, n (%) 8 (80.0%) 6 (75.0%)
Age (years)
Mean (SD) 50.6 (10.34) 58.9 (8.87)
Median 51.0 59.0
Minimum to 31.0-63.0 46.0-71.0
maximum
Race, n (%)
White 9 (90.0%) 7 (87.5%)
Other 1 (10.0%) 1 (12.5%)
Height (cm)
Mean (SD) 176.1 (6.82) 173.3 (5.31)
Median 176.0 174.0
Minimum to 163.0-186.0 165.0-180.0
maximum
Weight (kg)
Mean (SD) 87.7 (12.0) 84.8 (13.16)
Median 77.2 88.5
Minimum to 65.0-99.9 59.0-99.0
maximum
BMI (kg/m?)
Mean (SD) 25.5 (4.20) 28.2 (3.97)
Median 24.3 28.3
Minimum to 20.6-34.6 21.9-33.1
maximum
labMELD
Mean (SD) 19.9 (7.8) 16.0 (9.16)
Median 19.5 15.0
Minimum to 11-35 7-37
maximum
Transplant
information
Donor age (years)
Mean (SD) 52.0 (15.63) 62.5 (9.10)
Median 51.5 64.0
Minimum to 27.0-77.0 50.0-75.0

maximum

Abbreviation: SD, standard deviation.

toxicities. Indeed, various studies have shown a correla-
tion between CNI exposure and the incidence of com-
plications after transplantation, including impaired
kidney function, infections, or de novo malignancy."
Recently, an association between high tacrolimus peak
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TABLE 1 Demographic and baseline
characteristics of the safety

SOEL =R population (SAF)

14 (77.8%)

54.3 (10.34)
55.0
31.0-71.0

16 (88.9%)
2 (11.1%)

174.8 (6.20)
175.0
163.0-186.0

81.4 (12.53)
80.6

59.5-99.9

26.7 (4.22)
26.2
20.6-34.6

56.7 (13.87)
58.0
27.0-77.0

levels and the occurrence of PTLD in pediatric LT re-
cipients has been published.'” Hence, the fewer PTF and
the lower peak level of LCP-TAC may imply a lower
incidence of infections and de novo malignancies, espe-
cially PTLD.
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FIGURE 3 LCP-Tac: individual plasma Tac concentrations (blue lines) and mean values (red curve). TL, trough level

One of the key messages of our study is the greater
bioavailability of LCP-Tac compared to PR-Tac; conse-
quently, lower doses of LCP-Tac are required to achieve
equivalent trough levels as opposed to PR-Tac. A dose re-
duction of 20%-30% resulting in a conversion ratio of about
0.7 is well known from comparative pharmacological stu-
dies between LCP-Tac and IR-Tac in both kidney and liver
transplantation,’”'>"” but data are scarce for the direct
comparison of the once-daily tacrolimus preparations LCP-
TAC versus PR-TAC. A previous conversion study de-
scribed a significant decrease of the mean daily Tac dose
after switching from PR-Tac to LCP-Tac in stable liver
transplant recipients, while the mean Tac trough level in-
itially increased before approaching the preconversion level
after 6 months. Baccarani et al. retrospectively compared
LCP-Tac with PR-Tac in de novo liver transplant recipients
focusing on administered daily dose and therapeutic trough
levels during the first 30 days after transplant. Therapeutic
trough levels were obtained faster under treatment with
LCP-Tac and, additionally, patients given LCP-Tac required
a 25% lower median dose to maintain the same therapeutic
trough levels as patients treated with PR-Tac."” With a
significantly higher ratio Cy/doses for LCP-Tac compared

to PR-Tac in our work presented here, we confirm that less
dose of LCP-Tac is required to achieve a comparable trough
level. Furthermore, a lower cumulative Tac dose per day
was observed in our de novo liver transplant recipients
receiving LCP-Tac than in patients administered PR-Tac.
LCP-Tac and PR-Tac exhibited a similar safety pro-
file, with no new safety concerns observed. Overall,
fewer AEs/SAEs were reported during administration of
LCP-Tac than under treatment with PR-Tac. However,
based on the cross-over design of the study, it was not
possible to clearly assign the AEs and SAEs to one of the
Tac formulations. Yet, both treatments were well tol-
erated considering that only one event (mild in severity)
was classified as drug-related and none of the 10 serious
AEs were categorized as drug-related. Finally, a short-
term PK study does not aim to investigate side effects,
and high rates of AEs and SAEs are well known from
several drug studies after liver transplantation.'””"
Unfortunately, we experienced a high drop-out rate
based on the study design with the inclusion of patients
in the very vulnerable period early after LT. Only half of
the enrolled patients (n =9) successfully completed this
PK study. However, the statistical analysis was adjusted
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FIGURE 4 PR-Tac: individual plasma Tac concentrations (blue lines) and mean values (red curve). TL, trough level

TABLE 2 LCP-Tac versus PR-Tac: ANOVA with log-transformed data

Adjusted GeoM

PK variable

Pre-dose Tac trough level at steady state (Co) 6.6
Area under the curve in the last dosing interval at steady  262.7

state (AUCy_241)

Peak blood concentration of Tac (Cpax) 20.2
Peak trough fluctuation (PTF) 1.1
Co/daily dose at steady state (Co/dosegs) 0.9
AUC_54n/dosegs 37.6

LCP-Tac PR-Tac

Adjusted GeoM ratio (90% CI) ANOVA-CV (%)

58  113.7 (922, 140.1) 236
2307 113.9 (84.1, 154.3) 34.8
192 104.8 (63.2, 174.0) 61.2
1.4 84.3 (46.6, 152.5) 73.9
0.5 1762 (131.6, 235.8) 333
213 176.5 (139.0, 224.1) 27.0

Abbreviations: ANOVA, analysis of variance, ANOVA-CV, intra-individual variation; GeoM, geometric mean.

accordingly. Furthermore, the cross-over design not only
minimized the risk of bias on bioabsorption by in-
traindividual differences, but also doubled the number of
PK analyzes within the same small number of patients
allowing meaningful statistical data analysis. Still, the

small study population remains a major limitation of our
study and the results of our observational, monocentric
study should be interpreted with caution.

Taken together, minimizing side effects, the num-
ber of immunosuppressive agents and the dose of each
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of these immunosuppressive drugs are among the most
important goals of successful immunosuppression in
the liver transplant recipient, ultimately to prolong
both graft and patient survival. Innovative formula-
tions of Tac, which offer a better bioavailability or PK
profile than conventional prolonged-release formula-
tions, can, therefore, aid to maintain therapeutic Tac
levels with the potential benefit of reducing drug-
related toxicity or risk of organ rejection. Despite the
limitations of the present work, available data of a
more consistent and flattened PK profile and especially
better bioavailability of LCP-Tac are confirmed in our
population of de novo LT patients.

ACKNOWLEDGMENTS

Chiesi GmbH, Hamburg, Germany, as the local re-
presentative of the marketing authorization holder Chiesi
Farmaceutici S.p.A. of LCPT, provided funding for the study.
Open access funding enabled and organized by Projekt
DEAL.

ETHICS STATEMENT

The appropriate institutional review board (IRB) ap-
proval is stated. The study was approved by the Ethics
Committee of the University Medical Center Hamburg-
Eppendorf, Germany. All patients gave written consent
for participation in the study.

AUTHOR CONTRIBUTIONS

Uta Herden had the idea and designed the study and
wrote the paper. Martina Sterneck, Bettina M. Buch-
holz, and Eike G. Achilles wrote the manuscript and
performed a critical review of the manuscript. Armin
Ott took responsibility for the integrity of the data and
the accuracy of the data analysis. Lutz Fischer was
involved in the study design. All authors contributed
to data acquisition or data interpretation, reviewed,
and approved the final version.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

ORCID
Uta Herden © http://orcid.org/0000-0003-2921-7943
REFERENCES

1. Organ US Procurement and Transplantation Network. Scien-
tific registry of transplant recipients. 2012.

2. Wiesner RH, Fung JJ. Present state of immunosuppressive
therapy in liver transplant recipients. Liver Transpl. 2011;
17(Suppl 3):S1-S9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Shuker N, van Gelder T, Hesselink DA. Intra-patient
variability in tacrolimus exposure: causes, consequences
for clinical management. Transplant Rev (Orlando). 2015;
29:78-84.

Venkataramanan R, Jain A, Warty VS, et al. Pharmacokinetics
of FK 506 in transplant patients. Transplant Proc. 1991;23:
2736-2740.

Rodriguez-Perdlvarez M, Germani G, Papastergiou V, et al.
Early tacrolimus exposure after liver transplantation: re-
lationship with moderate/severe acute rejection and long-term
outcome. J Hepatol. 2013;58:262-270.

Staatz CE, Tett SE. Clinical pharmacokinetics of once-daily ta-
crolimus in solid-organ transplant patients. Clin Pharmacokinet.
2015;54:993-1025.

Beckebaum S, Iacob S, Sweid D, et al. Efficacy, safety, and
immunosuppressant adherence in stable liver transplant pa-
tients converted from a twice-daily tacrolimus-based regimen
to once-daily tacrolimus extended-release formulation.
Transpl Int. 2011;24:666-675.

Baraldo M. Meltdose tacrolimus pharmacokinetics. Transplant
Proc. 2016;48:420-423.

Grinyo JM, Petruzzelli S. Once-daily LCP-Tacro MeltDose
tacrolimus for the prophylaxis of organ rejection in kidney and
liver transplantations. Expert Rev Clin Immunol. 2014;10:
1567-1579.

Envarsus. Summary of product characteristics. https://www.
ema.europa.eu/en/medicines/human/EPAR/Envarsus
Advagraf. Summary of product characteristics. https://www.
ema.europa.eu/en/medicines/human/EPAR/advagraf
Alloway RR, Eckhoff DE, Washburn WK, Teperman LW.
Conversion from twice daily tacrolimus capsules to once daily
extended-release tacrolimus (LCP-Tacro): phase 2 trial of
stable liver transplant recipients. Liver Transpl. 2014;20:
564-575.

Kamar N, Cassuto E, Piotti G, et al. Pharmacokinetics of
prolonged-release once-daily formulations of tacrolimus in de
novo kidney transplant recipients: a randomized, parallel-
group, open-label, multicenter study. Adv Ther. 2019;36:
462-477.

Geng L, Wang LD, Huang JJ, et al. Lower tacrolimus trough
levels in the late period after living donor liver transplantation
contribute to improvements in long-term clinical outcomes.
Hepatobiliary Pancreat Dis Int. 2018;17:204-209.

Chen HS, Ho MC, Hu RH, et al. Roles of Epstein-Barr virus
viral load monitoring in the prediction of posttransplant
lymphoproliferative disorder in pediatric liver transplantation.
J Formos Med Assoc. 2019;118:1362-1368.

Gaber AO, Alloway RR, Bodziak K, Kaplan B,
Bunnapradist S. Conversion from twice-daily tacrolimus
capsules to once-daily extended-release tacrolimus
(LCPT): a phase 2 trial of stable renal transplant re-
cipients. Transplantation. 2013;96:191-197.

Trofe-Clark J, Brennan DC, West-Thielke P, et al. Results of
ASERTAA, a randomized prospective crossover pharmacoge-
netic study of immediate-release versus extended-release ta-
crolimus in african american kidney transplant recipients. Am
J Kidney Dis. 2018;71:315-326.

Baccarani U, Velkoski J, Pravisani R, et al. MeltDose
technology vs once-daily prolonged release tacrolimus in


http://orcid.org/0000-0003-2921-7943
https://www.ema.europa.eu/en/medicines/human/EPAR/Envarsus
https://www.ema.europa.eu/en/medicines/human/EPAR/Envarsus
https://www.ema.europa.eu/en/medicines/human/EPAR/advagraf
https://www.ema.europa.eu/en/medicines/human/EPAR/advagraf

1780 WI LEY_Immunity, Inflammation and Disease

19.

20.

de novo liver transplant recipients. Transplant Proc. 2019;
51:2971-2973.

Masetti M, Montalti R, Rompianesi G, et al. Early withdrawal
of calcineurin inhibitors and everolimus monotherapy in de
novo liver transplant recipients preserves renal function. Am
J Transplant. 2010;10:2252-2262.

Wiesner R, Rabkin J, Klintmalm G, et al. A randomized
double-blind comparative study of mycophenolate mofetil and
azathioprine in combination with cyclosporine and corticos-
teroids in primary liver transplant recipients. Liver Transpl.
2001;7:442-450.

HERDEN ET AL.

Open Access,

How to cite this article: Herden U, Sterneck M,
Buchholz BM, Achilles EG, Ott A, Fischer L.

A single-center, open-label, randomized cross-over
study to evaluate the pharmacokinetics and
bioavailability of once-daily prolonged-release
formulations of tacrolimus in de novo liver
transplant recipients. Immun Inflamm Dis.
2021;9:1771-1780. https://doi.org/10.1002/iid3.537


https://doi.org/10.1002/iid3.537



