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Introduction: The new LCP-formulation of tacrolimus (Tac) has shown pharmacokinetic advantages in patients
after liver transplantation that are associated with better adherence. The influence of prolonged release Tac on
adherence, trough levels and dosing of Tac remains unclear.

Methods: A prospective study was performed in 62 patients from two centers, who were switched to LCP-Tac after
kidney transplantation, to assess adherence as defined by the Tac trough level coefficient of variation (CoV)

LCP (primary endpoint) and BAASISO Score, as well as kidney function, Tac trough level and tacrolimus dose.
Results: BAASISO Score and Tac trough level CoV demonstrated good adherence over the study period, with no
difference between the study timepoints (0.26 + 0.16 at study start and 0.26 + 0.11 at study end, p = 0.976,
paired t-test). Graft function and Tac trough levels remained stable, and Tac dose could be reduced.
Conclusions: A switch to LCP-Tac is feasible and leads to stable adherence, graft function and Tac trough levels, in
combination with lower Tac doses.

1. Introduction

Kidney transplant recipients in particular require lifelong immuno-
suppression, in which calcineurin inhibitors such as tacrolimus (Tac)
play an important role. Tac is usually administered twice daily using an
intermediate release (IR) formulation. The newer prolonged release (PR)
formulation is also a reliable option but associated with a high dose and
trough level inter- and intraindividual variability as well as with higher
dosing requirements compared to IR-Tac [1]. LCP-Tac (Envarsus®), a
new once-daily formulation of Tac, has recently become available. Using
the so-called MeltDose technology, it has been approved as immuno-
suppressive medication for patients after kidney and liver trans-
plantation [2]. LCP-Tac provides the same therapeutic effectiveness as
the conventional twice-daily IR-Tac formulation (Prograf®), but with
improved bioavailability, a more consistent pharmacokinetic profile,
and reduced peak to trough, potentially leading to reduced Tac dosing
and subsequently less calcineurin inhibitor-related toxicity [3]. A ran-
domized controlled trial has proven that LCP-Tac can achieve similar
outcomes in newly kidney transplanted patients with lower dose re-
quirements [4].

Since other once- rather than twice-daily drug formulations lead to a

significant improvement in adherence, LCP-Tac might also show similar
improvements. Variation coefficients of immunosuppressive agent
levels have been proven to be one of the best objective measures of
adherence [5] as physicians often fail to estimate the level of adherence
adequately [6]. Therefore, it can be speculated that, after kidney
transplantation, LCP-Tac would lead to a lower Tac trough level Coef-
ficient of Variation (CoV), representing more reliable immunosuppres-
sion. This could lead to more stable graft function, and fewer patients
developing de novo donor-specific HLA- and non-HLA antibodies in the
long run.

The ultimate goal of better adherence would be longer graft survival
after kidney transplantation. This study focuses on the analysis of LCP-
Tac treatment in long-term kidney transplant patients who were
switched from IR-Tac.

2. Patients and methods

This study was an analysis of data generated during a prospective,
observational, non-interventional trial. Tac levels, creatinine levels and
eGFR values were collected and estimated every 3 months for twelve
months. Post-kidney transplantation patients who had been switched by
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a clinician to LCP-Tac were asked to participate in this study.

Patients were included in the study based on the following criteria:
adult kidney transplant recipients switched to LCP-Tac in the last three
months before study start willing to participate in the study by signing
an informed consent. All other medications approved for using in
combination with Tac were allowed. The exclusion criteria were as
follows: children, pregnant women and patients with a known non-
adherence as defined by the treating physician.

At the beginning of the study, we collected the following participant
data: age, sex, time since transplantation, adherence to LCP-Tac via
Basel Assessment of Adherence to Immunosuppressive Medications
Scale (BAASIS®) Score, LCP-Tac dosage, Tac trough levels, creatinine
levels, eGFR levels. Data, such as Tac trough levels, creatinine levels,
eGFR levels and LCP-Tac dosage were collected every 3 months for one
year. At the 3 months visits, all routine Tac levels acquired between the
actual and the last visit were documented.

2.1. Primary efficacy variable

The individual CoV for immunosuppressive agent levels. The Tac trough
level CoV (primary endpoint) was calculated at beginning and end of
study period, based on at least the first three and the last three
measurements.

2.2. Secondary efficacy variables

Initially we determined participant adherence by an analysis of the
BAASIS® Score [7]. BAASIS® is a self-reporting instrument for
measuring non-adherence to immunosuppressive drugs in transplant
recipients. The BAASIS® self-reporting questionnaire is composed of
four dimensions of immunosuppressive drug use (taking adherence,
drug holidays, timing adherence and dose reduction) within a fixed
period over the last four weeks. The outcome variable is non-adherence.
The questionnaire was selected because it is short, with a good level of
reliability, validity and sensitivity to timing and taking, the last of which
are especially important for immunosuppressive regimes after kidney
transplantation.

The estimated glomerular filtration rate (eGFR) was calculated ac-
cording to the Chronic Kidney Disease Epidemiology Collaboration
equation (CKD-EPI) formula, with body surface area normalization (mL/
min/1.73 m?).

2.3. Sample size calculation

We first estimated the likely therapy adherence rate based on a group
of patients on immunosuppressive therapy. Data from Hannover Medi-
cal School showed that half of the selected patients showed very good
adherence, with a mean CoV (%) of 0.13 (+0.03), whereas poor
compliance was observed in the other half of patients, with an average
CoV (%) of 0.5 (£0.03). In a cross-sectional analysis based on self-
assessments using the BAASISO Score in patients from Hannover Med-
ical school we identified 36% of patients with impaired adherence [4].
These values were taken as roughly predictive of the variance we would
observe in our study. Assuming a population consisting of 50% with very
good compliance, 25% with average compliance, and 25% with poor
compliance, we simulated a mixed distribution with the statistical
values above and calculated an average CoV (%) of 0.26 with a standard
deviation of 0.15. Our expectation was that the use of LCP-Tac would
increase the percentage of patients with good adherence. For that
reason, we assumed the following positively shifted distribution (in%)
for the PLCP-Tac group: 70:30:0 of very good/average/poor compliance.
This distribution corresponds to a CoV (%) of 0.181 with the same
standard deviation of 0.15. Assuming a two-sided type I error of 5%, a
Student’s two-sample t-test would have 80% power. Hence, recruitment
of a total of 114 kidney transplanted patients was planned for this trial.

This study involves human participants. The study design was
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reviewed and approved by the Ethics Committee of Hannover Medical
School (primary ethics vote, number 3493-2017) and the University
Hospital Erlangen. The participants provided their written informed
consent to be included in this study.

3. Results
3.1. Participants

At the beginning of the study, 62 transplant patients from two cen-
ters (Hannover Medical School and University of Erlangen), who were
receiving LCP-Tac, gave their consent to participate. Eleven patients
were excluded due to withdrawing their consent (n = 2), death due to a
cardiovascular event (n = 1) or insufficient number of Tac trough levels
to calculate CoV (n = 9) or a switch of transplant center (n = 2).

Our sample was therefore composed of 51 kidney transplant partic-
ipants. The participant characteristics are reported in Table 1. Our
sample consisted of 25 women (49%) and 26 men (51%) with a mean
age of 48.1 years, a mean time since transplantation of 25.7 months and
a mean daily dose of LCP-Tac of 5.1 mg. The patients had a mean Tac
trough level of 7.5 pg/1, a mean creatinine level of 149.8 umol/1 and a
mean eGFR of 47.4 ml/min/1.73m?, while 22.9% of these participants
exhibited an eGFR below 30 ml/min/1.73m?.

3.2. Primary endpoint

The mean Tac trough level CoV was 0.26 + 0.16. at study start and
0.26 + 0.11 at study end (p = 0.976, paired t-test) based on 3-10
measurements per patient (Fig. 1). Data on Tac levels under IR-Tac
before study start were not part of the study design.

3.3. Secondary endpoints

At the beginning of the study, we aimed to validate the BAASIS® to
estimate immunosuppressant (non-)adherence in the participants. The
results are shown in Table 2. The BAASIS® questionnaire revealed that
14% of participants were classified as non-adherent, 6% of the partici-
pants had missed a dose in the last month, 2% had skipped two or more
doses in a row, 8% had taken their dose more than 2 h before or after the
prescribed time and 2% had altered their dose. In the patients, classified
as non-adherent, CoV at study start was numerically higher than in the
whole group (0.32 £+ 0.18 vs. 0.24 £+ 0.15, p = n.s.)

To validate whether IR-Tac treatment had an effect on the dosage
one year later, we compared the LCP-Tac dosage at beginning and end of

Table 1
Patient characteristics.

Variable All (n =51)
Age

Mean (SD) 48.1 (14.6)

Median (IQR) 52.0 (23)
Sex Female,% 49 (n = 25)
Time since transplantation, months

Mean (SD) 25.7 (31.1)

Median (IQR) 17.0 (22)
Tacrolimus dose, mg/d

Mean (SD) 5.1 (4.5)
Tac trough levels, pg/1

Mean (SD) 7.5 (2.5)
Creatinine, pmol/1

Mean (SD) 149.8 (57.4)
eGFR (CKD-EPI), ml/min/1.73m?

Mean (SD) 47.4 (20.9)

Median (IQR) 46.0 (25.4)
eGFR <30 ml/min/1.73m?% 22.9

SD, standard deviation; IQR, interquartile range; eGFR, estimated
glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration.
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Fig. 1. Coefficient of Variation (CoV) of tacrolimus (tac) trough levels at
beginning and end of the study. The bar graphs represent mean +/- SD (paired
t-test).

Table 2
Non-adherence at study start measured by the BAASIS© Score.

Part 1 Response n Categorized as
(%) non-adherent n
(%)

1  Taking dimension: Do you remember 3(6.1) 3(6.1)
missing a dose of your
immunosuppressive medication (IM) in
the past 4 weeks?
(i) Once per month
2 Drug holidays: Do you remember having 1 (2.0) 1(2.0)
skipped two or more doses of your IMin a
row in the past 4 weeks?
(i) Once per month
3 Timing dimension: Do you remember 2 (4.1) 4(8.2)
having taken your IM more than 2 h 1(2.0)
before or after the prescribed dosing time 1 (2.0)
in the past 4 weeks?
(i) Once per month
(ii) Every second week
(iii) Once per week
(iv) More than once per week
4 Reduction of the dose: Have you altered 1(2.0) 1(2.0)
the prescribed amount of your IM during
the past 4 weeks without your doctor
telling you to do so?
(i) Once per month
(ii) Every second week
Total 7 (14.3)

the study. We could only analyze data from 32 patients due to incom-
plete data.

The mean LCP-Tac dosage was 4.98 + 4.57 at study start and 3.34 +
2.39 at study end showing a reduction in Tac dosage during the study (p
= 0.0134, paired t-test). Tac trough levels remained stable during
observation time with 7.5 + 2.6, 6.5 +1.8,6.4 +2.9,5.7 = 1.7 and 6.9
+ 2.0 ng/ml, 0, 3, 6, 9 and 12 months, respectively, after study start.

We could detect a numeric but non-significant increase in mean s-
creatinine during observation time from 150 to 177 mmol/1 (p = 0.147,
paired t-test). eGFR was stable during observation time with a slight
numeric decrease from 47 + 21 to 43 + 23 ml/min/1.73m? from study
start to study end (p = 0.412, paired t-test).

During the study period, no acute rejections and two hospitalizations
because of infections have been recorded in the participants and 8/11
excluded patients where data sets were available over the complete
study period. No patient has developed de novo DSA.
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4. Discussion

We could show stable Tac trough levels after switch to LCP-Tac. GFR
was stable with a non-significant decrease of 4 ml/min over one year’s
observation time. This is comparable to — or even better than — normal
GFR loss in kidney transplant recipients [8]. Our data therefore proves
that LCP-Tac could be implemented safely after kidney transplantation
in a cohort of patients initially treated with IR-Tac as has been demon-
strated in patients switched directly after transplantation [4].

The primary endpoint of this study was to prove the hypothesis that
treatment with LCP-Tac leads to an increase in adherence as expressed
by the Tac trough level CoV over one year of treatment. However, we
could not show any improvement in the CoV, which might have been
due to the small numbers of participating patients in combination with a
cohort with already good adherence willing to take part in this study.
Interestingly, the CoV of Tac trough levels in our patients at study start
and end exactly matched those published previously [6] under a stan-
dard immunosuppressive regimen. This was combined with a significant
decrease in LCP-Tac dose during observation time showing that, in
adherent patients, lower doses of LCP-Tac seem to be required to achieve
the same Tac exposure even one year later. This is especially interesting,
as both centers implemented a standard of using a conversion factor of
0.7 when switching from IR-Tac to LCP-Tac. For this finding we have
actually no convincing explanation. The BAASIS© Score shows very
good adherence at study start, with only 14.2% of patients with
adherence problems, which is better than published data [7] and
different to the result of the surrogate marker CoV that we used as a
primary endpoint. Obviously, we cannot rule out a selection bias of
primarily adherent patients agreeing to take part in the study. This could
explain the good adherence rates even at study start using the BAASIS©
Score. However, our study proved that satisfactory medication adher-
ence could be secured under LCP-Tac treatment, leading to a lower
dosage after one year and reducing the need for any nephrotoxic agent.

Interestingly, our study population was quite young, with satisfac-
tory graft function and a short period between transplantation and study
start, making the participants more predisposed to take part. Conse-
quently, the results of this study may not be easily transferred to all
patient populations.

5. Limitations

This study was a non-randomized trial that included only selected
patients that were switched for clinical reasons to LCP-Tac. This design
leads to a possible bias that has to be taken into account. In addition,
there was a selection bias towards adherent patients during the
recruitment period as an initial evaluation in a random patient sample
from Hannover Medical School demonstrated worse adherence. Unfor-
tunately, it was not possible to include all the 114 patients as initially
planned and calculated as the sample size, as only a smaller number of
patients were treated with LCP-Tac in both study centers which led to an
underpowered study. This might have led to the lack of statistical dif-
ferences in our primary endpoint. Due to organizational difficulties, we
did not manage to evaluate the BAASIS® Score at the end of the study in
a sufficient number of patients for the analysis. The study design did not
include a retrospective analysis of data under IR-Tac treatment or a
randomized control group with IR-Tac treatment, so that it is not
possible to make a comparison of results for the same period.

No complete data set on acute rejections and the development of
donor-specific antibodies during the study period was available.

6. Conclusion

In conclusion, our data indicate that the use of LCP-Tac after kidney
transplantation in patients who have been switched from IR-tacrolimus
was safe and led to stable trough levels in combination with further dose
reduction one year after switch, and graft function was stable. This was
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associated with good medication adherence.
Author contributions

LP and MS conceived and designed the study. LP drafted the study
protocol. YS evaluated the data and performed the statistics. YS, and LP
wrote the first draft of the paper. All authors read, revised, and approved
the manuscript.

Funding

This study was supported by a research grant from Chiesi GmbH,
Hamburg, Germany.

Declaration of Competing Interest

This study received funding from Chiesi GmbH Germany. The funder
was not involved in the study design, collection, analysis, interpretation
of data, the writing of this article or the decision to submit it for pub-
lication. All authors declare no other competing interests.

Transplantation Reports 8 (2023) 100139

References

[1] B.K. Krémer, B. Charpentier, L. Bickman, H.T. Silva Jr., G. Mondragon-Ramirez,
E. Cassuto-Viguier, et al., Tacrolimus once Daily (ADVAGRAF) versus Twice Daily
(PROGRAF) in De Novo Renal Transplantation: a Randomized Phase III Study, Am.
J. Transpl. 10 (2010) 2632-2643.

[2] https://www.ema.europa.eu/en/medicines/human/EPAR/envarsus, accessed

11.12.2022.

A. Coilly, Y. Calmus, F. Chermak, J. Dumortier, C. Duvoux, O. Guillaud, P. Houssel-

Debry, M. Neau-Cransac, J. Stocco, Once-daily prolonged release tacrolimus in liver

transplantation: experts’ literature review and recommendations, Liver Transpl. 21

(10) (2015 Oct) 1312-1321.

[4] K. Budde, L. Rostaing, U. Maggiore, G. Piotti, D. Surace, S. Geraci, C. Procaccianti,
G. Nicolini, O. Witzke, N. Kamar, L. Albano, M. Biichler, J. Pascual, A. Gutiérrez-
Dalmau, D. Kuypers, T. Wekerle, M. Gtyda, M. Carmellini, G. Tisone, K. Midtvedt,
L. Wennberg, J.M. Griny6, Prolonged-Release Once-Daily Formulation of Tacrolimus
Versus Standard-of-Care Tacrolimus in de novo Kidney Transplant Patients Across
Europe, Transpl. Int. 35 (2022 Mar 21) 10225.

[5] D.R.J. Kuypers, Intrapatient Variability of Tacrolimus Exposure in Solid Organ
Transplantation: a Novel Marker for Clinical Outcome, Clin. Pharmacol. Ther. 107
(2) (2020) 347-358.

[6] S. Pabst, A. Bertram, T. Zimmermann, M. Schiffer, M. de Zwaan, Physician reported
adherence to immunosuppressants in renal transplant patients: prevalence,
agreement, and correlates, J. Psychosom. Res. 79 (5) (2015) 364-371.

[7] M. Tielen, J. van Exel, M. Laging, D.K. Beck, R. Khemai, T. van Gelder, M.G. Betjes,
W. Weimar, E.K. Massey, Attitudes to medication after kidney transplantation and
their association with medication adherence and graft survival: a 2-year follow-up
study, J Transplant 2014 (2014), 675301.

[8] H. Ekberg, H. Tedesco-Silva, A. Demirbas, et al., Reduced exposure to calcineurin
inhibitors in renal transplantation, N. Engl. J. Med. 357 (25) (2007) 2562-2575.

[3

=


http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0001
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0001
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0001
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0001
https://www.ema.europa.eu/en/medicines/human/EPAR/envarsus
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0003
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0003
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0003
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0003
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0004
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0005
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0005
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0005
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0006
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0006
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0006
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0007
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0007
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0007
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0007
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0008
http://refhub.elsevier.com/S2451-9596(23)00014-8/sbref0008

[ ) UNIVERSITAT
DEUS 1 SSEBNU RG
u u I Co Offen im Denken

Duisburg-Essen Publications online ub | bihicthek

Thistext is made available via DUEPUblico, the institutional repository of the University of

Duisburg-Essen. Thisversion may eventually differ from another version distributed by a
commercial publisher.

DOl 10.1016/j.tpr.2023.100139
URN: urn:nbn:de:hbz:465-20230828-154443-1

@ @@@ Thiswork may be used under a Creative Commons Attribution -
el NonCommercia - NoDerivatives 4.0 License (CC BY-NC-ND 4.0).



https://duepublico2.uni-due.de/
https://duepublico2.uni-due.de/
https://doi.org/10.1016/j.tpr.2023.100139
https://nbn-resolving.org/urn:nbn:de:hbz:465-20230828-154443-1
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	LCP-tacrolimus in long-term kidney graft recipients: Dosing and adherence
	1 Introduction
	2 Patients and methods
	2.1 Primary efficacy variable
	2.2 Secondary efficacy variables
	2.3 Sample size calculation

	3 Results
	3.1 Participants
	3.2 Primary endpoint
	3.3 Secondary endpoints

	4 Discussion
	5 Limitations
	6 Conclusion
	Author contributions
	Funding
	Declaration of Competing Interest
	References


