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Abstract

Multicenter, prospective, observational study to compare the relative bioavailability of

once-daily tacrolimus formulations in de novo kidney transplant recipients. De novo

kidney transplant recipients who started a tacrolimus-based regimen were included

14dayspost-transplant and followedup for6months.Data from218participantswere

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2021 The Authors. Clinical Transplantation published by JohnWiley & Sons Ltd.

Clinical Transplantation. 2022;36:e14550. wileyonlinelibrary.com/journal/ctr 1 of 12

https://doi.org/10.1111/ctr.14550

https://orcid.org/0000-0003-2801-6752
https://orcid.org/0000-0001-6965-3745
mailto:constantino.fernandez.rivera@sergas.es
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/ctr
https://doi.org/10.1111/ctr.14550
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fctr.14550&domain=pdf&date_stamp=2021-12-17


2 of 12 FERNANDEZ RIVERA ET AL.

evaluated: 129 in the LCPT group (Envarsus) and 89 in the PR-Tac (Advagraf) group.

Patients in the LCPT group exhibited higher relative bioavailability (Cmin /total daily

dose [TDD]) vs. PR-Tac (61% increase; P < .001) with similar Cmin and 30% lower TDD

levels (P < .0001). The incidence of treatment failure was 3.9% in the LCPT group and

9.0% in the PR-Tac group (P= .117). Study discontinuation rateswere 6.2% in the LCPT

group and 12.4% in the PR-Tac group (P = .113). Adverse events, renal function and

other complications were comparable between groups. Themedian accumulated dose

of tacrolimus in the LCPT group from day 14 to month 6 was 889 mg. Compared to

PR-Tac, LCPT showed higher relative bioavailability, similar effectiveness at preventing

allograft rejection, comparable effect on renal function, safety, adherence, treatment

failure and premature discontinuation rates.

KEYWORDS

bioavailability, clinical practice, pharmacokinetics, renal transplantation, tacrolimus, treatment
failure

1 INTRODUCTION

The calcineurin inhibitor (CNI) tacrolimus is the mainstay of treatment

to prevent allograft rejection after kidney and liver transplant. Due to

its narrow therapeutic index, maintaining a proper balance of blood

tacrolimus levels is essential to prevent organ rejection and minimize

toxicity after kidney transplant, requiring individual dose titration and

close drugmonitoring.1

Kidney transplant recipients require lifelong immunosuppression to

maintain graft survival. This often results in a decline in adherence over

time, with dramatic consequences for patients.2 The poor and hetero-

geneous bioavailability of tacrolimus often results in high inter- and

intra-patient variability.3 Thus, improving the convenience and phar-

macokinetic profile of tacrolimus has been the focus of significant

effort.

The immediate-release formulation of tacrolimus was first devel-

oped for its administration twice daily (IR-Tac and generics, Prograf,

Astellas Pharma).4 To improve treatment adherence, tacrolimus was

formulated as a prolonged-release once-daily formulation (PR-Tac,

Advagraf, Astellas Pharma).5 PR-Tac was associated with improved

adherence, non-inferior efficacy and similar tolerability compared

to IR-Tac,2,6,7 although lower tacrolimus exposure was achieved in

the early post-transplant period.6 A novel once-daily formulation of

tacrolimus was developed based on the MeltDose drug delivery tech-

nology (LCPT, Envarsus, Chiesi),8 a process that enhances the bioavail-

ability of low water solubility drugs by decreasing its particle size,

thereby controlling its release and allowing a more distal distribution

of the drug within the gut.9

Several studies compared the efficacy of LCPT and IR-Tac both in

stable10–12 and de novo kidney transplant recipients,13 reporting a

similar safety profile and greater bioavailability of LCPT, with a 30%

reduction of total daily dose (TDD) and a lower peak and less peak-to-

trough fluctuation.10,11 However, studies comparing the pharmacoki-

netic profile of once-daily tacrolimus formulations are scarce, particu-

larly in de novo patients. The crossover study conducted over 21 days

in stable patients showed a 36% TDD reduction of LCPT after conver-

sion from PR-Tac.14 The retrospective comparison pooling data from

two randomized studies13,15 also reported the higher bioavailability

of LCPT versus PR-Tac.16 In a retrospective study, stable patients con-

verted from IR-Tac to LCPT showed an improved bioavailability and a

35% dose reduction versus those converted from IR-Tac to PR-Tac.17

However, only a recent randomized study directly compared the phar-

macokinetic profile of once-daily formulations (PR-Tac and LCPT) in

de novo transplant recipients over 28 days, showing a 30% greater

bioavailability and 40% lower dose of LCPT versus PR-Tac.18

Since comparative studies of once-daily tacrolimus formulations in

de novo kidney transplant recipients are limited to a retrospective

comparison of two randomized clinical trials with a short follow-up

period, we set out to investigate the pharmacokinetic profile and other

transplant-related outcomes in de novo patients treatedwith LCPT and

PR-Tac.

2 METHODS

2.1 Study design

Thismulticenter, prospective, observational studywas conductedat15

Spanish transplant centers. The study adhered to the principles of the

Declaration of Helsinki and was approved by the Independent Ethics

Committees of participating centers and Spanish Health Authorities

(protocol number: CHI-TAC-2016-01). All participants provided writ-

ten informed consent.

De novo kidney transplant recipients who started a tacrolimus-

based regimen were recruited 14 days after transplantation (baseline)

and followed for 6 months under routine clinical practice conditions.
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Clinical and laboratory variables were evaluated at Visit 1 (14 days

post-transplant), Visit 2 (21days post-transplant), Visit 3 (30days post-

transplant), Visit 4 (90dayspost-transplant), andVisit 5 (180dayspost-

transplant). Pharmacokinetic variables (TDD, Cmin) were also moni-

tored on days 1 and 7 to assess early post-transplant levels, and across

the visits.

Participants received PR-Tac or LCPT according to routine clinical

practice and their respective summary of product characteristics. The

decision of which tacrolimus formulation was administered was com-

pletely dissociated from the inclusion in the study.

2.2 Study population

Predefined inclusion criteria were: (1) age ≥18 years, (2) de novo recip-

ients of a deceased donor kidney transplant, and (3) post-transplant

immunosuppression treatmentwith any tacrolimus formulation in con-

junction with mycophenolic acid derivatives and corticosteroids prior

to enrolment in the study (within 14days after transplant). Participants

were excluded according to the following criteria: (1) prior solid organ

transplant, (2) participation in a clinical trial within 30 days of enrol-

ment, (3) any contraindication to study drugs, (4) cognitive impairment

limiting the participation in the study, and (5) inability to comply with

study follow-ups or provide informed consent.

2.3 Study outcomes

The primary objective of the study was to compare the pharmacoki-

netic profile of each tacrolimus group by means of whole blood con-

centration levels (Cmin), TDD of tacrolimus, and normalized tacrolimus

blood concentration (Cmin/TDD) throughout the study period.

Secondary objectives included to compare between each tacrolimus

group: (1) treatment failure and non-biopsy proven rejection rates, (2)

adherence andpremature studydiscontinuation rates, (3) quality of life

in tremor, (4) safety profile, findings of special interest (including the

incidenceof cytomegalovirus [CMV]andBKvirus [BKV] infections) and

laboratory values, (5) the evolution of renal function, and (6) the use of

healthcare resources.

Treatment failure comprised any of the following events: death,

graft failure, biopsy-provenacute rejection (BPAR), or loss to follow-up.

Delayed graft function (DGF)was defined as the need for dialysis in the

first post-operative week. Adherencewasmeasuredwith theMorisky-

Green test, a four-itemself-reported adherencemeasure.19 Premature

study discontinuation comprised: loss to follow-up, graft failure, effec-

tiveness loss (non-treated rejection), death, protocol deviations, and

investigator decision.

The Quality of Life in Essential Tremor (QUEST) scale is a tremor-

specific questionnaire of quality of life subdivided into five scales:

Physical (n = 9), Psychosocial (n = 9), Communication (n = 3), Hob-

bies/Leisure (n = 3), and Work/Finance (n = 6).20 The QUEST was

administered at Visits 1 and 5, with higher scores representing worse

perceived quality of life. Safety was evaluated by the incidence of

adverse events (AEs) and serious adverse events (SAEs). Findings of

special interest included clinical laboratory measures, the incidence of

post-transplant diabetes mellitus (PTDM), infections (CMV and BKV),

and tremor affecting daily activities. Renal function was evaluated

by the evolution of the estimated glomerular filtration rate (eGFR),

calculated with the Modification of Diet in Renal Disease-4 (MDRD-

4 formula).21 The use of healthcare resources comprised unsched-

uled hospitalizations, emergency department visits, outpatient visits,

unscheduled laboratory tests, unscheduled explorations, and the cost

per treatment.

2.4 Statistical analyses

Continuousvariablesweredescribedbymean, standarddeviation (SD),

median, and extremes (Min, Max), and categorical variables by num-

ber and percentage. Comparisons between two independent groups

for continuous variables were performed using the Student’s t-test for

unpaireddataor theMann-WhitneyUtest for non-parametric compar-

isons. The Chi-square test or the Fisher’s exact test were used for cate-

gorical variables. The level of statistical significance was set at P < .05.

Statistical analyses were performed using the SAS software (SAS Insti-

tute, Cary, SC, USA) forWindows, version 9.2.

The following factorswere analyzed at the univariate level to assess

potential determinants of tremor: (1) diabetes, (2) tacrolimus group,

(3) magnesium values, and (4) Cmin levels. Because no correlation was

found at the univariate level, the planned multivariate analysis (binary

logistic regression) was not finally performed.

The sample size was calculated based on the primary objective

(relative bioavailability). The studies of Budde et al.13 and Rostaing

et al.22 showed a relative bioavailability of 1.6 ng/ml/mg for IR-Tac

and of 2.3 ng/ml/mg for LCPT, with differences of at least .6 ng/ml/mg

between groups being considered clinically relevant. Based on these

data, 212 participants (106 treated with PR-Tac and 106 with LCPT),

were required to detect statistically significant differences between

groups with 90% power.

3 RESULTS

3.1 Study population

BetweenOctober 2016 andAugust 2017, 251 kidney transplant recip-

ients were recruited from15 centers. The safety population comprised

229 patients. Data from 218 participants were evaluated for effec-

tiveness analyses: 129 treated with LCPT and 89 with PR-Tac (Fig-

ure 1). Mean age in the overall study population was 56.9 years and

156/218 (72.0%) were male. Baseline and clinical characteristics were

balanced between groups at baseline (Table 1). At baseline, 10/129

(7.8%) patients in the LCPT group and 10/89 (11.2%) in the PR-Tac

groupwere receiving antifungal treatments.
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F IGURE 1 Flowchart showing the study design. Tac, tacrolimus

3.2 Primary objective: pharmacokinetic profile

At initial time points (day 1 to 21), participants treated with LCPT

exhibited higher Cmin levels and, thereafter, comparable levels were

observed between groups (Figure 2A). The TDD was systematically

lower in the LCPT group compared to the PR-Tac group (Figure 2B). At

baseline,meanTDDwas7.2mg/day in the LCPTgroupand10.8mg/day

in the PR-Tac group. At the end of follow-up, mean TDD was 4.1

mg/day in the LCPT group and 5.8 mg/day in the PR-Tac group, rep-

resenting a 29.3% lower dose in the LCPT group (P < .0001) (Fig-

ure 2B). Relative bioavailability, measured as the ratio of blood con-

centration levels and TDD (Cmin /TDD), was significantly higher in the

LCPT group versus the PR-Tac group throughout the entire follow-

up (P < .0001) (Figure 3). The Cmin/TDD ratio was 61% higher in the

LCPT group versus the PR-Tac group after 6 months of treatment

(P< .001).

TABLE 1 Demographic and clinic characteristics at baseline

LCPT

(N= 129)

PR-Tac

(N= 89)

Age (years) 57.5± 12.6 56.2± 12.4

Gender (male) 90 (69.8%) 66 (74.2%)

Ethnic group (Caucasian) 114 (88.4%) 84 (94.4%)

BMI (kg/m2) 26.7± 4.4 26.9± 4.8

SBP (mmHg) 142.0± 18.6 143.2± 20.5

DBP (mmHg) 79.8± 12.5 81.4± 14.0

Pre-Tx diabetes mellitus 33 (25.6%) 19 (21.3%)

Time fromKTx to study inclusion (days) 13.9± 1.8 13.8± 1.4

Cold ischemia time (h) 15.7± 6.6 16.5± 6.1

Donor characteristics

Age (years) 58.0± 15.1 54.5± 16.0

Sex (male) 74 (57.4%) 55 (61.8%)

Type of donor

Brain death donor trauma 8 (6.2%) 7 (7.9%)

Brain death cerebrovascular 65 (50.4%) 51 (57.3%)

Brain death others 16 (12.4%) 13 (14.6%)

Donation after cardiac death Type II 14 (10.9%) 6 (6.7%)

Donation after cardiac death Type III 26 (20.2%) 12 (13.5%)

TDD tacrolimus (mg/day) 7.18± 3.70 10.75± 4.89

Induction therapya 100 70

Basiliximab 74 (57.4%) 56 (62.9%)

Timoglobulin 26 (20.2%) 15 (16.9%)

Concomitant medication

Mycophenolic acid derivatives 129

(100.0%)

88 (98.9%)

Corticosteroids

Induction

Methylprednisolone 56 (43.4%) 35 (39.3%)

Maintenance

Prednisone 125 (96.9%) 88 (98.9%)

Data are expressed asmean± SD or n (%).
Abbreviations: BMI, body mass index; KTx, kidney transplant; SD, standard

deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; TDD,

total daily dose.
aPatients could have receivedmore than one treatment.

3.3 Treatment failure

Thirteen out of 218 patients (6.0%) showed treatment failures

throughout the study: 5/129 (3.9%) in the LCPT group and 8/89 (9.0%)

in the PR-Tac group. None of the causes of treatment failure showed

statistically significant differences between groups (Table 2).

Four deaths were recorded during the study among 218 patients:

one in the LCPT group and three in the PR-Tac group (99.2% and

96.6% survival rate, respectively). The causes of death were car-

diac infarction, infection, death of unknown cause and pulmonary
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F IGURE 2 Trough levels and total daily doses over the study period in the LCPT and PR-Tac groups. Graphs showmean± SD levels for: A,
Trough levels (Cmin), B, TDD (total daily dose). * P-value< .05

thromboembolism. Among the causes of treatment failure, the highest

incidence of graft failure was observed in the PR-Tac group (3/8, 37.5%

of the total treatment failures). Only one patient experienced BPAR in

the PR-Tac group (IA Banff BPAR), and two non-biopsy-proven rejec-

tions were registered, both in the LCPT group (Table 2).

3.4 Treatment adherence and premature
discontinuation

No significant differences were observed between groups in the pro-

portion of adherent patients. Treatment adherence was 97.8% (88/90)

at month 1, 96.8% (92/95) at month 3 and 96.6% (85/88) at month 6 in

the LCPT group and 95.1% (58/61) atmonth 1, 98.4% (62/63) atmonth

3 and 94.6% (53/56) at month 6 in the PR-Tac group. The incidence of

premature discontinuation was 6.2% (8/129) in the LCPT group and

12.4% (11/89) in the PR-Tac group (Table 3).

Due to the observational nature of the study, four changes in pre-

scribed tacrolimus formulations were registered during the follow-up:

one patient changed from LCPT to PR-Tac, two patients from PR-Tac

to LCPT, and one patient from LCPT to IR-Tac The immunosuppres-

sion regimen received at Visit 5 is shown in Table S1. The proportion

of patients treated with mycophenolic acid derivatives throughout the

follow-up period was 100.0% (129/129) in the LCPT group and 98.9%

(88/89) in the PR-Tac group, 43.4% (56/129) in the LCPT group and

40.4% (36/89) in the PR-Tac group for methylprednisolone, and 100%

in both groups for prednisone.

3.5 Quality of life in essential tremor

At Visit 1, all the QUEST domains had lower scores (better quality of

life) in the LCPTgroup vs. thePR-Tac group,with statistically significant

differences in the psychosocial domain (P= .043) (Figure 4A).
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F IGURE 3 Relative bioavailability of tacrolimus over the study period in the LCPT and PR-Tac groups. The graph showsmean± SD for
normalized blood tacrolimus levels (Cmin/TDD) over 6months of follow-up. * P-value< .0001

TABLE 2 Treatment failure and non-biopsy proven rejection rates
in each tacrolimus group over the study period

LCPT

(N= 129)

PR-Tac

(N= 89) P-valuea

Treatment failure 5 (3.9%) 8 (9.0%) .117

Death 1 (20.0%) 3 (37.5%) >.999

Graft failure 1 (20.0%) 3 (37.5%) >.999

Lost to follow-up 3 (60%) 1 (12.5%) .217

BPAR 0 (.0%) 1 (12.5%) >.999

Non-biopsy-proven rejection 2 (1.6%) 0 (.0%) .200

Data are expressed as n (%) over the study period (Visit 1–Visit 5). The pro-
portion of each cause of treatment failure was calculated relative to the

total number of patients with treatment failure in each group.

Abbreviation: BPAR, biopsy-proven acute rejection.
aStatistical significancewas calculated using the Fisher exact test.

At Visit 5, no significant differences between groups were observed

for any of the domains (Figure 4B). Likewise, the proportion of patients

reporting a negative impact of tremor in daily habits was statistically

comparable between LCPT and PR-Tac groups (3.9% vs. 10.1%; P =

.143) (Table 5).

The univariate analysis revealed no statistically significant associa-

tionbetween tremor anddiabetes pre- andpost-transplantation, treat-

ment group, Cmin, or magnesium levels. Since a significant association

with tremor was found only for older patient’s age, the planned multi-

variate analysis (binary logistic regression) was not performed.

TABLE 3 Treatment adherence and premature discontinuation in
each tacrolimus group over the study period

LCPT PR-Tac P-valuea

n 88 56

Adherent patient 85 (96.6%) 53 (94.6%) .678

Non-adherent patient 3 (3.4%) 3 (5.4%)

n 129 89

Premature discontinuation 8 (6.2%) 11 (12.4%) .113

Lost to follow-up 3 (37.5%) 1 (9.1%)

Graft failure 0b 3 (27.3%)

Efficacy loss 0 0

Death 1 (12.5%) 3 (27.3%)

Protocol deviation 1 (12.5%) 1 (9.1%)

Investigator decision 1 (12.5%) 1 (9.1%)

Other 2 (25%) 2 (18.2%)

Data are expressed as n (%). % are calculated considering available data.

The proportion of adherent andnon-adherent patientswas calculated using

theMorisky-Green test atVisit 5 (month6). Theproportionof causesof pre-

mature discontinuation was calculated relative to the total number of pre-

mature discontinuations in each group (Visit 2–Visit 5).
aStatistical significance was calculated using the Fisher test for adherence

or Chi-square test for premature discontinuations.
bOne patient in the LCPT group had a graft failure at Visit 2 but completed

the study andwas not considered as study discontinuation.
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F IGURE 4 Evolution of quality of life in tremor. Bar graphs show
QUEST scores at A, Visit 1 and B, Visit 5. * P-value< .05

3.6 Safety

The proportion of patients with AEs was similar between groups:

82/133 (61.7%) in the LCPT group and 55/96 (57.3%) in the PR-

Tac group. A similar proportion of patients with SAEs was observed

between groups: 36/133 (27.1%) in the LCPT group and 26/96 (27.1%)

in the PR-Tac group (Table 4).

3.7 Delayed graft function

The overall incidence of DGF, defined as the need for dialysis in the

first post-transplant week, was 16.5% (36/218 patients), with 20/129

patients (15.5%) in the LCPT group and 16/89 (18.0%) in the PR-Tac

group (P= .236) (Table 5).

3.8 Infections

During the follow-up, the frequency of CMV replication was similar

amongst the study groups (40/108, 37.0%, in the LCPT group and

26/72, 36.1%, in the PR-Tac group) (Table 5), with a higher frequency

of donor CMV-seropositive/receptor CMV-seropositive (D+R+). Of

note, 57/129 (44.2%) patients in the LCPT group and 32/89 (36.0%) in

the PR-Tac group received CMV prophylaxis (98.2% after transplant in

the LCPT group and 96.9% in the PR-Tac group). Virus BK replication

was significantly lower in the LCPT group (5/88, 5.7%) compared to the

PR-Tac group (12/72, 16.7%; P= .027) (Table 5).

3.9 Renal function and laboratory values

Mean creatinine clearance (CrCl) levels were similar between patients

treatedwith LCPTandPR-Tac over the study period,with no significant

differences between groups at any study visit (Figure 5). In the over-

all study population, only one patient developed proteinuria>.5 g/24 h

in the LCPT group (1.1%) at Visit 3. Laboratory values showed minimal

and comparable changes between groups fromVisit 1 to 5 (Table 6).

3.10 Healthcare resource use

Patients received a median accumulated (from day 14 to month 6)

tacrolimus dose of 889 mg in the LCPT group and of 1267 mg in the

PR-Tac group, resulting in a 29.8%decrease in the LCPTgroup (Table 7).

Considering the current cost of tacrolimus per mg in Spain (.768 €/mg

for LCPT and 1.035 €/mg for PR-Tac, 2018)23, the cost for the 6-month

treatment period of the study (median accumulated dose × cost per

mg) was 682.8€ for LCPT vs. 1311.3€ for PR-Tac, corresponding to a

47.9% cost reduction.

No statistically significant differences were found between groups

in the incidence of hospitalizations, emergency department vis-

its, unscheduled outpatient visits, laboratory tests or explorations

(Table 7).

4 DISCUSSION

In this prospective study, LCPT showed higher relative bioavailability,

with lower BK replication and similar effectiveness at preventing allo-

graft rejection, renal function and safety profile comparedwith PR-Tac.

This study showed the improved relative bioavailability of LCPT

compared to PR-Tac throughout the study, supporting previous com-

parisonswith these formulations in de novopatients.13,16,18 Trough lev-

els were higher in the LCPT group for the initial 21 days compared

with the PR-Tac formulation, as previously observed.13,22 This result

is of remarkable importance since, as indicated in the KDIGO guide-

line, achieving early tacrolimus levels is crucial to preventing acute

rejection.24 These higher initial trough levels were observed despite

lower TDD at early time points, reinforcing the improved pharmacoki-

netic properties of LCPT in clinical practice. The pharmacokinetic pro-

file at longer time points (from day 21 to month 6) was characterized

by comparable blood concentrations with statistically lower TDD in

the LCPT group. A 30% lower TDD was observed at month 6 in the

LCPT group relative to the PR-Tac group, in the range to the previously

reported 40% lower TDD with LCPT vs. PR-Tac achieved by day 2818

andmonth 6.16

The effectiveness of both once-daily formulations was evident by

the treatment failure rates (3.9% in the LCPT group and 9.0 in the
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TABLE 4 Safety profile of each tacrolimus formulation over the study period

LCPT

(N= 133)

PR-Tac

(N= 96)

Patients with AEs 82 (61.7%) 55 (57.3%)

Number of AEs 214 111

System organ class

Infections and infestations 52 (39.1%) 24 (25%)

Injury, poisoning and procedural complications 13 (9.8%) 11 (11.5%)

Neoplasms benign, malignant, and unspecified 2 (1.5%) 0

Cardiac disorders 1 (.8%) 1 (1.0%)

Congenital, familial, and genetic disorders 1 (.8%) 0

Blood and lymphatic system disordersa 1 (.8%) 2 (2.1%)

Metabolism and nutrition disorders 8 (6.0%) 6 (6.3%)

Immune system disorders 2 (1.5%) 2 (2.1%)

Nervous system disorders 42 (31.6%) 22 (22.9%)

Gastrointestinal disorders 16 (12%) 13 (13.5%)

General disorders and administration site conditionsb 6 (4.5%) 1 (1.0%)

Musculoskeletal and connective tissue disorders 2 (1.5%) 0

Renal and urinary disorders 11 (8.3%) 3 (3.1%)

Vascular disorders 7 (5.3%) 3 (3.1%)

Patients with SAEs 36 (27.1%) 26 (27.1%)

Surgical complicationsc 5 (6.1%) 3 (5.5%)

Data are expressed as n (%) of patients with AEs relative to the safety population.
Abbreviations: AE, adverse event; SAE, serious adverse event.
aLCPT: one leucopenia, PR-Tac: One anemia, one polycythemia.
bLCPT: one edema, three peripheral edema, three pyrexia; PR-Tac: one peripheral edema.
c% calculated over the number of patients with AEs.

TABLE 5 Findings of special interest in each tacrolimus
formulation over the study period

LCPT

(N= 129)

PR-Tac

(N= 89) P-valuea

DGF 20 (15.5%) 16 (18.0%) .236

PTDM 11 (8.5%) 12 (13.5%) .242

Tremor affecting daily activities 5 (3.9%) 9 (10.1%) .143

Infection by CMVb 40 (37.0%) 26 (36.1%) .899

Infection by BKb 5 (5.7%) 12 (16.7%) .027

Data are expressed as n (%)
Abbreviations: DGF, delayed graft function; PTDM, post-transplant diabetes

mellitus; CMV, cytomegalovirus.
aStatistical significance was calculated using the Fisher exact test or Chi-

square test.
bRelative to patients with available data for PCR.

PR-Tac group). No statistically significant differences were observed

between groups for the incidence of death, graft failure, loss to follow-

up, BPAR, and non-biopsy proven rejection. Earlier studies support this

comparable effectiveness and also show non-significantly lower treat-

ment failure rates in the LCPTgroup as compared to the IR-Tac13,22 and

PR-Tac groups.16 Davis et al. observed that tacrolimus trough concen-

F IGURE 5 Evolution of renal functionmeasured by creatinine
clearance (CrCl) over the study period. No significant differences
between groups were observed. The change in CrCl was statistically
significant fromVisit 2 to 4 in the LCPT group and fromVisit 2 to 3 in
the PR-Tac group

trations < 8 ng/ml were associated with de novo HLA donor-specific

antibodies and higher rejection rates by months 6 and 12 and, in our

study, trough levels in the LCPT group were above 8 ng/ml throughout

the follow-up.25 Another possible explanation for the low acute rejec-

tion rates inbothgroups is the fact that patientswere recruited14days
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TABLE 6 Laboratory parameters in each tacrolimus group at Visit
1 and 5

LCPT

(N= 133)

PR-Tac

(N= 96)

LDL cholesterol (mmol/L)

Visit 1 2.8 ± .8 3.1 ± 1.0

Visit 5 2.8 ± 1.0 2.9 ± 1.0

Total cholesterol (mmol/L)

Visit 1 4.7 ± 1.1 5.1 ± 1.3

Visit 5 4.8 ± 1.0 5.0 ± 1.2

Triglycerides (mmol/L)

Visit 1 1.9 ± .9 2.0 ± .8

Visit 5 1.7 ± .8 1.7 ± .9

Hemoglobin (g/L)

Visit 1 102.5 ± 14.0 99.5 ± 13.3

Visit 5 129.1 ± 16.3 131.2 ± 17.7

Leucocytes (x109/L)

Visit 1 11.0 ± 3.8 11.3 ± 4.2

Visit 5 6.7 ± 2.5 7.4 ± 2.8

Platelets (x109/L)

Visit 1 275.7 ± 86.6 282.0 ± 107.8

Visit 5 210.1 ± 68.6 213.7 ± 67.3

Magnesium (mmol/L)

Visit 1 .95 ± .4 .82 ± .3

Visit 5 .76 ± .2 .76 ± .2

HbA1c (%)

Visit 1 5.9 ± 1.1 5.5 ± .7

Visit 5 6.2 ± 1.2 6.1 ± 1.2

Data are expressed asmean± SD.

after transplantation, potentially biasing the results towards patients

without clinical (infection, rejection, gastrointestinal problems) or sur-

gical complications (thrombosis, uropathy).

The high and similar adherence rates between groups could be

explained considering the short follow-up period after transplantation

(6 months) and that patients received a once-daily formulation, since

dosing regimen is one of the key contributors to adherence. The fre-

quency of premature discontinuation was comparable in participants

receiving LCPT (6.2%) vs. those treated with PR-Tac (12.4%), contrast-

ingwith previous results of a phase III conversion study showing higher

premature discontinuation in the LCPTgroup (12%) comparedwith the

IR-Tac group (5%).12 Of remarkable importance are discontinuations

resulting in death (one in the LCPT group vs. three in PR-Tac group)

or graft failure (none in the LCPT group vs. three in the PR-Tac group),

although these results require further confirmation.

One of the distinctive evaluations of this study was the longitudi-

nal analysis of quality of life in tremor (QUEST), as tremor is one of the

most common neurotoxic effects of tacrolimus.26,27 To our knowledge,

this is the first study showing the evolution of quality of life in the long

term. An important finding was that the perception of quality of life in

tremor differed significantly between groups across the visits, which

could be explained by the tight relationship of neurotoxic effects with

peak tacrolimus concentrations.28 In this regard, LCPT is character-

ized by a flatter profilewith lower peak and similar exposure compared

to other tacrolimus formulations.11 We observed that, although LCPT

compared favorably to PR-Tac for the psychosocial domain at Visit 1,

differences between groups were not significant at Visit 5. Moreover,

the proportion of patients reporting a negative impact of tremor in

daily habits in our study was statistically similar in the LCPT and PR-

Tac groups (3.9% vs. 10.1%). In agreementwith these results, LCPTwas

associated with improved hand tremor 14 days after the switch from

IR-Tac in a prospective phase IIIb study and in a recent retrospective

study.17,28

Once-daily tacrolimus formulations exhibited a similar safety pro-

file, as evidenced by the comparable incidence of AEs, SAEs, DGF and

laboratory values recorded. As previously reported, the safety profile

of LCPT was comparable to that of IR-Tac,12,13 PR-Tac18 or both14 in

de novo and conversion studies. Of note, DGF frequency ranged from

27.3% to60.7% indifferent studies conducted in Spain.29–31 Oneof the

TABLE 7 Healthcare use in each tacrolimus treatment over the study period

LCPT

(N= 129)

PR-Tac

(N= 89) P-valuea

Unscheduled hospitalizations 40 (31.0%) 29 (32.6%) .806

Days of hospitalization 15.5 (13.6) 12.6 (15.1)

Emergency department visits 41 (31.8%) 28 (31.5%) .960

Unscheduled outpatient visits 30 (23.3%) 23 (25.8%) .662

Unscheduled laboratory tests 52 (40.3%) 32 (36.0%) .516

Unscheduled explorations 46 (35.7%) 30 (33.7%) .764

Accumulated tacrolimus dose (mg) 1008.5± 566.4 1411.3± 736.2 –

Median (IQR) 889 (630; 1246) 1267 (883; 1784)

Cost per 6months treatment (€) 682.8 1311.3 –

Data are expressed as n (%), mean± SD andmedian (IQR) over the study period (Visit 1-Visit 5).

Abbreviations: IQR, interquartile range.
aStatistical significancewas calculated using theMann-Whitney U test for continuous variables or Chi-square test for categorical variables.
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10 of 12 FERNANDEZ RIVERA ET AL.

causes that could explain the lower incidenceofDGF found inour study

is the potential selection bias associated with participant recruitment

14 days post-transplant.

Renal function improved in the overall population over the study

period, regardless of the tacrolimus formulation received. Although

nephrotoxicity caused by tacrolimus is known to depend on the

Cmin/TDD ratio32,33 and tacrolimus dosage,34 we observed a com-

parable renal function despite the differential relative bioavailability

between groups. Similar results were previously observed when com-

paring LCPTwith PR-Tac18 and both IR-Tac and PR-Tac.14,16

In this study, we observed a similar proportion of patients infected

with CMV during the study and a lower incidence of BK infections

in the LCPT group compared with the PR-Tac group.33 Of note, the

comparable proportion of patients receivingmycophenolic acid deriva-

tives at Visit 5 does not explain differences in BK infections. Com-

pared with results from the Transform trial, tacrolimus exposure at

month 6 was higher in our study (8.5 ng/ml vs. 4.6 ng/ml), but BK

infection was similar (5.7% vs. 4.3%).35 Conversely, in the Athena

study, with higher tacrolimus levels than in the Transform study, the

incidence of BK infection/year was 17% in the tacrolimus/everolimus

group, 9.1% in the cyclosporine/everolimus group and 22.5% in the

tacrolimus/mycophenolic acid group. Therefore, tacrolimus exposure

in our study does not seem to explain the low incidence of BK

infections.36 However, the relatively short follow-up period of the

study (6 months) and the fact that not all patients had PCR results do

not allow to draw reliable conclusions regarding infections.

The analysis of healthcare resources utilization revealed similar

rates of unscheduled tests, emergency department visits, and hospital-

izations. Patients received a 29.8% lower median cumulative dose of

tacrolimus in the LCPT group vs. the PR-Tac group (889 vs. 1267 mg),

which corresponds to a 47.9%cost reduction.23 However, these results

were calculated based on Spanish costs and are not generalizable to

other countries or formulations. Despite this, healthcare resources

results agree with the lower treatment costs associated with LCPT

treatment reported in a previous study.16

This study is the first prospective study comparing once-daily for-

mulations of tacrolimus for up to 6 months in de novo kidney trans-

plant patients. The study comprises a considerable sample size, as com-

pared to other comparative studies,14,16 and integrates data from a

wide range of variables. Considering the limited number of studies

comparing bothonce-daily tacrolimus formulations, this study could be

of great value for physicians managing kidney transplant patients.

The main limitation of the study is the fact that patients were

recruited 14 days post-transplant challenging the comparison with

previous trials and potentially leading to unintended selection bias.

Other limitations are mainly related to its observational and open-

label design, which cannot prove direct causality between treatments

and observed effects. However, the results reported complement and

agree with those observed in previous randomized clinical trials. The

short follow-up time for detecting viral infections (6 months) is also a

drawback of the study, especially considering that patients might have

received prophylaxis for CMV for 3–6months.

5 CONCLUSION

Patients treatedwith LCPT showed higher tacrolimus relative bioavail-

ability, similar allograft rejection rates, adherence, renal function and

safety profile and a lower incidence of BK infections compared with

those treated with PR-Tac.
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