
 

 

 

 

 

 
 

 
 

 

 

Citation Kuypers, DRJ, Peeters, PC (2013), 

Improved Adherence to Tacrolimus Once-Daily Formulation in Renal 

Recipients: A Randomized Controlled Trial Using Electronic Monitoring 

Transplantation, 95(2), 333 - 340 

Archived version Post-print. Author manuscript: the content is virtually identical to the content 

of the published paper, but without the final typesetting by the publisher 

 

Published version http://dx.doi.org/10.1097/TP.0b013e3182725532 

Journal homepage http://journals.lww.com/transplantjournal/pages/default.aspx 

Author contact Fabienne.dobbels@med.kuleuven.be 

 
+ 32 (0)16 37 34 02  

 

IR https://lirias.kuleuven.be/cv?u=U0015258 
 

 

(article begins on next page) 

http://dx.doi.org/10.1097/TP.0b013e3182725532
mailto:Fabienne.dobbels@med.kuleuven.be
https://lirias.kuleuven.be/cv?u=U0015258


1 
 

Title: Improved Adherence to Tacrolimus Once-Daily Formulation in Renal Recipients: A Randomized 

Controlled Trial Using Electronic Monitoring  

Full (first, middle initials, last) names of all authors: Dirk RJ Kuypers 1, Patrick C Peeters 2, Jacques J 
Sennesael3, Mireille N Kianda 4, Bernard  Vrijens5,6, Paulus Kristanto5, Fabienne Dobbels7,  Yves 
Vanrenterghem 1 , Nada Kanaan8 on behalf of the ADMIRAD study team. 

Departments and institutions:  
1Department of Nephrology and Renal Transplantation, University Hospital Leuven,Gasthuisberg, 
Belgium 
2Department of Nephrology, Ghent University Hospital, Belgium 
3Department of Nephrology and Hypertension, UZ Brussel, Belgium 
4Department of Nephrology and Renal Transplantation, Erasme Hospital, Brussels, Belgium 
5Medication Adherence Research Centre, AARDEX Group Ltd, Visé, Belgium 
6Department of Biostatistics and Medical Informatics, University of Liège, Belgium 
7Centre for Health Services and Nursing Research, Katholieke Universiteit Leuven, Belgium 
8Department of Nephrology, Cliniques Universitaires Saint Luc, Brussels, Belgium 
 
Keywords: medical adherence, tacrolimus, regimen simplification, electronic monitoring, renal 
transplantation 
 

Word Count: 242 words of abstract, 2991 words of main text 

Tables and Figures: Tables: 0, Total Figures: 5, Color Figures:0 

Supplementary Digital Content: Total Figures:3 

Corresponding author contact information: 
Name: Dirk RJ Kuypers, MD,PhD 
Address: Department of Nephrology and Renal Transplantation, University Hospitals Leuven 
Herestraat 49 - box 7003, 3000 Leuven  
Telephone: +32 16 344595 
Fax: +32 16 344599 
E-mail address: dirk.kuypers@uz.kuleuven.ac.be 
 
Contributions: 
DK, PP, JS, MK, BV, FD, YV, NK participated in the study design; DK, PP, JS, MK, YV, NK participated in 
the study implementation; DK, BV, PK participated in the data analysis; all authors participated in the 
preparation and review of the manuscript. 
 
 

mailto:dirk.kuypers@uz.kuleuven.ac.be


2 
 

Authors’ current addresses: 
Name: Dirk RJ Kuypers (corresponding author) 
Address: Department of Nephrology and Renal Transplantation, University Hospitals Leuven 
Herestraat 49 - box 7003, 3000 Leuven, Belgium.  
E-mail address: dirk.kuypers@uz.kuleuven.ac.be 
 
Name: Patrick C Peeters 
Address: Department of Nephrology, Ghent University Hospital, 9000 Ghent, Belgium. 
E-mail address: p.peeters@ugent.be 
 
Name: Jacques J Sennesael 
Address: Dept of Nephrology and Hypertension, UZ Brussel, Laarbeeklaan 101, 1090 Brussels, 
Belgium. 
E-mail address: jacques.sennesael@uzbrussel.be 
 
Name: Mireille N Kianda 
Address: Department of Nephrology and Renal Transplantation, Erasme Hospital, 808 Route de 
Lennik, 1070 Brussels, Belgium. 
E-mail address: mkianda@gmail.com 
 
Name: Bernard Vrijens 
Address: Medication Adherence Research Centre, AARDEX Group Ltd, Rue des Cyclistes Frontières 
24, 4600 Visé, Belgium. 
E-mail address: bernard.vrijens@aardexgroup.com 
 
Name: Paulus Kristanto 
Address: Medication Adherence Research Centre, AARDEX Group Ltd, Rue des Cyclistes Frontières 
24, 4600 Visé, Belgium. 
E-mail address: paulus.kristanto@aardexgroup.com 
 
Name: Fabienne Dobbels 
Address: Centre for Health Services and Nursing Research, Katholieke Universiteit Leuven, 
Kapucijnenvoer 35, blok D - box 7001, 3000 Leuven, Belgium. 
E-mail address: fabienne.dobbels@med.kuleuven.be 
 
Name: Yves Vanrenterghem 
Address: Department of Nephrology and Renal Transplantation, University Hospitals Leuven 
Herestraat 49 - box 7003, 3000 Leuven, Belgium.  
E-mail address: yves.vanrenterghem@uz.kuleuven.ac.be 
 
Name: Nada Kanaan 
Address: Dept of Nephrology, Cliniques Universitaires Saint Luc, UCL, 1200 Brussels, Belgium 
E-mail address: nada.kanaan@uclouvain.be 
 

mailto:dirk.kuypers@uz.kuleuven.ac.be


3 
 

List of abbreviations used: 

ADMIRAD: ADherence Measurement In stable Renal transplant patients following conversion from 

Prograft® to ADvagraf® 

BID, twice-daily 

BPAR, biopsy-proven acute rejection 

CAR, cellular acute rejection 

GEE, General Estimating Equation 

QD, once-daily 

SD, standard deviation 

 

 

 

Clinical study name: ADherence Measurement In stable Renal transplant patients following 

conversion from Prograft® to ADvagraf® (ADMIRAD) 

Clinical trial registration: BE-02-RG-186 

 

  



4 
 

 

Abstract 

Background. With effective agents available to prevent post-transplant acute organ rejection, 

medication adherence becomes a key factor for successful treatment-outcomes after renal 

transplantation. A once-daily, modified-release oral formulation of tacrolimus has been developed 

to simplify dosing and improve medication adherence.  

Methods.  ADMIRAD is a randomized multi-center controlled trial to evaluate adherence between a 

tacrolimus once-daily(QD) and a tacrolimus twice-daily(BID) regimen using an electronic monitor to 

document drug intake. After enrolment, all patients continued the BID regimen for 3 months, then 

were randomized 2:1 between the two formulations and followed for 6 months. Adherence was 

decomposed into patients’ persistence and implementation of each regimen.  

Results. 219 patients (45% male; 3+2 years post-transplant) were analyzed (145 QD, 74 BID). At six 

months after randomization, 81.5% of the QD and 71.9% of the BID patients remained persistent 

with the treatment (p=0.0824). Among patients who remained engaged with the regimen, 88.2% of 

the QD vs. 78.8% of the BID patients (p=0.0009) took the prescribed number of daily doses. When 

the patients took the BID regimen, the average percentage of missed doses is 11.7% in the morning 

and 14.2% in the evening (p= 0.0035). 

Conclusions. Regimen implementation of tacrolimus QD is significantly superior to the BID regimen. 

There was a residual prevalence of sub-optimal adherence that will have to be countered by means 

other than reformulation and regimen simplification. Electronically compiled dosing histories 

provide detailed data on patient adherence that can be used for efficient medication management.   
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1. Introduction 

With effective agents available to prevent post-transplant acute organ rejection, medication 

adherence becomes a key factor for successful treatment-outcomes after renal transplantation. 

Suboptimal adherence to the immunosuppressive regimen causes a higher risk of late acute 

rejection and allograft loss (1-9). A meta-analysis found that non-adherence to immunosuppressant 

was highest in renal recipients (10). 

Evidence from many fields of ambulatory pharmacotherapy shows that less frequent dosing regimen 

leads to higher percentage of prescribed doses taken (11,12). A once-daily, modified-release oral 

dosage form of tacrolimus has been developed to simplify dosing and improve medication 

adherence in ambulatory post-transplant patients. The safety, efficacy, and tolerability of the 

modified-release once daily tacrolimus have been described in several studies (13-17). 

Pharmacokinetic studies have demonstrated that patients can be converted from twice- daily (BID) 

to once-daily (QD) tacrolimus formulations on a one-to-one total daily-dose basis (18-20).  

The primary objective of the ADMIRAD (ADherence Measurement In stable Renal transplant patients 

following conversion from Prograft® to ADvagraf®) study is to compare medication adherence 

between  modified-release tacrolimus QD and tacrolimus BID regimen. The positive impact of 

regimen simplification of immunosuppressive drugs to prescribed dose taken has been confirmed in 

renal transplant recipients (9). The superiority of adherence to tacrolimus QD relative to that of the 

conventional BID regimen has been suggested in other studies (13, 21) , yet this has not been tested 

in a randomized controlled trial. ADMIRAD was the first randomized controlled study to compare 

medication adherence between tacrolimus QD and BID regimen, using electronic monitoring. 

Electronically compiled drug dosing histories of treated patients provide richly sampled and reliable 

objective data on patient adherence to the medication (22). As each dosing time and date are 

automatically recorded electronically, the collected data provide accurate times of intervals between 

successive doses, from the first-taken to the last-taken dose.   
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2. Results 

From October 2008 through September 2009, 252 patients were enrolled in the ADMIRAD study at 6 

clinical sites across Belgium. After 3 months of baseline adherence evaluation, 219 patients (87%) 

were randomized: 145 patients were allocated to the QD regimen and 74 patients were allocated to 

the BID regimen. Of the patients allocated to the QD regimen, 43% of them were female, 11% of 

them had a second transplantation, and the randomization occurred on average 3.1 (+/- 2.0) years 

since their last renal transplantation.  Of the patients allocated to the BID regimen, 38% of them 

were female, 11% of them had a second transplantation, and the randomization occurred on 

average 2.9 (+/- 2.1) years since their last renal transplantation.   

Figure 1 describes the study flow diagram. Among the randomized patients, 14 (9.7%) QD patients 

and 8 (10.8%) BID patients withdrew earlier than the end of the study period. No patient had an 

acute rejection during the study. The last patient’s last visit occurred in July 2010. Different 

adherence patterns were observed among the patients in this study (Figure 2). From the collected 

patients’ dosing history data, we analyzed adherence to both regimens by distinguishing patients’ 

persistence (how long the patients stayed with the treatment) and implementation (how well the 

patients implemented the regimen while still engaging to the treatment) of the regimens (23).  

2.1. Patients’ persistence with the medication 

Patients’ persistence with the medication, described as the percentage of patients who remained 

engaged with the regimen over the study period, is shown in Figure 3. Persistence with the regimen 

was marginally higher in the QD than in the BID group (log-rank test, p=0.0824). At six months after 

randomization, 81.5% of the QD patients and 71.9% of the BID patients were still engaged with the 

treatment. At the time of randomization the percentage decrease of the QD and BID group are 

estimated to be 5.5% and 6.8%. This sudden drop at randomization occurred in both groups 
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indicating that some patients decided to discontinue participation in the trial, immediately after 

being allocated to each group.  

2.2. Patients’ implementation of the dosing regimen 

Patient’s implementation of the dosing regimen is analyzed by evaluating the day-by-day percentage 

of patients with correct dosing of each regimen over the study period (Figure 4). The percentage 

calculation was based on the patients who were still engaged to the treatment (persistent) at the 

time in question, adjusting for the effect of non-persistence with the regimen. After randomization, 

implementation was significantly better in the QD compared to the BID group (GEE model, 

p=0.0009). The estimated difference between the two curves is 9.8% (88.2% QD vs. 78.8% BID). Time 

(days since randomization) is not a significant variable in the model (p=0.9765). The difference 

between pre- and post-randomization implementation (82.2% pre vs. 88.2%post) is significant for 

the QD group (p<0.0001) and not significant for the BID group (79.5% pre vs. 78.8% post, p=0.7871). 

The proportion of patients having at least one single skipped BID dose/month is 84%. The proportion 

of patients having at least one day interval without a dose per month (missing a single dose for QD 

or missing two consecutive doses for BID regimen) is 62% for QD and 40% for BID patients.  

The adherence assessment without adjusting for the effect of non-persistence (Figure 1, 

Supplemental Digital Content) shows that the percentage of patients with correct dosing after 

randomization was higher in the QD compared to the BID group (GEE model, p=0.0026). 

Timing adherence assessment described by day-to-day percentage of patients who dosed 

consistently within 2 hours of their respective average intake time (Figure 2, Supplemental Digital 

Content) shows higher percentage of patients who dosed timely after randomization in the QD 

compared to the BID group (83.7% QD vs. 73.4% BID; GEE model, p=0.0015). 

The percentages of missed doses by days of the week and by the time of the day for patients 

prescribed the BID regimen are described in Figure 5. Saturday’s percent of missed doses was 
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significantly higher than that of the other days (p= 0.0285), while Sunday’s percent of missed doses 

was significantly lower that of the other days (p=0.0276).  Saturday evening was the time within the 

week with most dose omissions (15.6%).  The average percentage of missed doses is 11.7% in the 

morning and 14.2% in the evening (p= 0.0035). The percentage of missed doses was significantly 

higher (p<0.05) in the evening than in the morning for each day of the week, except for Wednesday 

(p=0.1245). 

The average number of dose adjustments after randomization was significantly higher in the QD 

group than in the BID group (p=0.0092, 1.7 QD vs. 1.0 BID). The average total number of tacrolimus 

concentration measurements per patient after randomization were marginally higher in the QD than 

in the BID group (p=0.0901, 3.8 QD vs. 3.4 BID). The difference of the number of concentration 

measurements between the two groups occurred in the first two weeks after randomization 

(p<0.0001, 0.7 QD vs. 0.3 BID). After two weeks, the number of measurements are equivalent 

between the two groups (p=0.5743, 3.1 QD vs. 3.1 BID). The average tacrolimus concentrations in 

the QD and in the BID group were 7.2 ng/l and 8.1 ng/l (p=0.0004) with between-subject standard 

deviation of 1.8 ng/l and 1.9 ng/l (p=0.8672) (Figure 3, Supplemental Digital Content). The within-

subject standard deviation of tacrolimus concentrations in the QD and in the BID group were 2.1 ng/l 

and 2.5 ng/l (p=0.0911). 

3. Discussion 

This study has demonstrated superior implementation of the tacrolimus QD regimen to the BID 

regimen.   Improvement of regimen implementation took place after the BID to QD regimen switch, 

as the burden of the patient to take an additional dose each day was eliminated. Moreover, the 

regimen simplification eliminates evening doses that pose higher incidence of missed doses relative 

to morning doses in the BID regimen. An example of a dosing history of a patient who benefits from 

a regimen switch from the BID to the QD regimen is illustrated in Figure 2(v). Taking evening doses in 

the BID regimen was a burden for this patient. Patients’ morning activities are relatively more 
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structured than the evening ones, making it easier to associate dose intakes to certain habits or 

rituals. A similar conclusion has been demonstrated for hypertensive patients treated with a QD 

regimen; patients who took their dose in the morning have less chance to miss their dose relative to 

those  who took their dose in the evening (24).  

Although the proportion of correct dosing for the QD regimen is higher than the one for the BID 

regimen, the results of this comparison should be cautiously interpreted. It is generally true that a 

patient prescribed a BID regimen will be more likely to miss a dose than a patient prescribed a QD 

regimen, as twice as many doses are prescribed every day for the BID than for the QD regimen. 

However, the frequency of having at least one day interval without dose is higher in the QD than in 

the BID regimen. It is therefore important to investigate the pharmacological effect of each type of 

dosing error. If the pharmacological effect from skipping a single BID dose is appreciably less than to 

that from skipping a single QD dose, then while some patients (e.g. Figure 2(v)) would benefit from a 

QD dosing, other patients who maintain the frequencies of skipped doses after a conversion from 

BID to QD dosing might be better served by a BID regimen. The pharmacological comparison based 

on both patients’ adherence and PK/PD characteristics of tacrolimus is beyond the scope of this 

project and should constitute the basis for further research. 

Persistence was higher with the QD regimen, but the difference was not significant.  One possible 

explanation of this slight difference is that the patients in the QD group had more tacrolimus 

concentration measurements and dose adjustment relative to the patients in the BID group; 

therefore they had more clinic visits and attention paid to their ongoing implementation of the 

dosing regimen. This effect is especially prominent early after the randomization. Clinic visit 

frequency has been shown to have a positive effect on the persistence with treatment (25).  

This study has certain limitations. As it was intended primarily to evaluate objectively the adherence 

to tacrolimus QD and BID regimen, it did not provide any further information on the link between 

the adherence data and clinical outcomes. In order to do this comparison, a longer follow up with a 
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greater number of patients would be needed, which was beyond the scope of this project. The study 

design was chosen to be simple and as close as possible to daily practice, resulting a limited list of 

patients’ demographic characteristics, only the ones relevant to the patients’ eligibility criteria. Bias 

in adherence to the patients’ demographic factors was assumed to be minimal in this randomized 

clinical trial.   

This study shows that more dose adjustments were needed shortly after the conversion from BID to 

QD regimen. Other studies (26-28) confirm the need for dose adjustment of the QD regimen in the 

short term, to get the effective therapeutic levels. The mean concentration was significantly lower in 

the QD than in the BID regimen, as reported in other studies (29,30), however the difference was 

small and was not reflected in acute rejection.  

As transplant recipients are often prescribed multiple immunosuppressants and other medications, 

setting up an optimal combination therapy would require extra attention to the possible clinically 

relevant drug interactions (31). Intensive monitoring of drug concentrations and adequate dosing 

responses are not only necessary for either tacrolimus QD or BID, but is necessary for all 

concomitant drugs that require therapeutic drug monitoring. The choice of immunosuppressive 

regimen should be adapted to ensure optimal clinical outcome.  

Detailed and objective patients’ dosing history data were valuable in this study in identifying specific 

patterns of non-adherence, such as missed evening doses or delayed weekend doses. They have 

provided insight into how patients can benefit from a regimen simplification. There was, however, a 

residual prevalence of sub-optimal adherence that will have to be countered by means other than 

reformulation and regimen simplification. Electronically compiled dosing histories can be used as 

feedback to the patients on how well they implement their treatment in clinical practice (32). It sets 

the stage for focused dialogue between healthcare providers and their patients, increasing the 

quality of the management time spent.  Effective medication management, when guided by reliable, 
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current dosing history data, can enhance daily implementation of, and long persistence with, the 

prescribed drug dosing regimen (33,34). 

 

4. Materials and Methods 

4.1. Study design 

ADMIRAD was a randomized, controlled, open-label, multi-center trial, conducted in Belgium with 

the primary objective of comparing the medication adherence between patients treated with 

tacrolimus QD and the conventional BID regimen. The study was designed and implemented in 

accordance with the ethical principles of the Declaration of Helsinki, the Good Clinical Practice 

guidelines of the International Conference on Harmonization, the local regulatory requirements and 

the approval of the local medical ethics committee.  All patients were provided with a written 

informed consent document, which each patient signed. 

Adult renal transplant patients, treated with tacrolimus BID for at least 3 months before inclusion, 

were included in this study. The patients had to have had their first or second renal transplantation 

between 6 months and 6 years prior to the time of inclusion, and to have stable health status at the 

time they entered the trial.  

After enrollment, all patients continued the BID regimen for a further 3 months to collect baseline 

adherence data (run-in period). Patients collected their prescribed tacrolimus in their usual local 

pharmacy. During the entire study, patients’ medication intakes were electronically monitored using 

the Helping Hand™  (Bang & Olufsen Medicom, Struer, Denmark) (35). At enrollment, trained staff at 

the clinical sites provided instructions on how to use the electronic monitor. The electronic monitor 

recorded the time and the date when the blister was reinserted in the monitor. Only tacrolimus 

medication intakes were monitored in this study. The rationale to have a 3-month run-in period is 

also to eliminate the potential modification of adherence behavior due to monitoring.  
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Patients were asked to come for a clinical visit three months after inclusion. At this visit, the patients 

were randomized by the investigator or staff at the clinical sites on a 2:1 basis (QD:BID) for another 

6-months of follow-up, and thus converted either to the QD regimen or to continue with the original 

BID regimen. The randomization sequence was computer generated and centrally done with a block 

of size 3 stratified by the clinical sites. Patients were asked to come for clinical visit 3 months and 6 

months after randomization (end of study visit).  At each visit, any biopsy-proven or cellular acute 

rejection (BPAR/CAR) events and trough level measurements were reported. The adherence data 

stored in the electronic monitors were downloaded at each visit during the study period. During 

these visits, the patients did not receive any additional information that might have influenced their 

adherence. The patients, the investigators and their staff had no access to the dosing history data 

during the study period. The number of dose adjustments between visits was recorded during the 

period after randomization. In cases of early withdrawal from the study, the time and the reasons of 

withdrawal were recorded.  

 

4.2.  Statistical Analysis 

The primary endpoint of this study was a comparison of post-randomization adherence to the QD 

and BID regimen. The secondary endpoints included comparison between pre- and post-

randomization adherence to the regimen for each group, comparison of within-subject variability of 

tacrolimus concentration, acute rejection rate, and number of dose adaptations between the two 

groups.   Medication adherence was analyzed by examining how long the patients stayed with the 

treatment (persistence) and how well the patients implemented the regimen while still engaging to 

the treatment (implementation). If on a given day, the medication was not taken, there can be two 

reasons: (1) the patient had previously discontinued treatment (non-persistence) or (2) the patient 

was still engaged with the dosing regimen but neglected to take a dose on that particular day (non-

implementation).   
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Persistence is defined as the time from the first-taken dose to the last-taken dose. The Kaplan-Meier 

method was used to estimate the percentage of patients who remain engaged with the regimen 

over time. The log rank test was used to evaluate if there was any significant difference in the 

persistence between the two regimens.  

The implementation of each dosing regimen is assessed by evaluating the day-to-day percentage of 

patients who dosed at least as prescribed among patients who were still engaged with the 

treatment. When a patient stopped taking the medication, then from the day of discontinuation 

onward, this patient was censored in the percentage calculation.  Longitudinal logistic models (36) 

were used to evaluate the implementation of the two dosing regimens. The dependence among 

observations from a given patient over time is taken into account by General Estimating Equation 

(GEE) models, with a first order autoregressive covariance structure. The dependent variable is the 

longitudinal binary variable indicating whether the patient took a given day’s prescribed dose, or 

not. The explanatory variables used were the group indicator, the pre- vs. post-randomization 

indicator, and the number of days since the start of the monitoring.  The interaction between these 

variables was assessed in the models. 

The sample size of the trial was determined based on the longitudinal logistic model to evaluate 

medication adherence, with a 5% significance level, 80% power and 0.20 intra-cluster correlation. In 

a previous publication (37), the average daily proportion of correct dosing for BID was estimated to 

be about 70%. This study was powered to detect a 10% increase in adherence to the simplified QD 

regimen.  

A mixed effects model was used to compare the between- and within-subject variability of the 

tacrolimus concentrations. All statistical tests were performed two-sided at a 5% level of 

significance. All randomized patients were included in the analysis on an intention-to-treat basis. 

When a patient stopped taking the medication or dropped out from the study after randomization, 

then this patient was considered as non-persistent in the analysis of persistence and included in the 

analysis of implementation of the regimen up to the day of discontinuation.  



14 
 

 

Acknowledgements 

This study has been supported by an unrestricted grant from Astellas Pharma BV Belgium. 

 

 

References 

1. Dobbels F, Ruppar T, De Geest S, Decorte A, Van Damme-Lombaerts R, Fine RN. Adherence 

to the immunosuppressive regimen in pediatric kidney transplant recipients: a systematic 

review. Pediatr Transplant 2010; 14(5):603-13. 

2. Chisholm-Burns MA, Spivey CA, Rehfeld R, Zawaideh M, Roe DJ, Gruessner R. 

Immunosuppressant therapy adherence and graft failure among pediatric renal transplant 

recipients. Am J Transplant 2009; 9(11):2497-504.  

3.  Nevins TE, Thomas W. Quantitative patterns of azathioprine adherence after renal 

transplantation. Transplantation 2009; 87(5):711-8. 

4. Pinsky BW, Takemoto SK, Lentine KL, Burroughs TE, Schnitzler MA, Salvalaggio PR. Transplant 

outcomes and economic costs associated with patient noncompliance to 

immunosuppression. Am J Transplant 2009; 9(11):2597-606. 

5. Chisholm MA, Kwong WJ, Spivey CA. Associations of characteristics of renal transplant 

recipients with clinicians' perceptions of adherence to immunosuppressant therapy. 

Transplantation 2007; 84(9):1145-50. 

6. Lerut E, Kuypers DR, Verbeken E, Cleutjens J, Vlaminck H, Vanrenterghem Y et al. Acute 

rejection in non-compliant renal allograft recipients: a distinct morphology. Clin Transplant 

2007; 21(3):344-51. 



15 
 

7. Takemoto SK, Pinsky BW, Schnitzler MA, Lentine KL, Willoughby LM, Burroughs TE et al. A 

retrospective analysis of immunosuppression compliance, dose reduction and 

discontinuation in kidney transplant recipients. Am J Transplant. 2007; 7(12):2704-11.  

8. De Geest S, Schäfer-Keller P, Denhaerynck K, Thannberger N, Köfer S, Bock A et al. 

Supporting medication adherence in renal transplantation (SMART): a pilot RCT to improve 

adherence to immunosuppressive regimens. Clin Transplant 2006; 20(3):359-68. 

9. Weng FL, Israni AK, Joffe MM, Hoy T, Gaughan CA, Newman M et al. Race and electronically 

measured adherence to immunosuppressive medications after deceased donor renal 

transplantation. Journal Am Soc Nephrol 2005; 16(6):1839-48.  

10. Dew MA, DiMartini AF, De Vito Dabbs A, Myaskovsky L, Steel J, Unruh M et al. Rates and risk 

factors for nonadherence to the medical regimen after adult solid organ transplantation.  

Transplantation 2007; 83(7):858-73. 

11. Saini SD, Schoenfeld P, Kaulback K, Dubinsky MC. Effect of medication dosing frequency on 

adherence in chronic diseases. Am J Manag Care 2009; 15(6):e22-33. 

12. Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose 

regimens and medication compliance. Clin Ther 2001; 23(8):1296-310. 

13. Beckebaum S, Iacob S, Sweid D, Sotiropoulos GC, Saner F, Kaiser G et al. Efficacy, safety, and 

immunosuppressant adherence in stable liver transplant patients converted from a twice-

daily tacrolimus-based regimen to once-daily tacrolimus extended-release formulation. 

Transpl Int 2011; 24(7):666-75.  

14. Guirado L, Cantarell C, Franco A, Huertas EG, Fructuoso AS, Fernández A et al; GREAT Study 

Group. Efficacy and Safety of Conversion from Twice-daily to Once-daily Tacrolimus in a 

Large Cohort of Stable Kidney Transplant Recipients.   Am J Transplant 2011; 11(9):1965-

1971.  



16 
 

15. Iaria G, Sforza D, Angelico R, Toti L, de Luca L, Manuelli M et al. Switch from twice-daily 

tacrolimus (Prograf) to once-daily prolonged-release  tacrolimus (Advagraf) in kidney 

transplantation. Transplant Proc 2011; 43(4):1028-9. 

16. Krämer BK, Charpentier B, Bäckman L, Silva HT Jr, Mondragon-Ramirez G, Cassuto-Viguier E 

et al; Tacrolimus Prolonged Release Renal Study Group. Tacrolimus once daily (ADVAGRAF) 

versus twice daily (PROGRAF) in de novo renal transplantation: a randomized phase III study. 

Am J Transplant 2010; 10(12):2632-43.  

17. Chisholm MA, Middleton MD. Modified-release tacrolimus. Ann Pharmacother 2006; 

40(2):270-5.  

18. Cabello M, García P, González-Molina M, Díez de los Rios MJ, García-Sáiz M,Gutiérrez C, 

López V et al. Pharmacokinetics of once- versus twice-daily tacrolimus formulations in kidney 

transplant patients receiving expanded criteria deceased donor organs: a single-center, 

randomized study. Transplant Proc 2010; 42(8):3038-40. 

19. Wlodarczyk Z, Squifflet JP, Ostrowski M, Rigotti P, Stefoni S, Citterio F et al. 

Pharmacokinetics for once- versus twice-daily tacrolimus formulations in de novo kidney 

transplantation: a randomized, open-label trial. Am J Transplant 2009; 9(11):2505-13.  

20. Alloway R, Steinberg S, Khalil K, Gourishankar S, Miller J, Norman D et al. Conversion of 

stable kidney transplant recipients from a twice daily Prograf-based regimen to a once daily 

modified release tacrolimus-based regimen. Transplant Proc 2005; 37(2):867-70. 

21. Doesch AO, Mueller S, Konstandin M, Celik S, Erbel C, Kristen A et al. Increased adherence 

after switch from twice daily calcineurin inhibitor based treatment to once daily modified 

released tacrolimus in heart transplantation: a pre-experimental study. Transplant Proc 

2010; 42(10):4238-42. 

22. Blaschke TF, Osterberg L, Vrijens B, Urquhart J. Adherence to Medications: Insights Arising 

from Studies on the Unreliable Link between Prescribed and Actual Drug Dosing Histories. 

Annu Rev Pharmacol Toxicol 2012;  52:275-301. 



17 
 

23. Vrijens B, De Geest S, Hughes DA, Kardas P, Demonceau J, Ruppar T et al. A New Taxonomy 

for Describing and Defining Adherence to Medication. British Journal of Clinical 

Pharmacology 2012; 73(5):691-705. 

24. Vrijens B, Gabor V, Kristanto P, Urquhart J, Burnier M. Adherence to prescribed anti-

hypertensive drug treatments: a longitudinal study of 4783 patients’ electronically compiled 

dosing histories. British Medical Journal 2008; 336:1114-7.  

25. Patel NC, Crismon ML, Miller AL, Johnsrud MT. Drug adherence: effects of decreased visit 

frequency on adherence to clozapine therapy. Pharmacotherapy 2005; 25(9):1242-7. 

26. Hougardy JM, Broeders N, Kianda M, Massart A, Madhoun P, Le Moine A et al. Conversion 

from Prograf to Advagraf among kidney transplant recipients results in sustained decrease in 

tacrolimus exposure. Transplantation 2011; 91(5):566-9. 

27. Jelassi ML, Lefeuvre S, Karras A, Moulonguet L, Billaud EM. Therapeutic drug monitoring in 

de novo kidney transplant receiving the modified-release once-daily tacrolimus. Transplant 

Proc 2011; 43(2):491-4. 

28. Crespo M, Mir M, Marin M, Hurtado S, Estadella C, Gurí X et al. De novo kidney transplant 

recipients need higher doses of Advagraf compared with Prograf to get therapeutic levels. 

Transplant Proc 2009; 41(6):2115-7. 

29. De Jonge H, Kuypers DR, Verbeke K, Vanrenterghem Y. Reduced C0 concentrations and 

increased dose requirements in renal allograft recipients converted to the novel once-daily 

tacrolimus formulation. Transplantation 2010; 90(5):523-9. 

30. Wu MJ, Cheng CY, Chen CH, Wu WP, Cheng CH, Yu DM et al. Lower variability of tacrolimus 

trough concentration after conversion from Prograf to Advagraf in stable kidney transplant 

recipients. Transplantation 2011; 92(6):648-52. 

31. Kuypers DR. Influence of interactions between immunosuppressive drugs on therapeutic 

drug monitoring. Ann Transplant 2008; 13(3):11-8. 



18 
 

32. Demonceau J, Ruppar T, Vrijens B. Identification and assessment of adherence-enhancing 

interventions: Results of a literature review. Presented at the International Conference on 

HIV Treatment and Prevention Adherence; May 22-24, 2011; Miami, Florida. 

33. Burnier M, Schneider MP, Chiolero A, Stuci CL, Brunner HR. Electronic compliance 

monitoring in resistant hypertension: the basis for rational therapeutic decisions. J 

Hypertension 2001; 19:335-41. 

34. Vrijens B, Belmans A, Matthys K, de Klerk E, Lesaffre E. Effect of patient intervention and 

compliance-enhancing pharmaceutical care on adherence with atorvastatin. 

Pharmacoepidemiol Drug Saf 2006; 15:115-21. 

35. De Bleser L, Dobbels F, Berben L, Vanhaecke J, Verleden G, Nevens F et al. The spectrum of 

nonadherence with medication in heart, liver, and lung tranplant patients assessed in 

various ways. Transpl Int 2011; 24(9):882-91. 

36. Diggle P, Heagerty P, Liang KY, Zeger S. Analysis of Longitudinal Data, Oxford University 

Press, 2ed, 2002. 

37. Denhaerynck K, Dobbels F, Cleemput I, Desmyttere A, Schäfer-Keller P, Schaub S, De Geest S. 

Prevalence, consequences, and determinants of nonadherence in adult renal transplant 

patients: a literature review. Transpl Int 2005; 18(10):1121-33. 

 

 

 

 

 

 

 

 



19 
 

Supplementary Digital Content 

SDC, Figure 1: 
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Figure 1. Day-to-day percentage of patients with correct dosing for both groups without 

distinguishing whether the patient was still engaged with the regimen or not (any missed dose could 

be caused by either non-persistence or non-implementation of the dosing regimen). Broken vertical 

line at time 0 represents time of randomization. The overlaying lines are model-based-estimation of 

the day-to-day percentage of patients with correct dosing for both groups. No difference of overall 

percentage of correct dosing between the two groups before randomization (GEE model, p=0.4634). 

After randomization, the percentage of patients with correct dosing was higher in the QD compared 

to the BID-group (GEE model, p=0.0026). The percentage of patients with correct dosing decreased 

significantly over time (p<0.0001). 
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SDC, Figure 2: 
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Figure 2. Day-to-day percentage of patients with correct dosing within 2 hours of their respective 

average time intake relative to patients who were still engaged with the treatment.  Broken vertical 

line at time 0 represents time of randomization. The overlaying lines are model-based-estimation of 

the day-to-day percentages. 
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SDC, Figure 3: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Box whisker plot mean tacrolimus whole blood concentration in both regimens. The point 

near the middle of the box is the median. The lower and upper bound of the box is the 25th and 75th 

percentile of the distribution. The ends of the whiskers represent the lowest and the highest values 

within the 1.5 * the inter quartile range (IQR). The points outside the whiskers are the outliers. 
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Figure 1.  Study flow diagram 

 

 

 

 

 

Assessed for eligibility (n=252) 

Excluded  (n=33) 
• dropped out during the baseline 

observation period (n=31) 
• broken device, no intake during 

baseline observation period (n=2) 

Analysed  (n=145): all randomized patients 
were analysed. 

Early withdrawal (n=14, 9.7%):  
• diarrhea (n=2, 1.4%) 
• vomiting (n=1, 0.7%) 
• dizziness, stomach problem, high 

glycemia (n=1, 0.7%) 
• drug refusal (n=1, 0.7%) 
• personal reason (n=1, 0.7%) 
• dementia (n=1, 0.7%) 
• pregnancy (n=1, 0.7%) 
• lost interest in the study (n=1, 0.7%) 
• device refusal (n=4, 2.8%) 
• device not returned (n=1, 0.7%) 

13 patients  (8.3%) stopped taking the 
medication earlier than the end, but did not 
withdraw from the study  

Allocated to and prescribed tacrolimus 
QD regimen (n=145) 

Early withdrawal (n=8, 10.8%): 
• personal reasons (n=2, 2.7%) 
• lost interest in the study (n=1, 1.4%) 
• device refusal (n=4, 5.4%) 
• device not returned (n=1, 1.4%) 

12 patients  (16.2%) stopped taking the 
medication earlier than the end, but did not 
withdraw from the study  

Allocated to and prescribed tacrolimus BID 
regimen (n=74) 

Analysed  (n=74): all randomized patients 
were analysed. 
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Analysis 

Follow-Up 

Randomized (n=219) 

Enrollment 

3 months 
All patients were prescribed  
tacrolimus BID regimen 
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Figure 2. Examples of patient’s individual plots of drug intake. The horizontal axis displays the dosing 

dates relative to randomization (time 0). The vertical axis gives the time of drug intake on a 24-hour 

clock (Dosing Time) from 3.00 am to 2.59 am. Each point corresponds to a blister removal from the 

container. The grey bars correspond to the missed doses. Left panels are examples taken from 

patients with QD regimen after randomization. Right panels are examples taken from patients with 

BID regimen after randomization. Figure (i) and (ii) are patients with perfect dosing who took their 
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doses at the same time every day. Figure (iii) and (iv) are patients with short persistence who stop 

taking the medication earlier than prescribed. Figure (v) and (vii) are patients that had better 

adherence after regimen switch from BID to QD. Figure (vi) is a patient who had a worsened regimen 

implementation before quitting the regimen. Figure (viii) is a dosing history snapshot of a patient 

who took the medication at a later time of the day during weekends. 
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Figure 3. Kaplan Meier estimates of the percentage of patients continuing with the treatment over 

time. Each small vertical tick-mark indicates that a patient was censored in the calculation as he/she 

completed the study. 
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Figure 4. The implementation of each dosing regimen represented by the day-to-day percentage of 

patients with correct dosing relative to patients who were still engaged with the treatment. Correct 

dosing is defined when the number of the medication intake that day is at least as prescribed.  

Broken vertical line at time 0 represents time of randomization. The overlaying lines are model-

based-estimation of the day-to-day percentages.  
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Figure 5. Percentage of missed doses by days of the week and morning/evening doses when the 

patients were prescribed the BID regimen and were still engaged to the treatment. 

 


