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Summary

AIMS OF THE STUDY: Non-adherence to immunosup-
pressive therapy in patients following solid organ trans-
plantation is associated with an increased risk of trans-
plant rejection and graft loss. A high pill burden can
adversely affect patients’ implementation of their treat-
ment regimens and may lead to omitting doses of medica-
tion. The aim of this study was to investigate medication
implementation adherence in liver and kidney transplant
recipients converted from twice-daily, immediate-release
tacrolimus to once-daily, prolonged-release tacrolimus.

METHODS: This multicentre, non-interventional, observa-
tional, 12-month study evaluated implementation adher-
ence in routine practice at five hospitals in Switzerland.
Patients attended four clinical visits: at baseline (pre-con-
version), and then at week 2, month 6 and month 12 post-
conversion. Implementation was defined as consistently
taking medication at the correct time and at the correct
dose in order to achieve target tacrolimus trough levels.
Implementation adherence was evaluated in three ways:
using the Basel Assessment of Adherence to Immuno-
suppressive Medications Scale (BAASIS) interview ques-
tionnaire (at baseline and month 12), investigator-rated
patient adherence (recorded at all visits), and tacrolimus
trough levels (assessed throughout the study; sub-thera-
peutic levels were predefined by the investigator on an
individual patient basis, over-therapeutic levels were de-

fined as tacrolimus trough levels >15 ng/ml). The primary
composite endpoint was non-adherence according to the
BAASIS at month 12, any post-conversion investigator ad-
herence rating of “poor”, or sub-therapeutic or over-ther-
apeutic tacrolimus trough levels at month 6 or 12. Sec-
ondary endpoints included: individual components of the
composite non-adherence primary endpoint, tacrolimus
pill burden, patient satisfaction, and adverse drug reac-
tions.

RESULTS: Seventy-five patients received prolonged-re-
lease tacrolimus; 68 patients (46 kidney and 22 liver trans-
plant recipients) completed the study. Of these 68 pa-
tients, 24 had missing data for at least one component
of the primary endpoint; therefore, data for the primary
composite endpoint were evaluable for 44 patients. Most
(81.8%; 36/44) patients were non-adherent for the com-
posite endpoint. Sub-therapeutic tacrolimus trough levels
outside of the predefined therapeutic range were the
largest contributor to the composite endpoint, and were
detected in 62.0% (31/50) of patients. Overall non-adher-
ence according to the BAASIS was similar pre-conversion
(30.7%) and at 12 months post-conversion (28.3%). Inves-
tigators rated adherence as “poor” for two patients. Pro-
longed-release tacrolimus decreased tacrolimus pill bur-
den in 66.7% of patients. All patients were very satisfied /
satisfied with prolonged-release tacrolimus; 75.0% found it
easier to remember to take prolonged-release versus im-
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mediate-release tacrolimus. Twenty percent of patients re-
ported adverse drug reactions, with infections being the
most frequently reported (9.3%).

CONCLUSION: Overall, 1-year non-adherence rates were
similar following conversion from immediate-release to
prolonged-release tacrolimus; however, prolonged-re-
lease tacrolimus intake was more convenient. No new
safety signals were detected.

Keywords: immunosuppression, kidney transplantation,
liver transplantation, medication adherence, tacrolimus

Introduction

In order to preserve long-term graft function, solid organ
transplant recipients are required to adhere to immunosup-
pressive regimens. However, non-adherence to immuno-
suppressive therapy remains a concern in post-transplanta-
tion management, being reported in up to 55% and 66%
of kidney and liver transplant recipients, respectively [1,
2]. In kidney transplant recipients, non-adherence has been
associated with de novo donor-specific antibody develop-
ment, antibody-mediated rejection and diminished graft
survival [3–5]. Furthermore, increased risk for graft loss
and acute rejection has also been reported in non-adherent
liver transplant recipients [6]. There are many causes of
non-adherence, including the need for twice-daily dosing
and a large number of prescribed pills [7–9]. In addition,
a high pill burden can reduce quality of life [10]. For ex-
ample, in a large study of 3462 kidney and liver transplant
recipients, 21% and 23% of patients, respectively, consid-
ered taking two to three doses of medication per day to rep-
resent a lifestyle restriction [10].

As tacrolimus is the mainstay of immunosuppressive regi-
mens in kidney and liver transplantation [11, 12], increas-
ing adherence to tacrolimus-based regimens post-trans-
plantation is essential for optimising graft and patient
outcomes. Tacrolimus is available as a twice-daily, imme-
diate-release formulation, and as a once-daily, prolonged-
release formulation. Short-term clinical outcomes are com-
parable with both formulations in de novo kidney and liver
transplant recipients [13, 14]. However, prolonged-release
tacrolimus offers a simplified regimen comprising a single,
daily, morning dose [15]. As such, compared with im-
mediate-release tacrolimus, the prolonged-release formu-
lation has the potential to improve implementation adher-
ence to tacrolimus-based regimens and, thereby, reduce the
risk of rejection and graft loss [3–6]. Prolonged-release
tacrolimus may also reduce pill burden for the patient, as
compared with the twice-daily formulation.

Adherence data regarding implementation of tacrolimus
following conversion from the immediate-release to the
prolonged-release formulation are scarce, and at the time
of this study, there were no implementation adherence data
for adult patients treated with prolonged-release tacrolimus
after kidney and liver transplantation in Switzerland. Fur-
thermore, few studies have used more than one method to
assess adherence, and multiple measures of implementa-
tion might permit a more comprehensive understanding of
medication compliance in clinical practice. Therefore, the
primary aim of this study was to evaluate various para-
meters of implementation adherence (including delaying,
omitting, or taking extra doses) at baseline and after 12

months, in stable kidney and liver transplant recipients
converted from immediate-release to prolonged-release
tacrolimus-based immunosuppression in a multicentre
study in Switzerland. The secondary aims were to assess
tacrolimus pill burden before and after conversion, patient
satisfaction with the prolonged-release formulation and
clinical parameters (e.g., rejection, graft loss and renal
function) associated with, and the safety of, prolonged-re-
lease tacrolimus.

Materials and methods

Study design and patients
This was a multicentre, non-interventional, 12-month
study to investigate adherence, convenience and tolerabil-
ity of prolonged-release tacrolimus (Advagraf®; Astellas
Pharma Europe BV, Netherlands) in stable adult kidney
and liver transplant recipients, converted from immediate-
release tacrolimus (Prograf®; Astellas Pharma Ltd, Chert-
sey, UK) in routine clinical practice in Switzerland. The
investigator made the clinical decision to define a patient
as stable and include them in the study. Both formulations
of tacrolimus were fully covered by healthcare insurance
throughout the study. Previous adherence to medication
was not an eligibility criterion. Patients were enrolled be-
tween September 2013 and June 2015 from four kidney
and two liver transplant centres at five hospitals in Switzer-
land. The study was conducted in accordance with local
ethics committees’ regulations, the Declaration of Helsinki
and the International Council of Harmonisation Good Clin-
ical Practice guidelines. Patients provided written in-
formed consent and could withdraw from the study at any
time.

Stable kidney and liver transplant patients who were aged
≥18 years and receiving immediate-release tacrolimus
were eligible for inclusion in the study, if they were being
converted to the prolonged-release formulation in routine
practice, according to the Swiss prolonged-release
tacrolimus label. There is no restriction regarding the time
point post-transplantation at which patients can be convert-
ed from immediate-release to prolonged-release tacrolimus
in Switzerland.

Patients were converted from immediate-release to pro-
longed-release tacrolimus on a 1 mg : 1 mg total-daily-
dose basis, with subsequent dose adjustments permitted at
the investigator’s discretion. Patients were permitted to re-
ceive concomitant medication as per routine clinical prac-
tice. Patients attended four clinic visits: at baseline (pre-
conversion), and then at week 2 (± 1 week), month 6 (±
1 month) and month 12 (± 1 month) post-conversion. Pa-
tients who had their dose of prolonged-release tacrolimus
adjusted early after conversion attended an additional visit,
2 weeks after the week 2 visit (week 4).

Measurements
The schedule of data collection is presented in table 1.

Immunosuppression adherence
In Switzerland, transplant centres differ markedly regard-
ing implementation of measures to improve immunosup-
pression adherence, ranging from no measures, to patient
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brochures and training programmes for nurses to facilitate
patient education about adherence. Indeed, some centres
have implemented adherence programmes for liver and
kidney transplant recipients. A factor hindering adherence
is often a lack of resources for, and focus on, promoting
immunosuppression adherence, including implementation
of the treatment regimen.

Implementation adherence (based on item ‘B’ in the ABC
taxonomy [16]) was defined as consistently taking med-
ication at the correct time and at the correct dose in order
to achieve target tacrolimus trough levels. Implementation
adherence was evaluated in three ways: using the Basel
Assessment of Adherence to Immunosuppressive Medica-
tions Scale (BAASIS©) interview questionnaire [17], in-
vestigator-rated patient adherence, and by measurement of
tacrolimus trough levels. Switzerland has no easily acces-
sible database of pharmacy refill records, and electronic
monitoring is too complex and expensive to be integrated
into general clinical practice. Therefore, a questionnaire-
based approach to measuring adherence was the only fea-
sible assessment method, coupled with measurement of
tacrolimus trough levels as per routine clinical practice.

The BAASIS interview questionnaire was implemented at
baseline (pre-conversion) and at month 12. It measures the
adherence of patients to their immunosuppressive medica-
tion after kidney transplantation within the past 4 weeks,
based on four domains – taking, drug-holiday (omitting
several consecutive doses of medication), timing and dose
alteration [17]. The questionnaire was adapted to specifi-
cally ask about tacrolimus immunosuppressive medication
to determine if, and how often, patients recalled non-ad-
herence to their medication regimen during the previous
4 weeks, under the four domains. Patients also completed
the self-rated BAASIS visual analogue scale (VAS) adapt-
ed to specifically ask about tacrolimus immunosuppressive
medication, which ranged from 0% (never took tacrolimus
medication as prescribed) to 100% (always took tacrolimus
medication as prescribed). The BAASIS interview ques-

tionnaire and VAS are standard measures of adherence, but
their use could render patients more conscious of taking
their medication as prescribed, with the result of increasing
patient adherence.

Across all visits, investigators rated (based on their person-
al opinion) patients’ adherence to their tacrolimus medica-
tion over the previous 2 weeks (4 weeks for baseline visit)
as “good”, “moderate” or “poor”, in response to the ques-
tion “How do you rate the patient’s current adherence with
regard to tacrolimus intake within the last 2 weeks?”. This
assessment is unlikely to affect patient adherence to their
medication regimen, unless the investigator expresses con-
cerns to their patient regarding poor adherence.

Adherence was also identified by assessing tacrolimus
trough levels; sub-therapeutic levels were predefined by
the investigator on an individual patient basis and could
be adjusted throughout the study at the investigator’s dis-
cretion; over-therapeutic levels were defined as tacrolimus
trough levels >15 ng/ml (based on maintenance therapy
ranges reported in the summary of product characteristics).
All available data for tacrolimus trough levels were col-
lected. If investigators provided patients with details re-
garding sub- or over-therapeutic tacrolimus trough levels
as part of their standard practice, then this might impact pa-
tient medication adherence.

Tacrolimus pill burden and patient satisfaction
At baseline and at month 12, the BAASIS interview ques-
tionnaire contained, at the beginning of the form, an addi-
tional question, which asked the investigator to state how
many tacrolimus capsules the patient was taking daily. Pill
burden was defined as the daily number of immediate-re-
lease or prolonged-release tacrolimus capsules to be taken.

Patient satisfaction with prolonged-release tacrolimus was
assessed at month 12, by three questions: (1) “How sat-
isfied are you with the once-daily administration of pro-
longed-release tacrolimus?” (very satisfied, satisfied, not
satisfied); (2) “Do you think it is easier to remember when

Table 1: Schedule of data collection.

Data recorded Baseline
(pre-conversion)

Week 2
(± 1 week)

Week 4* Month 6
(± 1 month)

Month 12
(± 1 month)

Adherence parameters BAASIS interview questionnaire X X

Adherence VAS X X

Investigator assessment of adherence X X X X X

Tacrolimus trough levels† ↔

Other parameters Patient satisfaction X

Patient baseline and demographic data X

Vital signs X X X X X

Laboratory assessments X X X X X

Renal function (eGFR) X X X X X

Prolonged-release tacrolimus dose† ↔

Immunosuppressive medication† ↔

Concomitant medication† ↔

Rejection episodes† ↔

Graft survival/retransplantation† ↔

Dialysis dependence† ↔

Investigator rating of efficacy X

ADRs† ↔

Investigator rating of tolerability X

ADR = adverse drug reaction; BAASIS = Basel Assessment of Adherence to Immunosuppressive Medications Scale; eGFR = estimated glomerular filtration rate; VAS = visual
analogue scale * Patients who had their dose of prolonged-release tacrolimus adjusted early after conversion attended an additional visit, 2 weeks after the week 2 visit (week 4).
† All available data throughout the study were collected..
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to take your tacrolimus capsules by the once-daily admin-
istration of prolonged-release tacrolimus?” (yes, no); and
(3) “Do you think the once-daily administration of pro-
longed-release tacrolimus is more convenient than a twice-
daily administration?” (yes, no).

Clinical outcomes
Across the visits, prolonged-release tacrolimus dose and
trough levels and medication use were recorded. Renal
function (estimated glomerular filtration rate [eGFR] from
the Chronic Kidney Disease Epidemiology Collaboration
formula) was assessed at baseline, week 2, month 6, and
month 12. Rejection episodes, graft survival, retransplanta-
tion, dialysis and patient death were also reported through-
out the study. Investigators rated (based on their personal
opinion) the overall efficacy of prolonged-release
tacrolimus at month 12 as “good”, “moderate” or “poor”,
in response to the question “How do you rate the overall
efficacy of prolonged-release tacrolimus?”.

Safety
Adverse drug reactions (ADRs) were assessed by clini-
cians and details were collected in a form, including ADR
seriousness, start/end date, outcome, causal relationship
with tacrolimus (probable, possible, or unassessable) and
concomitant drugs. ADRs were considered serious if they
resulted in death, were life-threatening or medically sig-
nificant, or resulted in hospitalisation (or prolonged hos-
pitalisation), persistent or notable disability, congenital ab-
normality, or birth defect. At month 12, investigators rated
(based on their personal opinion) the overall tolerability
of prolonged-release tacrolimus as “good”, “moderate” or
“poor”, in response to the question “How do you rate the
overall tolerability of prolonged-release tacrolimus?”.

Clinical laboratory parameters and vital signs
Across the visits, laboratory assessments (haemoglobin,
glucose, glycated haemoglobin [HbA1c], serum creatinine,
urine protein and urine albumin; optional: cholesterol, low-
density lipoprotein, high-density lipoprotein and triglyc-
erides), and vital signs (systolic and diastolic blood pres-
sure, and pulse rate) were assessed by investigators as
normal, abnormal and clinically not relevant, or abnormal
and clinically relevant.

Endpoints
The primary endpoint was the rate of non-adherence at
month 12, based on being non-adherent according to at
least one of three aspects: (1) non-adherence according to
the BAASIS interview questionnaire at month 12 (affirma-
tive response to any of the taking, timing or dose alteration
dimensions); (2) investigator rating of adherence as “poor”
in at least one assessment after baseline; (3) at least one
sub- or over-therapeutic tacrolimus trough level at month 6
or 12. This composite endpoint was chosen as a strict mea-
sure of adherence that would also permit measurement of
adherence using different methods. Secondary adherence
variables included: overall non-adherence on the BAASIS
interview questionnaire and non-adherence indicated by
individual questionnaire items, at baseline and month 12;
actual tacrolimus pill burden before and after conversion
using the BAASIS; patient-rated adherence on the BAA-
SIS VAS; and patient satisfaction at month 12.

Secondary clinical endpoints consisted of change from
baseline to month 12 for eGFR and tacrolimus dose and
trough levels, concomitant medication, clinical outcomes
(rejection and graft loss) and overall clinical efficacy, as
assessed by the physician at month 12. Incidence of ADRs,
physician-rated tolerability, laboratory parameters and vi-
tal signs were recorded as part of the safety evaluation.

Statistics
Although no formal sample size calculation was per-
formed, it was planned to include 150 patients from four
kidney and two liver transplant centres at five hospitals.
However, owing to limited recruitment options, only 78
patients were enrolled in this study, of whom 75 had evalu-
able data. Both the full analysis set (FAS) and safety analy-
sis set (SAF) comprised all patients who received at least
one dose of study drug, and for whom any data were re-
ported after the first dose of study drug. The FAS was used
for summaries, and primary and secondary analyses of effi-
cacy data, as well as select demographic and baseline char-
acteristics. However, only patients in the FAS with data for
all three aspects of the primary composite endpoint were
evaluable for the primary endpoint. The SAF was used for
all safety- and tolerability-related variables.

No hypotheses were tested and all analyses are presented
descriptively, for the entire study population as well as by
transplanted organ type. All values were included in the
analyses, and missing data were not imputed; however,
when a patient became dialysis-dependent, their eGFR was
set to 0. No sensitivity analyses were planned or per-
formed. Data processing, summaries and analyses were
performed using SPSS Version 20 (International Business
Machines Corporation, New York, United States). The
95% confidence intervals (CIs) (using the Wilson method)
for proportions were calculated in the R programming lan-
guage, Version 3.2.5 (R Foundation for Statistical Com-
puting, Vienna, Austria), with use of the package “Hmisc”
[18].

Results

Patient characteristics
Overall, 78 patients were enrolled from four kidney and
two liver transplant centres at five hospitals in Switzerland.
Three patients dropped out before week 2; therefore, the
FAS and SAF comprised 75 patients (liver transplant re-
cipients, n = 27; kidney transplant recipients, n = 48); 68
patients (liver transplant recipients, n = 22; kidney trans-
plant recipients, n = 46) completed the study (fig. 1). Over-
all, there were 75 study participants at baseline and week
2, 70 participants at month 6, and 68 participants at month
12. Ten patients discontinued the study (fig. 1). The most
common reason for discontinuation was withdrawal of pro-
longed-release tacrolimus (n = 5). One liver transplant
recipient was converted back to immediate-release
tacrolimus.

Patient demographics and baseline characteristics for the
FAS are presented in table 2. The mean ± standard de-
viation (SD) age of all patients was 53.1 ± 12.8 years
(median 55.0 years; range 20.0–74.0 years) and 70.7%
of patients were male. At baseline (time of conversion),
the mean ± SD time since the last transplantation was
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73.8 ± 73.4 months (median 42.6 months; range 0.8–293.4
months). The most common known reason for transplan-
tation was polycystic disease in kidney transplant recipi-
ents and cirrhosis in liver transplant recipients. None of
the kidney transplant recipients, but 48.1% of the liver
transplant recipients, received tacrolimus monotherapy at
baseline. The most common concomitant immunosuppres-
sive medication at baseline was mycophenolate mofetil
(CellCept®; Roche Registration Ltd, Welwyn Garden City,
UK; 36.0% of patients), followed by mycophenolic acid
(Myfortic®; Novartis Pharmaceuticals UK Ltd, Camberley,
UK; 8.0%) and azathioprine (6.7%). Additionally, 20% of
patients were receiving mycophenolate mofetil plus corti-
costeroids.

Immunosuppressive medication
Mean tacrolimus dose remained stable over 12 months
post-conversion, irrespective of organ transplanted (fig.
2A). Overall, the mean ± SD change in tacrolimus dose
from baseline (immediate-release tacrolimus) to month 12
(prolonged-release tacrolimus) in the 68 patients who com-
pleted the study was −0.35 ± 1.71 mg/day. After conver-
sion, the mean ± SD tacrolimus dose decreased by 5.1%
from 3.53 ± 2.42 mg/day at baseline to 3.35 ± 2.26 mg/day
at week 2 (n = 75). Moreover, 26.7% (20/75) of patients
(kidney, n = 10; liver, n = 10) required dose adjustments
after conversion and, therefore, attended a visit at week 4.

Overall, the mean ± SD tacrolimus trough levels decreased
by 23.5% between baseline and week 2 (from 6.48 ± 2.23

to 4.96 ± 1.75 ng/ml). The mean ± SD tacrolimus trough
level was 4.79 ± 1.65 ng/ml at month 12, indicating a
decrease from baseline of −1.54 ng/ml in the 68 patients
who completed the study (fig. 2B). A similar pattern was
observed when data were stratified by transplanted organ
type. Overall across visits (excluding week 4), the maxi-
mum tacrolimus trough levels ranged between 9.2 ng/ml
and 12.6 ng/ml, which was lower than the over-therapeu-
tic threshold (>15 ng/ml) for defining non-adherence. The
minimum tacrolimus trough levels ranged between 2.0 and
2.6 ng/ml (fig. 2B).

Concomitant medication use at baseline and subsequent
study visits were similar (data not shown). The most fre-
quent (>20%) classes of concomitant medications at all
study visits for the SAF were as follows: antihypertensives
(68.0%), drugs for acid-related disorders (38.7%), an-
tithrombotic agents (26.7%), mineral supplements
(25.3%), lipid modifying agents (24.0%), drugs used in di-
abetes (22.7%) and vitamins (22.7%).

Immunosuppression adherence
Of 68 patients, 24 had missing data for at least one com-
ponent of the primary endpoint; therefore, data for the pri-
mary composite endpoint were evaluable for 44 patients.
Overall, 81.8% (36/44; 95% CI 68.0–90.5%) of patients
were considered non-adherent in relation to the primary
composite endpoint.

According to the BAASIS interview questionnaire, 28.3%
(17/60; 95% CI 18.5–40.8%) of patients were non-adher-
ent at month 12. Only 2.9% (2/68) of patients were given

Figure 1: Flow of patients through study, stratified by organ transplanted. FAS = full analysis set; MALT = mucosa-associated lymphoid tissue;
SAF = safety analysis set.
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an adherence rating of “poor” by investigators (one kidney
transplant recipient at week 2 [and week 4], and one liver
transplant recipient at week 2). These two patients were
adherent according to the BAASIS interview questionnaire
and their tacrolimus trough level measurements. Overall,
50 patients had at least one valid tacrolimus trough level
at months 6 or 12. Tacrolimus trough levels outside of the
pre-defined therapeutic range were the largest contributor
to the primary composite of non-adherence, and were de-
tected in 62.0% (31/50) of patients. No patients had over-
therapeutic tacrolimus trough levels.

Baseline data for the BAASIS interview questionnaire
were available for 27 liver and 48 kidney transplant recip-
ients (overall, n = 75). Of the patients who completed the
study (liver, n = 22; kidney, n = 46), data were missing for
four liver and four kidney transplant recipients at month
12. Therefore, non-adherence rates at month 12 were cal-
culated for 18 liver and 42 kidney transplant recipients
(overall, n = 60). Overall non-adherence, according to the

BAASIS, was similar at baseline and month 12 (30.7 vs
28.3%, respectively), as was non-adherence in kidney
transplant recipients (25.0 vs 26.2%, respectively). How-
ever, in liver transplant recipients, there was a decrease in
the non-adherence rate from 40.7% at baseline (immedi-
ate-release tacrolimus), to 33.3% at month 12 (prolonged-
release tacrolimus). The highest non-adherence rates were
found for the timing dimension of the BAASIS interview
questionnaire (29.3% and 25.0% at baseline and month 12,
respectively, for the overall population). Most commonly,
patients changed the timing of their tacrolimus intake once
(13.3 vs 11.7% of patients at baseline and month 12, re-
spectively) or two to three times (13.3 vs 10.0%, respec-
tively) in the 4 weeks preceding administration of the ques-
tionnaire.

According to the BAASIS interview questionnaire, 12.0%
of patients at baseline (immediate-release tacrolimus) and
10.0% of patients at month 12 (prolonged-release
tacrolimus) omitted taking tacrolimus capsules within the

Table 2: Patient demographics and baseline characteristics, stratified by transplanted organ and overall (full analysis set).

Characteristics Liver transplant
(n = 27)

Kidney transplant
(n = 48)

Overall
(N = 75)

Age, years 51.1 ± 13.1 54.3 ± 12.5 53.1 ± 12.8

Male sex, n (%) 19 (70.4) 34 (70.8) 53 (70.7)

Caucasian race, n (%) 27 (100.0) 46 (95.8) 73 (97.3)

BMI, kg/m2 26.6 ± 5.5 26.2 ± 4.8 26.3 ± 5.0

First transplantation, n (%) 25 (92.6) 35 (72.9) 60 (80.0)

Time since last transplantation, months 53.5 ± 68.1 85.3 ± 74.5 73.8 ± 73.4

Median (minimum, maximum) 21.9 (0.8, 239.2) 68.1 (2.3, 293.4) 42.6 (0.8, 293.4)

Concomitant diseases*, n (%) Hypertension 7 (25.9) 36 (75.0) 43 (57.3)

Diabetes 7 (25.9) 7 (14.6) 14 (18.7)

Coronary heart disease 3 (11.1) 10 (20.8) 13 (17.3)

Dyslipidaemia 0 10 (20.8) 10 (13.3)

Viral infection 6 (22.2) 2 (4.2) 8 (10.7)

Osteoporosis 1 (3.7) 6 (12.5) 7 (9.3)

Rheumatism 0 4 (8.3) 4 (5.3)

Malignancies 0 3 (6.3) 3 (4.0)

Other 14 (51.9) 28 (58.3) 42 (56.0)

Previous rejection†, n (%) 2 (7.4) 13 (27.1) 15 (20.0)

Acute 2 (7.4) 10 (20.8) 12 (16.0)

Chronic 0 5 (10.4) 5 (6.7)

Primary reason for transplantation*, n (%) Cirrhosis 11 (40.7) – –

Carcinoma 6 (22.2) – –

Sclerosing cholangitis 1 (3.7) – –

Other 9 (33.3) 16 (33.3) –

Unknown 1 (3.7) 1 (2.1) –

Polycystic disease – 16 (33.3) –

Glomerulonephritis – 11 (22.9) –

Diabetic nephropathy – 5 (10.4) –

Chronic pyelonephritis – 2 (4.2) –

Number of concomitant medications 2.0 ± 1.5 3.6 ± 1.9 3.1 ± 2.0

Immunosuppression combined with immediate-release
tacrolimus, n (%)

MMF 8 (29.6) 19 (39.6) 27 (36.0)

MPA 1 (3.7) 5 (10.4) 6 (8.0)

Azathioprine 0 5 (10.4) 5 (6.7)

Corticosteroids 3 (11.1) 0 3 (4.0)

Sirolimus 0 1 (2.1) 1 (1.3)

Leflunomide 0 1 (2.1) 1 (1.3)

MMF + corticosteroids 2 (7.4) 13 (27.1) 15 (20.0)

MPA + corticosteroids 0 3 (6.3) 3 (4.0)

Azathioprine + corticosteroids 0 1 (2.1) 1 (1.3)

None 13 (48.1) 0 13 (17.3)

BMI = body mass index; MMF = mycophenolate mofetil; MPA = mycophenolic acid; SD = standard deviation Data are mean ± SD, unless otherwise stated. * More than one
answer was possible. † Patients could have both acute and chronic previous rejection.
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past 4 weeks. Most commonly, patients omitted taking
medication once (6.7% of patients at both baseline and
month 12) or twice (5.3 vs 1.7% at baseline and month
12, respectively) within this time. When asked at baseline
and month 12, no patients had omitted taking tacrolimus
more than twice during the previous 4 weeks, except for
one kidney transplant recipient at month 12, who omitted
prolonged-release tacrolimus intake more than four times.

Data from the BAASIS interview questionnaire indicated
that no patient had taken a drug holiday in the previous 4
weeks, except for one liver transplant recipient at month
12 who omitted prolonged-release tacrolimus intake twice
in succession. No patient altered their dose without their
doctor’s instruction to do so, or stopped taking their med-
ication in the 4 weeks preceding administration of the
questionnaire. Self-assessed adherence using the VAS was

Figure 2: Mean (A) daily tacrolimus dose and (B) tacrolimus
trough levels before and after conversion from immediate-release
to prolonged-release tacrolimus, stratified by transplanted organ
and overall (full-analysis set). Vertical lines represent the standard
deviation. In figure 2B, diamonds represent the minimum and max-
imum tacrolimus trough level recorded at each visit.

similar at baseline and month 12 (96.7% and 98.3%, re-
spectively).

At baseline, investigators gave 89.3% (67/75), 9.3% (7/75)
and 1.3% (1/75) of patients an adherence rating of “good”,
“moderate”, or “poor”, respectively. Of the 68 patients who
completed the study, 98.5% (67/68) were given an investi-
gator rating of “good” at month 12, and adherence for one
patient (1.5%) was rated “moderate”. For liver transplant
recipients, adherence was rated “good”, except for 7.4%
(2/27) of patients at baseline and 4.5% (1/22) at month
12, who were given an adherence rating of “moderate”. In
kidney transplant recipients at baseline, investigators gave
87.5% (42/48), 10.4% (5/48) and 2.1% (1/48) of patients
an adherence rating of “good”, “moderate”, or “poor”, re-
spectively; adherence for all patients was rated “good” at
month 12 (n = 46 with available data).

Tacrolimus pill burden and patient satisfaction
Overall, 66.7% (40/60) of patients experienced a reduction
from baseline to month 12 in tacrolimus pill burden, fol-
lowing conversion from immediate-release to prolonged-
release tacrolimus. The median daily number of tacrolimus
capsules decreased in kidney recipients (from 3.0 to 2.0)
and liver recipients (from 4.0 to 2.0) (table 3; mean data
are presented in fig. 3).

All patients were “very satisfied” or “satisfied” with their
prolonged-release tacrolimus-based regimen 12 months af-
ter conversion from immediate-release tacrolimus (70.3%
and 29.7%, respectively) (table 4). Overall, most patients
perceived the prolonged-release tacrolimus formulation to
be easier to remember to take (75.0% of patients) and more
convenient (85.9%), compared with the immediate-release

Figure 3: Mean daily intake number of tacrolimus capsules, strati-
fied by transplanted organ and overall (full-analysis set). Vertical
lines represent the standard deviation.

Table 3: Daily intake of tacrolimus (number of capsules) at baseline (immediate-release tacrolimus) and month 12 (prolonged-release tacrolimus), and the proportion of patients
reporting a change in tacrolimus pill burden between baseline and month 12, stratified by transplanted organ and overall (full analysis set).

Parameter Liver transplant Kidney transplant Overall

Baseline (n = 27) Month 12 (n = 22)* Baseline (n = 48) Month 12 (n = 46)* Baseline (n = 75) Month 12 (n = 68)*

Median (range) number of tacrolimus capsules 4.0
(2.0–8.0)

2.0
(1.0–3.0)

3.0
(1.5–8.0)

2.0
(1.0–4.0)

3.0
(1.5–8.0)

2.0
(1.0–4.0)

n = 22* n = 46* n = 68*

Change in tacrolimus pill
burden at month 12 ver-
sus baseline, n (%)

Less 12 (66.7) 28 (66.7) 40 (66.7)

Equal 5 (27.8) 8 (19.0) 13 (21.7)

More 1 (5.6) 6 (14.3) 7 (11.7)

* Of the total study population (n = 68), data were missing for four liver and four kidney transplant recipients, and percentages were calculated based on patients with available
data (liver, n = 18; kidney, n = 42; overall, n = 60).
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tacrolimus formulation. Furthermore, nearly all (94.7%)
liver transplant recipients found the prolonged-release
tacrolimus formulation to be easier to remember and more
convenient to take, compared with 66.7% and 82.2%, re-
spectively, of kidney transplant recipients (table 4).

Clinical outcomes
Overall, mean eGFR remained stable over 12 months after
conversion, irrespective of organ transplanted. Two kidney
transplant recipients became dialysis-dependent during the
study. When eGFR was set to 0 for these two patients,
mean ± SD eGFR at baseline, week 2, month 6 and month
12 in the overall study population was 65.1 ± 26.4, 64.3 ±
25.2, 61.9 ± 25.2 and 61.8 ± 24.2 ml/min/1.73 m2, respec-
tively. In the overall population, the mean ± SD change in
eGFR from baseline to month 12 was −1.8 ± 13.1 ml/min/
1.73 m2.

In liver transplant recipients, mean ± SD eGFR at baseline,
week 2, month 6 and month 12 was 80.4 ± 24.0, 76.6 ±
25.1, 76.8 ± 22.3 and 74.7 ± 17.1 ml/min/1.73 m2, respec-
tively, and the mean ± SD change in eGFR from baseline
to month 12 was −5.5 ± 19.3 ml/min/1.73 m2. In kidney
transplant recipients, when eGFR was set to 0 for the two
patients who became dialysis-dependent during the study,
mean ± SD eGFR at baseline, week 2, month 6 and month
12 was 56.5 ± 23.9, 57.0 ± 22.5, 55.0 ± 23.7 and 55.8 ±
24.8 ml/min/1.73 m2, respectively. The mean ± SD change
in eGFR from baseline to month 12 was −0.01 ± 8.5 ml/
min/1.73 m2.

The overall incidence of rejection, graft failure and dialysis
was low, as events occurred in only two kidney transplant
recipients. One kidney transplant recipient experienced an
acute rejection episode, with subsequent graft loss and
dialysis dependence. This patient was on dialysis at
months 6 and 12. Another kidney transplant recipient be-
came temporarily dialysis-dependent approximately 11
months after converting from immediate-release to pro-
longed-release tacrolimus, and was on dialysis at month
12. For both patients, the responsible investigators con-
sidered that the events of rejection, dialysis dependence
and graft failure were unrelated to prolonged-release
tacrolimus. There were no deaths due to graft failure or re-
jection episodes. Indeed, at month 12, investigators consid-
ered that the efficacy of prolonged-release tacrolimus was
“very good” or “good” (65.7% and 34.3%, respectively).

Safety
Twenty ADRs were reported in 15 patients (20.0%) and are
summarised in table 5; the most frequently reported sys-
tem organ class was “infections and infestations” (9.3% of
patients; all infections). Overall, 17 ADRs were assessed
as serious, and two (extranodal marginal zone B-cell lym-
phoma [mucosa-associated lymphoid tissue type] and drug
intolerance) led to study discontinuation in two liver trans-
plant recipients.

For most patients, investigators rated the tolerability of
prolonged-release tacrolimus at month 12 as “very good”
or “good” (80.6% and 16.4%, respectively).

Clinical laboratory parameters and vital signs
No new safety concerns were detected by evaluating clin-
ical laboratory parameters and vital signs, and few abnor-
mal, clinically relevant measurements were detected dur-
ing the study. In the overall population, across study visits
(excluding week 4), the mean ± SD haemoglobin level was
between 127.6 ± 16.8 and 135.7 ± 15.3 g/l, and the mean ±
SD glucose level was between 6.07 ± 1.73 and 6.37 ± 2.16
mmol/l. Mean ± SD HbA1c increased from 5.64 ± 0.75%
pre-conversion to 6.72 ± 5.98% at week 2 post-conversion,
but was similar to pre-conversion levels by month 12 (5.77
± 0.96%). Mean ± SD serum creatinine ranged between
117.7 ± 43.3 and 123.7 ± 58.2 µmol/l, mean urine protein
/ urine creatinine was between 19.9 ± 23.8 and 28.8 ± 52.2
mg/mmol and mean ± SD urine albumin / urine creatinine
was between 2.9 ± 3.5 and 5.3 ± 8.8 mg/mmol. For the op-
tional tests, mean ± SD total cholesterol across visits was
between 4.32 ± 1.22 and 4.49 ± 1.18 mmol/l, mean ± SD
low-density lipoprotein was between 2.49 ± 1.06 and 2.62
± 1.05 mmol/l, mean ± SD high-density lipoprotein was
between 1.32 ± 0.58 and 1.66 ± 1.08 mmol/l and the mean
± SD triglyceride level was between 1.22 ± 0.46 and 1.56
± 0.86 mmol/l.

Systolic and diastolic blood pressure remained stable dur-
ing the study, as did pulse rate. In the overall population,
across study visits (excluding week 4), the mean ± SD sys-
tolic blood pressure was between 130.4 ± 17.7 and 134.1
± 17.0 mm Hg and the mean ± SD diastolic blood pressure
was between 80.0 ± 12.2 and 81.0 ± 10.5 mm Hg.

Discussion

Few studies have assessed adherence with prolonged-re-
lease tacrolimus in a real-world setting. This study pro-
vides the first implementation adherence data from adult,
stable kidney and liver transplant recipients converted

Table 4: Patients’ satisfaction with once-daily, prolonged-release tacrolimus administration 12 months after conversion from immediate-release tacrolimus, stratified by trans-
planted organ and overall (full analysis set).

Liver transplant
(n = 27)*

Kidney transplant
(n = 48)*

Overall
(n = 75)*

Satisfied with once-daily administration Very satisfied 11 (57.9) 34 (75.6) 45 (70.3)

Satisfied 8 (42.1) 11 (24.4) 19 (29.7)

Not satisfied 0 0 0

Easier to remember Yes 18 (94.7) 30 (66.7) 48 (75.0)

No 1 (5.3) 15 (33.3) 16 (25.0)

More convenient Yes 18 (94.7) 37 (82.2) 55 (85.9)

No 1 (5.3) 8 (17.8) 9 (14.1)

Data are n (%). Patient satisfaction was recorded at month 12 or, in the case of early discontinuation from the study, at the time of discontinuation. * Of the total study population
(n = 75), data were missing for eight liver and three kidney transplant recipients, and percentages were calculated based on patients with available data (liver, n = 19; kidney, n =
45; overall, n = 64).
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from immediate-release to prolonged-release tacrolimus as
part of routine clinical practice in Switzerland. Further-
more, it is one of few published studies that used a three-
part composite endpoint for measuring adherence. The
study showed that a high proportion of patients were non-
adherent for the primary composite endpoint, and that this
was predominantly driven by sub-therapeutic tacrolimus
trough levels. Tacrolimus adherence rates were similar at
baseline and 12 months after conversion from the imme-
diate-release to the prolonged-release formulation. How-
ever, patients experienced a reduction in tacrolimus pill
burden between baseline and month 12 compared with
the immediate-release formulation, and prolonged-release
tacrolimus was associated with a convenience benefit.

The overall implementation non-adherence rate at month
12, as detected by the BAASIS, was 28.3%, which is with-
in the range of published non-adherence rates following
kidney and liver transplantation assessed with a variety
of measurement methods and definitions [1, 2, 6, 19–25].
However, compared with previous reports of non-adher-
ence rates (e.g., 30.9% reported by Beckebaum et al.
[BAASIS] and 18.5% cited in the ADMIRAD study [elec-
tronic monitoring] [1, 7]), a higher proportion of patients
(81.8%) were non-adherent for the primary composite end-
point in this study, following conversion from immediate-
release to prolonged-release tacrolimus. This disparity is
likely to be due to the strict definition of non-adherence
applied here, which included sub-therapeutic tacrolimus
trough levels – the largest contributor to the primary com-

posite of non-adherence. A recently-published 18-month
study, conducted in 153 kidney transplant recipients in
Germany, used a composite endpoint similar to the one in
our study, defining non-adherence as at least one of: (1) an
affirmative response to any of the taking, timing or dose
alteration dimensions on the BAASIS interview question-
naire at month 18; (2) investigator rating of adherence as
“poor” at month 18; (3) at least one sub- or over-ther-
apeutic tacrolimus trough level throughout the observa-
tion period [26]. The authors concluded that this definition
of non-adherence might be too stringent [26]. However,
the purpose of promoting immunosuppression adherence is
to ensure adequate exposure to tacrolimus, particularly as
tacrolimus is a drug with a narrow therapeutic index [27]
and exposure to the drug is associated with transplant out-
comes [28]. Therefore, we suggest that it is meaningful to
consider sub- or over-therapeutic tacrolimus trough levels
when assessing adherence in clinical studies. Whereas im-
plementing a single sub-therapeutic tacrolimus trough lev-
el cut-off for all patients might have altered the primary
outcome of this study, use of sub-therapeutic levels prede-
fined by the investigator on an individual patient basis is
more aligned with real-world clinical practice.

Implementation non-adherence rates were lower with in-
vestigator rating than with patient-rated non-adherence us-
ing the BAASIS interview questionnaire. Indeed, the two
patients (2.9%) who were judged by investigators to be
non-adherent, were adherent according to the BAASIS
questionnaire. Discrepancy between physician and patient

Table 5: ADRs grouped by system organ class and preferred term (safety analysis set).

System organ class Preferred term Incidence (n)* Organ transplanted ADR serious Determined causality of
ADR

Gastrointestinal disorders 2.7% (2)

Diarrhoea 2.7% (2) Kidney No Possible

General disorders and administration
site conditions

1.3% (1)

Drug intolerance 1.3% (1) Liver No Possible

Infections and infestations 9.3% (7)

Pneumonia 2.7% (2) Kidney Yes Possible

Respiratory tract infection 2.7% (2) Kidney Yes Possible

BK virus infection 1.3% (1) Kidney Yes Possible

CMV enterocolitis 1.3% (1) Kidney Yes Possible

CMV infection 1.3% (1) Kidney Yes Possible

CMV viraemia 1.3% (1) Kidney Yes Possible

Metabolism and nutrition disorders 1.3% (1)

Gout 1.3% (1) Kidney Yes Possible

Neoplasms benign, malignant and
unspecified (including cysts and
polyps)

5.3% (4)

Squamous cell carcinoma of the
skin

2.7% (2) Kidney Yes Possible

B-cell lymphoma 1.3% (1) Kidney Yes Possible

Extranodal marginal zone B-cell
lymphoma (MALT type) recurrent

1.3% (1) Liver Yes Possible

Oesophageal carcinoma 1.3% (1) Kidney Yes Could not be assessed

Nervous system disorders 1.3% (1)

Hypoaesthesia 1.3% (1) Liver Yes Possible

Paraesthesia 1.3% (1) Liver Yes Possible

Respiratory, thoracic and mediastinal
disorders

1.3% (1)

Dyspnoea 1.3% (1) Liver Yes Possible

ADR = adverse drug reaction; CMV = cytomegalovirus; MALT = mucosa-associated lymphoid tissue; Note: patients could experience more than one ADR within a system organ
class. * Incidences were calculated based on the safety analysis set (n = 75) and several events in the same patient falling into the same system organ class or preferred term
were only counted once for the respective class or term.
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reporting of non-adherence was also recorded in the
French PREDICT study of 370 kidney and liver transplant
recipients [29]. Physicians considered their patients to be
adherent with their immunosuppressive regimen in 61.6%
of cases (using a VAS, where good adherence was defined
as a score >median), whereas the patients considered them-
selves to be only moderately or poorly adherent (based
on a validated six-item patient self-reported questionnaire)
[29]. Therefore, when designing adherence studies, it is
important to consider that adherence measurements can
vary depending on the detection method used and whether
data are reported by the patient or clinician. The BAASIS
interview questionnaire and investigator rating of adher-
ence are subjective and the questionnaire may be associ-
ated with recall bias. In this regard, a composite endpoint,
such as that used in our study, may be a useful option.

Using the BAASIS adapted to capture adherence behav-
iour specific to tacrolimus, similar non-adherence rates
were observed before and after conversion from immedi-
ate-release to prolonged-release tacrolimus for the overall
population. This is contrary to what might be expected af-
ter simplification of the dosing regimen and with the con-
venience benefit associated with once-daily tacrolimus ad-
ministration. Indeed, conversion from immediate-release
to prolonged-release tacrolimus has previously been asso-
ciated with improved medication adherence, assessed us-
ing a variety of measures of adherence to immunosuppres-
sive regimens and to tacrolimus specifically [1, 7, 30, 31].
Of note, a numerical increase in adherence by the BAASIS
was found in liver transplant recipients between baseline
and month 12. This may be because almost half of the liver
transplant patients were receiving tacrolimus monotherapy
at baseline. Therefore, these patients were likely to be tak-
ing once-daily tacrolimus as the only immunosuppressive
agent during follow-up, which would result in a simplified
once-daily dosing regimen compared with immediate-re-
lease tacrolimus-based therapy. However, patient numbers
are too small to draw conclusions.

Over half of patients reported a reduction in tacrolimus
pill burden following conversion from immediate-release
to prolonged-release tacrolimus. As a high pill burden can
reduce quality of life [10], reducing pill burden with pro-
longed-release versus immediate-release tacrolimus is
likely to benefit the patient, and may have contributed to
the high levels of satisfaction the patients felt with the
prolonged-release tacrolimus-based regimen. Indeed, pa-
tient satisfaction was greater in the liver than in the kidney
transplant recipients, possibly because over 40% of liver
transplant patients were taking tacrolimus monotherapy at
baseline. Most patients also perceived the prolonged-re-
lease tacrolimus formulation to be more convenient and
easier to remember to take, compared with the immediate-
release tacrolimus formulation, which is consistent with
previous conversion studies in kidney transplant recipients
[26, 30]. Such findings are expected, as patients prefer
to reduce dosing frequency, ideally to once-daily dosing
[32, 33], and remove the evening dose of medication [10].
Conversion from immediate-release to prolonged-release
tacrolimus may, therefore, provide convenience benefits
for the patient in clinical practice.

Changes in mean tacrolimus trough levels generally re-
flected changes in mean tacrolimus dose. In line with a

mean dose reduction of 5.1% observed between baseline
and week 2, mean tacrolimus trough levels also decreased,
albeit to a greater extent – by approximately 20%. A de-
crease in mean tacrolimus trough levels after conversion
from immediate-release to prolonged-release tacrolimus
has been previously reported [1, 31, 33]. For example, Du-
mortier et al. reported a tacrolimus trough level decrease in
liver transplant recipients of approximately 20% (6.1 ng/
ml before conversion vs 4.9 ng/ml after conversion) [34].
Sukkha et al. also recently reported a 23% reduction in
tacrolimus trough level after conversion from immediate-
release to prolonged-release tacrolimus early post-trans-
plantation in de novo kidney transplant recipients [35].
Importantly, the decrease in tacrolimus trough levels was
seemingly not associated with deleterious outcomes as, in
line with previous reports, conversion from immediate-re-
lease to prolonged-release tacrolimus was associated with
good graft and patient survival [36, 37]. Furthermore, renal
function (eGFR) remained stable after conversion from im-
mediate-release to prolonged-release tacrolimus, irrespec-
tive of organ transplanted, which is in line with previous
reports [33, 34, 36]. In addition, no new safety signals were
detected during the study, and the incidence and type of re-
ported ADRs were as expected.

This study was associated with the limitations typical of
non-interventional multicentre studies, such as potential
bias due to patient selection being driven by unknown cir-
cumstances, and different practices between centres. How-
ever, the collection of ‘real-world’ data is of great rel-
evance to inform conversion from immediate-release to
prolonged-release tacrolimus in routine clinical practice.
The study was not designed to evaluate trough tacrolimus
levels, as measurement methods varied between centres,
and the therapeutic target levels were investigator-defined.
This may have impacted non-adherence for the primary
composite endpoint. Additionally, it may be preferable to
define non-adherence on the basis of several, rather than
single, sub-therapeutic or over-therapeutic tacrolimus
trough levels. A further limitation of using tacrolimus
trough levels as a marker of non-adherence in this study
was that no comparative trough level data were available
for the 12 months before patients converted from imme-
diate-release to prolonged-release tacrolimus. Tacrolimus
trough levels were also collected and assayed based on in-
dividual centre protocol, with resulting variability in mea-
surements; however, as tacrolimus trough levels were in-
dividualised to the patient, this was unlikely to impact the
study findings. We acknowledge that the wording of pa-
tient satisfaction questions (2) and (3) may have been lead-
ing and, therefore, introduced bias. Tacrolimus pill burden
and number of daily tacrolimus doses was reduced fol-
lowing conversion from immediate-release to prolonged-
release tacrolimus, but this may not be true for overall
pill burden and the number of daily doses. The number
of pills associated with other immunosuppressive medica-
tions and concomitant medication was not collected. Re-
cruitment was also slow and, therefore, fewer patients were
included than initially intended. Additionally, due to the
nature of the study, data were missing for some patients,
which further reduced the number of patients available for
analysis and may have impacted the robustness of the re-
sults.
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As the results obtained in this observational study are
based on a small number of adult stable transplant patients
converted from immediate-release to prolonged-release
tacrolimus, the generalisability of the findings herein may
be limited. Nevertheless, the findings may be transferrable
to other kidney and liver transplant patients treated in
Switzerland and other similar European countries. Further-
more, the overall non-adherence rate detected by the BAA-
SIS interview questionnaire is likely relevant to other pa-
tient populations, as are the patient convenience aspects of
once-daily administration of tacrolimus.

Conclusion

This study provides the first implementation adherence da-
ta for adult, stable kidney and liver transplant recipients
converted from immediate-release to prolonged-release
tacrolimus in routine clinical practice in Switzerland. Sub-
therapeutic tacrolimus trough levels were the largest con-
tributor to non-adherence in this study, compared with non-
adherence by the BAASIS interview questionnaire or
investigator rating. Although non-adherence rates before
and after conversion were similar, prolonged-release
tacrolimus was associated with good patient satisfaction
and reduced tacrolimus pill burden. Furthermore, pro-
longed-release tacrolimus was efficacious, and no new
safety signals were detected.
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