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ABSTRACT

Background. In this study we investigated medication adherence of kidney transplant
patients (KTPs) to an immediate-release tacrolimus (IR-T) regimen and, after conversion,
to a prolonged-release tacrolimus (PR-T) regimen in routine clinical practice.
Methods. This was a non-interventional, observational, multicenter Swedish study. We
included adult KTPs with stable graft function, remaining on IR-T or converting from IR-T
to PR-T. Data were collected at baseline, and months 3, 6, and 12 post-baseline. The
primary endpoint was adherence using the Basel Assessment of Adherence to
Immunosuppressive Medication Scale (BAASISª). Secondary assessments included
tacrolimus dose and trough levels, clinical laboratory parameters (eg, estimated
glomerular filtration rate), and adverse drug reactions (ADRs).
Results. Overall, data from 233 KTPs were analyzed (PR-T, n¼ 175; IR-T, n¼ 58). Mean
change in PR-T dose from baseline (4.8 mg/d) to month 12 was -0.2 mg/d, and for IR-T
(4.2 mg/d) was -0.4 mg/d; tacrolimus trough levels remained similar. Overall adherence
was similar between baseline and month 12 in both groups (PR-T: 54.4% vs 57.0%,
respectively; IR-T: 65.5% vs 69.4%); timing adherence followed a similar pattern. The
probability of taking adherence improved between baseline and month 12 (odds ratio,
1.97; P ¼ .0092) in the PR-T group only. Mean BAASIS visual analog scale score at
baseline was 94.3 � 11.1% (PR-T) and 95.3 � 7.6% (IR-T), and >95% at subsequent
visits. Laboratory parameters remained stable. Eight (4.6%) patients receiving PR-T
(none receiving IR-T) had ADRs considered probably/possibly treatment-related.
Conclusion. Disparity existed between high, patient-perceived and low, actual
adherence. Overall adherence to the immunosuppressive regimen (measured by
BAASIS) did not improve significantly over 12 months in stable KTPs converting to
PR-T or remaining on IR-T; renal function remained stable.
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PATIENTS who undergo solid organ transplantation
need to adhere to long-term immunosuppression to

prevent rejection of the transplanted graft [1]. In kidney
recipients, nonadherence to immunosuppressive regimens
has a negative impact on graft function and survival, and has
been associated with de novo donor-specific antibody
development and late acute rejection [2e7]. As tacrolimus-
based triple therapy with mycophenolate mofetil (MMF)
Authors. Published by Elsevier Inc. This is an open
le under the CC BY-NC-ND license (http://
mons.org/licenses/by-nc-nd/4.0/).
enue, New York, NY 10169

0041-1345/18
https://doi.org/10.1016/j.transproceed.2018.06.027

ion Proceedings, 50, 3275e3282 (2018) 3275

mailto:bengt.fellstrom@medsci.uu.se
http://crossmark.crossref.org/dialog/?doi=10.1016/j.transproceed.2018.06.027&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.transproceed.2018.06.027


3276 FELLSTRÖM, HOLMDAHL, SUNDVALL ET AL
and corticosteroids is often used to provide immunosup-
pression after kidney transplantation, optimizing adherence
to tacrolimus-based regimens is essential for good graft
function and patient outcomes [3].
The need for frequent immunosuppressant dosing (more

than once daily) represents a potential barrier to adherence
[8,9]. Indeed, a once-daily, prolonged-release tacrolimus
formulation has been shown to improve adherence to
immunosuppressive treatment, compared with twice-daily,
immediate-release formulations [10,11]. Nevertheless, there
are limited data available comparing adherence in kidney
transplant patients who remain on immediate-release tacro-
limus versus those who convert to the prolonged-release
formulation [10,12]. In this study we investigated adherence
of kidney transplant recipients to an immediate-release
tacrolimus regimen and after conversion to a prolonged-
release tacrolimus regimen in routine clinical practice.
MATERIALS AND METHODS
Study Design and Patients

This was a non-interventional, observational cohort study under-
taken in a real-life setting at 19 centers in Sweden between June
2012 and September 2015. The study was conducted in accor-
dance with the Declaration of Helsinki and International Con-
ference of Harmonisation guidelines [13,14]. Patients provided
Table 1. Individual Items of the

Question Number Dimension Question

1A Taking Do you remember mi
your antirejection m

4 w

1B (for patients who
answered “yes” to 1A)

Drug holiday Do you remember hav
doses of your anti

in a row in th

2 Timing Do you remember
anti-rejection med
hours before or
dosing time in

3 Dose alteration Have you altered the
your antirejection m
last 4 weeks, witho

you t
4 Stopped medication Have you stopped tak

medications com
year, without your

do

Abbreviation: BAASIS, Basel Assessment of Adherence to Immunosuppressive M
written informed consent and could withdraw from the study at
any time.

Adult kidney transplant recipients (aged �18 years) with stable
renal allograft function were included if they were either receiving,
and remaining on, twice-daily, immediate-release tacrolimus (Pro-
graf; Astellas Pharma, Ltd, Chertsey, UK), or were converting from
immediate-release tacrolimus to once-daily, prolonged-release
tacrolimus (Advagraf; Astellas Pharma Europe BV, Leiden, The
Netherlands). Patients received concomitant immunosuppression
according to local guidelines.

Data were collected during 4 routine clinic visits: baseline (visit
1); and months 3, 6, and 12. There was a window of �6 weeks for
each post-baseline visit. Adherence to immunosuppression medi-
cation was assessed at each visit using the Basel Assessment of
Adherence to Immunosuppressive Medication Scale (BAASIS),
which assesses different dimensions of immunosuppression adher-
ence (Table 1) [15]. The BAASIS questionnaire comprises the
following questions, which determine if, and how often, in the
preceding 4 weeks that patients: (1A) missed a dose of immuno-
suppression medication (taking adherence dimension); (1B)
missed �2 consecutive doses (drug-holiday dimension); (2) took
their medication >2 hours on either side of the recommended
dosing time (timing adherence dimension); or (3) changed their
dose without their doctor’s instruction to do so (dose-alteration
dimension). A further question determined whether patients had
completely stopped taking their medication within the preceding
year without being instructed by their doctor to do so (stopped-
medication dimension). The self-rated BAASIS visual analog scale
BAASIS Questionnaire [15]

Wording Response

ssing a dose of any of
edications in the last
eeks?

A response of “no” corresponded to a
patient being adherent on the “taking
dimension.” Patients who responded
“yes” answered a further question, to

report the number of times this occurred
(once/twice/3 times/4 times/> 4 times).

ing skipped 2 or more
rejection medications
e last 4 weeks?

A response of “no” corresponded to a
patient being adherent on the “drug-
holiday dimension.” Patients who

responded “yes” answered a further
question, to report the number of times
this occurred (once/twice/3 times/4

times/> 4 times).
having taken your
ications more than 2
after the prescribed
the last 4 weeks?

A response of “no” corresponded to a
patient being adherent on the “timing
dimension.” Patients who responded
“yes” answered a further question to

report the number of times this occurred
(once/2e3 times/4e5 times/every 2e3

days/almost every day).
prescribed amount of
edications during the
ut your doctor telling

o do so?

A response of “no” corresponded to a
patient being adherent on the “dose-

alteration dimension.”

ing your anti-rejection
pletely within the last
doctor telling you to
so?

A response of “no” corresponded to a
patient being adherent on the “stopped-

medication dimension.”

edication Scale.



Table 2. Patients’ Demographics and Baseline Characteristics
(Full-analysis Set)

Characteristic
Prolonged-release

Tacrolimus (N ¼ 175)
Immediate-release
Tacrolimus (N ¼ 58)

Male gender, n (%) 113 (64.6) 44 (75.9)
Age, years

Mean � SD 49.4 � 14.0 53.5 � 14.8
Median (range) 50.0 (19.0 to 82.0) 53.5 (20.0 to 77.0)

Current graft number, n (%)
1 144 (82.3) 47 (81.0)
2 27 (15.4) 7 (12.1)
3 4 (2.3) 4 (6.9)

Time between most recent
transplant and study
entry (years)

Mean � SD 4.1 � 4.1* 4.3 � 4.0†

Median (range) 2.7 (0.1e18.3) 3.4 (�0.4 to 15.0)
Diabetes present, n (%) 44 (25.1) 20 (34.5)
Concomitant

immunosuppressive
medication, n (%)
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(VAS) was also completed, which ranges from 0% (never took
medication as prescribed) to 100% (always took medication as
prescribed) [15]. Consistent with previous studies [11,16], overall
nonadherence was defined as any positive response (“yes”) to
questions 1e3. Taking and timing nonadherence were defined as
positive responses to questions 1A and 2, respectively.

Tacrolimus dose and trough levels were assessed at all visits, and
laboratory testing was performed according to local routine
practice.

Endpoints

The primary endpoint was adherence to immunosuppressive
medication at all visits, as measured by the BAASIS questionnaire.
Secondary endpoints included total daily tacrolimus dose, plasma
tacrolimus trough levels, and available clinical laboratory data
(estimated glomerular filtration rate [eGFR], using the Modified
Diet in Renal Disease formula, glycated hemoglobin [HbA1c],
fasting lipids [total cholesterol, high-density lipoprotein [HDL], and
low-density lipoprotein [LDL]) at all visits. Adverse events (AEs)
were recorded throughout the study.

Statistical Analyses

Sample size was based on Beckebaum et al (n ¼ 110), in which the
proportion of nonadherent patients decreased from 66% at baseline
with immediate-release tacrolimus, to 31% at 12 months after con-
version to prolonged-release tacrolimus [11]. The drivers of this
change (timing nonadherence [64% at baseline] and doses missed
[20%]) were incorporated in the power calculation (McNemar test).
Assuming 10% dropout, 180 patients taking prolonged-release
tacrolimus would provide 90% power to detect a reduction from
60% to 30% in nonadherence, and a 2.5% increase (from 90% to
92.5%) in the VAS. The study aimed to include 300 patients (200
remaining on immediate-release tacrolimus, and 100 converting to
prolonged-release tacrolimus). The full-analysis set (FAS) included
all patients with data at baseline and at least 1 post-baseline visit. The
per-protocol set (PPS) included all patients without major protocol
deviations and who completed the study within 12 months. Data are
presented for the FAS, with supporting analyses using the PPS.

Adherence responses at each visit were analyzed using a longi-
tudinal logistic regression model with fixed terms for visit, treat-
ment, and visit-by-treatment interaction. Modeling of intrapatient
correlation used an autoregressive structure. The predicted proba-
bilities of overall adherence and 95% confidence intervals (CIs)
were presented at each visit, along with odds ratio (OR), 95% CI,
and P value for adherence in each treatment group vs baseline. As
sample size was calculated based on within-group comparisons, P
values were provided for within-group testing only. There was no
imputation for missing data; all available data were analyzed.
Changes in daily tacrolimus dose and the VAS score between
baseline and follow-up were reported as least-squares means.
P < .05 was considered statistically significant, and all analyses were
conducted using SAS version 9.3 (SAS Institute, Cary, NC) or
higher.
Corticosteroids 143 (81.7) 43 (74.1)
MMF 124 (70.9) 47 (81.0)
Azathioprine 20 (11.4) 2 (3.4)
MPA 15 (8.6) 2 (3.4)
Everolimus 3 (1.7) 0

Abbreviations: MMF, mycophenolate mofetil; MPA, mycophenolic acid; SD,
standard deviation.
*n ¼ 173.
†n ¼ 57.
RESULTS
Patient Characteristics

Overall, 235 kidney transplant patients were screened, of
whom 1 discontinued the study after the baseline visit, and 1
(in the group receiving immediate-release tacrolimus) had
no post-baseline data. The FAS therefore included 233
patients (prolonged-release tacrolimus, n¼ 175; immediate-
release tacrolimus, n ¼ 58); 208 patients were included in
the PPS.
The baseline characteristics (at inclusion) were generally

similar in both treatment groups (Table 2); the majority of
patients (67.4%) were male. The mean � standard devia-
tion (SD) age was 49.4 � 14.0 years and 53.5 � 14.8 years in
the groups receiving prolonged- and immediate-release
tacrolimus, respectively. Across groups, the time between
the most recent transplant and study entry ranged between
�0.4 and 18.3 years (1 patient signed informed consent 0.4
year before their latest transplantation), and >25% of pa-
tients had type 1 or type 2 diabetes. Most patients were
taking MMF (73%) and corticosteroids (80%) at baseline.
Other concomitant immunosuppressants included myco-
phenolic acid (MPA), azathioprine, and everolimus
(Table 2).
In the FAS, 17 (9.7%) patients receiving prolonged-release

tacrolimus withdrew from the study, due to AEs (n ¼ 4),
death (n ¼ 1), loss to follow-up (n ¼ 1), or “other” (n ¼ 5);
reasons were missing for 6 patients. Eight (13.8%) patients
receiving immediate-release tacrolimus were withdrawn as a
result of being lost to follow up (n ¼ 3), death (n ¼ 1), or
“other” (n ¼ 2); reasons were missing for 2 patients.

Tacrolimus Dose and Trough Levels

In the group receiving prolonged-release tacrolimus, the
mean � SD tacrolimus dose before, and immediately after,
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conversion was similar (4.8 � 3.3 mg/d and 4.8 � 3.2 mg/d,
respectively). Mean tacrolimus dose was similar between
baseline and month 6; however, there was a mean reduction
of -0.20 mg/d (95% CI, -0.39 to -0.02; P ¼ .0343) from
baseline to month 12. In the group receiving immediate-
release tacrolimus, mean � SD tacrolimus dose at base-
line was 4.2 � 3.1 mg/d. From baseline to months 6 and 12,
mean reductions in dose of -0.33 mg/d (95% CI, -0.66 to
-0.00; P ¼ .0487) and -0.42 mg/d (95% CI, -0.75 to -0.08;
P ¼ .0145), respectively, were observed.
Tacrolimus trough levels (mean � SD) remained similar

throughout the study in each group (prolonged-release
tacrolimus: 6.1 � 2.0, 5.3 � 1.5, 5.4 � 1.7, and 5.5 � 1.9
ng/mL at baseline, 3, 6, and 12 months, respectively;
immediate-release tacrolimus: 6.1 � 1.8, 6.2 � 1.6, 6.0 �
1.7, and 6.0 � 1.7 ng/mL, respectively). At the end of 12
months, mean � SD changes from baseline were �0.6 � 2.7
ng/mL in the group receiving prolonged-release tacrolimus,
and e0.2 � 1.7 ng/mL in the group receiving immediate-
release tacrolimus.
Mean tacrolimus dose and trough levels in the PPS were

similar to those described for the FAS (data not shown).

Concomitant Immunosuppression

There were no notable changes from baseline in concomi-
tant immunosuppression use during the study. At month 12,
65.7% and 70.7% of patients in the groups receiving pro-
longed- and immediate-release tacrolimus, respectively,
were taking MMF. Mean � SD daily dose of MMF at
54.4 54.7 52.8
57.0

65.5 66.1
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Fig 1. Adherence to prolonged- and immediate-release tacrolimus-b
months for (A) overall adherence, (B) taking adherence, and (C) timing
of Adherence to Immunosuppressive Medication Scale; FAS, full-ana
baseline and 12 months was 1261 � 494 mg and 1181 � 430
mg, respectively, in the group receiving prolonged-release
tacrolimus, and 1298 � 546 mg and 1194 � 528 mg in the
group receiving immediate-release tacrolimus. At month 12,
74.9% and 63.8% of patients receiving prolonged- and
immediate-release tacrolimus, respectively, were taking
corticosteroids. Mean � SD dose of corticosteroids at
baseline and 12 months was 6.1 � 3.3 mg and 5.1 � 1.7 mg,
respectively, in the group receiving prolonged-release
tacrolimus, and 6.5 � 3.9 mg and 5.6 � 2.9 mg in the
group receiving immediate-release tacrolimus.

Adherence to Immunosuppressive Treatment

Overall, a high proportion of patients were nonadherent to
their immunosuppressive medication throughout the study
(30.6e47.2% across both groups; any positive response to
BAASIS questions 1e3). There were no marked changes in
overall adherence from baseline at any follow-up visit in
either group (prolonged-release tacrolimus: 54.4% vs 57.0%
at baseline and month 12, respectively; immediate-release
tacrolimus: 65.5% vs 69.4%, respectively) (Fig 1A).
Throughout the study, most patients (�75%) in each

treatment group were adherent in taking their immuno-
suppressive medication in the preceding 4 weeks (taking
adherence dimension) (Fig 1B). For the group receiving
prolonged-release tacrolimus, taking adherence increased
between baseline and month 12 (76.2% vs 86.8%, respec-
tively), but not between baseline and months 3 or 6. Taking
adherence was similar to baseline at all follow-up visits in
76.2
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the group receiving immediate-release tacrolimus. Of those
who were not adherent with taking their immunosuppres-
sive medication, 65.9% and 81.8% of patients in the group
receiving prolonged- and immediate-release tacrolimus,
respectively, missed 1 dose, 26.8% and 18.2% missed 2
doses, and 4.9% and 0% missed �4 doses at baseline. At 12
months, 57.9% and 62.5% of patients missed 1 dose, 36.8%
and 37.5% missed 2 doses, and 0% missed �4 doses. More
than 75% of patients across visits and treatment groups did
not miss consecutive doses of their immunosuppressive
medications in the preceding 4 weeks.
Over 60% of patients receiving prolonged- and

immediate-release tacrolimus adhered with the timing of
their immunosuppressive medications (62.9e66.9% and
63.5e77.6% throughout the study, respectively). Timing
adherence was similar to baseline at all follow-up visits in
both groups (Fig 1C).
ORs were calculated, comparing post-baseline with

baseline adherence. With 1 exception, the probabilities of
overall, taking, and timing adherence were similar to base-
line across follow-up visits for both treatment groups
(Table 3). The exception was in the group receiving
prolonged-release tacrolimus, where the probability of tak-
ing adherence improved between baseline and month 12
(OR, 1.97; 95% CI, 1.18e3.28; P ¼ .0092; Table 3).
Most patients (>98% across all visits) had not changed

the dose of their immunosuppressive medication in the
preceding 4 weeks without their doctor asking them to do
so, nor had patients completely stopped taking their medi-
cation without their doctor’s instruction.
The mean � SD VAS score at baseline was 94.3 � 11.1%

and 95.3 � 7.6% in the groups receiving prolonged- and
immediate-release tacrolimus, respectively, indicating high
self-rated patient adherence. Mean VAS scores were >95%
in both treatment groups at each post-baseline visit. For the
Table 3. Probability of Overall Adherence, Taking Adherence, and Tim
based Immunosuppression Regimens at Baseline,

Visit

Prolonged-release Tacrolimus (N ¼ 175)

Predicted Probability of Overall
Adherence (95% CI) Odds Ratio (95% CI) P v

Overall adherence
Baseline 0.55 (0.47e0.62) d

Month 3 0.54 (0.47e0.62) 0.99 (0.69e1.42) .95
Month 6 0.53 (0.45e0.60) 0.92 (0.64e1.31) .63
Month 12 0.57 (0.49e0.64) 1.09 (0.75e1.59) .65

Taking adherence
Baseline 0.77 (0.70e0.82) d

Month 3 0.83 (0.76e0.88) 1.46 (0.92e2.33) .11
Month 6 0.81 (0.75e0.86) 1.31 (0.84e2.04) .23
Month 12 0.87 (0.80e0.91) 1.97 (1.18e3.28) .00

Timing adherence
Baseline 0.67 (0.60e0.74) d

Month 3 0.64 (0.57e0.71) 0.89 (0.59e1.33) .55
Month 6 0.63 (0.55e0.70) 0.84 (0.56e1.27) .41
Month 12 0.63 (0.55e0.70) 0.84 (0.56e1.26) .40

Abbreviation: CI, confidence interval.
group receiving prolonged-release tacrolimus, there was an
improvement from baseline in the VAS rating at months 3
and 12 (P < .0001 and P ¼ .0145, respectively, for mean
change from baseline).MeanVAS rating remained similar to
baseline throughout the study in the group receiving
immediate-release tacrolimus.
The pattern of adherence for all BAASIS dimensions in

the PPS was similar to that in the FAS (data not shown).

Laboratory Parameters

There were no notable changes from baseline for any of the
laboratory parameters assessed in the groups receiving
prolonged- or immediate-release tacrolimus (Table 4).
Mean eGFR across all visits in the groups receiving pro-
longed- or immediate-release tacrolimus was 51.7e53.5 and
48.1e53.8 mL/min/1.73 m2, respectively; serum creatinine
was 124e129 and 126e133 mmol/L; HbA1c was 44.5e46.3 and
48.0e49.2 mmol/mol; total cholesterol was 4.7e5.4
and 4.3e5.9 mmol/L; HDL was 1.4e1.5 and 1.2e1.5 mmol/L;
and LDL was 2.6e2.8 and 2.4e2.8 mmol/L.

Safety Analysis

During the study, 10 adverse drug reactions (ADRs)
potentially related to prolonged-release tacrolimus occurred
in 8 patients (4.6%; probably treatment-related: brain tu-
mor, malignant thymoma, skin cancer [squamous epithelia
carcinoma of head, basalioma of nose and chest], and
muscle cramps; possibly treatment-related: unstable trough
levels and stomach problems [alternating diarrhea and
constipation], itching of scaling skin, suspected angina
pectoris, and diabetes). The patient with diabetes received
their kidney transplant in February 2013, and was reported
to have developed diabetes between study visits 1 and 2.
However, it was subsequently discovered that the patient
ing Adherence to Prolonged- and Immediate-release Tacrolimus-
and at 3, 6, and 12 Months (Full-analysis Set)

Immediate-release Tacrolimus (N ¼ 58)

alue
Predicted Probability of Overall

Adherence (95% CI) Odds Ratio (95% CI) P value

d 0.66 (0.53e0.77) d d

80 0.66 (0.53e0.77) 1.01 (0.51e2.00) .9809
83 0.59 (0.45e0.71) 0.75 (0.42e1.36) .3419
38 0.70 (0.56e0.81) 1.22 (0.69e2.16) .4914

d 0.81 (0.69e0.89) d d

14 0.80 (0.68e0.88) 0.93 (0.40e2.17) .8648
13 0.76 (0.63e0.86) 0.74 (0.36e1.52) .4056
92 0.84 (0.71e0.92) 1.22 (0.50e2.95) .6619

d 0.78 (0.65e0.87) d d

68 0.73 (0.60e0.83) 0.78 (0.39e1.58) .4980
13 0.64 (0.51e0.76) 0.52 (0.25e1.08) .0783
21 0.76 (0.62e0.86) 0.91 (0.46e1.81) .7942



Table 4. Laboratory Parameters at Baseline, and at 3, 6, and 12
Months for Patients Receiving Prolonged- or Immediate-release

Tacrolimus (Full-analysis Set)

Parameter

Prolonged-release
Tacrolimus (N ¼ 175)

Immediate-release
Tacrolimus (N ¼ 58)

n Value n Value

eGFR, mL/min/1.73 m2

Baseline 105 52.0 � 17.0 38 53.8 � 19.2
Month 3 94 52.1 � 16.6 27 52.1 � 16.8
Month 6 87 53.5 � 21.4 25 51.9 � 18.5
Month 12 91 51.7 � 19.2 35 48.1 � 19.1

Serum creatinine, mmol/L
Baseline 175 127 � 41.2 58 126 � 41.1
Month 3 167 125 � 42.8 56 129 � 42.1
Month 6 164 124 � 40.9 55 131 � 48.4
Month 12 164 129 � 62.0 51 133 � 53.8

HbA1c, mmol/mol
Baseline 90 46.3 � 18.0 28 48.1 � 17.0
Month 3 89 44.5 � 17.2 29 48.0 � 19.0
Month 6 82 45.0 � 17.2 28 48.6 � 20.6
Month 12 86 44.7 � 17.1 30 49.2 � 17.6

Total cholesterol, mmol/L
Baseline 96 4.7 � 1.0 40 4.3 � 1.0
Month 3 83 5.2 � 3.5 28 4.7 � 0.9
Month 6 72 5.4 � 5.2 26 4.7 � 1.0
Month 12 78 5.0 � 1.0 27 5.9 � 7.3

HDL, mmol/L
Baseline 89 1.5 � 0.4 36 1.4 � 0.5
Month 3 79 1.4 � 0.4 25 1.5 � 0.4
Month 6 70 1.4 � 0.3 26 1.3 � 0.4
Month 12 75 1.5 � 0.5 25 1.2 � 0.5

LDL, mmol/L
Baseline 86 2.6 � 0.8 37 2.4 � 0.7
Month 3 75 2.7 � 0.9 23 2.8 � 0.6
Month 6 66 2.7 � 0.9 24 2.6 � 0.9
Month 12 71 2.8 � 0.7 18 2.5 � 1.1

Data are expressed as mean � SD. Due to the observational nature of the
study, not all data were available for all patients.
Abbreviations: eGFR, estimated glomerular filtration rate; FAS, full-analysis

set; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SD, standard deviation.
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had diabetes before prolonged-release tacrolimus initiation.
No ADRs were reported in patients receiving immediate-
release tacrolimus. During follow-up, diabetes developed
in 3 further patients receiving prolonged-release tacrolimus,
and in 1 patient receiving immediate-release tacrolimus.
These events were not recorded as ADRs, and there was no
information regarding their relatedness to treatment.
Two deaths occurred during follow-up: 1 due to cardiac

arrest and bleeding from the spleen in a patient receiving
prolonged-release tacrolimus, and 1 due to complications
after cardiac surgery in a patient receiving immediate-
release tacrolimus. Neither death was considered directly
related to immunosuppressive treatment.

DISCUSSION

In this study we evaluated different dimensions of adher-
ence to immunosuppressive treatment in stable renal allo-
graft recipients converting from twice-daily, immediate-
release tacrolimus to once-daily, prolonged-release tacroli-
mus vs patients remaining on twice-daily dosing in normal
clinical practice. Adherence was evaluated at baseline, and
at 3, 6, and 12 months. Using the BAASIS questionnaire,
the study showed that a large proportion of patients were
nonadherent to their immunosuppressive medication,
despite rating themselves as highly adherent. As the
BAASIS questionnaire includes all immunosuppression
drugs taken by the patient, it is unclear which drug
contributed to the nonadherence reported. Perhaps partly
for this reason, conversion from immediate- to prolonged-
release tacrolimus did not improve overall adherence to
immunosuppressive therapy, when assessed using the
BAASIS questionnaire.
Baseline adherence rates in both treatment groups were

consistent with previous reports for kidney transplant pa-
tients (45e78%) [17e19]. Notably, however, in our study,
overall adherence at baseline was numerically lower in the
group receiving prolonged- vs immediate-release tacrolimus
(54% and 66%, respectively), which could suggest that cli-
nicians may choose to convert nonadherent patients to a
once-daily tacrolimus formulation. Indeed, a recent study
showed that kidney transplant patients with the worst
adherence on a twice-daily tacrolimus regimen had the
greatest improvement in adherence when converted to a
once-daily tacrolimus regimen, as compared with patients
having the best adherence preconversion [20].
Unlike previous studies in heart and liver transplant re-

cipients, which demonstrated increased overall adherence
after converting from immediate- to prolonged-release
tacrolimus [11,16], the patients in our study did not
demonstrate any improvement in adherence over the 12
months after conversion. The disparity between our study
and previous reports may be due to the overall treatment
burden (number of concomitant immunosuppression med-
ications). For example, in the study by Beckebaum et al [11],
a large proportion of liver transplant recipients (56%) were
on single therapy, whereas most of our patients received
triple therapy. As BAASIS assesses adherence to all
immunosuppressive medications, improvements in adher-
ence to tacrolimus could be masked by nonadherence to
concomitant therapies in our study. In particular, the
requirement for twice-daily dosing of MMF may lead to
more frequent skipped doses of MMF in the evening. As
most patients were taking MMF in addition to tacrolimus,
the potential for greater adherence with the once-daily
formulation of tacrolimus taken in the morning could be
masked by nonadherence to MMF.
Intrapatient variability in tacrolimus trough levels may

represent a more specific and objective indicator of adher-
ence to tacrolimus compared with the BAASIS question-
naire; high intrapatient variability has been linked with poor
transplant outcomes [21]. Furthermore, as used in a study
that demonstrated improved adherence with prolonged- vs
immediate-release tacrolimus in kidney transplant patients,
electronic monitoring devices could provide an objective
measure of adherence [10].
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Unlike overall adherence, taking adherence improved
between baseline and 12 months after conversion from im-
mediate- to prolonged-release tacrolimus (P ¼ .0092). By
contrast, there was no marked change from baseline for pa-
tients remaining on the immediate-release formulation.
Studies have shown that kidney transplant patients prefer
once-daily dosing of their immunosuppressive therapy [8],
are more likely to take their morning dose than their evening
dose [10], and would rather remove their evening medication
[9]. As such, the single morning dose may explain the im-
provements in taking adherence observed with prolonged- vs
immediate-release tacrolimus in our study.
Patient-rated adherence on the VAS improved from

baseline to 3 and 12 months in patients receiving prolonged-
release, but not immediate-release, tacrolimus. Interest-
ingly, although a large proportion of patients were non-
adherent during this study, VAS scores were high, indicating
that patients perceived themselves as almost always taking
their immunosuppressive medication as prescribed. High
VAS scores have also been reported in studies using the
BAASIS questionnaire to assess adherence in liver and
heart transplant patients [11,16]. The disparity between
actual and self-reported adherence may reflect social
response biases, such as displacement, whereby the mind
substitutes nonadherence with adherence, which is consid-
ered to be more acceptable; lack of patient understanding
regarding nonadherence may also play a role [22].
Mean total daily tacrolimus doses at month 12 were lower

than at baseline in both treatment groups, consistent with a
study by Guirado et al, in which patients were converted
from immediate- to prolonged-release tacrolimus [23].
However, the changes from baseline were not considered
clinically relevant. Indeed, other studies reported stable
tacrolimus dosing in kidney transplant patients over 12
months post-conversion to prolonged-release tacrolimus
[24,25], which is also what we observe in our kidney trans-
plant units.
There were no notable differences in mean tacrolimus

trough levels throughout the study in either treatment
group, suggesting that stable tacrolimus levels can be
maintained in routine clinical practice after conversion from
immediate- to prolonged-release tacrolimus. These data
concur with previous findings in which tacrolimus trough
levels were stable over 24 months in patients who converted
from immediate- to prolonged-release tacrolimus [24]. The
R-EVOLUTION study, however, reported an initial
decrease in tacrolimus blood levels after conversion from
immediate- to prolonged-release tacrolimus, before trough
levels plateaued at 12 months and remained stable over the
remaining study period (36 months post-conversion). In the
R-EVOLUTION study, both tacrolimus doses and blood
levels were significantly lower at 36 months compared with
preconversion levels [23]. These studies highlight the need
for continued monitoring of tacrolimus trough levels to
maintain adequate drug exposure.
Importantly, despite low levels of adherence, laboratory

parameters remained stable during the study in both
treatment groups. The stable eGFR over 12 months post-
conversion from immediate- to prolonged-release tacroli-
mus observed in this study is consistent with previous
reports up to 4 years [23,25e27]. The proportion of patients
developing de novo diabetes mellitus in the prolonged-
release (4 of 175 patients, 2.3%) vs immediate-release
tacrolimus (1 of 58 patients, 1.7%) groups was similar.
Indeed, in the de novo setting, the incidence of new-onset
diabetes mellitus is reportedly comparable with prolonged-
and immediate-release tacrolimus-based regimens [28,29].
This study has several limitations. The observational, non-

randomized study design precludes statistical comparisons
between treatment groups and could have led to patient
selection bias. For example, patients with worse adherence
may have been converted selectively to once-daily, pro-
longed-release tacrolimus, whereas more adherent patients
remained on the twice-daily regimen. Similarly, during
treatment allocation, patients were not converted to once-
daily, prolonged-release tacrolimus if they were satisfied
with the twice-daily, immediate-release formulation.
Furthermore, the below-target sample size may have influ-
enced the study results. Improvements in adherence with
prolonged-release tacrolimus may also have been masked by
concomitant immunosuppression, as the BAASIS ques-
tionnaire is nonspecific and largely subjective. As this study
aimed to assess medication adherence in a real-life setting,
no information about graft loss, rejection, and development
of de novo donor-specific antibodies was collected.
In conclusion, this study did not demonstrate a significant

change in overall adherence from baseline to 12 months in
patients who converted to prolonged-release or who
remained on immediate-release tacrolimus. Although a high
proportion of patients were nonadherent to their immuno-
suppressive medication in the 4 weeks before administration
of the BAASIS questionnaire, patients rated themselves as
highly adherent on the VAS. This highlights a disparity
between actual vs patient-reported adherence, and the need
to educate patients about the risks associated with non-
adherence to immunosuppressive medication.
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