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Tacrolimus, a cornerstone immunosuppressant,
is widely available as a twice-daily formulation
(Tacrolimus BID). A once-daily prolonged-release
formulation (Tacrolimus QD) has been developed that
may improve adherence and impart long-lasting graft
protection. This study compared the pharmacokinet-
ics (PK) of tacrolimus in de novo kidney transplant
patients treated with Tacrolimus QD or Tacrolimus BID.
A 6-week, open-label, randomized comparative study
was conducted in centers in Europe and Australia.
Eligible patients received Tacrolimus QD or Tacrolimus
BID. PK profiles were obtained following the first
tacrolimus dose (day 1), and twice under steady-state
conditions. As secondary objectives, efficacy and
safety parameters were also evaluated. Sixty-six
patients completed all PK profiles (34 Tacrolimus QD,
32 Tacrolimus BID). Mean AUC0–24 of tacrolimus on

day 1 was approximately 30% lower for Tacrolimus
QD than Tacrolimus BID (232 and 361 ng.h/mL, re-
spectively), but was comparable by day 4. There was
a good correlation and a similar relationship between
AUC0–24 and Cmin for both formulations. Efficacy and
safety data were also comparable over the 6-week
period. Tacrolimus QD can be administered once daily
in the morning on the basis of the same systemic
exposure and therapeutic drug monitoring concept as
Tacrolimus BID.
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Introduction

Nonadherence, also referred to as noncompliance, is one
of the risk factors for poor long-term outcomes following
solid-organ transplantation, and is a leading cause of pre-
ventable graft loss (1,2). As such, interventions that im-
prove adherence to immunosuppressive therapy should
significantly improve graft survival after renal transplanta-
tion (3). A significant association has been demonstrated
between frequency of dosing regimen and likelihood of
nonadherence to immunosuppressants in transplant pa-
tients (4,5). Also, in renal transplant patients, morning dos-
ing is associated with significantly higher adherence than
evening dosing (5). These findings suggest that a once-
daily (QD) morning dosing regimen maximizes the potential
for adherence and may, consequently, improve long-term
outcomes.

Tacrolimus (Prograf R©; Astellas Pharma Europe, Staines,
UK) is an established immunosuppressant used for the pre-
vention and treatment of allograft rejection in kidney, liver
and heart transplantation; in clinical practice, this formula-
tion is usually administered twice daily (BID), and hereafter
in this article will be referred to as Tacrolimus BID. QD
tacrolimus (Advagraf R©; Astellas Pharma Europe, Staines,
UK) is a prolonged-release formulation that was developed
to enable a QD dosing alternative and to have similar safety
and efficacy profiles to Tacrolimus BID with the potential

2505



Wlodarczyk et al.

to improve patient adherence and quality of life; hereafter
this formulation will be referred to as Tacrolimus QD.

Tacrolimus has a narrow therapeutic index (6,7) and its oral
bioavailability is highly variable between individuals (8). Sys-
temic exposure to tacrolimus (area under the curve, AUC)
is a significant efficacy variable and, therefore, therapy
is optimized on an individual patient basis by monitoring
trough levels as surrogate markers of exposure. Thus, in
developing Tacrolimus QD, the aim was to use the same
therapeutic monitoring concepts as for Tacrolimus BID.

Tacrolimus pharmacokinetics (PK) have been compared be-
tween Tacrolimus QD and Tacrolimus BID in stable kidney,
liver and heart transplant patients (9–11). However, the PK
of Tacrolimus QD in newly transplanted kidney recipients
has not been previously investigated. The objective of this
study was to compare the PK parameters of tacrolimus
following first administration and under steady-state con-
ditions in de novo kidney transplant recipients treated with
Tacrolimus QD or Tacrolimus BID.

Methods

Study design and procedures

This was a 6-week, phase II, multicenter, open, prospective, 1:1 random-
ized, comparative PK study of tacrolimus administered as Tacrolimus QD or
Tacrolimus BID in patients undergoing kidney transplantation. Patients were
allocated to treatment groups, locally at each center, using sealed random-
ization envelopes. Randomization was performed preoperatively on a 1 : 1
(Tacrolimus QD : Tacrolimus BID) basis stratified by center, with each center
being allocated a unique sequence of patient numbers. Patients were ei-
ther being treated in hospital or attended clinic at the time of randomization
(baseline; day 0) and on days 1, 3, 7, 11, 14, week 4 and week 6 (±7 days).
As this was an open-label study, no blinding was necessary. At the end of
the study period, patients in the Tacrolimus QD group had the option to
continue treatment with Tacrolimus QD as part of a long-term extension
study. One-year follow-up results are also reported here.

Patients

Patients with end-stage renal disease were eligible for enrollment if they
were 18–65 years of age, suitable candidates for renal transplantation, re-
ceiving a kidney transplant from a deceased or living donor between 5 and
65 years of age with a compatible ABO blood type, and had provided written
informed consent prior to enrollment.

Exclusion criteria included a panel reactive antibody grade >50% in the
previous 6 months and/or previous graft survival <1 year for immunologi-
cal reasons; kidney graft donation after cardiac death; cold ischemia time
of the donor kidney >40 h; systemic infection requiring treatment; signif-
icant liver disease; previous organ transplantation other than kidney; con-
traindication for the use of tacrolimus; severe diarrhea, vomiting, an active
peptic ulcer or a gastrointestinal disorder that may have affected the ab-
sorption of tacrolimus; history of diabetes mellitus; malignancy or history
of malignancy within the previous 5 years (except successfully treated non-
metastatic basal or squamous cell carcinoma of the skin); and likelihood
of nonadherence to the study protocol. Patients and donors were also ex-
cluded if they were known to be positive for hepatitis B virus, hepatitis C
virus or human immunodeficiency virus.

To enter into the extension phase of this study, patients must have been
fully informed and must have given written informed consent to demon-
strate comprehension of the purpose and risks of the study. Patients were
excluded from the follow-up phase if they were pregnant, nursing or not
using adequate contraception during the study.

Patients were enrolled into centers in Australia, Belgium, France, Germany,
Italy, Poland, Spain and Switzerland. The study was conducted in accordance
with the Declaration of Helsinki. The protocol was reviewed by the Ethics
Committee at each study center and each patient gave written informed
consent prior to enrollment into the study.

Study treatment

Following transplantation, patients were randomized to receive either
Tacrolimus QD or Tacrolimus BID in combination with mycophenolate
mofetil (MMF) and corticosteroids. The first dose of tacrolimus was admin-
istered within 24 h of reperfusion on the morning following transplantation;
Tacrolimus QD was administered as a single dose and Tacrolimus BID as
two divided doses. Subsequent doses of Tacrolimus QD (once daily, in the
morning) and Tacrolimus BID (twice daily) were taken orally on an empty
stomach or at least 1 h before or 2–3 h after a meal. The initial dose of
tacrolimus was 0.2 mg/kg/day. Subsequent doses were adjusted to main-
tain tacrolimus trough levels in the range of 10–20 ng/mL (days 1–14) and
5–15 ng/mL (day 15 to week 6).

A standardized regimen of MMF was used, with a starting dose of 2 g/day,
reduced to 1 g/day after 14 days in clinically stable patients. An intravenous
(IV) bolus (500–1000 mg) of methylprednisolone (or equivalent) was ad-
ministered prior to reperfusion. A second IV dose of 125–250 mg was
administered in conjunction with the first dose of tacrolimus (Tacrolimus
QD or Tacrolimus BID). Oral prednisone (or equivalent) was also permitted
at a dose of 15–20 mg/day during the first month and in tapered doses
thereafter.

Pharmacokinetic profiles and assay

Three 24−h blood concentration-time profiles were taken during the study.
Each profile consisted of 17 blood samples that were collected predose
and at 0.5, 1, 2, 3, 4, 6, 8, 12, 12.5, 13, 14, 15, 16, 18, 20 and 24 h after
dosing (Figure 1). Assays were based on whole blood (2 mL aliquots) in
ethylene diamine tetraacetic acid tubes. Blood samples were frozen at
−20 ◦C (−4 ◦F) within 2 h of collection and stored until shipment
to a central laboratory (Covance Laboratories Ltd, Harrogate, UK) for
analysis. Tacrolimus concentrations were determined, using validated
high-performance liquid chromatography tandem mass spectroscopy
(HPLC/MS/MS) assay methods (lower limit of quantification 0.1 ng/mL).
The assay was based on the method developed by Alak et al. (12). Whole-
blood calibration standards, quality control samples and study samples were
thawed and 1-mL aliquots were taken. Internal standard (20 lL, 50 ng/mL)
was added and mixed briefly. Aliquots were extracted using protein pre-
cipitation and solid-phase extraction using C18 200-mg/3-mL extraction car-
tridges. Elutes were evaporated to dryness under a stream of nitrogen at
40◦C, and residues were redissolved in a 50:50 mix (v/v) of acetonitrile and
water, mixed and centrifuged, before being submitted for HPLC/MS/MS.

For routine monitoring, microparticle enzyme immunoassay (IMx R©) or
enzyme multiplied immunoassay technique were used. As an additional
aid for dose adjustments, limited sampling AUC monitoring was per-
formed on days 1, 3, 7, 11 and 14 and as clinically indicated. Blood
samples were collected at 0 (predose) and at 2, 4, 8 and 12-h post-
dose for both formulations, with an additional sample at 24-h postdose
for Tacrolimus QD, and assayed at the investigational site. The resulting
data were sent to an external panel (Covance Clinical Research Unit Ltd.,
Leeds, UK) to estimate AUC using the standard linear trapezoidal method.
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Figure 1: Study design and schedule

of PK profiles.

The AUC values were immediately made available to the investigational
site to aid estimation of exposure; the decision to make any dose ad-
justments was the responsibility of the site investigator. All procedures
were performed in compliance with the principles of Good Laboratory
Practice.

Objectives and endpoints

The objective of this study was to compare the PK parameters of tacrolimus
following first administration and under steady-state conditions in de novo
kidney transplant recipients treated with Tacrolimus QD or Tacrolimus
BID.

The primary endpoint was a comparison of systemic exposure (AUC0–24)
between Tacrolimus QD and Tacrolimus BID on day 1, day 14 and week 6
after transplantation in the PK Evaluable Set (all patients who received all
doses of study medication, provided three evaluable PK profiles and had no
major PK protocol deviations). Secondary endpoints included:

• comparison between Tacrolimus QD and Tacrolimus BID for maxi-
mum blood concentration (Cmax), time to Cmax (Tmax) and minimum
blood concentration (Cmin; equivalent to C12 for Tacrolimus BID after
morning dose, and C24 for Tacrolimus BID and Tacrolimus QD) on day
1, day 14 and week 6 (PK Evaluable Set);

Figure 2: Patient disposition. Rea-
sons for withdrawal from PK evaluable
set classified as ‘other’, Tacrolimus QD:
failures to complete a PK profile (n =
5), medication or dosing errors (n =
3), diagnosis of breast cancer (n = 1);
Tacrolimus BID: protocol violations (di-
abetes, hemodialysis) (n = 2), failures
to complete a PK profile (n = 2), med-
ication errors (n = 2), treatment for re-
jection (n = 1), graft failure (n = 1).
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• correlation between mean Cmin and mean AUC (PK Evaluable Set);
• incidence and severity of, and time to, biopsy-proven acute rejection

(BPAR) episodes during the 6-week study;
• 6-week patient and graft survival in the Full Analysis Set (all patients

randomized into the study who received at least one dose of study
medication);

• incidence of adverse events (AEs) at 6 weeks (Full Analysis Set);
• laboratory measurements for hematology and biochemistry (per-

formed at baseline, at the time of PK profiling and at week 4).

Statistical analyses

Assuming a steady-state AUC0–24 ratio of 0.9 and a standard deviation
(SD) of 0.35 for each treatment arm, it was estimated that 32 patients
with three complete PK profiles would have a power of nearly 80% to as-
sess equivalence in exposure. Taking into consideration potential dropout
rates, it was planned to enroll approximately 40 patients per treatment arm.
PK parameters for Tacrolimus QD and Tacrolimus BID (AUC0–24, Cmax and
C24) were evaluated using a two-sided 90% confidence interval for the
ratio of means, with an acceptance interval of 80–125%. All PK parame-
ters were calculated from the complete 24-h concentration-time profiles of
tacrolimus in whole blood resulting from administration of Tacrolimus QD or
Tacrolimus BID. AUC was estimated using the linear trapezoidal rule. Cmax,
Tmax and C12 or C24 were obtained directly from the concentration-time
profiles.

Results

Study population

A total of 122 patients were enrolled into the study. More
patients than originally planned were recruited due to ac-
tual dropout rates. Recruitment was continued until both
treatment groups had a minimum of 32 patients with three
complete PK profiles (Figure 2).

Three patients did not receive study medication, thus the
Full Analysis Set comprised 119 patients (60 Tacrolimus
QD; 59 Tacrolimus BID). Of 92 patients who completed
the 6-week treatment period, 66 patients (34 Tacrolimus
QD; 32 Tacrolimus BID) met the criteria for inclusion in
the PK Evaluable Set. There were no deaths during the
study and patient disposition was similar between the two
treatment groups (Figure 2).

Data were collected between March 2003 and March
2004. The first patient was randomized on March 6, 2003,
and the last patient visit was on March 2, 2004. De-
mographic and baseline characteristics of patients and
donors, for both the Full Analysis Set and the PK Evalu-
able Set, were comparable between the two treatment
groups. A majority of patients were male Caucasians
(Table 1).

Drug administration and exposure

The mean total daily doses of both Tacrolimus QD and
Tacrolimus BID remained stable throughout the study
(Figure 3A). Apart from week 1, the mean Tacrolimus QD
dose was higher than the corresponding Tacrolimus BID
dose (but was not significantly different). Trough levels

Table 1: Baseline demographics and disease characteristics

Tacrolimus QD Tacrolimus
(n = 60) BID (n = 59)

Full Analysis Set Patients (%) Patients (%)

Male 34 (56.7) 44 (74.6)2

Female 26 (43.3) 15 (25.4)
Age (years)1 44.0 (19–66) 43.6 (21–65)
Height (cm)1 169.3 (149–193) 168.9 (148–184)
Weight (kg)1 70.2 (41–115) 69.3 (40–100)
Caucasian 58 (96.7) 59 (100)
Black 0 0
Asian 0 0
Other 2 (3.3) 0
Existing glucose

metabolism disorder
1 (1.7) 1 (1.7)

Primary diagnosis
Glomerulonephritis 23 (38.3) 25 (42.4)
Uropathy (incl. chronic

pyelonephritis)
5 (8.3) 3 (5.1)

Nephrosclerosis (incl.
hypertensive
nephropathy)

1 (1.7) 3 (5.1)

Polycystic disease 9 (15.0) 9 (15.3)
Other hereditary

nephropathy
0 1 (1.7)

Diabetic nephropathy 0 1 (1.7)
Congenital

nephropathy
0 3 (5.1)

Systemic vasculitis 1 (1.7) 0
Other 9 (15.0) 6 (10.2)
Unknown 12 (20.0) 8 (13.6)

Tacrolimus Tacrolimus
QD (n = 34) BID (n = 32)

PK Evaluable Set Patients (%) Patients (%)

Male 18 (52.9) 26 (81.3)3

Female 16 (47.1) 6 (18.8)
Age (years)1 44.3 (22–58) 43.3 (21–65)
Height (cm)1 167.7 (149–193) 170.2 (155–183)
Weight (kg)1 70.4 (42–115) 71.2 (46–100)
Caucasian 33 (97.1) 32 (100)
Black 0 0
Asian 0 0
Other 1 (2.9) 0
Existing glucose

metabolism disorder
1 (2.9) 0

1Mean (range); 2p = 0.040; 3p = 0.015 (chi-square test).

were similar for patients in both treatment groups and were
maintained within the target range throughout the study
(Figure 3B).

In the Full Analysis Set, all but one patient (Tacrolimus
BID group) received maintenance corticosteroid therapy.
Median starting doses of corticosteroids were 625 mg/day
(range: 156.3–1875 mg) and 625 mg/day (range: 156.3–
1250 mg) for Tacrolimus QD and Tacrolimus BID, respec-
tively. Maintenance doses were gradually tapered to a
median of 10 mg/day (range: 5–30 mg and 10–20 mg
for Tacrolimus QD and Tacrolimus BID, respectively) by
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Figure 3: Summary of daily tacrolimus doses (A) and trough concentrations (B) (Full Analysis Set). †Completers only at week 6.

day 42. MMF was administered to 58/60 (96.7%) patients
receiving Tacrolimus QD, and 57/59 (96.6%) patients re-
ceiving Tacrolimus BID. Total daily doses of MMF ranged
from 0.5 to 3.0 g for both Tacrolimus QD and Tacrolimus
BID treatment groups (mean dose at week 6 in completers:
1.20 g/day and 1.27 g/day, respectively).

Pharmacokinetics

On day 1, the mean AUC0–24 was approximately 30% lower
for Tacrolimus QD than for Tacrolimus BID at comparable
doses (232 and 361 ng.h/mL, respectively; Table 2 and
Figure 4). However, the mean AUC0–24 for Tacrolimus QD
was comparable to Tacrolimus BID on day 14 (364 and 344
ng.h/mL, respectively) and week 6 (331 and 383 ng.h/mL,
respectively). Furthermore, by day 4, trough levels were

similar for both formulations (Figure 3B). Mean Cmin for
Tacrolimus QD and Tacrolimus BID was within target levels
at every visit.

There was a strong correlation between AUC0–24 and Cmin

for Tacrolimus QD and Tacrolimus BID (r = 0.83 and
r = 0.94, respectively; Figure 5), and the slope of the
line of best fit was similar for both formulations; there-
fore, the same therapeutic monitoring currently in place
for Tacrolimus BID can also be used for Tacrolimus QD.
The time to Cmax (Tmax) was longer with Tacrolimus QD
than with Tacrolimus BID, reflecting the prolonged-release
characteristics of the formulation that result in extended
absorption of tacrolimus compared with Tacrolimus BID
(Table 2).

American Journal of Transplantation 2009; 9: 2505–2513 2509
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Table 2: Comparison of PK parameters of tacrolimus adminis-
tered as Tacrolimus QD and Tacrolimus BID (PK Evaluable Set)

Tacrolimus Tacrolimus
PK parameters QD (n = 34) BID (n = 32)

Day 11 Mean (SD)
AUC0–24 (ng.h/mL) 231.91 (102.33) 361.49 (214.65)
Cmax (ng/mL) 18.24 (7.63) 34.16 (13.86)
C24 (ng/mL) 8.25 (5.01) 10.12 (6.98)
Tmax

2 (hour) 4.4 (4.3) 1.7 (1.0)

Day 143 Mean (SD)
AUC0–24 (ng.h/mL) 363.93 (96.61) 343.69 (105.83)
Cmax (ng/mL) 29.87 (9.61) 31.74 (12.62)
C24 (ng/mL) 9.64 (3.25) 10.02 (3.04)
Tmax (hour) 2.4 (1.2) 1.6 (0.9)

Week 64 Mean (SD)
AUC0–24 (ng.h/mL) 331.49 (86.82) 382.60 (171.22)
Cmax (ng/mL) 26.38 (7.30) 33.04 (13.04)
C24 (ng/mL) 9.60 (2.93) 12.06 (5.91)
Tmax (hour) 2.4 (1.3) 1.9 (1.3)

1Mean daily dose on day 1: Tacrolimus QD = 0.189 mg/kg;
Tacrolimus BID = 0.185 mg/kg.
2For Tacrolimus BID: relative to preceding morning or evening
dose.
3Mean daily dose on day 14: Tacrolimus QD = 0.203 mg/kg;
Tacrolimus BID = 0.190 mg/kg.
4Mean daily dose at week 6: Tacrolimus QD = 0.175 mg/kg;
Tacrolimus BID = 0.164 mg/kg.

Efficacy over the 6-week study period

The BPAR and survival rates were comparable between
the two treatment groups during the 6-week study. The
overall frequency of BPAR was 13.3% and 15.3% in the
Tacrolimus QD and Tacrolimus BID groups, respectively.
The Kaplan–Meier estimates for freedom from BPAR at
week 6 were also similar for the two groups (Tacrolimus
QD: 86.2%; Tacrolimus BID: 83.1%). Graft loss was re-
ported in one patient receiving Tacrolimus QD and three
patients receiving Tacrolimus BID. The Kaplan–Meier esti-

mates for graft survival for Tacrolimus QD and Tacrolimus
BID were 98.3% and 93.1%, respectively. There were no
patient deaths during the study.

Overall, renal function was similar between the two treat-
ment groups throughout the 6-week study period. At week
6; mean (±SD) serum creatinine levels were 138.7 ±
59.8 and 169.7 ± 104.2 lmol/L (p = 0.016; Wilcoxon
rank sum test), and mean (±SD) creatinine clearance
(Cockcroft–Gault) rates were 60.0 ± 17.3 and 54.3 ±
19.5 mL/min for Tacrolimus QD and Tacrolimus BID, re-
spectively.

Safety

As would be expected in newly transplanted patients,
the total incidence of AEs reported was high in both
groups (93.3% with Tacrolimus QD and 98.3% Tacrolimus
BID). The most frequently reported all-cause AEs in the
Tacrolimus QD and Tacrolimus BID groups were: anemia
(31.7% vs. 30.5%); nonsite specific procedural compli-
cations (21.7% vs. 27.1%); potassium imbalance (16.7%
vs. 20.3%); and vascular hypertensive disorders not else-
where classified (10.0% vs. 22.0%). There were no marked
differences in the incidence, nature or severity of AEs
causally related to study medication as assessed by the
investigator between Tacrolimus QD and Tacrolimus BID
(Figure 6). Similarly, there was no exceptional finding in
any of the clinical laboratory parameters assessed.

One-year follow-up

Of 60 patients who had received at least one dose of
Tacrolimus QD during the PK phase of the study, 47
(78.3%) chose to enter the long-term extension phase
(commencing at the end of the PK study, 6 weeks post-
transplant). Follow-up of these 47 patients who were
treated with Tacrolimus QD demonstrated safety and effi-
cacy findings consistent with the known characteristics

Figure 4: Mean (SD) AUC0–24 for

tacrolimus.
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Figure 5: Correlation between

AUC0–24 and Cmin for tacrolimus

administered as Tacrolimus QD and

Tacrolimus BID.

of tacrolimus (6). The Kaplan–Meier estimated patient
and graft survival rates after 1 year in the extension
study were 100%, i.e. there were no patient deaths or
graft losses during this period. After 1 year of the ex-
tension study, the Kaplan–Meier estimated rate of pa-
tients free from BPAR was 93.3% and mean (±SD) serum
creatinine and creatinine clearance (Cockcroft–Gault) rates
were 157.5 ± 66.7 lmol/L and 57.6 ± 19.7 mL/min,
respectively.

Discussion

The primary objective of this study was to compare PK pa-
rameters of tacrolimus for Tacrolimus QD and Tacrolimus
BID following kidney transplantation. When Tacrolimus

QD was initiated at the same dose as Tacrolimus BID
(0.2 mg/kg), systemic exposure (AUC0–24) on day 1 was
approximately 30% lower than for Tacrolimus BID at equiv-
alent doses. However, by day 4, trough levels were similar
for both formulations. Furthermore, the observed lower ex-
posure had no clinical consequence, as shown by similar
survival rates and incidences of BPAR and AEs between
the two treatment groups.

Routine therapeutic monitoring of tacrolimus includes the
measurement of trough whole blood concentrations. This
study demonstrated good correlation of AUC0–24 to Cmin

and similar slopes of the AUC–Cmin correlation curve for
Tacrolimus QD and Tacrolimus BID in de novo kidney
patients. This indicates that monitoring of whole blood
trough levels provides a good estimate of systemic

Figure 6: Most frequently reported

AEs assessed by the investigator

as causally related to study med-

ication (MedDRA preferred term).

Full Analysis Set. No differences be-
tween Tacrolimus QD and Tacrolimus
BID were significant (Fisher’s exact
test). NOS = not otherwise specified;
MedDRA = Medical Dictionary for Reg-
ulatory Activities.

American Journal of Transplantation 2009; 9: 2505–2513 2511



Wlodarczyk et al.

exposure and that the same trough levels could be tar-
geted for both formulations.

Efficacy and safety profiles over the 6-week study period
were similar for both formulations. The overall incidence of
BPAR was comparable for Tacrolimus QD and Tacrolimus
BID, with Kaplan–Meier estimates of freedom from BPAR
of approximately 85% for both formulations.

Renal function was generally comparable for Tacrolimus
QD and Tacrolimus BID-treated patients throughout the
study. Graft loss was also comparable during the 6-week
study, with excellent graft survival rates in both treatment
groups, and there were no deaths.

Over the 6-week duration of the study, the safety pro-
files for Tacrolimus BID and Tacrolimus QD were compara-
ble with a similar incidence and nature of AEs associated
with the two formulations. There was a trend toward less
hypertension and hyperglycemia in Tacrolimus QD-treated
patients. Similarly, the profile of Tacrolimus QD in patients
followed up for 1 year was consistent with the known
safety profile of Tacrolimus BID (6). However, it should be
noted that, due to the relatively low number of participants
and the short duration of the study, this PK study was not
designed to show differences in efficacy or safety between
Tacrolimus QD and Tacrolimus BID.

This study has several strengths. First, the study was ade-
quately powered to compare PK parameters. Second, the
use of validated assay methods in determining tacrolimus
concentrations ensures accurate measures of systemic
exposure (12). A potential limitation of the study design
is the short follow-up period (6 weeks), which is insuf-
ficient to show differences in efficacy and safety be-
tween Tacrolimus QD and Tacrolimus BID. However, 1-year
follow-up of patients who were treated with Tacrolimus
QD demonstrated safety and efficacy findings that are
consistent with the well-documented characteristics of
Tacrolimus BID. Also noteworthy is the exclusion of pa-
tients with diabetes mellitus from the study population.
Two small PK studies have shown that diabetes could af-
fect the rate and extent of tacrolimus absorption (13,14).
Diabetes may alter the motility of the gastric muscles, re-
sulting in delayed gastric emptying and gastroparesis that
could theoretically slow the oral absorption of drugs, in-
cluding tacrolimus. In addition, a more recent PK study
has also demonstrated that diabetes has a modest effect
on the rate of tacrolimus absorption (15).

The results of this study in de novo kidney trans-
plant patients showed comparable systemic steady-state
tacrolimus exposure for Tacrolimus QD and Tacrolimus
BID. There was a good correlation between trough
tacrolimus levels and AUC for both formulations, and there
was no marked difference in the efficacy and safety profiles
for Tacrolimus QD and Tacrolimus BID during the 6-week
study period. Thus, Tacrolimus QD could enhance post-

transplant adherence and possibly improve long-term out-
comes, while maintaining adequate immunosuppression.

In conclusion, Tacrolimus QD can be administered once
daily in the morning on the basis of the same systemic
exposure and therapeutic drug monitoring concept as
Tacrolimus BID administered twice daily in the morning
and evening.
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