
REVIEW

Advagraf®, a once-daily prolonged release
tacrolimus formulation, in kidney transplantation:
literature review and guidelines from a panel of
experts

Sophie Caillard1, Bruno Moulin1, Fanny Buron2, Christophe Mariat3, Vincent Audard4,
Philippe Grimbert4 & Pierre Marquet5

1 Nephrology and Transplant

Department, Strasbourg University

Hospital, Strasbourg, France

2 Transplant, Nephrology and

Immunology Department, Hospices

Civils de Lyon, Edouard Herriot

Hospital, Lyon, France

3 Nephrology, Dialysis and Renal

Transplants Department, North

Hospital, Saint Etienne University

Hospital, Saint Priest en Jarez,

France

4 Nephrology and Transplant

Department, Institut Francilien de

Recherche en N�ephrologie et

Transplantation (IFRNT), Assistance
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SUMMARY

The efficacy and safety of tacrolimus twice-a-day (BID) and once-a-day
(QD) formulations are similar. However, the available information regard-
ing the initiation and management of tacrolimus QD is sparse and practi-
cal information is lacking. A panel of French experts extensively reviewed
the available literature on tacrolimus pharmacokinetics, clinical efficacy,
and safety in kidney transplantation and, based on their own day-to-day
experience, provided the practitioners with practical guidelines for the daily
use and management of tacrolimus QD in de novo initiation or early con-
version.
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Introduction

Tacrolimus is a keystone immunosuppressive agent used

in the prevention of organ rejection following transplan-

tation. The efficacy of the traditional twice-a-day (BID)

formulation (Prograf�) after kidney transplantation has

been demonstrated in multiple studies [1].

A once-a-day (QD) formulation (Advagraf�) has

been approved since 2007 in many countries. The

efficacy and safety of both formulations are similar.
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However, the available information related to the initia-

tion and management of tacrolimus QD may be consid-

ered as sparse and practical information is lacking.

On the basis of an extended literature review, French

experts in kidney transplantation were asked to evaluate

the data available on Advagraf�, a QD tacrolimus for-

mulation, and to provide their recommendations, when

literature data are lacking, in order to highlight the

pharmacokinetic differences between the two formula-

tions and their consequences on therapeutic drug moni-

toring (TDM), to discuss the prescription modalities of

tacrolimus QD in the context of de novo initiation or

early conversion, and to discuss the advantages and lim-

itations of tacrolimus QD.

The aim of this article is to provide an evidence-based

data about the use of tacrolimus QD in kidney trans-

plantation, as well as key information for practitioners

for the day-to-day use of this modified release form.

Materials and methods

Following a search of the literature published up to

May 2012 and restricted to the approved QD formula-

tion (Advagraf�), a French committee of six experts

defined three topics to be discussed: pharmacokinetics,

prescription modalities in de novo initiation or early

conversion, and pros and cons of tacrolimus QD. The

experts worked by groups of 2, with the support of an

expert in tacrolimus pharmacokinetics, and prepared a

briefing document that was thereafter approved by an

enlarged board of 10 other French experts. Certain

practical guidelines are based on the experts’ day-to-day

experience and may not be in accordance with the

approved labeling of tacrolimus QD.

To provide the most up-to-date data, relevant articles

on tacrolimus QD published after the completion of the

experts’ work have also been reviewed and taken into

account in this paper.

Pharmacokinetic differences between tacrolimus QD
and BID and impact on TDM

Tacrolimus is characterized by a narrow therapeutic

index, a large inter- and intra-individual pharmacoki-

netic variability, and a better correlation between Cmin

and effects than between dose and effects [2]. The

strong correlation between Cmin and systemic exposure

(AUC) allows individualizing the dose by monitoring

the Cmin level as a surrogate marker of exposure [3].

Monitoring Cmin is mandatory to minimize the risk of

rejection (Cmin below the target range), the risk of

nephrotoxicity, and, to a lesser extent, neurotoxicity

(Cmin above the target range) [4,5].

The pharmacokinetic differences between the two for-

mulations come from the difference in excipients:

Replacing croscarmellose by ethylcellulose slows down

the diffusion rate of tacrolimus, leading to a prolonged

release.

Pharmacokinetic comparison in healthy volunteers

Compared with the BID formulation, tacrolimus QD

yields similar exposure (AUC), Cmin and terminal half-

life, a reduced peak concentration (Cmax), and a similar

correlation between AUC and Cmin [1].

As observed with tacrolimus BID, the pharmacoki-

netic data obtained after a high-fat breakfast showed a

25% decrease in AUC0-24 and Cmax relative to that in

the fasted state. AUC and Cmax are 17% and 50% lower,

respectively, following the evening dose compared with

the morning dose when at steady state [6].

Pharmacokinetic comparison in a context of de novo initiation

In comparison with the BID formulation, the QD formu-

lation is associated with a reduction in AUC0-24 on day

1 by approximately 30%, leading to an increase in the

dose in order to maintain Cmin within the target range.

In a phase II study, kidney transplant adults received

either tacrolimus QD or BID, in association with

mycophenolate mofetil (MMF) and corticosteroids (CS).

The initial dose was 0.2 mg/kg/day in both groups; subse-

quent doses were adjusted to maintain Cmin in the range

of 10–20 ng/ml (days 1–14) and 5–15 ng/ml (day 15 to

week 6). The Cmin values for the two formulations were

comparable by day 4 and within the target ranges at each

visit. However, this required slightly higher doses of tacro-

limus QD than BID (except on week 1). The AUC0-24 was

lower for tacrolimus QD than for BID on day 1 at compa-

rable doses (�30% approximately; 232 vs. 361 ng h/ml),

but comparable on day 14 (�6%; 364 vs. 384 ng h/ml)

and week 6 (�13%; 331 vs. 383 ng h/ml). There was a

strong and comparable correlation between Cmin and

AUC0-24 for the two formulations (r = 0.83: tacrolimus

QD; r = 0.94: tacrolimus BID). The authors concluded

that the same TDM strategy (in terms of exposure index

and target ranges) could be used for both formulations

[7]. It is worth noting that Cmin targeted in phase II stud-

ies was in accordance with the SmPCs of tacrolimus QD

and BID, which is higher than the level currently used in

clinical practice. Results from a recent study conducted in

102 de novo kidney transplant recipients and using low
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targets for Cmin (6–10 ng/ml during the induction phase

and 4–6 ng/ml in the maintenance phase) also showed

comparable AUC0-24 at day 14 and strong correlation

between Cmin and AUC0-24 for both formulations [8].

In a phase III, noninferiority study in de novo kidney

transplantation, the mean daily maintenance dose was

higher for tacrolimus QD than for BID at all time points

(Table 1). The mean Cmin was significantly lower in

tacrolimus QD than in BID group at week 1 (12.8 vs.

15.3 ng/ml; P < 0.005), but was comparable thereafter

[9]. In a subset of patients, tacrolimus was initiated

within 12 h before graft reperfusion (day 0). The AUC0-

24 on day 1 was approximately 16% lower for tacrolimus

QD than for BID, that is, less than the 30% observed

with tacrolimus QD in the phase II study [7], suggesting

that initiating therapy before transplant could be a strat-

egy to minimize the difference in exposure on day 1 [10].

The lower Cmin and/or the need to increase the dose

of tacrolimus QD in order to achieve similar Cmin levels

to those obtained with the BID formulation were also

observed in retrospective studies [11–13].
However, this lower early exposure with tacrolimus

QD was not systematically observed as illustrated in an

another phase III, noninferiority study: The mean tacro-

limus doses were similar, and Cmin was variable during

the first week for the two formulations. At day 3, the

percentage of patients with Cmin above the target was

lower with tacrolimus QD (19%) compared with BID

(27.3%) (not statistically significant), whereas the per-

centage of patients with Cmin below the target was com-

parable (30.7% vs. 27.9%, respectively) (Table 1) [14].

Pharmacokinetic comparison in a context of late conversion

A comparable steady-state pharmacokinetics was

demonstrated in a prospective, open-label, crossover

study in stable kidney transplant patients converted

from tacrolimus BID to QD (1:1 mg) at least 6 months

after transplantation; the ratios QD/BID of the natural

logarithm-transformed pharmacokinetic parameters

were as follows: 88.15% (82.7–94.0) for Cmax; 94.97%

(90.7–99.4) for AUC0-24; and 87.2% (82.7–91.9) for

Cmin [15].

A decrease in tacrolimus systemic exposure (approxi-

mately 10–15%) was shown following the late conversion

from tacrolimus BID to QD (1:1 mg). In a prospective

study conducted in kidney transplant recipients converted

more than 3 years after transplantation, tacrolimus doses

remained stable during the study. However, Cmin decreased

significantly 1 week postconversion (6.8 � 1.9 ng/ml vs.

7.6 � 1.8 at baseline), a difference that was maintained at

3 months postconversion (6.4 � 1.3 ng/ml) (P < 0.05)

[16]. Stability of tacrolimus doses and a slight decrease in

Cmin (�12%) were also observed in a recent study con-

ducted in 589 patients converted 4.5 years after transplan-

tation [17].

A Cmin decrease was further confirmed in a recent

retrospective study conducted in renal allograft recipi-

ents converted 1142 days (6-7848) post-transplantation.

After conversion, Cmin decreased significantly (�1.36 �
2.51 ng/ml or �12.66% � 24.36%, P < 0.0001); the

decrease exceeded 20% in 38.3% of patients and led

to a prompt dose increase in 56.1% of them, whereas

an increase exceeding 25% was observed in only 4.7%

of patients. The dose was increased in 52.5% of

patients, the increase being significantly more pro-

nounced in patients switched within the first 3 months

after transplantation compared with patients switched

later (+1.81 � 2.96 mg/day vs. +0.40 � 1.13 mg/day;

P = 0.0011). Despite dose adjustments, the average Cmin

remained 9.09% � 28.85% lower after conversion when

compared to the corresponding timeframe before con-

version (P < 0.0001) [18].

Variability in tacrolimus QD exposure

As for tacrolimus BID, a wide inter- and intra-individ-

ual variability has been evidenced with tacrolimus QD

[19,20].

High inter-individual coefficients of variation (CV)

for AUC0-24, Cmin, Cmax, and Tmax, ranging from 45% to

47%, have been reported [4]. Among the numerous fac-

tors influencing the pharmacokinetic parameters of

tacrolimus (age, race, hepatic dysfunction, albumin con-

centration, hematocrit, time after transplant, circadian

rhythm, food administration, corticosteroid dosage, diar-

rhea. . .) [19], the CYP3A5*1/*3 genotype is of particular

interest (80–88% of Caucasian population is deficient in

this enzyme) [2]. This polymorphism in the gene coding

for CYP3A5 may partly explain the wide inter-individual

variability. Previous studies demonstrated that recipients

carrying at least one CYP3A5*1 allele require higher

doses of tacrolimus BID (1.5 times higher) to reach the

target Cmin [2,21]. This was confirmed for tacrolimus

QD in a prospective, open-label study conducted in

stable kidney transplant recipients converted from tacro-

limus BID to QD, where a significant decrease in the

dose-standardized AUC0-24 was observed in the study

population overall. However, in the CYP3A5 nonexpres-

sor group, the mean Cmin was comparable for the two

formulations, while it decreased significantly after con-

version in the expressor group (8.2 � 2.2 vs.
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6.3 � 2.5 ng/ml; P = 0.02). A good correlation between

AUC0-24 and Cmin was observed for both formulations

regardless of the CYP3A5 genotype. As expected, the

observed AUC0-24 under tacrolimus QD is not double

the AUC0-12 under tacrolimus BID [22], because of the

circadian rhythm of tacrolimus pharmacokinetics that

results in lower AUC0-12 h after the evening dose of

tacrolimus BID.

A conversion study in stable Taiwanese kidney trans-

plant recipients showed that the intra-individual CV of

Cmin decreased significantly from 14.0 � 7.5% to

8.5 � 5.0% (P < 0.05), that is, by approximately 40%,

after conversion [5]. A recent study in 40 renal trans-

plant patients converted on a 1:1 mg basis confirmed a

reduced intra-individual variability in a 24-h exposure

for tacrolimus QD compared with BID (10.9% vs.

14.1%; P = 0.012), especially among patients expressing

CYP3A5 [23].

Therapeutic drug monitoring

In routine practice, TDM is based on Cmin as a surro-

gate marker of exposure because of the good correla-

tion existing for both formulations between Cmin and

AUC0-24 [7]. However, a twofold range of AUC0-24

values was found for similar Cmin values [4], raising

doubt about the accuracy of TDM based on Cmin. As

measuring a full AUC based on numerous concentra-

tions is impractical in clinical routine, Bayesian estima-

tors using routinely applicable sampling strategies were

developed for optimizing tacrolimus monitoring

[2,4,24].

Prescription modalities of tacrolimus QD in de novo

initiation or early conversion

De novo initiation

Systemic exposure in de novo kidney transplant recipi-

ents is lower with the QD formulation, especially at the

beginning of the treatment, leading to the consideration

of dosage adjustment to reach Cmin targets. The efficacy

and safety of de novo initiation of tacrolimus QD were

evaluated in large clinical studies using fairly similar

immunosuppressive protocols (Table 1) [9,14,25].

In a phase III, noninferiority study, de novo kidney

transplant recipients received either tacrolimus QD, BID,

or cyclosporine in combination with MMF, CS, and

basiliximab as induction. The primary efficacy endpoint

was the efficacy failure rate at 1-year post-transplant

(composite endpoint of death, graft loss, BPAR, or lost

to follow-up). The efficacy failure rate was comparable

between the three groups (14%, 15.1%, and 17% with

tacrolimus QD, BID, and cyclosporine, respectively).

Both formulations were statistically noninferior to

cyclosporine for the primary endpoint (Table 1) [14].

The efficacy and safety of tacrolimus QD and BID

combined with MMF and CS (without induction) in de

novo kidney transplantation were compared in a nonin-

feriority study [9]. Tacrolimus QD did not differ signifi-

cantly from BID for the BPAR event rate at 24 weeks

(primary efficacy endpoint) (20.4% vs. 15.8%;

P = 0.182). However, the noninferiority of tacrolimus

QD versus BID was not achieved as the upper limit of

the 95% CI fell just outside the predefined 10% nonin-

feriority margin (treatment difference: 4.5%; 95% CI:

�1.8%; 10.9%) (Table 1).

A third noninferiority study compared the two for-

mulations with four arms: tacrolimus BID 0.2 mg/kg/

day, and tacrolimus QD 0.2 mg/kg/day or 0.3 mg/kg/

day, in combination with MMF and CS, except in one

group where tacrolimus QD 0.2 mg/kg/day was associ-

ated with basiliximab induction and CS given only peri-

operatively [25]. The primary efficacy endpoint was the

efficacy failure rate at 24-week post-transplant (compos-

ite endpoint of graft loss, BPAR, or graft dysfunction).

Noninferiority was demonstrated for tacrolimus QD

versus BID (same starting dose 0.2 mg/kg/day) for the

efficacy failure rate (42.2% vs. 40.6%, respectively) but

was not achieved for the higher starting dose of tacroli-

mus QD 0.3 mg/kg/day vs. BID 0.2 mg/kg/day (44.2%

vs. 40.6%, respectively). Noninferiority was also not

demonstrated with tacrolimus QD 0.2 mg/kg/day and

steroid avoidance (48.2%) (Table 1).

Another randomized, controlled study compared the

efficacy and safety of low-dose tacrolimus QD and BID

combined with MMF, CS, and basiliximab as induction

in de novo kidney transplantation. Efficacy profiles of

both formulations were similar over the 1-year study

period, with overall incidences of BPAR similar to those

reported in previous studies (10% for tacrolimus QD;

17.3% for BID; no significant difference) [8].

A recent overview, including all published phase III/

IV studies in de novo patients, concluded that tacroli-

mus QD is as effective as BID in preventing acute rejec-

tion, graft dysfunction, and graft loss [26].

In daily practice, when tacrolimus QD is initiated de

novo, we recommend a pre-operative dose of 0.1 mg/

kg/day, to avoid potential early underexposure of tacro-

limus, followed postoperatively by 0.2 mg/kg/day of

tacrolimus QD taken in the morning, under fasting

conditions. The same TDM as for tacrolimus BID,
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based on the same Cmin target, is recommended. An

example of prescription in de novo administration is

given in Fig. 1.

Early conversion before hospital discharge

Compared with de novo initiation, the early conversion

from tacrolimus BID to QD may offer several advan-

tages: It is expected to reduce the odds of underexpo-

sure with tacrolimus QD in the early period post-

transplantation; in addition, delaying the administration

of tacrolimus QD would avoid the reduction in absorp-

tion because of the postoperative ileus (owing to the

more distal intestinal absorption of tacrolimus QD).

However, early conversion might induce underexposure

at the time of conversion and increase the time interval

before the target Cmin is reached, leading to the prolon-

gation of hospitalization. In addition, there is a paucity

of prospective data in the literature regarding the effi-

cacy and safety of the early conversion. A retrospective

study comparing tacrolimus BID with early conversion

(mean: 12 days post-transplant) to tacrolimus QD

showed a similar dosage and Cmin, as well as the same

patient and graft survival, rejection rate, renal function,

and safety profile at 1 year [27].

From our point of view, early conversion (1:1 mg)

should be performed after bowel movement resumed, at

steady state (stable Cmin within the target range or 10–
20% above, usually during the second week; if Cmin is

below the target range, then conversion should be post-

poned). If after conversion Cmin decreases by about 10–
15% or remains stable, the dosage should not be chan-

ged, as the Cmin decreases more than the AUC0-24 with

tacrolimus QD. If a Cmin decrease >30% is observed,

the dosage should be increased. In any case, two consec-

utive Cmin measurements should be performed before

any dose adjustment. Examples of prescription in early

conversion are given in Fig. 2a,b.

Patient A, 48 years, 78 kg
1st kidney transplantation
No immunization

Induction : basiliximab
Maintenance : MMF 1g x 2

CS 80 mg

Tacrolimus QD 8 mg 
preoperatively

Surgery Tacrolimus QD 16 mg/day 
in the morning, fasting
state

Cmin = 9 ng/ml
→ No dose adjustment

Day-1 Day 0 Day 1 Day 2 Day 3

Cmin control 

Figure 1 Example of prescription—Tacrolimus QD de novo.

Patient A, 52 years, 72 kg
1st kidney transplantation

Induction : basiliximab
Maintenance : MMF 1g x 2

CS 70 mg
Tacrolimus BID 3.5 mg x 2

Day 4 Day 7 Day 9 Day 11

Cmin = 5 ng/ml
↗ tacrolimus BID dose 4 mg x 2

Bowel movement resumed

Cmin = 7 ng/ml
No conversion →Cmin at the 
lower extremity of the target 
range, not stable

Cmin = 11.7 ng/ml Cmin = 10.5 ng/ml
Conversion to tacrolimus QD: 
- 8 mg/day in the morning
- daily monitoring of Cmin

Patient C, 42 years, 57 kg
2nd kidney transplantation
Class 1 immunization

Induction : thymoglobulin
Maintenance : MMF 1g x 2

CS 60 mg
Tacrolimus BID 5 mg x 2

Day 5 Day 9

Bowel movement 
resumed

Cmin = 11 ng/ml
Conversion to tacrolimus QD
10 mg/day in the morning

Cmin = 9.5 ng/ml
No dose adjustment (↘ Cmin < 15%) → 
next Cmin on day 10

Day 8Day 6

Cmin = 11 ng/ml

(a)

(b)

Figure 2 (a) Example of prescription—Early conversion from tacrolimus BID to tacrolimus QD. (b) Example of prescription—Early conversion

from tacrolimus BID to tacrolimus QD.
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Advantages and limitations of tacrolimus QD

Adherence to treatment, prevention of acute rejection,

and safety profile are key issues for successful immuno-

suppressive therapy.

Nonadherence is a common and a major cause of

transplant failure [28]. The frequency of nonadherence

and its impact on kidney graft survival were estimated

in a systematic literature review including 15 cross-sec-

tional studies and 10 cohort studies. A median of 22.3%

and 15% of patients were “nonadherent” to immuno-

suppressants in the cross-sectional and cohort studies,

respectively. In the cohort studies, a median of 36.4%

(13.8–65.2%) of graft losses was associated with prior

nonadherence. Meta-analysis of these cohort studies

showed that the odds of graft failure increased sevenfold

(OR = 7.1; 95% CI: 4.4–11.7%, P < 0.001) in nonad-

herent patients compared with that in adherent

patients. The authors concluded that significant

improvements in graft survival could be expected from

effective interventions to improve adherence [28]. In a

meta-analysis of 147 studies including all types of

transplantation, nonadherence to immunosuppressive

therapy was higher in kidney graft recipients compared

with other organ recipients (36 cases/100 persons/year

versus 7–15 cases) and appeared weakly correlated with

demographics, social support, and perceived health

[29]. Similarly, in a prospective cohort study in kidney

transplant recipients, demographic, socioeconomic,

medical, surgical, and psychosocial characteristics were

not associated with adherence. On the contrary, trans-

plant centers and dosing frequency were independently

associated with adherence: more frequent dosing

schedules were associated with lower adherence

(OR = 0.43; 95% CI: 0.22–0.86 for three or four

administrations/day; OR = 2.35; 95% CI: 1.01–5.45 for

one administration/day versus two administrations/day;

P = 0.003) [30].

The relation between dosing frequency and adherence

was assessed in a randomized, controlled study compar-

ing treatment adherence to tacrolimus BID and QD in

219 stable kidney transplant patients using an electronic

device to monitor drug intake. Medication adherence

was analyzed by examining how long the patients stayed

with the treatment (persistence) and how well the

patients implemented the regimen while still engaging

to the treatment (implementation). Persistence with the

regimen was marginally higher in the once-daily group

than in the twice-daily group (81.5% vs. 71.9%

respectively at 6 months; P = 0.0824). Among patients

who remained engaged with the regimen, 88.2% of the

once-daily group and 78.8% of the twice-daily group

(P = 0.0009) took the prescribed number of daily doses

[31]. In addition to improved adherence, an observa-

tional study showed that after conversion, patients

clearly expressed a preference (99.4% of positive feeling)

for tacrolimus QD [32].

In addition to adherence improvement, potential

advantages in terms of efficacy and safety should be dis-

cussed. After de novo initiation, the efficacy of both for-

mulations was comparable in terms of patient and graft

survival at 12 months in the studies by Silva et al.

(98.6% and 96.7% for QD; 95.7% and 92.9% for BID,

respectively), Kr€amer et al. (96.9% and 91.5% for QD;

97.5% and 92.8% for BID, respectively), and Tsuchiya

et al. (100% for both formulations) [8,9,14]. In these

studies, both formulations showed equally well-main-

tained renal function at 12 months (Silva et al.:

MDRD-estimated GFR 58.6 � 17.64 ml/min/1.73 m²
for QD; 59.7 � 18.24 ml/min/1.73 m² for BID; Kr€amer

et al.: creatinine clearance 66.76 � 21.80 ml/min for

QD; 67.10 � 18.53 ml/min for BID; Tsuchiya et al.:

eGFR 51.7 � 15.9 ml/min/1.73 m² for QD; 51.8 � 18.7

ml/min/1.73 m² for BID) [8,9,14]. In the OSAKA study,

patient and graft survival at 24 weeks were also similar

(97.3% and 90.4% for tacrolimus QD 0.2 mg/kg/day;

98.0% and 94.1% for tacrolimus BID 0.2 mg/kg/day,

respectively). Kidney function at 24 weeks was similar,

except in the steroid avoidance arm: MDRD-estimated

GFR: 45.7 ml/min/1.73 m² (tacrolimus QD 0.2 mg/kg/

day); 45.9 ml/min/1.73 m² (tacrolimus QD 0.3 mg/kg/

day); 41.7 ml/min/1.73 m² (tacrolimus QD 0.2 mg/kg/

day, steroid avoidance); and 48.3 ml/min/1.73 m²
(tacrolimus BID 0.2 mg/kg/day) [25].

In these de novo studies, the comparative safety pro-

file of both formulations was not always consistent.

Specifically, the incidence of infections was similar in

Silva and Tsuchiya et al.’s studies [8,14], whereas a

higher incidence of cytomegalovirus infections (10.0%

vs. 5.7%; P = 0.043) and bacterial pyelonephritis (3.6%

vs. 0.9%; P = 0.019) and a lower incidence of bacterial

infections (16% vs. 22.6%; P = 0.032) were reported

with tacrolimus QD in Kr€amer et al.’s study [9].

Development of new-onset diabetes is a major clini-

cal concern following kidney transplantation. There

was no statistically significant difference in the inci-

dence of diabetes mellitus and hyperglycemic condi-

tions between the two formulations in Kr€amer and

Tsuchiya et al.’s studies [8,9]. In Silva et al.’s study

[14], the incidence of new-onset diabetes was even
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slightly lower with tacrolimus QD (56.4% vs. 64.0%),

and the incidence of insulin use was comparable

(5.5% vs. 6.0%), while oral hypoglycemic agents were

more often used (14.1% vs. 10.0%) (no statistical

comparisons performed).

Renal function was evaluated in a large prospective

study including 1832 stable kidney transplant recipients

converted 1838 � 1450 days after transplantation

from tacrolimus BID to QD. A statistically significant,

but not clinically relevant increase in serum creatinine

was observed from 127.7 lmol/l at conversion to

133.3 lmol/l 12 months after conversion. However, the

mean GFR did not change significantly (56.46 �
19.7 ml/min at conversion versus 55.7 � 20.6 ml/min

at 12 months). In addition, no significant changes

were observed in other clinical and biochemical

parameters at the end of study, and the rate of BPAR

was low (0.4%) [32].

In a retrospective cohort study in 72 kidney or pan-

creas–kidney transplant recipients, converted 43 months

after transplantation, generally on a 1:1 mg basis, the

kidney graft function improved: There was a decrease in

serum creatinine (approximately �9%) within the

12 months after conversion and an increase in esti-

mated GFR (+15.6%) 24 months after conversion. A

concomitant decrease in Cmin was observed, but no sig-

nificant correlation between the increase in estimated

GFR and Cmin decrease was found [33]. Similar results

were obtained in a prospective study in 31 kidney trans-

plant recipients converted 45.4 � 22 months after

transplantation (1:1 mg): Cmin showed a slight but sig-

nificant reduction after conversion (5.7 vs. 5.1 ng/ml;

P = 0.024) and significant improvements in creatinine

levels (1.6 vs. 1.5 mg/dl; P = 0.014) and MDRD-esti-

mated GFR (53.4 vs. 55.4 ml/min; P = 0.016). As in

Kolonko et al.’s study [33], no significant correlation

was found between the reduced Cmin and the improved

renal function [34].

Conversion has no deleterious effect on metabolic

parameters. No relevant differences between the two

formulations regarding insulin secretion and insulin

sensitivity were observed in a prospective crossover

study in 20 stable nondiabetic renal transplant recipi-

ents, in spite of the reduced tacrolimus exposure [35].

Conclusion

This extensive literature review along with practical

guidelines provides answers to some of the questions

the practitioners may have regarding the daily use

and management of the QD formulation of

tacrolimus (Advagraf�), in de novo initiation or early

conversion.

Following de novo initiation, tacrolimus systemic

exposure is reduced by approximately 30% with the QD

formulation. This reduction is lower if the first dose is

given pre-operatively. Following conversion, a slight

decrease (10–15%) in Cmin is observed, which does not

translate into an equivalent decrease in global exposure

(AUC).

Intrapatient variability in trough levels appears to be

lower with tacrolimus QD. However, a close monitoring

of Cmin levels, or Bayesian estimation of the AUC when

needed, is mandatory because of the high interindivid-

ual variability in tacrolimus pharmacokinetics. In rou-

tine practice, because of a similar, strong correlation

between Cmin and AUC for both formulations, TDM

should be based on Cmin as a surrogate marker of expo-

sure as for the BID formulation, keeping in mind that

slightly lower values are generally obtained with the QD

formulation.

The efficacy and safety data of tacrolimus QD after

de novo initiation was extensively evaluated in large

populations of patients using fairly similar immunosup-

pressive protocols. If some studies found an increase in

BPAR with tacrolimus QD, it does not translate into a

decrease in kidney function or graft survival, which are

similar for both formulations. Similar results were

observed for both formulations in terms of patient sur-

vival, graft survival, renal function, and occurrence of

adverse events. In de novo initiation, we recommend a

pre-operative dose of tacrolimus QD to avoid the early

underexposure of tacrolimus.

Although fewer data are available about early conver-

sion before hospital discharge, this option seems to be

safe and efficient. If it is chosen, we recommend

performing the conversion after bowel movement

resumed, at steady state, using a 1:1 mg schedule.

Finally, there is a trend for improved adherence with

QD formulation that needs to be confirmed in further

clinical studies.
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