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Abstract Tacrolimus has long been the cornerstone of the
immunosuppressive standard-of-care in kidney transplanta-
tion. Until recently, only an immediate-release formulation
of tacrolimus was available in the clinic for twice-daily
administration, a schedule that is known to hamper pre-
scription adherence and contributes to the already significant
tacrolimus interactions with other drugs and meals. In order
to improve patient compliance, two once-daily prolonged-
release formulations of tacrolimus have recently been
developed and approved. Here we will analyze the main
characteristics of these two prolonged-release formulations
with the aim to provide practical clinical information for a
fully aware drug prescription. Finally, the theoretical
advantages of the prolonged-release formulations in terms of
prescription adherence, blood level steadiness and drug
efficacy and tolerability will be critically reviewed, in order
to define the profile of renal recipients who may benefit most
from the switch to once-daily tacrolimus.
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Introduction
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steroids represents the standard of care as maintenance
immunosuppressive regimen for kidney transplant
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recipients [1]. Tacrolimus is the cornerstone of such regi-
men: it is a macrolide discovered in Tsukuba, Japan, in
1987 from the fermentation broth of the bacterium Strep-
tomyces tsukubaensis, hence the name comes from the
words Tsukuba, macrolide, and immunosuppressant.
Tacrolimus belongs to the same class of calcineurin inhi-
bitors as the older cyclosporine, which tacrolimus has
almost completely replaced in the clinic, being more
effective in protecting the kidney from rejection [2, 3], and
it is now used by more than 90 % of transplant recipients in
the United States [4].

As with cyclosporine, tacrolimus exerts its immuno-
suppressive function by early blocking the calcium-de-
pendent intracellular signals that drive the activation of
T-cells [5]. Upon antigen recognition by T cell receptors
and appropriate co-stimulation, an increase in intracellular
calcium occurs that activates the enzyme calcineurin, a
calcium/calmodulin-dependent phosphatase protein. Cal-
cineurin mediates dephosphorylation of the cytoplasmic
sub-unit of nuclear factor of activated T-cells (NF-ATc)
allowing its translocation into the nucleus where it binds to
DNA and promotes the production, amongst others, of
interleukin (IL)-2. IL-2 is a crucial mediator of the acti-
vation of T cells, the principal players in alloreactivity and
rejection. Tacrolimus inhibits calcineurin by forming a
complex with the immunophilin FK-binding protein 12
(FKBP-12), a complex capable of binding and blocking
calcineurin [5, 6]. Unlike tacrolimus, cyclosporine, which
is 10-100 times less potent than tacrolimus, blocks cal-
cineurin activity upon the formation of a complex with a
specific immunophilin, cyclophilin [6].

The original and most common formulation of tacroli-
mus is the immediate-release (IR) Prograf (Astellas
Pharma) in capsules for twice-daily administration, which
was approved in 1994 by the European Medicines Agency
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(EMA) and US Food and Drug Administration (FDA).
Today, besides the originator drug, several generic for-
mulations of tacrolimus for twice-daily administration have
become available. For the purpose of the current review,
we will refer to any twice-daily formulation (either origi-
nator or generic) as immediate-release tacrolimus (IR-Tac).
Starting from 2007, a patented prolonged-release once-
daily formulation named Advagraf (Astellas Pharma), also
known as Astagraf XL in US, and Prograf XL in Australia,
was introduced in the market. In more recent years,
Envarsus (Veloxis, marketed in Europe by Chiesi Farma-
ceutici) has been released as another patented prolonged-
release once-daily formulation with peculiar pharmacoki-
netic (PK) properties and improved bioavailability: for the
purpose of this review, from now on these two formula-
tions will be referred to as Once-daily XL-Tac and Once-
daily LCP-Tac, respectively. Unfortunately, due to its
recent release, relatively few data are available for Once-
daily LCP-Tac, all of them coming from sponsored clinical
trials [7, 8].

The use of tacrolimus is complicated by its narrow
therapeutic index [9], and wide inter- and intra-patient
variability [10]. Narrow therapeutic index means that small
variations in drug exposure might significantly affect
patient outcomes; therefore, tacrolimus dosing must be
guided by strict therapeutic drug monitoring [1]. Thera-
peutic drug monitoring is usually carried out by assessing
the whole blood trough level, as this parameter correlates
significantly well with the 24-h drug exposure, i.e., area
under the curve (AUC)g4 [11]. During the first
3-6 months after transplantation, trough levels are typi-
cally targeted at 5—15 pg/l, with values closer to the lower
or upper limit depending on the time elapsed from surgery,
type of induction treatment, concomitant maintenance
immunosuppressive drugs, recipient’s immunological risk
profile, and organ quality. Beyond 3-6 months after
transplantation, blood levels are usually kept in the range
of 5-8 pg/l although what the optimal target trough levels
in the long term are is far from established [12-14].

The high inter- and intra-patient variability of tacrolimus
is mainly related to polymorphisms of the metabolizer
cytochrome P-450, interactions with food and other drugs,
varying clinical conditions, and drug adherence. Cyto-
chrome P-450 polymorphism and drug interactions both
affect tacrolimus bioavailability and hepatic metabolism
[10]. Indeed, tacrolimus has a low bioavailability of
approximately 15-20 % that is related to the presence of
p-glycoprotein efflux protein and cytochrome P-450
enzymes 3A4 and 3A5 (CYP3A4, CYP3AS) in the gut
epithelial cells and hepatocytes. When tacrolimus enters the
gut epithelial cells, it is metabolized by CYP3A4 and
pumped back into the gut lumen by p-glycoprotein efflux
protein. Thereafter, tacrolimus arrives at the more distal
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segments of the bowel that contain lower amounts of both
enzymes. The fraction of tacrolimus reaching the blood-
stream (15-20 %, i.e., the bioavailability) distributes within
erythrocytes (about 90 %) and in plasma where it bonds to
albumin, o1-acid glycoprotein, and to lipoproteins. Only less
than 2 % of tacrolimus is unbound in the plasma, available
for entering into the lymphocytes, which are the target site of
action. It is noteworthy that tacrolimus levels are measured
as whole blood concentration, which variably reflects the
active unbound fraction [15]. Circulating tacrolimus is
eventually metabolized by CYP3AS in the hepatocytes.
Individuals expressing the CYP3A5 polymorphism (i.e.,
CYP3AS5*1/*1 and CYP3A5*%1/#3 genotype), which occurs
in 2/3 of African-Americans but only in 1/20 of Caucasians,
exhibit reduced tacrolimus bioavailability and increased
metabolism, and require a 50-100 % dose escalation to
achieve the same target levels (Table 1). Likewise, intake of
food, herbal products and drugs that inhibit or increase the
expression of glycoprotein p and/or CYP3A significantly
affect tacrolimus bioavailability and metabolism [16, 17].
Grapefruit, azole antifungals, nucleoside/nucleotide reverse
transcriptase inhibitors and non-dihydropyridine calcium
antagonists increase the tacrolimus level by interfering with
glycoprotein-p and/or CYP3A4 activity, whereas St. John’s
Wort, rifampicin, carbamazepine, and efavirenz reduce
tacrolimus levels by increasing CYP3A4 expression [18,
19]. Many other factors affect tacrolimus blood levels and
the inter- and intra-patient variability such as serum albumin
and hemoglobin levels, high-fat meals [20] and gastroin-
testinal motility [15]. Finally, for reasons unknown tacroli-
mus metabolism is greater overnight [21] (Table 1).

Once-daily XL-Tac was developed with the specific aim
of being administered once daily, through the preparation
of a granulate formulation that prolongs the release of the
drug with a 90 % absorption between 6 and 12 h post-
ingestion (Table 2) [22]. The granulate so obtained is filled
into capsules available in 0.5, 1.0, 3.0 and 5.0 mg strengths
[23]. On the other side, the development of Once-daily
LCP-Tac was driven by the need to obtain a drug not only
with prolonged release, but also with a significantly
improved bioavailability. Once-daily LCP-Tac is in fact
produced according to a proprietary MeltDose® drug
delivery technology that increases the bioavailability of
drugs with low water solubility by breaking them down
into the smallest possible units, as single molecules [24,
25], and, in so doing, increasing the surface/volume ratio of
each drug particle. A “melt solution” of the drug is
obtained by heating it with a patented nozzle. Such a
solution is then sprayed on a particulate carrier, on which it
solidifies in a state of “solid solution” originating a gran-
ulate. The granulate, responsible for the prolonged release,
is finally compressed into tablets. The tablets are available
in 0.75, 1.0 and 4.0 mg strengths [26].
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Table 1 Main factors influencing bioavailability and blood level of oral tacrolimus

Category Factor Mechanism Theoretical Bioavailability  Clinical Action
mechanism relevance
Genetic polymorphism CYP3A4*1B Reduced activity ? ? Uncertain ?
CYP3A5*1 Increased activity 1 metabolism | bioavailability ~ Significant 1 dose (50-100 %)
MDR-1 SNPs Reduced P-gp ? ? Uncertain ?
Circadian rhythm Night-time vs Unknown ? | bioavailability ~Uncertain If asymmetry, greater
Day-time pm dose
Gastro-intestinal Tleus Slow progression | absorption | bioavailability ~ Significant 1 dose
disorders Diarrhea Reduced P-gp 1 absorption 1 bioavailability ~ Significant | dose
Food Grapefruit CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant Avoid
Red wine CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant Avoid
High-fat meal Not-ads. complex | absorption | bioavailability ~ Significant Assume in fasting
conditions
Over-the-counter herbal St John’s Wort CYP3A4 and P-gp 1 metabolism | bioavailability ~ Significant Avoid
products Inducer
Drugs Azole anti-fungal ~ CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant | dose (25-50 %)
Macrolide® CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant Avoid
Protease-inhibitors CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant 11! dose
NDP calcium CYP3A4 inhibitor | metabolism 1 bioavailability ~ Significant | dose
antagonist
Rifampicin CYP3A4 inducer 1 metabolism | bioavailability ~ Significant 1 dose (x5)
Phenytoin CYP3A4 inducer 1 metabolism | bioavailability ~ Significant 1 dose
Carbamazepine CYP3A4 inducer 1 metabolism | bioavailability ~ Significant 1 dose
Efavirenz CYP3A4 inducer 1 metabolism | bioavailability ~ Significant 1 dose
Steroids - 1 metabolism | bioavailability ~ Significant 1 dose
Inherent conditions RBC transfusion 1 Hb 1 whole blood TL - Significant -
Bleeding | Hb | whole blood TL - Significant -
Proteinuria | Alb | whole blood TL - Significant -
Pediatric 1 liver size 1 metabolism | bioavailability ~ Significant 1 dose (x2-4)
recipients
Geriatric | lean mass | disposition 1 bioavailability ~ Significant | dose
recipients
Blacks SNPs prevalence 1 metabolism | bioavailability ~ Significant 1 dose (x2)
Pregnancy | Alb and Hb | whole blood TL  Increased PFF Significant 1 dose

NDP nitrendipine, SNP single nucleotide polymorphism, RBC red blood cells, P-gp p-glycoprotein, SNPs single nucleotide polymorphisms, Hb

hemoglobin, Alb serum albumin, 7L trough levels, PFF plasma free fraction, Not-ads. complex not-adsorbable complex

# Except Azithromycin

Table 2 Comparison of the main characteristics of the two clinically available once-daily formulations of tacrolimus

Trade name Formulation Strengths Conversion ratio from Recommended starting C,;,—AUCy_o4
IR-Tac dose® correlation

Advagraf Once-daily Capsules in 0.5, 1,3 and 5mg 1to 1 0.10-0.20 mg/kg/day 2 > 057

Envarsus Once-daily, Melt-dose® Tablets in 0.75, 1 and 4 mg 1 to 0.7 (0.85 for blacks) 0.17 mg/kg/day > > 0.85

IR-Tac immediate-release tacrolimus, C,,;, minimum concentration (or trough level), AUCy_,, area under the curveg »4 (or 24-h exposure)

* According to Summary of Medical Product Characteristics of both drugs

While the tacrolimus blood concentration—time (i.e.,
pharmacokinetic) profile differs between the IR formula-
tion and the two once-daily formulations (extensively
reviewed by Staatz and Teet) [27], irrespective of this the
trough levels to be targeted are the same. As a rule of
thumb, the dose required to maintain a similar trough level

is often slightly higher with Once-daily XL-Tac than IR-
Tac, whereas it is consistently lower with Once-daily LCP-
Tac. In terms of total daily dose, a 1 to 1 mg conversion
from IR-Tac to Once-daily XL-Tac is usually recom-
mended in stable renal recipients [23]. However, such a
conversion may result in a 10-30 % reduced tacrolimus
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exposure and an increased dosage is often required to
maintain therapeutic TL [28-30]. As for Once-daily LCP-
Tac, two studies in stable kidney and liver recipients have
proven that a roughly 30 % lower dose is required to
maintain the same drug exposure compared to IR-Tac,
because of the improved bioavailability of Once-daily LCP-
Tac [31, 32]. Therefore, a conversion rate of 0.7 ratio is
recommended [26] (e.g., 5 mg/day with IR-Tac correspond
to 3.5 mg/day with Once-daily LCP-Tac). Nevertheless, it
should be noted that IR-Tac, Once-daily XL-Tac and Once-
daily LCP-Tac are not bioequivalent, as the different for-
mulations generate substantially different blood concentra-
tion time profiles. At individual level, a change from one
formulation to another may potentially cause unexpected
changes in drug exposure and tolerability. Therefore, in the
case of intentional formulation conversion, it is recom-
mended that the transplant physician closely monitor drug
trough levels [33]. In the absence of specific indications, we
suggest that the tacrolimus trough level be assessed roughly
5 days after the conversion, in the steady state, and fort-
nightly thereafter for at least 8 weeks.

As for the starting dose in de novo renal recipients, the
recommendation for Once-daily XL-Tac is similar to that for
IR-Tac, ranging from 0.1 to 0.3 mg/kg/day depending on the
target blood level (0.1 and 0.2 mg/kg/day typically targeting
blood levels of 5-10 and 10-20 ng/l, respectively), and the
concomitant use of an inductive agent such as basiliximab and
thymoglobulin [23]. In contrast, the recommended starting
dose of Once-daily LCP-Tac is currently set to 0.17 mg/
kg/day [26]. One might expect that the Once-daily LCP-Tac
equivalent dose of IR-Tac 0.20 would be 0.14 mg/kg/day (i.e.,
0.20 times 0.7). However, in a RCT in 63 de novo kidney
recipients 37 % of patients had a trough level below 6 ng/ml,
the lower threshold of the target range, on day 2 following the
first dose of Once-daily LCP-Tac 0.14 mg/kg/day [34]. Based
on this result, a higher starting dose of 0.17 mg/kg/day was set
in order to avoid delay in reaching the target therapeutic range
[7], an undesired phenomenon that has been reported with the
use of Once-daily XL-Tac [33].

In terms of PK profile in adult kidney recipients, Once-
daily XL-Tac exhibits a slightly lower C,,.,, longer time to
reach it (Tax) [35-37], and possibly a lower variability
compared to IR-Tac [29, 37]. These advantageous PK
properties are even more evident for Once-daily LCP-Tac
[see the section “Blood level steadiness”].

Theoretical advantages of once-daily vs. standard
formulations
The once-daily tacrolimus formulation was originally

introduced on the market with the alleged advantage of
promoting recipients’ adherence to the immunosuppressive
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regimens, which are often extended in time and complex.
By allowing a schedule based on a single morning dose,
once-daily tacrolimus would reduce the burden of pills that
transplant recipients are prescribed and give them the
chance to skip the evening dose [38]. The importance of
compliance to immunosuppressants gained interest when it
was found that poor drug adherence is associated with
antibody-mediated rejection and graft failure [39, 40]. Poor
adherence to tacrolimus is reflected in the finding of
inconsistent tacrolimus blood levels at routine exams
despite a steady dosage: such intra-patient variability in
tacrolimus exposure has been associated with poor trans-
plant outcomes [41] and it has been the object of a number
of studies that compared the efficacy of once-daily versus
standard twice-daily tacrolimus formulations.

Nevertheless, difference in adherence between once-
daily and standard tacrolimus formulations is not
accountable alone for all intra-patient variability, as vari-
ous other factors can intervene such as absorption inter-
action with the evening meal, metabolism circadian
rhythm, interaction with other drugs and patient clinical
conditions. Finally, once-daily and standard tacrolimus
formulations exhibit different concentration—time profiles,
such as the number of peaks in blood drug concentration
(one versus two peaks), the height of peak concentration
(i.e. Cphax) and the time to reach it (i.e., ty,y), differences
that might theoretically affect drug tolerability and
efficacy.

Below, the evidence concerning each of these issues will
be reviewed.

Drug adherence

There is some evidence suggesting that the use of a once-
daily formulation is associated with improved drug
adherence compared to IR-Tac. Indeed one of the reasons
behind the development of Once-daily formulations has
been to facilitate patient adherence to prescriptions by
reducing the number of pills and the frequency of admin-
istration. The impact of compliance on clinical outcomes
has come out over recent years, as non-adherence has
turned out to be associated with antibody-mediated rejec-
tion and graft loss [39, 40]. In fact, graft recipients have a
burden of pills to take [38], and as reports show that
complex dose regimens are inversely associated with
patient compliance, treatment simplification might improve
adherence [42].

A significant and independent association between
Once-daily XL-Tac and improved adherence was first
reported in a cross-sectional study based on an anonymous
questionnaire administered to 312 Japanese kidney recipi-
ents at Inoue Hospital (odds ratio 0.43 of non-adherence
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associated with Once-daily XL, p = 0.015) [43]. This
finding was later confirmed by an RCT involving 219 renal
recipients randomized 2:1 to Once-daily XL-Tac and IR-
Tac, whose adherence was electronically monitored. The
study showed a significantly superior regimen implemen-
tation with Once-daily XL-Tac: at 6 months post-ran-
domization 81.5 % of patients on Once-daily XL-Tac were
still persisting with their treatment compared to 71.9 % on
IR-Tac (p = 0.0824) [44]. Among persistent patients,
88.2 % on Once-daily XL-Tac took the prescribed number
of daily doses compared to 78.8 % on IR-Tac (p = 0.0009)
[44]. Interestingly, for those patients on IR-Tac the evening
dose was more frequently missed than the morning one
(14.2 vs 11.7 %, p = 0.0035) [44]. In a prospective follow-
up study in 75 renal transplant patients, the simplification
of the medication regimens based on the conversion from
twice-daily to once-daily drugs, including the switch from
IR-Tac to Once-daily XL-Tac, increased not only self-re-
ported adherence from 79.7 to 94.6 % (p < 0.001), but also
patient satisfaction with the treatment measured with a
dedicated questionnaire (on a scale from 0 to 100, treat-
ment convenience significantly increased from 66.0 to 78.5
after the switch, p < 0.001) [45]. Similar findings on the
improvement of treatment adherence following the con-
version to Once-daily XL-Tac were also shown in liver and
heart recipients [46]. Finally, a UK study based on a
mathematical model of cost analysis, identified a substan-
tial cost saving with Once-daily XL-Tac, despite its being a
more expensive drug, mainly due to fewer graft losses and
lower dialysis costs [47]. The study was based on data from
the study by Kuypers et al. showing better compliance with
Once-daily XL-Tac compared to IR-Tac [44] and took into
consideration the impact of compliance on renal trans-
plantation outcomes: over a 5-year period the mean cost
per patient would be £ 29,328 with Once-daily XL-Tac
compared to £ 33,061 with IR-Tac [48].

It must be underlined, however, that such a favorable
impact of once-daily formulations on drug-adherence
might depend on individual patient characteristics, with the
maximum benefit expected from patients who have issues
with twice daily or other complex dosing schedules.
Moreover, skipping a single dose could impact blood level
variability more under a once-daily regime than under
twice-daily IR-Tac. Finally, randomized studies showing
that once-daily formulations improve patient outcomes are
still lacking. Pending the results of such trials, the authors
believe that once-daily formulations do represent a valid
option in many patients with poor drug adherence, and also
in patients in whom for various reasons the dosing schedule
needs to be simplified.

It is worth mentioning that one study examined what
happens to the blood-concentration time profile by
administering the standard IR-Tac formulation once-daily

(i.e., the total daily dose of IR-Tac administered in the
morning) [49]. Eighteen stable renal recipients were con-
verted from twice-daily to once-daily administration of IR-
Tac in the morning at 67, 85, and 100 % of the initial total
daily dose. The study showed that the group receiving
85 % of the total daily dose in a unique morning admin-
istration of IR-Tac had a similar exposure to the twice-
daily administration of IR-Tac. The mean AUC ratio
between twice-daily and once-daily administration of 85 %
of the initial dose was 1.0 [95 % confidence interval (CI)
0.9-1.1]. Finally, this small study did not show any adverse
event related to the significantly higher peak concentration
with once-daily administration of IR-Tac over a follow-up
period of 6 to 18 months [49].

Blood level steadiness

Compared to IR-Tac, once-daily formulations are less
affected by the intra-patient blood level variability [29, 50,
51] that is a risk factor for long-term poor transplantation
outcomes [52]. The reasons behind the reduced variability
with once-daily formulations are not fully understood. It
has been hypothesized that, besides improved adherence,
reduced variability might be related to the pharmacokinetic
characteristics of once-daily formulations, to the lower
susceptibility to cytochrome P-450 polymorphisms, and to
the halved interaction with meals [15, 37].

The R? value between AUC(_4 and trough level (i.e.,
the proportion of variability in AUC,_,4 being accounted
for by trough levels) for Once-daily XL-Tac ranges
between 0.57 and 0.94 in kidney recipients, and is even
wider in liver recipients, whereas it ranges between 0.56
and 1.0 with IR-Tac [27]. On the other hand, the Once-
daily LCP-Tac formulation has shown some peculiarly
advantageous PK properties [53]: in two studies, a similar
AUC_,4 was achieved with Once-daily LCP-Tac despite a
30 % lower total daily dose than IR-Tac, and with a sig-
nificantly flatter PK profile characterized by lower C.x
(11-13 vs 16-17 pg/l), longer Tpax (6 vs 1.5-1.8 h) and
lower %-fluctuation (73-79 vs 127-133 %) measured as
[(Crax—Cmin)/Cmin x 100] [31, 32]. Moreover, a robust
correlation between AUC(_,4 and trough level was found
(R2 > (0.85 in both studies) [31, 32]. Unfortunately, no
peer-reviewed studies on the direct comparison between
Once-daily XL-Tac and Once-daily LCP-Tac are currently
available.

The tacrolimus blood level is significantly affected by
the expression of different polymorphisms for genes
encoding proteins involved in tacrolimus absorption and
metabolism, particularly CYP3A5 [6]. An observational
retrospective study in 97 Japanese renal recipients showed
that tacrolimus bioavailability was linked to the CYP3AS5
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polymorphism and tacrolimus formulation, the impact of
the first being almost double that of the latter [54]. The
authors found that tacrolimus bioavailability was the low-
est in the group of patients bearing the CYP3AS5*1 allele
and taking Once-daily XL-Tac. They speculated that the
influence of the CYP3AS polymorphism was greater on
Once-daily XL-Tac than on IR-Tac, because of the longer
exposure of Once-daily XL-Tac in the small intestine
where the level of CYP3AS5 expression varies depending on
the type of polymorphism [54]. A prospective study in 40
stable renal recipients not only confirmed a reduction in
intra-patient variability in 24-h tacrolimus exposure after
conversion from IR-Tac to Once-daily XL-Tac (14.1 and
10.9 % respectively, p = 0.012), but identified expressers
of the CYP3A5%*]1 allele as the recipients who gain the most
in terms of variability reduction after conversion from IR-
Tac to Once-daily XL-Tac (18.2 and 12.8 %, p = 0.062)
[37].

Treatment efficacy

Efficacy of once-daily formulations has proven to be sim-
ilar to standard IR-Tac, though a marginal trend toward an
increased incidence of acute rejection has been observed
with Once-daily XL-Tac compared to standard IR-Tac.
Several studies have extensively investigated the efficacy
of once-daily formulations, mainly as Once-daily XL-Tac
compared to IR-Tac, both in de novo and conversion set-
tings in renal recipients. The primary end-points of such
studies were recipient and graft survival rates or a com-
posite of survival rates, renal allograft rejection episodes
and graft function deterioration.

Overall outcomes were generally similar between Once-
daily XL-Tac and IR-Tac formulations in terms of recipient
and graft survival [55]. However, the rate of biopsy-proven
acute rejection (BPAR) often resulted higher, albeit not
significantly, with Once-daily XL-Tac than with IR-Tac
[53]. In a multicenter double-blind RCT involving 668 de
novo kidney recipients, treatments with Once-daily XL-Tac
or IR-Tac in combination with mycophenolate were not
inferior to cyclosporine and mycophenolate in regard to
treatment failure, that was a composite endpoint of death,
graft failure and BPAR at 1-year post-transplantation (14.0,
15.1, and 17.0 %, respectively). However, the incidence of
BPAR at 6 and 12 months was statistically lower in the IR-
Tac arm, but not in the Once-daily XL-Tac one, compared
to cyclosporine (respectively 3.8 vs 11.8 %, p < 0.04; 7.9
vs 11.8 %, NS) [56]. Nevertheless, 1-year estimated
glomerular filtration rate (GFR) was superior in both of the
tacrolimus arms compared to cyclosporine (59.7 and 58.6
vs 55.0 ml/min/1.73 m2, p < 0.05) [56], a finding con-
firmed also in the 4-year follow-up extension of the study
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[57]. The incidence of BPAR under Once-daily XL-Tac
was found higher, although non significantly, than under
IR-Tac also in another double-blind RCT in 667 de novo
renal recipients, the BPAR rate at 6 months post-trans-
plantation being 20.4 vs 15.8 % (p = 0.18, but with the
95 % CI of the risk difference just outside the pre-specified
10 % non-inferiority margin) [58]. Interestingly, the early
trough level with Once-daily XL-Tac resulted lower than
with IR-Tac (12.9 vs 15.3 ng/ml at week 1 after trans-
plantation, p < 0.005), but this finding was not correlated
to graft rejection [58]. Although Once-daily XL-Tac failed
to demonstrate non-inferiority to IR-TAC due to BPAR
incidence, no difference in patient and graft survival could
be found at 12 months (97.5 vs 96.9 %, and 92.8 vs
91.5 %, NS) [58]. No significant difference in the inci-
dence of acute rejection was instead found in a RCT in 124
de novo renal recipients (19.4 % with Once-daily XL-Tac
vs 16.1 % with IR-Tac, p = 0.638) [59]. Finally, Once-
daily XL-Tac at the starting total daily dose of 0.20 mg/
kg/day with mycophenolate and steroids (arm 2) proved
not inferior to IR-Tac at the same initial total daily dose
(arm 1) in an open-label RCT in 1251 de novo kidney
recipients that also included patients treated with Once-
daily XL-Tac at the starting total daily dose of 0.30 mg/
kg/day (arm 3) and patients treated with Once-daily XL-
Tac at the starting total daily dose of 0.20 mg/kg/day and
inductive basiliximab (arm 4): the primary end-point, a
composite of graft loss, BPAR and graft dysfunction, was
42.1 % in arm 2 vs 40.5 % in arm 1 [60].

Fewer data are available for Once-daily LCP-Tac, and
all are from sponsored RCTs. A multicenter RCT in 326
renal recipients randomly maintained on twice-daily IR-
Tac or converted to Once-daily LCP-Tac at 0.7 ratio (0.85
for blacks) found a similar rate of treatment failures—a
composite primary endpoint of death, graft failure, BPAR
or loss to follow-up-between the two arms at 12 months
(treatment failure was 2.5 % in both arms, p > 0.999) [61].
Similarly, Once-daily LCP-Tac proved not inferior to IR-
Tac concerning treatment failure at 12 months in another
multicenter double-blind RCT involving 543 de novo kid-
ney recipients [62]. The result was then confirmed in the
study extension to 24 months [63]: the proportion of
patients with treatment failure was 18.3 and 23.1 % with
Once-daily LCP-Tac, and 19.6 and 27.3 % with IR-Tac,
respectively at 12 and 24 months post-transplantation, the
statistical difference being well within the 10 % pre-spec-
ified non-inferiority margin [62, 63]. No difference in
BPAR rate was found between Once-daily LCP-Tac and
IR-Tac (17.1 vs 18.2 % over the first 24 months after
transplantation, p = 0.7) [63]. Moreover, a post hoc sub-
group analysis showed fewer treatment failures in older,
black, or female recipients (—25.89 %, p = 0.067;
—2333 %, p=0414; and —-11.70%, p = 0.091
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respectively) [63], populations known to be at higher risk
of early rejection, graft loss or death. It has been supposed
that this result might depend on the more rapid attainment
of therapeutic TL with Once-daily LCP-Tac compared to
IR-Tac: indeed 80.6 % of patients on Once-daily LCP-Tac
had tacrolimus concentrations above the minimum trough
level after 7 days of treatment compared to 52.8 % on IR-
Tac (p < 0.001) [7].

It is worth mentioning two recent studies in the setting
of liver transplantation. The first, a single-center retro-
spective comparison between 60 liver recipients main-
tained on IR-Tac and 129, either early or late, converters to
Once-daily XL-Tac, showed a roughly fourfold reduction
in rejection rate (p < 0.001) and a significantly smaller
GFR deterioration (—35 pmol/l in IR-Tac arm vs
—6 pmol/l in late Once-daily XL-Tac, p < 0.01) at
6 months after conversion to Once-daily XL-Tac [64]. The
second was a retrospective analysis of the European Liver
Transplant Registry on 4357 liver recipients from 21
Centers with at least 1 month of follow-up [65]. Treatment
with Once-daily XL-Tac was associated with a striking
improvement in patient and graft survival at 3 years post-
transplant compared to IR-Tac (risk ratio for patient sur-
vival 1.72, p = 0.004; risk ratio for graft survival 1.81,
p = 0.001) [65]. These results should be interpreted with
caution, as it is uncertain to what extent residual con-
founding in the data analysis (i.e., distortion that remains
after controlling for confounding factors in the design and
analysis of the study) could explain the study findings.

Drug safety and tolerability

The studies conducted so far have consistently shown a
similar safety profile between once-daily and standard
formulations of tacrolimus [46]. Therefore, only the studies
that have identified potential differences between the two
formulations will be commented here.

In a prospective study involving 26 renal graft recipi-
ents, Once-daily XL-Tac was associated with improved
glucose sensitivity, with a significant increase in home-
ostasis model assessment of pancreas B-cell function
(HOMADB) at 4 and 24 weeks after a 1 to 1 conversion from
IR-Tac to Once-daily XL-Tac (p = 0.012 and 0.004,
respectively) [66, 67]. However, such a difference in glu-
cose metabolism was not confirmed in several other studies
[55].

In a blind RCT in 44 stable kidney recipients, the con-
version from IR-Tac to Once-daily LCP-Tac at 0.7 ratio
resulted in a significant improvement in tremors measured
by both an accelerometer and by blinded neurologists who
applied a dedicated scale to videotapes recorded at 2 h
post-dosing before and 7 days after conversion [68].

Conversion to Once-daily LCP-Tac achieved a 5.35 score
improvement (p < 0.0001) and 21.58 % reduction in tre-
mor amplitude (p = 0.03) from baseline. The authors
speculated that tremor reduction might be linked to the PK
profile of Once-daily LCP-Tac, which is characterized by a
significantly lower C,,x compared to IR-Tac [68].

Conclusions

Once-daily prolonged-release tacrolimus formulations are
now available as an effective alternative to the standard
twice-daily immediate-release formulation, both for de
novo and conversion immunosuppression in renal trans-
plantation. While no study has proven so far a major
benefit on renal recipient and allograft outcomes, once-
daily formulations due to their inherent pharmacokinetic
profile may represent a preferable option for some cate-
gories of renal allograft recipients, such as those who may
need simplification in the treatment schedule to improve
adherence. However, increased surveillance is recom-
mended to ensure that prolong ed-release formulations are
beneficial and not harmful in non-adherent patients. Sim-
ilarly, clinicians must be aware that a close drug and
clinical monitoring is also required after the switch from
one tacrolimus formulation to another, as they are not
bioequivalent.
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