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Abstract: Tacrolimus is the key immunosuppressant used to prevent allograft rejection
in kidney and liver transplant recipients. Despite the efficacy of tacrolimus and adjunctive
immunosuppressants, a substantial number of patients experience episodes of acute rejection
and late graft loss. Nonadherence is an etiological factor in both acute rejection and graft loss.
In 2007, a prolonged release version of tacrolimus became available that allows once daily
administration, thus halving the pill burden compared to the standard twice-daily tacrolimus.
An increasing number of studies in de novo transplantation and in treatment conversion have
evaluated the pharmacokinetic profile, efficacy, and safety of prolonged-release tacrolimus. We
have reviewed the literature on the use of prolonged-release tacrolimus and hope that this will
be of value in the design of protocols for transplant immunosuppression.
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Introduction
Transplantation of allogeneic organs into immunocompetent hosts typically leads to
immune-mediated destruction of the organ. The development of immunosuppressive
drugs that effectively prevent organ rejection has led to transplantation being the pre-
ferred treatment for end-stage renal failure and the only treatment for liver failure. In
contemporary clinical practice, cell-mediated immunity driven by activated T cells is
the predominant mode of rejection, though antibody-mediated rejection may also occur,
most typically in the acute phase. Calcineurin inhibitors (CNI) have become the cor-
nerstone of immunosuppressive regimens for both kidney and liver transplantation.

The two CNIs in common use are cyclosporine and tacrolimus. Tacrolimus forms
a complex with FK506 binding protein (FKBP12), which inhibits the enzymatic
phosphatase activity of calcineurin. This abrogates the calcineurin-dependent activa-
tion of nuclear factor of activated T cells transcription factor, causing a reduction in
interleukin 2 production and, consequently, in T cell activation and proliferation. The
robust efficacy of CNI-based regimens has been associated with a reduction in the
cumulative incidence of a first episode of acute rejection to less than 20% at 60 months
post-transplantation, and a 5-year graft survival of 73% and 84% for deceased donor
and living kidney donor recipients, respectively, in the US.! A number of studies have
shown that tacrolimus can be somewhat more effective than cyclosporine in preventing
acute rejection and allograft failure.>”

Since tacrolimus was licensed for liver and kidney transplantation in the 1990s,
it has become progressively more popular, such that, by 2010, it was a component of
about 90% of immunosuppression regimens for kidney or liver transplant recipients
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in the US." Nevertheless, as with cyclosporine, tacrolimus
has a narrow therapeutic index and requires trough drug-
level monitoring to confirm therapeutic levels and avoid
toxic levels. Excessive immunosuppression increases the
risk of infectious, metabolic, and malignant complications,
whilst subtherapeutic levels allow acute rejection and organ
failure. In the case of calcineurin inhibitors, high levels are
also associated with significant nephrotoxicity.

Tacrolimus was initially developed as an immediate
release preparation that is taken twice daily to maintain
consistent therapeutic levels (herein referred to as TAC BID).
In 2007, Astellas Pharma Inc. (Tokyo, Japan) marketed a
prolonged release version (herein referred to as TAC QD)
in Europe with the aim of reducing pill burden and improv-
ing adherence. The tacrolimus component itself remains
unchanged but is encased in a capsule that delays tacrolimus
release and absorption. Suboptimal adherence is thought to
be a major contributing factor to allograft failure, particularly
in kidney transplant recipients for whom a viable alternative
exists in the form of dialysis.” In general, adherence is bet-
ter with once daily compared to twice daily medications.'
Furthermore, the evening dose is more often omitted than
the morning dose. In addition to improving compliance, the
altered pharmacokinetic profile of TAC QD could have a
beneficial influence on side effects.

Since the development of TAC QD, many studies have
evaluated its pharmacokinetic profile, efficacy, safety, and
effect on adherence. In this article, we review the data com-
paring the use of TAC QD to TAC BID in both the stable
conversion and de novo transplantation settings.

Methods

We performed a literature search of the PubMed and Web
of Science databases in April 2014 using search terms
comprising: “extended release tacrolimus or prolonged
release tacrolimus” and “kidney or liver”. We manually
reviewed the studies and considered only those that had more
than five participants, were written in English, and for which
the full text manuscript was available. In addition, further
studies were manually curated from the reference lists of
each manuscript.

De novo renal transplantation

TAC QD has been evaluated against TAC BID in six random-
ized controlled trials for the prevention of rejection in de novo
kidney transplant recipients (Table 1).'""'¢In 2013, a system-
atic review that included five of these studies concluded that
there were no differences in biopsy-proven acute rejection

or patient survival.'” The review included one randomized
controlled trial in abstract form that used an alternative
preparation of modified release tacrolimus, tacrolimus-LCP
(LifeCycle Pharma, now Veloxis Pharmaceuticals, Horsholm,
Denmark), that has different pharmacokinetic parameters to
the more commonly used TAC QD preparation, which is the
Astellas Pharma Inc. product Advagraf/Astragraf XL.'8 The
largest randomized controlled trial, the open-label Optimis-
ing immunoSuppression After Kidney transplantation with
ADVAGRAF (OSAKA) trial, randomized 1,251 patients to
four different treatment arms comprising TAC BID 0.2 mg/kg,
TAC QD 0.2 mg/kg, TAC QD 0.3 mg/kg, and TAC QD
0.2 mg/kg plus basiliximab plus steroid avoidance.'' All
patients received mycophenolate and steroids except for the
basiliximab group. Trough tacrolimus levels were initially
higher in the arm taking 0.3 mg/kg TAC QD, but were similar
from day 14 onwards and, at week 24, the median tacrolimus
concentrations were between 7.7 and 8.3 ng/mL across all
four arms.!" In all arms, the dose tended to decrease over the
duration of the study and was slightly higher overall in the
TAC QD groups. The investigators assessed TAC QD efficacy
for noninferiority based on a composite primary endpoint of
graft loss, biopsy-confirmed acute rejection, or an modified
diet in renal disease (MDRD) estimated glomerular filtration
rate (¢GFR) <40 mL/min/1.73 m* Noninferiority was only
demonstrated for TAC QD 0.2 mg/kg compared to TAC BID
0.2 mg/kg (primary endpoint reached in 42.2% versus 40.6%,
respectively), but was not demonstrated in the steroid avoid-
ance TAC QD group (treated with additional basiliximab)
or in the higher dose TAC QD group.!! The seemingly high
failure rate of the primary outcome was influenced by the high
number of extended criteria donor organs (50%) contribut-
ing to an eGFR below the threshold of 40 mL/min/1.73m?2."!
Similar numbers of patients experienced biopsy-proven
acute rejections across the four arms (10.3%-16.1%). TAC
QD was also found to be noninferior when compared to
a cyclosporine-based immunosuppression regimen with
follow-up to 12 months.'® The other four randomized tri-
als also found no significant difference in graft survival or
biopsy-proven acute rejection to a maximum of 12 months
follow-up.'>"* Overall, the results of these randomized trials
suggest that the efficacy of TAC QD is similar to that of TAC
BID using a similar initial starting dose.

Investigators have sought more subtle indications of
benefit arising from the altered pharmacokinetic profile
of a once-daily drug. The rate of toxic tubulopathy in pro-
tocol biopsies did not differ between TAC QD and TAC
BID.!? However, concomitant pharmacokinetic analysis
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Patient and graft survival were over 90% and freedom from

BPAR was 90.0% with TAC QD.
Overall survival rates: patient—100%, kidney graft—100%,

pancreas graft—93%. AR occurred in 38% of patients and |
patient discontinued TAC QD due to psychotic symptoms.
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Prospective observational study, FU
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Caucasian, FU 4 years.

Abbreviations: AR, acute rejection; AUC, area under the curve; BID, twice daily; BPAR, biopsy-proven acute rejection; FU, follow-up; QD, once daily; IF, interstitial fibrosis; TA, tubular atrophy; LRD, live related donor,

MMF, mycophenolate mofetil; NODAT, new onset diabetes after transplantation; PE, primary endpoint; PK, pharmacokinetic; TAC, tacrolimus; eGFR, estimated glomerular filtration rate.
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did not reveal any difference in the area under the curve
of the drug concentration over time (AUC) or in peak drug
levels on day 14.'2 A retrospective study analyzing protocol
biopsies in living related donor kidneys for features of CNI
toxicity and subclinical rejection up to 12 months post-
transplant found no significant differences, but there was a
trend to reduced interstitial fibrosis/tubular atrophy.'

Adverse events were equally common across TAC BID
and QD treatment arms in randomized controlled trials.!'-'¢
Specifically, there was no significant difference in indices
of glucose metabolism.

The majority of studies where AUC has been assessed
have reported that trough levels were highly correlated, and
these studies recommend routine clinical monitoring using
trough levels."® The manufacturer’s recommendation of close
monitoring in the first 2 weeks to ensure therapeutic levels
is based on a study that showed an initial 30% lower AUC
after the first day."> By day 14, levels were comparable in
TAC QD and TAC BID groups." One study found that, for
patients taking relatively high doses of tacrolimus, the AUC
was in a therapeutic range despite subtherapeutic trough
levels, indicating that occasional AUC assessment may be
useful in routine clinical practice with TAC QD.* Older
patients (>>60 years old) have been found to require lower
doses of TAC QD than younger patients to achieve therapeutic
trough levels.?!

The efficacy and safety data from 14 additional observa-
tional studies are consistent with the randomized controlled
trial data (Table 1).!°2 Although the effect of TAC QD versus
TAC BID on adherence in de novo transplantation has not
been systematically tested, an industry-sponsored modeling
analysis that extrapolated the effect on adherence, as well as
outcomes from a literature review of other studies of twice-
versus once-daily medication, suggested that, after 5 years,
graft survival would be 6.1% higher in the TAC QD group,
which would result in a cost saving of US $9,411 per patient
over the 5 years.?

TAC QD is a useful treatment option that may reduce
pill burden in patients adapting to life after transplantation,
but an advantage in terms of efficacy or safety has not been
demonstrated.

De novo liver transplantation

The efficacy and safety of TAC QD in patients undergoing
liver transplantation was confirmed by a substantial double-
blind randomized controlled trial with 475 participants
(Table 2).** Patients were initially treated with tacrolimus
(TAC BID or TAC QD) and steroids, with antiproliferative
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Prevention of organ rejection with extended release tacrolimus

agents allowed only after an acute rejection episode. In this
noninferiority study, the primary endpoint of biopsy-proven
acute rejection at 24 weeks occurred in 33.7% of patients
receiving TAC BID and 36.3% of patients receiving TAC
QD (P=0.512). Additional follow-up after an open-label
extension to 12 months showed similar rates of biopsy-proven
acute rejection requiring treatment (28.1% and 24.1% for
TAC BID and TAC QD formulations, respectively). In the
early postoperative phase, TAC levels were higher in the TAC
QD group at day 7 (12 ng/mL versus 9.5 ng/mL, P<<0.005),
but patients were initiated on twice the daily total dose of
TAC QD due to concerns raised by other studies of reduced
exposure in the early phase of TAC QD treatment. No clear
correlation between early exposure and biopsy-proven acute
rejection was demonstrated. The authors reported that the
majority of patients received tacrolimus via nasogastric
tube in the postoperative period despite TAC QD consist-
ing of extended release capsules. Nevertheless nasogastric
administration did not significantly affect pharmacokinetic
profiles. Adverse events were similar between the two groups,
although TAC QD was associated with higher mortality than
TAC BID in female patients (18.4% versus 7.8%); the cause
for this finding remains unclear.

A further randomized open-label trial compared the
pharmacokinetic profile and efficacy of TAC QD versus
TAC BID in the first 6 weeks after liver transplantation.®
Both forms of tacrolimus were administered at a similar
starting dose (0.1-0.15 mg/kg) and this resulted in an AUC
that was 50% lower in TAC QD patients. However, with dose
adjustments, a similar AUC was reached by day 14 (TAC
QD 324 vs TAC BID 287 ng.h/mL), using a higher mean
dose in the TAC QD group.** As with TAC QD usage in de
novo kidney transplants, the manufacturer recommends
careful monitoring in the first two weeks. At 6 weeks, the
AUC was again similar for TAC QD and TAC BID, although
TAC QD patients were maintained on a higher dose (TAC
QD 0.209 mg/kg; TAC BID 0.165 mg/kg).* The secondary
endpoints of efficacy and safety were similar in both groups
at 6 weeks, with biopsy-proven acute rejection occurring in
26.9% and 27.4%, respectively.*® Patients were not allowed
to receive TAC QD by nasogastric tube, but patients in the
TAC BID group were allowed to receive the contents of the
capsule. In terms of therapeutic drug monitoring for TAC
QD, trough levels and AUC were well correlated, allow-
ing routine clinical dose adjustments to be made based on
trough levels as for TAC BID.*

A smaller study examined the pharmacokinetics of con-
verting intravenous tacrolimus to oral TAC QD, which may

be useful for patients who are unable to take oral medica-
tion in the immediate postoperative period.*® Ten patients
received intravenous tacrolimus that was converted to oral
TAC QD by a mean of 14.5 days. Conversion was performed
gradually over several days and trough-tacrolimus levels
were consistently maintained. The authors suggested that
the most suitable final dose conversion ratio was 1:8.° The
manufacturer has recommended intravenous administration
at a fifth of the oral dose.

Other observational studies have yielded similar results
regarding efficacy and safety (see Table 2).3”* The effect
on long-term adherence of using TAC QD in the immediate
postoperative period has not been systematically studied.
Several studies examined the effects of TAC QD on metabolic
parameters, including glucose metabolism and these were
not demonstrably improved compared to patients receiving
TAC BID'31,34,37,38

In liver transplantation, TAC QD appears similar in effi-
cacy and profile to TAC BID, but a clear advantage has not
been demonstrated and clinicians must be careful to avoid
low levels in the first few days.

Conversion to TAC QD in stable

adult kidney transplant recipients
The effect of switching to TAC QD in stable kidney-transplant
patients has been extensively evaluated in observational cross-
over studies, but not in randomized controlled trials (Table 3).
The largest crossover study, involving 1,832 patients, pro-
spectively analyzed the effect of a 1:1 mg for mg conversion
(1:1.1 for patients with known low trough levels) on efficacy,
safety, and patient satisfaction.* In these patients, the mean
trough level was moderately reduced at 12 months (=9.1%)
and the mean dose was marginally higher (+1.24%).% The
persistent reduced level at 12 months raises potential con-
cerns that, over the longer-term, the altered pharmacoki-
netic profile could increase the risk of subclinical rejection.
During the study, TAC QD appeared to be efficacious, with
only eight patients developing acute rejection and no overall
change in eGFR or proteinuria.*? Other cardiovascular and
metabolic parameters also remained unchanged, including
blood pressure, lipids, glucose, and liver function tests.*
Overall 99.4% of patients preferred once-daily tacrolimus
and the discontinuation rate was only 1.9%.** Other smaller
studies have generally been consistent with these results and,
most notably, variously show modest reductions in tacrolimus
trough levels with no apparent effect on acute rejection (see
Table 3), with follow-up ranging from several weeks to 4
years, 183143-75
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One study reported improved fasting blood glucose levels
with TAC QD (103.4 mg/dL versus 95 mg/dL, P<<0.03), but
this may be in keeping with reduced trough levels in the TAC
QD group.* Another once-daily tacrolimus preparation under
development that has a different pharmacokinetic profile,
Tacrolimus-LCP, showed noninferiority to TAC BID in a
randomized Phase III conversion study.”®

The pharmacokinetic profile within 21 days of switching
to TAC QD was studied in detail in 66 patients.”” As with
other patient groups receiving TAC QD, trough levels were
highly correlated with AUC — a finding that supports routine
clinical monitoring. A nonsignificant reduction in AUC and
trough level was observed, but only 30% of patients required
a dose change.” The manufacturer recommends a 1:1 mg
for mg conversion of the total daily dose and also checking
of a level prior to and within 2 weeks of conversion. As has
subsequently be observed in other studies, there was less
intrasubject variability in tacrolimus levels — a factor that,
in a model-based analysis, was predictive of reductions in
graft failure and consequent dialysis costs.”

The effect of tacrolimus conversion on adherence has been
assessed in a randomized controlled trial that used electronic
recordings of pill bottle opening as an indirect objective
measure, coupled with subjective questionnaire interviews.”
Two hundred and nineteen stable patients were randomized
to TAC QD or continuation of TAC BID and followed for
3 months prior to conversion as well as 6 months after.”” At
6 months, persistence with the prescribed regimen was higher
for TAC QD (81.5% versus 71.9%, P=0.0824).” The num-
ber of patients taking the prescribed number of daily doses
was significantly higher for TAC QD (88.2% versus 78.8%,
P=0.0009).” In keeping with data from other studies, patients
were less adherent with the evening dose of TAC BID (missed
doses: 11.7% morning versus 14.2% evening, P=0.0035).”
Adherence was also improved after conversion in several
observational crossover studies using questionnaires, and
no study found decreased adherence.*** However, despite
this success, another study found a high discontinuation rate
after conversion in patients who were about § years out from
transplantation.*® Discontinuation was primarily due to patient
concerns and anxiety, presumably due to their aversion to
changing from a long established and effective treatment.*

Overall, despite the lack of randomized controlled trials
studying the efficacy and safety of conversion to TAC QD,
the plethora of observational conversion studies support TAC
QD as a broadly equivalent treatment in terms of relatively
short-term outcomes. However, the modest but persistently
reduced levels found in some studies require long-term

follow-up data to analyze the effects on subclinical rejection
and increased chronic allograft nephropathy and, conversely,
on drug-induced nephrotoxicity.

Conversion to TAC QD in stable

adult liver transplant recipients

We identified 17 studies examining the effects of conversion
from TAC BID to TAC QD in stable liver transplant recipients
(Table 4).3¢%80-9 The majority of the studies were observa-
tional crossover studies examining pharmacokinetic profiles
and efficacy in patients before and after conversion. We did
not identify randomized or blinded controlled trials. In almost
all studies, a 1:1 mg for mg conversion of tacrolimus was
used. In the majority of the 17 studies, tacrolimus levels were
reduced after 1:1 conversion, but tended to normalize back to
preconversion levels after physician-initiated dose increases
in a subset of patients.®-% However, this finding was not
universal across all studies and, even in studies showing an
initial mean decrease in trough levels, a subset of patients had
higher levels after conversion.®#” A detailed open-label mul-
ticenter prospective study investigated the pharmacokinetic
effect of crossover using a four-period crossover design in
which patients received TAC BID and TAC QD in alternating
14 day blocks.* Importantly, as with studies in de novo liver
transplants, the AUC and trough levels were highly correlated,
which supports routing clinical drug level monitoring using
trough levels. Overall, after treatment with TAC QD, there
was a nonsignificant 11.1% reduction in tacrolimus levels.
Eighty percent of patients did not require a dose change and
there was less intrapatient variability in tacrolimus levels dur-
ing TAC QD treatment. At 2-years follow-up of 56 patients
maintained on TAC QD, the biopsy-proven acute rejection
incidence was 5.6%, and the rates of infectious and metabolic
complications were similar to those expected with TAC BID.”!
Across these observational studies, there was no evidence of
increased rejection rates despite initial reductions in trough
levels in some patients, but no study had a follow-up of more
than 2 years. In one study, renal function was significantly
improved after conversion, with the MDRD eGFR rising from
71 to 82 mL/min (P=0.001), but there was no control arm.%¢ A
change back from TAC QD to TAC BID was infrequent; a 24
month retrospective study of 394 patients found that only 16
patients switched back to TAC BID for various reasons, the
commonest being tremor (n=3).% Taken together, these data
suggest that conversion to TAC QD is safe and efficacious.
Since the effects on trough levels after conversion vary across
individuals, robust monitoring may be required for the first
few weeks to months to individualize dose levels.®
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Adherence to TAC QD was assessed in four of the
18 studies.*¢*8239 Adherence was improved in three
studies®*®2% and was relatively unchanged in one study.®
One study measured electronic pill bottle opening and found
that both dosing compliance and timing compliance were sig-
nificantly improved after the conversion (P=0.008 and 0.003,
respectively).® The missed-dose rate was twice as high in the
TAC BID group.® The beneficial effect on adherence was
present in patients converted relatively soon after (6 months to
2 years), during an intermediate period after (2-5 years), and
over 5 years after transplantation. Overall, the absolute benefit
in adherence with TAC QD was limited since the median
compliance level in patients receiving TAC BID was already
over 95%.% Subjective quality of life scores were improved
in patients taking TAC QD.® Overall, these studies suggest a
moderate improvement in already high levels of adherence,
but they lack randomized control arms. Furthermore, poorly
adherent patients may be underrepresented as recruits to stud-
ies of stable patients, so it remains unclear whether TAC QD
provides a significant benefit to unstable patients. A causal
effect on improved outcomes has not yet been assessed, but
may be extrapolated from other studies. Importantly, omitting
a dose of a once-daily regimen could be more damaging than
omitting a dose of a twice-daily regimen.

Simultaneous pancreas

kidney transplantation

One prospective study of 14 de novo simultaneous pan-
creas kidney patients showed patient, kidney, and pancreas
survival at 11 months follow-up of 100%, 100%, and 93%,
respectively.*? One pancreas was lost 2 days postoperatively
due to vascular graft thrombosis. Interestingly, drug levels
declined in weeks 2-3, and the authors commented that
patients sometimes required substantial doses and that drug
levels responded slowly to dose changes. They suggested
that there might be a different pharmacokinetic profile in
simultaneous pancreas kidney transplantation due to enteric
drainage or improvements in gastroparesis.*> This could
be further dissected by analyzing pharmacokinetic data in
patients with bladder drainage of exocrine secretions.

Specific effects on glucose

metabolism

Tacrolimus causes a dose-dependent decrease in insulin secre-
tion, and some studies have indicated that tacrolimus has a
stronger association with new-onset diabetes after transplanta-
tion (NODAT) compared to cyclosporine. Since high peak con-
centrations are associated with impaired glucose metabolism,

there has been interest in whether the pharmacokinetics of TAC
QD improve glucose metabolism. Although most conversion
studies have not reported any change in glucose metabolism
or NODAT, they had not used the gold standard technique
for investigating glucose metabolism. A study using the gold
standard glucose clamp technique before and after conversion
to TAC QD in stable renal transplants did not find any signifi-
cant change in insulin sensitivity despite reduced tacrolimus
peak and trough levels (no difference in AUC was observed).>
The authors concluded that switching to TAC QD was not an
evidenced treatment for patients developing NODAT, though
they did not study this patient group.”™ A specific effect on
glucose metabolism was examined in a short 4 week prospec-
tive study of 26 patients switching from TAC BID to TAC QD
with a 1:1 dose conversion.*?> Four weeks after conversion, there
was an improvement in pancreatic islet beta-cell function and
glycated hemoglobin levels.” These effects were considered
secondary to reduced trough levels of TAC QD after conver-
sion.”> Reduced blood glucose levels were observed in 52 stable
renal-transplant patients converted to TAC QD (103.4 mg/dL
versus 95 mg/dL, P<<0.03) in association with reduced trough
TAC levels.** A small crossover study with a control group
found that TAC QD was associated with improved glucose
and triglyceride levels as well as trough drug levels that were
nonsignificantly lower after conversion.*

Genetic effects on

pharmacokinetics

Tacrolimus is metabolized by CYP3AS5, a member of the
cytochrome P450 superfamily of enzymes. Individuals
vary in their expression of functional CYP3AS5 protein. The
CYP3AS5*1 allele results in expression of an mRNA that
encodes a functional enzyme, and individuals possessing
this allele are termed “expressors”. The CYP3AS5* allele
results in an mRNA with a premature stop codon, and indi-
viduals with these alleles are termed “non-expressors”. TAC
QD levels are altered by CYP3AS expressor status such
that the CYP3AS5*1/*1 genotype has been associated with
trough levels that are 25% lower than those seen with the
CYP3A*3/*3 genotype.’*?® Homozygotes for the CYP3A5*1
allele had an increased risk of acute rejection (P=0.01) in some
studies of patients treated with TAC BID.* Future studies may
investigate whether genotyping kidney transplant recipients
or liver donors alters clinically meaningful outcomes.

Conclusion
Over the last 10 years, tacrolimus has become the most popu-
lar CNI for preventing allograft rejection. The availability of
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a once-daily form represents has the potential to improve
adherence. It is evident from studies lasting up to 2 years
in both liver and kidney recipients that TAC QD is broadly
equivalent in efficacy and side effects. However, no clear
benefits have been demonstrated for hard clinical outcomes
and problems such as dose-related effects on insulin secretion
remain. Nevertheless, a strong literature exists for the role of
nonadherence in graft loss, and modestly improving adherence
by concomitantly easing the pill burden could be beneficial.
Effects on outcomes arising from improved compliance will
require long-term data in large numbers of patients. From a
practical perspective, clinicians need to recognize the potential
for lower drug levels compared to TAC BID in the first few
weeks of starting or converting to TAC QD. For this reason,
when converting from TAC BID to TAC QD, consideration
should be given to increasing the overall dose by 10%—15%.
However, since predictive criteria for interpatient dose
responses remain unknown, only careful monitoring can ensure
therapeutic levels. There remains a potential concern that, in
some studies, trough levels have been persistently lower and
could impact on graft function in the long-term, but there may
be reciprocal benefits from reduced nephrotoxicity.
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