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Abstract
Background: Short-term results of renal transplantation have shown a drastic improvement over time mainly due
to changes in immunosuppressive therapy. Non-compliance to therapy is one of the causes of graft loss. Tacrolimus
is a cornerstone of immunosuppressive therapy: recently became available Tacrolimus once a day formulation
(Advagraf) that could improve the compliance of patients to immunosuppressive therapy. Few are published data
about its use in clinical practice. We therefore compared the efficacy and pharmacokinetics of once-daily formulation
compared to the classic twice-daily dosing tacrolimus in de novo kidney transplant patients.
Methods: Retrospectively evaluation of 30 de novo transplant recipients treated with Advagraf in 2009-2012 (on
dose daily of 0.2-0.3 mg/kg) and 30 treated with Prograf (2 doses daily of 0.2 mg /kg). Comparison between the two
groups regarding drugs dose, blood level and clinical variables.
Result: Both Advagraf and Prograf patients reached the drug target level, even if initially with a higher drug dose
for Advagraf. Creatinine levels were initially higher in Advagraf group, no differences are detectable two weeks after
transplant. There were no differences between groups for rejection episodes, graft loss and adverse events. Lipid
metabolism was significantly better in Advagraf patients.
Discussion: Advagraf confirm to offer a similar short-term efficacy compared with the twice a day administration in
de novo kidney transplant, with a higher drug dose compared to tacrolimus. The safety profile is comparable with
twice-daily administration. Interestingly a better lipid metabolism is present in Advagraf group.

Keywords: Kidney transplant; Immunosuppression; Tacrolimus;
Once-daily; Twice-daily

Introduction
Graft rejection is the most important challenge for the clinician
involved in the field of transplantation compared. The development of
new immunosuppressive agents and new formulations is turned to the
optimization of immunosuppressive therapy, offering a variety of
possible treatment regimens.

graft survival in the long term. In this context, the once-daily therapy
carries the potential advantage [3] to improve patient compliance.
To date, however, there are few published data concerning its use in
clinical practice, especially as the initial immunosuppressive therapy in
the new transplants [4-7]. We therefore compared the efficacy and
pharmacokinetics of single-dose formulation compared to the classic
twice-daily dosing tacrolimus in de novo kidney transplant patients.

Methods

Tacrolimus is definitely a landmark in the field of
immunosuppressive therapy as confirmed by the results of numerous
studies that have shown a significant reduction in the incidence and
severity of episodes of acute rejection in kidney transplant recipients
treated with this drug - in combination with mycophenolate mofetil ,
steroids and basiliximab - with improved graft survival in the long
term. The formulation of tacrolimus (Prograf) requires two daily
dosing. It was developed in a sustained release oral formulation,
FK506E (ADVAGRAF), to allow for once-daily administration of
tacrolimus, while maintaining a safety and efficacy profile similar to
that of Prograf.

We retrospectively evaluated 30 de novo transplant recipients
treated with Advagraf in 2009-2012 (dose of 0.2 mg/kg/day). These
patients were compared with the Prograf group (30 de novo patients
transplanted between 2009-2012 always treated with tacrolimus in 2
doses daily (Prograf 0.2 mg/kg/day). The target levels in patients
treated with tacrolimus once a day were as follows : 10 to 15 ng/ml in
the first 2 weeks, 7-12 ng/mL from day 14 to day 28, 5-10 ng / mL from
day 29 to day 56 and 5-7 ng/ml from day 57 onwards. The target levels
in patients treated with tacrolimus twice a day were 10-12 ng/ml in the
first 2 weeks, 6-10 ng/mL from day 14 to day 28, 5-10 ng/mL from day
29 onwards.

It has been shown that poor compliance is one of the factors
associated with graft loss [1,2]: therefore, the conditions that improve
adherence to immunosuppressive therapy can impact significantly on

In both groups induction therapy was made with monoclonal antiCD25 antibody (2 doses). The maintenance therapy with tacrolimus
was associated with mycophenolate mofetil/mycophenolic acid and
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steroid. All patients were treated with sulfamethoxazole-trimethoprim
as prophylaxis.
We excluded patients treated with Thymoglobuline, patients
participating in study protocols, patients receiving an ABO
incompatible transplantation and patients with follow-up less than 3
months at the time of the study.
For each patient, we collected from patients medical records the
following data: age and sex of the donor, the recipient's age, gender
and race, number of prior transplant, peak panel reactive antibodies
(PRA) before transplantation, pre-transplant history of diabetes
(defined according to the criteria of American Diabetes Association),
creatinine
measurements
on
postoperative
days
1°-15°-30°-60°-90°-180° and at discharge in both groups, the blood
level of tacrolimus and the respective drug dose at the 7th - 15°-30° 60
° 90° 180° post-operative day in both groups. We also collect data
about lipid profile (cholesterol, triglycerides, HDL, LDL), number of
acute rejection, adverse events (neurological disorders, development of
post-transplant diabetes, infections and hypertension) and graft loss.

Statistical Analysis
The values of the variables taken into account in this study are
expressed as mean ± SD for both groups. Comparisons between study
groups were performed using t-tests or χ2 tests when appropriate.
Values of P<0.05 were considered statistically significant.

Results
There were no statistically significant differences between the two
groups in terms of patient characteristics. Creatinine levels were
significantly higer in advagraf group only in the first two weeks after
transplant. However the tacrolimus blood levels were initially higher
in the group treated with Advagraf which required the use of higher
doses mainly in the first weeks post-transplant. Then in both group
tacrolimus blood level is similar and appears stable but the drug dose
is higher in advagraf group (Figure 1).

Variable

Figure 1: Tacrolimus dose (A) and blood levels (B) in Advagraf and
Prograf group of patients. There were no significant differences in
tacrolimus levels. In patients treated with Advagraf dosage used was
higher.
The incidence of rejection was similar (1 steroid-sensitive acute
rejection in both groups). No graft loss was reported in both groups,
also due to the short follow-up (Table 1).

Advagraf group

Prograf group

p-value

(n=30)

(n=30)

age (years)

58 ± 12

55 ± 12

ns

gender (male /female) n (%)

19/11 (63.3/37.7) 4/26 (13.3/86.7)

18/12 (60/40)

ns

10/20 (33.3/66.7)

ns

Donor

donor type (living/decesed) n (%)
Recipient
age (years)

53 ± 11

47 ± 13

ns

gender (male /female) (n)

17/13 (56.7/43.3)

20/10 (66.7/33.3)

ns

Second transplant

2 (6.7)

2 (6.7)

ns

Peak PRA (%)

2.8 ± 3.1

2.6 ± 3.3

ns

Pre Tx diabetes, n (%)

3 (10)

3 (10)

ns
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Acute rejection, n (%)

1(3.3)

1(3.3)

ns

Graft loss, n (%)

0

0

ns

day 7

4.1 ± 0.2

3.9 ± 0.2

<0.001

day 15

3.1 ± 0.2

2.5 ± 0.1

<0.001

day 30

1.9 ± 0.2

1.8 ± 0.2

ns

day 60

1.6 ± 0.2

1.7 ± 0.2

ns

day 90

1.6 ± 0.2

1.6 ± 0.2

ns

day 180

1.5 ± 0.2

1.4 ± 0.2

ns

day 30

216.8 ± 28.1

245.0 ± 30.2

<0.001

day 60

211.2 ± 23.7

239.3 ± 34.1

<0.001

day 90

209.7 ± 19.7

237.8 ± 34.2

<0.001

day 30

190.8 ± 45.8

226.0 ± 42.3

<0.001

day 60

180.6 ± 41.0

214.1 ± 46.8

<0.001

day 90

188.2 ± 40.6

222.1 ± 40.6

<0.001

day 30

88.6 ± 3.9

66.9 ± 14.1

<0.001

day 60

88.9 ± 3.9

69.8 ± 14.9

0.001

day 90

89.5 ± 3.6

66.2 ± 15.2

<0.001

Creatinine levels (mg/dl)

Lipid levels:
Total cholesterol (mg/dl)

Triglycerides (mg/dl)

HDL Cholesterol (mg/dl)

Table 1: Characteristics of donors and patients and graft outcomes.
2 patients (6.7%) treated with advagraf and 3 patients (10%) treated
with prograf presented delay graft function (DGF) (p= 0.64). 2 patients
per group were treated with ganciclovir as prophylaxis for CMV
infection.From the point of view of drugs safety, no differences were
found in the side effects presentation: patients experienced
neurological disorders (headache, tremors) in similar proportion (30%
of patients treated with Advagraf vs. 27% in patients treated with
Variable

Prograf). In both groups the onset of diabetes after transplantation was
reported (according to the ADA criteria), with similar proportion
(10% vs. 12%). The prevalence was comparable also for systemic
infections (CMV, Polyoma virus). Hypertension has been exacerbated
in patients with a history of hypertension in both groups (Advagraf 5%
vs. Prograf 5%), while there has been no outbreak of a newly detected
hypertension in patients with no history of hypertension (Table 2).

Advagraf group

Prograf group

(n=30)

(n=30)

4 (13)

5 (16)

ns

Post transplant diabetes

3 (10)

4 (13)

ns

Hypertension

8 (26)

9 (30)

ns

Infections (CMV, BKV)

3 (10)

2 (6)

ns

Neurologic
headheache)

disorders

(tremors,

p-value

Table 2: Adverse events.
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Regarding laboratory tests, we evaluated the mean values of
cholesterol, HDL and triglycerides showing lower levels of total
cholesterol and triglycerides and higher HDL cholesterol levels in the
group of patients treated with tacrolimus once-daily.

combination with steroids, mycophenolate mofetil and anti-CD 25
monoclonal antibodies.

Discussion

1.

The results of this study seem to confirm that the one dose of
tacrolimus formulation offers a similar short-term efficacy compared
with the twice a day administration in de novo kidney transplant in
association with steroids, mycophenolate mofetil and anti CD 25
antibody [8-11]. No differences were identified in the two groups for
each determination of creatinine levels after the first two weeks after
transplant. We can assume that the higher initial levels correspond to
the initial need to use higher doses of the drug in the group treated
with Advagraf and to the initial, also not significant, higher drug level
that may slightly delay the functional recovery of the graft. However,
there were not significant differences between the two groups in terms
of delayed graft function, intended as the need for dialysis in the first
week after transplantation not motivated by hyperkalemia. The impact
on the long-term effect of the drug on functional recovery cannot be
deduced from our data, but should be noted that already after two
weeks the values of renal function did not differ significantly between
the two groups and that this is true for all subsequent observation
period. The data show, however, the need to use an higher drug dose
for Advagraf group to achieve therapeutic levels (11-15 ng/ml). This is
confirmed by the data of the literature and is linked to the once-daily
administration that inevitably leads to a lower baseline value when
compared with twice-daily dosing regimen [12-14].
Both immunosuppressive formulations confirm the safety profile as
well as for side effects. Evaluating the adverse events that may be
relative to immunosuppressive therapy as the appearance of
neurological disorders, hypertension, diabetes and cmv and polyoma
virus post-transplant infections, these were comparable in the two
groups. This result agree with published data [15].
Notoriously lipid metabolism may be altered in patients who are
receiving immunosuppressive therapy [16]. CNI are among the
immunosuppressive drugs that can cause this type of metabolic
disorder. Some studies in literature show a lower incidence of
hypercholesterolemia in tacrolimus treated patients compared with
cyclosporine [17]. While for cyclosporine the correlation between lipid
blood level and the drug blood level appears demonstrated, there are
uncertain correlations between the tacrolimus blood levels and lipid
metabolism. Other study that investigated the conversion from once
daily to twice daily tacrolimus formulations didn’t sowed a difference
did not show a significant difference in terms of lipid profile after
transplantation between the two regimens [18,19]. Otherwise showed
a lower impact of once-daily formulation on carbohydrate metabolism
[19]. In our study interestingly there are the lower levels of total
cholesterol and triglycerides and the higher levels of HDL cholesterol
in advagraf group. Although the pathogenic mechanism that may
explain this finding remains to be clarified, also in this case the result
does not seem to be in this case related to the drug blood level which
as above mentioned are initially higher for once daily administration,
although not significantly. This finding, that deserves further study
and needs confirmation in randomized controlled trials that evaluate
also the basal cholesterol, could be of crucial importance in the context
of patients who have a notoriously high cardiovascular risk profile
[20]. We therefore believe that Advagraf represents a valid therapeutic
regimen in immunosuppressive therapy for kidney transplantation in
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