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Abstract 
 
Introduction. Tacrolimus extended-release formulation 
enables once-daily use. Although an increasing number 
of patients have been converted from twice-daily (Tac-
BID) to once-daily (Tac-QD) formulation, the available 
information regarding the initiation and follow-up of Tac-
QD is sparse. In the present study we investigated influen-
ce of switch from Tac-BID or cyclosporine to Tac-QD 
on renal allograf function, proteinuria and protein-creati-
nine (P/C) ratio. 
Methods. Between October 2012 and October 2014, 
the switch from Tac-BID or cyclosporine to tacrolimus 
extended-release formulation was done in 129(38% fe-
male, mean age 49 years) renal transplant recipients at 
different time after transplantation. The analysis focused 
on markers of graft function (GFR, serum creatinine, pro-
teinuria, -
line phosphatase) and blood glucose. Clinical data were 
obtained at baseline (before conversion), 1 month (V1), 6 
months (V6) and 12 months (V12) after conversion. 
Results. Both serum creatinine and GFR showed a sta-
tistically significant improvement. With GFR, signify-
cant improvement was observed as early as V1 and it 
continued to increase throughout the study period up to 
V12 (all between-visit changes were statistically signifi-
cant). With serum creatinine, mean levels were numeri-
cally decreasing throughout the follow-up period, but a 
significant improvement occurred at V6 and remained 
significant at V12 (both vs. V0 values). Proteinuria and 
P/C ratio did not show any significant change through 
the observation period. In the majority of patients, the 
baseline values of AST, ALT, GGT, AlP and glucose 
were within normal limits and did not change signifi-
cantly through the observation period. Analysis of tac-
rolimus C0 showed a significant decrease throughout 
the follow-up period, at practically all visit. This finding 
was paralleled by a significant tacrolimus dose decrease 

from baseline to V6 and V12, as well as by a signifi-
cant decrease of tacrolimus dose/body weight. 
Conclusions. Conversion from cyclosporine or Tac-BID 
to extended-release Tac-QD improves graft function in 
renal transplant recipients, without influence on proteinu-
ria or P/C ratio.  
 
Keywords: once-daily, twice-daily, tacrolimus, proteinuria, 
kidney transplant 
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Introduction 
 
Once-daily tacrolimus (Tac-QD) has the same active 
component and metabolism as twice-daily tacrolimus 
(Tac-BID), but is released more distally in the gastroin-
testinal tract. Pharmacokinetic study performed on 40 
kidney transplant recipients converted from Tac-BID to 
Tac-QD revealed that conversion to the QD formula-
tion decreased intrapatient variability [1]. Additionaly, 
Tac-QD could offer the potential benefit of improved 
medication compliance by decreasing pill burden and 
thereby simplifying dosing schedule. Although an in-
creasing number of patients has been converted from 
Tac-BID to Tac-QD formulation, the available informa-
tion regarding the initiation and follow-up of Tac-QD 
is sparse [2-6]. Observational data are useful adjuncts 
to randomized, controlled trials, which clarify whether 
efficacy under controlled conditions translates into effec-
tive treatment in everyday practice. Thus, we investi-
gated influence of switch from Tac-BID or cyclospori-
ne to Tac-QD on renal allograft function, proteinuria and 
protein-creatinine (P/C) ratio in the routine clinical practice. 
 
Materials and methods 
 
The analysis included 129 kidney transplant patients [49 
(38%) female] who were at different times after trans 
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plantation switched from either regular release of tac-
rolimus based on individual decision of the attending 
nephrologist (Prograf® [n=110] or Tacrocel® [n=11]) or 
cyclosporine (Sandimmune Neoral®  (n=8) to prolonged 
release of tacrolimus (Advagraf®) as part of their immu-
nosuppressive therapy. Switching from Tac-BID to Tac-
QD was made on a 1mg: 1mg basis, except in cases of 
increased trough levels which required dose-reduction. 
The analysis aimed to assess the dynamics of markers 
of graft function (serum creatinine, GFR, proteinuria, 
P/C ratio), liver function (AST, ALT, GGT, AP) and glu-
cose metabolism (blood glucose) as well as the relation-
ship of these variables with other characteristics/variab-
les (including previous immunosuppressive therapy, un-
derlying disease, tacrolimus C0, mycophenolate mofetil 
(MM) dose, tacrolimus and MM dose, tacrolimus and 
steroid dose) at baseline (V0) and at follow-up visits after 
1, 6 and 12 months (V1, V6, V12). Study was approved 
by the Ethics Comitee of the University Hospital Centre 
Zagreb, and was performed as a part of a project of the 
Ministry of Sciences. 
Friedman's non-parametric one-way analysis of variance 
with repeated measures was used, with a post-hoc Tukey 
test to investigate between-visits differences. Spearman 
rank correlation test was used when appropriate. Testing 
for potential differences between patient groups was per-
formed using the Kruskal-Wallis one-way analysis of 
variance with Bonferroni correction for multiple comparisons. 
 
Results 
 
The mean baseline age (at initiation of Tac-QD, V0) (SD; 
range) was 48.9 (12.6; 19-76) years; the mean age at 
transplantation was 46.3 (13.4; 14-74) years. The mean 
duration of dialysis therapy was 54.6 months (54.9  
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Fig. 1. Serum creatinine decreased during the follow-up. Significant 
differences were observed for V0 vs. V6 (p<0.021), V0 vs. V12 
(p<0.001), V1 vs. V12 (p<0.001) and V6 vs. V12 (p<0.001) 
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Fig. 2. Glomerular filtration rate increased over the observed period 
 
months; 4.1 months-25 years), and the mean time sin-
ce transplantation to initiation of Tac-QD (i.e. up to V0) 
was 31.0 months (40.1 months; 13 days-15 years). 
A statistically significant serum creatinine level dec-
rease was recorded during the follow-up period (p< 
0.0001). The post-hoc Tukey test showed significant diffe-
rences for V0 vs. V6 (p<0.021), V0 vs. V12 (p<0.001), V1 
vs. V12 (p<0.001) and V6 vs. V12 (p<0.001), while diffe-
rences for V0 vs. V1 and V1 vs. V6 were not signifycant 
(p=0.75 and p=0.23, respectively) (Figure 1). Equally, a 
statistically significant GFR increase during the follow-
up period (p<0.0001) (Figure 2) was noted. Significant 
differences were found for all between-visits differences 
(except for V0 to V1), with p values from <0.001 to p=0.008. 
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      Fig. 3. Tacrolimus C0 trough level decreased throughout the  
      follow-up period 
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Tacrolimus C0 levels decreased during the follow-up 
period (p<0.0001). A significant difference was found 
for V0 vs. V4 (p<0.001), while the between visits p va-
lues for V0-V1, V1-V6 and V6-V12 were <0.001, 0.07 
and 0.0046, respectively. Significant dose decrease was 
recorded between V0 and V6 as well as V0 and V12 
(both p<0.001) while other pairwise comparisons did 
not show significant differences (Figure 3). 

Upon switching to Tac-QD, tacrolimus dose was dec- 
reased in 45 patients, remained unchanged in 59 patients  
and was increased in 17 patients.  
For further analysis, tacrolimus levels were categorized  
as >5 ng/mL or -
fferences were found in GFR at any visit between the 
patients with lower and patients with higher tacrolimus 
blood levels (Figure 4). 
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Fig. 4.  
through the follow-up period 

 
No statistically significant differences were found for any 
parameter at any visit between patient groups receiving 
different mycophenolate mofetil doses. 
No statistically significant differences were found bet-
ween values of individual variables (AST, ALT, GGT, 
AP) at different visits. Changes in GFR, proteinuria, 
P/C ratio and enzyme levels (AST, ALT, GGT, AlP) 
were analyzed with respect to the previously received 
immunosuppressive therapy (Prograf, n=110; Tacrocel, 
n=11, Cyclosporine, n=8), with no statistically significant 
differences found for any variable at any visit. 
With the mean follow-up of 2 years (range 12 months to 
37 months), among complications recorded after switch 
to Tac-QD urinary tract infections were recorded in 10 
patients, viral infections in 16 patients (1 BKV, 3 CMV, 
2 VZV, 10 respiratory viral infections), neurotoxicity in 3 
patients (vertigo, dizzines, cognitive impairement), biop-
sy proven acute rejection in 5 patients, leukopenia in 5 pa-
tients, diarrhea in 4 patients, malignancy in 2 patients 
(planocellular skin cancer, lung cancer) and fungal 
pneumonia, acute myocardial infarction and stroke in 
one patient each. New-onset diabetes after transplantation 
was already present in 13 patients treated with Tac-BID, 
with stable glycemic control after conversion to Tac-QD. 
 

Discussion 
 
The potential advantages of Tac-QD are better adhe-
rence and a safety profile. However, data on outcomes 
of conversion from Tac-BID to Tac-QD is scarce. 
Our study demonstrated the safety and efficacy of con-
version from Tac-BID or cyclosporine to Tac-QD at 
different stages after renal transplantation. We observed a 
significant reduction in tacrolimus dose in the long term 
and trough levels accompanied with improvement of re-
nal allograft function. Patients were switched from their 
previous calcineurin inhibitor (either cyclosporine or 
tac-BID, Prograf®, Astellas or Tacrocel®, Sandoz) based 
on individual decision of seven different nephrologists, 
which is the main value of our observational, non-con-
trolled study, while our data clarify efficacy and safety 
of Tac-QD in everyday clinical practice. 
Hougardy et al. retrospectively reviewed data from 55 
patients switched from Tac-BID to Tac-QD. They obser-
ved a significant increase in tacrolimus daily doses at 6 
months (P<0.0001). After conversion, they observed a 
quick and sustained decrease in trough tacrolimus levels, 
decreasing from 8.05 ng/mL at day 0 to 6.30 ng/mL at 
day 180 (P=0.0009). Allograft functions were stable, with-
out episodes of acute rejection [7]. An Italian group 
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switched 41 patients at 36.6±16.1 months after kidney 
transplantation from Tac-BID to Tac-QD. All patients 
maintained stable renal function after the conversion. 
Adverse events included dizziness and tinnitus in 1 
patient, and one acute rejection episode [8]. Nakamura 
et al. switched 33 stable Japanese patients who had 

Tac-BID to Tac-QD, with the dose conversion ratio 1:1. 
Patients were followed for 2 months. Graft function re-
mained stable without side effects [9]. Sixty-seven kidney 
transplant recipients were converted from Tac-BID to 
Tac-QD. Authors reported that at 2-years postconver-
sion patient survival was 100% and graft survival 98.5%, 
with low incidence of biopsy-proven acute rejection 
(6.0%), and favorable safety profile [10]. Additionaly, 
studies have shown that prolonged release tacrolimus 
enables steroid withdrawal [11,12]. 
Our transplant centre prefers low tacrolimus (trough 
levels around 5 mg/mL) and full recommended dose of 
mycophenolate. Results of the current study further 
support this approach with possible additional benefit 
of Tac-QD instead of Tac-BID. Further follow-up is 
needed to see possible difference between groups with 
trough level higher than 5 and lower than 5 ng/mL, 
while one year after the switch patients with lower tac-
rolimus trough level had higher GFR (although statis-
tically not significant). 
 
Conclusion 
 
Switch from Tac-BID or cyclosporine to Tac-QD is safe 
and may improve renal allograft function. 
 
Conflict of interest statement. None declared. 
 
 
 
 
 

Reference 
 
1. Stifft F, Stolk LM, Undre N, et al. Lower variability in 

24-hour exposure during once-daily compared to twice-
daily tacrolimus formulation in kidney transplantation. 
Transplantation 2013; 97(7):775-780.  

2. First RM. First clinical experience with the new once-daily 
formulation of tacrolimus. Ther Drug Monit 2008; 30: 159. 

3. Butler J, Roderick P, Mullee M, et al. Frequency and impact 
of nonadherence to immunosuppressants after renal transplan-
tation: a systematic review. Transplantation 2004; 77: 769. 

4. Kramera BK, Charpentierb B, Backmanc LH, et al. Tacro-
limus once daily (Advagraf) versus twice daily (Prograf) 
in de novo renal transplantation: a randomized phase III study. 
Am J Transplant 2010; 10: 1. 

5. Comuzzi C, Lorenzin D, Rossetto A, et al. Safety of con-
version from twice-daily tacrolimus (Prograf) to once-daily 
prolonged-release tacrolimus (Advagraf) in stable liver 
transplant recipients.Transplant Proc 2010; 42: 1320. 

6. Mecule A, Poli L, Nofroni I, et al. Once daily tacrolimus 
formulation: monitoring of plasma levels, graft function, and 
cardiovascular risk factors. Transplant Proc 2010; 42: 1317. 

7. Hougardy JM, Broeders N, Kianda M, et al. Conversion 
from Prograf to Advagraf among kidney transplant recipients 
results in sustained decrease in tacrolimus exposure. 
Transplantation 2011; 91: 566-569. 

8. Iaria G, Sforza D, Angelico R, et al. Switch from twice-
daily tacrolimus (Prograf) to once-daily prolonged-release 
tacrolimus (Advagraf) in kidney transplantation. Transplant 
Proc 2011; 43: 1028-1029. 

9. Nakamura Y, Hama K, Katayama H, et al. Safety and efficacy 
of conversion from twice-daily tacrolimus (prograf) to once-
daily prolonged-release tacrolimus (graceptor) in stable kid-
ney transplant recipients. Transplant Proc 2012; 44: 124-127. 

10. Alloway R, Steinberg S, Khalil K, et al. Two years postcon-
version from a prograf-based regimen to a once-daily tac-
rolimus extended-release formulation in stable kidney 
transplant recipients. Transplantation 2007; 83: 1648-1651. 

11. Gonzalez-Molina M, Gentil MA, Burgos D, et al. Effect 
of long-term steroid withdrawal in renal transplant recipients: 
a retrospective cohort study. NDT Plus 2010; 3 (suppl 2): 32. 

12. Lebranchu Y. New approaches to de novo immunosuppre-
ssion and steroid elimination. Transplant Proc 2009; 41(6 
Suppl): S39. 

 
 
 


