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Introduction
With advances in transplantation immunology and 

immunosuppressant, long-term outcomes had improved in kidney 
transplantation [1]. However, for the past decades, the long-term 
results of renal allograft have not changed [2]. The long-term use 
of a calcineurin-inhibitor (CNI) and medication non-adherence 
are important factors that can affect the long-term results [3,4]. 
Therefore, decreasing exposure of CNI and the adherence of patients 
to their respective immunosuppressant regimens have become more 
significant. Medications for kidney recipients are very complicated, 
and the dosage often changes and many patients often forget to take 
their medicine. Medication non-adherence can cause graft failure in 
transplant recipients who are required to go on long-term medication 
use [4]. Following tacrolimus, Advagraf® (Astellas Pharma Inc., Tokyo, 
Japan) was developed to facilitate the formulation to use once daily. 
In comparison to the twice-daily formulation, Advagraf is expected to 
improve medical adherence [5]. Sirolimus is also once-daily formulation 
and has been used to minimize calcineurin-inhibitor (CNI) exposure. 
A reduction in the CNI showed improved renal function, improved 
allograft survival, and decreased allograft rejection [3].

The purpose of this study is the analysis of the clinical advantages 
of once-daily Advagraf and sirolimus combination by decreasing the 
use of CNI and improving medication adherence in stable kidney 
recipients.

Materials and Methods
The present study is approved by the investigation review 

Committee of the Korea University Anam Hospital (NO. ED13060). 
Thirty-four kidney transplant (KT) recipients with stable renal function 
(more than 6 months after KT, 24-hour urine protein < 400mg, 
creatinine variance < 30% within 3 months) underwent a conversion 
from a tacrolimus-mycophenolate mofetil (MMF) - based regimen to 
a once-daily Advagraf-sirolimus regimen at Korea University Anam 
Hospital from September 2011 to March 2013. The starting dosage of 
Advagraf was equivalent to the tacrolimus dosage before conversion. 
The patients were followed up right after the conversion and every two 
months after the conversion. The target trough level (C0) of Advagraf 
was 2-4 ng/mL and the target of sirolimus was 6-10 ng/mL.

Thirty-four patients who underwent a conversion to a once-daily 
Advagraft and sirolimus combination were retrospectively reviewed 
at 3, 12 and 24 months. The patients’ renal function including serum 
creatinine and glomerular filtration rate (GFR), lipid profile including 
total cholesterol, low density lipoprotein (LDL) cholesterol and 
triglyceride, complete blood count, electrolyte including potassium, 
urine analysis including proteinuria and pyuria, fast glucose and mean 
arterial pressure (MAP) were reviewed from medical records (Table 1). 

A medication adherence questionnaire including pre-conversion, 
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12 months and 24 months was filled out at 12 and 24 months after 
the conversion using the Morisky-Green Test (MGT) [6]. Participants 
answered the questions with the help of transplantation coordination 
nurses on the basis of recent memory in a month. The questionnaire 
of pre-conversion was filled at 12 months. From the questionnaire 
of each patient, the numbers of positive responses were counted in 
the times of pre-conversion, 12 months and 24 months. In MGT, 
low adherence was defined as more than 3 positive responses in the 
questions including oblivion of medication, confused medication time, 
the voluntary discontinuance in good condition and the voluntary 
discontinuance in poor condition (Table 2). Adherence improvement 
was defined to reduce the numbers of positive responses in MGT.

All statistical analyses were performed with SPSS version 17.0 (SPSS 
Inc., Chicago, Ill, United States) by using the χ2 test for categorical 
variables and the t test for continuous variables. Results were reported 
as mean ± standard deviation (SD) or numbers (percentage of total). 
The p value of less than 0.05 was considered statistically significant. The 
data of  3, 12 and 24 months compared with the baseline data of pre-
conversion.

Results
Among 40 kidney recipients who underwent a conversion from a 

tacrolimus-mycophenolate mofetil (MMF) - based regimen to a once-
daily Advagraf-sirolimus regimen at Korea University Anam Hospital 
from September 2011 to March 2013, 6 recipients were excluded 
including 2 due to worsened DM, 2 due to recurrent urinary tract 
infections, 1 due to aggravated proteinuria and 1 to dyslipidemia.

The mean age of the 34 patients was 43.05 ± 9.92 years (52.9% 
male). The transplants from living donor were 16 (47.05%). The mean 
time from transplantation to the conversion to Advagraf and sirolimus 
was 28.8 ± 15.0 months. The mean Advagraf level at 3 months after 
conversion was 3.00 ± 0.51 ng/mL. The mean sirolimus level was 6.64 
± 2.01 ng/mL. Mean Advagraf dose was 2.56 ± 1.24 mg and mean 
sirolimus dose was 1.74 ± 0.50 mg (Table 3).

Patients who converted to the Advagraf and sirolimus regimen 
showed a slight improvement in renal function 3 months after the 
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conversion, as evidenced by creatinine levels (p=0.024) and eGFR 
(p<0.001); however, the difference was insignificant after 12 months. 
Additionally, lipid profiles including total cholesterol, LDL cholesterol, 
and triglycerides deteriorated further in most patients at every time 
point (3, 12, and 24 months). Serum fast glucose level and proteinuria 
increased significantly at 12 months (p=0.016, p=0.030, respectively). 
MAP decreased significantly at 12 and 24 months (p<0.001, p<0.001, 
respectively) (Table 2, Figure 1). Mean numbers of hypertension 
medications decreased over time without statistical significance (0.62 
± 0.75 at pre-conversion, 0.62 ± 0.75 at 3 months, 0.50 ± 0.67 at 12 
months, 0.43 ± 0.61 at 24 months).

Adverse effects after the conversion included gastrointestinal 
trouble (8 patients, 23.5%), oral ulcers (3 patients, 8.8%), and peripheral 
edema (4 patients, 11.7%). Graft rejection, morbidity, and mortality 
did not occur within the study period. 

The medication adherence questionnaire was filled out at 12 and 
24 months by 30 recipients. In the MGT for medication adherence, 
after 12 months from conversion, the adherent groups without positive 
responses was 83.33% and the moderate adherent groups with 1 or 
2 positive responses was 16.66%. After 24 months, the adherent was 
76.66% and the moderate adherent group was 23.33%. There were 
adherence improvements of 23.33% after 12 months and 16.66% after 
24 months, compared to pre-conversion (Table 4).

Discussion
The minimization of CNI is recommended and proposed due to the 

fact that long-term CNI toxicity eventually leads to chronic allograft 
nephropathy. As a result of intrarenal vasoconstriction and progressive 
fibrosis, nephrotoxicity is the most important adverse effect that may 
occur due to CNI [7,8]. As an important example of CNI minimization, 
specific inhibitors of the mammalian target of rapamycin (mTOR) 
reduce renal graft dysfunction by reducing interstitial fibrosis and 
tubular atrophy [9]. Tacrolimus and mTOR inhibitors have similar 
structures and bind to FK506 binding proteins [7]. The synergic effect 
between tacrolimus and mTOR inhibitors can be expected to decrease 
calcineurin-inhibitor (CNI) administration, which, in turn, decreases 
chronic CNI toxicity and improves graft survival [10,11]. In this study, 
renal function after the conversion to sirolimus improved at 3 months 
but did not improve after 12 months. Similar to this study, the Spare-

the-Nephron trial reported the renal function after conversion from 
CNI to sirolimus improved at 1 year, but did not change significantly at 
2 years [12]. Long-term follow up studies are necessary.

The advantages of mTOR inhibitor are its viral suppression [3], anti-
tumor effect [13], and the cardiovascular benefits from the reduction 
of the neointimal hyperplasia of the vessel [14]. CNI is known to lead 
to hypertension because of oxidative stress, sympathetic activation, 
and renal affrent vasoconstriction, which have been shown in several 
studies [15]. In contrast, Zeider et al. suggested that mTOR inhibitors 
may reduce the incidence of hypertension, although the data are not 
clear [15]. Interestingly, this study also showed MAP decreased after 
12 months from conversion. Randomized controlled trials are needed 
to further explain the interesting findings. Studies have reported that 
the adverse effects of mTOR inhibitors are wound complications, 
lymphoceles, dyslipidemia, oral ulcer, proteinuria, and diabetes [16-
18]. Similarly, in this study, all lipid profiles, including total cholesterol, 
LDL cholesterol, and triglycerides increased significantly at every time. 

The studies on medical adherence initially were conducted in 
patients with hypertension. It was reported that low medication 
adherence in hypertension treatment is the main cause of the failure to 
control blood pressure [19,20]. Various tests have been used to assess 
medication adherence, such as a medication event monitoring system, 
self-reporting, collateral reporting, capsule counts, laboratory tests for 
metabolites of pharmaceuticals, and questionnaires [21]. The MGT 
[6] from various questionnaires is now used most frequently and has
been the gold standard for blood pressure control, especially in the U.S 
[22]. MGT is simple and easy to answer, as it only contains 4 questions 
(Table 3).

In the field of transplantation, medication adherence is very 
important. Non-adherence to prescribed medical regimens has been 
proven to be associated with a risk of acute rejection and allograft failure 
in renal transplant recipients [23]. Schmid-Mohler et al. reported that 
medication non-adherence contributed 16.3-36.4% to graft losses and 
19.9% to late acute rejection after kidney transplantation [24]. Although 
there are differences in reporting or criteria, the prevalence rates 
of non-adherence were reported to be between 23 and 35% [25,26]. 
In this study, the prevalence rates of non-adherence, including the 
moderate and low adherence groups, were reported to be 40.00% at the 
pre-conversion, 16.66% at 12 months and 23.33% at 24 months after 

Pre-conversion 3 months 12 months 24 months
Serum Creatinine (mg/dL) 1.14 ± 0.33 1.09 ± 0.30* 1.11 ± 0.37 1.13 ± 0.34
eGFR (mL/min/1.73 m2) 67.59 ± 14.87 72.33 ± 15.16* 70.59 ± 15.36 68.14 ± 14.56
Total cholesterol (mg/dL) 152.31 ± 27.58 184.19 ± 28.86* 178.11 ± 19.18* 176.74 ± 24.56*

LDL cholesterol (mg/dL) 70.83 ± 19.55 91.14 ± 22.52* 101.08 ± 21.41* 107.31 ± 17.74*

Triglyceride (mg/dL) 107.50 ± 40.22 147.86 ± 69.43* 151.33 ± 67.22* 153.22 ± 73.86*

Hemoglobin (g/dL) 13.46 ± 1.61 13.21 ± 1.70 13.42 ± 1.45 13.36 ± 1.44
WBC (x103/μL) 7.94 ± 2.08 7.20 ± 1.80* 7.49 ± 1.96 7.70 ± 2.21

Platelet count (x103/μL) 214.92K ± 54.77 212.56K ± 56.13 205.06K ± 55.28 212.40K ± 54.00
Potasium (mmol/L) 4.24 ± 0.47 4.14 ± 0.46 4.13 ± 0.44 4.30 ± 0.61
Phosphate (mg/dL) 3.08 ± 0.57 2.99 ± 0.59 2.96 ± 0.50 3.04 ± 0.60

Fast glucose (mg/dl) 91.89 ± 10.75 93.89 ± 9.83 97.67 ± 15.46* 95.97 ± 14.21
Proteinuria + 0.14 ± 0.35 + 0.36 ± 0.54 + 0.36 ± 0.49* + 0.20 ± 0.40

Pyuria + 0.61 ± 1.18 + 0.56 ± 1.03 + 0.50 ± 1.19 + 0.71 ± 1.38
MAP (mmHg) 97.74 ± 7.76 96.65 ± 11.93 90.35 ± 10.41* 89.66 ± 10.04*

GFR, glomerular filtration rate; LDL, low density lipoprotein; WBC, white blood cell; MAP, mean arterial pressure
All data are expressed as mean  ±  SD.
*P<0.05
The data of 3, 12 and 24 months compared with the baseline data of pre-conversion in P value.

Table 1: Mean clinical outcomes on the conversion from tacrolimus based regimen to once-daily Advagraf-sirolimus regimen after 3, 12 and 24 months.
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1. Do you ever forget to take medications?
2. Are you careless at times about taking medicine?
3. When you feel well, do you stop taking the medication?
4. If you feel unwell, do you stop taking the medication?

Table 2: Morisky-Green Test (MGT).

Characteristics Total (n=34)

Age, mean  ±  SD, years 43.05 ± 9.92

Male gender, No (%) 18 (52.95%)

Transplant from living donor 16 (47.05%)

Mean Conversion day after KT, months 29.8 ± 15.0

Mean follow up, months 28.0 ± 4.41

Advagraf dose†, mean  ±  SD, mg 2.56 ± 1.24

Advagraf level†, mean  ±  SD, ng/mL 3.00 ± 0.51

Sirolimus dose†, mean  ±  SD, mg 1.74 ± 0.50

Sirolimus level†, mean  ±  SD, ng/mL 6.64 ± 2.01

All data are expressed as mean  ±  SD. 
†The dose and level of the drugs were measured at 3 months after conversion.
Table 3: The patient’s demographics, mean doses and levels of the Advagraf and 
sirolimus.

Pre-conversion 12 months 24 months

Adherent (no positive responses) 18 (60.00) 25 (83.33) 23 (76.66)

Moderate Adherence (1 positive 
responses) 8 (26.66) 3 (10.00) 5 (16.66)

Moderate Adherence (2 positive 
responses) 4 (13.33) 2 (6.66) 2 (6.66)

Low Adherence (3 positive responses) 0 (0) 0 (0) 0 (0)

Low Adherence (4 positive responses) 0 (0) 0 (0) 0 (0)

Data are expressed as numbers (%).
Table 4: The results of medical adherence with Morisky-Green Test at pre-
conversion, 12 months and 24 months.

  
 

  

Figure 1: Changes in serum creatinine, total cholesterol, serum fast glucose 
and mean arterial pressure during 2-year follow-up after conversion to 
once-daily Advagraf and sirolimus combination in stable kidney recipients. 
(A) Serum creatinine decreased at 3 month. (B) Total cholesterol increased 
during 2-year follow-up. (C) Serum fast glucose increased at 1 year. (D) Mean 
arterial pressure decreased after 1 year. * P<0.05.

conversion. It is clear that lower dose frequencies play an important 
role in improving medical adherence and long-term graft outcomes 
[27]. In this sense, the once-daily Advagraf and sirolimus combination 
may play an important role in improving medical adherence.

Following medical adherence and graft function, cost 
effectiveness is also important for recipients who are required to use 
immunosuppressants for a long time. In the transplantation clinic, 
changes in recipients’ economic statuses may have a significant 
influence on medication adherence. In the data gathered from the 
National Health Service in the UK over 10 years, it was reported that 
sirolimus was the most economical in all scenarios [28]. Recently, it 
was reported that once-daily Advagraf would be more effective both in 
terms of cost and medical adherence [29]. In this center, immediately 
before the conversion, the mean daily dose of tacrolimus and MMF 
was 3.20 ± 1.40 mg and 1g. At 3 months after the conversion, the mean 
daily dose of Advagraf and sirolimus was 2.56 ± 1.24 mg and 1.74 ± 
0.50 mg (Table 1). Based on the cost of immunosuppressants widely in 
Korea, the mean daily cost of tacrolimus and MMF was 28.95 ± 12.66 
USD and Advagraf and sirolimus was 25.86 ± 9.26 USD. Over time, 
the difference between the two combinations will become larger due to 
the reduction in dose of Advagraf with sirolimus. Cost effectiveness is 
an important factor in choosing immunosuppressants and large-scale 
research is essential and required.

Conclusion
For kidney recipients who will be required to take 

immunosuppressants for a long time, medication adherence is an 
important factor in maintaining graft function. The once-daily Advagraf 
and sirolimus combination can be a safe and effective regimen in stable 
kidney recipients, as the study shows that renal function maintained 
stable and medication adherence was improved with controllable 
adverse effects.
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