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Abbreviations 

ADA, American Diabetes Association 

ADVANCE, Advagraf-based immunosuppression regimen examining new-onset diabetes  

mellitus in kidney transplant recipients 

AMR, antibody-mediated rejection 

AR, acute rejection 

ATG, anti-thymocyte globulin 

BPAR, biopsy-proven acute rejection 

CMV, cytomegalovirus 

DGF, delayed graft function 

eGFR, estimated glomerular filtration rate 

EOS, end of study 

FAS, full-analysis set 

ITT, intention-to-treat 

K–M, Kaplan–Meier 

MMF, mycophenolate mofetil 

PTDM, post-transplantation diabetes mellitus 

OGTT, oral glucose tolerance test  

OSAKA, optimizing immunosuppression after kidney transplantation with Advagraf 

PPS, per-protocol set 

PRA, panel-reactive antibodies 

SAF, safety-analysis set 

TCMR, T-cell mediated rejection 

TEAE, treatment-emergent adverse events 
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Abstract 

Background: ADVANCE (NCT01304836) was a Phase IV, multicenter, prospectively 

randomized, open-label, 24-week study comparing the incidence of posttransplantation 

diabetes mellitus (PTDM) with 2 prolonged-release tacrolimus corticosteroid minimization 

regimens. 

Methods: All patients received prolonged-release tacrolimus, basiliximab, MMF and 1 bolus 

of intraoperative corticosteroids (0–1000mg) as per center policy. Patients in Arm 1 received 

tapered corticosteroids, stopped after Day 10, whereas patients in Arm 2 received no steroids 

after the intra-operative bolus. The primary efficacy variable was the diagnosis of PTDM as 

per ADA criteria (2010) at any point up to 24 weeks post-kidney transplantation. Secondary 

efficacy variables included incidence of composite efficacy failure (graft loss, biopsy-proven 

acute rejection (BPAR) or severe graft dysfunction: eGFR (MDRD4) <30mL/min/1.73m
2
), 

AR and graft and patient survival.  

Results: The full-analysis set included 1,081 patients (Arm 1: n=528, Arm 2: n=553). 

Baseline characteristics and mean tacrolimus trough levels were comparable between arms. 

Week 24 Kaplan–Meier estimates of PTDM were similar for Arm 1 versus 2 (17.4% vs 

16.6%; p=0.579). Incidence of composite efficacy failure, graft and patient survival, and 

mean eGFR were also comparable between arms. BPAR and AR were significantly higher in 

Arm 2 versus 1 (13.6% vs 8.7%, p=0.006 and 25.9% vs 18.2%, p=0.001, respectively). 

Tolerability profiles were comparable between arms. 

Conclusion: A prolonged-release tacrolimus, basiliximab and MMF immunosuppressive 

regimen is efficacious, with a low incidence of PTDM and a manageable tolerability profile 

over 24 weeks of treatment. A lower incidence of BPAR was seen in patients receiving 

corticosteroids tapered over 10 days plus an intraoperative corticosteroid bolus versus those 

receiving an intraoperative bolus only. 
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Introduction 

The prevalence of post-transplantation diabetes mellitus (PTDM) has increased in recent 

years and remains high, despite therapeutic advances that have significantly improved graft 

and patient survival outcomes 
1–5

. Development of PTDM occurs primarily in the first 3–6 

months posttransplant and has been associated with an increased risk of cardiovascular 

events, and poor graft and patient survival 
2,4–7

. 

 

In addition to demographic factors such as increasing age and higher body mass index, risk 

factors associated with PTDM in de novo kidney transplantation include the type of 

immunosuppressive regimen used, which is estimated to account for 74% of the risk of 

PTDM during the first year post-transplant 
2,4,5,8

. Steroid use has been associated with an 

increased risk of PTDM, while steroid cessation or withdrawal protocols have been 

associated with a significant decrease 
9–11

. Some studies have reported that the absence of 

steroid treatment was associated with increased rates of acute rejection (AR), although others 

have found rates of rejection to be comparable 
9,11–15

.  

 

In the OSAKA (optimizing immunosuppression after kidney transplantation with Advagraf) 

study, patients who received perioperative corticosteroids only, together with once-daily, 

prolonged-release tacrolimus at an initial dose of 0.2mg/kg/day, plus basiliximab and 

mycophenolate mofetil (MMF) had comparable biopsy-confirmed AR rates and received 

significantly less anti-diabetic and insulin treatment at Week 24 compared with patients 

receiving corticosteroids tapered over 24 weeks, although the rates of PTDM were 

comparable between arms 
15

. Definitions of PTDM vary considerably between studies and, as 

in the OSAKA study, often include reporting of PTDM as an adverse event (AE) without pre-

defined criteria 
1,15

. Consequently, this makes meaningful comparisons of the incidence of 
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PTDM between studies difficult. Optimization of immunosuppressive regimens to reduce the 

risk of the occurrence of PTDM, while maintaining efficacy, remains an ongoing challenge 

for transplant physicians, especially as an increased risk of PTDM has been associated with 

the use of tacrolimus, sirolimus and everolimus 
9,15–18

. 

 

ADVANCE (Advagraf-based immunosuppression regimen examining new onset diabetes 

mellitus in kidney transplant recipients) was designed specifically to investigate the incidence 

of PTDM with prolonged-release tacrolimus-based immunosuppression in de novo kidney 

transplant recipients. The 24-week study was designed to determine whether prolonged-

release tacrolimus-based regimens with posttransplant steroids tapered over a 10-day period 

(Arm 1) or no postoperative steroids (Arm 2) affected the incidence of PTDM differently. In 

this study, PTDM was defined using the comprehensive American Diabetes Association 

(ADA) criteria as recommended by the Kidney Disease Improving Global Outcomes 

(KDIGO) clinical practice guidelines 
19,20

. 

 

Materials and methods 

Study design (ClinicalTrials.gov; NCT01304836) 

ADVANCE was a Phase IV, multicenter, 24-week, prospectively randomized, open-label, 

parallel-group study conducted at 99 sites in 24 countries between January 2011 and 

May 2013. The study was conducted in accordance with the Declaration of Helsinki, Good 

Clinical Practice, International Conference on Harmonization guidelines and applicable laws 

and regulations. An independent ethics committee or institutional review board granted 

approval before shipment of medication to the study sites. Written informed consent was 

obtained from all participants. 
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Eligible patients (≥18 yea  ) unde wen  p imary renal transplantation or retransplantation 

(unless the graft was lost within 1 year due to immunological reasons). Patients who received 

an organ transplant other than a kidney, or in cases where donation occurred after cardiac 

death, were also excluded. Other reasons for exclusion from the study included a positive test 

for hepatitis B or C, or a cold ischemia time >30 hours. Patients were also excluded if they 

had panel-reactive antibody (PRA) >20% (highest PRA value in 6 months prior to transplant 

used for all PRA measurements, measured according to individual center policy), significant 

liver disease, diagnosis of diabetes mellitus prior to transplantation. Patients were considered 

to have been diagnosed with diabetes mellitus if they had previously been treated with 

prescribed medication or controlled diet for diabetes mellitus, if there was evidence of a 

previous positive oral glucose tolerance test (OGTT), prebaseline glycated hemoglobin 

(HbA1c) ≥6.5%, o  ge  a ional diabe e   eco ded in  he pa ien  ’ medical hi  o y. Patients 

receiving ongoing systemic immunosuppressive drugs prior to transplantation (with the 

exception of minimal levels of immunosuppressant following a previous failed 

transplantation without nephrectomy), and those requiring long-term steroid treatment were 

also excluded. 

 

Randomization 

The randomization scheme was prepared by Pierrel Research Europe GmbH, Essen, 

Germany under the responsibility of Astellas Pharma Europe BV, Netherlands. 

Randomization and distribution of the study medication was coordinated centrally using an 

interactive voice response system. Eligible patients were randomized (1:1) to 1 of 2 treatment 

arms and stratified according to study center. 
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Procedure 

All patients received prolonged-release tacrolimus (Advagraf™; Astellas Pharma Europe BV, 

Netherlands), intravenous basiliximab (20mg on Day 0 and Day 4) and oral MMF (1g twice-

daily (BD) preoperatively and until Day 14, 0.5g BD thereafter). Prolonged-release 

tacrolimus (0.1mg/kg) was administered preoperatively; 0.2mg/kg was administered for the 

initial postoperative dose. Post-operative, prolonged-release tacrolimus was taken orally once 

a day in the morning with the dose adjusted on the basis of clinical evidence and tolerability 

(target trough levels 11–15ng/mL on Days 0–21, 8–12ng/mL on Days 22–42 and 5–9ng/mL 

on Days 43–168). 

 

The use of an intraoperative, intravenous bolus of corticosteroid was permitted in both arms 

on Day 0. The bolus dose was according to center policy (up to a maximum of 1000mg of 

methylprednisolone or equivalent); all patients at a participating center received the same 

dose. In Arm 1, post-operative prednisolone (or equivalent oral corticosteroid) was 

administered for 10 days (20mg/day on Days 1–4, 15mg/day on Days 5–6, 10mg/day on 

Days 7–8 and 5mg/day on Days 9–10) and then discontinued after Day 10; the total 

cumulative mandatory corticosteroid dose per patient in Arm 1 was 140mg. In Arm 2, routine 

steroid administration was not permitted post-operatively. 

 

To summarize the treatment arms: 

 Arm 1: prolonged-release tacrolimus plus basiliximab and MMF (intraoperative 

corticosteroid bolus as per center policy; mandatory tapered corticosteroids to Day 10; 

discontinued after Day 10) 
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 Arm 2: prolonged-release tacrolimus plus basiliximab and MMF (intraoperative 

corticosteroid bolus as per center policy only). 

If a rejection episode was suspected, the onset of the clinical, laboratory or histological signs 

of the rejection episode was considered AR; a biopsy was performed and evaluated by a local 

histopathologist, prior to intervention, to confirm the AR, and the Banff 2007 classification of 

renal allograft pathology used to evaluate the grade 
21

. Rejection episodes diagnosed as acute 

antibody-mediated rejection (grade I, II or III) or acute T cell-mediated rejection (grade I, II 

or III) according to the Banff 2007 criteria, were considered BPAR 
21

. In both treatment arms, 

a first rejection episode was treated with intravenous steroids 500–1000mg once daily for 3 

days, additional oral steroids were not permitted during or after this period. Patients in Arm 1 

continued to receive oral steroids as per protocol. Patients receiving treatment for AR were 

permitted to remain in the study. Subsequent episodes of AR were treated according to center 

policy. Steroid-resistance was identified according to each investigator. Cytomegalovirus 

(CMV) and Pneumocystis jiroveci pneumonia prophylaxes were administered as per each 

cen e ’  local policy. Routine laboratory assessments were performed locally; urine analysis 

for protein concentration was undertaken at Week 24 only. 

 

Primary efficacy variable 

The primary efficacy variable was the incidence of PTDM, diagnosed as per ADA-suggested 

criteria. ADA criteria for diagnosis of diabetes mellitus include HbA1c ≥6.5%, fasting 

plasma glucose ≥7.0mmol/L, 2-hour plasma glucose ≥11.1mmol/L du ing an OGTT or, for a 

pa ien  wi h cla  ic  ymp om  of hype glycemia, a  andom pla ma gluco e ≥11.1mmol/L 
19

. 

HbA1c and plasma glucose were assessed on an ongoing basis throughout the study period. 

An OGTT was performed at Weeks 8 and 24 only. The primary analysis compared the 

incidence of PTDM at Week 24 between arms. 
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Secondary efficacy variables 

Secondary efficacy variables relating to metabolic effects included incidence of 2-hour 

plasma glucose ≥11.1mmol/L during the OGTT at Weeks 8 and 24 and mean change from 

baseline in HbA1c levels at Weeks 12 and 24. The incidence of composite efficacy failure 

(defined as graft loss, BPAR or severe graft dysfunction) and composite efficacy failure 

including PTDM were assessed at Week 24. Other outcomes assessed included incidence of 

patient survival and AR. Renal function at Week 24 was assessed by estimated glomerular 

filtration rate (eGFR) using the Modification of Diet in Renal Disease-4 (MDRD4) formula 

and by creatinine clearance calculated using the Cockcroft–Gault formula. Delayed graft 

function (DGF) was defined as dialysis for >1 day during Days 1–7, and severe graft 

dysfunction was defined as eGFR (MDRD4) <30mL/min/1.73m
2
. 

 

Additional analyses 

Mean and median exposure to steroids were reported in the subgroups of patients with and 

without PTDM and with and without AR. Post hoc Kaplan–Meier analyses were performed 

to assess the incidence of PTDM in the subgroups of patients with and without AR. 

 

Statistical analysis 

The safety-analysis set (SAF) included all pa ien   who  ecei ed ≥1 do e of   udy medica ion. 

The intention-to-treat (ITT) population included all patients who were randomized and 

transplanted. The full-analysis set (FAS) included patients who were randomized, received a 

transplant, received ≥1 dose of study drug, and recorded ≥1 postbaseline estimation of the 

primary variable (all other patients were excluded from this population). The per-protocol set 

(PPS) population included all patients from the FAS population who did not have any major 

protocol deviations. A 33% reduction in the rate of PTDM was considered clinically relevant. 
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Assuming an incidence of PTDM of 20% in Arm 1 (reference arm), a sample size of 548 

patients per arm provided 80% power to detect a clinically relevant 6.5% difference in PTDM 

incidence (that is, a reduction to 13.5% in Arm 2) using a 2-sided type 1 error rate of 5%. The 

number of randomized and transplanted patients required to reach the planned number of 

evaluable patients, assuming a drop-out rate of 6%, was 1,166 patients (583 per arm). For all 

comparisons, p<0.05 was considered statistically significant. 

 

For the primary efficacy variable, the incidence of PTDM was analyzed by Kaplan–Meier 

procedures using the FAS population; the differences between arms were assessed using 2-

sided 95% confidence intervals (CIs), and p-values were calculated using the Wilcoxon–

Gehan test. The primary analysis was repeated using the PPS population. 

 

Secondary efficacy variables were analyzed using the ITT population. Kaplan–Meier 

estimates of composite efficacy failure, composite efficacy failure including PTDM, graft and 

patient survival and BPAR at Week 24 were calculated for each treatment arm. Differences 

between arms (Arm 1–Arm 2 for event-free survival) were assessed with the corresponding 

95% CIs and p-values calculated using the Wilcoxon-Gehan test, and were confirmed using 

the chi-square test. Differences between arms in eGFR (MDRD4), creatinine clearance 

(Cockcroft–Gault) and mean change in HbA1c from baseline were assessed by analysis of 

variance. The incidence of graft dysfunction was analyzed using a Cox proportional-hazards 

model. The incidence of patients with DGF and 2-hour plasma glucose ≥11.1mmol/L during 

the OGTT were analyzed using the chi-square test. 
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For the additional post hoc analyses, the incidence of PTDM in subgroups of patients defined 

by AR status was analyzed over 24 weeks using the FAS. P-values were calculated using the 

Wilcoxon–Gehan test. Tolerability analyses based on adverse events, laboratory parameters 

and vital signs were assessed using the SAF population. 

 

Results 

Patient and donor demographics 

Overall, 1,166 patients were randomized and 1,138 (97.6%) received ≥1 dose of study 

medication. The FAS comprised 1,081 patients; 14.6% and 16.5% in Arms 1 and 2, 

respectively, discontinued study treatment prematurely, primarily due to AEs (Figure 1). 

Baseline patient and donor characteristics were comparable between arms (Table 1). 

 

Dosing and exposure 

Prolonged-release tacrolimus doses were similar between arms throughout the study, with 

mean (standard deviation; SD) doses on Day 0 of 0.13 (0.05) mg/kg in Arm 1 and 0.14 (0.05) 

mg/kg in Arm 2; and at Week 24 of 0.09 (0.06) mg/kg in Arm 1 and 0.09 (0.07) mg/kg in 

Arm 2 (Figure 2a). Mean (SD) tacrolimus trough levels were also similar between arms 

throughout the study. Target trough levels were readily achieved early posttransplant (Day 1: 

10.5 (7.1) ng/mL in Arm 1 and 11.3 (8.7) ng/mL in Arm 2) (Figure 2b), and were generally 

within the recommended target range throughout the study. Mean doses of MMF and 

basiliximab were comparable between arms. 
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Overall, 99.8% and 97.1% of patients in Arms 1 and 2, respectively, received an 

intraoperative bolus of steroid on Day 0 (1 patient in Arm 1 and 16 patients in Arm 2 did not 

receive intraoperative steroids). Median doses were comparable between arms (Table 2). On 

Day 1, 99.2% versus 2.9% of patients received steroids in Arm 1 versus 2; during Days 1–10 

up to 99.6% versus 10.5% received steroids. Of the patients in Arm 2, 44 (8.1%) patients 

with AR and 13 (2.4%) without AR received steroids. 

 

The median number of days treated with steroid was 11 days in Arm 1 and 1 day in Arm 2; 

median cumulative dose of steroid at the end of the study was higher in Arm 1 versus 2 

(765mg vs 625mg; difference: 140mg). Mean doses are also reported in Table 2. A higher 

number of patients received steroids for AR in Arm 2 compared with Arm 1 (116 (21.0%) vs 

66 (12.5%)). However, the median cumulative steroid dose given to patients with AR was 

comparable between treatments (1,875mg vs 1,875mg) (Table 3). In total, 0.4% of patients 

received treatment for diabetes prior to the start of the study (0.5% vs 0.3% in Arm 1 vs 2, 

respectively). By Week 24, 28.1% of patients had received treatment for diabetes (29.1% vs 

27.2%).  

 

Primary efficacy variable 

There were no significant differences between arms in the Kaplan–Meier estimates of PTDM 

at Week 24 (17.4% vs 16.6% in Arm 1 vs 2, respectively; difference 0.8%; 95% CI –6.0, 4.0; 

p=0.579) (Figure 3a). Secondary analyses using the per-protocol set confirmed these 

findings (14.8% vs 16.1% in Arm 1 vs 2; difference –1.4%; 95% CI –4.0, 7.0; p=0.514).  
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The most commonly first-met ADA criterion for diagnosis of PTDM was fasting plasma 

gluco e ≥7.0mmol/L (44.2% and 36.5% in A m  1 and 2,  e pec i ely). Two-hour plasma 

gluco e ≥11.1mmol/L du ing an OGTT wa   he nex  mo   commonly fi   -met ADA criterion 

(29.9% and 36.5%), followed by HbA1c ≥6.5% (19.5% and 20.3%) and  hen  ymp om  of 

hype glycemia wi h  andom pla ma gluco e ≥11.1mmol/L (6.5% and 6.8%). 

 

Secondary efficacy variables 

Glucose metabolism 

Mean (SD) 2-hour plasma glucose levels in Arms 1 and 2 were similar at Week 8 (8.15 (2.74) 

mmol/L vs 8.16 (2.83) mmol/L) and Week 24 (7.26 (2.46) mmol/L vs 7.33 (2.50) mmol/L). 

There was no significant difference between arms in the proportion of patients with 2-hour 

plasma glucose levels ≥11.1mmol/L at Weeks 8 or 24 (highest incidence; p=0.688) (Table 4). 

The mean change from baseline in HbA1c levels was also comparable between arms at Week 

12 (0.15% vs 0.19%; difference –0.04; 95% CI –0.13, 0.06; p=0.445) and Week 24 (p=0.861) 

(Table 4). 

 

Efficacy measures 

At Week 24, there was no significant difference between arms in the incidence of composite 

efficacy failure (p=0.130) or composite efficacy failure including PTDM (p=0.442). 

Likewise, for the incidence of graft loss (p=0.903) and patient survival (p=0.334) (Table 4). 

 

In the Kaplan–Meier analyses, significantly more patients in Arm 2 versus 1 experienced AR 

(25.9% vs 18.2%; p=0.001) and BPAR (13.6% vs 8.7%; p=0.006) over 24 weeks of treatment 

(Figure 3b); the difference between arms was observed early post-transplant (AR at Day 7: 

9.6% vs 3.9% in Arm 1 vs 2, respectively). However, the incidence of corticosteroid-resistant 
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AR or BPAR was comparable between arms (Table 4). Among the 45 patients in Arm 1 with 

BPAR there were 34 (75.6%; 39 episodes) T-cell-mediated rejections (TCMR) and 15 

(33.3%; 15 episodes) antibody-mediated rejections (AMR) (TCMR grade 2b: 4 (11.8%), 

grade 3: 1 (2.9%); AMR: grade 2: 9 (60.0%), grade 3: 0). In Arm 2, of the 74 patients with 

BPAR, 65 (87.8%, 75 episodes) experienced TCMR and 15 (20.3%, 17 episodes) 

experienced AMR (TCMR grade 2b: 4 (6.2%), grade 3: 2 (3.1%); AMR grade 2: 5 (33.3%), 

grade 3: 2 (13.3%). 

 

Other secondary efficacy variables 

There were no significant differences between arms at Week 24 in eGFR (MDRD4) 

(p=0.875) or creatinine clearance (Cockcroft–Gault) (p=0.247). The incidences of DGF and 

graft dysfunction were also comparable between arms (p=0.628; p=0.691) (Table 4). 

 

Additional analyses (FAS) 

Median cumulative steroid doses were comparable, but mean doses were higher in patients 

who developed PTDM by Week 24 versus those who did not (Table 3). In patients with AR, 

the Kaplan–Meier estimates of PTDM were 36.6% in Arm 1 versus 30.5% in Arm 2 

(difference –6.1%, 95% CI –21.0, 9.0; p=0.446), and in patients without AR the estimates of 

PTDM were 13.6% versus 12.4% (difference –1.2%, 95% CI –6.0, 4.0; p=0.439). Overall, 

patients who experienced AR received a higher median cumulative steroid dose versus those 

who did not experience AR (Table 3). In patients with BPAR, there was a higher incidence 

of PTDM in Arm 1 versus Arm 2 (47.5% vs 28.2%, respectively; diffe ence −19.4%, 95% CI 

−41.0, 3.0; p=0.049); however, there was no significant difference in the incidence of PTDM 

between arms for patients without BPAR (14.9% vs 15.0%; difference 0.2%, 95% CI –5.0, 

5.0; p=0.856). 
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Tolerability outcomes (SAF) 

There was a comparable incidence of treatment-related AEs (57.4% vs 59.3%) and serious 

treatment-related AEs (46.9% vs 45.4%) in Arm 1 versus 2, respectively (Table 5). Urine 

protein levels were similar in Arms 1 and 2 at EOS (0.25 vs 0.26mg/L, respectively). A total 

of 13 patients (1.1%) died during the study: 8 (1.4%) in Arm 1 and 5 (0.9%) in Arm 2. Seven 

of these deaths occurred during the study and 6 occurred after premature withdrawal from the 

study during the follow-up period (until 24 weeks post-transplant). These deaths were 

attributed to cardio-circulatory failure, pulmonary embolism, intra-abdominal bleeding, acute 

hepatitis, acute infarction, heart infarction, pneumonia, respiratory insufficiency and sepsis. 

In 1 patient, the cause of death was unknown. 

 

Discussion 

The results from the ADVANCE study showed that prolonged-release tacrolimus-based 

immunosuppression, administered with basiliximab and MMF, is efficacious and associated 

with a manageable tolerability profile and a low incidence of PTDM over 24 weeks of 

treatment. Prolonged-release tacrolimus plus MMF and a 10-day steroid tapering regimen had 

a lower incidence of BPAR, a specific risk factor for PTDM, versus prolonged-release 

tacrolimus plus MMF and a single bolus of steroid. 

 

It has been reported previously that most PTDM occurs in the first 3 months after 

transplantation and that the choice of immunosuppressive regimen (including the use of 

steroids and tacrolimus) accounts for a large proportion of diabetes risk posttransplant 
4
. 

Previously, comparable AR rates were reported with tacrolimus plus MMF and induction 

therapy in a steroid-free regimen compared with tacrolimus plus MMF and corticosteroids 
15

. 

However, another study associated steroid withdrawal with an increased risk of AR and 
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poorer long-term graft outcomes 
22

. The regimens in our study were designed to balance the 

benefit-to-risk ratio associated with steroid use and to assess optimal steroid administration in 

combination with prolonged-release tacrolimus plus MMF early posttransplant. 

 

Overall, the incidence of PTDM in this study was lower than anticipated, and generally 

comparable to published data with prolonged-release tacrolimus-based regimens, although 

reported incidence varies depending on the definition of PTDM and length of follow-up 

1,15,23,24
. Previous studies have reported PTDM as an AE, often as a post hoc analysis, 

15,23
 or 

use in ulin ≥30 day  as a diagnostic criterion, which could underestimate the incidence of 

PTDM 
25
. In con  a  ,  he u e of ≥1 mea u emen  of fa  ing pla ma gluco e ≥7mmol/L to 

diagnose PTDM in other trials could overestimate the incidence 
1,24

. ADVANCE was the first 

large, randomized controlled trial of its kind to use a stringent definition of PTDM including 

OGTT. Therefore, the low incidence of PTDM in this study, with prolonged-release 

tacrolimus-ba ed immuno upp e  ion, i  likely  o be  eflec i e of  he ‘ eal wo ld’. 

 

When assessing the impact of treatment on the study outcomes, it is interesting to note that 

the mean cumulative steroid dose was higher in Arm 2 compared with Arm 1. Post hoc 

analyses of those patients with PTDM showed a similar pattern between arms. It is likely that 

the higher incidence of AR and BPAR reported in Arm 2 versus Arm 1, necessitating 

additional steroid treatment could, at least in part, account for this observation. Additional 

analyses confirmed that patients with AR received a mean cumulative dose of steroid 

approximately 4-fold higher than patients without AR, regardless of treatment arm. Because 

the incidence of PTDM was comparable between arms at the end of the study, these data 

indicate that 3 boluses of corticosteroid represent a risk factor for the development of PTDM 

in kidney transplant recipients receiving prolonged-release tacrolimus and basiliximab plus 
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MMF. The findings from this study are consistent with the previously described association 

between steroid use and PTDM occurrence 
2,4

, and suggest that 10 days of tapered 

corticosteroids post-kidney transplant reduces the risk of PTDM by reducing the incidence of 

AR and BPAR, and consequently the need for pulse steroids. 

 

Overall, the incidences of BPAR and AR were low in both arms and consistent with 

previously published data 
9,15,23

. The incidence of BPAR in this study was lower than a study 

of kidney transplant recipients treated with tacrolimus BD-based regimens, with or without 

steroid treatment 
9
. Our results showed no significant differences in the incidence of 

corticosteroid-resistant BPAR between arms. However, AR and BPAR were significantly 

lower in Arm 1 versus Arm 2 at Week 24, suggesting that a prolonged-release tacrolimus-

based regimen with a short period of posttransplant steroid treatment could be effective while 

minimizing the risk of PTDM.  Interestingly, a meta-analysis of 34 studies by Knight et al 

reported that steroid avoidance or withdrawal protocols postkidney transplant, used alongside 

various immunosuppressive regimens, increased the risk of AR but decreased cardiovascular 

risk 
22

. 

 

The incidence of composite efficacy failure was comparable between arms. Graft and patient 

survival at Week 24 was good, and comparable, both between arms and to previously 

published studies (despite low steroids limited to 10 days) 
15,23

. There was also no significant 

difference in the incidence of DGF between arms; however, there was a higher incidence of 

AR by Day 7 in Arm 2, indicating that patients with DGF could benefit from steroid 

administration, beyond a single bolus, in the early posttransplant period. This observation is 

supported by a recent review of clinical trials that found a reduced risk of DGF when steroids 

were used for the first 3–7 days post-transplantation versus steroid-free protocols 
26

.  
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This study had limitations including the fact that the patients, the majority of whom were 

Caucasian, were generally at low immunological risk. Therefore, the population may not 

have been representative of other transplant populations. Moreover, the open-label design and 

the relatively short (6-month) duration of follow-up could have affected the results. It is 

important to note, however, that the study included the first 3–6 months following 

transplantation when PTDM typically develops. Intra-operative steroids were permitted as 

per center policy, ie all patients in each center received the same intraoperative dose. 

However, the differences in the minimum and maximum values of intraoperative steroid dose 

suggest that there could have been a number of protocol violations. The more frequent use of 

steroid treatment for AR and BPAR in the minimized steroid arm (Arm 2) meant that there 

was little difference between arms in the actual cumulative dose of steroid administered. 

Median cumulative doses are potentially more representative than the mean due to some 

patients requiring treatment for >1 AR episode. It should be noted that at the time of the 

study design, the recommended tacrolimus trough levels were higher than often used in 

clinical practice and in other reported studies, and bolus-only steroid was standard clinical 

practice for the treatment of AR, which is now not the case in all transplant centers. Renal 

function was estimated using MDRD4, CKD-EPI and Cockcroft–Gault methodologies as 

opposed to gold standard measurements using iohexol clearance and isotope-dilution mass 

spectrometry. DSA data were not widely collected for patients with BPAR; however, this 

would be of interest to the transplant community and should be considered for future studies. 

  ACCEPTED



Copyright © Wolters Kluwer Health. Unauthorized reproduction of this article is prohibited.

In conclusion, the ADVANCE study was the first study specifically designed to investigate 

the impact of posttransplant steroids on the development of PTDM in patients receiving 

prolonged-release tacrolimus-based immunosuppression. Although the rates of PTDM were 

low and comparable between arms, prolonged-release tacrolimus and basiliximab plus MMF 

and steroid tapering for 10 days might be the preferred regimen in de novo kidney transplant 

recipients due to a potential lower risk of AR and BPAR. It remains to be determined if there 

are subgroups of patients at particularly high risk of PTDM for whom total steroid avoidance 

may be advantageous. 
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Figure legends 

Figure 1. Flow of patients through the study to Week 24 

SAF: randomized pa ien    ecei ing ≥1 do e of any   udy medica ion; ITT: pa ien   

randomized, transplanted and  ecei ing ≥1 do e of any   udy medica ion; FAS: patients 

en olled in  he   udy,   an plan ed,  ecei ed ≥1 do e of any   udy medica ion and ≥1 po  -

baseline estimation of primary variable (all other patients were excluded from this 

population); PPS: all patients from FAS with no major protocol deviation. Patient 

discontinuations were analyzed using the FAS population; study completers: Arm 1, 451; 

Arm 2, 462; FAS, full-analysis set; ITT, intention-to-treat; MMF, mycophenolate mofetil; 

SAF, safety-analysis set. 

 

Figure 2. Prolonged-release tacrolimus (a) dose and (b) trough levels, stratified by treatment 

arm over 24 weeks of treatment (FAS) 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 10), 

Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy only); Error bars represent standard deviation; Dashed vertical line 

represents change from days to weeks; FAS, full-analysis set; MMF, mycophenolate mofetil. 

 

Figure 3. Kaplan–Meier analyses of (a) PTDM (FAS) and (b) BPAR (ITT) over 24 weeks of 

treatment 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 10), 

Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy only); *Patients who completed the 24-week follow-up period and 
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di con inued a  Week 24 wi h no PTDM e en    eco ded we e no  included in  he ‘a   i k’ 

numbers for Week 24+ (n=61 and n=63 in Arms 1 and 2, respectively); Events that occurred 

on or after Week 24 were included in the Week 24 time-point; analyses of PTDM were 

performed on the FAS, whereas BPAR analyses were performed on the ITT; BPAR, biopsy-

proven acute rejection; eGFR, estimated glomerular filtration rate; FAS, full-analysis set; 

ITT, intention-to-treat; MDRD4, Modification of Diet in Renal Disease-4; MMF, 

mycophenolate mofetil; PTDM, post-transplantation diabetes mellitus. 
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Table 1. Baseline patient and donor characteristics in each treatment arm (FAS). 

Parameter 
Arm 1 Arm 2 

(n=528) (n=553) 

Patient characteristics 

Gender, male, n (%) 352 (66.7) 367 (66.4) 

Age, mean (SD), years 49.5 (13.4) 50.0 (13.6) 

Race, n (%)   

White 443 (83.9) 474 (85.7) 

Black/African 11 (2.1) 3 (0.5) 

Asian 13 (2.5) 16 (2.9) 

Other 61 (11.6) 60 (10.8) 

BMI, mean (SD), kg/m
2
 25.6 (4.1) 25.6 (4.3) 

Primary reason for transplantation, n (%)   

Polycystic kidney disease 121 (22.9) 133 (24.1) 

Glomerulonephritis 74 (14.0) 102 (18.4) 

Hypertensive nephrosclerosis (including  

 hypertensive nephropathy)  
80 (15.2) 62 (11.2) 

IGA nephropathy 53 (10.0) 53 (9.6) 

Other 144 (27.3) 145 (26.2) 

Unknown 56 (10.6) 58 (10.5) 

PRA grade 5–20%, n (%)  29 (5.9) 45 (8.6) 

HLA type mismatches   

Mean HLA-A  1.03 1.09 

Mean HLA-B  1.25 1.26 

Mean HLA DR 0.84 0.81 

Mean total HLA 3.19 3.23 

Viral serological status, n (%)   

CMV-positive 331 (62.7) 366 (66.2) 

EBV-positive 408 (77.3) 431 (77.9) 

Patients receiving ARB/ACE inhibitors, n 

(%) 
225 (42.6) 249 (45.0) 

Donor characteristics 

Age, mean (SD), years 50.6 (15.4) 50.4 (15.2) 
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Age group, n (%)   

<50 years  227 (43.0) 253 (45.8) 

50–65 years 214 (40.5) 209 (37.8) 

66–75 years 62 (11.7) 63 (11.4) 

>75 years 25 (4.7) 28 (5.1) 

Donor type, n (%)   

Living related 61 (11.6) 63 (11.4) 

Living non-related 19 (3.6) 19 (3.4) 

Deceased 448 (84.8) 471 (85.2) 

Viral serological status, n (%)   

CMV-positive 331 (62.7) 349 (63.1) 

EBV-positive 292 (55.3) 305 (55.2) 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 

10), Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative 

corticosteroid bolus as per center policy only); ACE, angiotensin-converting enzyme; ARB, 

angiotensin-receptor blockers; CMV, cytomegalovirus; EBV, Epstein–Barr virus; FAS, 

full-analysis set; HLA, human leukocyte antigens; HLA-A, -B, -DR, HLA locus A, B or 

DR; IGA, immunoglobulin A; PRA, panel-reactive antibodies; SD, standard deviation. 
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Table 2. Summary of corticosteroid doses at Week 24 (FAS) 

 

    Arm 1  Arm 2  Total 

    (n=528) (n=553) (N=1,081) 

Total steroids 

  

  

  

  

Cumulative 

dose (mg)  

Mean (SD) 1,361 (1,561) 1,427 (1738) 1,395 (1,653) 

Median (min, 

max) 

765 (140, 11,025) 625 (125, 10,100) 750 (125, 11,025) 

Days treated  Mean (SD) 22.6 (36.66) 15.0 (38.14) 18.7 (37.60) 

Median (min, 

max) 

11.0 (1, 176) 1.0 (1, 184) 11.0 (1, 184) 

Intraoperative steroids 

  

  

  

  

Cumulative 

dose (mg)  

Mean (SD) 617 (206) 594 (183) 605 (195) 

Median (min, 

max) 

645 (20, 2,020) 625 (40, 1,250) 625 (20, 2,020) 

Steroids given for AR 

  

  

  

  

Cumulative 

dose (mg)  

N 66 116 182 

Mean (SD) 2,328 (1,552) 2,393 (1,588) 2,369 (1,571) 

Median (min, 

max) 

1,875 (80, 7,500) 1,875 (100, 8,675) 1,875 (80, 8,675) 

n (%) of 

patients 

receiving 

steroids  

Day 0 527 (99.8) 537 (97.1) 1,064 (98.4) 

Day 1 523 (99.2) 16 (2.9) 539 (49.9) 

Day 2 520 (99.0) 17 (3.1) 537 (49.9) 

Day 3 518 (98.9) 24 (4.4) 542 (50.5) 

Day 4 520 (99.6) 35 (6.4) 555 (51.8) 

Day 5 516 (99.2) 41 (7.5) 557 (52.2) 

Day 6 511 (99.2) 57 (10.5) 568 (53.6) 

Day 7 509 (99.0) 53 (9.8) 562 (53.2) 

Day 8 509 (99.0) 48 (8.9) 557 (53.0) 

Day 9 503 (98.4) 49 (9.2) 552 (52.8) 

Day 10 458 (89.8) 43 (8.1) 501 (48.1) 
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Day 14 44 (8.7) 42 (8.0) 86 (8.4) 

Day 28 38 (7.8) 45 (8.9) 83 (8.3) 

Day 56 36 (7.6) 39 (8.0) 75 (7.8) 

Day 84 38 (8.1) 43 (8.9) 81 (8.5) 

EOS 75 (14.2) 95 (17.2) 170 (15.7) 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 10), 

Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy only); Median and mean cumulative doses are in mg and are 

expressed in prednisolone equivalents; AR, acute rejection; EOS, end of study; FAS, full 

analysis set; MMF, mycophenolate mofetil; SD, standard deviation. 
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Table 3. Cumulative corticosteroid doses in patients with and without PTDM, and patients 

with and without AR at Week 24 (FAS) 

Parameter 
Arm 1  

(n=528) 

Arm 2  

(n=553) 

Total 

 (N=1,081) 

Patients without PTDM 

N 451 479 930 

Median (min, max), mg 765 (140, 11,025) 625 (125, 10,100) 750 (125, 11,025) 

Mean (SD), mg 1,258 (1,462) 1,326 (1,605) 1,293 (1,537) 

Patients with PTDM    

N 77 74 151 

Median (min, max), mg 800 (265, 8,840) 625 (250, 8,935) 770 (250, 8,935) 

Mean (SD), mg 1,965 (1,952) 2,080 (2,340) 2,021 (2,144) 

Patients without AR    

N 439 414 853 

Median (min, max), mg 765 (140–6,133) 625 (125–9,725) 640 (125–9,725) 

Mean (SD), mg 932 (782) 781 (863) 859 (825) 

Patients with AR    

N (n treated with 

steroids) 
89 (66) 139 (116) 228 (182) 

Median (min–max), mg 2,941 (235–11,025) 2,813 (250–10,100) 
2,830 (235–

11,025) 

Mean (SD), mg 3,478 (2,469) 3,353 (2,206) 3,402 (2,307) 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 10), 

Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy only); Median and mean cumulative doses are in mg and are 

expressed in prednisolone equivalents; AR, acute rejection; FAS, full analysis set; MMF, 

mycophenolate mofetil; PTDM, post-transplantation diabetes mellitus; SD, standard 

deviation. 
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Table 4. Summary of secondary efficacy variables at Week 24 (ITT)  

 

  

Arm 1 

(n=551)* 

Arm 2 

(n=571)* 

Difference  

(Arm 1–Arm 2, event-free survival) 

Secondary efficacy variables (K–M 

analysis) 
n (%) n (%) Difference, % (95% CI) p-value

†
 

Composite efficacy failure
‡
 133 (28.5) 154 (31.1) 2.6 (–3.4, 8.6) 0.130 

Composite efficacy failure
‡
 including 

PTDM 
187 (38.7) 197 (38.8) 0.0 (–6.3, 6.4) 0.442 

Graft loss 25 (4.8) 27 (5.0) 0.2 (–2.4, 2.8) 0.903 

Patient survival 543 (98.4) 566 (99.0) –0.6 (–2.0, 0.8) 0.334 

AR 94 (18.2) 141 (25.9) 7.7 (2.7, 12.7) 0.001 

BPAR 45 (8.7) 74 (13.6) 4.9 (1.1, 8.6) 0.006 

Corticosteroid-resistant AR 23 (4.4) 30 (5.5) 1.1 (–1.5, 3.7) 0.385 

Corticosteroid-resistant BPAR 18 (3.4) 21 (3.8) 0.4 (–1.9, 2.6) 0.688 

Other secondary efficacy variables     

Two-hour plasma glucose ≥11.1 mmol/L
§
,
 
n 

(%)  
65 (11.8) 62 (10.9)  0.688 

HbA1c, LS-mean change from baseline, % 0.35 0.34 0.01 (−0.09, 0.10) 0.861 

eGFR (MDRD4), mL/min/1.73m
2
, LS-mean  47.1  47.3  −0.2 (−2.8, 2.4) 0.875 ACCEPTED
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Creatinine clearance (Cockcroft–Gault), 

mL/min, LS-mean  
53.8  51.7  2.1 (−1.5, 5.7) 0.247 

DGF, n (%) 153 (27.8) 166 (29.1)  0.628 

Graft dysfunction, n (%) 57 (10.3) 55 (9.6)  0.691 

 

Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid bolus as per center policy and tapered corticosteroids 

to Day 10; discontinued after Day 10), Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid bolus as per 

center policy only); Analyses were performed on the ITT population; *Arm 1: n=551 except for measurement of HbA1c (n=393), eGFR 

(MDRD4) (n=548) and creatinine clearance (n=456), Arm 2: n=571 except for measurement of HbA1c (n=416), eGFR (MDRD4) (n=570) and 

creatinine clearance (n=472); 
†
p-value for the time-to-event secondary efficacy variables were obtained from Wilcoxon-Gehan test statistic; 

‡
Composite efficacy failure was defined as: graft loss, BPAR, or graft dysfunction; Graft dysfunction was defined as: eGFR (MDRD4) 

<30mL/min/1.73m
2
;
 §
Number of patients who had 2-hour plasma glucose ≥11.1mmol/L a  Week 8 o  Week 24 (wo     alue); AR, acu e 

rejection; BPAR, biopsy-proven acute rejection; CI, confidence interval; DGF, delayed graft function; eGFR, estimated glomerular filtration 

rate; HbA1c, glycated hemoglobin; ITT, intention-to-treat; K–M, Kaplan–Meier; LS, least-square; MDRD4, Modification of Diet in Renal 

Disease-4; MMF, mycophenolate mofetil; PTDM, post-transplantation diabetes mellitus.
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Table 5. Summary of adverse events to Week 24 (SAF)  

n (%) Arm 1 (n=561)  Arm 2 (n=577) 

Total AEs*, n (%) 508 (90.6) 530 (91.9) 

Anemia 142 (25.3) 160 (27.7) 

Diarrhea 134 (23.9) 133 (23.1) 

Hyperglycemia 116 (20.7) 125 (21.7) 

Hyperkalemia 95 (16.9) 97 (16.8) 

Complications of transplanted kidney 87 (15.5) 94 (16.3) 

Leukopenia 82 (14.6) 95 (16.5) 

Hypertension 76 (13.5) 79 (13.7) 

Nausea 75 (13.4) 80 (13.9) 

Peripheral edema 75 (13.4) 69 (12.0) 

Urinary tract infection 65 (11.6) 71 (12.3) 

Constipation 57 (10.2) 70 (12.1) 

Treatment-related AEs
†
, n (%) 322 (57.4) 342 (59.3) 

Hyperglycemia 53 (9.4) 55 (9.5) 

Tremor 38 (6.8) 47 (8.1) 

Urinary tract infection 31 (5.5) 30 (5.2) 

Other treatment-related AEs of interest, n 

(%) 

  

Toxic nephropathy 18 (3.2) 16 (2.8) 

CMV infection 24 (4.3) 27 (4.7) 

BK virus infection 5 (0.9) 12 (2.1) 

Treatment-related serious AEs
‡
, n (%) 106 (18.9) 107 (18.5) 

Kidney transplant rejection 13 (2.3) 24 (4.2) 

Acute renal failure 13 (2.3) 8 (1.4) 

Deaths, n (%) 8 (1.4) 5 (0.9) 
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Arm 1: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy and tapered corticosteroids to Day 10; discontinued after Day 10), 

Arm 2: Prolonged-release tacrolimus + basiliximab + MMF (intraoperative corticosteroid 

bolus as per center policy only); *≥10% in ei he    ea men  a m; 
†
≥5% in ei he    ea men  

arm; 
‡
≥2% in ei he    ea men  a m; CMV, cytomegalovirus; MMF, mycophenolate mofetil; 

SAF, safety-analysis set. 
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