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Comparison of 2 Immunosuppression 
Minimization Strategies in Kidney 
Transplantation: The ALLEGRO Trial
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Frederike J. Bemelman, MD, PhD,10 and Jan Stephan F. Sanders, MD, PhD1

Background. Evidence on the optimal maintenance of immunosuppressive regimen in kidney transplantation recipi-
ents is limited. Methods. The Amsterdam, LEiden, GROningen trial is a randomized, multicenter, investigator-driven, 
noninferiority, open-label trial in de novo kidney transplant recipients, in which 2 immunosuppression minimization strat-
egies were compared with standard immunosuppression with basiliximab, corticosteroids, tacrolimus, and mycophe-
nolic acid. In the minimization groups, either steroids were withdrawn from day 3, or tacrolimus exposure was reduced 
from 6 mo after transplantation. The primary endpoint was kidney transplant function at 24 mo. Results. A total of 
295 participants were included in the intention-to-treat analysis. Noninferiority was shown for the primary endpoint; 
estimated glomerular filtration rate at 24 mo was 45.3 mL/min/1.73 m2 in the early steroid withdrawal group, 49.0 mL/
min/1.73 m2 in the standard immunosuppression group, and 44.7 mL/min/1.73 m2 in the tacrolimus minimization group. 
Participants in the early steroid withdrawal group were significantly more often treated for rejection (P = 0.04). However, 
in this group, the number of participants with diabetes mellitus during follow-up and total cholesterol at 24 mo were 
significantly lower. Conclusions. Tacrolimus minimization can be considered in kidney transplant recipients who do 
not have an increased immunological risk. Before withdrawing steroids the risk of rejection should be weighed against 
the potential metabolic advantages. 

(Transplantation 2024;108: 556–566).
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INTRODUCTION
With current immunosuppressive medication, patient 
and kidney graft survival have significantly improved 
over time.1 However, still approximately 20% of patients 
reach end-stage kidney disease within 5–8 y after kidney 
transplantation.2,3 And, in the long term, morbidity and 
mortality are consistently high due to infections, malignan-
cies, and cardiovascular events.4,5 Steroids are known to 
increase the risk of diabetes, dyslipidemia, and hyperten-
sion, thereby adding to the increased cardiovascular risk of 
transplant recipients.4,6 Most previous studies performed 
with withdrawal of steroids showed an increased risk of 
acute rejection,7 although a recent study with steroid with-
drawal in a low-immunological-risk population resulted 
in similar percentages of biopsy-proven acute rejection 
(BPAR) and equivalent kidney transplant function after 
both rabbit antithymocyte globulin or basiliximab induc-
tion.8 In nearly all previous studies, withdrawal of ster-
oids resulted in a reduction of posttransplant diabetes. 
However, most of these studies consisted of kidney trans-
plant recipients with (very) low immunological risk and 
excluded deceased donors after circulatory death.

The majority of these immunosuppression minimization 
studies were performed with cyclosporine as calcineurin 
inhibitor,9,10 whereas since the ELITE-Symphony study 
tacrolimus is the first choice calcineurin inhibitor.11,12 
However, in this study, tacrolimus trough levels were 
>6 ng/mL at 1 and 3 y after transplantation, although fur-
ther reduction of trough levels might be beneficial from 
the perspective of renal and cardiovascular side effects.13-15

The Amsterdam, LEiden, GROningen (ALLEGRO) trial 
was designed to compare 2 different immunosuppres-
sion minimization strategies with a standard quadruple 
immunosuppressive regimen consisting of basiliximab 
induction, corticosteroids, tacrolimus, and mycophenolic 
acid16 in low-to-intermediate-immunological-risk kidney 
transplant recipients. One immunosuppression minimiza-
tion strategy was early steroid withdrawal at day 3 and the 
other consisted of tacrolimus minimization with reduced 
exposure from 6 mo after kidney transplantation. The aim 
of the study was to demonstrate noninferiority regarding 
kidney transplant function after 24 mo and reducing the 
side effects of immunosuppression.

MATERIALS AND METHODS

Study Design and Participants
We performed a 24-mo, prospective, randomized, open-

label, multicenter study in 3 parallel groups of de novo 
kidney transplant recipients in which we compared stand-
ard immunosuppression with 2 different immunosuppres-
sion minimization strategies.

Three Dutch university medical centers participated—
Amsterdam University Medical Center, Leiden University 
Medical Center, and University Medical Center Groningen. 
Approval from the Institutional Board of all participat-
ing institutions was obtained (UMCG Medical Ethical 
Committee number: 2010/171). The trial was conducted in 
compliance with the principles of Good Clinical Practice, 
the Declaration of Helsinki, and national laws and regu-
lations. All participants provided written informed con-
sent and could withdraw from the study at any time. The 

trial was registered at ClinicalTrials.gov with identifier: 
NCT01560572.

Patients between the ages of 18 and 80 y who received a 
first or second kidney transplant from a living or deceased 
donor (both donation after circulatory death [DCD] and 
donation after brain death [DBD]) were eligible to partici-
pate in this study. Patients with more than 75% current or 
historic panel-reactive antibodies were excluded, as were 
patients with diabetes mellitus type 1, patients receiving 
a kidney from an HLA-identical living donor, and female 
patients who were unwilling to use contraception for the 
duration of the study.

Participants were randomly assigned in a 1:1:1 ratio to 
3 different treatment groups: the early steroid withdrawal 
group, the standard-dose tacrolimus group, and the tac-
rolimus minimization group.

Randomization was stratified according to allocation 
center. No stratification was made based upon any patient 
or donor characteristics. Participants underwent rand-
omization with the use of a centralized interactive voice-
response system.

Study Medication
All participants received induction treatment with 

basiliximab (Simulect, Novartis), 20 mg intravenously on 
day 0 and day 4, and methylprednisone 500 mg, 250 mg, 
and 125 mg on days 0, 1, and 2, respectively. As standard 
immunosuppression, mycophenolate sodium (MyFortic, 
Novartis) was prescribed at 720 mg twice daily for the 
first 2 wk and then tapered to 540 mg twice daily for the 
remainder of the study. All participants received extended-
release tacrolimus (Advagraf, Astellas) once daily.

Participants in the early steroid withdrawal group 
received no prednisolone maintenance from day 3 after 
transplantation onward. Whereas the standard immuno-
suppression group (group 2) and the tacrolimus minimi-
zation group (group 3) received 10mg prednisolone once 
daily for the first 6 wk and then prednisolone was tapered 
to 7.5 mg once daily for the remainder of the study.

Participants in the standard immunosuppression group 
received extended-release tacrolimus once daily with target 
trough levels of 8–12 ng/mL in the first 6 wk and trough 
levels of 6 to 10 ng/mL for the remainder of the study.

Participants in the tacrolimus minimization group 
received extended-release tacrolimus once daily as well, 
but target trough levels were lowered to 3–5 ng/mL from 6 
mo after transplantation.

All participants received Pneumocystis jirovecii proph-
ylaxis for the first 6 mo with trimethoprim/sulfameth-
oxazole. Additionally, participants with either donor or 
recipient cytomegalovirus seropositivity received valganci-
clovir prophylaxis for 3 mo.

Outcomes
The primary endpoint of the study was kidney func-

tion at 24 mo, measured as estimated glomerular filtra-
tion rate (eGFR) calculated following the Chronic Kidney 
Disease Epidemiology collaboration equation formula.17 
Additionally, creatinine clearance and proteinuria were 
measured in 24-h urine collections (1 single value).

Secondary endpoints of the study were patient sur-
vival, treated rejection, kidney failure (defined as primary 
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nonfunction or death-censored graft failure), discontinu-
ation of study medication for more than 6 wk, and treat-
ment failure (a composite endpoint consists of death, 
treated rejection, kidney failure, and discontinuation of 
study medication).16 Additionally, protocol biopsies were 
taken at 12 and 24 mo. Furthermore, adverse events (AEs), 
serious AEs (SAEs), cardiovascular risk factors (blood pres-
sure, lipid profile, and diabetes), and bone densitometry 
data were analyzed as secondary endpoints. Bone densi-
tometry was performed at 2 wk and 12 mo after transplan-
tation. Cytomegalovirus, EBV, and BK virus infection were 
defined as viremia with measurable viral load. A fasting 
glucose and an oral glucose tolerance test (OGTT) were 
performed 2 wk, 12 mo, and 24 mo after transplanta-
tion. Additionally, during follow-up glycated hemoglobin 
(HbA1c) was measured multiple times. Diabetes was 
defined following the American Diabetes Association 
criteria, for example, a fasting glucose was ≥126 mg/dL, 
and/or 2-h blood glucose ≥200 mg/dL with OGTT, and/or 
HbA1c ≥48 mmol/mol (6.5%). Additionally, when (post-
transplant) diabetes was reported as AE, or OGTT was not 
performed because the participant already received treat-
ment for diabetes, these participants were also considered 
as having diabetes.

Kidney Transplant Biopsies
Kidney transplant biopsies were performed at 12 and 24 

mo after transplantation per study protocol. Additionally, 
indication biopsies were performed as deemed indicated 
by treating physicians.

Histochemical stainings were performed to assess 
morphology (HE, Silver, and PAS staining). Additionally, 
immunohistochemical staining was performed for SV40 
large T antigen (Merck, Millipore, Amsterdam, NL) and 
immunofluorescent staining of frozen sections for C4d 
(BioRad, Hercules, CA).

All kidney biopsy specimens were analyzed by a single 
specialized nephropathologist in a blinded fashion and 
scored subsequently following the updated 2019 Banff 
classification.18 Biopsies with <7 glomeruli or without an 
artery, were considered inadequate and excluded from 
analysis. In the case of more than 1 kidney biopsy on indi-
cation, the highest grade of rejection is presented. In the 
case of more than 1 biopsy with the same grade of rejec-
tion, chronological selection was applied. Data on rejec-
tion treatment were combined with BPAR to generate the 
variable-treated BPAR.

Donor-specific Antibodies After Transplantation
Serum samples of participants were analyzed for HLA 

antibodies after 24 mo of follow-up, using the Luminex-
based single antigen bead technology. Positivity of HLA 
antibodies was defined according to the cutoff as proposed 
by Wisse et al,19 and in accordance to instructions by the 
manufacturer. Donor-specific antibodies (DSAs) at 24 mo 
were determined by combining data on HLA antibodies 
and donor HLA typing. With available data for DSA at 
baseline, de novo DSA was evaluated.

Safety
All AEs were recorded and monitored. A data safety 

monitoring board investigated the rate of rejections and 

SAEs after 75 and 150 participants had been included 
in the study. The data safety monitoring board had the 
right to terminate the study if rejection rate was 30% or 
higher.

Statistical Analysis
The primary endpoint is analyzed by noninferiority 

analysis showing mean and confidence intervals (CIs). To 
investigate the noninferiority of intervention arm versus 
standard of care, the mean difference in eGFR at 24 mo 
together with 90% CIs was generated to ensure testing of 
a 1-sided hypothesis test with type I error of 0.05. The 
sample size was calculated with a power of 80% with a 
significance of 5%. Noninferiority was defined as a differ-
ence in eGFR of 10 mL/min/1.73 m2 or less compared with 
the standard immunosuppression group. The SD for eGFR 
was estimated at 25 mL/min/1.73 m2 based on earlier 
results. This resulted in a group size of 75 participants per 
group. Assuming a dropout of around 20%, 100 patients 
were included in each treatment group.

Statistical analyses were performed with the Statistical 
Package for Social Sciences (version 28, SPSS Statistics, 
IBM Corporation, Armonk, NY). Graphs were made 
in GraphPad Prism (GraphPad Software, La Jolla, CA). 
Distributions of variables were visualized with histograms 
and Q-Q plots. Normally distributed data are presented as 
mean and SD. Skewed data are presented as median and 
interquartile range.

In a sensitivity analysis, we repeated our analysis after 
imputing missing eGFR values at 24 mo. To impute miss-
ing values, we performed multivariate imputation with 
chained equation using variables age, sex, race, HLA-
mismatch, donor type (living, DBD, or DCD), and dialysis 
status. Data from available cases were used, and each vari-
able with a missing value on serum creatinine was imputed 
using a regression model conditional on all of the other 
variables specified in the imputation model. In total, 5 
imputed datasets were created with 50 iterations. Pooled 
estimates were used for analysis. In case of graft failure, an 
eGFR of 0 mL/min/1.73 m2 was imputed from the time of 
the event of graft failure. Linear regression was applied for 
the analysis of imputed eGFR.

Follow-up time was defined as the period from the date 
of transplantation until the date of event or the end of 
follow-up. For longitudinal data, Kaplan–Meier plots and 
log-rank tests were applied.

RESULTS

Participants and Study Medication
From June 2011 to August 2014, a total of 306 partici-

pants underwent randomization of which 295 participants 
were included in the intention-to-treat analysis, with 98 
participants in the early steroid withdrawal group, 100 
participants in the standard immunosuppression group, 
and 97 participants in the tacrolimus minimization group, 
respectively. In total, 219 participants (74.2%) completed 
the 24-mo visit (Figure 1). Baseline characteristics per treat-
ment group are shown in Table 1. In terms of demographic 
characteristics, underlying kidney disease, comorbidity, 
and donor and surgical characteristics, the different treat-
ment groups were comparable. The majority of tacrolimus 
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trough levels were within the predefined boundaries 
(Figure S1, SDC, http://links.lww.com/TP/C869).

Efficacy—Primary Endpoint
The primary endpoint in the intention-to-treat popula-

tion, kidney function as measured by eGFR at 24 mo, was 
45.3 mL/min/1.73 m2 (CI, 40.2–50.3) in the early steroid 
withdrawal group, 49.0 mL/min/1.73 m2 (CI, 44.9–53.1) 
in the standard immunosuppression group, and 44.7 mL/
min/1.73 m2 (CI, 40.0–49.4) in the tacrolimus minimiza-
tion group. These findings are consistent with noninferior-
ity of early steroid withdrawal or tacrolimus minimization 
compared with standard immunosuppression with the 
predefined noninferiority margin of 10 mL/min/1.73 m2 
(Figure  2A). The difference between the early steroid 
withdrawal group and the standard immunosuppres-
sion group was −3.74 mL/min/1.73 m2 (90% CI, −9.11 
to 1.63), and −4.33 mL/min/1.73 m2 (90% CI, −9.51 to 
0.85) for the tacrolimus minimization versus the standard 
immunosuppression group. As sensitivity analysis, the pri-
mary endpoint analysis was repeated in the per-protocol 
population, and in the intention-to-treat population after 
imputing missing eGFR values at 24 mo (Table S1, SDC, 
http://links.lww.com/TP/C869). In the per-protocol popu-
lation, no differences in eGFR after 24 mo were observed. 
In pooled analysis, the difference between the early ster-
oid withdrawal group and the standard immunosuppres-
sion group was −3.76 mL/min/1.73 m2 (90% CI, −9.25 
to 1.73), and −4.80 mL/min/1.73 m2 (90% CI, −9.98 to 
0.37) for the tacrolimus minimization versus the standard 
immunosuppression group (Table S1, SDC, http://links.
lww.com/TP/C869).

The course of eGFR over time in the 3 different treat-
ment groups is shown in Figure 1B. Creatinine clearance 

was not different between the 3 treatment groups. (P = 
0.73). Proteinuria was low and did not differ between 
treatment groups (P = 0.51; Table S1, SDC, http://links.
lww.com/TP/C869).

Secondary Endpoints
In the early steroid withdrawal group, there were sig-

nificantly more treated rejections compared with the other 
groups. Twenty-three participants (23.5%) in the early 
steroid withdrawal group received treatment for acute 
rejection versus 14 participants (14.0%) in the standard 
immunosuppression group, and 11 participants (11.3%) 
in the tacrolimus minimization group (Figure 3; log-rank 
test; P = 0.04).

Data on overall survival, graft survival, and death-cen-
sored graft survival at 1 and 2 y are provided in Table 2. 
Participant overall survival, interruption of study medica-
tion for more than 6 wk, kidney failure, and the predefined 
composite endpoint of treatment failure were not signifi-
cantly different between the 3 treatment groups (Figure 
S2A–D, SDC, http://links.lww.com/TP/C869).

As a post hoc analysis, we analyzed delayed graft func-
tion for the different treatment groups, stratified by donor 
type (living, DBD, or DCD). No differences were observed 
(Table S2, SDC, http://links.lww.com/TP/C869). An addi-
tional post hoc analysis showed primary endpoint for dif-
ferent treatment groups, stratified by treated rejection or 
the occurrence of delayed graft function. No significant dif-
ferences were shown. Primary endpoint was significantly 
different in participants with treated rejection (35.4 mL/
min/1.73 m2) compared with participants without treated 
rejection (48.1 mL/min/1.73 m2; P = 0.001) (Table S3, 
SDC, http://links.lww.com/TP/C869).

FIGURE 1.  Flowchart of the enrolled patients. In total, 295 participants underwent a kidney transplantation, were randomized, and were 
included in the intention-to-treat (ITT) population. A total of 219 participants (74.2%) completed the month 24 visit.
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TABLE 1.

Baseline characteristics

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization 

n 98 100 97
Patient characteristics    
 � Mean age (y) 54.7 (14.5) 56.9 (12.1) 57.7 (13.6)
 � Male, n (%) 67 (68.4) 72 (72.0) 61 (62.9)
 � Mean BMI (SD) (kg/m2) 26.5 (4.2) 26.3 (4.5) 27.2 (4.6)
 � Mean BSA (SD), m2 1.94 (0.20) 1.96 (0.19) 1.97 (0.19)
 � Mean systolic blood pressure (SD), mmHg 141 (24) 142 (17) 140 (22)
 � Mean diastolic blood pressure (SD), mmHg 84 (18) 81 (14) 80 (12)
 � Race, n (%)    
  �  Caucasian 81 (82.7) 82 (82.0) 79 (81.4)
  �  Asian 3 (3.1) 5 (5.0) 5 (5.2)
  �  Black 3 (3.1) 4 (4.0) 5 (5.2)
  �  Other 11 (11.2) 9 (9.0) 8 (8.2)
 � Smoking, n (%)    
  �  None 50 (51.0) 52 (52.0) 48 (49.5)
  �  Current 14 (14.3) 18 (18.0) 16 (16.5)
  �  Past 34 (34.7) 30 (30.0) 33 (34.0)
 � EBV-status IgG positive, n (%) 38 (82.6) 41 (80.4) 36 (78.2)
 � CMV-status IgG positive, n (%) 48 (49.0) 43 (43.0) 52 (54.2)
 � High-risk CMV-status (donor +/recipient −), n (%) 21 (21.6) 18 (18.2) 19 (19.8)
Cumulative HLA A/B/DR mismatch, n (%)    
 � <2 12 (12.2) 9 (9.0) 7 (7.2)
 � 2–4 65 (66.3) 65 (65.0) 69 (71.1)
 � >4 21 (21.4) 26 (26.0) 21 (21.6)
Panel-reactive antibodies, n (%)    
 � 0 41 (64.1) 42 (63.6) 37 (58.7)
 � ≥5% 9 (14.1) 10 (15.2) 15 (23.8)
 � ≥20% 4 (6.3) 3 (4.5) 6 (9.5)
Presence of DSAs, n (%) 1 (1.0) 1 (1.0) 2 (2.1)
Kidney disease characteristics    
 � Primary diagnosis, n (%)    
  �  Diabetes mellitus type 2 8 (9.6) 10 (11.5) 7 (8.0)
  �  Hypertension 22 (26.5) 18 (20.7) 25 (28.7)
  �  Glomerulonephritis 8 (9.6) 17 (19.5) 12 (13.8)
  �  ADPKD 20 (24.1) 20 (23.0) 16 (18.4)
  �  FSGS 2 (2.4) 3 (3.4) 2 (2.3)
  �  Other 23 (27.7) 19 (21.8) 25 (28.7)
 � Cardiovascular risk factors, n (%)    
  �  Hypertension 81 (82.7) 77 (77.0) 76 (78.4)
  �  Diabetes mellitus type 2 14 (14.3) 17 (17.0) 20 (20.6)
  �  Hypercholesterolemia 24 (24.5) 24 (24.0) 25 (25.8)
 � Dialysis, n (%)    
  �  Hemodialysis 36 (36.7) 38 (38.0) 46 (47.4)
  �  Peritoneal dialysis 20 (20.4) 20 (20.0) 20 (20.6)
  �  Both 15 (15.3) 16 (16.0) 12 (12.4)
  �  None (preemptive transplantation) 27 (27.6) 26 (26.0) 19 (19.6)
Donor characteristics    
 � Mean age of the donor (SD) (y) 54.1 (14.4) 53.3 (14.5) 56.7 (11.5)
 � Male donor, n (%) 46 (46.9) 64 (64.0) 40 (41.2)
 � Living donor, n (%) 35 (35.7) 47 (47.0) 42 (43.3)
 � Deceased donor, n (%) 63 (64.3) 53 (53.0) 55 (56.7)
  �  DBD, n (%) 25 (39.7) 13 (24.5) 25 (45.5)
  �  DCD, n (%) 38 (60.3) 40 (75.5) 30 (54.5)
Surgical characteristics    
 � First or second kidney transplant, n (%)    
  �  First 94 (95.9) 95 (95.0) 91 (93.8)

Continued next page

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 02/20/2024



© 2023 Wolters Kluwer	 	 561van den Born et al

Safety
AEs occurred in nearly all participants. No significant 

differences were observed in AE or SAE between the differ-
ent groups (Table 3). A more extensive and detailed table 
with all (S)AEs is shown in the supplements (Table S4, 
SDC, http://links.lww.com/TP/C869).

Kidney Biopsies on Indication—BPAR
A total of 174 kidney transplant biopsies in 111 partici-

pants were performed on indication. In total 116 biopsies 
in 89 participants were classified as adequate. There was no 
difference in BPAR between the different treatment groups. 

T-cell mediated rejection (TCMR) occurred in 25 partici-
pants overall: 13 participants (13.3%) in the early steroid 
withdrawal group, 6 participants (6.0%) in the standard 
treatment group, and 6 participants (6.2%) in the tacrolimus 
minimization group (P = 0.11; Table 4). Antibody-mediated 
rejection (AMR) or mixed AMR/TCMR was diagnosed 
in 7 participants and was not different among treatment 
groups (P = 0.93). Treated BPAR was not significantly dif-
ferent between the 3 treatment groups. Fourteen participants 
(14.3%) in the early steroid withdrawal group received treat-
ment for BPAR versus 6 participants (6.0%) in the standard 
immunosuppression group, and 8 participants (8.2%) in the 
tacrolimus minimization group (P = 0.12).

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization 

  �  Second 4 (4.1) 5 (5.0) 6 (6.2)
 � Macroscopic atherosclerosis, n (%)    
  �  Non/mild 73 (76.0) 77 (80.2) 73 (77.7)
  �  Moderate 13 (11.5) 13 (13.5) 14 (14.9)
  �  Severe 12 (12.5) 6 (6.3) 7 (7.4)
 � Mean cold ischemia time (SD) (h)    
  �  Deceased donor 13.8 (4.7) 13.7 (3.8) 15.3 (5.0)
  �  Living donor 2.6 (0.5) 2.7 (0.5) 2.8 (0.6)
 � Mean second warm ischemia time (SD) (min) 38.0 (10.8) 36.6 (11.7) 37.1 (10.5)
 � Perioperative complications, n (%) 6 (6.1) 9 (9.0) 5 (5.2)
Baseline characteristics showing patient characteristics, kidney disease, and donor and surgical characteristics. Perioperative complications included bleeding, reperfusion abnormalities, and the need 
to revise the anastomosis.
DBD, donation after brain death; DCD, donation after circulatory death; DSA, donor-specific antibody.

FIGURE 2.  A, Primary endpoint, showing mean estimated glomerular filtration rate (eGFR, CKD-EPI 2009) with 95% confidence interval 
(CI) at 24 mo of follow-up. The left dashed line shows the predefined noninferiority margin (dNI) of 10 mL/min/1.73 m2 lower than the 
standard immunosuppression group. The light-gray area is the noninferiority zone. B, eGFR during follow-up, according to the 3 different 
treatment groups. Data are shown as mean ± SEM. In case of graft failure, an eGFR of 0 mL/min/1.73 m2 was imputed.

TABLE 1. (Continued)
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Protocol Kidney Biopsies at 12 and 24 mo
In total, 142 protocol biopsies were performed at 12 

mo. After exclusion of inadequate kidney biopsies, 118 
biopsies of 295 participants (40%) were analyzed. Ninety-
nine protocol biopsies were performed at 24 mo and 74 
representative biopsies of 295 participants (25%) were 
included in the analysis (Table S5, SDC, http://links.lww.
com/TP/C869). Inflammation within areas of interstitial 
fibrosis and tubular atrophyat 12 mo was significantly dif-
ferent among the 3 treatment groups. Scores were highest 
in the tacrolimus minimization group (P = 0.04). For other 
markers of graft fibrosis, no significant differences between 
treatment groups were found. Paired analysis of protocol 
biopsies did not change the results (data not shown). Post 
hoc analysis for subclinical rejection in 12 and 24 mo pro-
tocol kidney biopsies revealed no significant differences in 
the 3 treatment groups (Table S6, SDC, http://links.lww.
com/TP/C869).

De Novo DSAs After Transplantation
The presence of de novo DSA at 24 mo did not differ 

between the 3 groups. In sera of 18 participants, de novo 
DSA was present at 24 mo; 8 participants (8.2%) in the 
early steroid withdrawal group, 5 participants (5.0%) in 
the standard treatment group, and 5 participants (5.1%) 
in the tacrolimus minimization group (P = 0.58). DSA at 

24 mo did not differ between participants with or without 
TCMR.

Cardiovascular and Metabolic Outcomes and Bone 
Densitometry

More participants had diabetes mellitus after 24 mo 
of follow-up in the treatment groups containing steroids 
(Table 5; P = 0.04). The mean difference in glycated hemo-
globin (HbA1c) in all participants (diabetic and nondiabetic) 
was significantly lower over time in the early steroid with-
drawal group and tacrolimus minimization group compared 
with the standard immunosuppression group (P = 0.003). 
More detailed results of diabetes over time are given in Table 
S7 (SDC, http://links.lww.com/TP/C869). Also, cholesterol 
levels were significantly different between the 3 treatment 
groups at 24 mo, with a total cholesterol of 4.66 mmol/L in 
the early steroid group, versus 5.01 mmol/L in the standard 
immunosuppression group, and 5.34 mmol/L in the tacroli-
mus minimization group (P = 0.03). The use of lipid-lower-
ing drugs after 24 mo did not differ significantly between the 
groups (P = 0.26). Differences in bone densitometry were 
not statistically significant between the treatment groups, 
although there was a tendency with a more reduced bone 
mass in the steroid groups (P = 0.07 for T-score of lumbar 
spine). The occurrence of osteoporosis after 12 mo did not 
differ between the 3 treatment groups (P = 0.89).

FIGURE 3.  Kaplan–Meier plot for secondary endpoint, showing percentage of participants free from treated rejection, with significant 
difference among groups in treated rejection (log-rank test; P = 0.04).

TABLE 2.

Overall survival and graft survival at 1 and 2 y

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization P 

After 1 y of follow-up     
 � Overall survival, n (%) 96 (98.0) 97 (97.0) 95 (97.9) 0.88
 � Graft survival, n (%) 89 (90.8) 94 (94.0) 91 (93.8) 0.62
 � Death-censored graft survival, n (%) 89 (92.7) 94 (96.9) 91 (95.8) 0.37
After 2 y of follow-up     
 � Overall survival, n (%) 95 (96.9) 95 (95.0) 94 (96.9) 0.71
 � Graft survival, n (%) 87 (88.8) 92 (92.0) 90 (92.8) 0.58
 � Death-censored graft survival, n (%) 87 (91.6) 92 (96.8) 90 (95.7) 0.23

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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DISCUSSION
This study shows that minimization of immunosup-

pression, either with early steroid withdrawal at day 3, 
or with lower tacrolimus trough levels from 6 mo after 
transplantation, is noninferior to standard immunosup-
pression for kidney transplant function at 2 y after kidney 
transplantation. This is in accordance with the existing 
literature on steroid-free immunosuppression after kidney 
transplantation.8,20-23

The ALLEGRO study is the first randomized clinical trial 
comparing 2 different immunosuppression minimization 
strategies with a currently prevailing quadruple standard 
regimen containing basiliximab induction, prednisolone, 
extended-release tacrolimus, and mycophenolic acid in kidney 

transplant recipients of both living, DBD, and DCD kidney 
transplant donors with a low to medium immunological risk.

Participants in the early steroid withdrawal group 
experienced significantly more treated rejections dur-
ing follow-up. This is in line with previous studies and a 
meta-analysis.7,9,24,25 However, no significant difference in 
BPAR (any TCMR of AMR) or treated BPAR was found 
between the treatment groups. This difference can partly be 
explained by the 7 biopsies which were excluded from the 
analysis (with <7 glomeruli or an absent artery). In another 
10 transplant kidney biopsies in participants with treated 
rejection, the analysis did not provide enough evidence to 
mark it as TCMR or AMR despite histological suspicious 
lesions. Finally, the unblinded set-up of this study could 

TABLE 3.

Adverse events and serious adverse events

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization P 

Number of participants experiencing at 
least 1 event during the follow-up

98 100 97  

  
AEs, n (%)     
  Any AE 98 (100.0) 99 (99.0) 96 (99.0) 0.61
  Blood or lymphatic 51 (52.0) 44 (44.0) 44 (45.4) 0.48
  �  Anemia 45 (45.9) 37 (37.0) 37 (38.1) 0.38
  �  Leukopenia 6 (6.1) 5 (5.0) 4 (4.1) 0.82
  �  Thrombocytopenia 10 (10.2) 9 (9.0) 6 (6.2) 0.59
  Cardiac 17 (17.3) 24 (24.0) 24 (24.7) 0.39
  Gastrointestinal 77 (78.6) 76 (76.0) 68 (70.1) 0.38
  Infection of infestation 72 (73.5) 78 (78.0) 79 (81.4) 0.41
  �  Pulmonary infection 6 (6.1) 13 (13.0) 10 (10.0) 0.26
  �  Urinary tract infection 34 (34.7) 31 (31.0) 43 (44.3) 0.14
  �  Viral infection 46 (46.9) 49 (49.0) 47 (48.5) 0.96
  �  CMV infection 16 (16.3) 20 (20.0) 17 (17.5) 0.79
  �  EBV infection 5 (5.1) 11 (11.0) 9 (9.3) 0.31
  �  BK virus infection 18 (18.4) 19 (19.0) 22 (22.7) 0.72
  Injury, poisoning of procedural complication 43 (43.9) 56 (56.0) 45 (46.4) 0.20
  �  Complication of transplanted kidney 14 (14.3) 20 (20.0) 10 (10.0) 0.16
  �  Wound complication 18 (18.4) 24 (24.0) 21 (21.6) 0.62
SAEs, n (%)     
 � Any SAEs 52 (53.1) 58 (58.0) 59 (60.8) 0.54
 � Infection 23 (23.5) 30 (30.0) 33 (34.0) 0.26
  �  Pulmonary infection 1 (1.0) 6 (6.0) 7 (7.2) 0.10
  �  Urinary tract infection 11 (11.2) 8 (8.0) 17 (17.5) 0.12
  �  Viral infection 7 (7.1) 7 (7.0) 5 (5.2) 0.82
  �  CMV infection 3 (3.1) 2 (2.0) 2 (2.1) 0.86
  �  BK virus infection 1 (1.0) 2 (2.0) 0 (0.0) 0.38
 � Cancer 5 (5.1) 8 (8.0) 5 (5.2) 0.62
  �  Kaposi’s sarcoma 0 1 0  
  �  Basal-cell carcinoma of the skin 2 2 0  
  �  Squamous-cell carcinoma of the skin 0 1 2  
  �  Lung 0 1 1  
  �  Prostate 1 1 1  
  �  Multiple myeloma 0 1 0  
  �  Leukemia 1 0 0  
  �  Renal cell carcinoma 0 1 0  
  �  Breast 1 0 0  
  �  Ovarium 0 0 1  

No significant differences in AEs were observed between the 3 treatment groups. Differences between groups were analyzed with χ2 test.
AE, adverse event; SAE, serious adverse event.
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also partly explain the difference between treated rejection 
and treated BPAR.

Importantly, early steroid withdrawal was not associated 
with the formation of de novo DSA at 24 mo of follow-up. 
Because most rejections in our study occurred within the 
first 3 mo after transplantation, it could be hypothesized 
that steroid withdrawal on the third day might be too early 
in the course of kidney transplantation. However, previous 
studies with steroid withdrawal at 3 mo,24,26-32 or 6 mo33 
after kidney transplantation also resulted in an increased 
risk of rejection from the moment of steroid withdrawal.

In this study, tacrolimus minimization 6 mo after trans-
plantation did not result in differences in kidney transplant 
function, with a comparable incidence of treated rejection 
and BPAR. This is in line with the TRANSFORM trial,34,35 
comparing standard-exposure calcineurin inhibitors and 
MPA with reduced exposure calcineurin inhibitors and 
mTOR inhibitor everolimus. In the TRANSFORM study 
the tacrolimus trough levels were comparable to our study. 
However, in the TRANSFORM trial–in contrast with our 
study–no DCD donors were included. In the current study, 
additional protocol biopsies were performed at 12 and 24 
mo. However, no histological beneficial effects of tacroli-
mus minimization were detected. One of the hallmarks of 
calcineurin inhibitor nephrotoxicity, arteriolar hyalinosis, 
is not significantly different in the protocol biopsies at 12 
of 24 mo. One explanation could be that the follow-up was 
too short to detect these histological differences between 2 
regimens with tacrolimus though levels of ~7.5 ng/mL ver-
sus ~4.4 ng/L. The higher scores of interstitial fibrosis and 
tubular atrophy in the tacrolimus minimization group in 
the 12 mo biopsies may be a result of more inflammation 
due to lower immunosuppression, however, and especially 
because this effect is not sustained in protocol biopsies at 
24 mo, it may as well be an incidental finding based on 
a type I error. Additional post hoc analysis of subclini-
cal rejection in protocol biopsies revealed no differences 
between the 3 treatment groups. It should be noted that 
protocol biopsies were performed in a minority of the par-
ticipants, 40% of participants at 12 mo and 25% at 24 mo. 
Previous research has shown that lower trough levels of 
tacrolimus are associated with an increased risk of devel-
oping de novo DSA, acute rejection, and death-censored 
graft loss.36-38 However, in our study, lower target trough 

levels of tacrolimus (3.0–5.0 ng/mL) from 6 mo after kid-
ney transplantation did not result in higher rejection rates 
during follow-up or de novo DSA at 24 mo, compared with 
higher trough levels of tacrolimus (6.0–10.0 ng/mL).

From a metabolic perspective, analysis of incidence of 
diabetes mellitus and lipid metabolism showed that ster-
oid-free immunosuppression was associated with a more 
beneficial cardiovascular risk profile with lower total 
cholesterol and lower percentage of participants with dia-
betes mellitus 24 mo after transplantation. Remarkably, 
also in the tacrolimus minimization group, the increase of 
HbA1c over time was significantly lower compared with 
the standard immunosuppression group. These findings 
are in line with previous studies,9,39 and especially in the 
light of the known cardiovascular burden of transplanta-
tion patients in the long term,40,41 an important outcome. 
Although 2 wk is early in the course after transplantation, 
together with the OGTT results at 12 and 24 mo, these 
analyses provide robust data on posttransplantation dia-
betes. Additionally, bone densitometry also suggests bene-
ficial outcomes of steroid-free immunosuppression, albeit 
not significant. This is in accordance with previous litera-
ture showing that hip fractures remain an important com-
plication after kidney transplantation and early steroid 
withdrawal is associated with reduced fracture risk.42,43

The study had several limitations. It was not blinded, 
and therefore treating physicians could have been biased in 
rejection treatment or interpretation of kidney biopsy out-
comes. Additionally, follow-up was limited to 2 y, and the 
rate of study discontinuation was relatively high, whereas 
7%–12% of participants withdrew consent for different 
reasons. Unfortunately, protocol biopsies were performed 
with a selection of participants. The study was powered 
to show noninferiority on the primary endpoint, therefore 
it could be that the power of the study is not adequate to 
compare other outcomes such as BPAR, side effects, or car-
diovascular outcomes. Lastly, the incidence of BPAR in our 
study was rather low, as only patients with low to medium 
immunological risk were included, and patients at high 
risk for rejection were specifically excluded. Therefore, the 
results of this study should not be generalized to patients 
with an increased immunological risk.

In summary, although no direct advantages on kidney 
transplant function or histology could be demonstrated in 

TABLE 4.

Kidney biopsies on indication—Biopsy-proven acute rejection

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization P 

Participants, n 98 100 97  
Participants with at least one kidney biopsy, n (%) 34 (34.7) 24 (24.0) 31 (32.0)  
Borderline TCMR, n (%) 4 (4.1) 2 (2.0) 4 (4.1) 0.86
Any TCMR, n (%) 13 (13.3) 6 (6.0) 6 (6.2) 0.11
TCMR grade IA, n (%) 1 (1.0) 0 (0.0) 0 (0.0) 0.44
TCMR grade IB, n (%) 1 (1.0) 0 (0.0) 0 (0.0) 0.44
TCMR grade IIA, n (%) 5 (5.1) 2 (2.0) 4 (4.1) 0.76
TCMR grade IIB, n (%) 4 (4.1) 2 (2.0) 1 (1.0) 0.44
TCMR grade III, n (%) 2 (2.0) 2 (2.0) 1 (1.0) 0.71
AMR or mixed AMR/TCMR, n (%) 3 (3.1) 2 (2.0) 2 (2.1) 0.93
Treated BPAR 14 (14.3) 6 (6.0) 8 (8.2) 0.12

Biopsies with <7 glomeruli were excluded from analysis. χ2 test was applied for all parameters.
AMR, antibody-mediated rejection; BPAR, biopsy-proven acute rejection; TCMR, T-cell mediated rejection.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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the current study, lower target trough levels of tacrolimus 
seem equally safe and as effective as higher trough levels 
of tacrolimus with regard to AEs, rejection rates, and graft 
function. Therefore, lower target trough levels of tacroli-
mus could be considered in kidney transplant recipients 
with low to medium immunological risk in the first 2 y 
after kidney transplantation.

Early steroid withdrawal was associated with better out-
comes on cardiovascular risk factors. However, as this was 
associated with more treated rejections shortly after steroid 
withdrawal, the potential metabolic advantages should be 
carefully weighed against the risk of rejection. And although 
kidney transplant function was not different between differ-
ent treatment groups after 24 mo, participants with treated 
rejection had significantly lower eGFR at 24 mo compared 
with participants without treated rejection in a post hoc 
analysis (Table S3, SDC, http://links.lww.com/TP/C869).

The ALLEGRO study showed that the 3 immunosuppres-
sive regimens studied resulted in equal outcome of kidney 
transplant function at 2 y, and that therefore other factors 
including cardiovascular and immunological risk, and AEs 
should be taken into account when personalizing immuno-
suppressive therapy in kidney transplant recipients.
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TABLE 5.

Cardiovascular and metabolic outcomes and bone densitometry

 Early steroid withdrawal Standard immunosuppression Tacrolimus minimization P 

 Baseline 
24 mo 
visit Difference Baseline 

24 mo 
visit Difference Baseline 

24 mo 
visit Difference  

Patient characteristics           
 � Systolic blood pressure (SD), 

mmHg
143.3 
(21.2)

142.7 
(18.7)

−0.7 
(25.8)

139.6 
(18.0)

139.4 
(15.2)

−0.2 
(21.5)

140.4 
(25.7)

139.6 
(15.7)

−0.8 
(29.3)

0.99

 � Diastolic blood pressure (SD), 
mmHg

88.1 
(17.8)

82.1 
(11.8)

−5.3 
(18.5)

81.4 
(15.4)

80.8 
(10.1)

−0.6 
(16.8)

82.0 
(13.1)

80.2 
(13.7)

−1.8 
(17.2)

0.40

 � BMI (SD) (kg/m2) 26.7 
(4.1)

27.0 
(4.0)

0.3 (2.3) 26.1 
(5.1)

26.5 
(5.7)

0.5 (2.1) 27.4 (4.8) 28.6 
(5.3)

1.2 (3.5) 0.23

 � Participants with diabetes 
mellitus (%)

14  
(14.3)

40 
(40.8)

26 (26.5) 17 (17.0) 53 (53.0) 36 (36.0) 20 (20.6) 57 (58.8) 37 (38.1) 0.04*

 � HbA1c, mmol/mol 37.3 
(6.5)

40.7 
(6.8)

3.3 (4.8) 34.7 
(4.8)

47.2 
(18.0)

12.4 
(15.5)

39.2 
(10.6)

41.9 
(6.2)

2.6 (9.0) 0.003**

 � % of participants taking lipid-
lowering drugs at 24 mo

 39.8   50.0   40.2  0.26

 � Total cholesterol (SD), mmol/L 4.67 
(0.96)

4.66 
(0.89)

−0.01 
(1.10)

4.22 
(1.22)

5.01 
(0.92)

0.80 
(1.22)

4.42 
(0.97)

5.34 
(1.33)

0.92 
(1.56)

0.03*

 � HDL cholesterol (SD), mmol/L 1.28 
(0.39)

1.29 
(0.43)

0.01 
(0.41)

1.25 
(0.34)

1.36 
(0.34)

0.11 
(0.39)

1.26 
(0.36)

1.51 
(0.43)

0.25 
(0.37)

0.11

 � LDL cholesterol (SD), mmol/L 2.51 
(0.79)

2.73 
(0.83)

0.22 
(0.89)

2.08 
(0.83)

2.87 
(0.96)

0.80 
(1.07)

2.40 
(0.91)

3.16 
(1.16)

0.76 
(1.40)

0.14

 � Triglycerides (SD), mmol/L 2.09 
(0.92)

1.57 
(0.69)

−0.52 
(0.98)

2.10 
(1.58)

1.90 
(0.88)

−0.21 
(1.52)

1.98 
(1.09)

1.71 
(0.73)

−0.27 
(0.85)

0.61

Bone densitometry 2 wk 12 mo 
visit

Difference 2 wk 12 mo 
visit

Difference 2 wk 12 mo 
visit

Difference  

 � % of participants with osteo-
porosis at 12 mo

 15.4   18.8   17.0  0.89

 � T score total hip −1.09 
(1.07)

−1.09 
(1.17)

0.00 
(0.45)

−1.20 
(0.92)

−1.28 
(0.99)

−0.08 
(0.83)

−1.08 
(1.13)

−1.11 
(1.10)

−0.04 
(0.46)

0.80

 � Z score total hip −0.38 
(0.98)

−0.33 
(1.08)

0.05 
(0.46)

−0.38 
(0.83)

−0.47 
(0.78)

−0.09 
(0.49)

−0.21 
(1.02)

−0.24 
(0.99)

−0.03 
(0.43)

0.27

 � T score lumbar spine −0.63 
(1.60)

−0.64 
(1.45)

0.00 
(0.44)

−0.82 
(1.38)

−1.07 
(1.32)

−0.25 
(0.63)

−0.45 
(1.46)

−0.54 
(1.36)

−0.08 
(0.62)

0.07

 � Z score total hip −0.04 
(1.67)

−0.03 
(1.58)

0.01 
(0.43)

−0.06 
(1.40)

−0.27 
(1.37)

−0.21 
(0.63)

0.36 
(1.45)

0.33 
(1.44)

−0.03 
(0.65)

0.10

Data are shown as increase (delta) between value at baseline and value at 24-mo visits. Bone densitometry data are shown as increase (delta) between value at 2 wk and 12 mo after transplanta-
tion. Data were analyzed with ANOVA test for delta parameters if normally distributed. χ2 test was applied for participants with diabetes mellitus during follow-up, lipid-lowering drugs at 24 mo, and 
participants with osteoporosis at 12 mo. Osteoporosis was defined according to the WHO criteria: a T-score (hip and/or lumbar spine) ≤2.5 SDs. 
*P < 0.05. 
**P < 0.01.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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