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This post hoc analysis of data from the prospective OSAKA study evaluated the efficacy and safety of prolonged-
and immediate-release tacrolimus in patients who received kidneys from extended-criteria (ECD) and standard-
criteria (SCD) donors.

Within the ECD and SCD groups, patients were randomized to one of 4 tacrolimus-based regimens (initial dose):
Arm 1, immediate-release tacrolimus (0.2 mg/kg/day); Arm 2, prolonged-release tacrolimus (0.2 mg/kg/day);
Arm 3, prolonged-release tacrolimus (0.3 mg/kg/day); Arm 4, prolonged-release tacrolimus (0.2 mg/kg/day) plus
basiliximab. All patients received mycophenolate mofetil and bolus corticosteroids; Arms 1-3 also received ta-
pered corticosteroids. ECDs met the definition: living/deceased donors aged >60 years, or 50-60 years with >1
other risk factor, and donation after circulatory death. Primary composite endpoint: graft loss, biopsy-confirmed
acute rejection or renal dysfunction by Day 168. Outcomes were compared across treatment arms with the chi-
squared or Fisher’s exact test.

A total of 1198 patients were included in the analysis (ECD: n=620 [51.8%), SCD: n=578 [48.2%)]). Patients with
kidneys from ECDs were older versus SCDs (mean age, 55.7 vs. 44.5 years, p<0.0001). A higher proportion of pa-
tients with kidneys from ECDs versus SCDs met the primary composite endpoint (56.8% vs. 32.4%, p<0.0001).
However, no statistically significant differences in clinical outcomes or the incidence of treatment-emergent
adverse events were seen between treatment arms within each donor group.

Worse outcomes were experienced in patients who received kidneys from ECDs versus SCDs. Prolonged-release
tacrolimus provided similar graft survival to the immediate-release formulation, with a manageable tolerability
profile.

Immunosuppression ¢ Kidney Transplantation ¢ Tacrolimus
https://clinicaltrials.gov/ct2/show/NCT00717470?term=pmr-ec-1210&draw=2&rank=1

https://www.annalsoftransplantation.com/abstract/index/idArt/920041
e Bny Mhs BRyy

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]

€920041-1



ORIGINAL PAPER

Background

The goals of immunosuppression in kidney transplantation are
to minimize graft decline and delay graft loss. Recent advances
in immunosuppression have significantly enhanced short-term
outcomes; over 90% of kidney transplant recipients have graft
survival at Year 1 after transplant [1,2]. Despite this, graft loss
occurs in approximately half of all patients by Year 10 [2].
The transplant community is, therefore, tasked with develop-
ing strategies that will improve long-term graft survival, while
attempting to meet the disparity between the limited supply
and the rising demand for kidneys available for transplantation.

Over the past decade, extended-criteria donors (ECDs) have
been used increasingly as a means of expanding the pool of
available kidney donors. Although the use of ECDs has markedly
improved recipient survival versus long-term dialysis, it has
been associated with poorer long-term outcomes when com-
pared with standard-criteria donors (SCDs) [3-6]. Early differ-
ences in immunosuppressive treatment have been shown to
affect long-term outcomes [7,8]. With this in mind, there is an
ongoing need for the optimization of immunosuppressive reg-
imens and the individualization of therapy to match specific
patient situations in order to improve outcomes.

OSAKA (Optimising immunoSuppression After Kidney transplan-
tation with Advagraf™) was a randomized, Phase Ilib trial, over
168 days, which assessed immunosuppressive regimens with
immediate-release tacrolimus taken twice daily or prolonged-
release tacrolimus taken once daily in de novo kidney trans-
plantation. The study showed that the efficacy of prolonged-
release tacrolimus 0.2 mg/kg without induction therapy was
non-inferior to an immunosuppressive regimen based on the
same starting dose of immediate-release tacrolimus without
induction therapy [9].

The OSAKA study was conducted in a large number of kidney
transplant recipients who were considered to be representa-
tive of the European transplant population, in that over 50% of
patients received a kidney from an ECD [9]. This post hoc anal-
ysis of data from the OSAKA study compared the efficacy and
safety of 3 prolonged-release and 1 immediate-release tacroli-
mus-based immunosuppressive regimens in kidney transplant
recipients from ECDs and SCDs.

Material and Methods

Study design

OSAKA was a randomized, open-label, parallel-group, Phase
llIb study over 168 days in adults with end-stage renal disease
undergoing primary kidney transplantation or retransplantation
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with ECD or SCD kidneys. An independent ethics committee

from each study center granted approval before initiation.

Written informed consent was obtained from all participants.

The immunosuppressive regimens administered to patients

used immediate-release tacrolimus, taken twice daily (Prograf™,

Astellas Pharma Ltd, Chertsey, UK, hereafter referred to as

immediate-release tacrolimus) or prolonged-release tacrolimus

taken once daily (Advagraf™, Astellas Pharma Europe BV,

Netherlands, hereafter referred to as prolonged-release tacro-

limus). The study design and procedures for OSAKA were re-

ported previously [9]. In brief, patients were randomized

1: 1: 1: 1 to 4 treatment arms:

¢ Arm 1: immediate-release tacrolimus twice daily (initial dose
0.2 mg/kg/day) plus mycophenolate mofetil (MMF), bolus
corticosteroids on Days 0 and 1, and tapered corticosteroids.

e Arm 2: prolonged-release tacrolimus once daily (initial dose
0.2 mg/kg/day) plus MMF, bolus corticosteroids on Days 0
and 1, and tapered corticosteroids.

e Arm 3: prolonged-release tacrolimus once daily (initial dose
0.3 mg/kg/day) plus MMF, bolus corticosteroids on Days 0
and 1, and tapered corticosteroids.

e Arm 4: prolonged-release tacrolimus once daily (initial dose
0.2 mg/kg/day) plus MMF and basiliximab and bolus corti-
costeroids on Day 0.

Oral doses of immediate-release tacrolimus or prolonged-
release tacrolimus were adjusted based on clinical evidence
of efficacy and safety after Day 1, taking into account recom-
mended whole blood trough concentrations. MMF was giv-
en at a dose of 1 g pre-operatively then 1 g twice daily for 14
days and 0.5 g twice daily thereafter.

Unlike common categorization strategies that classify all liv-
ing donors as SCDs, in this study ECDs were defined retrospec-
tively as living or deceased donors who were aged 60 years
or older, or 50 to 60 years old with one or more other risk fac-
tor (cerebrovascular accident as reason for death, hyperten-
sion, serum creatinine >1.5 mg/dL) and who donated after
circulatory death. All other donors were, by default, consid-
ered to be SCDs [9].

Outcomes

The primary endpoint was a composite measure, defined as
graft loss, biopsy-confirmed acute rejection (BCAR), or renal
dysfunction during the first 168 days after transplantation.
Graft loss was defined as retransplantation, nephrectomy,
death or dialysis ongoing at study end or at time of prema-
ture study discontinuation, unless superseded by follow-up
information that indicated graft survival. Renal dysfunction
was defined as estimated glomerular filtration rate (eGFR)
<40 mL/min/1.73 m? using the Modification of Diet in Renal
Disease-4 (MDRD4) formula. Transplant recipients who never
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Patients enrolled
(N=1251)

Patients randomized and received >1 dose of tacrolimus

(n=1198)
I
I I I |
Arm 4
Arm1 Arm 2 Arm3 .
Immediate-release tacrolimus Prolonged-release tacrolimus Prolonged-release tacrolimus Prolon?Oe g—’:]ele/ﬁse/;:c;ollmus
(0.2 ma/kg/day) (0.2 mg/kg/day) (0.3 mg/kg/day) ik e
(n=309) (n=302) (n=304) (n=283)
ECD SCD ECD SCD ECD SCD ECD SCD
n=154 n=155 n=155 n=147 n=153 n=151 n=158 n=125
I I I I I I I I
Completed study || Completed study Completed study | | Completed study Completed study | | Completed study Completed study || Completed study
n=125 (81.2%) n=136(87.7%) n=121(78.1%) n=119(81.0%) n=119(77.8%) n=128 (84.8%) n=107 (67.7%) n=104 (83.2%)
Adverse events Adverse events Adverse events Adverse events Adverse events Adverse events Adverse events Adverse events
9(5.8%) 9(5.8%) 19(12.3%) 14 (9.5%) 21(13.7%) 9(6.0%) 26 (16.5%) 9(7.2%)
Acute rejection Acute rejection Acute rejection Acute rejection Acute rejection Acute rejection Acute rejection Acute rejection
1(0.6%) 4(2.6%) 2(1.3%) 3(2.0%) 2(1.3%) 5(3.2%) 6(4.8%)
Consent withdrawn | | Consent withdrawn | | Consent withdrawn | | Consent withdrawn | | Consent withdrawn | | Consent withdrawn | | Consent withdrawn || Consent withdrawn
3(1.9%) 2(1.3%) 1(0.7%) 2(1.3%) 1(0.6%) 2(1.6%)
Protocol violation Protocol violation Protocol violation Protocol violation Protocol violation Protocol violation Protocol violation {| Protocol violation
10 (6.5%) 4(2.6%) 6(3.9%) 7 (4.8%) 6 (3.9%) 11(7.3%) 11(7.0%) 4(3.2%)
Death Death Death Death Death Death Death Death
4(2.6%) 0 3(1.9%) 2(1.4%) 4(2.6%) 0 2(1.3%) 0
Other Other Other Other Other Other Other Other
2(1.3%) 0 4(2.6%) 1(0.7%) 1(0.7%) 1(0.7%) 6(3.8%) 0

Figure 1. Flow of patients throughout the study, stratified by ECDs and SCDs (FAS). A total of 1198 patients were randomized and
received >1 dose of tacrolimus; FAS according to treatment group and donor criteria is shown. ECD — extended-criteria donor;

FAS — full-analysis set; SCD — standard-criteria donor.

achieved an eGFR >40 mL/min/1.73 m? were classified as hav-
ing early renal dysfunction, defined as renal dysfunction by
Day 2 after transplant. Incidence of BCAR (based on local pa-
thology, based on Banff 97 criteria) during the first 168 days
after transplant and delayed graft function (DGF) (defined as
dialysis for more than 1 day within the first week after trans-
plant) were also evaluated. Adverse events (AEs) were moni-
tored throughout the study. Post-transplantation diabetes mel-
litus (PTDM; termed new-onset diabetes mellitus in the original
OSAKA study) was defined as fasting blood glucose levels of
>7 mmol/L from Day 2 onwards. Ongoing diabetes requiring
therapy and toxic nephropathy were both reported as AEs by
the study investigators.

Statistical analyses

The primary analysis of the composite endpoint for the OSAKA
study was undertaken on the per-protocol set, defined as ran-
domized patients who received >1 dose of study medication,
who had undergone transplantation and who did not have a
major protocol violation [9]. This post hoc analysis of efficacy
and tolerability across the 4 treatment arms in each donor
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group (ECD and SCD) was undertaken using the full-analysis
set (FAS), which comprised all randomized patients who re-
ceived >1 dose of tacrolimus and who had undergone trans-
plantation. Comparisons of categorical variables were eval-
uated using Fisher’s exact test (for 2x2 contingency tables)
and a chi-squared test (for 2x4 contingency tables), and con-
tinuous variables were evaluated using a t-test. All compar-
isons were at the 0.05 level of significance with no adjust-
ments for multiplicity.

Results

Donor and patient demographics

A total of 1251 patients were enrolled in the OSAKA study; of
the 1198 patients included in the FAS, 620 (51.8%) received
kidneys from ECDs and 578 (48.2%) from SCDs. The number
of patients receiving kidneys from ECDs was similar across
treatment arms (Figure 1). For the whole population, baseline
characteristics were comparable between donor groups [9];
however, as expected, mean (SD) donor age was significantly

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



Albano L et al.:
Tacrolimus-based immunosuppression following kidney transplantation...
© Ann Transplant, 2020; 25: €920041

Table 1. Baseline characteristics stratified by treatment arm and donor group (FAS).

Arm 1
Immediate-release
tacrolimus

Characteristic, n (%)

110 (71.4)
44 (28.6)

0.2 mg/kg/day

101 (65.2)
54 (34.8)

Arm 2
Prolonged-release
tacrolimus
0.2 mg/kg/day

n=155

106 (68.4)
49 (31.6)

Arm 4
Prolonged-release
tacrolimus
0.2 mg/kg/day

Arm 3
Prolonged-release
tacrolimus
0.3 mg/kg/day

n=147 n=153 n=151

n=158

n=125

100 (68.0)
47 (32.0)

104 (68.0)
49 (32.0)

100 (66.2)
51 (33.8)

109 (69.0)
49 (31.0)

76 (60.8)
49 (39.2)

Race
Caucasian 150 (97.4) 146 (94.2) 147 (94.8) 137 (93.2) 148 (96.7) 143 (94.7) 151 (95.6) 114 (91.2)
Black 2 (13) 4 (2.6) 6 (3.9) 8 (5.4) 4 (2.6) 3 (2.0 5 (3.2) 6 (4.8)
Asian/other 2 (1.3) 5 (3.2) 2 (1.3) 2 (1.4 1 (0.7) 5 (3.3) 2 (1.3) 5 (4.0
Mean (SD) BMI 253 (4.3) 255 (4.2) 257 (4.1) 259 (4.7) 26.2 (4.3)t 248 (4.5t 253 (3.7) 252 (4.2)
Transplant
First transplant 147 (95.5) 149 (96.1) 147 (94.8) 141 (95.9) 146 (95.4) 140 (92.7) 150 (94.9) 117 (93.6)
Retransplant 7 (4.5) 6 (3.9 8 (5.2 6 (4.1) 7 (4.6) 11 (7.3) 8 (5.1) 8 (6.4)
Original renal disease
Diabetic nephropathy 20 (13.0)* 4 (2.6)F 20 (12.9)% 8 (5.4% 14 (9.2) 8 (5.3) 11 (7.0 10 (8.0
Focal segmental
glomerulosclerosis 3 (1.9 4 (2.6) 8 (5.2 6 (4.1) 5 (3.3) 2 (1.3) 2 (1.3) 6 (4.8)
Glomerulonephritis 26 (16.9) 24 (15.5) 20 (12.9) 20 (13.6) 26 (17.0) 35 (23.2) 29 (18.4) 19 (15.2)
Nephrosclerosis 22 (143) 18(116) 13 (84) 11 (750 21(137) 13 (86) 16(10.1) 10 (8.0)
IgA-nephropathy 8 (52) 17(11.0) 18(1l6) 13 (8.8) 7 46) 14 (93) 14 (89) 10 (8.0)
Obstructive uropathy 2 (1.3) 9 (5.8) 6 (3.9 13 (8.8) 4 (2.6) 10 (6.6) 8 (5.1) 11 (8.8)
Polycystic disease 34 (22.1) 26 (16.8) 27 (17.4) 16 (10.9) 30 (19.6) 22 (14.6) 29 (18.4) 20 (16.0)
Other 25 (16.2) 40 (25.8) 21 (13.5) 41 (27.9) 25 (16.3) 33 (21.9) 36 (22.8) 32 (25.6)
Unknown 14 (9.1) 13 (84) 22(142) 19(129) 21(13.7) 14 (93) 13 (8.2) 7 (5.6)
Donors
Sex
Male 82 (53.2) 96 (61.9) 83 (53.5) 76 (51.7) 70 (45.8)® 93 (61.6)° 87 (55.1) 70 (56.0)
Female 72 (46.8) 58 (37.4) 72 (46.5) 71 (48.3) 83 (54.2)® 58 (38.4)® 71 (44.9) 55 (44.0)

Mean (SD) total HLA

q q *k *%
iematehes 34 (13)' 29 (14 33 (13 29 (14 33 (15) 3.1 (14) 31 (13) 28 (15
hMoejrzTESD) G 143 (55 159 (57) 154 (58) 147 (5.7) 151 (56) 158 (62) 155 (58) 156 (5.9)
CCMVDHR- 25(162) 26 (168) 21(135) 19(129) 32(209) 22(146) 34(215)  22(17.6)
Mean (SD) serum
creatinme, mgrdl 095039 098(043) 097(049) 098(056) 095(045) 098(051) 102(054) 110 (089)
Type of donor
Living 1 (7.1) 300194 5 (32) 29(197) 7 (46) 26(17.2) 9 (57) 27 (216)
Deceased 143 (929) 125 (80.6) 150 (96.8) 118 (80.3) 146 (95.4) 125(82.8) 149 (943) 98 (78.4)

P values denote significance for ECD vs. SCD groups within treatment arms; * p<0.0001; " p=0.0059; * p=0.0006; ¢ p=0.0292; © p=0.006;

¥ p=0.0032; ** p=0.0143; all other p values were non-significant; ™ deceased donors only; all values are n (%), unless otherwise specified.
BMI — body mass index; CIT — cold ischemia time; CMV — cytomegalovirus; D — donor; ECD — extended-criteria donors; FAS — full-analysis
set; HLA — human leukocyte antigen; IgA — immunoglobulin A; R — recipient; SCD — standard-criteria donors; SD — standard deviation.
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Table 2. Mean tacrolimus trough levels (ng/mL) throughout the 168-day study period, stratified by treatment arm and donor group

(FAS).

Arm 1

Immediate-release tacrolimus

0.2 mg/kg/day

P value

Arm 2

Prolonged-release tacrolimus
0.2 mg/kg/day

Arm 3 Arm 4
Prolonged-release tacrolimus Prolonged-release tacrolimus
0.3 mg/kg/day 0.2 mg/kg/day+basi

n=153 n=151 n=158 n=125

n=154 n=155 n=155  n=147
1 164(8.9) 15.6 (8.6) 04980 13.3(9.0) 12.5(9.4) 0.4884
7 12.0(5.8) 11.7 (42) 0.5483 12.0(6.5) 11.8(6.0) 0.7357
14 10.5(3.9) 11.9 (3.9) 0.0024 10.8 (44) 11.0 (46) 0.6600
28 10.8 (4.4) 11.8 (4.2) 0.0412 113 (43) 122 (56) 0.1326
84 96(34) 97(3.8) 09381 93(35) 9728 0.2842
168 8.2 (3.0) 84 (3.1) 05935 87(3.6) 87(26) 09742

18.3 (10.3) 16.6 (10.9) 0.1947 12.5(7.3) 11.1(5.8) 0.1405
13.8(7.1) 13.1(9.7) 0.5223 12.8 (6.1) 12.0 (6.8) 0.3176
109 (4.1) 11.0 (4.2) 0.7396 11.4(4.9) 11.8 (5.0) 0.5155
11.5 (4.0) 12.7 (4.5 0.0198 12.2 (5.4) 12.0 (4.8) 0.7360
9.5(3.0) 9.9 (3.6) 03491 103 (4.8) 10.2 (4.6) 0.8741
8.8 (44) 89(3.3) 07806 8.0 (2.3) 82(2.5) 04858

All values are mean (SD), unless otherwise specified; p values were calculated using a t-test. ECD — extended-criteria donors;
FAS — full-analysis set; SCD — standard-criteria donors; SD — standard deviation.

higher among ECDs versus SCDs (61.6 [8.8] vs. 40.5 [11.6] years,
p<0.0001). Mean (SD) patient age was also significantly higher
among those receiving kidneys from ECDs versus SCDs (55.7
[11.7] vs. 44.5 [12.6] years, p<0.0001). Comparing treatment
arms by donor group, significantly more patients with organs
from ECDs in Arms 1 and 2 had diabetic nephropathy com-
pared with those with organs from SCDs (Table 1; p=0.0006
and p=0.0292, respectively). The mean total number of human-
leukocyte antigen (HLA) mismatches was higher in the ECD
group versus the SCD group for Arms 1 and 2 (p=0.0032 and
p=0.0143, respectively).

Tacrolimus dosing
Dose by study arm is shown in Supplementary Table 1.

Consistent with the study design, mean tacrolimus dose at
Week 1 was higher in Arm 3 compared with the other arms.
Mean prolonged-release tacrolimus doses were generally high-
er compared with immediate-release tacrolimus at each time
point; doses decreased throughout the study for all arms.

Tacrolimus trough levels

A general decline in mean tacrolimus exposure was observed
throughout the study in all arms, regardless of whether the
kidney was from an ECD or SCD. In the overall ECD versus SCD
groups, mean tacrolimus trough levels were clinically compa-
rable (Table 2).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Primary composite endpoint

A total of 539 of the 1198 patients (45.0%) met the criteria for
the primary composite endpoint. The overall incidence of pa-
tients who met the composite endpoint by Day 168 after trans-
plant was significantly higher in patients with kidneys from
ECDs versus SCDs (56.8% [352 of 620] vs. 32.4% [187 of 578],
p<0.0001). Within each treatment arm, the incidence of pa-
tients who met the composite endpoint was significantly high-
er in the ECD versus SCD groups (p<0.01; Table 3). However,
the incidence of patients who met the composite endpoint
did not differ significantly across treatment arms among pa-
tients with kidneys from ECDs (p=0.7770) or SCDs (p=0.2770)
(Figure 2). The incidence of the composite endpoint was similar
in patients with kidneys received from deceased donors com-
pared with living donors in the ECD group (56.6% vs. 50.0%,
respectively) and in the SCD group (32.8% vs. 30.4%, respec-
tively) (Supplementary Table 2). However, the number of liv-
ing donors was low in the ECD group, limiting the robustness
of these results.

Renal function

A total of 455 of the 1198 patients (38.0%) met the criteria
for renal dysfunction by Day 168. Renal dysfunction was more
frequently observed in the overall ECD versus SCD groups
(50.8% [315 of 620] vs. 24.2% [140 of 578], p<0.0001). The in-
cidence of renal dysfunction in each treatment arm was sig-
nificantly higher for patients with kidneys from ECDs versus
SCDs (p<0.0001 for all comparisons). However, as shown in
Figure 3, there were no statistically significant differences in
renal dysfunction across treatment arms in either donor group
(ECDs: p=0.5011; SCDs: p=0.5418).
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Table 3. Incidence of primary composite endpoint, stratified by treatment arm and donor group (FAS).

Arm 4
Prolonged-release
tacrolimus
0.2 mg/kg/day

Arm 1
Immediate-release
tacrolimus

Arm 2
Prolonged-release
tacrolimus
0.2 mg/kg/day

Arm 3
Prolonged-release
tacrolimus
0.3 mg/kg/day

0.2 mg/kg/day

n=154 n=155 n=155 n=147 n=153 n=151 n=158 n=125 n=620 n=578

compostte  [EEARRIINGER ©° 542 47 G20) BREEEIREREE °° (7.0) 49(59.2) EeE
endpoint p<0.0001 p<0.0001 p<0.0001 p=0.004 p<0.0001
el 73(@74) 38045 75(84) 33(24) 80(523) 33(219) 87 (55.1) 36(288) 315(508) 140 (24.2)
dysfunction p00001 | p00001 | p00001 | p00001 | pc0.0001
[ 1384) 5032 16(103) 1388 1508 5(33) 1505 8(64) 5905 31(4)
(1Y 0 (0T T ———-=========================== O N e L R LR L LR ===
p=0.0556 p=0.6999 p=0.0350 p=0.3878 p=0.0082
[ 24(156) 18(116) 19(123) 12(82) 30(196) 19(126) 21(133) 15(120) 94(152) 64(1L1)
R . p=03242 | p=02608 | p=01186 | p=08579 | p=00403

Data are n (%), unless otherwise specified; p values were calculated using Fisher’s exact test; renal dysfunction was defined as eGFR
(MDRD4) <40 mL/min/1.73 m2. BCAR — biopsy-confirmed acute rejection; ECD — extended-criteria donors; eGFR — estimated glomerular
filtration rate; FAS — full-analysis set; MDRD4 — Modification of Diet in Renal Disease-4; SCD — standard-criteria donors.

80 p=0.7770

60.1

607 552 548

Proportion of patients reaching composite
endpoint (%)

> S B
SEEE <

ECD

p=0.2770

W Arm 1 (Immediate-release
tacrolimus 0.2 mg/kg/day)
[ Arm 2 (Prolonged-release
tacrolimus 0.2 mg/kg/day)
W Arm 3 (Prolonged-release
tacrolimus 0.3 mg/kg/day)
[l Arm 4 (Prolonged-release
tacrolimus 0.2 mg/kg/day
+basiliximab)

Figure 2. Incidence of composite endpoint by Day 168 in patients who received kidneys from ECDs and SCDs (FAS). The composite
endpoint of efficacy failure was defined as graft loss (retransplantation, nephrectomy, death or dialysis ongoing at
study end or at time of premature study discontinuation), BCAR diagnosed locally, or renal dysfunction (€GFR [MDRD4]
<40 mL/min/1.73 m?) by Day 168. P values shown are those across all treatment arms for ECDs and SCDs, calculated using
the chi-squared test. BCAR — biopsy-confirmed acute rejection; ECD — extended-criteria donor; eGFR — estimated glomerular
filtration rate; FAS — full-analysis set; MDRD4 — Modification of Diet in Renal Disease-4; SCD — standard-criteria donor.

Of the 455 patients with renal dysfunction, 27.0% had early
renal dysfunction by Day 2. Overall, the incidence of renal dys-
function was significantly higher in the ECD versus SCD groups
when only considering patients with renal dysfunction by Day 2
(36.9% [229 of 620] vs. 13.3% [77 of 578], p=0.0002) and in pa-
tients who experienced renal dysfunction after Day 2 (Day 3 to
Day 168) (13.9% [86 of 620] vs. 10.9% [63 of 578], p=0.0002).
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At Day 168 in the overall group, mean eGFR was significantly
lower in recipients of kidneys from ECDs versus SCDs (42.7
vs. 54.4 mL/min/1.73 m?, p<0.0001). The mean eGFR for pa-
tients who received kidneys from ECDs was also significantly
lower in each treatment arm at Day 168 compared with the
eGFR of those who received kidneys from SCDs (Arm 1: 43.5 vs.
56.1 mL/min/1.73 m?% Arm 2: 42.8 vs. 55.7 mL/min/1.73 m? Arm 3:

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



Albano L et al.:
Tacrolimus-based immunosuppression following kidney transplantation...
© Ann Transplant, 2020; 25: €920041

80 p=0.5011

p=0.5418

Proportion of patients with renal dysfunction (%)
3
I

Patients with renal dysfunction by Day 2

W Arm 1 (Immediate-release
tacrolimus 0.2 mg/kg/day)
[ Arm 2 (Prolonged-release
tacrolimus 0.2 mg/kg/day)
I Arm 3 (Prolonged-release
tacrolimus 0.3 mg/kg/day)
[ Arm 4 (Prolonged-release
tacrolimus 0.2 mg/kg/day
-+basiliximab)
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Patients with renal dysfunction after Day 2

[ Arm 1 (Immediate-release
tacrolimus 0.2 mg/kg/day)
[J Arm 2 (Prolonged-release
tacrolimus 0.2 mg/kg/day)
[ Arm 3 (Prolonged-release
tacrolimus 0.3 mg/kg/day)
Il Arm 4 (Prolonged-release
tacrolimus 0.2 mg/kg/day
+basiliximab)

Figure 3. Incidence of renal dysfunction by Day 2 and after Day 2 (Day 3 to Day 168) in patients receiving kidneys from ECDs and SCDs
(FAS). Renal dysfunction was defined as eGFR (MDRD4) <40 mL/min/1.73 m2. P values shown are those across all treatment
arms for ECDs and SCDs, calculated using the chi-squared test. ECD — extended-criteria donor; eGFR — estimated glomerular
filtration rate; FAS — full-analysis set; MDRD4 — Modification of Diet in Renal Disease-4; SCD — standard-criteria donor.

42.4 vs. 54.6 mL/min/1.73 m?% Arm 4: 42.0 vs. 50.2 mL/min/1.73 m?
for all comparisons p<0.0001).

Graft loss

Overall, graft loss was significantly higher in patients who re-
ceived kidneys from ECDs versus SCDs (9.5% [59 of 620] vs.
5.4% [31 of 578], p=0.0082); for each treatment arm, the nu-
merically higher incidence of graft loss with ECDs versus SCDs
reached significance only in Arm 3 (p=0.0350, Table 3). The main
causes of graft loss in the overall ECD group were nonfunc-
tioning graft (n=17), technical complications (n=14), and death
with functioning graft (n=12); in the SCD group, technical com-
plications (n=16) were the main causes of graft loss, followed
by death (n=5) and infection (n=4). There were no statistically
significant differences in graft loss across treatment arms in
either donor group (ECDs: p=0.9523; SCDs: p=0.0928).

Biopsy-confirmed acute rejection

The incidence of BCAR by Day 168 was low overall, but a high-
er incidence was reported with ECDs versus SCDs (15.2% [94
of 620] vs. 11.1% [64 of 578], p=0.0403). The difference did
not reach significance when analyzed for each treatment arm
(Table 3). BCAR Banff grade IA-IIA and grade IIB-IIl were re-
ported for 13.7% (85 of 620) and 1.5% (9 of 620) of patients
in the ECD group and 9.9% (57 of 578) and 1.2% (7 of 578)
in the SCD group, respectively. There were no statistically sig-
nificant differences in incidence of BCAR across treatment
arms in either donor group (ECDs: p=0.2857; SCDs: p=0.6303;
Supplementary Figure 1).

In patients who experienced BCAR, mean tacrolimus trough
levels were comparable between the ECD and SCD groups
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throughout the 168-day study. There were no statistically sig-
nificant differences in mean trough levels in patients with and
without BCAR on Days 1, 7, 14, 28, 84, and 168 in patients re-
ceiving kidneys from SCDs or ECDs.

Tolerability

The rate of treatment-emergent AEs was consistent across
treatment arms (94-96%) (Supplementary Table 3), and most
(~70% [830 of 1214]) were of mild/moderate severity [9].
Overall, a significantly higher incidence of anemia, diarrhea,
DGF, edema, renal impairment, cytomegalovirus (CMV) infec-
tions, and toxic nephropathy was observed with ECDs versus
SCDs. A total of 85 (13.7%) patients in the ECD group expe-
rienced opportunistic infections (82 cases of CMV infection,
2 cases of aspergillus infection and 1 case of pneumocys-
tis) compared with 28 (4.8%) patients in the SCD group (all
CMV infections). Toxic nephropathy was reported in 6.6% of
the ECD group compared with 3.8% of the SCD group; how-
ever, biopsy-proven nephrotoxicity was reported at lower rates
(2.9% and 1.7%, respectively). The incidence of DGF was sig-
nificantly higher in patients who received kidneys from ECDs
versus SCDs (p<0.0001); this reached statistical significance
in Arms 1 and 4 (for both comparisons: p<0.01; incidence pre-
sented in Supplementary Table 3).

The primary OSAKA study reported that the incidence of PTDM
after transplantation was comparable between treatment
arms [9]. The present analysis showed a nominally significant
difference in PTDM incidence between the overall ECD versus
SCD groups (17.3% [89 of 513] vs. 12.7% [67 of 526], p=0.0455).
Overall, ongoing diabetes requiring therapy was comparable
between patients with kidneys from ECDs versus SCDs.
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Of the patients who completed the study (n=959) or had a
functioning graft at follow-up after withdrawal from the study
(n=139), only 42 patients (3.8%; 29 patients with ECD and 13
with SCD) were converted to another immunosuppressive ther-
apy (predominantly sirolimus [n=14], ciclosporin [n=11], and
everolimus [n=8]), indicating that tacrolimus was well tolerat-
ed in this patient population.

Discussion

The shortage of kidneys available for transplant has result-
ed in a marked increase in the use of organs from ECDs over
the past decade. The donor population in Europe is growing
older, and non-traumatic donors constitute a majority. Age-
matching kidneys between recipient and donor (‘old-for-old’
transplantation) is a policy of Eurotransplant and is becoming
standard practice in many countries [10]. As a result, donor
kidney classification also defines different recipient popula-
tions. It is, therefore, important that the efficacy and safety
of immunosuppressive regimens are evaluated in patients re-
ceiving organs from ECDs.

The OSAKA study was conducted in 22 countries, including 19
European countries, and the study population therefore reflects
European standards of kidney donation and donor kidney al-
location. Clinical trials of immunosuppressive regimens in kid-
ney transplant patients typically include patients who received
organs from donors meeting SCD criteria. However, approxi-
mately half of the patients in the OSAKA study received a kid-
ney from an ECD, compared with 9% to 33% in other clinical
trials [6,9,11,12]. Therefore, OSAKA is well placed to evaluate
outcomes in a population more closely resembling the European
transplant population compared with other clinical trials.

The primary analysis of OSAKA showed that, in adult de novo
kidney transplantation, once-daily administration of prolonged-
release tacrolimus 0.2 mg/kg without induction therapy was
non-inferior to an immunosuppressive regimen based on
immediate-release tacrolimus at the same starting dose with-
out induction therapy [9]. Reassuringly, the present post hoc
analysis showed that prolonged-release tacrolimus also pro-
duces comparable outcomes to immediate-release tacrolimus
when used in patients receiving kidneys from ECDs. The inci-
dence of the composite endpoint (graft loss, BCAR or renal dys-
function during the first 168 days after transplantation) was
comparable with all 4 treatment regimens within the ECD do-
nor group and within the SCD donor group.

Renal dysfunction was the main driver of the composite end-
point in the primary analysis of OSAKA [9] and in the present
post hoc analysis. Most patients who experienced renal dys-
function did so by Day 2 after transplantation. The incidence
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of renal dysfunction by Day 2 and after Day 2 was similar in
each treatment arm irrespective of whether the patient was
in the ECD or the SCD donor group. Likewise, no significant
difference between treatment arms was observed for the inci-
dence of graft loss and BCAR, regardless of donor group. Overall,
the results of the post hoc analysis indicate that prolonged-
release tacrolimus-based immunosuppression is as efficacious
as immediate-release tacrolimus in de novo kidney transplan-
tation regardless of ECD or SCD group.

It is well established that patients who receive a kidney from
an ECD have poorer outcomes than patients who receive a kid-
ney from an SCD [3-6]. Our post hoc analysis of OSAKA con-
firmed previous studies in this regard, with a significantly high-
er incidence of the composite endpoint and renal dysfunction
in patients in the ECD group versus the SCD group. The rates
of BCAR and graft loss in this analysis were low, but again,
the incidence of BCAR was higher in patients who received or-
gans from ECDs versus SCDs. The incidence of DGF was also
significantly higher in patients in the ECD group compared
with the SCD group, which reached statistical significance in
Arms 1 and 4. DGF is a common complication seen in patients
with kidneys from ECDs and has been associated with poor
1-year graft survival [13]. A leading risk factor for DGF is in-
creased cold ischemia time (CIT) [14]; however, in the present
study, no significant difference in CIT was observed between
the ECD and SCD groups.

The observation that efficacy outcomes were generally worse
in patients receiving a kidney from an ECD versus an SCD is
not surprising, since kidneys from ECDs are often associated
with a higher degree of histologic damage than kidneys from
SCDs [15], which may lead to poorer renal function [12,16].
Furthermore, patients in OSAKA who received kidneys from
ECDs were older and more likely to have other risk factors
for poor outcomes than patients who received kidneys from
SCDs, in line with ‘old-for-old’ kidney transplant policy. Overall,
the findings from this post hoc analysis indicate that donor cri-
teria had a significant impact on the clinical outcomes of kid-
ney transplant patients receiving a tacrolimus-based immuno-
suppressive regimen, but treatment regimen within donor
group did not.

Mean tacrolimus trough levels were clinically comparable in pa-
tients receiving kidneys from ECDs versus SCDs from Day 7 un-
til the end of the study. Tacrolimus trough levels of 5-15 ng/mL
were achieved early after prolonged-release tacrolimus initi-
ation in all arms, regardless of the donor origin and the pres-
ence or absence of DGF. No new safety signals were observed in
this analysis. The safety and tolerability profiles of immediate-
release tacrolimus and prolonged-release tacrolimus were sim-
ilar across all treatment arms in both donor groups. The inci-
dence of several AEs was higher in the ECD group compared
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with the SCD group. This is not surprising because many AEs
reported in treatment populations (such as anemia and diar-
rhea) are patient- rather than donor-related, and patients in
the ECD group were older and in worse health than those in
the SCD group. Importantly, safety findings within each donor
group were not markedly different between the treatment arms.

The limitations of the OSAKA study have been reported previ-
ously [9]. Further limitations are the relatively short study dura-
tion and the lack of kidney donor profile index (KDPI) data, as
the KDPI was not introduced until after completion of OSAKA.
The different definitions of ECDs and lack of KDPI data hin-
der comparisons with other trials. The definitions of ECDs and
SCDs in this study were determined retrospectively and OSAKA
was not designed to provide an in-depth analysis of different
donor-recipient couples. Although comparing the efficacy of
immunosuppressive regimens in patients receiving kidneys
from ECDs across different studies would be interesting, it is
problematic because of the varying definitions of ECD used and
the different duration of follow-up (Supplementary Table 4).
To further reduce the differences between the long-term out-
comes of patients who receive organs from ECDs and SCDs,
a reduction of HLA-mismatching and CIT in addition to contin-
ued optimization of the immunosuppressive regimens remain
the most viable options. As such, the results of this study may
be particularly applicable to clinical practice.

Conclusions

In this post hoc analysis of the OSAKA study, donor criteria in-
fluenced the protocol-defined endpoints, with worse outcomes
experienced in patients who received kidneys from ECDs ver-
sus SCDs. However, within each donor group, the use of pro-
longed- and immediate-release tacrolimus provided similar
graft survival, low incidence rates of BCAR, and a manageable
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tolerability profile over 168 days of treatment. These data are
of increasing importance as the use of organs from ECDs con-
tinues to rise in kidney transplantation. Overall, the results
from this study indicate that in treatment populations with a
high number of kidneys from ECDs, prolonged-release tacro-
limus is a viable alternative to immediate-release tacrolimus.
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Supplementary Data

Supplementary Table 1. Mean daily tacrolimus dose throughout the 168-day study period, stratified by treatment arm and donor
group (FAS).

Arm 1 Arm 2 Arm 3 Arm 4
Immediate-release tacrolimus Prolonged-release tacrolimus Prolonged-release tacrolimus Prolonged-release tacrolimus
0.2 mg/kg/day 0.2 mg/kg/day 0.3 mg/kg/day

L oo o) M oosy oy M o) oore " oos oosy P
T (g:cl):‘:) (g:;,g,‘l‘) 0.048 (g:;);:) (giéég) 0.003 (g:cl)gZ) (g:;;:) 0.001 (géii) (g:cl)gs) e
Mt omn oo O omy e °% ouy 0w %% qors oo O
28 (gjgi) (gkl);i) 0-401 (gkl);i) (gjgg) 0.023 (gjii) (gf);:) 0.004 (gkl);;) (gf)g;) 0.004
B oo ame ° 0w 0w °% oom om0 ooy oo
168 G0 oo °7* ooy 0078 °%7  ooen oo ° ©osy ©oey OO

All values are mean (SD), unless specified otherwise; p values were calculated using a t-test. ECD — extended-criteria donors;
FAS — full-analysis set; SCD — standard-criteria donors; SD — standard deviation.

Supplementary Table 2. Incidence of primary composite endpoint, stratified by treatment arm, donor group and donor status
(living or deceased) (FAS).

Arm 4
Prolonged-release
tacrolimus
0.2 mg/kg/day
+basiliximab

Arm 1 Arm 2 Arm 3
Immediate-release  Prolonged-release  Prolonged-release
tacrolimus tacrolimus LEV T

0.2 mg/kg/day 0.2 mg/kg/day 0.3 mg/kg/day

Deceased donor, N | 143 125 150 118 146 125 149 98 588 466
(o eeis 80 (55.9) 38 (30.4) 82 (54.7) 36 (30.5) 85(58.2) 37 (29.6) 86 (57.7) 42 (42.9) 333 (56.6) 153 (32.8)
endpoint, n (%)

Living donor, N 11 30 5 29 7 26 9 27 32 112
Composite

X 5(455) 10(33.3) 3(60.0) 11(37.9) 4(57.1) 6(23.1) 4(444) 7(259) 16 (50.0) 34 (30.4)
endpoint, n (%)

ECD - extended-criteria donors; FAS — full-analysis set; SCD — standard-criteria donors.
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Supplementary Figure 1. Incidence of BCAR by Day 168 in patients who received kidneys from ECDs and SCDs (FAS). P values shown

are those for ECDs or SCDs across all treatment arms, calculated using the chi-squared test. BCAR — biopsy-
confirmed acute rejection; ECD — extended-criteria donor; FAS — full-analysis set; SCD — standard-criteria
donor.

Supplementary Table 3. Incidence of treatment-emergent AEs stratified by treatment arm and donor group (FAS).

Arm 4

Arm 1 Arm 2 Arm 3

Immediate- Prolonged- Prolonged-

Prolonged-
release

AEs, n (%) release release release Overall
tacrolimus tacrolimus tacrolimus
0.2 mg/kg/day 0.2 mg/kg/day 0.3 mg/kg/day

tacrolimus
0.2 mg/kg/day
+basiliximab

Arms Arms
1-4 1-4
p value p value

MR oy sy 74 G0s (oo o) G0 @) NP 0SS Goy gey 001
wecion (09 (49 (20 9 @79 52 Gy e % ' oo sy 0%
s gy gen @) e o1 02 @ Gs) OO O oy gey 00
ndton QL9 0 (99 (29 029 (0 @) (20 %0 9% oy op W01
em g (09 (09 03 03 69 69 @0 O O gog gy 000
dodtin  (149) (55 (48 (50 (57 (29 2 we P 7% qay gay 0
PP 1y 0 Ghn 23 1) 09 ase oo 7P Oy iy 09
Hyperlipidemia (91.57) (122?9) (91.‘:)) (52.34) (71.2) ((:.%) (2‘.‘5) (;.:a) e -°°%° (;.53) (;?5) 04531
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Arm 1 Arm 2 Arm 3 Al
Prolonged-

Immediate- Prolonged- Prolonged- release
AEs, n (%) release release release tacrolimus Overall
tacrolimus tacrolimus tacrolimus 0.2 mg/kg/day
0.2 mg/kg/day 0.2 mg/kg/day 0.3 mg/kg/day

270/287 1147/1214

(94.1) (94.5)
ECD SCD Arms Arms ECD
n=158 n=125  1-4 1-4 n=620
p value p value
Renal 24 14 23 9 29 20 2 12 98 55
impairment  (15.6) (9.0) (148 (6.1) (19.0) (132) (139) (9.6 158 (95
impai (156 (0 (148 (61 (190 (32 (39 ©6 o 90 5y (5 0V
19 18 21 16 14 18 19 9 73 6l
Tremor (123) (116) (135 (109) (0.2 (11.9) (120 (720 26739 03746 (118 (106 %21
o 16 10 24 4 25 9 17 5 82 28
CMVinfection 5 (65) (155 (27) (163 (60) (108 (@40) 02727 04061 55 (g <0:0001
. 24 21 26 20 16 18 27 10 93 69
Hypertension 6y (135 (168) (13.6) (105 (1.9 (7.1) @©0) 3286 0459 154 (119 0128
Toxic 5 7 6 4 12 5 18 6 4 2
nephropathy  (3.2)  (45) (39 (27) (78) (33) (14) s 00121 07712 o g 00375
29 23 19 11 2 2 19 11 89 67
PTOM 228" (160) (151)F ©1F (17202 (159 (144> (o 2098 OB 75 (137) 0045
Ongoing 10 14 13 8 18 9 7 4 48 35
insulin therapy (7.8)*  (9.7)' (103} (598 (141 (657 (3= @7 0P 0T g (67w 01108

*n=127; ' n=144; * n=126; ¢ n=135; ® n=128; ' n=138; ** n=132; " n=109; ¥ n=513, 55 n=526; data are n (%), unless otherwise
specified; delayed graft function was defined as dialysis for more than one day within the first week post transplantation; toxic
nephropathy was reported as an AE by the investigators. P values across treatment arms within ECD and SCD groups were
calculated with the chi-squared test. P values for ECD vs. SCD groups were calculated with Fisher’s exact test. AE — adverse event;
CMV - cytomegalovirus; ECD — extended-criteria donors; FAS — full-analysis set; PTDM — post transplantation diabetes mellitus;
SCD - standard-criteria donors.

Supplementary Table 4. Comparison of definitions of ECDs in clinical trials.

Extended-criteria donor characteristics

United Network for Organ e >60 years old
Sharing (UNOS) [14] e 50-59 years with >2 of the following conditions:
— Death from cerebrovascular accident
— Hypertension
77777777777777777777777 — Serum creatinine >1.5 mg/dL
ELITE-Symphony [17] e >60 years old

e >50 years with >2 of the following conditions:
— Death from cerebrovascular accident
— Hypertension

77777777777777777777777 — Serum creatinine >1.5 mg/dL
OSAKA [9] e Living or deceased donors

e >60 years old

¢ 50-60 years with >1 of the following conditions:
— Death from cerebrovascular accident
— Hypertension
— Serum creatinine >1.5 mg/dL

¢ Donation after circulatory death

The definition of ECD was calculated retrospectively in the OSAKA study. ECD — extended-criteria donors; OSAKA — Optimising
immunoSuppression After Kidney transplantation with Advagraf™; UNOS — United Network for Organ Sharing.
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