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Introduction

Summary

In renal transplantation, the use of interleukin-2 receptor antibody (IL-2Ra)
has been associated with reduced rejection rates, but the effect of this agent on
rejection severity and type, long-term graft function and risk of infection and
malignancy-related mortality remains unclear. Using Australia and New Zea-
land Dialysis and Transplant Registry, all live- and deceased-donor renal trans-
plant recipients in Australia between 2000 and 2006 were included. Of the
3344 renal transplant recipients, 1874 (56.0%) received no induction and 1470
(44.0%) had received IL-2Ra. Compared with no induction, IL-2Ra was associ-
ated with reduced rejection risk (relative risk 0.70, 95% CI 0.60, 0.81) and
higher estimated glomerular filtration rate at 5 years (difference in means 3.51,
95% CI 0.83, 6.19). Severity and type of rejection were similar in both the
groups. The adjusted rate of death attributed to malignancy for no induction
and IL-2Ra per 1000 patient-years was 1.48 and 1.63, respectively, whereas
death attributed to infection was 2.42 and 2.16 respectively. This registry analy-
sis demonstrates that IL-2Ra induction in kidney transplantation is associated
with substantial clinical benefits of reduced risk of acute rejection and
improved long-term graft function without an increase in adverse events.

lymphocyte globulin) and monoclonal (OKT3) antibodies]
or interleukin (IL)-2 receptor antibodies (IL-2Ra) directed

Renal transplantation confers a significant survival advan-
tage for patients with end-stage renal disease compared
with those remaining on dialysis [1]. Acute rejection,
which occurs generally within the first few months post-
transplant, remains an important determinant of short-
and long-term graft survival [2]. Induction therapy with
T-cell depletive antibodies [T-cell Ab; including poly-
clonal (anti-thymocyte globulin, thymoglobulin, anti-
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against activated T cells (basiliximab and daclizumab) is
designed to reduce acute rejection risk in kidney trans-
plantation. IL-2Ra was introduced in 1997 as an alterna-
tive induction agent and because IL-2Ra has no direct
effect on nonactivated T cells, these agents are not associ-
ated with increased infection risk [3,4]. The effectiveness
of IL-2Ra in preventing rejection is similar to T-cell Ab
in both paediatric and adult renal transplant recipients
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[5-8], but without the increased risk of infection- and
malignancy-related morbidity and mortality associated
with T-cell Ab [9,10].

In Australia, IL-2Ra is the preferred induction agent
with its usage increasing from 9.5% in 2000 to 57.1% in
2006, while the use of T-cell Ab has steadily fallen to 4%
in 2006 [11]. Although it is well established that IL-2Ra
reduces rejection risk, the effect of IL-2Ra on rejection
severity and type, and longer-term graft survival and
function has not been extensively evaluated. Thus, the
aim of the present study was to determine the efficacy of
IL-2Ra compared with no induction on renal graft and
patient outcomes including acute rejection (risk, severity
and type), glomerular filtration rate (GFR), graft and
patient survival, infection and malignancy rates.

Patients and methods

Study population

Using the Australia and New Zealand Dialysis and Trans-
plant (ANZDATA) Registry, all live-donor (LD) and
deceased-donor (DD) renal transplant recipients in Aus-
tralia from 2000 to 2006 were included in this study.
Multiple-organ graft recipients and recipients aged
<16 years at the time of transplant were excluded from
the study.

Data collection

Recorded baseline data included donors’ characteristics
such as age (<50, 50-59 and 260 years), gender and
source (DD and LD); and recipients’ characteristics
including age (16-29, 30-49 and 250 years), gender,
race (indigenous and nonindigenous), body mass index
at the time of transplant (BMI; categorized into
0-<18.5, 18.5-<25, 25-<30 and >30 kg/m?), prior grafts,
comorbid medical conditions [smoking, cardiovascular
disease (CVD) and diabetes mellitus], peak panel reac-
tive antibody (PRA; <10%, 10-25% and >25%), total
ischaemic time if DD (DD <12 h, DD 12-18 h and DD
>18 h) and time on dialysis (categorized into <1 year,
>1-3 years on dialysis and >3 years on dialysis). The
number of HLA-mismatch(es) was used as a continuous
variable in the analysis (i.e. 0-6 HLA-mismatches). Ini-
tial immunosuppression at the time of transplant
including calcineurin-inhibitor [CNIL categorized as
cyclosporine, tacrolimus, CNI with mammalian target of
rapamycin (mTOR) inhibitors or none], antimetabolite
agents (mycophenolate mofetil, azathioprine or none)
and use of corticosteroids were included in the analysis.
Individual renal units determined the choice of initial
immunosuppressant. The transplant period (categorized
into cohorts of 2000-2002, 2003-2004 and 2005-2006)
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and transplanting states (Western Australia, South Aus-
tralia, New South Wales, Queensland, Victoria) were
included in the analysis. The report of comorbid medi-
cal conditions was collected at the commencement of
renal replacement therapy.

Clinical outcomes

Clinical outcomes of this study included graft and
patient survival [including death-censored graft failure
(DCGF) and death with functioning graft (DFG)], esti-
mated GFR (eGFR) calculated by the abbreviated Modi-
fication of Diet in Renal Disease formula [12] at 1 and
5 years post-transplant and acute rejection occurring in
the first 6 months post-transplant. Only clinical rejection
episodes were reported and biopsies were performed at
the discretion of individual units. Other outcomes anal-
ysed included death attributed to infections or malig-
nancies. For the purpose of this study, outcome data of
all patients were censored at December 2007. Potential
interactions between the use of IL-2Ra and confounders
were examined for all outcomes.

Statistics

Baseline characteristics were expressed as frequency (per-
centage) for categorical data and comparisons between
groups (no induction and IL-2Ra) were made by chi-
square test or Fisher’s exact test, as appropriate. Acute
rejection within 6 months was modelled using log-bino-
mial regression to estimate relative risks (RR). Graft and
patient survival were examined using Kaplan—Meier
methods and Cox regression to estimate hazard ratios
(HR). DCGF and DFG were competing events, and hence
were examined by estimating cumulative incidence and
performing Cox regression on an augmented dataset and
stratifying by event type to estimate cause-specific HR.
Linear regression was used to examine eGFR at 1 and
5 years by estimating differences in mean (MD) eGFR.
Rates of death attributed to infection and malignancy
were adjusted for confounders using Poisson regression
and mortality rate ratios were obtained. All point esti-
mates are presented with 95% confidence intervals. The
covariates included in the adjusted models were donors’
(age, source, gender and cause of death) and recipients’
characteristics (including gender, BMI age, peak PRA,
diabetes mellitus, CVD, HLA-matching, prior grafts,
smoking, time on dialysis, initial type of immunosuppres-
sion, total ischaemic time) and transplant states and per-
iod. Statistical analysis was performed using stata/ic 10
(Stata Corporation, College Station, TX, USA). Two-
tailed P-values of <0.05 were considered statistically sig-
nificant.
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Results

Baseline characteristics

Of the 3344 live- and deceased-donor renal transplant
recipients included in this study, 1874 (56.0%) did not
receive any induction therapy, whereas 1470 (44.0%) had
received IL-2Ra induction therapy. Baseline variables of
recipients stratified by the use of induction therapy are
shown in Table 1. IL-2Ra was used more frequently in
deceased donor grafts, prior grafts and recipients with
>3 years on dialysis. The use of IL-2Ra increased from
23% during the period of 2000-2002 to 46% during
2003-2004 and to 66% during 2005-2006. Of the highly
sensitized recipients, 54% of recipients with prior grafts,
45% of recipients with PRA >25% and 46% of those with
>3 HLA-mismatches had received IL-2Ra. Of recipients
receiving initial cyclosporine or tacrolimus, 38% and 51%
had received IL-2Ra compared with 61% and 44% who
had received no induction respectively.

Acute rejection

Within the first 6 months after transplant, episodes of
acute rejection occurred in 35% and 21% of recipients with
no induction therapy and IL-2Ra respectively (Table 2).
The use of IL-2Ra was associated with a significant
reduction in risk of acute rejection at 6 months compared
with no induction (Table 3). Among recipients who had
received initial cyclosporine, 35% and 20% of recipients
who had received no induction or had been given IL-2Ra,
respectively, had experienced acute rejection (P < 0.001).
Among recipients who had received initial tacrolimus, 32%
and 23% of recipients who had no induction or had been
given IL-2Ra, respectively, had experienced acute rejection
(P =0.003). Other donor and recipient characteristics,
which were independently predictive of increased acute
rejection, include older donors, female donors, younger
recipients, Caucasian race, overweight/obese (BMI >
25 kg/m?) recipients, current smoker, prior grafts, increas-
ing number of HLA-mismatches, PRA >25% and trans-
plant prior to 2003. The effect of HLA-mismatches on
acute rejection is linear, that is, for each additional HLA-
mismatch, there is an increased RR of acute rejection of
16% (RR 1.16, 95% CI 1.11, 1.20). There was no interac-
tion between induction therapy and other covariates with
respect to rejection.

In those recipients who had experienced rejection, we
next sought to determine the effect of IL-2Ra on multiple
rejection episodes and vascular rejection. Of recipients
who had experienced rejection, 29% and 28% of recipi-
ents who did not receive induction and IL-2Ra, respec-
tively, had experienced =2 rejection episodes (P = 0.05).
After adjustment for confounders, there was no
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Table 1. Baseline characteristics of recipients by use of induction
therapy.

Induction therapy No induction (%) IL-2Ra (%)
Donor age (years)

<50 1062 (56.7) 833 (56.7)

50-59 505 (27.0) 380 (25.8)

>60 307 (16.3) 257 (17.5)
Donor gender*

Female 821 (43.8) 740 (50.3)

Male 1053 (56.2) 730 (49.7)
Recipient age (years)

16-29 276 (14.7) 213 (14.5)

30-49 805 (43.0) 623 (42.4)

>50 793 (42.3) 634 (43.1)
Recipient gender

Female 686 (36.6) 576 (39.2)

Male 1188 (63.4) 894 (60.8)
Recipient race

Caucasian 1795 (95.8) 1420 (96.6)

Indigenous 79 (4.2) 50 (3.4)
Recipient body mass index (kg/m?)

0-18.5 70 (3.8) 60 (4.1)

>18.5-25 840 (44.9) 640 (43.6)

>25-30 650 (34.8) 511 (34.8)

>30 309 (16.5) 258 (17.5)
Grafts*

Primary 1811 (96.6) 1369 (93.1)

Prior 63 (3.4) 101 (6.9)
Recipient diabetes

No 1671 (89.2) 1312 (89.2)

Yes 203 (10.8) 158 (10.8)
Recipient cardiovascular disease

No 1616 (86.2) 1284 (87.3)

Yes 258 (13.8) 186 (12.7)
Recipient smoking history

Nonsmoker 1067 (57.0) 869 (59.1)

Current smoker 231 (12.3) 151 (10.3)

Ex-smoker 575 (30.7) 450 (30.6)
Recipient HLA-mismatches*

0 188 (10.0) 66 (4.5)

1-2 607 (32.5) 447 (30.5)

3-4 734 (39.3) 567 (38.7)

5-6 340 (18.2) 384 (26.3)
Recipient time on dialysis (years)*

0-1 523 (27.9) 458 (31.2)

>1-3 670 (35.8) 469 (31.9)

>3 681 (36.3) 543 (36.9)
Recipient peak PRA*

0-<10% 1349 (72.1) 1044 (71.1)

10-25% 246 (13.1) 149 (10.2)

>25% 278 (14.8) 275 (18.7)
Donor source/cold ischaemia time*

Live-donor 698 (37.7) 688 (47.0)

Deceased donor <12 h 360 (19.4) 219 (15.0)

Deceased donor 12-18 h 566 (30.6) 416 (28.4)

Deceased donor >18 h 228 (12.3) 140 (9.6)
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Table 1. (Continued)

Induction therapy No induction (%) IL-2Ra (%)
Recipient initial CNI*
None 57 (3.1) 4 (4.4)
Cyclosporine 1256 (67.1) 787 (53.7)
Tacrolimus 461 (24.6) 537 (36.6)
CNI + TOR inhibitors 97 (5.2) 9(5.3)
Recipient initial antimetabolite*
None 197 (10.5) 98 (6.7)
Mycophenolate 1606 (85.8) 1326 (90.2)
Azathioprine 69 (3.7) 46 (3.1)
Corticosteroids at transplant*
No 80 (4.3) 71 (4.8)
Yes 1794 (95.7) 1399 (95.2)
Transplant period*
2000-2002 1062 (56.7) 326 (22.2)
2003-2004 504 (26.9) 456 (31.0)
2005-2006 308 (16.4) 688 (46.8)
Transplanting state*
New South Wales 537 (28.7) 447 (30.4)
Victoria 586 (31.3) 281 (19.1)
Queensland 192 (10.2) 455 (31.0)
South Australia 317 (16.9) 156 (10.6)
Western Australia 242 (12.9) 131 (8.9)

PRA, peak panel reactive antibody; IR-2Ra, interleukin-2 receptor anti-
body; CNI, calcineurin-inhibitor.
*Chi-square P < 0.05, data expressed as number (%).

Table 2. Transplant outcomes by induction therapy.

IL-2Ra
n=1470

No induction

Outcome n=1874

Acute rejection 650 (34.7%) 295 (20.1%)

Overall graft failure

1 year 6.8 (5.7-8.1) 5.9 (4.8-7.3)
5 years 15.5(13.8-17.4) 16.5 (14.2-19.2)
DCGF
1 year 4.6 (3.7-5.6) 4.1 (3.2-5.2)
5 years 8.7 (7.4-10.1) 10.1 (8.2-12.1)
DFG
1 year 2.2 (1.6-3.0) 1.8 (1.2-2.6)
5 years 6.8 (5.6-8.1) 6.5 (5.0-8.2)
Death
1 year 3.1 (2.4-4.0) 2.5(1.8-3.5)
5 years 8.8 (7.5-10.3) 8.4 (6.7-10.6)
eGFR
1 year 51.97 £ 17.24 52.82 + 17.58
(n=1737) (n =1374)
5 years 50.23 + 18.78 52.48 + 20.06
(n = 885) (n = 263)

Data are expressed as number (%) for acute rejection within
6 months and mean + SD for eGFR. Kaplan—-Meier failure estimates
(%) with 95% confidence intervals are presented by overall graft fail-
ure and death. Cumulative incidence estimates (%) with 95% confi-
dence intervals are presented for DCGF and DFG.

DCGF, death-censored graft failure; DFG, death with functioning
graft; eGFR, estimated glomerular filtration rate.
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significant difference between IL-2Ra and no induction
(RR 1.02, 95% CI 0.78, 1.35; P = 0.87).

Eleven per cent and 13% of recipients who had no
induction and IL-2Ra, respectively, had experienced
biopsy-proven vascular rejection (P =0.75). In the
adjusted model, there was no association between the use
of induction therapy and the risk of vascular rejection
(IL-2Ra — RR 1.14, 95% CI 0.70, 1.84; P = 0.60). In addi-
tion, there was no association between the use of IL-2Ra
and the severity of rejection (data not shown).

Overall graft failure

Kaplan—Meier survival estimates of overall graft survival
were 92% and 82% in recipients without induction therapy,
and 94% and 82% in recipients who had received IL-2Ra,
at 1 and 5 years respectively. (Table 2). There was no sig-
nificant association between the use of induction therapy
and overall graft failure in the Cox regression model used
to adjust for confounders (Table 4). For overall graft fail-
ure, recipients initiated on either cyclosporine or tacrolimus
had similar graft survival with and without IL-2Ra. The 1-,
3- and 5-year graft survival of recipients initiated on cyclo-
sporine and who had no induction was 91%, 85% and
809%, respectively, compared to 94%, 86% and 81%, respec-
tively, in recipients who had received IL-2Ra. The 1-,
3- and 5-year graft survival of recipients initiated on tacrol-
imus and who had no induction was 92%, 90% and 84%,
respectively, compared to 93%, 88% and 82%, respectively,
in recipients who had received IL-2Ra. Donor and recipient
characteristics associated with increased risk of overall graft
failure include older donors, indigenous race, diabetes,
current smokers, CVD, deceased donor grafts, 3 or more
years on dialysis and transplant prior to 2003. There was
no interaction between the use of induction therapy and
covariates with respect to overall graft failure.

Death-censored graft failure

Cumulative incidence estimates of DCGF were 5% and
9% in recipients with no induction therapy, and 4% and
10% in recipients who received IL-2Ra (Table 2), at 1
and 5 years respectively. Donor and recipient characteris-
tics associated with higher risk of DCGF include older
donors, younger recipients, indigenous race, prior grafts,
current smoker and deceased donor grafts. There was no
interaction between the use of induction therapy and co-
variates with respect to DCGF.

Death with functioning graft

Cumulative incidence estimates of DFG at 1 and 5 years
were 2% and 7% in recipients with no induction therapy,

© 2010 The Authors
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Table 3. Multivariate analysis of induction therapy and acute rejection (log-binomial regression) and eGFR at 1 and 5 years (linear regression).

Acute rejection eGFR 1 year eGFR 5 years

Induction

None 1.00 0.00 0.00

IL-2Ra 0.70 (0.60, 0.81)* 0.87 (-0.45, 2.19) 3.51(0.83, 6.19)*
Donor age

<50 1.00 0.00 0.00

50-59 1.29 (1.13, 1.48)* —-8.63 (-9.96, —7.30)* -8.27 (-10.70, —5.84)*

>60 1.41 (1.21, 1.65)* -15.02 (-16.59, —13.46)* —-14.75 (-18.05, —11.45)*
Donor gender*

Female 1.00 0.00 0.00

Male 0.85 (0.76, 0.96)* 4.23 (3.11, 5.35)* 4.55 (2.44, 6.66)*
Recipient age

16-29 1.00 0.00 0.00

30-49 0.87 (0.74, 1.02) -5.86 (-7.57, =4.15)* 0.78 (-3.82, 2.26)

>50 0.71 (0.59, 0.85)* -5.49 (-7.31, —-3.68)* -0.22 (-3.52, 3.07)

Recipient BMI (kg/m?)
0-18.5
>18.5-25
>25-30
>30

Recipient cardiovascular disease

No
Yes
Recipient smoking
Nonsmoker
Current smoker
Ex-smoker
Grafts
Primary
Prior
Donor source
Live donor
Deceased <12 h

Deceased donor 12-18 h

Deceased donor >18 h
HLA-mismatches
Recipient peak PRA

0-<10%

10-25%

>25%
Antimetabolite

None

Mycophenolate

Azathioprine
Corticosteroids

No

Yes
Transplant period

2000-2002

2003-2004

2005-2006

0.86 (0.61, 1.19)
1.00

1.15 (1.01, 1.31)*
1.20 (1.01, 1.41)*

1.00
0.98 (0.81, 1,19)

1.00
1.21 (1.02, 1.44)*
1.07 (0.94, 1.23)

1.00
1.29 (1.00, 1.65)*

1.00

0.86 (0.71, 1.04)
0.91 (0.77, 1.07)
0.88 (0.71, 1.08)
1.16 (1.11, 1.20)*

1.00
0.91(0.74, 1.11)
1.32 (1.12, 1.54)*

1.00
1.01 (0.74, 1.40)
1.17 (0.75, 1.82)

1.00
0.74 (0.58, 0.95)*

1.00
0.88 (0.77, 1.02)
0.76 (0.65, 0.89)*

9.76 (6.75, 12.76)*
0.00
-1.49 (-2.75, -0.22)*
-4.26 (-5.87, —2.66)*

1.00
1.87 (0.07, 3.66)*

0.00
-1.56 (-3.41, 0.28)
-1.89 (-3.17, -0.61)*

0.00
-0.49 (-3.20, 2.26)

0.00

0.59 (-1.16, 2.34)
-1.34 (-2.88, 0.21)
—-3.84 (-5.88, —1.80)*
-0.15 (-0.51, 0.21)

0.00
-0.36 (-2.18, 1.46)
-2.46 (-4.13, -0.78)*

0.00
4.12 (1.10, 7.14)*
5.97 (1.66, 10.29)*

1.00
—-3.54 (-6.34, -0.73)*

0.00
0.21 (-1.21, 1.63)
1.09 (-0.43, 2.61)

0.75 (-5.25, 6.76)
0.00
-2.38 (-4.75, 0.00)
-5.15 (-8.20, —2.09)*

1.00
2.30(-1.18, 5.78),

0.00
-2.79 (-6.32, 0.73)
-3.49 (-5.86, —1.12)*

0.00
-1.83(-7.97, 4.31)

0.00
2.98
0.16
0.23
-0.27

(-0.37, 6.33)
(=2.75, 3.07)
(-3.35, 3.81)
(-0.97, 0.43)
0.00
1.72 (-1.66, 5.10)
-3.64 (-6.86, —0.42)*

0.00
5.26 (-0.86, 11.39)
9.11(1.19, 17.04)*

1.00
-6.99 (=12.13, -1.85)*

*P < 0.05, data expressed as relative risk for rejection or as difference in mean values for eGFR with 95% confidence interval. Only significant
variables are shown in this table, but models also included recipient gender, indigenous race, diabetes, duration on dialysis, initial CNI and trans-

planting state.

eGFR, estimated glomerular filtration rate; PRA, panel reactive antibody; CNI, calcineurin-inhibitor.
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Table 4. Multivariate analysis of induction therapy and graft and patient survival.

Lim et al.

Overall graft failure DCGF DFG Patient death

Induction

None 1.00 N 1.00 1.00

IL-2Ra 1.23(0.99, 1.53) - 1.08 (0.76, 1.52) 1.01 (0.74, 1.39)
Donor age

<50 1.00 1.00 1.00 1.00

50-59 1.37 (1.10, 1.70)* 1.75(1.32, 2.31)* 0.95 (0.66, 1.35) 1.00 (0.73, 1.36)

>60 1.84 (1.46, 2.33)* 2.36 (1.75, 3.18)* 1.24 (0.84, 1.82) 1.10 (0.78, 1.55)
Recipient age

16-29 1.00 1.00 1.00 1.00

30-49 0.76 (0.56, 1.02) 0.64 (0.46, 0.90)* 1.34 (0.69, 2.61) 1.69 (0.90, 3.16)

>50 1.00 (0.74, 1.35) 0.57 (0.39, 0.81)* 3.11 (1.63, 5.95)* 3.57 (1.93, 6.61)*

Recipient race
Nonindigenous
Indigenous

Recipient diabetes
No

1.00
2.12(1.49, 3.01)*

1.00

1.00
2.42 (1.52, 3.83)*

1.00

1.00
1.77 (1.02, 3.06)*

1.00

1.00
2.07 (1.30, 3.32)*

1.00

Yes 1.43 (1.10, 1.87)* 1.16 (0.79, 1.71) 1.80 (1.24, 2.63)* 1.81 (1.30, 2.53)*
Recipient CVD

No 1.00 1.00 1.00 1.00

Yes 1.71(1.35, 2.17)* 1.35(0.96, 1.90) 2.22 (1.59, 3.10)* 1.95 (1.44, 2.64)*
Recipient smoking

Nonsmoker 1.00 1.00 1.00 1.00

Current smoker 1.50 (1.15, 1.95)* 1.66 (1.19, 2.33)* 1.20 (0.78, 1.87) 1.20 (0.82, 1.77)

Ex-smoker 1.17 (0.95, 1.45) 1.25 (0.95, 1.65) 1.07 (0.78, 1.49) 1.03 (0.77, 1.37)
Grafts

Primary 1.00 1.00 1.00 -

Prior 1.37 (0.93, 2.01) 1.73 (1.1, 2.69)* 0.57 (0.23, 1.43) -
Donor source

Live donor 1.00 1.00 1.00 1.00

DD <12 h 1.46 (1.09, 1.96)* 1.52 (1.03, 2.24)* 1.45 (0.92, 2.29) 1.49 (0.99, 2.24)

DD 12-18 h 1.48 (1.14, 1.92)* 1.81 (1.30, 2.54)* 1.13(0.74, 1.72) 1.24 (0.85, 1.80)

DD >18 h 1.79 (1.32, 2.44)* 1.86 (1.24, 2.80)* 1.62 (1.01, 2.60)* 1.42 (0.92, 2.20)
Time on dialysis

0-1 year 1.00 1.00 1.00 1.00

>1-3 years 1.20 (0.90, 1.60) 1.28 (0.89, 1.85) 1.05 (0.66, 1.66) 1.24 (0.81, 1.89)

>3 years 1.43 (1.05, 1.95)* 1.26 (0.84, 1.88) 1.69 (1.03, 2.76)* 1.81(1.15, 2.84)*

Recipient initial CNI
None
Cyclosporine
Tacrolimus

CNI + TOR inhibitors

Transplant period

1.00

0.55 (0.36, 0.83)*
0.58 (0.37, 0.89)*
0.35(0.17, 0.70)*

1.00

0.41(0.25, 0.67)*
0.42 (0.26, 0.70)*
0.21(0.09, 0.50)*

1.00

0.83(0.39, 1.77)
0.93(0.42, 2.06)
0.85 (0.24, 3.02)

1.00

0.98 (0.49, 1.97)
1.07 (0.52, 2.22)
1.62 (0.48, 5.43)

2000-2002 1.00 - 1.00 1.00
2003-2004 0.90 (0.72, 1.13) - 0.89 (0.63, 1.27) 1.02 (0.74, 1.40)
2005-2006 0.66 (0.49, 0.90)* - 0.60 (0.36, 1.00)* 0.74 (0.48, 1.14)

*P < 0.05, data expressed as hazard ratio with 95% confidence interval. Only significant variables are shown in this table, but models also
included donor gender, recipient gender, recipient BMI, number of HLA mismatches, peak PRA, initial antimetabolite, corticosteroid use and trans-
planting state.

DCGF, death-censored graft failure; DFG, death with functioning graft; IL-2Ra, interleukin-2 receptor antibody; CVD, cardiovascular disease; CNI,
calcineurin-inhibitor; PRA, panel reactive antibody.

and 2% and 6% in recipients who received IL-2Ra teristics associated with increased risk of DFG include

(Table 2). There was no significant association between  older recipients, indigenous race, diabetes, CVD, deceased
induction therapy and DFG in the competing risk Cox  donor grafts with cold ischaemic time 218 h and longer
regression model (Table 4). Donor and recipient charac- duration on dialysis. There was no interaction between

© 2010 The Authors
1212 Journal compilation © 2010 European Society for Organ Transplantation 23 (2010) 1207-1215



Lim et al.

the use of induction therapies and covariates with respect
to DFG.

Patient survival

Kaplan—Meier survival estimates of patient and survival
were 97% and 91% in recipients without induction ther-
apy, and 98% and 92% in recipients who had received
IL-2Ra (Table 2), at 1 and 5 years respectively. There was
no association between induction therapy and death
(Table 4). Donor and recipient characteristics associated
with increased patient death include older recipients,
indigenous race, underweight (BMI < 18.5 kg/m?) recipi-
ents, diabetes, CVD and longer duration of dialysis. There
was no interaction between induction therapy and covari-
ates with respect to patient survival.

Infection and malignancy

During the study period, 256 (7.8%) patients died, of
which 72 (2.2%) deaths were attributed to infection — 48
(2.7%) received no induction therapy and 23 (1.7%)
received IL-2Ra. Moreover, of 43 (1.3%) deaths that were
attributed to malignancy, 27 (1.5%) and 15 (1.1%)
occurred in recipients who received no induction and IL-
2Ra respectively. The unadjusted and adjusted rates per
1000 patient-years are shown in Table 5.

Compared with recipients who had not received induc-
tion therapy, there was no association between IL-2Ra

Table 5. Induction therapy and infection and malignancies.

No induction IL-2Ra

Death from infectiont
Unadjusted rate
Adjusted rate

Death from malignancyt
Unadjusted rate 3.10(2.12, 4.57)
Adjusted rate 1.48 (0.78, 2.82)

Time to first post-transplant 1.00

malignancy

Time to first nonskin 1.00

malignancy/melanoma

Time to first skin malignancy ~ 1.00

5.50 (4.15, 7.30)
2.42 (1.46, 4.02)

5.19 (3.45, 7.81)
2.16 (1.22, 3.82)

3.39 (2.04, 5.62)
1.63(0.80, 3.31)
0.80 (0.61, 1.04)
1.29 (0.84, 1.98)

0.63 (0.46, 0.88)*

*P < 0.05, data expressed as rate per 1000 patient-years (f) or as
adjusted hazard ratio with 95% confidence intervals; adjusted for
donor age, donor gender, recipient age, recipient gender, recipient
BMI, diabetes, CVD, smoking, number of HLA mismatches, peak PRA,
donor source by cold ischaemia time, duration on dialysis, initial CNI,
antimetabolite and corticosteroid use, year of transplant and trans-
planting state.

CNlI, calcineurin-inhibitor; CVD, cardiovascular disease; PRA, panel
reactive antibody; IL-2Ra, interleukin-2 receptor antibody.
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induction and time to first post-transplant malignancy
(Table 5).

Estimated GFR at 1 and 5 years

Compared with no induction therapy, recipients who had
received IL-2Ra had similar eGFR at 1 and 5 years (only
40% recipients had reported eGFR at 5 years; Table 2).
Using linear regression to adjust for confounders
(Table 3), IL-2Ra was associated with higher eGFR at
5 years compared with no induction (MD 3.51, 95% CI
0.83, 6.19; P = 0.01) but not at 1 year. Donor and recipi-
ent characteristics consistently associated with lower eGFR
at 1 and 5 years include older donors, female donors,
older recipients, overweight/obese (BMI > 18.5 kg/m?)
recipients, peak PRA >25% and the use of corticosteroids.
Deceased donor grafts with a cold ischaemic time 218 h
were also associated with reduced eGFR at 1 year. There
was no interaction between induction therapy and covari-
ates with respect to eGFR.

Discussion

In this registry study, the use of IL-2Ra induction was
associated with a reduction in rejection risk and
improved long-term graft function compared with no
induction, independent of HLA-matching. The reduction
in rejection risk with the use of IL-2Ra was observed in
recipients initiated on either cyclosporine or tacrolimus,
although the benefit appeared greater in those receiving
initial cyclosporine. However, despite the reduction in
rejection, IL-2Ra was not associated with reduced overall
graft failure, including DCGF and DFG up to 8 years
post-transplant. In contrast, analysis of other large regis-
try databases including the Organ Procurement and
Transplant Network (OPTN; n = 19 137 with 23% IL-2Ra
and 39% no induction between 2001 and 2005) and
Collaborative Transplant Study (CTS; n =112 122
deceased-donor transplant recipients with 6% IL-2Ra and
83% no induction between 1985 and 2004) has demon-
strated that IL-2Ra induction was associated with reduced
risk of rejection and improved graft survival [13-15].
Review of the registry data from OPTN verified that the
adjusted RR of triple endpoints of rejection, graft failure
and death at 6 months was lower in recipients maintained
on tacrolimus, mycophenolate and corticosteroids receiv-
ing basiliximab induction compared with no induction
(adjusted OR 0.82, 95% CI 0.74, 0.92). Similarly, a recent
meta-analysis by Webster et al. [16] indicated that the use
of IL-2Ra was associated with a 25% reduction in early
graft loss, including DFG. However, the association
between IL-2Ra and improvement and graft and patient
survival remains inconsistent [17,18]. Although the
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occurrence of rejection has been associated with an
increased risk of early and late graft loss, McDonald et al.
[2] demonstrated using ANZDATA registry data that
recipients with a single episode of cellular rejection were
not associated with increased graft loss, whereas the
occurrence of multiple rejection or vascular rejection was
associated with increased graft loss compared with recipi-
ents without rejection. In this study, we had shown that
the severity of rejection and the risk of multiple rejection
episodes or vascular rejection were similar between recipi-
ents receiving IL-2Ra and no induction, which may in
part explain the lack of association between IL-2Ra and
graft failure in this study.

Previous studies have demonstrated that IL-2Ra induc-
tion was associated with significantly better short-term
renal function up to 12 months compared with no induc-
tion, but this association remains inconsistent [5,19]. In
this study, IL-2Ra induction was associated with signifi-
cantly better long-term renal function at 5 years compared
with recipients receiving no induction, presumably related
to lower rejection rates, which has been shown to adversely
affect renal function post-transplant [2]. As calcineurin-
inhibitors have been demonstrated to cause significant
nephrotoxicity and chronic kidney damage, it is plausible
that in recipients with lower rates of acute rejection, the
concurrent reduction in the intensity of immunosuppres-
sion, especially of calcineurin inhibitor, may have partly
accounted for the superior eGFR at 5 years in recipients
receiving IL-2Ra [20]. However, this assumption cannot be
accurately explored using registry data.

Although most clinical studies have shown that IL-2Ra
has an excellent safety and tolerability with a demonstra-
ble side-effect profile similar to placebo [21], there have
been studies suggesting that IL-2Ra may be associated
with a 64% reduction in early malignancy at 6 months,
possibly related to reduction in immunosuppression [16].
In our study, recipients receiving IL-2Ra had similar risk
profile for death attributed to infection or malignancy,
although the use of IL-2Ra may be associated with a
slower time to first skin malignancy. Given the low event
rate of infection and malignancy-related deaths in both
IL-2Ra and no induction groups, there may have been a
low chance to detect statistical differences between the
two groups.

As with all registry analyses involving observations
related to retrospective data, there may be unmeasured or
residual confounders that could have affected our results.
Although this study does not provide direct confirmation
concerning the advantage of IL-2Ra induction and trans-
plant outcomes in renal transplant recipients, it does pro-
vide powerful data for examining transplant outcomes
associated with induction therapy in a large number of
observations, which is not restricted to selected group of

Lim et al.

recipients participating in clinical trials. Although registry
analysis cannot replace the results of randomized trials,
the recent study by Willoughby et al. [14] suggested that
a minimum of 1600 recipients would be required per
group to detect differences in transplant outcomes
between different induction agents in a superiority trial.
The restriction of analysis to the transplant period
between 2000 and 2006 introduces a potential selection
bias, whereby the recipients who did not receive IL-2Ra
induction did not for a reason, which might have con-
founded the comparison. Prior to 2000, IL-2Ra was used
in <5% of renal transplant recipients and the inclusion of
these historical controls for analysis would be confounded
by differences over time, rather than the effect of induc-
tion therapy. Confounding by indication for IL-2Ra use,
centre-specific protocols or preferences, preferences of
immunosuppressant or availability of specific induction
agent may be other factors contributing to the differences
in outcomes but these factors are not available in registry
data.

In this registry analysis, IL-2Ra induction in kidney
transplantation was associated with significantly better
clinical outcomes of reduced risk of acute rejection and
improved long-term graft function without an increased
risk of adverse events.
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