TRANSPLANT

INTERNATIONAL

ORIGINAL ARTICLE

Transplant International ISSN 0934-0874

Graft and patient outcomes of zero-human leucocyte-
antigen-mismatched deceased and live donor kidney
transplant recipients

Wai H. Lim,"? Nicholas A. Gray,*3 Steven J. Chadban,** Helen Pilmore®>® and Germaine Wong

2,7,8,9

Department of Renal Medicine, Sir Charles Gairdner Hospital, Perth, WA, Australia
Australia and New Zealand Dialysis and Transplant Registry, Adelaide, SA, Australia
Department of Renal Medicine, Nambour General Hospital, Nambour, Qld, Australia
Renal Unit, Royal Prince Alfred Hospital, Sydney, NSW, Australia

Department of Medicine, Auckland University, Auckland, New Zealand
Sydney School of Public Health, University of Sydney, Camperdown, NSW, Australia
Centre for Kidney Research, The Children’s Hospital at Westmead, Westmead, NSW, Australia

1
2
3
4
5 Renal Unit, Auckland Hospital, Auckland, New Zealand
6
7
8
9

Centre for Transplant and Renal Research, Westmead Hospital, Westmead, NSW, Australia

Keywords

Australia and New Zealand Dialysis and
Transplant Registry, epidemiology, graft
failure, kidney transplantation, zero-HLA
mismatch.

Correspondence

Dr Wai Lim, Department of Renal Medicine,
Sir Charles Gairdner Hospital, Perth, WA,
6009, Australia

Tel.: 61893462799;

fax: 61893463942,

e-mail: wai.lim@health.wa.gov.au

Conflicts of Interest

The authors of this manuscript have no
conflict of interests to disclose. The results
presented in this manuscript have not been
published previously in whole or part, except
in abstract format.

Received: 8 October 2014

Revision requested: 26 November 2014
Accepted: 9 February 2015

Published online: 3 March 2015

doi:10.1111/tri. 12542

Introduction

Immunological compatibility between donor and recipient
is a major factor in determining graft outcomes in kidney
transplantation [1-3]. The half-lives of allografts received
from donors who exhibit zero-HLA mismatches with their
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Summary

Greater compatibility of human leucocyte antigen (HLA) alleles between kidney
donors and recipients may lead to improved graft outcomes. This study aimed to
compare the incidence of acute rejection and graft failure in zero-HLA-mis-
matched recipients of living-related (LD) and deceased donor (DD) kidney trans-
plants. Using data from the Australia and New Zealand Dialysis and Transplant
Registry, we compared the risk of any acute rejection and biopsy-proven acute
rejection (BPAR) and graft failure in recipients of zero-HLA-mismatched kidneys
between LD and DD using logistic and Cox regression models. Of the 931 zero-
HLA-mismatched recipients transplanted between 1990 and 2012, 19 (2.0%)
received kidneys from monozygotic/dizygotic twins (twin), 500 (53.7%) from
nontwin LD and 412 (44.3%) from DD. Twin kidney transplant recipients did
not experience rejection. Compared to DD transplant recipients, the risk of any
acute rejection (adjusted odds ratio 0.52, 95%CI 0.34-0.79, P = 0.002) and over-
all graft failure (adjusted hazard ratio 0.55, 95%CI 0.41-0.73, P < 0.001) was sig-
nificantly lower in LD recipients independent of initial immunosuppression, but
not for BPAR (adjusted odds ratio 0.52, 95%CI 0.16-1.64, P = 0.263). Zero-
HLA-mismatched DD kidney transplant recipients have a significantly higher risk
of any acute rejection episodes and graft loss compared to zero-HLA-mismatched
LD kidney transplant recipients. A cautious and careful approach in reducing
immunosuppression appears to be warranted in this group of transplant recipi-
ents.

recipients at the major class I (HLA-A and HLA-B) and
class IT (HLA-DR) loci were up to twice that of mismatched
allografts among recipients of deceased donor (DD,
17 years vs. 8 years) [4] and live donor (LD, 22 years vs.
12-14 years) kidney transplants [5]. As a result, immuno-
logical matching at the HLA-A, HLA-B and HLA-DR loci
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remains an important determinant of donor selection from
LD and allocation of kidneys from DD for transplantation.

Compared with recipients of mismatched DD trans-
plants, recipients of mismatched LD kidney transplants
have better overall and death-censored graft survival [6]. In
Australia, the overall 5-year graft survival was 89% among
recipients of primary LD kidneys, compared to 81% among
recipients of primary DD kidneys [7]. The rationale for the
difference in outcomes is multifactorial, but may include
shorter ischaemic time and duration on dialysis among LD
kidney recipients.

Even among recipients of zero-HLA-mismatched LD
kidney transplants, it has been shown that high levels of
panel reactive antibodies (PRA) levels are important deter-
minants of graft loss [8]. Recipients of LD-related, zero-
HLA-mismatched transplants may be expected to exhibit
superior graft and patient outcomes when compared to
recipients of zero-HLA-mismatched DD kidneys because of
the generally better outcomes associated with LD transplan-
tation, coupled with better matching at the major and
minor HLA alleles [9]. However, evidence supporting this
hypothesis is contradictory [10,11]. In this study, we aimed
to compare the incidence of acute rejection, graft failure
and mortality between recipients of zero-HLA-mismatched
kidneys transplanted from LD-related versus DD using data
from the Australia and New Zealand Dialysis and Trans-
plant Registry (ANZDATA).

Materials and methods

Study population

All zero-HLA-mismatched LD and DD kidney transplant
recipients in Australia and New Zealand between 1990 and
2012 were included in the analyses. We excluded recipients
of multiple organ grafts and zero-HLA-mismatched LD-
unrelated kidney transplant recipients (n = 7). Kidney
transplant recipients were stratified into three groups
depending on donor types — zero-HLA-mismatched mono-
zygotic or dizygotic twin transplants (twin), zero-HLA-
mismatched non-monozygotic or dizygotic twin LD-related
transplants (LD-related) and zero-HLA-mismatched DD
transplants (DD).

Data collection

Recorded baseline data included donor characteristics
including age and gender. Recipients’ baseline data
included age, gender, race (Indigenous and non-Indige-
nous), cause of end-stage kidney disease (ESKD) (catego-
rized as diabetic nephropathy, glomerulonephritis, cystic
disease, vascular/hypertensive disease or others), pre-emp-
tive transplantation, dialysis duration pretransplant (cate-
gorized as 0-1 year, >1-3 years, >3-5 years and >5 years
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on dialysis), diabetes, coronary artery disease (CAD) and
smoking history (categorized as current smokers, former
smokers or nonsmokers). Transplant-related characteristics
included the use of induction antibody therapy (interleu-
kin-2 receptor antibody or T-cell-depleting antibody), peak
PRA levels (categorized as 0-10%, 11-50% and >50%),
number of grafts, total ischaemic time, any rejection epi-
sodes, transplant era and type of immunosuppressive
agents. Baseline immunosuppressive agents were catego-
rized as CNI (none, cyclosporine, tacrolimus, CNI and
mammalian target of rapamycin inhibitors [mTORi] or
mTORI alone), antimetabolite (none, azathioprine or my-
cophenolic acid) and prednisolone.

Clinical outcomes

The primary clinical outcomes of this study were any acute
rejection or biopsy-proven acute rejection (BPAR), overall
graft failure (defined as death or returned to dialysis),
death-censored graft failure (DCGF) and all-cause mortal-
ity. Data on the incidence of any acute rejection were col-
lected from 1997. The reporting of acute rejection is
voluntary, with majority being BPAR and coded as types of
rejection (cellular, glomerular or vascular). The outcome
data of all recipients were censored at 31 December 2012.

Statistical analyses

Comparisons of baseline characteristics between recipients
stratified by donor types were made by chi-square test and
analysis of variance (aNova) for categorical and continuous
variables, respectively. The risk factors for any acute rejec-
tion or BPAR were assessed using multivariate logistic
regression analysis. Graft and patient survivals were exam-
ined using Cox proportional hazard regression analysis.
Results were expressed as hazard ratio (HR) or as odds
ratio (OR) with 95% confidence interval (CI). The covari-
ates included in the logistic regression and Cox regression
models were donor characteristics (age and gender); reci-
pient characteristics (including age, race, gender, cause of
ESKD, pre-emptive transplantation, dialysis duration pre-
transplant, diabetes, smoking history and CAD) and trans-
plant-related characteristics (including induction therapy,
PRA level, number of grafts, total ischaemic time, rejec-
tion, transplant era and type of immunosuppressive
agents). Effect modification between donor types with co-
variates and outcomes were examined. Variables that had
an association with clinical outcomes with P-values of
<0.20 in the unadjusted analyses were included in the
multivariable-adjusted analyses. All analyses were under-
taken using SPSS V10 statistical software program (SPSS
Inc., North Sydney, Australia) and SAS statistical software
9.4.
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Results

Study population

Table 1 shows the baseline characteristics of the study
population stratified by donor types. There were 931
zero-HLA-mismatched  kidney transplant  recipients
between 1990 and 2012 followed up for a median of
8.3 years (range 0.01-23.0 years) resulting in 8,458 per-
son-years. Nineteen were (2.0%) twin transplants, 500
(53.7%) were LD-related, and 412 (44.3%) were DD
transplants with median (interquartile range) follow-up
period of 8.9 (2.1-14.3), 8.6 (4.2-13.4) and 8.0 (3.9-12.7)
years, respectively. A total of 114 (12.2%) recipients expe-
rienced acute rejection, 274 (29.2%) experienced graft
loss, and 177 (18.9%) died. Compared to DD transplant
recipients, twin and LD-related transplant recipients were
younger and spent less time on dialysis prior to trans-
plantation with over 20% receiving pre-emptive kidney
transplants. Over 50% of ESRD in twin transplants were
attributed to glomerulonephritis compared to 47% and
40% in LD-related and DD transplants, respectively. DD
transplant recipients were more likely to have a PRA level
>50% compared to twin and LD-related transplant recipi-
ents (26%, 0% and 15% respectively, P < 0.001). Three
(15%) twin transplant recipients did not receive either
CNI or prednisolone at the time of transplantation.
Twenty-three recipients (1 twin, 20 LD-related and 2 DD
transplant recipients) received only a single immunosup-
pressive agent at the time of transplantation, with 20
(87%) recipients receiving either cyclosporin or tacrolimus
alone, one recipient receiving prednisolone alone, one
receiving mycophenolic acid alone and one recipient
receiving azathioprine alone. One hundred and sixteen
recipients (4 twin, 55 LD-related and 57 DD transplant
recipients) received two agents at the time of transplanta-
tion: 60 (52%) recipients received a combination of CNI
and prednisolone, 50 (43%) received CNI and antimetab-
olite, and 6 (5%) received antimetabolite and predniso-
lone.

A greater proportion of DD transplant recipients experi-
enced any acute rejection episodes (15.8%, 0.0% and 9.6%,
respectively; x* = 10.76, P = 0.005), BPAR (8.0%, 0.0%
and 6.0%, respectively; y? = 3.10, P = 0.376), graft loss
(40.0%, 21.1% and 21.0%, respectively; x> = 40.12,
P <0.001) and death (30.1%, 10.5% and 10.2%, respec-
tively; x? = 58.98, P < 0.001) compared to twin and LD-
related transplant recipients.

Donor types and acute rejection

Compared to DD transplant recipients, the overall risk of
acute rejection was significantly lower in LD-related trans-
plant recipients (adjusted OR 0.52, 95%CI 0.34-0.79,
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P = 0.002), independent of peak PRA, age and era (Fig. 1).
Risk of antibody-mediated acute rejection was significantly
greater for DD than for LD recipients (13.8% and 4.2%,
respectively, ¥* 15.42, P = 0.004), and whilst a similar
trend was evident for other subclasses of acute rejection,
the differences were not individually significant: acute cel-
lular (10.5% vs. 6.8%, respectively, 3> 13.70, P = 0.090),
glomerular (2.4% vs. 1.0%, respectively, %> 11.52,
P =0.174) and vascular rejection (13.4% vs. 2.0%, respec-
tively, x2 10.60, P = 0.226). Donor type and transplant era
were not effect modifiers between other covariates and the
risk of acute rejection. Twin transplant recipients did not
experience any rejection episodes. Sensitivity analysis
restricting only to BPAR episodes (n = 59) showed a non-
significant trend towards a lower risk of acute rejection in
LD-related transplant recipients (adjusted OR 0.52, 95% CI
0.16, 1.64, P = 0.263) compared to DD transplant recipi-
ents.

Donor types and graft failure

The 1-year overall graft survivals for recipients of LD-
related and DD transplant recipients were 97% and 919%,
respectively, whereas the 5-year overall graft survivals were
90% and 81%, respectively (log-rank P < 0.001; Fig. 2).
Compared with DD transplant recipients, the risk of overall
graft failure was significantly lower in LD-related transplant
recipients (adjusted HR 0.55, 95% CI 0.41-0.73, P < 0.001;
Fig. 1). Increasing ischaemic time, current smokers, Indige-
nous recipients and earlier transplant eras were associated
with an increased risk of overall graft failure. Donor type
was not an effect modifier between other covariates and
overall graft failure.

The 1-year death-censored graft survivals for LD-related
and DD transplant recipients were 99% and 94%, respec-
tively; whereas the 5-year death-censored graft survivals
were 94% and 91%, respectively (log-rank P = 0.573).
There was no association between donor types and risk of
DCGEF in the adjusted models (Fig. 1). Younger recipients,
former/current smokers, Indigenous recipients and earlier
transplant eras were associated with an increased risk of
DCGF. Donor type was not an effect modifier between
other covariates and DCGF. The various causes of graft fail-
ure are shown in Fig. 3. Chronic allograft nephropathy was
the most frequent cause of graft failure in all groups (twins
n =2 [100%), LD-related n = 32 [44%] and DD n = 44
[51%]), followed by de novo/recurrent glomerulonephritis
(twins n =10 [0%), LD-related n = 16 [22%] and DD
n=238 [9%]) and vascular complications (twins n =0
[0%), LD-related n = 8 [11%] and DD n = 10 [12%]; xz
13.7, P = 0.189). For live donor transplants, 50% of graft
failure from recurrent disease was attributed to recurrent
IgA nephropathy.
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Table 1. Baseline characteristics of zero-human leucocyte antigen mismatch transplant recipients stratified by donor type.

Zero-HLA-mismatched kidney transplant outcomes

Donor types

Monozygotic twins (n = 19) Live-related (n = 500) Deceased donor (n = 412) P-value
Donor
Donor age (n, %)
0-30 4(21.1) 65 (13.0) 126 (30.6) <0.001
>30-50 8(42.1) 317 (63.4) 160 (38.8)
>50 7 (36.8) 118 (23.6) 126 (30.6)
Female (n, %) 11(57.9) 264 (52.8) 187 (45.4) 0.130
Recipient
Age (n, %)
0-30 4(21.0) 107 (21.4) 3(12.9) <0.001
>30-50 9(47.4) 297 (59.4) 175 (42.5)
>50 6(31.6) 96 (19.2) 184 (44.6)
Female (n, %) 10 (52.6) 212 (42.4) 185 (44.9) 0.752
Indigenous (n, %) 0(0.0) 31(6.2) 1(2.7) <0.001
Years on dialysis (n, %)
0-1 14(73.7) 251 (50.2) 69 (16.8) <0.001
>1-3 3(15.8) 130 (26.0) 138 (33.7)
>3-5 2 (10.5) 28 (5.6) 81(19.8)
>5 0(0.0) 91(18.2) 122 (29.8)
Cause of ESKD (n, %)
Diabetes 2(10.5) 26 (5.2) 4 (8.3) <0.001
Glomerulonephritis 10 (52.6) 233 (46.6) 165 (40.0)
Vascular 0(0.0) 112.2) (5 1)
Cystic 0(0.0) 42 (8.4) 5(15.8)
Body mass index in kg/m2 (n, %)
0-20 3(16.7) 51(11.0) 5(9.6) 0.065
>20-25 7 (38.9) 192 (41.6) 130 (35.8)
>25-30 5(27.8) 146 (31.6) 2 (30.9)
>30 3(16.7) 73 (15.8) 86 (23.7)
Smoking history (n, %)
Nonsmoker 11(61.1) 286 (61.1) 223 (59.0) 0.753
Former smoker 6(33.3) 133 (28.4) 1 16 (30.7)
Current smoker 1(5.6) 49 (10.5) 9(10.3)
Diabetes (n, %) 2(11.1) 38(7.6) 48 (11.9) 0.182
Coronary artery disease (n, %) 2(11.1) 35(7.0) 1(12.7) 0.028
Peak PRA (n, %)
0-10% 17 (89.5) 341 (68.8) 225 (54.9) <0.001
11-50% 2 (10.5) 82 (16.5) 7(18.8)
>50% 0(0.0) 73(14.7) 108 (26.3)
Pre-emptive transplant (n, %) 4(21.1) 106 (21.2) 2(0.5) <0.001
Transplant
Ischaemic time (mean, SD) 2.11(1.33) 2.30(1.52) 15.38 (4.78) <0.001
First graft (n, %) 19 (100) 417 (83.4) 314(76.2) 0.078
Transplant era (n, %)
1990-1993 3(15.8) 46 (9.2) 3(12.9) 0.151
1994-1997 2(10.5) 74 (14.8) 7 (18.7)
1998-2001 4(21.1) 95 (19.0) 5(18.2)
2002-2005 3(15.8) 113 (22.6) 90(21.8)
2006-2009 1(5.3) 105 (21.0) 0(17.0)
2010-2012 6(31.5) 67 (13.4) 47 (11.4)
Induction therapy (n, %)
IL-2R antibody 5(26.3) 141 (28.2) 132 (32.0) 0.06
T-cell-depleting antibody 0(0.0) 12 (2.4) 28 (6.8) 0.008
© 2015 Steunstichting ESOT 28 (2015) 610-618 613
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Table 1. continued
Donor types
Monozygotic twins (n = 19) Live-related (n = 500) Deceased donor (n = 412) P-value
Initial CNI (n, %)
None 3(15.8) 3(0.6) 8(1.9) <0.001
Cyclosporin 14(73.7) 334 (66.8) 260 (63.1)
Tacrolimus 2 (10.5) 161(32.2) 113 (27.4)
CNI+ mTORIi 0(0.0) 2(0.4) 7 (6.6)
mTORi 0(0.0) 0(0.0) 4(1.0)
Initial antimetabolite (n, %)
None 0(0.0) 34 (6.8) 8(9.2) 0.173
Mycophenolic acid 13 (68.4) 341 (68.2) 258 (62.6)
Azathioprine 6(31.6) 125 (25.0) 116 (28.2)
Initial prednisolone (n, %) 16 (84.2) 442 (88.4) 401 (97.3) <0.001
Rejection (n, %) 0(0.0) 48 (9.6) 65 (15.8) 0.013

Data expressed as number (%) or as mean (standard deviation [SD]).

ESKD, end-stage kidney disease; HLA, human leucocyte antigen; PRA, panel reactive antibody; IL-2R antibody, interleukin-2 receptor antibody; CNI,

calcineurin inhibitor; mTORIi, mammalian target of rapamycin inhibitor.

E ﬂ!{ [.ei.e:ﬁﬂ n *
Deceased donor
Live-related

BPAR
Deceased donor

Live-related -

Odds/Hazard ratio (95%CI)  p-value

Referent 0.010
0.52(0.34-0.79)
Referent 0.263

Deceased donor
Live-related
Twins *

Death-censored graft failure
Deceased donor
Live-related

Twins L *

0.52 (0.16-01.64)

Referent
0.55 (0.41-0.73)
0.42(0.13-1.32)

<0.001

Referent 0.297
0.70 (0.45-1.09)

Deceased donor
Live-related
Twins L *

0.79(0.19-3.33)

Referent 0.807
0.99 (0.44-2.19)

0.51 (0.06-4.20)

0l

10

0dds or hazard ratios
* Twins = no rejection episode recorded, BPAR - biopsy-proven acute rejection

Figure 1 Donor types and adjusted odds or hazard ratios for rejection, overall graft failure, death-censored graft failure and all-cause mortality.

Donor types and all-cause mortality

The 1-year patient survivals for LD-related and DD trans-
plant recipients were 98% and 97%, respectively, whereas
the 5-year patient survivals were 96% and 89%, respec-
tively, and 10-year patient survivals were 91% and 75%,
respectively (log-rank P < 0.001, Fig. 4). Compared with
DD transplant recipients, the risk of all-cause mortality was
similar between twin transplant recipients (adjusted HR
0.51, 95% CI 0.06-4.20, P = 0.528) and LD-related trans-
plant recipients (adjusted HR 0.99, 95%CI 0.44-2.19,
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P = 0.972; Fig. 1). Increasing ischaemic time, older recipi-
ents, pre-emptive transplants and increasing time on dialy-
sis were associated with an increased risk of all-cause
mortality. Donor type was not an effect modifier between
other covariates and all-cause mortality. The various causes
of all-cause mortality are shown in Fig. 3.

Discussion

We studied a cohort of 931 kidney transplant recipients
of zero-HLA-mismatched LD-related and DD kidney
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Overall graft survival
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Figure 2 Unadjusted Kaplan-Meier survival curves for overall graft sur-
vival stratified by donor types (log-rank P-value <0.001).

transplants. DD recipients were found to incur a twofold
increase in risks of any acute rejection and overall graft loss
over LD-related recipients independent of age, time on
dialysis, PRA and initial immunosuppression. However,
when restricted to BPAR, there was a nonsignificant trend
towards a higher risk of BPAR in DD recipients compared
to LD-related recipients. The small group of mono- or
dizygotic twins was free from rejection. Compared to
mismatched recipients, a large proportion of zero-HLA-
mismatched recipients received less intensive immunosup-

Causes of graft failure

Deceased donor

Live-related donor

Monozygotic twins

Zero-HLA-mismatched kidney transplant outcomes

pression, particularly mono- or dual immunosuppressant
therapy, which may have been contributory to the observed
incidence of acute rejection and graft loss in zero-HLA-
mismatched DD recipients.

A positive association between HLA mismatches and
acute rejection risk in live and deceased donor kidney
transplantation has been shown in previous studies [3].
In a retrospective study of 266 zero-HLA-mismatched
sibling kidney transplants, lower incidences of both acute
rejection (9% compared to 54%, respectively) and graft
loss (5 years — 9% compared to 21%, respectively) were
reported, as compared to HLA-mismatched sibling
transplants [12,13]. Chronic allograft nephropathy and
recurrent disease were the major causes of graft loss in
zero-HLA-mismatched sibling kidney transplant recipi-
ents. Among a cohort of 4,048 zero-HLA-mismatched
sibling kidney transplant recipients from the Collabora-
tive Transplant Study, PRA level was positively and inde-
pendently associated with increased risks of both acute
rejection and graft failure [8]. These findings may suggest
the importance of minor HLA antigenic mismatches and/
or non-HLA immunity in predicting graft outcomes in
kidney transplantation [8]. Compared to zero-HLA-mis-
matched LD-related kidney transplant recipients, a two-
fold increased risk of acute rejection and overall graft
failure was observed among zero-HLA-mismatched DD
transplant recipients in our study, although this associa-
tion was not significant when restricted to BPAR. An
increase in risk of antibody-mediated rejection, in

o Acute rejection
u Chronic allograft nephropathy
 Vascular

X P=0.189

u Recurrent/de novo
glomerulonephritis

« Non-compliance

0 20 40 60

Proportion of recipients

Causes of death

Deceased donor

Live-related donor

Monozygotic twins

.-.H
-

80 100 ™ Others

u Cardiovascular disease

u Infections

X2 P<0.001

Cancer

= Withdrawal

| & Others

l

0 20 40 60

Proportion of recipients

Figure 3 Causes of overall graft failure and death stratified by donor types.
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All-Cause mortality
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Monozygotic twins 19 12 1 9 6
Live-donor identical 500 417 331 234 156
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------ Deceased donor identical

Figure 4 Unadjusted Kaplan-Meier survival curves for patient survival
stratified by donor types (log-rank P-value <0.001).

particular, was evident. Potential mechanisms include the
mismatch between splits of the apparently matched broad
HLAs present in nonrelated zero-HLA-mismatched DD
transplants [14], and potential mismatches at the HLA-
Cw, HLA-DP and HLA-DQ loci and other mismatches
of minor HLAs or non-HLAs. At present, mismatches at
HLA-Cw, HLA-DP and HLA-DQ loci are not explicitly
considered in donor kidney allocation in Australia and
most other countries. The increased risk of graft failure
but not DCGF among DD recipients was independent of
acute rejection, but is likely to reflect the differences in
residual confounding factors such as sensitisation status,
rejection and duration of dialysis/likelihood of pre-emp-
tive transplants known to be associated with graft loss
[15,16].

Unlike previous studies [17-20], we were unable to show
an association between acute rejection and graft survival.
Varying patient characteristics, changes in immunosup-
pression used between eras, median follow-up of only
8 years and limited numbers likely restricted our power in
this regard. Consistent with previous studies, recurrent
familial forms of kidney disease were one of the predomi-
nant causes of graft failure in zero-HLA-mismatched LD
kidney transplant recipients [19], particularly those with
IgA nephropathy [21].

Even though zero-HLA-mismatched transplants are gen-
erally considered as low immunological risk, there is con-
siderable variation in the use of immunosuppression. Of
the 19 zero-HLA-mismatched twin transplant recipients in
our study, 26% were initiated on single or dual immuno-
suppressive agents, typically a combination of CNI and
corticosteroids. In contrast, less than 15% of zero-HLA-
mismatched LD and DD kidney transplant recipients were
initiated on single or dual immunosuppressive agents.

616

Lim et al.

Compared with standard practices in Australia and New
Zealand, clinicians were less likely to prescribe induction
therapy with interleukin-2 receptor antibody among recipi-
ents of low immunological risk. Between 2007 and 2011,
91% of kidney transplant recipients received an interleu-
kin-2 receptor antibody [7], compared with approximately
30% in our zero-HLA-mismatched cohort. Other studies
have shown that zero-HLA-mismatched LD kidney trans-
plant recipients could be safely maintained on monothera-
py with corticosteroids, CNI, antimetabolite or sirolimus;
or dual therapy with CNI or antimetabolite with corticos-
teroids, although these regimens may be associated with an
increased risk of in vitro donor-specific immune response
of uncertain clinical significance with no apparent effects
on graft or patient survivals [22-26]. There is a suggestion
that zero-HLA-mismatched LD kidney transplant recipi-
ents maintained on CNI have a lower risk of rejection but
at the expense of hypertension and a rapid decline in graft
function compared to non-CNI regimens, but these find-
ings have largely been derived from single-centre case series
[23,27].

There is currently no general consensus with regard to the
optimal induction and maintenance immunosuppression
regimen in zero-HLA-mismatched kidney transplant recipi-
ents. The differences in rates of acute rejection and overall
graft failure between zero-HLA-mismatched LD-related and
DD kidney transplant recipients suggest that accurate assess-
ment of extended immunological profiles, taking into con-
sideration mismatches at other major and minor HLA loci
and the presence and absence of donor-specific anti-HLA
antibodies, nondonor specific anti-HLA antibodies and non-
HLA antibodies, may be critical in individualizing the type
and intensity of maintenance immunosuppression. Zero-
HLA-mismatched twin and LD-related kidney transplant
recipients may be successfully maintained on reduced inten-
sity immunosuppression but the outcomes with the use of
mono- or dual immunosuppressive agents will require close
monitoring for longer-term outcomes to determine the
effectiveness of these regimens. In contrast, our data suggest
such reduced intensity immunosuppression in DD recipients
may not be justified.

In the largest series of kidney transplant recipients of
zero-HLA-mismatched monozygotic twins from the Organ
Procurement Transplant Network, almost 30% of recipi-
ents were discharged on no immunosuppressive agents,
with 66% immunosuppression-free at 12 months post-
transplant [28]. Longer-term graft and patient outcomes of
these recipients have not been reported. In another large
series of 120 zero-HLA-mismatched twin donor kidney
transplant recipients in the United States (United Network
for Organ Sharing) and United Kingdom between 1988
and 2004, the 1- and 5-year graft survivals varied greatly
between countries ranging from 99% and 89%, respec-
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tively, in United States, compared to 83% and 75%, respec-
tively, in United Kingdom [29]. The disparate survival rates
between countries may reflect the differences in donor and
recipient characteristics. Nevertheless, recipients of kidneys
from mono- or dizygotic twins should be able to be main-
tained on reduced intensity immunosuppression but the
choice of the type, number and intensity of immunosup-
pressive agents should be left to the discretion of the clini-
cians.

Our study has several strengths and limitations. This is
the first study that has explicitly compared zero-HLA-mis-
matched LD with zero-HLA-mismatched DD kidney trans-
plant recipients. The prospective nature and the
completeness of the dataset suggest that selection and ascer-
tainment biases in the exposure and study factors are mini-
mized. Although multiple confounding factors were
adjusted for, there may be unmeasured residual confound-
ers such as the intensity of immunosuppression and pres-
ence of donor-specific anti-HLA antibodies, which are not
collected by ANZDATA registry. Selection bias may exist
because there may be systematic differences in the manage-
ment of zero-HLA-mismatched kidney transplant recipi-
ents between transplanting centres and clinicians. In
addition, the predominant use of low-resolution HLA typ-
ing during the study period may have resulted in the incor-
rect coding of HLA-mismatched LD and DD transplants as
zero-HLA-mismatched transplants.

Conclusion

Zero-HLA-mismatched DD kidney transplant recipients
incur a twofold increase in risk of any acute rejection epi-
sodes and overall graft failure, but exhibit similar rates of
death-censored graft survival and patient survival com-
pared to zero-HLA-mismatched LD-related kidney trans-
plant recipients, independent of initial
immunosuppression. Even though the association between
donor types and rejection was no longer apparent when
restricted only to BPAR, recipients of zero-HLA-mis-
matched grafts, with the exception of those between twins,
are at risk of acute rejection and/or graft failure and clini-
cians should be cognizant of this in minimizing immuno-
suppression for these patient groups.
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