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Abstract

Background and objectives The current allocation algorithm for deceased donor kidney transplantation takes into
consideration HLA mismatches at the ABDR loci but not HLA mismatches at other loci, including HLA-DQ.
However, the independent effects of incompatibilities for the closely linked HLA-DQ antigens in the context
of HLA-DR antigen matched and mismatched allografts are uncertain. We aimed to determine the effect of
HLA-DQ mismatches on renal allograft outcomes.

Design, setting, participants, & measurements Using data from the Australia and New Zealand Dialysis and
Transplant Registry, we examined the association between HLA-DQ mismatches and acute rejections in primary
live and deceased donor kidney transplant recipients between 2004 and 2012 using adjusted Cox regression
models.

Results Of the 788 recipients followed for a median of 2.8 years (resulting in 2891 person-years), 321 (40.7%) and
467 (59.3%) received zero and one or two HLA-DQ mismatched kidneys, respectively. Compared with recipients
who have received zero HLA-DQ mismatched kidneys, those who have received one or two HLA-DQ mismatched
kidneys experienced greater numbers of any rejection (50 of 321 versus 117 of 467; P<<0.01), late rejections (occurring
>6 months post-transplant; 8 of 321 versus 27 of 467; P=0.03), and antibody-mediated rejections (AMRs; 12 of 321
versus 38 of 467; P=0.01). Compared with recipients of zero HLA-DQ mismatched kidneys, the adjusted hazard
ratios for any and late rejections in recipients who had received one or two HLA-DQ mismatched kidneys were
1.54 (95% confidence interval [95% CI], 1.08 to 2.19) and 2.85 (95% CI, 1.05 to 7.75), respectively. HLA-DR was an
effect modifier between HLA-DQ mismatches and AMR (P value for interaction =0.02), such that the association
between HLA-DQ mismatches and AMR was statistically significant in those who have received one or two HLA-DR
mismatched kidneys, with adjusted hazard ratio of 2.50 (95% CI, 1.05 to 5.94).

Conclusions HLA-DQ mismatches are associated with acute rejection, independent of HLA-ABDR mismatches
and initial immunosuppression. Clinicians should be aware of the potential importance of HLA-DQ matching in

the assessment of immunologic risk in kidney transplant recipients.
Clin ] Am Soc Nephrol 11: 875-883, 2016. doi: 10.2215/CJN.11641115

Introduction

Matching at the HLA-ABDR loci remains the corner-
stone of deceased donor kidney allocation in Australia
and worldwide because of the association between
incremental HLA-ABDR mismatches and increased risk
of rejection and/or graft loss after kidney transplanta-
tion (1-3). Although differences in HLA-DQ matching
between donors and recipients have been shown to be
associated with adverse graft outcomes, matching at
the HLA-DQ locus is not explicitly considered in the
allocation algorithm for deceased donor kidney trans-
plantation (4,5). There is a general consensus suggest-
ing that HLA-DQ mismatches are unlikely to have a
major effect on graft survival, because serologic com-
patibility for HLA-DR usually ensures a correspond-
ing compatibility for HLA-DQ (6-8). However,
different HLA-DR alleles within an antigen group
may be associated with different DQ antigens,
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resulting in HLA-DR antigen matched but HLA-DQ
antigen mismatched grafts, which may result in a dif-
ferential effect in graft outcomes.

In acute graft versus host disease after hematopoi-
etic stem cell transplantation, donor-recipient incom-
patibility at the HLA-DQ locus is associated with
almost a twofold greater risk of acute graft versus host
disease, independent of compatibility at the HLA-DR
locus (9,10). Recent studies have also shown that in-
creasing numbers of HLA-DQ epitope mismatches
and/or the development of donor-specific anti-
HLA-DQ antibody after kidney transplantation may
contribute to poorer graft outcomes, including the
risk of developing transplant glomerulopathy and
late graft loss (4,11,12). Despite these findings, the
clinical importance of broad antigen HLA-DQ mis-
matches in predicting acute rejection after kidney
transplantation independent of the effects of HLA
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matching at the ABDR loci has not been examined (7). The
aims of this study are to examine the association between
HLA-DQ mismatches and acute rejection and graft loss af-
ter kidney transplantation and assess whether HLA-DQ mis-
matches in the presence of compatibility for HLA-DR have
any significant effect on graft outcomes.

Materials and Methods
Study Population

All primary live donor and deceased donor kidney
transplant recipients in Australia and New Zealand between
2004 and 2012 were included in the analyses. We excluded
recipients of multiple organ grafts, those with prior grafts,
and those whose data on HLA-DQ matching were not
available. Molecular HLA typing was introduced into clinical
practice in 1997, with all HLA typing laboratories using this
method (and therefore, reporting molecular HLA typing)
from 2002. The number of HLA mismatches is provided to
the Australia and New Zealand Dialysis and Transplant
(ANZDATA) Registry from the National Organ Matching, a
computerized system designed to allocate donor kidneys to
potential kidney transplant recipients according to blood
group and tissue compatibility. The clinical and research
activities being reported are consistent with the Principles of
the Declaration of Istanbul as outlined in the Declaration of
Istanbul on Organ Trafficking and Transplant Tourism.

Data Collection

The baseline data included donor characteristics of age
and type; recipient characteristics of age, sex, race, cause of
ESRD, preemptive transplantation, waiting time pretrans-
plant, diabetes, coronary artery disease, and smoking history;
and transplant-related characteristics, including use of induc-
tion antibody therapy, peak panel reactive antibody (PRA)
expressed as a percentage, total ischemic time, type of initial
immunosuppressive agents (categorized as calcineurin inhib-
itor, antimetabolite, and prednisolone), transplant era (catego-
rized as 2004-2006, 20072009, and 2010-2012), and transplant
state/country (New South Wales, Victoria, South Australia,
Queensland, Western Australia, and New Zealand).

Clinical Outcomes

The primary clinical outcomes of this study were acute
rejection (including early rejection occurring at =6 months,
late rejection occurring at >6 months, any rejection, and
humoral rejection [i.e., antibody-mediated rejection
(AMR)]), overall graft loss (defined as death or returned
to dialysis), death—censored graft loss (DCGL), and graft
function (eGFR) at 1 and 5 years after transplantation. The
various types of rejection are coded as the absence or pres-
ence of cellular, vascular, and humoral rejections. The di-
agnosis of AMR required at least two of the following
three criteria: (1) positive C4d staining on immunofluores-
cence, (2) presence of donor—specific anti-HLA antibody,
and (3) characteristic histologic changes of AMR. The dates
of the first episode of acute rejection that occurred within
the first 6 months after transplantation were available
starting in 1997, whereas the dates of subsequent episodes
were only consistently reported starting in 2004. As such,
we have restricted the inclusion period from 2004 to 2012.

Statistical Analyses

Comparisons of the baseline characteristics between
recipients stratified by HLA-DQ matched and mismatched
kidney transplants were made by chi-squared test, ANOVA,
and Mann-Whitney U test for categorical, parametric, and
nonparametric continuous variables, respectively. Acute re-
jection, overall graft loss, and DCGL were examined using
the adjusted and random effects Cox proportional hazard
regression models, accounting for the potential intracluster
correlation within transplant states and country. Linear re-
gression was used to examine the association between
HLA-DQ mismatches and eGFR at 1 and 5 years. The cova-
riates included in the Cox and linear regression models were
donor-, recipient-, and transplant-related characteristics out-
lined above. Results were expressed as hazard ratios (HRs) or
mean differences with 95% confidence intervals (95% ClIs).
Effect modification was tested between the study factor and
other covariates using two-way interaction terms in the
adjusted models. Only covariates that were associated
with rejection (overall and DCGL) and eGER at 1 and 5 years
with P values of <0.10 in the unadjusted analyses were
included in the multivariable-adjusted analyses. All analy-
ses were undertaken using the SPSS V10 statistical software
program (SPSS Inc., Chicago, IL) and SAS statistical
software 9.4 (SAS Institute Inc., Cary, NC).

Results
Study Population

Of 6107 recipients who were transplanted between 2004
and 2012, 5319 (87%) were excluded from the analyses
because of missing HLA-DQ molecular typing. Apart from
age and donor type, there were no significant differences in
the sensitization status (peak PRA >50%; 5.4% versus
7.1%; P=0.06), the incidence of acute rejection (23.3% ver-
sus 21.2%; P=0.12), and other demographic characteristics,
such as sex (men: 63.7% versus 61.9%; P=0.30), pretrans-
plant diabetes (14.1% versus 11.7%; P=0.06), and race
(white recipients: 79.6% versus 79.2%; P=0.45), among
those who were excluded compared with those who
were included in the analyses. Recipients excluded from
the analyses were older (mean age *£SD: 46.6+15.2 versus
43.6*+16.6 years old; P=0.001), had received kidneys
from older donors (mean age *SD: 47.3*£15.0 versus
43.8+15.5 years old; P<<0.001), and were more likely to
have received live donor kidney transplants (44.6% versus
31.1%; P<0.001) compared with those included in the
analyses. Initial types of immunosuppressive agents, era,
and transplanting state/country were similar in both
groups.

Table 1 shows the baseline characteristics of the study
population stratified by recipients with HLA-DQ matched
and mismatched kidneys. There were 788 kidney trans-
plant recipients between 2004 and 2012 followed for a me-
dian of 2.8 years (interquartile range, 1.2-6.6 years),
resulting in 2891 person-years. Of these, 321 (40.7%) re-
ceived zero HLA-DQ mismatched kidneys, and 467
(59.3%) received one or two HLA-DQ mismatched kidneys
(393 [49.9%] and 74 [9.4%] received one and two HLA-DQ
mismatched kidneys, respectively). Compared with kid-
ney transplant recipients who have received kidneys
with one or two HLA-DQ mismatches, those who have
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Table 1. Baseline characteristics of kidney transplant recipients stratified by HLA-DQ mismatches (n=788)
Characteristics and Outcomes I\/ﬁgrcl)alt_ilf\,Ar;]:DZ’%l OI{I/ES?;;Z\;;SI;:A‘;BQ P Value
Demographics
Median age (25%-75%), yr 45 (32-56) 47 (34-57) 0.51
Men, n (%) 189 (38.7) 299 (61.3) 0.14
White, 1 (%) 257 (80.1) 367 (78.6) 0.004
Preemptive, n (%) 45 (14.0) 36 (7.7) 0.004
Median BMI (25%~75%), kg/m? 24.8 (21.6-29.1) 25.7 (22.4-29.3) 0.13
Diabetes, 1 (%) 30 (9.3) 61 (13.1) 0.11
Coronary artery disease, 11 (%) 18 (5.6) 36 (7.7) 0.25
Former/current smoker, n (%) 121 (38.0) 201 (42.3) 0.33
Cause of ESRD, 1 (%) 0.22
GN 126 (39.3) 184 (39.4)
Diabetes 22 (6.9) 47 (10.1)
Cystic 48 (15.0) 78 (16.7)
Median waiting time (25%-75%), yr 1.7 (0.6-3.0) 1.9 (0.8-3.4) 0.02
Donor characteristics
Median age (25%-75%), yr 47 (32-57) 46 (33-55) 0.57
Live donor, 1 (%) 104 (32.4) 141 (30.2) 0.51
Immunology/transplant
HLA-A mismatches, n (%) <0.001
0 86 (26.8) 58 (12.4)
1or2 235 (73.2) 409 (87.6)
HLA-B mismatches, n (%) <0.001
0 69 (21.5) 30 (6.4)
lor2 252 (78.5) 437 (93.6)
HLA-DR mismatches, n (%) <0.001
0 146 (45.5) 26 (5.6)
Tor2 175 (54.5) 441 (94.4)
Peak PRA >50%, n (%) 19 (5.9) 24 (5.1) 0.64
Median ischemic time (25%-75%), h 9 (4-13) 9 (4-13) 0.94
Induction, n (%) 233 (72.6) 319 (68.3) 0.20
Initial prednisolone, 1 (%) 306 (95.3) 437 (93.6) 0.30
Initial CNI, # (%) 310 (96.6) 440 (94.2) 0.84
Initial antimetabolite, 1 (%) 0.88
None 22 (6.9) 35 (7.5)
Azathioprine 2 (0.6) 2(0.4)
MMF 297 (92.5) 430 (92.1)
Outcomes
Mean=SD eGFR, ml/min per 1.73 m*
1-yr eGFR, n=585 63.9£57.0 58.3+45.0 0.18
5-yr eGFR, n=214 57.3%£23.9 53.1+27.6 0.26
Acute rejection, 1 (%)
First 6 mo 42 (13.1) 90 (19.3) 0.02
Late rejection 8 (2.5) 27 (5.8) 0.03
Any 50 (15.6) 117 (25.1) 0.001
AMR 12 (3.7) 38 (8.1) 0.01
Mean=SD total rejection episodes 0.20£0.52 0.34+0.69 0.002
Graft loss, 1 (%) 42 (13.1) 62 (13.3) 0.94
DCGL, n (%) 20 (6.2) 44 (94) 0.11
Data are expressed as numbers (proportions), medians (25th-75th percentiles), or means*+SDs. BMI, body mass index; PRA, panel
reactive antibody; CNI, calcineurin inhibitor; MMF, mycophenolate; AMR, antibody-mediated rejection; DCGL, death—censored graft
loss.

received kidneys with zero HLA-DQ mismatches were
more likely to be white and have received preemptive
kidney transplants.

The proportion of recipients with HLA-DQ mismatches
with zero to six HLA-ABDR mismatches is shown in Sup-
plemental Figure 1. Only 26 (3%) recipients had no mis-
matches at the HLA-A, HLA-B, HLA-DR, and HLA-DQ

loci. Of the recipients who received zero HLA-DQ mis-
matched kidneys (1=321), 235 (73%), 252 (78%), and 175
(54%) had mismatches at the HLA-A, HLA-B, and HLA-DR
loci, respectively. Of those who had received one or two
HLA-DQ mismatched kidneys (1=467), 58 (12%), 30 (6%),
and 26 (6%) had zero mismatches at the HLA-A, HLA-B,
and HLA-DR loci, respectively. Of those with zero HLA-DR
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mismatched kidneys, 15% were mismatched at the HLA-DQ
locus.

A greater proportion of kidney transplant recipients
who have received HLA-DQ mismatched kidneys expe-
rienced early acute rejection episodes (19.3% and 13.1%,
respectively; P=0.02), late rejection (5.8% and 2.5%, re-
spectively; P=0.03), any rejection episodes (25.1% and
15.6%, respectively; P=0.001), and AMR (8.1% and
3.7%, respectively; P=0.01) compared with recipients
with zero HLA-DQ mismatched kidneys. The incidences
of overall graft loss and DCGL were similar in the two
groups.

HLA-DQ Mismatches, Overall Graft Loss, and DCGL

There were no statistically significant associations be-
tween HLA-DQ mismatches, overall graft loss, and DCGL
in the unadjusted and adjusted Cox regression models
(Table 2). In the random effects models, the adjusted HRs
of one or two HLA-DQ mismatched grafts for overall graft
loss and DCGL were 0.95 (95% CI, 0.64 to 1.40) and 1.26
(95% CI, 0.84 to 2.44), respectively, compared with zero
HLA-DQ mismatched grafts. Of those who have experi-
enced graft loss, the proportions of recipients who had
received HLA-DQ matched and mismatched kidneys
and had graft loss that was attributed to acute rejection
were 4.8% and 16.1%, respectively (P=0.07).

HLA-DQ Mismatches and the Timing of Acute Rejection

In the unadjusted models, one or two HLA-DQ mis-
matched kidneys were associated with a significantly greater
risk of any rejection, early rejection, and late rejection, with
unadjusted HRs of 1.71 (95% CI, 1.23 to 2.38; P=0.002), 1.53
(95% CI, 1.06 to 2.21; P=0.02), and 2.41 (95% CI, 1.09 to 5.31;
P=0.03), respectively, compared with zero HLA-DQ mis-
matched kidneys. Compared with recipients who have re-
ceived zero HLA-DQ mismatched kidneys, the adjusted
HRs of recipients who have received one or two HLA-DQ
mismatched kidneys for any rejection, early rejection, and
late rejection were 1.54 (95% CI, 1.08 to 2.19; P=0.02), 1.38
(95% (I, 0.95 to 2.01; P=0.09), and 2.85 (95% CI, 1.05 to 7.75;
P=0.04), respectively, independent of age, HLA mismatches
at the ABDR loci, and era (Figure 1); similar adjusted HRs
were observed in the random effects models (any rejection:
HR, 1.51; 95% CI, 1.06 to 2.14; P=0.02; early rejection: HR,
1.42; 95% CI, 0.98 to 2.07; P=0.06; and late rejection: HR,
2.50; 95% CI, 1.06 to 5.86; P=0.03). Other covariates associ-
ated with any, early, and late rejections are shown in Table
2. The median (interquartile range) time to the occurrence of
late rejection was 18 (10-44) months after transplant, with
40% of late rejections being AMR. HLA-A, HLA-B, and
HLA-DR mismatches were not effect modifiers between
HLA-DQ mismatches and any rejection, early rejection,
and late rejection.

The adjusted cumulative incidence curve for any re-
jection is shown in Figure 2. The incidences of any rejec-
tion of recipients who have received zero and one or two
HLA-DQ mismatched kidneys were 12% and 19%, respec-
tively, at 3 months, 13% and 22%, respectively, at 12
months, 14% and 23%, respectively, at 2 years, and 15%
and 23%, respectively, at 3 years after transplantation (log
rank P=0.001).

HLA-DQ Mismatches and AMR

Compared with recipients who have received zero HLA-
DQ mismatched kidneys, recipients of one or two HLA-DQ
mismatched kidneys were associated with unadjusted and
adjusted HRs of 2.22 (95% CI, 1.16 to 4.25; P=0.02) and 2.33
(95% CI, 1.19 to 4.58; P=0.01), respectively, independent of
age, HLA mismatches at the other loci, and era (Figure 1).
In the random effects model, the adjusted HR for AMR
was 2.18 (95% CI, 1.14 to 4.16; P=0.02) for recipients of
one or two HLA-DQ mismatched kidneys. Other covari-
ates associated with AMR are shown in Table 2.

HLA-DR was an effect modifier between HLA-DQ mis-
matches and risk of AMR (P value for interaction =0.02).
In the analyses stratified by HLA-DR mismatches, the as-
sociation between HLA-DQ mismatches and AMR was
only observed in recipients who have received one or
two HLA-DR mismatched kidneys (1=616), with adjusted
HR of 2.50 (95% CI, 1.05 to 5.94; P=0.04), but not observed
in those who have received zero HLA-DR mismatched kid-
neys (n=172; adjusted HR, 1.50; 95% CI, 0.20 to 9.99;
P=0.46). The adjusted cumulative incidence curves for
AMR are shown in Figure 3. The incidences of AMR of
recipients who have received HLA-DQ matched and mis-
matched kidneys were 3% and 5%, respectively, at 3 months,
3% and 7%, respectively, at 12 months, 3% and 7%, respec-
tively, at 2 years, and 4% and 8%, respectively, at 3 years after
transplantation (log rank P=0.01).

HLA-DQ Mismatches and Graft Function

The mean (SD) eGFRs at 1 and 5 years for recipients who
have received HLA-DQ matched and mismatched kidneys
are shown in Table 1. There were no associations between
HLA-DQ mismatches and mean eGFR at 1 and 5 years in
unadjusted and adjusted linear regression models. Com-
pared with recipients of HLA-DQ matched kidneys, the
mean eGFR was 4.20 ml/min per 1.73 m? (95% CI, —11.17
to 2.76; P=0.24) lower at 1 year and 5.43 ml/min per 1.73 m?
(95% CI, —11.99 to 1.14; P=0.10) lower at 5 years in recipi-
ents of HLA-DQ mismatched kidneys when adjusted for
sex, donor and recipient ages, and body mass index.

Discussion

In our study involving 788 kidney transplant recipients
with a median follow-up time of 2.8 years, we have shown
that the inclusion of HLA-DQ mismatches to conventional
HLA-ABDR mismatches improved the risk stratification of
acute rejection, particularly in those at risk of late rejection
and AMR, independent of initial immunosuppression and
sensitization status. We have also shown that HLA-DR was
an effect modifier between HLA-DQ mismatches and risk
of AMR, such that the association between HLA-DQ
mismatches and risk of AMR may be more important in
recipients who have received HLA-DR mismatched kidneys.

An association between HLA-ABDR mismatches and
acute rejection risk in live and deceased donor kidney
transplantation has been shown in multiple studies, with
this association persisting even in the era of modern
immunosuppression (3). In a retrospective study of 82 pe-
diatric kidney transplant recipients with prior failed grafts,
=30% of recipients developed de novo anti-HLA antibody
predominantly against HLA-DQ (13). Similarly, it has been
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regression models

Table 2. Association between HLA-DQ mismatches and rejection, overall graft loss, and death-censored graft loss in adjusted Cox

Clinical Outcomes Adjusted Hazard Ratio (95% CI) P Value
Timing of acute rejection
Any rejection
HLA-DQ mismatches
0 1.00
lor2 1.54 (1.08 to 2.19) 0.02
Waiting time per 1 yr longer 1.07 (1.02 to 1.13) 0.01
Early rejection
HLA-DQ mismatches
0 1.00
lor2 1.38 (0.90 to 2.01) 0.09
Waiting time per yr longer 1.08 (1.02 to 1.14) 0.01
HLA-B mismatches
0 1.00
lor2 2.31 (1.07 to 5.02) 0.03
Late rejection
HLA-DQ mismatches
0 1.00
lor2 2.85 (1.05 to 7.75) 0.04
Age per yr 0.96 (0.94 to 0.98) 0.001
Types of acute rejection
Antibody-mediated rejection
HLA-DQ mismatches
0 1.00
1or2? 2.33 (1.19 to 4.58) 0.01
1 or 2 with 0 HLA-DR mismatches 2.50 (1.05 to 5.94) 0.04
1 or 2 with 1 or 2 HLA-DR mismatches 1.50 (0.20 to 9.99) 0.46
Peak PRA every 10% higher 1.01 (1.00 to 1.02) 0.07
Graft loss
Overall graft loss
HLA-DQ mismatches
0 1.00
lor2 0.85 (0.55 to 1.35) 0.51
Ischemic time per h 1.06 (1.01 to 1.12) 0.02
BMI per kg/m” higher 1.05 (1.01 to 1.09) 0.02
Race
White 1.00
Nonwhite 1.73 (0.80 to 3.76) 0.16
Indigenous 3.45 (1.94 to 6.14) <0.001
Death—censored graft loss
HLA-DQ mismatches
0 1.00
lor2 1.16 (0.62 to 2.16) 0.64
Recipient age per yr 0.97 (0.95 to 0.99) <0.01
Ischemic time per h 1.09 (1.01 to 1.17) 0.02
BMI per kg/m? higher 1.07 (1.02 to 1.13) 0.01
Race
White 1.00
Nonwhite 2.09 (0.78 to 5.57) 0.14
Indigenous 4.72 (2.40 t0 9.28) <0.001

HLA-DQ mismatched kidneys.

Data presented are adjusted hazard ratios with 95% ClIs for acute rejection and overall and death—censored graft loss. In the models
adjusted for recipient age, donor age, donor type, BMI, HLA-ABDR mismatches, peak PRA, era, race, ischemic time, waiting time,
induction therapy, and initial immunosuppression, only covariates (except HLA-DQ mismatches) remaining in the most parsimonious
models are shown. 95% CI, 95% confidence interval; PRA, panel reactive antibody; BMI, body mass index.

“Interaction between HLA-DQ mismatches and HLA-DR mismatches (P value for interaction =0.02), with adjusted hazard ratios (95%
ClIs) of one or two HLA-DQ mismatched kidneys shown for zero and one or two HLA-DR mismatched kidneys compared with zero
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Any rejection
0 HLA-DQ mismatch  50/321
1-2 HLA-DQ mismatches 117/467

Early acute rejection £ 6 months

0 HLA-DQ mismatch
1-2 HLA-DQ mismatches

42/321
90/467

Late acute rejection > 6 months

0 HLA-DQ mismatch  8/321
1-2 HLA-DQ mismatches 27/467

Antibody-mediated rejection
0 HLA-DQ mismatch 12/321

1-2 HLA-DQ mismatches 38/467
0 HLA-DR + 1-2 HLA-DQ 1/26#

Adjusted hazard ratios (95%Cl)

. 1.00

1.54 (1.08, 2.19)
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* 1.00

2.85 (1.05, 7.75)

*
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2.33(1.19, 4.58)
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1-2 HLA-DR/1-2 HLA-DQ mismatches*

37/4414

1.50 (0.22, 9.99)
2.50 (1.05, 5.94)
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*
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1
Adjusted Hazard Ratios

10

Figure 1. | Incidence and forest plots of the adjusted hazard ratios of timing and types of acute rejection after kidney transplantation stratified by
HLA-DQ matched and mismatched kidney transplants adjusted for donor and recipient age, race, donor type, body mass index, era, number of
HLA-ABDR mismatches, panel reactive antibody, waiting time, ischemic time, induction therapy, and initial immunosuppression. *Interaction
between HLA-DQ and HLA-DR mismatches with adjusted hazard ratio of one or two HLA-DQ mismatches compared to zero HLA-DQ mismatch
for zero and one or two HLA-DR mismatched kidneys; “incidence of antibody mediated rejection in recipients of zero HLA-DR and one or two
HLA-DQ mismatched kidneys, and one or two HLA-DR and one or two HLA-DQ mismatched kidneys. 95% Cl, 95% confidence interval.

shown that increasing epitope mismatches at both HLA-
DR and HLA-DQ loci was strongly predictive of develop-
ing de novo class 2 donor-specific antibody, suggesting that
matching at the HLA-DQ locus is likely to improve the
stratification of immunologic risk (and therefore, risk of
developing rejection, de novo antibody, and/or long—term
graft outcomes), particularly for recipients who may re-
quire retransplantation (4). Studies involving pediatric
and adult kidney transplant only and kidney-pancreas
transplant recipients have also shown that the development
of de novo donor-specific anti-HLA-DQ antibody was as-
sociated with a =10-fold greater risk of developing early
and late AMR, which was often associated with develop-
ment of transplant glomerulopathy and early graft loss (14—
16). In our study, we have highlighted the importance of
class 2 mismatches and the risk of acute rejection. We have
shown an independent association between HLA-DQ mis-
matches and acute rejection, including AMR. It is impor-
tant to point out that the majority of acute rejection
(approximately 80%) occurred within the first 6 months af-
ter transplantation, suggesting the potential contribution of
pretransplant donor-specific anti-HLA-DQ antibody to the
risk of early rejection. However, information pertaining to
the development of antibodies before and after transplanta-
tion and histologic data on transplant glomerulopathy are
not available within the registry.

The lack of direct association between HLA-DQ mis-
matches and longer—term graft outcomes is interesting and
may imply that the causes of allograft failure are multifac-
torial. A large retrospective study of >12,000 primary

deceased donor kidney transplant recipients showed that
the addition of HLA-DQ mismatches does not improve the
prediction of graft survival, independent of HLA-ABDR
matching. However, these studies were using data from
before 2000, when the utility of molecular HLA typing and
the use of modern induction and maintenance immuno-
suppressive agents were not available (7,8). Similarly, our
study did not report an association between HLA-DQ
mismatches and graft loss and may reflect the shorter
median follow-up time compared with that in previous
studies. Long-term follow-up of this cohort will be impor-
tant to establish the clinical significance of HLA-DQ
mismatches.

There is also considerable variability in the immunoge-
nicity of individual HLA, and matching at the epitope level
may improve our understanding of otherwise unexplained
sensitization status induced by a given HLA mismatch (17).
Although HLA-DQ and -DR may be closely related at an
antigen level, it has been shown that small differences in
one or more epitopes between donors and recipients at
either locus are sufficient to generate a humoral and/or T
cell-mediated immune response (18,19). In a nested case-
control study of a cohort of 52 kidney transplant recipients
with established transplant glomerulopathy, an increasing
number of HLA-DQ and HLA-DR eplet mismatches was
associated with an increased risk of developing transplant
glomerulopathy, suggesting that epitope mismatches at ei-
ther HLA-DQ or HLA-DR locus are equally important in
predicting graft outcomes (5). Future studies evaluating
both broad antigen and epitope HLA-DQ mismatches are
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Figure 2. | Adjusted cumulative incidence curves for any rejection after kidney transplantation according to HLA-DQ matched and mis-
matched kidney transplants (log rank P value <0.01). MM, mismatched.

crucial in establishing a better understanding of the associa-
tion between HLA-DQ mismatches and clinical outcomes.
Our study has several strengths and limitations. Using
data from the ANZDATA Registry, we have established an
association between HLA-DQ mismatches and rejection
risk in kidney transplant recipients in the era of molecular
HLA typing and modern immunosuppression. Selection

bias may exist, because there may be systematic differences
in the management of kidney transplant recipients between
transplanting centers and clinicians. There were numerous
recipients without donor-recipient HLA-DQ typing, likely
reflecting variations in practices of HLA typing across the
country and era. Although multiple confounding factors
were adjusted for, there may be unmeasured residual
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Figure 3. | Adjusted cumulative incidence curves for antibody-mediated rejection after kidney transplantation according to HLA-DQ
matched and mismatched kidney transplants (log rank P value <0.01). MM, mismatched.
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confounders, such as the intensity of immunosuppression
(i.e., therapeutic drug levels), the number of epitope mis-
matches, and the presence of pre- and post-transplant
donor-specific anti-HLA antibodies, which are not col-
lected by the ANZDATA Registry. In view of the lack of
detailed descriptor within the ANZDATA Registry, mis-
classification bias of the outcomes could potentially occur,
but the bias is likely to be random and nondifferential be-
tween the exposed and unexposed groups. We were unable
to examine the effect of the incremental number of HLA-
DQ mismatches and outcomes because of the small number
of recipients who had received two HLA-DQ mismatched
kidneys, and therefore, we would have had insufficient
power to detect a significant difference between HLA-DQ
matched and mismatched kidney transplants. The ANZDATA
Registry does not collect data on HLA-DP mismatches, which
has also been shown to be associated with rejection in case
series and observational studies (20).

In the current deceased donor allocation algorithm used
in Australia, additional points are assigned for patients
who are highly sensitized (with peak PRA >80%) and
those with zero to two HLA-ABDR mismatches, particu-
larly zero HLA-DR mismatches, because lower numbers of
HLA-ABDR mismatches are associated with improved
graft outcomes. Currently, matching at the HLA-DQ locus
is not considered in the allocation pathway for deceased
donor kidneys. Our data have shown that improved HLA-
DQ matching may reduce the overall risk of acute rejection
but has no effect on the overall long—term graft survival.
Although there is insufficient evidence to suggest that the
current point allocation should be changed, we believe
that our data add to the current debate as to whether add-
ing bonus points to HLA-DQ and HLA-DR matching may
improve access for highly sensitized and minority kidney
transplant candidates, in whom the disparity in HLA
matching occurs largely as a result of incompatibility to
common class 1 HLA antigens found in the white donor
population. An economic evaluation examining the addition
of HLA-DQ matching to the current allocation model is
prudent before considering potential changes to the current
allocation pathway.

HLA-DQ mismatches are associated with an increased
risk of any rejection, late rejection, and AMR, independent
of HLA-ABDR mismatches, sensitization status, and initial
immunosuppression. Our study findings highlight the
importance of establishing HLA-DQ mismatches before
transplantation to better define the immunologic risk of
each potential kidney transplant candidate and potentially
minimize sensitization against HLA-DQ antigen and sub-
sequent development of de novo antibody, which may be
particularly important in pediatric or younger patients
who are likely to require future retransplantation. Future
studies further defining the association between HLA-DQ
mismatches, pretransplant and de novo HLA-DQ anti-
bodies, and long—term graft outcomes could improve the
understanding of the importance of HLA-DQ matching in
kidney transplantation in addition to the conventional
matching at HLA-ABDR loci.
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