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The optimal immunosuppression management in patients with a failed kidney
transplant remains uncertain. This study analyzed the association of class II HLA
eplet mismatches and maintenance immunosuppression with allosensitization after
graft failure in a well characterized cohort of 21 patients who failed a first kidney
transplant. A clinically meaningful increase in cPRA in this study was defined as the
cPRA that resulted in 50% reduction in the compatible donor poolmeasured from the
timeof transplant failureuntil the timeof repeat transplantation, death, or endof study.
The median cPRA at the time of failure was 12.13% (interquartile ranges = 0.00%,
83.72%) which increased to 62.76% (IQR = 4.34%, 99.18%) during the median follow-
up of 27 (IQR = 18, 39) months. High HLA-DQ eplet mismatches were significantly
associated with an increased risk of developing a clinically meaningful increase in
cPRA (p = 0.02) and de novo DQ donor-specific antibody against the failed allograft
(p = 0.02). We did not observe these associations in patients with high HLA-DR eplet
mismatches. Most of the patients (88%) with a clinically meaningful increase in cPRA
had both a high DQ eplet mismatch and a reduction in their immunosuppression,
suggesting the association is modified by immunosuppression. The findings suggest
HLA-DQ eplet mismatch analysis may serve as a useful tool to guide future clinical
studies and trials which assess the management of immunosuppression in transplant
failure patients who are repeat transplant candidates.
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Introduction

Transplant failure is the fourth leading cause for initiating dialysis in the U.S (Gill,
2011; Johansen et al., 2021). Patients with previous allograft failure have increased
mortality on the wait-list compared to those with no prior failed transplant (Gill et al.,
2002; Kaplan and Meier-Kriesche, 2002; Knoll et al., 2005; Rao et al., 2007; Kabani et al.,

OPEN ACCESS

EDITED BY

Maneesh K. Misra,
University of Chicago Medicine, United States

REVIEWED BY

Penn Muluhngwi,
University of Minnesota Medical Center,
United States
Valia Bravo-Egana,
Augusta University, United States

*CORRESPONDENCE

James H. Lan,
James.Lan@vch.ca

RECEIVED 07 February 2024
ACCEPTED 21 March 2024
PUBLISHED 04 April 2024

CITATION

Tran J, Alrajhi I, Chang D, Sherwood KR,
Keown P, Gill J, Kadatz M, Gill J and Lan JH
(2024), Clinical relevance of HLA-DQ eplet
mismatch and maintenance
immunosuppression with risk of
allosensitization after kidney transplant failure.
Front. Genet. 15:1383220.
doi: 10.3389/fgene.2024.1383220

COPYRIGHT

© 2024 Tran, Alrajhi, Chang, Sherwood, Keown,
Gill, Kadatz, Gill and Lan. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Genetics frontiersin.org01

TYPE Original Research
PUBLISHED 04 April 2024
DOI 10.3389/fgene.2024.1383220

https://www.frontiersin.org/articles/10.3389/fgene.2024.1383220/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1383220/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1383220/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1383220/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1383220/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fgene.2024.1383220&domain=pdf&date_stamp=2024-04-04
mailto:James.Lan@vch.ca
mailto:James.Lan@vch.ca
https://doi.org/10.3389/fgene.2024.1383220
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/journals/genetics#editorial-board
https://www.frontiersin.org/journals/genetics#editorial-board
https://doi.org/10.3389/fgene.2024.1383220


2014; Clark et al., 2019; Lam et al., 2020). While receipt of a repeat
transplant can markedly improve survival, only 15% of patients
with a failed transplant will receive a second transplant (Ojo
et al., 1998; Rao et al., 2006; Rao et al., 2007; Schold et al., 2020).
One of the main factors limiting repeat transplantation is
allosensitization, the development of antibodies to human
leukocyte antigens (HLA) expressed by donor kidneys
(Lucisano et al., 2019). Since avoidance of preformed donor-
specific antibodies (DSA) is the standard of practice in most
transplant centers, sensitized candidates have decreased access to
transplantation in relation to the breadth of their anti-HLA
antibodies. Preventing allosensitization is therefore of critical
importance to increase the probability of repeat transplantation
for the thousands of patients who lose their kidney
transplants annually.

Maintaining patients on their immunosuppressive drugs after
transplant failure may reduce the risk of HLA antibody
development. Several single-center studies report a significant
increase in the calculated panel reactive antibody (cPRA) of
transplant candidates who reduced their immunosuppression
after allograft failure (Augustine et al., 2012; Casey et al., 2014;
Nimmo et al., 2018; Lucisano et al., 2019); however, this finding
has not been consistently reproduced in other studies (Martin
et al., 2021; Knoll et al., 2022; Elgenidy et al., 2023). Potential
reasons for this discrepancy include heterogeneity in the study
cohorts, lack of granular immunosuppression data capture,
differences in the methodology of HLA antibody detection and
the thresholds for defining the outcome of allosensitization, and
variable consideration for HLA mismatches. Currently, national
transplant society and expert recommendations regarding
immunosuppression management are not evidence based
(Davis and Mohan, 2022), resulting in a wide variation of
clinical practice (Fiorentino et al., 2020; Alhamad et al., 2021).
An individualized approach is therefore urgently needed to risk
stratify patients with transplant failure, weighing the potential
benefits of maintaining immunosuppression against the risk of
infections, malignancies, and cardiovascular complications
(Pham et al., 2015).

Several studies have shown that the incremental number of
mismatches at HLA loci is associated with allosensitization after
transplant failure (Augustine et al., 2012; Del Bello et al., 2012).
Furthermore, precise assessment of differences in the critical amino
acids within the epitope of the HLA protein that are considered
essential for antibody binding (eplets) has been shown to
outperform traditional antigen matching methods in predicting
outcomes after transplantation (Duquesnoy, 2006; Wiebe et al.,
2017; Senev et al., 2020). Based on a recent observation that
mismatched HLA-DQ antigens were the most likely to be listed
as unacceptable in patients who re-entered the wait-list after
transplant failure (Isaacson et al., 2022), we hypothesized that
class II HLA eplet mismatches, particularly at the DQ locus,
could serve as a practical risk stratification tool to guide the
immunosuppression management of patients after graft failure.
The primary objective of this study was thus to evaluate the
impact of class II eplet mismatches on the risk of
allosensitization and the likelihood of re-transplantation in a well
characterized cohort of transplant failure patients with granular
immunosuppressive data.

Materials and methods

Study cohort

The study cohort included 21 kidney transplant recipients in
Vancouver, Canada who were wait-listed for a second kidney
transplant following allograft failure and had available donor and
recipient DNA for high resolution HLA genotyping at the HLA-
DRB1, DRB3, DRB4, DRB5, DQA1, and DQB1 genes. Dates of the
primary transplant ranged from January 1998–September 2013.
Transplant failure was defined as resumption of chronic dialysis.
None of the study patients received pre-emptive transplantation
following a failed first transplant. At the end of study follow-up
(August 2022), 15 patients received a second transplant, three
patients died on the wait-list, and another three patients
remained on the wait-list. All patients had stored sera prior to or
within 1 month of transplant failure for determination of baseline
cPRA. The last follow-up serum sample was collected prior to the
time of repeat transplantation or end of study follow-up. Clinical
data including the use of maintenance immunosuppression and
calcineurin inhibitor drug levels were retrieved from electronic
health records. This study was approved by UBC Research Ethics
Board H22-02521.

HLA typing and eplet mismatches

High-resolution HLA genotyping was performed using Next-
Generation Sequencing (Holotype HLA, Omixon, Budapest) and the
MiSeq (Illumina, California, USA). HLA eplet mismatches were
determined between each transplant pair using R v4.1.3 with the
eplet database from HLAMatchmaker v2 (Duquesnoy, 2006). Eplet
mismatches were determined for HLA class I comprising HLA-A, B,
and C eplets, HLA-DR comprising HLA-DRB1, DRB3, DRB4,
DRB5 eplets, HLA-DQ comprising HLA-DQA1 and
DQB1 eplets, and HLA-DP comprising HLA-DPA1 and
DPB1 eplets. Thresholds for eplet mismatches were determined
using previously published data (Wiebe et al., 2017). A low DR
mismatch was defined as 0–11 eplet mismatches and low DQ
mismatch was 0–11 eplet mismatches. A high DR mismatch was
12 or more eplet mismatches and a high DQ mismatch was 12 or
more eplet mismatches.

HLA antibody testing

HLA antibody testing included an initial screen using
LABScreen PRA Class I/II (OneLambda, Canoga Park, California,
USA), and upon a positive result, the precise identification of
antibodies was performed using LABScreen Single Antigen HLA
Class I/II (OneLambda, Canoga Park, California, United States).
Consistent with Canadian HLA Laboratory policy guidelines, a
mean fluorescent intensity (MFI) threshold of >1,000 was used to
define unacceptable antigens (Canadian Blood Services, 2018).
Cumulative antibodies detected at the HLA-A, B, Cw, DRB1,
DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPB1 loci were
used to compute patients’ cPRA using the Canadian Blood Services
(CBS) cPRA calculator (www.pra-calculator.ca) (Canadian Blood
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Services, 2019). During wait-listing, patients were tested for
antibodies at a frequency based on a standardized local protocol:
6 months for highly sensitized patients (HSP) defined as cPRA ≥94.
50%; annually for non-HSP patients; and 3 months for patients
enrolled in the kidney paired donation program. The change in
cPRA after transplant failure was calculated for all patients by
subtracting the patient’s baseline cPRA at the time of transplant
failure from the last recorded cPRA measured at the time of repeat
transplantation or end of study.

The magnitude of change in cPRA can have a differential
impact on access to transplantation depending on the baseline
cPRA at the time of transplant failure (Figure 1). To account for
this effect, we defined the outcome of a meaningful cPRA
(mcPRA) increase in this study as the increase in cPRA that
resulted in a 50% reduction in the size of the compatible donor
pool between the baseline measure (prior to or within 1 month of
the date of transplant failure) and the last follow-up sample. This
metric has recently been utilized in other studies to quantify
secular changes in cPRA (Vincenti et al., 2023).

Statistical methods

Numerical variables were described as medians with
interquartile ranges (IQR) and categorical variables as counts
and proportions. Fisher’s exact test was used to compare patients
with low and high eplet mismatch on de novo donor-specific
antibody (dnDSA) and mcPRA as well as antigen and allelic
mismatch on mcPRA. Two-sample t-test was used to compare the

change in cPRA during follow-up in patients with low and high
eplet mismatches as well as the effect of eplet mismatch sum on a
mcPRA change.

Results

The study cohort was multi-ethnic, comprising 42.86% White,
28.57% Asian Indian, and 28.57% Southeast/East Asian. The cohort
was 38% female and the median age at transplant was 33 (IQR = 28,
54). Allograft failure occurred at a median time of 88 (IQR = 50, 123)
months post-transplant. The median follow-up for cPRA testing
after transplant failure was 27 (IQR = 18, 39) months.

The median cPRA at the time of failure (baseline) was 12.13%
(IQR = 0.00%, 83.72%). Eight patients (38%) had a baseline cPRA =
0.00%, 11 patients (52%) with a cPRA between >0.00%
and <94.50%, and two patients (10%) were in the Canadian
highly sensitized registry with a baseline cPRA ≥94.50%. During
follow-up, the cPRA increased to a median of 62.76% (IQR = 4.34%,
99.18%) post-failure.

Among the 21 study patients, ten (48%) had an increase in
cPRA, where eight (38%) recipients had a mcPRA change after
transplant failure (Figure 2A). Five out of 19 (26%) patients who
were previously not highly sensitized became highly sensitized with
cPRA ≥94.5% after failure. Eleven (52%) patients did not have a
change in their cPRA: five (24%) patients remained at a cPRA of
0.00% pre- and post-transplant failure. The median time of follow-
up for calculating cPRA change was longer for patients that had
mcPRA change versus those that did not (55 (IQR = 22, 80) vs 24

FIGURE 1
A meaningful cPRA (mcPRA) increase. The magnitude of change in cPRA after transplant failure can have a differential impact on access to
transplantation depending on the cPRA at the point of failure (baseline). In Case 1, a 2% increase in cPRA in a patient with a baseline cPRA of 0% results in a
compatible donor pool reduction by 2%. In contrast, Case 2 represents the same 2% change in cPRA in a different patient with a baseline cPRA of 96%, but
this results in a compatible donor pool reduction of 50%. To account for this effect, we defined ameaningful cPRA (mcPRA) change in this study as a
50% or greater reduction in donor pool availability after transplant failure. Based on this definition, the cPRA threshold for reaching ameaningful change is
50% in Case 1% and 98% in Case 2.
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(IQR = 18, 30) months). However, the time to reach a mcPRA
change was a median of only 19 (IQR = 10, 31) months.

In this cohort, patients with high DQ eplet mismatches had a
median cPRA change of 15.02% (IQR = 1.08%, 67.90%) and patients
with low DQ eplet mismatches had a median cPRA change of 0.00%
(IQR = 0.00%, 0.00%). The average cPRA change was significantly
higher in patients with high DQ eplet mismatches than those with
low DQ mismatches (p = 0.02). Seven out of eleven (64%) patients
with high DQ eplet mismatches developed a mcPRA change post-
failure compared with only 1/10 (10%) patients with low DQ eplet
mismatches (p = 0.02) (Figure 2B). In contrast, high DR eplet
mismatches did not associate with an overall increase in cPRA
(p = 0.70) or mcPRA change (p = 0.66) (Figure 2C). When analyzed
by the sum of eplet mismatches, increasing number of eplet
mismatches was similarly associated with a mcPRA change for
only DQ (p = 0.01), but not DR (p = 0.54), class I (p = 0.20), or
DP (p = 0.86) (Supplementary Figure S1). Furthermore, neither

antigen nor allelic-level mismatches significantly associated with a
meaningful cPRA change across all 11 HLA loci tested
(Supplementary Figures S2, S3).

There were two patients with allelic match (i.e., zero eplet
mismatch) at DQA1 and DQB1 against their donor and one
patient with allelic match at DRB1, DRB3, DRB4, and DRB5.
Exclusion of these patients did not change the study finding that
patients with high DQ eplet mismatch were more likely to have a
mcPRA change (p = 0.01), and this association remained non-
significant for patients with high DR eplet mismatch (p = 0.35)
(Supplementary Figure S4). Similarly, the magnitude of change in
cPRA remained statistically significant for DQ (p = 0.04) but not for
DR (p = 0.82).

Figure 3 shows the association of class II eplet mismatches and
the development of dnDSA post-transplant (pre-failure and post-
failure). For DQ, eight (38%) patients developed dnDSA after
transplant, with three (37.5%) detected pre-failure, four (50%)

FIGURE 2
The change in cPRA after transplant failure. (A) All patients and their cPRA at the point of failure (baseline) plotted on the left and their corresponding
cPRA after failure on the right. Connections represent the same patient and their change in cPRA. Patients with ameaningful cPRA (mcPRA) change are in
red, and those that are not in black. *Represents five patients whose baseline cPRA was 0.00% and remained 0.00% after failure. (B) Patients stratified by
low or high DQ eplet mismatch andwhether they experienced amcPRA change after transplant failure in red or not in black. (C) Patients stratified by
low or high DR eplet mismatch and whether they experienced a mcPRA change after transplant failure in red or not in black. p values calculated using
Fisher’s exact test.
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occurring post-failure, and one (12.5%) patient developed DQ
dnDSA both pre- and post-transplant failure (Figure 3A). For DR,
six (29%) patients had dnDSA after transplant: two (33%)
developed DR dnDSA pre-failure, three (50%) post-failure, and
one (17%) patient developed DR dnDSA both pre- and post-
transplant failure (Figure 3B). Overall, patients with high DQ
eplet mismatches were statistically significantly more likely to
develop post-transplant DQ dnDSA compared with patients with
low DQ mismatches (64% vs 10%, p = 0.02). All recipients (5/5)
who developed DQ dnDSA post-failure had high DQ eplet
mismatch whereas 0/10 patients with low DQ eplet mismatch
developed DQ dnDSA post-failure. Patients with high DR eplet
mismatches trended toward development of post-transplant DR
dnDSA compared to those with low mismatches but this did not
reach statistical significance (36% vs 14%, p = 0.61).

Figure 4 shows the relationship of immunosuppressive
medication use and DQ eplet mismatch with the development of
a mcPRA change post-failure. Each patient’s maintenance
immunosuppressive use after transplant failure was categorized as
one of the following: mycophenolate mofetil (MMF) monotherapy;
calcineurin-inhibitor (CNI) monotherapy with average CNI trough
levels (all patients were on tacrolimus except for Patient nine who

was on cyclosporin); combined CNI and MMF use; and complete
withdrawal of immunosuppression. Most of the patients (7/8, 88%)
with a meaningful cPRA change had both a high DQ eplet mismatch
and a reduction in their immunosuppression. For example, Patient
six who developed a mcPRA change had a high DQ eplet mismatch
and underwent a complete immunosuppression withdrawal within
1 month post-failure. The four patients (e.g., 1, 8, 15, and 18) that
had high DQ eplet mismatch but did not have a mcPRA change were
all maintained on tacrolimus and had average trough levels ≥ 5 ng/
mL. In contrast, the immunosuppressive management in recipients
with a low DQ eplet mismatch was highly variable. Despite this,
there was no mcPRA change with both high and low
immunosuppression intensity with the exception of Patient
20 that had a low DQ eplet mismatch but experienced a mcPRA
change. This patient had complete withdrawal of
immunosuppression and their dnDSA was targeted against DP,
leading to a cPRA changed from 98.92% to 99.67% post-failure. Two
patients (e.g., 10 and 17) underwent allograft nephrectomy post-
failure followed by complete immunosuppression withdrawal.
Interestingly, one patient had a mcPRA change and one did not.
Patient 17 with the mcPRA change (cPRA 9.24%–99.96%) had a
high DQ eplet mismatch while Patient 10 with a low DQ eplet

FIGURE 3
Patients stratified by low and high eplet mismatch and locus-specific dnDSA development after transplant. Height of bars represents number of
patients. Black bars represent noDSA. Colored red bars represent DSA development post-transplant, where light red are patients with DSA pre-failure and
post-failure, bright red as patients with DSA post-failure, and dark red as patients with DSA pre-failure. Percentages represent proportion of patients
within each eplet mismatch risk group. (A) Patients stratified by DQ eplet mismatch and DQ dnDSA development. (B) Patients stratified by DR eplet
mismatch and DR dnDSA development. p values calculated using Fisher’s exact test.
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mismatch had no change to cPRA (remained at 86.61%) post-
nephrectomy.

Discussion

This study explored an innovative method of using HLA-DQ
epletmismatch to inform the risk of allosensitization in patients with a
first kidney transplant failure. The principal finding of this study is
that high HLA-DQ eplet mismatch was significantly associated with

development of DQ dnDSA and a meaningful change in cPRA after
transplant failure, and that this effect was modified by the intensity of
maintenance immunosuppression post-failure.

In recent years, numerous studies have found an association
between class II HLA eplet mismatches and adverse post-transplant
outcomes, including development of dnDSA, allograft rejection, and
inferior transplant survival (Wiebe et al., 2015; Wiebe et al., 2017;
Wiebe et al., 2018; Wiebe et al., 2019; Senev et al., 2020). However,
there are limited studies evaluating eplet mismatches and
allosensitization after a failed allograft. In a study by

FIGURE 4
Immunosuppression medication use and DQ eplet mismatch onmcPRA change. Patients were stratified by high (top) versus low (bottom) DQ eplet
mismatch. Each row represents a patient and the timeline of their immunosuppression use after transplant failure. Last month of follow-up was
represented by their last recorded cPRA post-failure. Immunosuppression type is color-coded, where combined calcineurin-inhibitor (CNI) with
mycophenolate mofetil (MMF) use are in dark red, CNI monotherapy in light red, MMF monotherapy in purple, and complete withdrawal of
immunosuppression in green. All CNI was tacrolimus unless otherwise indicated as cyclosporin. Average CNI trough levels indicated as ng/mL on relevant
bar graphs. Patients with a mcPRA change indicated by a red box. Patients who received a transplant nephrectomy are indicated by text.

Frontiers in Genetics frontiersin.org06

Tran et al. 10.3389/fgene.2024.1383220

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1383220


Kosmoliaptsis et al., different mismatching methods including eplet
mismatches were used to predict the risk of allosensitization
following failure of a kidney transplant (Kosmoliaptsis et al.,
2016). Despite the pivotal observation that amino acid sequence,
eplet, and physicochemical disparities were more predictive of
allosensitization post-failure across HLA-A, B, C, DR, DQ loci
compared with HLA antigen mismatch, the study findings could
not be easily translated into clinical practice due to the lack of an
identified mismatch threshold to define low versus high risk. In
addition, the study did not address which of the HLA loci when
mismatched had the most contribution to a cPRA rise post-failure,
which is an important consideration when designing a biomarker-
driven pathway for immunosuppressive management after
transplant failure. In the present study, HLA-DQ eplet
mismatches were significantly associated with the development of
DQ de novo DSA which occurred both pre-failure and post-failure.
Other studies have shown that dnDSA at HLA-DQ are the most
common post-transplant (Devos et al., 2012; Willicombe et al., 2012;
Lee et al., 2016). A recent registry analysis involving 4,867 patients
with a failed first kidney transplant also found that mismatched
HLA-DQ antigens were the most clinically relevant in triggering
allosensitization after graft failure (Isaacson et al., 2022). Together,
these data suggest that risk stratification based on HLA-DQ eplet
mismatch alone may adequately capture most patients at risk of
developing clinically significant allosensitization without the
restrictive strategy of considering all HLA loci.

Most of the studies which evaluated allosensitization after
transplant failure used PRA or cPRA change as the primary study
outcome (Augustine et al., 2012; Casey et al., 2014; Kosmoliaptsis
et al., 2016; Martin et al., 2021; Knoll et al., 2022). However, these
studies used a heterogenous definition that ranged from a class I
or class II PRA >80% based on the less sensitive FlowPRA beads
(Augustine et al., 2012) to cPRA ≥85% defined using the Luminex
single antigen bead test (Kosmoliaptsis et al., 2016) which
complicates interpretation of findings. Apart from the
confounding issue of methodological differences in antibody
testing technology, the non-linear relationship of cPRA with
the compatible donor pool size means that the same absolute
change in cPRA value has a different interpretation depending on
the patient’s baseline cPRA (Lan, 2024). Applying a fixed cPRA
threshold to define clinically significant sensitization will also fail
to capture the profound clinical impact of a minor increase in
cPRA in patients that are already highly sensitized at baseline
(i.e., moving from 99.90% to 99.99%). In this study, we defined a
meaningful cPRA change as one that would reduce the
compatible donor pool by 50%, a criterion that was recently
used as one of the key outcome measures in an international
desensitization trial (Vincenti et al., 2023). Using this method, we
were able to interpret the cPRA change of each patient on the
same scale independent of their baseline cPRA. We found that all
but one patient that had a meaningful change in cPRA had a high
DQ eplet mismatch with their donor. Interestingly, this patient
with low DQ eplet mismatch had complete withdrawal of
immunosuppression immediately after graft failure and
developed antibodies targeting the DEAV epitope which is
commonly expressed on a broad array of HLA-DP antigens.
This case highlights the importance of considering additional
factors such as the timing and pace of immunosuppression

withdrawal which can further modify the risk of
allosensitization. Furthermore, although HLA-DQ appears to
be the most at risk-locus in precipitating allosensitization,
consideration of immunogenic targets from other loci might
be required to further refine the precision of
immunosuppressive management for each patient.

Despite the small sample size of this study, we were able to
leverage the granularity of immunosuppression data to evaluate
the impact of drug regimen and dose on risk of allosensitization.
In recipients with high DQ eplet mismatch that experienced a
mcPRA change, all had a reduction in their immunosuppression
therapy either in the form of complete immunosuppression
withdrawal, CNI cessation, or a reduction in the average
tacrolimus trough level <5 ng/mL. In contrast, recipients with
high DQ eplet mismatches but did not have a mcPRA change all
maintained a tacrolimus trough level ≥5 ng/mL. These results
were consistent with the study by Wiebe et al. that found that a
tacrolimus trough level <5 ng/mL was the threshold in which the
risk of dnDSA was increased in patients post-transplant (Wiebe
et al., 2017). These results also corroborate with another study by
the same group that found an association of class II eplet
mismatch with suboptimal immunosuppression on rejection
and graft loss (Wiebe et al., 2015). Notably, most recipients
with low DQ eplet mismatch did not experience a mcPRA
change regardless of their immunosuppression. Although these
observations need to be confirmed in larger studies, these
findings suggest that the risk of allosensitization associated
with high DQ eplet mismatch could be attenuated by the
intensity of maintenance immunosuppression and thus should
be viewed as a modifiable risk factor.

There are several limitations that the reader should consider
when interpreting the findings of this study. One study limitation
relates to the variability of time elapsed between baseline and the
last cPRA test performed. Although the median time between
cPRA testing was longer in patients that developed a meaningful
change in cPRA (55 months) compared to patients that did not
have significant allosensitization (24 months), the time it took to
reach the threshold of a meaningful cPRA change was only
19 months, and thus likely did not confound the
interpretation of study findings. The lack of access to
transfusion data did not allow us to evaluate the potential
contribution of transfusion to allosensitization. Despite this
limitation, we note that most of the patients (7/8) with a
meaningful change in cPRA had demonstrable DSA that
formed post-failure. In addition, none of the patients with low
DQ eplet mismatch developed significant allosensitization due to
third-party anti-HLA antibodies, indicating that the
confounding impact of transfusion was likely minor in this
study. Furthermore, the current Canadian Blood Services
cPRA calculator does not include allelic antibodies in its
calculation and thus the contribution of allelic antibodies to
cPRA were not accounted for in this analysis. Despite this
limitation, there were only two patients in this study with
allelic antibodies which developed on follow-up post-failure
and both patients reached cPRA = 100% after graft failure.
Thus, consideration of these allelic antibodies would not have
contributed to a further increase their cPRA and change the
results of the analysis, but the potential impact of allelic
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antibodies to cPRA change should be considered for
future studies.

It is also important to note that the eplet mismatch sum and the
thresholds used for defining low or high DR/DQ eplet mismatch
are based on statistical association with post-transplant outcomes
as demonstrated in previous studies (Wiebe et al., 2017) and do not
imply mechanistic underpinning such as eplet immunogenicity,
physiochemical properties, and T cell epitopes which are likely
involved in the generation of the allo-immune response in the
transplant failure patient. Indeed, other mismatch algorithms may
be used to supplement HLAMatchmaker-defined B cell eplet
mismatches to ascertain patient-donor compatibility, including
PIRCHE (Otten et al., 2013) and EMMA (Kramer et al., 2020), that
could be explored in future studies with a larger cohort. The
relatively small sample size of our study restricts the
consideration of other factors that may affect cPRA, including
recipient age, ethnicity, and duration of exposure to dialysis which
can affect immune competency, as well as patient homozygosity,
and frequency of antigens in the donor population. The study
results should thus be taken with caution until they are validated in
large studies which have the appropriate sample size to evaluate the
other variables not included here. Notwithstanding these
considerations, the granularity of the antibody and
immunosuppression data coupled with the use of a novel
approach in defining a clinically relevant allosensitization
outcome demonstrate encouraging results to explore the
potential use of HLA-DQ eplet mismatches in preventing
allosensitization after a failed transplant.

In conclusion, HLA-DQ eplet mismatch is associated with
allosensitization in patients with a failed renal transplant and this
effect was modified by the intensity of maintenance
immunosuppression. Eplet mismatch analysis may serve as a
useful tool to guide future clinical studies and trials which assess
the management of immunosuppression in transplant failure
patients who contemplate repeat transplantation.
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SUPPLEMENTARY FIGURE S1
The effect of eplet mismatch sum on a meaningful cPRA (mcPRA) change.
Patients experiencing a mcPRA change after transplant failure indicated in
red or not in black. (A)DQeplet mismatch. (B)DR eplet mismatch. (C)Class
I (A, B, C) eplet mismatch. (D) DP eplet mismatch. p values calculated using
Two-Sample T Test.

SUPPLEMENTARY FIGURE S2
The change in cPRA after transplant failure by antigen mismatch. Patients
stratified by 0 ormore than 0 (i.e., 1 or 2) antigenmismatch andwhether they
experienced a mcPRA change after transplant failure in red or not in black.
(A) HLA-A antigen mismatch. (B) HLA-B antigen mismatch. (C) HLA-C
antigenmismatch. (D)HLA-DQA1 antigenmismatch. (E)HLA-DQB1 antigen
mismatch. (F) HLA-DRB1 antigen mismatch. (G) HLA-DRB3 antigen
mismatch. (H) HLA-DRB4 antigen mismatch. (I) HLA-DRB5 antigen

mismatch. (J) HLA-DPA1 antigen mismatch. (K) HLA-DPB1 antigen
mismatch. p values calculated using Fisher’s exact test.

SUPPLEMENTARY FIGURE S3
The change in cPRA after transplant failure by allelic mismatch. Patients
stratified by 0 or more than 0 (i.e., 1 or 2) allelic mismatch and whether they
experienced a mcPRA change after transplant failure in red or not in black.
(A) HLA-A allelic mismatch. (B) HLA-B allelic mismatch. (C) HLA-C allelic
mismatch. (D) HLA-DQA1 allelic mismatch. (E) HLA-DQB1 allelic mismatch.
(F) HLA-DRB1 allelic mismatch. (G) HLA-DRB3 allelic mismatch. (H) HLA-
DRB4 allelic mismatch. (I) HLA-DRB5 allelic mismatch. (J) HLA-DPA1 allelic
mismatch. (K) HLA-DPB1 allelic mismatch. p values calculated using
Fisher’s exact test.

SUPPLEMENTARY FIGURE S4
The change in cPRA after transplant failure in patients >0 DQA1+DQB1 (A)
or >0 DRB1+DRB3+DRB4+DRB5 (B) allelic mismatch. (A) Patients stratified
by low or high DQ eplet mismatch and whether they experienced amcPRA
change after transplant failure in red or not in black. (B) Patients stratified by
low or high DR eplet mismatch and whether they experienced a mcPRA
change after transplant failure in red or not in black. p values calculated
using Fisher’s exact test.
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