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A calculated panel reactive antibody (cPRA) estimates
the percentage of donors with unacceptable antigens
(UA) for a recipient. cPRA may be underestimated in
transplant candidates with UA to DQA, DPA, and DPB if
these are not included in the calculation program. To
serve the National Canadian Transplant Programs, a
cPRA calculator was developed with complete molec-
ular typing for all donors at HLA-A, B, C, DRB1, DRB3/4/
5, DQA1, DQB1, DPA1, and DPB1, all resolved to
serologic equivalents. The prevalence of UA at DQA,
DPA and DPB was evaluated in a sensitized regional
population. The impact of adding these additional UA
to cPRA was calculated alone and in combination, and
compared to the baseline cPRA for UA at A, B, C, DR,
DR51/52/53, and DQ. Of 740 sensitized transplant
candidates, 18% of total and 32% with cPRA>95%
had DQA UA. Twenty-seven percent of total and 54%
with cPRA>95% had DPB UA. Of 280/740 subjects with
these UA, 36/280 (13%) had cPRA increase of >20%
when they were included, 7% increased cPRA to >80%
and 6% to >95%. Inclusion of DQA, DPA, and DPB UA in
Canadian cPRA calculations improves the accuracy of
cPRA where these are relevant in allocation.
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Introduction

Calculated panel reactive antibody (cPRA) is the most
biologically relevant estimate of the percentage of donors
to whom a recipient has HLA antibodies or declared
unacceptable antigens (UA). The most commonly used
cPRA calculator is provided by the Organ Procurement
and Transplant Network (OPTN) (1) which initially calculated
cPRA for HLA A, B, DR, DR51/52/53, and DQ UA, and in
December 2013 was expanded to include antibodies to C
locus UA also.

cPRA facilitates better communication with transplant
candidates and clinicians as one estimate of donor access,
and additionally may be utilized in allocation prioritiza-
tion (2,3) as well as to provide a metric for classifying
immunologic status for research, quality assessment and
operational uses.

HLA antibodies and/or UA may be additionally defined for
proteins encoded by DQAT,DPA1, and DPB1 genes (for
simplicity, subsequently referred to herein as DQA, DPA,
and DPB UA, respectively) using commonly available single
antigen bead reagents; however these do not, at present,
contribute to the cPRA calculation in the OPTN calculator,
and cannot be defined as unacceptable in UNOS allocation.

Canadian Blood Services operates a National Kidney Paired
Donation Program (4,5) facilitating transplants through
donor reallocation between otherwise incompatible pairs
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and a Highly Sensitized Patient Program mandating national
sharing of kidneys for recipients with a cPRA>95%. In
both of these programs, allocation is first predicated on a
negative virtual crossmatch (VXM) with no HLA donor-
specific antibodies to HLA A, B, C, DR, DR51/52/53, and
DQB antigens (where DQB represents in this context the
protein encoded specifically by the DQB1 gene, to
distinguish it from DQA) but also includes DQA, DPA,
and DPB in the VXM. Additional prioritization points within
these programs are assigned to patients with higher cPRA
and Canadian Heart and Lung transplant programs also use
antibody data for DQA, DPA, and DPB in their transplant
decision-making. Since UA at all HLA loci are considered in
ruling out potential donors or evaluating patient immuno-
logic risk, a cPRA calculator that includes complete donor
HLA typing may more accurately describe the percentage
of donors with a positive VXM (6).

A Canadian cPRA calculator (7) was launched in April of
2012, with all donors in the calculator (starting in 2008)
typed by molecular methods at HLA-A, B, C, DRB1, DRB3/
4/5, DQA1, DQB1, DPA1, and DPB1 in order to support the
Canadian Blood Services Transplant Programs and local
transplant program cPRA calculation needs.

In the present study, we examined an active sensitized
waitlist population to determine the burden of antibodies to
DQA, DPA, and DPB in strata defined by baseline cPRA, and
the impact of including these as UA in cPRA derived using
the Canadian Blood Services cPRA Calculator.

Methods

The University Health Network Research Ethics Board approved this study:
REB#13-6975.

The Canadian cPRA calculator (CDNcPRA-C)

All 14 Canadian Solid Organ Transplant HLA Laboratories provided ABO
blood groups and molecular HLA typing at HLA-A, B, C, DRB1, DRB3/4/5,
DQAT1, DQB1, DPAT1, and DPB1 for all deceased donors, which were then
resolved to a single serologic equivalent for each allele. The first version of
the calculator used in this study, included all deceased donors in Canada
from January 2008 to December 2011 (n=1708) from whom at least one
organ was recovered and transplanted. Any missing alleles were assigned
centrally at the Transplant Immunology Laboratory (Diagnostic Services
Manitoba). The cPRA calculation sums the total of all donors to whom a
patient has at least one UA and expresses this as a percentage of the total
number of donors. Race frequencies are not utilized. Typings were verified
against known haplotype associations (8-11); however, no robust DPA and
DPB haplotype associations are reported and typing at these loci was
entered as provided by the source laboratory. The calculator further permits
stratification of cPRA by ABO blood group and region within Canada
(Figure S1), although these were not utilized in the present analysis.

Patient population

All active and temporarily on-hold waitlisted kidney, pancreas, heart, lung,
small bowel, and multi-organ combined-liver transplant candidates on
October 31, 2013 on a regional waitlist who had at least one unacceptable
antigen listed in their cumulative history were considered. Cumulative (all
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DQA, DPA, and DPB in cPRA

ever detected) UA were used for this comparative analysis. Typically UA
are listed on the basis of HLA antibodies detected quarterly using Single
Antigen Bead Assays (One Lambda, Canoga Park, CA) and at a minimum
mean fluorescent intensity (MFI) of 1200 (if epitope reactivity patterns
indicate a real antibody reaction), with MFI of UA varying widely. The
allele-specific antibody (A-S-Ab) category in this instance contains UA for
which there are both single A-S-Ab as well as those resulting from the
unigue combination of DQA-DQB proteins (12,13). Although A-S-Ab do not
contribute to cPRA, they are applied in virtual crossmatching algorithms.
Laboratories determine antibody presence using their own internally
validated thresholds and UA once listed were not re-examined or
adjudicated in this study.

DPA, DPB, and DQA unacceptable antigen and A-S-Ab
prevalence

The prevalence of DPA, DBP and DQA UA, and A-S-Ab was determined in
subject groups defined by Baseline CDNcPRA 0-20%, 21-50%, 50-80%,
81-95%, 96-97%, and >98%, with the >98% group further divided to
individual cPRA categories.

Comparative cPRA calculations

Antigen frequency for all unique antigens present in both the CDNcPRA-C
and the OPTN cPRA Calculator (OPTNcPRA-C) were compared by the
Pearson co-efficient.

Baseline CDNcPRA was defined as cPRA determined in the Canadian
calculator but inclusive of only those antigens present in the OPTNcPRA-C
(A, B, C, DR, DR51/52/53, DQB) and was calculated for all sensitized
waitlisted patients, and compared with OPTNcPRA by the Pearson co-
efficient.

For candidates with DQA, DPA, and/or DPB UA, CDNcPRA was recalculated
and compared to the Baseline CDNcPRA for each locus individually and then
in combination and the new CDNcPRA was compared to Baseline
CDNCcPRA.

Additional exploratory CDNcPRA comparisons to OPTNcPRA with the
addition of DQA, DPA, and DPB UA are shown in the Supporting
Information.

Statistical analysis

Stata/IC Version 13.1 for Mac was used for all calculations. Where
appropriate, comparisons between cPRA estimates were made by Pearson
Correlation Coefficient and expressed as R?. Categorical variables were
compared by the chi-square test. All other comparisons of newer cPRA
values to baseline cPRA were expressed as a difference in cPRA from
baseline.

Results

Subjects

There were 740 transplant candidates with at least one UA
(or allele-specific antibody) identified in their cumulative
unacceptable antigen history. The distribution of cPRA
using both the CDNcPRA-C (limited to OPTN loci) and the
OPTNcPRA-C is shown in Figure 1, with similar distribu-
tions at baseline. There were 49 sensitized subjects who
had only very low frequency UA or A-S-Ab listed as UA (the
latter of which do not contribute to cPRA), resulting in a
cPRA of 0%.
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Distribution of cPRA of Sensitized Patients

cPRA %

l_ OPTNCcPRA Calculator "1 CDNcPRA Calculator |

Figure 1: Distribution of cPRA of sensitized active waitlist
candidates (limited to unacceptable A, B, C, DR, DRw, DQ
antigens). The distribution of the cPRA of the subjects is
comparable in the CDNcPRA calculator and the OPTNcPRA
calculator, when the CDNcPRA calculator is limited to only those
antigens present in the OPTNcPRA calculator. Sensitized subjects
are present in the cohort across all cPRA quintiles. Subjects with
UA of very low frequency and/or only allele-specific antibodies may
still have a cPRA of 0% as allele-specific antibodies do not
contribute to cPRA in either calculator. CDNcPRA, cPRA calculated
from the Canadian calculator; cPRA, calculated PRA; OPTN, Organ
Procurement and Transplantation Network; OPTNcPRA, cPRA
calculated from the OPTN calculator; UA, unacceptable antigens.

Proportion of subjects with DQA, DPA, and DPB UA
and A-S-Ab by cPRA category

There were 280 (38%) subjects with DQA and/or DPB UA
listed (77 [28%] with DQA only, 142 [51%] with DPB only,
and 61 [22%] with DQA and DPB UA). Only seven had DPA
UA and were not included in additional detailed analyses
due to this low frequency. A significant proportion of
subjects with baseline cPRA>80% had DQA UA-
(0 <0.001). DPA UA were listed for 37% of subjects with
cPRA 80-95% and 33% with cPRA 96-97 % versus 58% of
those with cPRA>98% (p < 0.001) (Table 1). For subjects
with cPRA>98%, the proportion of DQA and DPB UA was
significantly greater in those with cPRA of 100% (Table 2).
There were 138 (19%) of subjects with at least one A-S-Ab
recorded, with a significantly higher proportion again in the
>98% cPRA group (p <0.001).

See Table S1 for corresponding analysis using OPTN cPRA
calculator.

Baseline performance of the Canadian cPRA
calculator

Antigen frequency was estimated in both calculators as
cPRA for each unique antigen present in the OPTNcPRA-C
(Figure 2A). Single antigen frequencies associated with
known broad antigen groups that are not fully resolved to a
single serologic equivalent within the OPTN calculator, are
noted with arrows (DQ5,6,7,8,9). OPTN cPRA calculation
methodology includes both the total broad and split
serologic equivalent frequency in the estimate of each
individual serologic frequency, leading to a potentially
higher cPRA estimate for any single split antigen, compared
to the Canadian calculator where all broad typings have
been fully resolved. When only broad typings are correlated
for DQB3 (DQB7/8/9) and DQB1 (DQB5/6), the two
calculators vyield even more highly correlated results
(Figure 2B, R2=0.9992).

cPRA for subjects are highly correlated also between the
OPTN and Canadian Calculators when limited only to those
loci present in the OPTN calculator (Figure 2C and D,
R?=0.9980). See Tables S1A and S1B for details regarding
impact of fully resolved typing for all serologic equivalents.

Impact to cPRA with addition of C locus UA

In December 2013, the OPTN calculator was revised to
include UA at C locus. Figure 3 illustrates the change in
Canadian cPRA with inclusion versus exclusion of C locus
UA (compared to the baseline of A, B, DR, DR51/52/53, and
DQB only). Two hundred sixty-five out of seven hundred
forty (36%) of subjects had C locus UA recorded. Of these,
35 (13%) had an increase in Class | cPRA of >20% when C
locus specificities were included in the cPRA (data not
shown). Corresponding analysis comparing the OPTNcPRA
with and without C locus included is shown in Figure S2.

Impact of adding DQA, DPB UA in CDNcPRA
calculation

When compared to a baseline CDNcPRA (using the
Canadian Calculator for A, B, Cw, DRB, DR51/52/53, and
DQB antigens), the Class Il cPRA increased by >20% for

Table 1: Proportion of subjects with DQA, DPA, and DPB unacceptable antigens, and allele-specific antibodies (A-S-Ab) by cPRA category

calculated with Canadian calculator

0-20% 21-50% 51-80% 81-95% 96-97%
Baseline CDNcPRA n=165 n=182 n=147 n=100 n=24 >98% n=122 p-value
DQA (n=138) 22 (13%) 13 (7%) 25 (17%) 31 (31%) 6 (25%) 41 (34%) <0.001
DPA (n=7) 0 0 0 0 0 7 (6%) <0.001
DPB (n=203) 26 (16%) 34 (19%) 27 (18%) 37 (37%) 8 (33%) 71 (58%) <0.001
A-S-Ab (n=189) 31 (19%) 19 (10%) 26 (18%) 18 (18%) 5 (21%) 39 (32%) <0.001

CDNCcPRA, cPRA calculated from the Canadian calculator; cPRA, calculated PRA; DPA, a protein encoded by the DPA1 gene; DPB, a protein
encoded by the DPB1 gene; DQA, a protein encoded by the DQA1 gene.
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Table 2: Proportion of subjects with baseline cPRA> 98% with
DQA, DPA, and DPB unacceptable antigens, and A-S-Ab calculated
with the Canadian calculator

DQA, DPA, and DPB in cPRA

43/138 (31%) of subjects with DQA UA. The Class Il cPRA
increased by >20% for 20/203 (10%) of subjects with DPB
UA. Overall, of 280/740 subjects with DQA, DPA, and/or

98% 99% 100% DPB UA, 36/280 (13%) had an increase in CDNcPRA of
Baseline CDNcPRA  n=18 n=22 n=382 p-value >20% (Table 3). See Table S4 for the corresponding
DQA (n—41) 422%) 3(4%) 34@41%) 0027 analysis using OPTNcPRA as the baseline value.
DPA (n=7) 1 (5%) 0 6 (6%) NS . . .
DPB (n=122) 9(50%) 7(32%) 55(67%) 0.009 For seven subjects with DPA UA, CDNCPRA increased by
A-S-Ab (n=122) 7(39%) 3 (14%) 29 (35%) 0.121 20-68% when compared with baseline CDNcPRA in

CDNCcPRA, cPRA calculated from the Canadian calculator; cPRA,
calculated PRA; DPA, a protein encoded by the DPA1 gene; DPB, a
protein encoded by the DPB1 gene; DQA, a protein encoded by the
DQAT1 gene.

isolation. However, all seven subjects had DPB UA and
the cPRA change due to DPA, after DPB was considered
was negligible.

Figure 4 illustrates individual subjects’ change in in
CDNCcPRA with the addition of DQA and DPB unacceptable
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Figure 2: Canadian and OPTN cPRA calculators perform comparably for single antigen frequencies and cPRA of the study
population when limited to those antigens present only in the OPTN calculator. (A) Single antigen frequencies are correlated between
the Canadian and OPTN cPRA calculator. (R? = 0.9622) (outliers are notable for DQ5 and 6 (serologic equivalents from the broad DQ1) and
DQ7, 8 and 9 (serologic equivalents from the broad DQ3), which are not fully resolved in the OPTN calculator. cPRA for a single antigen may
be overestimated in OPTN as the broad serologic frequency is counted in its entirety when a single serologic frequency is estimated.
(B) When these serologic equivalents are considered only at their broad level, the correlation of single antigen cPRA is very high
(R?=0.9992). (C) For the study population of interest, Canadian and OPTN cPRA are similarly highly correlated when limited to only those
antigens included in the OPTN calculator (R? = 0.9973). (D) When those subjects with only a subset of serologic equivalents of DQ1 or DQ3
are excluded, the correlation is even higher (R?=9980). cPRA, calculated PRA; OPTN, Organ Procurement and Transplantation Network;
UA, unacceptable antigens.
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Change in cPRA with C locus
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Figure 3: Change in individual subjects Class | cPRA with
inclusion versus exclusion of C locus unacceptable antigens.
265/740 (36%) of subjects had C locus UA recorded. Of these, 35
(13%) had an increase in Class | cPRA of >20% when C locus
specificities were included in the cPRA, with a 5-20% increase in
an additional 25% of these subjects. CDNcPRA, cPRA calculated
from the Canadian calculator; cPRA, calculated PRA; UA,
unacceptable antigens.

over that calculated with only baseline UA. An illustration of
subjects’ CDNcPRA with DQA and DPB UA in comparison
with OPTN cPRA is provided in Figure S3.

Figure 5 illustrates increase in total cPRA for subjects with
DQA, DPA and DPB UA included. Of subjects with one or
more of these UA, 7% moved from <80% to >80% cPRA
and 5% moved from <98% category to >98% when the
additional loci were included. CDNcPRA with all loci included
compared to OPTNcPRA is presented in Figure S4.

Of subjects with 95% CDNcPRA and higher at baseline, 18
(12%) had a further increase in cPRA of at least 1% with
inclusion of all unacceptable antigens. Of subjects with
cPRA 80-95%, 14 (14%) had a further increase in cPRA of

Table 3: Difference in Canadian cPRA from baseline loci (A, B, Cw,
DR, DRw, DQ) with addition of DQA, DPA, and DPB unacceptable
antigens

Including Including Including all
DQA DPB DQA, DPA, DPB

class Il class Il total class | /Il
Increase in cPRA cPRA cPRA
CDNCcPRA N=138 N =203 N =280
<5% 65 (47 %) 115 (57%) 174 (62%)
5-10% 5 (4%) 31 (15%) 31 (11%)
11-20% 25 (18%) 37 (18%) 39 (14%)
>20% 43 (31%) 20 (10%) 36 (13%)

CDNCcPRA, cPRA calculated from the Canadian calculator; cPRA,
calculated PRA; DPA, a protein encoded by the DPA1 gene; DPB, a
protein encoded by the DPB1 gene; DQA, a protein encoded by the
DQA1 gene.
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Figure 4: Increase in individual subjects’ Class || CDNcPRA
over baseline with the addition of DQA (Panel A) and DPB
(Panel B) unacceptable antigens. (A) Class Il cPRA increased by
>20% in 31% of subjects with DQA UA with increase of 5-20% in
an additional 22% of subjects. (B) Class Il cPRA increased by >20%
in 10% of subjects with DQB UA, with an increase of 5-20% in an
additional 33% of subjects. CDNcPRA, cPRA calculated from the
Canadian calculator; cPRA, calculated PRA; DPB, a protein
encoded by the DPB1 gene; DQA, a protein encoded by the
DQA1 gene; UA, unacceptable antigens.

at least 5%. At higher cPRA, even a small increase can
represent an important reduction in the number of
potentially acceptable donors (Table S5).

Discussion

Our study demonstrates that inclusion of DQA, DPA, and
DPB UA in a cPRA calculation method increases cPRA by
more than 10% in 27% of a sensitized waitlist population
with any of these UA. DQA, DPA, and DPB UA are
overrepresented in sensitized subjects (in particular those
with 98% cPRA or greater), and the ability to define these as
unacceptable may improve VXM accuracy in this population.

American Journal of Transplantation 2015; 15: 3194-3201
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Figure 5: Overall change in individual subjects’ Canadian
cPRA over baseline with inclusion of all DQA, DPA, and DPB
unacceptable antigens. Total cPRA increased by >20% in 13% of
all subjects with any DQA, DPA, or DPB UA. Seven percent of
subjects with DQA, DPA, and/or DPB unacceptable antigens
moved into the cPRA>80% category. Five percent of these
subjects moved into the >98% category. cPRA, calculated PRA,
DPA, a protein encoded by the DPA1 gene; DPB, a protein encoded
by the DPB1 gene; DQA, a protein encoded by the DQA1 gene;
OPTN, Organ Procurement and Transplantation Network; UA,
unacceptable antigens.

With the calculator available in 2007, the utilization of
the cPRA in 2009 by the OPTN was designed to improve
efficiency of allocation by reducing unexpected positive
crossmatches and to ensure that cPRA was transparently
reflective of the breadth of unacceptable antigens (14-16).
In the development of the Canadian Blood Services Kidney
Paired Donation Program and deceased donor Highly
Sensitized Patient Program, the importance of cPRA to
accurately prioritize patients was also recognized. Initially
the OPTN cPRA calculator (1) was used in these programs,
but subsequent data supported the need for a Canadian
calculator reflecting our donor population and our unique
national allocation priorities that evolved to include DQA,
DPA, and DPB in virtual crossmatch algorithms.

A significant number of our waitlisted recipient are
receiving their second or greater transplant and many
have antibodies to DQA, DPA and/or DPB (17) in part due to
allocation policies that have favored time on waitlist over
matching except for 0ABDR (18). Additionally, from 2009 to
2011 in the Canadian KPD Program, we found that a
number of proposed pairs with negative virtual cross-
matches to HLA A, B C, DR, DR51/52/53, and DQB, had
unexpectedly positive actual crossmatches due to anti-
bodies to DQA and DPA and DPB (4), similar to other
reports (19). Therefore, a decision was made to subse-
quently include these loci in the virtual crossmatch
algorithms, and also in the CDNcPRA calculator to ensure
that patients received appropriate cPRA-based allocation
consideration for all UA that may exclude donors.

American Journal of Transplantation 2015; 15: 3194-3201

DQA, DPA, and DPB in cPRA

To ensure complete resolution to serologic equivalents, and
avoid potential overestimation of cPRA that may occur with
inclusion of broad antigen typings (Figure 2), it was agreed
by all laboratories that 100% of donors in the calculator
and subsequently all deceased donors utilized in Canada
would be typed by molecular methods at all HLA loci (20),
representing a substantial increase of DPA1/DPB1 typing
over the 29% reported in the United States and the
unknown U.S. percentage of laboratories performing DQA1
typing (21). As expected with the Canadian population, the
total number of donors is small but will continue to be
updated including all deceased donors in Canada from
whom at least one organ is transplanted. An interval update
of 1108 donors is pending in Spring 2015 and beginning in
Summer 2015, the Canadian Transplant Registry wiill
update donor data automatically on a quarterly basis.

We recognize that we have chosen a simplified and local
approach to our cPRA calculator, and have not employed
the rigorous population genetics methodologies, haplotype
frequency analysis and race frequency analysis that were
used to develop the OPTNcPRA with larger donor numbers.
However, we are reassured by similar cPRA distribution to
OPTN calculator when the Canadian Calculator is restricted
to OPTN UA, as well as the highly correlated single antigen
cPRA comparison (Figure 2). This aligns with observations
by Baxter-Lowe et al (19) in a paired exchange registry
analysis that the size of the donor pool is not critical in
determining the percentage of donors with a positive virtual
crossmatch. We would not assume that DQA, DPA and
DPB frequencies in the OPTN donor population are same as
the Canadian donor population without actual typing data,
and more rigorous population genetic analysis; however,
recent paired exchange data using a cPRA calculator from
the National Kidney Registry donor pool that did include
DPB typing suggest that antibodies to at least DPB affect
US-based cPRA calculations comparably to the impact
demonstrated in our study (19). Interpretation of DPB
typing and UA may be further limited by the absence of
known robust DPA/DPB haplotype associations, as well as
the limited polymorphism at the DPB locus (with broad
antibody specificities driven by a potentially limited number
of epitope sites alone or in combination) (22) and evolution
of our simplified approach to impact of DPB on cPRA
requires more rigorous studies.

Ultimately the impact of including all of these additional UA
in cPRA calculations depends upon whether the program
regard these loci as important to avoid when proceeding
with transplantation.

DQA and DPB UA and A-S-Ab have a notable prevalence in
waitlisted patients in a Canadian population and are
overrepresented in sensitized patients, to a similar extent
as recently reported in US centers (12,19,23). Whereas the
addition of these as UA may not increase cPRA (or presently
in the case of A-S-Ab, not change it at all) significantly
further when it is already high, the high proportion of these
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additional UA/antibodies in very highly sensitized patients
may result in a substantial further decrement in access to
transplant. A data system, such as this one supporting the
Canadian cPRA Calculator, with mandatory DQA, DPA, and
DPB typing and the capability of including DQA, DPA, and
DPB UAand A-S-Ab in VXM, where these are determined to
be undesirable in transplant, may facilitate more efficient
and equitable allocation of organs in patients with these UA
with fewer unanticipated positive cell-based cross-
matches (13,23). However, additional studies are needed
to better understand the nature of allele-specific responses,
and moreover, the nature of epitope-driven immunogenicity
at the level of unique HLA proteins (24).

An accurate cPRA is important to inform patients of their
likely access to transplantation, to accord points in
allocation systems and to accurately characterize the
clinical immunology of patient populations in research.
Our study demonstrates that inclusion of DQA, DPA, and
DPB as UA in Canadian cPRA calculations increases
CDNCcPRA in at least 13% of sensitized patients in a
waitlisted population. Given the similarity in performance of
the Canadian and OPTN cPRA calculators at baseline,
further investigation may be warranted to determine if
inclusion of DQA, DPA, and DPB UA in cPRA calculations
has a similar impact in kidney paired donation programs or
other jurisdictions where these UA are deemed undesir-
able. In the new OPTN kidney allocation scheme, inclusion
of these UA in cPRA calculations (and VXM algorithms) may
result in more accurate identification of highly sensitized
patients to be prioritized for local, regional and national
sharing and greater awareness of the full scope of their
unacceptable antigens prior to organ allocation (23).

Acknowledgments

The Canadian cPRA Calculator is hosted and maintained by Canadian
Blood Services. (www.pra-calculator.ca). The authors gratefully acknowl-
edge the additional members of the Canadian Blood Services National
HLA Advisory Committee and their respective HLA Laboratories and Staff:
Vancouver, BC: Dr. Paul Keown, Calgary, AB: Dr. Nourredine Berka,
Saskatoon, SK: DR. Q. Xu, Winnipeg, MB: Denise Pochinco, Hamilton,
ON: Dr. Christine Ribic, London, ON: Dr. Ted Ball, Kingston, ON: Dr. Lois
Shepherd, Ottawa, ON: Dr. JP Li, Montreal, QC: Dr. Chee Saw, Quebec
City, QC: Dr Eric Wagner, Laval, QC: Dr Claude Daniel. Canadian Blood
Services' mandate is funded by Canadian Federal, Provincial and Territorial
Governments (excluding Quebec) and the opinions stated herein are not
those of the Federal, Provincial and Territorial Governments.

Disclosure

The authors of this manuscript have conflicts of interest to
disclose as described by the American Journal of Trans-
plantation. Drs. Tinckam and Nickerson are Medical
Advisors (Organ and Tissue Donation and Transplantation)
to Canadian Blood Services, a federal and provincial
government funded Health Care Agency.

3200

References

1. HRSA-OPTN. cPRA Calculator. [cited 2014 Jan 1]. Available from:
http://optn.transplant.hrsa.gov/resources/allocationcalculators.
asp?index=78.

2. lIsrani AK, Salkowski N, Gustafson S, et al. New national allocation
policy for deceased donor kidneys in the United States and
possible effect on patient outcomes. J Am Soc Nephrol 2014; 25:
1842-1848.

3. Chih S, Ross HJ, McDonald MA, Isaac DL. Highly sensitized
patients in cardiac transplantation: Early outcomes from the
Canadian Prioritized Organ Sharing Program. J Heart Lung
Transplant 2012; 31: 780-782.

4. Cole EH, Nickerson P, Campbell P, et al. The Canadian kidney
paired donation program: A national program to increase living
donor transplantation. Transplantation 2014; epub ahead of
print.

5. Ferrari P, Weimar W, Johnson RJ, Lim WH, Tinckam KJ. Kidney
paired donation: Principles, protocols and programs. Nephrol Dial
Transplant 2014; epub ahead of print.

6. Tambur AR, Leventhal JR, Walsh RC, Zitzner JR, Friedewald JJ.
HLA-DQ barrier: Effects on cPRA calculations. Transplantation
2013; 96: 1065-1072.

7. Canadian Blood Services cPRA Calculator. [cited 2014 Jan 10].
Available from: http://www.pra-calculator.ca.

8. Fernandez-Vina M, Gao X, Moraes ME, et al. Alleles at four HLA
Class Il loci determined by oligonucleotide hybridization. Immuno-
genetics 1991; 34: 299-312.

9. Fernandez-Vina M, Falco M, Gao X, et al. DQA1*03 subtypes have
different associations with DRB1 and DQB1 alleles. Hum Immunol
1994; 39: 290-298.

10. Fernandez-Vina M, Falco M, Gao X, et al. New HLA haplotype
frequency reference standards: High-resolution and large sample
typing of HLA DR-DQ haplotypes in a sample of European
Americans. Tissue Antigens 2003; 62: 296-307.

11. Maiers M, Gragert L, Klitz W. High-resolution HLA alleles and
haplotypes in the United States population. Hum Immunol 2007;
68: 779-788.

12. Tambur AR, Leventhal JR, Friedewald JJ, Ramon DS. The
complexity of human leukocyte antigen (HLA)-DQ antibodies
and its effect on virtual crossmatching. Transplantation 2010; 90:
1117-1124.

13. Tambur AR, Leventhal JR, Zitzner JR, Walsh RC, Friedewald JJ.
The DQ barrier: Improving organ allocation equity using HLA-DQ
information. Transplantation 2013; 95: 635-640.

14. Cecka JM. Calculated PRA (CPRA): The new measure of
sensitization for transplant candidates. Am J Transplant 2010;
10: 26-29.

15. Cecka JM, Kucheryavaya AY, Reinsmoen NL, Leffell MS,
Calculated PRA: Initial results show benefits for sensitized patients
and a reduction in positive crossmatches. Am J Transplant 2011;
11: 719-724.

16. Leffell MS. The calculated panel reactive antibody policy: An
advancement improving organ allocation. Curr Opin Organ
Transplant 2011; 16: 404-409.

17. Duquesnoy RJ, Awadalla Y, Lomago J, et al. Retransplant
candidates have donor-specific antibodies that react with structur-
ally defined HLA-DR,DQ,DP epitopes. Transpl Immunol 2008; 18:
352-360.

18. Canadian Council for Donation and Transplantation—Kidney alloca-
tion in Canada: A Canadian forum. Canadian Blood Services. 2006
[cited 2015 Jan 1]. Available from: http://wwworgansandtissuesca/
s/wp-content/uploads/2011/11/Kidney_Allocation_FINALpdf.

American Journal of Transplantation 2015; 15: 3194-3201


http://optn.transplant.hrsa.gov/resources/allocationcalculators.asp?index&x003D;78
http://optn.transplant.hrsa.gov/resources/allocationcalculators.asp?index&x003D;78
http://www.pra-calculator.ca
http://wwworgansandtissuesca/s/wp-content/uploads/2011/11/Kidney_Allocation_FINALpdf
http://wwworgansandtissuesca/s/wp-content/uploads/2011/11/Kidney_Allocation_FINALpdf

19. Baxter-Lowe LA, Cecka M, Kamoun M, Sinacore J, Melcher ML.
Center-defined unacceptable HLA antigens facilitate transplants
for sensitized patients in a multi-center kidney exchange program.
Am J Transplant 2014; 14: 1592-1598.

20. Canadian Council for Donation and Transplantatio—Assessment
and management of immunologic risk in transplantation. Canadian
Blood Services. 2005 [cited 2015 Jan 1]. Available from: http://
wwworgansandtissuesca/s/wp-content/uploads/2011/11/Immu-
nologic-Riskpdf.

21. Kucheryavaya A, Tyan D, Boyle G, Kiger D, Murphey C, Baxter-
Lowe L. A substantial increase in reporting of HLA-DPB typing of
deceaseddonorshe U.S. Am J Transplant 2014; 14: 590.

22. Duquesnoy RJ, Marrari M, Tambur AR, et al. First report on the
antibody verification of HLA-DR, HLA-DQ and HLA-DP epitopes
recorded in the HLA Epitope Registry. Hum Immunol 2014; 75:
1097-1103.

23. Bray RA, Brannon P, Breitenbach C, et al. The new OPTN kidney
allocation policy: Potential for inequitable access among highly
sensitized patients. Am J Transplant 2015; 15: 284-285.

24. Duquesnoy RJ, Kamoun M, Baxter-Lowe LA, et al. Should HLA
mismatch acceptability for sensitized transplant candidates be
determined at the high-resolution rather than the antigen level? Am
J Transplant 2015; 15: 923-930.

Supporting Information

Additional Supporting Information may be found in the
online version of this article.

Figure S1: Canadian cPRA Calculator—Web page
image. The Canadian cPRA Calculator has all donor typings
by molecular methods resolved to a single serologic
equivalent at HLA-A, B, C, DRB1, DRB3/4/5, DQAT1,
DQB1, DPA1, DPB1 loci. Additional filtering may be applied
for ABO group and region within Canada.

Figure S2: Change in Class | cPRA for patients with
addition of C locus unacceptable antigen to OPTN cPRA
calculator. In a within OPTN calculator comparison, the
addition of C locus unacceptable antigens resulted in an
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DQA, DPA, and DPB in cPRA

increase in Class | cPRA of >25% in 55/265 (21%) of
subjects (data not shown).

Figure S3: Comparison of Canadian cPRA with OPTN
cPRA after addition of DQA (Panel A) and DPB (Panel B)
unacceptable antigens.

Figure S4: Canadian cPRA with DQA, DPA, and DPB
included compared to current OPTN cPRA.

Table S1A: Proportion of subjects of DQA, DPA, and DPB
unacceptable antigens, and allele-specific antibodies by
cPRA Category calculated with the OPTN Calculator.

Table S1B: Proportion of subjects with Baseline
cPRA>98% with DQA, DPA, and DPB unacceptable
antigens, and A-S-Ab calculated with the OPTN
Calculator.

Table S2: Percent of broad typings that are unresolved
to their serologic (split) equivalent in Canadian and OPTN
Calculator.

Table S3: Impact of full resolution to serologic equivalents,
on broad and split antigen frequency in the Canadian and
OPTN Calculators.

Table S4: Increase in Canadian cPRA with addition of DQA
and DPB Unacceptable antigens compared with baseline
OPTN cPRA.

Table S5: Estimated frequency of acceptable HLA
mismatch donors for cPRA>80%.
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