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Abstract

Background—The effect of donor-recipient human leukocyte antigen (HLA) matching on
outcomes remains relatively unexplored in pediatric patients. The objective of this study was to
investigate the effects of donor-recipient HLA matching on graft survival in pediatric heart
transplantation.

Methods and Results—The UNOS database was queried for heart transplants occurring
between October 31, 1987 to December 31, 2012 in a recipient aged < 17 with at least one
postoperative follow-up visit. Retransplants were excluded. Transplants were divided into 3
donor-recipient matching groups: no HLA matches (HLA-no), 1 or 2 HLA matches (HLA-low),
and 3-6 HLA matches (HLA-high). Primary outcome was graft loss. 4471 heart transplants met
study inclusion criteria. High degree of donor-recipient HLA matching occurred infrequently;
(HLA-high n=269 (6 %) v. HLA-low n=2683 (60%) v. HLA-no n=1495 (34%). There were no
differences between HLA matching groups in frequency of coronary vasculopathy (p=0.19) or
rejection in the first post-transplant year (p=0.76). Improved graft survival was associated with a
greater degree of HLA donor-recipient matching: HLA-high median survival 17.1yrs
(14.0-20.2yrs, 95%Cl), HLA-low median survival 14.2yrs (13.1-15.4), and HLA-no median
survival 12.1yrs (10.9-13.3), p<0.01 log rank test. In Cox-regression analysis, HLA matching was
independently associated with decreased graft loss [HLA-low v. HLA-no HR 0.86 (0.74-0.99,
95%Cl), p=0.04; HLA-high v. HLA-no 0.62 (0.43-0.90, 95%Cl), p<0.01].
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Conclusions—Decreased graft loss in pediatric heart transplantation was associated with a
higher degree of donor-recipient HLA matching, although a difference in the frequency of early
rejection or development of coronary artery vasculopathy was not seen.
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Methods

Human leukocyte antigen (HLA) typing of potential donors and recipients is standard of
care in pediatric heart transplantation. Advancing knowledge of HLA antibodies has
improved the accuracy of virtual crossmatch in sensitized patients®, reducing the need for
prospective crossmatches and leading to reduced waitlist mortality.2 These improvements in
HLA technology have likely led to improved outcomes in pediatric heart transplantation by
optimizing donor selection.!

Despite improved outcomes through the virtual crossmatch, the effect of donor-recipient
HLA matching on outcomes remains relatively unexplored in pediatric heart transplantation.
Opelz et al. reviewed the impact of HLA compatibility on 150,000 kidney, heart and liver
transplants and found that kidney and heart transplant outcomes were improved with higher
degrees of HLA matching.3 A previous report by Opelz and Wujciak showed that HLA
matching of 3 or more loci was associated with improved outcomes in an exclusively heart
transplant cohort. There are other reports that indicate that HLA matching is associated
with a decreased risk of rejection in the first post-transplant year, decrease incidence of
coronary vasculopathy as well as improved graft survival.>: ©

However, other studies indicate HLA matching does not improve outcomes in heart
transplantion. Tenderich et al. performed a single center retrospective review of 923 adult
heart transplants from 1989 to 2005 and found that the degree of HLA donor-recipient
matching was not associated with short or long-term survival.” Similarly, a single center
retrospective study of 243 heart transplants over a 13-year period, did not find a relationship
between HLA matching and survival, rejection episodes or post-transplant infections.® The
latter study included adolescents between ages 12 to 18, but no subgroup analysis was
performed on this pediatric group.8

The only previous report exploring an association between HLA matching and outcomes in
an exclusively pediatric population found no improvement in survival but was a single
center study reported more than 20 years ago involving 87 patients.® The aim of this study
was to investigate possible associations between HLA matching and graft survival in an
exclusively pediatric cohort.

A retrospective analysis was performed on data obtained from the UNOS Standard
Transplant Analysis and Research (STAR) files. The Medical University of South Carolina
Institutional Review Board approved the study. Heart transplants performed in the United
States between October 1,1987 through December 31, 2012 were included for analysis. The
database was queried for pediatric heart transplants (age 17 or younger) who underwent
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heart transplant and had HLA typing of the recipient and donor at the A, B, and DR locus.
Transplants were included if there was at least one follow-up visit documented. Transplants
were excluded if the recipient had a previous heart transplantation. Primary endpoint for the
study was graft loss, which includes patient death and retransplantation.

HLA matching was defined as the number of donor HLA antigens that were also present in
the recipient. Transplants were divided into three groups, no HLA matching [0 of 6 potential
matches (HLA-no)], low level of HLA matching [1-2 of 6 potential matches (HLA-low)]
and high level of HLA matching [3-6 potential matches (HLA-high)]. Patient specific
variables evaluated between groups included: recipient supported by inotropic medications,
extracorporeal membrane oxygenation (ECMO), ventricular assist device (VAD), and/or
mechanical ventilation immediately prior to transplant; cardiac diagnosis (cardiomyopathy,
congenital heart disease, or other), recipient race, age, serum creatinine and bilirubin at
transplant, ischemic time, donor-recipient weight ratio, crossmatch results, and year of
transplant. For VADs, the type of VAD (LVAD, RVAD and BiVAD) is noted. Given the
small total number of VADs, for statistical purposes all types of VADs were grouped
together. These variables have been previously been shown to be associated with graft
survival 10-12

Secondary endpoints included the development of coronary vasculopathy throughout the life
of the graft and rejection requiring treatment in the first year post-transplant year. In order to
allow for at least one year following transplant for the assessment of rejection or the
development coronary vasculopathy, only transplants prior to December 31, 2011 were
included for analysis of these endpoints. Rejection in the first transplant year was treated as
dichotomous outcome (1 or more episode of rejection versus no episodes).

An additional analysis compared outcomes in patients based upon the presence of matching
HLA at each individual locus (A, B, DR). Each individual locus was analyzed separately
independent of matching at other locus (no A-locus matching versus at least one A-locus
match; no B-locus matching versus at least one B-locus match; no DR-locus matching
versus at least one DR-locus match).

To investigate the relationship between the race of donor and donor:recipient racial
matching on HLA matching, recipients and donors were classified by the following groups:
Caucasian, African-American, Hispanic, Asian or Other. Degree of HLA matching was
compared between groups based upon recipient race as well as if there was donor:recipient
racial matching.

Statistical Analysis

Data from the UNOS STAR files were imported into SPSS®, version 21.0 (IBM© Armonk,
NY) for analysis. Demographic and patient variable data are reported as medians with intra
quartile ranges, or ninety-five percent confidence interval, or as percentages as appropriate.
Demographics and patient variables were compared among the 3 groups using Kruskis-
Wallis test for continuous variables as data had nonparametric distribution. Categorical
variables were compared between HLA donor-recipient matching groups using chi-square
test. Cox proportional hazard models were used to assess hazard ratios of graft loss between
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HLA match groups while controlling for age, year of transplant; recipient on ECMO, VAD,
IV inotropes or mechanical ventilation immediately prior to transplant, cardiac diagnosis,
serum bilirubin and creatinine, donor-recipient weight ratio and pro- or retrospective
crossmatch results. For the purpose of the multivariate cox-regression analysis continuous
variables of transplant year and age were divided to create categorical variables: early
transplant year (1987-1999) versus late transplant year (2000-2012); infant (<1 year of age),
child (1-10 years) and adolescent (11-17 years). Positive and indeterminate retrospective
crossmatches were combined into one category for multivariate analysis. Recipient race was
divided into Caucasian and non-Caucasian. Only data sets with complete data were used in
the Cox proportional hazard models, missing data was not interpolated. HLA-no was the
reference group in multivariable analysis.

In additional analysis of matching at each individual HLA locus, demographic and patient
variable data were compared between groups using Wilcoxon-rank sum test for continuous
variables. For categorical variables, comparisons between groups were performed using the
chi-square test. Cox proportional hazard models were performed in the same manner as
previously described. A p-value of <0.05 was set as statistically significant.

When analyzing race and HLA matching, degree of HLA-matching and frequency of
donor:recipient racial matching was compared between recipient racial groups using Chi-
Square test. Graft survival was compared using log rank test.

There were 4471 pediatric heart transplants that met study inclusion criteria. Median
recipient age of the study population was 5 years (IQR 0-13) with 1291 transplants having a
recipient age <1 year, 1635 with recipient age from 1-10 years, and 1521 transplants with
recipient age between 11-17 years of age. An underlying diagnosis of cardiomyopathy
existed in 2311, 1943 had congenital heart disease, and 193 were reported to have other
cardiac diagnoses. Median serum creatinine was 0.5 mg/dL (IQR 0.4-0.8); median serum
bilirubin was 0.7 mg/dL (0.4-1.3). Median donor-recipient weight ratio was 1.27 (IQR
1.0-1.7). Median ischemic time was 3.5 hours (IQR 2.8-4.3). One hundred sixty-four (4%)
of recipients were on ECMO at the time of transplant, 702 (16%) were on mechanical
ventilation and 1878 (42%) were on inotropic support. A total of 228 (5%) patients were on
a VAD at time of transplant (109 LVADs, 1 RVAD, 3 Total Artificial Heart, 56 BiVAD and
59 not specified.) Median graft survival for the entire cohort was 13.5 years (12.7-14.4, 95%
ClI).

A high degree of HLA matching occurred infrequently [HLA-high n=269 (6%) v. HLA-low
n=2683 (60%) v. HLA-no n=1495 (34%)]. Patient specific factors did not differ between
HLA matching groups (Table 1), except that the HLA-high group was more likely to be on
ECMO at the time of transplant (7% HLA-high v. 4% HLA-low v. 3% HLA-no, p<0.01)
and more likely to be Caucasian (70.3% HLA-high v. 60.5% v. 54.6%, p<0.01). Median
graft survival differed between groups (Figure, p<0.01); the HLA-high group had an
estimated median survival of 17.1yrs (14.0-20.2yrs, 95%Cl), versus HLA-low of 14.2 years
(13.1-15.4yrs, 95%Cl), and HLA-no of 12.1 years (10.9-13.3, 95%Cl).
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Of the 4471 heart transplants with at least one follow-up post-transplant visit, 4330 were
performed prior to December 31, 2011 and comprised the group that was assessed for
coronary vasculopathy and rejection. The frequency of coronary vasculopathy did not differ
between groups, 25% (n=67) for HLA-high, 21% for HLA-low (n=558) and 22% (n=335)
for HLA-no (p=0.19). The frequency of treated rejection in the first post transplant year also
did not differ between groups, 20% (n=55) for HLA-high, 22% for HLA-low (n=588) and
23% (n=342) for HLA-no (p=0.76). Neither frequency of coronary vasculopathy nor
rejection within the first year was associated with HLA matching when the cohort was
divided in infants (<lyear of age) and non-infants (=1year of age)

Multivariable Cox-regression analysis was performed on all 2852 of 4447 transplants with
no missing data. Differences between the transplants with complete datasets and those with
incomplete datasets are summarized in Table 2. HLA matching was independently
associated with graft survival. When compared to the HLA-no, HLA-low had a hazard ratio
of 0.86 (95% CI: 0.74-0.99,p=0.04) for graft loss and HLA-high had a hazard ratio of 0.62
(95%CI: 0.43-0.90, p=0.01) for graft loss. When patients with no HLA matching were
excluded, HLA-high had a hazard ratio for graft loss of 0.7 (0.5-1.0, 95%ClI, p=0.07)
compared HLA-low. When analyzing infants separately (recipient age<lyr, n=1291) there
was no difference in graft survival between HLA-no (14.9yrs) v. HLA-low (16.3yrs) v.
HLA-high (15.7yrs), p=0.47. In multivariable cox-regression analysis of infants, HLA
matching class was not associated with graft survival. However, in patients >1 year,
associations with graft survival were similar to the entire cohort.

Additional analysis of graft survival was performed between matching at each individual
HLA locus. Transplants that had 1 or 2 matches at the A-locus (n=1772) had a longer
estimated median graft survival, in univariate analysis, of 15.2 years (95%Cl: 13.5-16.9)
versus transplants that had no match (n=2675), 12.9 years (11.9-13.9, p<0.01 log rank test).
In multivariable Cox regression analysis, matching at the A-locus had a hazard ratio of 0.88
(0.76-1.02, p=0.11) for graft loss compared to no matching (Table 3). In univariate analysis,
matching at the B-locus did not lead to statistically significant longer median graft survival.
However, in multivariable Cox regression analysis matching at the B-locus was
independently associated with lower hazard ratio of graft loss when compared to no match
group (HR 0.80, 95%CI: 0.67-0.97, p=0.03). Matching at the DR-locus was associated with
longer estimated median graft survival in univariate analysis, 15.1yrs (95%Cl: 13.7-16.7) for
transplants with one match vs. 13.0yrs (12.0-14.0yrs) for transplants with no match
(p<0.01), but in Cox-regression analysis this association was no longer significant (Table 3).

The race of the entire transplant recipient cohort was 59.1% Caucasian, 19.7% African-
American, 15.5% Hispanic, 3.1% Asian and 2.6% other. Donor race was Caucasian in
59.1% of transplants, 19.7% African-American, 15.5% Hispanic, 3.1% Asian, and 2.5%
other. Two donors did not have race recorded. Caucasian recipients received the same race
donor 64.3% of the time versus, 22.2% for African-Americans, 26.5% for Hispanics, 0.7%
for Asians, and 0.9% for other (p<0.01). Transplants with donor-recipient racial matching
were more likely to be in HLA-high (8.4% v. 4.0%, p<0.01). African-Americans and Asians
were the most likely to have no HLA matches (42.2 and 41.3%, respectively) versus
Caucasians and Hispanic recipients (31.1% and 32.2%, respectively, p<0.01). Median graft
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survival was lowest for African-Americans (7.8yrs, 95% C.l. 6.8-8.8), while Caucasians,
Hispanics and Asians had similar median graft survival (15.1yrs, 17.1 and 15.6,
respectively), the shorter graft survival for African-Americans met statistical significance
(p<0.01, log rank).
Discussion

This represents the first report to specifically investigate the association between HLA
donor-recipient matching utilizing a multi-institutional database in pediatric heart transplant
patients. We found an association between improved survival and a higher degree of donor-
recipient HLA matching. The reason for improved graft survival with increased HLA
matching in pediatric heart transplantation is an area that needs further study. Early reports
in adult heart transplantation, reported that HLA matching decreased the frequency of
rejection as well as the incidence of steroid resistant rejection.13 More recent studies have
found that HLA matching is associated with a lower incidence of rejection within the first
year for adult heart transplant recipients.> 14 However, the present study did not find a
difference in the rate of rejection in the first year related to degree of HLA matching. The
fact that HLA matching was not associated with improved graft survival in infants indicates
a possible immunological etiology for the improved graft survival. Due to an immature and
developing immune systems, infants are more likely to develop graft “tolerance” and less
likely to mount a strong immunological response to the transplanted graft.1> However,
determining the exact mechanism that of how donor-recipient matching leads to improved
outcomes is important as it could lead to targeted therapies post-transplant in patients with
low degree or no HLA matching. This is most likely to be accomplished by linking multiple
pediatric heart transplantation databases.

HLA matching has been associated with improved outcomes in adult heart transplantation.
However, the impact of HLA matching on graft survival appears to be stronger in the adult
population compared to our results of a completely pediatric population.? 14 Possible
explanations to why there is a difference between age groups, include differences in
development of the immune system as well as influence of other factor such as medical
adherence. In the infant population, HLA matching was not associated with graft survival
likely due to the infant's immature immune system and the development of graft “tolerance”.
Also, the relatively high rate of medical non-adherence seen in adolescence is known to lead
to increased risk of graft loss and therefore will decrease the impact of HLA matching on
graft survival.16

The importance of matching at different HLA loci has been extensively researched in
pediatric kidney transplantation. HLA-DR matching has been associated with improved
graft survival and lower incidence of lymphoma.17-19 HLA-DR matching has been
suggested to improve outcomes in adult heart transplant recipients.24 The current study
suggests that matching at the B locus is independently associated with improved survival,
however the hazard ratio 95% confidence interval which approached 1, while matching at
the A and DR locus were associated with improved graft survival in univariate analysis.
These results suggest that the number of total matches should be given more influence than
matching at an individual locus. Our study included typing of HLA-A, B, and DR loci as
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these loci were routinely typed during the entirety of our study. Typing of the HLA-DQ and
C loci is now routine. Therefore over time, more data will be available to analyze the effects
of matching at these loci in pediatric heart transplantation.

We did not find an association between HLA matching and the development of coronary
vasculopathy. This is in contrast to findings in adult heart transplantation in which a higher
degree of HLA matching has been reported to be associated with lower incidence of
transplant coronary vasculopathy.1# Coronary vasculopathy is a time dependent process,
with steadily increasing incidence as time from transplantation increases. In our analysis, the
HLA matching groups had similar years of transplant, and therefore similar time to develop
coronary vasculopathy as well as similar recipient age, a known risk factor for coronary
vasculopathy.2%: 21 Our findings were consistent with another report on pediatric heart
transplantation from a multi-institutional database which did not find a link between HLA
matching and coronary vasculopathy.?® In kidney transplantation, HLA matching,
specifically matching at the B-locus has been associated with decreasing rates of post-
transplant lymphoproliferative disease.22 The exact mechanism that lead to the improved
graft survival through HLA matching in the pediatric heart transplant population could not
be determined with the available database. Elucidating the protective mechanism of HLA
matching on graft survival should be the subject of further investigations as this knowledge
could help guide diagnostic and therapeutic interventions in patients with a high degree of
HLA mismatching.

HLA matching is currently not a factor in heart transplant donor allocation. Authors of
previous reports have argued that HLA matching should be considered in cardiac donor
allocation due to improved outcomes.14 HLA matching has been used in organ allocation in
kidney transplantation.23 However, after decreasing the importance of HLA matching in
Canada and the UK, reports have indicated decreased waitlist times.23: 24 While pediatric
heart transplant waitlist mortality has decreased over the past 20 years, it still remains
elevated at 13%.25 Other considerations in donor allocation, such a donor-recipient size,
ischemic time, surgical complexity, and rising rates of HLA sensitization in listed patients,
make adding HLA matching to donor allocation algorithms very difficult. Based upon the
kidney transplant data, addition of HLA matching could possibly lead to increased waitlist
mortality.23 24 Therefore, prior to any consideration of HLA matching in pediatric heart
transplant donor allocation, effects of waitlist time and mortality must be evaluated.

The higher degree of HLA matching seen when donors and recipients were of the same race
is not surprising as HLA haplotypes are often conserved within racial groups.26 Donor-
recipient race matching has been associated with increased graft survival in all races in
pediatric heart transplantation.2” The graft survival associated with donor:recipient race
matching is likely due to increasing degree of HLA matching when donor and recipient race
are the same.

The reason that African-Americans and Asians were more likely to have no HLA matches
compared to Caucasians and Hispanics is due to an interaction between race of donors as
well as shared haplotypes between races. Caucasian and Hispanics made up the largest two
racial categories of donors, 79.5% of donors when combined. Also, HLA haplotypes that are
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commonly found in Caucasian and Hispanics in the United States are frequently seen in
other racial groups.28 However, this is not true for Asians and African-Americans, common
HLA haplotypes in these populations are rarely found in other populations.28 Therefore, less
donors of the same race and decrease change of having a HLA match from another race
leads Asians and African-Americans being more likely to receive a heart without HLA
matching. African-Americans being more likely to have no HLA matches and the fact the
HLA-no group had the shortest graft survival provides a possible reason that previously
reported graft survival is worse for African-Americans even after controlling for
socioeconomic status.12

The influence on HLA matching in donor evaluation by transplant centers is not known,
therefore, the distribution of HLA matching may not represent actual random chance but be
influenced by decision making processes not accounted for. There was no set definition of
transplant coronary vasculopathy or rejection within the first year and therefore reporting of
this information was solely left to the discrimination of the reporting institution. The
methods and frequency of surveillance for transplant coronary vasculopathy are not known
and could have varied greatly between institutions influencing the reporting of coronary
vasculopathy. The database is dependent upon accurate reporting from participating
institutions. The type of rejection, cellular versus antibody-mediated versus mixed, was not
reported in the database and therefore limited the authors’ ability to discern associations
between HLA matching and frequency of specific types of rejection, such as antibody-
mediated rejection. A lack of consistent late reporting of rejection in the database prevented
the authors from assessing associations between HLA matching and late rejection.

A greater degree of HLA donor-recipient (3 or more matches) occurs relatively infrequently
in pediatric heart transplants, but is associated with improved graft survival. This
information can help the transplant team identify patients who are higher risk for graft loss.
Further studies into the etiology of HLA matching's association with improved graft survival
will help the transplant team tailor therapeutics to transplant with low or no HLA matching.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Graft Survival by HLA Matching Group

Kaplan-Meier survival curves comparing 3 groups of HLA donor-recipient matches. Higher
degree of HLA matching was associated with improved survival (p<0.01, log rank)
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Table 1
Patient Characteristics and HLA matching group
No HLA match (n=1592) Low HLA match (1-2 High HLA match (3-6 P-value
matches, n=2852) matches, n=287)
Recipient Age (years) 5 (0-13) 5 (0-13) 5 (0-13) 0.97
Recipient Race (% Caucasian) 54.6 60.5 70.3 <0.01
Transplant Year 2005 (1996-2009) 2005 (1996-2009) 2006 (1996-2010) 0.69
Serum Creatinine (mg/dL) 0.5 (0.4-0.7) 0.5 (0.4-0.7) 0.5 (0.3-0.7) 0.52
Total Bilirubin (mg/dL) 0.7 (0.4-1.3) 0.7 (0.4-1.3) 0.7 (0.5-1.3) 0.81
Ischemic Time (hours) 3.5(2.8-4.3) 3.5(2.8-4.2) 3.5(2.8-4.2) 0.81
Donor-Recipient weight ratio 1.3(1.0-1.6) 1.3(1.0-1.6) 1.3(1.0-1.6) 0.76
IV* Inotropes 635 (43%) 1131 (42%) 112 (42%) 0.96
Recipient on Ventilator 233 (16%) 422 (16%) 47 (18%) 0.73
VAD support 69 (5%) 136 (5%) 16 (6%) 0.61
Recipient on ECMO 46 (3%) 99 (4%) 19 (7%) <0.01
Positive or Indeterminate Crossmatch 96 (7%) 172 (7%) 17 (7%) 0.99
Cardiac Diagnosis
Cardiomyopathy 811 (54%) 1374 (51%) 126 (47%)
Congenital Heart Disease 621 (42%) 1189 (44%) 133 (49%) 0.17
Other 63 (4%) 120 (5%) 10 (4%)

HLA matching group (no, low, and high) had similar characteristics except that HLA-high was more likely to be on ECMO and Caucasian.

*
IV=intravenous
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Table 2

Comparison of transplants with missing data versus complete data for multivariate analysis

Missing Data (n=1595) Compete Data (n=2852) p-value

Recipient Age (years) 6 (0-13) 5(0-13) <0.01
Recipient Race (% Caucasian) 61.6 57.7 <0.01
Transplant Year 2003 (1998-2006) 2006 (2000-2009) <0.01
Serum Creatinine (mg/dL) 0.5(0.4-0.8) 0.5(0.4-0.7) 0.25
Total Bilirubin (mg/dL) 0.7 (0.4-1.2) 0.7 (0.4-1.3) 0.54
Ischemic Time (hours) 3.6 (2.7-4.5) 3.5(2.8-4.2) 0.58
Donor-Recipeint weight ratio 1.3(1.1-1.6) 1.3(1.0-1.6) 0.01
IV* Inotropes 447 (28%) 1431 (50%) <0.01
Recipient on Ventilator 237 (15%) 465 (16%) 0.21
VAD Support 50 (3%) 171 (6%) <0.01
Recipient on ECMO 38 (2.4%) 126 (4.4%) <0.01
Positive or Indeterminate
Crossmatch 67 (6%) 218 (8%) 0.07
Cardiac Diagnosis
Cardiomyopathy 779 (49%) 1532 (54%)
Congenital Heart Disease 748 (47%) 1195 (62%) <0.01
Other 68 (4%) 125 (4%)
HLA match level
No match 590 560 (35%) 1002 935 (33%)
Low match (1-2 matches) 986 938 (59%) 1866 1745 (61%)
High match (3-6 matches) 103 97 (6%) 184 172 (6%) 0.27

Patients not included in multivariable analysis due to missing data points were less likely to be ECMO, VAD, or on IV inotropes, more likely to
have congenital heart disease, Caucasian and tended to be younger.

*
IV=intravenous

Circ Heart Fail. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Butts et al.

Table 3

Graft survival multivariable analysis by HLA locus

A-locus
> 1 match versus no match
B-locus
> 1 match versus no match

DR-locus

> 1 match versus no match

Hazard ratio for graft loss (95%Cl) p-value
0.88 (0.76-1.02) 0.11
0.80 (0.67-0.97) 0.03
0.91 (0.78-1.1) 0.19

Matching at A and B-loci was associated with better graft survival in multivariable Cox regression analysis

Circ Heart Fail. Author manuscript; available in PMC 2015 July 01.

Page 14



