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Background.Allografts from living donors survive longer than those from deceased donors but the role of HLAmismatching in
living kidney donation is still in question. We examined the effect of HLA compatibility on kidney allograft survival from living donors
by studying all first adult kidney transplants performed in the United States over 25 years. Methods. Using the United Network
for Organ Sharing data, we identified first kidney transplants between October 1, 1987, and December 31, 2013. Recipients were
classified by their number of HLA mismatches and stratified by donor origin. Cox multivariate regression analyses adjusting for re-
cipient and donor transplant characteristics were performed to determine impact of HLA compatibility on kidney allograft survival
for all living donors and for living related and living unrelated subsets.Results.There were 66 596 first adult transplants from living
donors with 348 960 years of follow-up. We found a linear relationship between HLA mismatch and allograft survival. In adjusted
analyses, among all living donors, 1 mismatch conferred a 44% higher risk, whereas 6 mismatches conferred a twofold higher risk
of allograft failure. When using 0-mismatched full siblings as a reference, living-donor kidneys reduce the hazard of failure by ap-
proximately 34% when compared with deceased donors. Twenty-five years of transplant experience, stratified by donor source,
was summarized and presented as a guide for allocation. Conclusions. These data reinforce the importance of optimizing HLA
matching to further improve survival in first adult kidney allografts in the future, especially in living unrelated donations, when possible.

(Transplantation Direct 2017;3: e152; doi: 10.1097/TXD.0000000000000664. Published online 7 April, 2017.)
L iving kidney transplantation is the best therapeutic op-
tion to provide renal replacement therapy to patients

with end-stage kidney disease.1-9 HLA matching is not cur-
rently part of the algorithm for donor determination in the
United States except among deceased donors where 0 mis-
matches between kidney and recipient receive higher priority.
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We previously reported a linear relation of kidney survival
withHLAmismatch for organs from deceased donors; 1 mis-
match conferred a 13% higher risk and 6 mismatches con-
ferred a 64% higher risk of allograft failure.10

However, the same association has not been studied
among living donor transplants. There are some reports that
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TABLE 1.

Baseline data for 66 596 adult first kidney transplants from
living donors by HLA mismatch, 1987 to 2013a,b

HLA mismatch (%)

Variables Numbers 0 1 2 3 4 5 6

Recipient age, y
Quartile 1, 18-40 17 254 11.5 6.3 18.3 29.0 12.5 14.6 7.8
Quartile 2, >40-51 17 677 11.2 4.9 13.3 24.0 16.7 19.2 10.7
Quartile 3, >51-60 15 237 7.9 4.6 15.3 27.0 16.0 19.0 10.2
Quartile 4, >60 16 428 4.5 5.5 19.5 30.9 14.1 16.5 9.0

Donor age
Quartile 1, ≤22 17 791 8.8 6.3 19.1 30.7 12.6 14.5 8.0
Quartile 2, >22-38 17 117 9.3 5.3 17.0 28.5 14.0 16.6 9.3
Quartile 3, >38-50 15 455 9.4 5.0 15.4 26.0 16.2 18.4 9.7
Quartile 4, >60 16 233 8.0 4.7 14.5 25.1 16.8 20.1 10.9

Transplant era
1987-1993 2850 17.6 9.5 24.0 32.2 9.0 5.3 2.4
1994-1998 6964 13.3 6.8 19.9 30.8 11.7 11.6 5.9
1999-2003 14 365 9.5 5.8 17.4 28.4 13.7 16.4 8.8
2004-2008 19 981 8.1 4.9 16.2 27.6 15.2 18.0 10.0
2009-2013 22 436 6.8 4.4 14.4 25.7 16.8 20.6 11.3

Recipient sex
Female 26 219 9.7 6.0 18.0 28.5 13.8 15.7 8.3
Male 40 377 8.4 4.9 15.7 27.1 15.4 18.3 10.2

Donor sex
Female 39 844 8.4 5.1 15.9 27.1 15.3 18.2 9.9
Male 26 752 9.6 5.7 17.5 28.5 14.0 15.9 8.8

Recipient ethnicity
Hispanics 9470 10.1 5.7 18.2 28.5 13.4 14.9 9.2
Asians 2951 9.5 7.2 17.0 26.2 13.9 16.3 9.9
Non-Hispanic blacks 10 479 6.4 4.5 16.7 30.4 13.1 18.0 10.9
American Indians 495 11.9 9.5 17.6 26.7 11.9 13.1 9.3
Pacific Islanders 250 15.2 8.8 19.6 21.2 10.8 13.6 10.8
Non-Hispanic whites 42 951 9.1 5.3 16.1 27.0 15.6 17.8 9.1

Peak-reactive antibody >50%
Yes 2276 15.7 8.4 17.9 27.7 11.0 12.7 6.6
No 64 320 8.6 5.2 16.5 27.7 14.9 17.5 9.6

Recipient education level
High school or less 23 500 8.2 5.3 17.6 29.0 14.1 16.6 9.2
Greater than high school 43 096 9.3 5.4 16.0 26.9 15.2 17.6 9.6

Recipient BMI >30
Yes 18 218 7.1 5.0 15.5 27.3 15.8 19.1 10.2
No 48 378 9.6 5.5 17.0 27.8 14.4 16.6 9.1

Recipient working for income at transplant
Yes 47 168 9.7 5.5 16.6 27.4 14.6 16.9 9.3
No 19 428 6.8 5.0 16.5 28.3 15.3 18.2 9.9

Dialysis years ≥ 0.958 y
Yes 14 671 8.5 5.4 17.5 29.3 14.2 16.0 9.2
No 51 925 9.0 5.3 16.3 27.2 15.0 17.7 9.5

Recipient dialysis method
Hemodialysis 18 058 9.2 5.6 18.2 29.3 13.4 15.5 8.8
Peritoneal 4718 9.3 6.1 17.0 28.8 14.5 15.8 8.5
None 43 820 8.7 5.2 15.8 26.9 15.4 18.2 9.8

Donor type
LR 40 596 14.2 8.2 24.3 36.2 6.8 6.8 3.5
LU 26 000 0.6 0.9 4.5 14.4 27.3 33.6 18.7

Continued next page
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suggest HLAmatching may not be as important in living do-
nor kidney transplantation as it is in deceased donor kidney
transplantation. A recent retrospective analysis matched 83
0-HLA mismatches to 407 controls with more than 0 HLA
mismatches in living donors; the authors reported that
0-HLA mismatch did not confer improved death-censored
graft survival and patient survival.7 In another study, while
HLA-DR mismatch was a risk factor for acute rejection,
HLA mismatch did not increase the risk of allograft loss or
patient death.5 Moreover, the adjusted 5-year allograft sur-
vival rate for unrelated living kidney transplantation was
similar to the haploidentical living donation.2 Thus, the role
of HLA in living allograft survival is not clearly defined. We
and others have demonstrated the importance of HLA
matching in deceased donor kidneys and nowwewant to ex-
amine this among living kidney donation. Our aimwas to de-
fine a mathematical model that will allow us to quantify the
effect of HLA matching in living donor kidneys and to com-
pare our results with HLA mismatch in kidney allografts
from deceased donors, as previously published.10We further-
more use these data (HLAmismatch and donor source) along
with donor age in a fully adjusted Cox regression to show the
hazard ratios (HR) associated with each permutation.

MATERIALS AND METHODS

Patient level data from the United Network for Organ
Sharing (UNOS) Standard Transplant Analysis and Research
database and included all first, living donor, kidney-only
transplants in adults (age ≥18 years) stratified by UNOS re-
gion from October 1, 1987, to December 31, 2013.10,11 Liv-
ing donor kidney allograft survival was censored at the last
recorded examination, at the start of renal replacement ther-
apy, or at death. Patients with a functioning living donor kid-
ney at death were included in the study.

Variable Definitions

Variables are defined in Table 1. Categorical variables
were created with unknown or missing values imputed by re-
gression. The variables include, for all living donors, donor
and recipient ages in year-quartiles. Variables transplant
era, recipient sex, donor sex, recipient ethnicity, recipient ed-
ucation level, recipient body mass index (BMI), donor BMI,
recipient working for income before transplant, recipient di-
alysis type, recipient drug treatment for chronic obstructive
pulmonary disease (COPD), induction and immunosuppres-
sion therapies at discharge, and HLAmismatch were defined
as previously described.10 There were 5 new categorical var-
iables. The first is recipient >median years on dialysis. A new
categorical variable was constructed from the 2 levels of do-
nor source, living related (LR) and living unrelated (LU) com-
bined with the 7 levels of HLA mismatch, 0 to 6. Therefore,
there are 14 (2 � 7) values in the variable which we have
given the labels TM01 to TM14. Variable days-waiting-for-
a-transplant is categorical in quartiles. Two additional cate-
gorical variables were designed to be used with the entire
sample of first adult kidney transplants. The first defines 7
values based on the 0-mismatch category: 0 mismatched full
siblings, 0 mismatched deceased, 0 LR, and 0-LU; and >0
mismatched for deceased, >0 LR, and >0 LU. The second cat-
egorical variable combines the 3 donor strata and 7 HLA
mismatches into (3 � 7) 21 values with 0-mismatched de-
ceased donors as the reference.
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TABLE 1. (Continued)

HLA mismatch (%)

Variables Numbers 0 1 2 3 4 5 6

Induction therapy at transplant
Antithymocyte globulin 16 335 5.3 4.8 14.4 26.1 16.8 21.0 11.6
Basiliximab 11 235 9.4 5.1 15.8 26.5 15.2 17.9 10.1
Only steroids 6576 14.0 5.6 18.2 27.9 12.4 14.4 7.5
Alemtuzumab 6211 4.7 4.7 15.8 27.3 16.7 19.3 11.5
Daclizumab 3942 7.7 5.0 17.3 28.0 15.3 17.0 9.7
Macromonab-CD3 472 4.5 4.2 17.2 30.7 18.2 15.7 9.5
Other induction therapy 9726 10.2 6.0 17.4 29.4 13.5 15.6 7.9
No induction 12 099 12.3 6.1 18.8 29.2 12.8 13.7 7.1

Maintenance therapy at dischargec

Maint236 37 063 7.6 4.8 15.6 26.7 15.7 19.0 10.64
Maint146 4289 15.8 8.3 23.0 31.9 10.1 7.6 3.3
Maint136 8200 9.5 6.2 17.9 29.3 14.0 15.2 7.9
Maint36 3971 8.4 5.2 14.9 28.2 15.4 17.4 10.5
Maint16 1639 16.1 7.9 19.0 30.2 10.4 10.7 5.7
Maint26 2516 8.1 4.6 16.8 27.6 15.0 18.3 9.6
Maint156 902 5.4 6.1 17.0 28.5 15.2 17.0 10.8
Maint46 363 32.2 9.4 17.6 25.1 6.6 6.1 3.0
Other maintenance therapy 7653 8.8 4.7 16.4 27.3 15.1 18.2 9.5

HLA mismatch 66 596 8.9 5.3 16.6 27.7 14.8 17.3 9.4
a For each variable, the test of heterogeneity by contingency table analysis was significant (P < 0.001).
b Imputation of unknown or missing values was performed by regression for variables peak PRA, ed-
ucation level, recipient BMI, donor BMI, working at transplant, dialysis time, and dialysis type.
c The complete description of these values for immunosuppression are found in reference 10.

PRA, panel-reactive antibody.
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Statistical Methods

All analyses were conducted using SAS Institute software
version 9.3.12,13 The primary explanatory variable was the
number of HLA mismatches (0-mismatch reference).
Cox proportional hazards regression analyses for the re-
duced and full models were performed as previously de-
scribed.10 Each variable was tested for the proportional
hazard assumption by ordinary least squared regression
of the Schoenfeld residuals on kidney survival time.12

The goodness of fit of the full proportional hazards model
was tested with the cumulative sums of the martingale-
based residuals.14,15

For the all living donors, we sorted the 66 596 records
by risk score and divided them into 33 groups while using
the 33rd group as reference. For the combined deceased
and living donor strata with 255 737 transplants, we di-
vided them by risk score into 125 groups while using the
125th group as the reference. Then, for both living and
combined samples, we calculated the expected number
of events using the martingale residuals, the z score for
each group, and tested the fit of the z score distribution
to a N(0,1) normal distribution. Individual permutations
of HLA-A, B, and DRB1 mismatch were represented in
triples with the format [A, B, DRB1] in which each locus
can take one of the integers 0, 1, or 2. Therefore there
are (3 � 3 � 3) = 27 permutations in the categorical vari-
able. Equality of the HRs of the within mismatch category
permutations was tested by creating index variables (0,1)
for each triple, including the 26 variables in the full
model of the Cox regression with at least 1 mismatch,
and then comparing all permutations within a category.10,12
Adjustment of the P values was calculated by the sequential
Holm-Bonferroni procedure.10,16

A linear model was fitted to the mismatches and the
HRs using the algorithm that was previously described.10

Confidence intervals (CIs) for the number of years re-
ceiving dialysis before transplant were calculated by
the bootstrap procedure while using 1000 samples with
replacement (b=1000).

RESULTS

Living Donor Cohort

Between October 1, 1987, and December 31, 2013, the
data included a total of 66 596 first kidney alone transplant
records in adults with complete data from living donors, with
a total of 348 960 years of kidney allograft follow-up time.
Mean follow-up was 5.24 years with a Quartile 1 (Q1) of
1.97 years, median of 4.18 years, and Q3 of 7.79 years.
The maximum survival of a living-donor kidney was 25.22
years. There were 26 219 female and 40 377 male recipients
with amean age at transplant of 46.7 years; 40 596 allografts
came from persons genetically related to the recipient,
whereas 26 000 donors were genetically unrelated. Projected
median survival for the living kidneys was 24.4 years com-
pared to 18.0 years for organs from deceased donors, as pre-
viously published (Figure S1, SDC, http://links.lww.com/
TXD/A36).10 Median years on dialysis before transplant
for all living donor organs was 0.96 years (0.93-0.98),
whereas for LR and LU strata, the respect values were 0.93
years (0.90-0.96) and 0.94 years (0.91-0.98).

Table 1 presents the distribution of the variables stratified
by number of HLA mismatches in the living donor sample.
There were 39 844 female and 26 752 male donors with
a mean age of 40.8 years. Non-Hispanic whites constituted
the largest category of recipients—42 951—more than
4 times number of the next largest group, non-Hispanic
blacks— 10 479. Recipients educated past high school were
the majority, 43 096 in the sample, whereas 23 500 persons
had high school or less.

Deceased Plus Living Cohort

Between October 1, 1987, and December 31, 2013, the
data included 255 737 first kidney-alone transplant records
in adults with complete data, with a total of 1 343 518 years
of kidney allograft follow-up time. Therewere 100 268 female
participants and 155 469 male recipients with a mean age at
transplant of 49.0 years. Among donors, there were
115 364 women and 140 373 men with a mean age of 37.7
years. Non-Hispanic whites constituted the largest category of
recipients—139 598—more than twice the number of the next
largest group, non-Hispanic blacks—66 376. Recipients with a
high school education or less were the majority in the sample,
whereas 83 192 persons were educated past high school.

Test of the Goodness-of-Fit for the Full Cox
Multivariate Proportional Hazards Models

For the living donor cohort in the full Cox model, the pro-
portional hazard assumption was valid for each of the 15
variables in an ordinary least squared regression of the
Schoenfeld residuals on kidney survival time (Table S1,
SDC, http://links.lww.com/TXD/A36). The test of the good-
ness of fit of the proportional hazards model produced the ex-
pected normal Z distribution with amean of 0.0 and standard
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TABLE 2.

HR for risk of allograft failure by HLA mismatch with 0 mismatch as the reference among adult (age ≥18 years), first kidney
only transplant recipients receiving organs from living donorsa,b

All living donors LR donors LU donors

HLA mismatch N HR 95% CI P N HR 95% CI P N HR 95% CI P

0 5916 1.00 Reference 5770 1.00 Reference 146 1.00 Reference
1 3557 1.44 1.27-1.64 <0.0001 3327 1.42 1.24-1.62 <0.0001 230 1.79 0.86-3.76 >0.05
2 11 036 1.66 1.50-1.83 <0.0001 9857 1.66 1.50-1.84 <0.0001 1179 1.75 0.96-3.21 >0.05
3 18 424 1.87 1.71-2.06 <0.0001 14681 1.86 1.68-2.04 <0.0001 3743 2.18 1.22-3.91 0.0090
4 9856 1.78 1.60-1.97 <0.0001 2753 1.88 1.65-2.14 <0.0001 7103 2.02 1.13-3.61 0.0179
5 11 515 1.90 1.71-2.11 <0.0001 2773 1.97 1.73-2.24 <0.0001 8742 2.21 1.24-3.95 0.0075
6 6292 2.12 1.89-2.37 <0.0001 1435 2.03 1.73-2.38 <0.0001 4857 2.57 1.43-4.61 0.0015
a For all living donors and LR models, adjustment for recipient age, donor age, recipient sex, donor sex, transplant era, recipient ethnicity, recipient peak PRA, recipient education, recipient BMI, recipient dialysis
type, recipient working for income at transplant, years on dialysis greater than or equal to the median, induction and immunosuppression at discharge.
b For LU model, adjustment as in footnote a with donor BMI as an additional significant covariate.
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deviation of 1.0 (Table S2, SDC, http://links.lww.com/TXD/
A36; Figure S2, SDC, http://links.lww.com/TXD/A36).

For the combined deceased and living cohort, we used
18 covariateswith the primary explanatory variableHLAmis-
match in the full model Cox regression with the 255 737 first
adult kidney allografts for all donor strata. We found that the
variables comply with the proportional hazards assumption
and that the full model for the Cox regression was well
TABLE 3.

Covariate results for full Cox regression model with HLA misma
kidney allografts from all living donors

Variables Reference

Recipient age Quartile 1
Quartile 2
Quartile 3
Quartile 4

Donor age Quartile 1
Quartile 2
Quartile 3
Quartile 4

Recipient sex Male
Donor sex Male
Transplant era 1987-1993
1994-1998
1999-2003
2004-2008
2009-2013

Ethnicity Non-Hispanic white
Hispanic
Asian
Non-Hispanic black
American Indian
Pacific Islander

Plasma reactive antibody > 50% ≤50%
Recipient education > high school ≤High school
Recipient body mass index > 30 ≤30
Recipient working for income at transplant No
Years on dialysis ≥ median No
Recipient dialysis type Hemodialysis
None
Peritoneal
specified (Tables S3 and S4, SDC, http://links.lww.com/TXD/
A36; Figure S3, SDC, http://links.lww.com/TXD/A36).

Impact of Number of HLA Mismatches on Living-Donor
Kidney Allograft Survival

For the living donor allografts, including LR and LU, the
Cox multivariate regressions were calculated for both the re-
duced (Table S5, SDC, http://links.lww.com/TXD/A36) and
tch as the primary explanatory variable for all first adult

HR 95% CI P

0.69 0.66-0.73 <0.0001
0.56 0.53-0.60 <0.0001
0.48 0.45-0.52 <0.0001

1.05 0.99-1.12 >0.05
1.20 1.13-1.28 <0.0001
1.42 1.33-1.51 <0.0001
1.07 1.02-1.12 0.0098
1.06 1.02-1.11 0.0076

0.78 0.70-0.86 <0.0001
0.67 0.59-0.75 <0.0001
0.51 0.44-0.58 <0.0001
0.39 0.34-0.46 <0.0001

0.99 0.92-1.07 >0.05
0.72 0.62-0.83 <0.0001
1.83 1.73-1.94 <0.0001
1.07 0.82-1.39 >0.05
1.24 0.87-1.75 >0.05
1.40 1.27-1.54 <0.0001
0.85 0.81-0.89 <0.0001
1.24 1.17-1.31 <0.0001
0.83 0.76-0.90 <0.0001
1.13 1.06-1.21 0.0003

0.81 0.75-0.86 <0.0001
0.90 0.84-0.97 0.0085
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FIGURE 1. Coxmultivariate regressions were performedwith the survival time of kidney allografts from living donors as the dependent variable
and HLAmismatch as the primary explanatory variable with 0 mismatch as the reference. Blue diamonds represent the observed HRs for HLA
mismatch for a reducedmodel with age, sex, and transplant era as covariates (Table S5, SDC, http://links.lww.com/TXD/A36), whereas the red
squares represent the observed HR values for the full model as presented in Table 2. The solid blue line is the fitted line for the reduced model
with an intercept of 1.31 (0.92-1.70; P = 0.0003) and a slope of 0.15 (0.04-0.26; P = 0.0161), whereas the red line is fitted to the full model
observed values with an intercept of 1.28 (0.94-1.61; P = 0.0002) and a slope of 0.15 (0.05-0.24; P = 0.0096). Error bars are the 95% CI
for the respective points on the fitted lines.

© 2017 Wolters Kluwer Williams et al 5
full model (Table 2). In fully adjusted analyses of 66 596
living donor transplants there was a 44% higher risk (HR,
1.44; 95% CI, 1.27-1.64) of allograft failure for 1
mismatch and more than twice the risk (HR, 2.12; 95% CI,
1.89-2.37) for 6 mismatches (Table 2) (covariate results for
the full model, for all living donors, are presented in Table 3.)

In fully adjusted analyses of 40 596 LR donor transplants,
there was nearly an identical result: 42% higher risk (HR,
1.42; 95% CI, 1.24-1.62) of allograft failure for 1 mismatch
and more than twice the risk (HR, 2.03; 95% CI, 1.73-2.38)
for 6 mismatches. In fully adjusted analyses of 26 000 LU do-
nor transplants, therewas a 79%higher risk (HR, 1.79; 95%
FIGURE 2. Cox multivariate regressions were performed with the surviv
and HLAmismatch as the primary explanatory variable with 0 mismatch
mismatch for a reducedmodel with age, sex, and transplant era as covar
squares represent the observed HR values for the full model (Table 2). The
of 1.21 (0.91-1.51; P = 0.0002) and a slope of 0.21 (0.10-0.31; P = 0.003
an intercept of 1.20 (0.92-1.48; P = 0.0001) and a slope of 0.19 (0.09-0.2
the fitted lines.
CI, 0.86-3.76) of allograft failure for 1 mismatch as compared
with 0 mismatch, which did not obtain statistical significance
while a 2.57 (1.43-4.61) fold higher risk was observed for 6
mismatches.

Linearity of the HRs in Living Donor Allografts

For all living donors, the Cox regressions appeared to in-
crease the HR associated with HLA mismatch in a linear
fashion. To test this, we fitted a line to the data in both the re-
duced and full models; for the reduced model, the slope is
0.15 (95% CI, 0.04-0.26) with an intercept of 1.31 (0.92-
1.70), whereas for the fully adjusted regression, the slope is
al time of kidney allografts from LR donors as the dependent variable
as the reference. Blue diamonds represent the observed HRs for HLA
iates (Table S5, SDC, http://links.lww.com/TXD/A36), whereas the red
solid blue line is the fitted line for the reducedmodel with an intercept
7), whereas the red line is fitted to the full model observed values with
9; P = 0.0043). Error bars are the 95%CI for the respective points on
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FIGURE 3. Cox multivariate regressions were performed with the survival time of kidney allografts from LU donors as the dependent variable
and HLAmismatch as the primary explanatory variable with 0 mismatch as the reference. Blue diamonds represent the observed HRs for HLA
mismatch for a reducedmodel with age, sex, and transplant era as covariates (Table S5, SDC, http://links.lww.com/TXD/A36), whereas the red squares
represent the observedHR values for the full model (Table 2). The solid blue line is the fitted line for the reducedmodelwith an intercept of 1.41 (0.84-1.98;
P=0.0014) andaslopeof 0.16 (0.04-0.28;P=0.0213),whereas the red line is fitted to the fullmodel observedvalueswith an intercept of 1.47 (0.90-2.03;
P = 0.0011) and a slope of 0.16 (0.04-0.29; P = 0.0194). Error bars are the 95% CI for the respective points on the fitted lines.
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0.15 (0.06-0.24) with an intercept of 1.28 (0.94-1.61)
(Figure 1). When lines were fitted to the models for the LR
donors, the reduced model has a slope of 0.21 (0.10-0.31)
and an intercept of 1.21 (0.91-1.51), whereas the full model
has a slope of 0.19 (0.09-0.29) and an intercept of 1.20
(0.92-1.48) (Figure 2). LU allografts represent the smallest
stratum in the analysis and have a slope for the reduced
model of 0.16 (0.04-0.28) with an intercept of 1.41
(0.84-1.98), whereas for the full Cox regression HRs, the
slope is 0.16 (0.04-0.29) with an intercept of 1.47 (0.90-2.03)
(Figure 3). In Figure 4, the lines fitted to the 2 strata of
relatedness are graphed with that for deceased donors, as
previously reported.10 The penalty in HR for HLA mismatch
FIGURE 4. Fully adjusted Coxmultivariate regressions for kidney allogra
deceased (green),10 LR (red), and LU (blue). HLA mismatch is the primar
solid line of the respective color is fitted to the observed points weighted
kidneys from living donors survive longer than do those from deceased
suggests that there is a greater penalty in survival for mismatching a LU
mismatch penalty is greater for living donors when compared with dece
appears to be least for deceased donors, more for the LR
fitted line, and largest for the LU stratum.

Individual Permutations of HLA Mismatch in
Living-Donor Transplants

To examine the individual effect of the 3 HLA loci inde-
pendently, a categorical variable representing the 27 ordered
triple permutations of mismatch at HLA-A, -B, and -DR was
created and incorporated into the full Cox model with triple
[0, 0, 0] as the reference for all living kidney donors
(Table S6, SDC, http://links.lww.com/TXD/A36). For all liv-
ing donor allografts, only 4 permutations were not signifi-
cantly different from the reference HR of 1.0: [0, 0, 2], [2,
ft failure timewere performedwhen stratified by kidney allograft origin:
y explanatory variable with 0 mismatch as the reference (Table 2). The
by the number in each mismatch category for that stratum. Although
donors, the LU donor HRs for HLA mismatches are greatest, which
donor kidney when compared with a LR donor, and that the survival
ased ones.
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TABLE 4.

Interaction of HLA mismatch and donor relatedness in a fully adjusted Cox regression for first kidney allograft survival from
living donorsa

HLA mismatch Value Donor HR 95% CI P Value Donor HR 95% CI P

0 TM01 Related 1.0 Reference TM08 Unrelated 0.87 0.49-1.55 >0.05
1 TM02 Related 1.43 1.26-1.63 <0.0001 TM09 Unrelated 1.52 0.95-2.44 0.0798
2 TM03 Related 1.67 1.51-1.85 <0.0001 TM10 Unrelated 1.47 1.19-1.81 0.0003
3 TM04 Related 1.87 1.70-2.06 <0.0001 TM11 Unrelated 1.83 1.59-2.09 <0.0001
4 TM05 Related 1.89 1.66-2.15 <0.0001 TM12 Unrelated 1.69 1.50-1.90 <0.0001
5 TM06 Related 1.99 1.74-2.27 <0.0001 TM13 Unrelated 1.85 1.65-2.06 <0.0001
6 TM07 Related 2.03 1.73-2.38 <0.0001 TM14 Unrelated 2.14 1.89-2.42 <0.0001
a Adjustment for recipient age, donor age, recipient sex, donor sex, transplant era, recipient ethnicity, recipient peak PRA, recipient education, recipient BMI, recipient dialysis type, recipient working for income at
transplant, years on dialysis greater than or equal to the median, induction, and immunosuppression at discharge.
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0, 0], [1, 2, 0], and [2, 0, 1]. The remaining 22 triples had
HRs significantly larger than 1.0. These results suggest that
nearly every permutation of HLA mismatch is important in
contributing to the risk of allograft failure for kidneys from
living donors.

HLA-A, -B, and -DRB1 Have Equal Roles in the Failure
of Living-Donor Allografts

To test the equality of the effect of each permutationwithin
mismatch categories 1 to 5, index variables were created for
26 triples with at least 1mismatch and then incorporated into
the full Cox Regression for all living donors andwhen stratified
by relatedness. There were 57 comparisons overall and in each
stratum (Table S7, SDC, http://links.lww.com/TXD/A36). After
correction of the P values with the Holm-Bonferroni proce-
dure, there were no statistically significant tests. This implies
that, within mismatch categories 1 to 5, all single HLA mis-
matches have equal effect irrespective of the locus where
the difference appears.

The Interaction of Relatedness and HLA Mismatch

To control for the confounding effect of relatedness and to
maximize the power in the Cox regression, a new categorical
variable with 14 values, each of which combined 1 level of
FIGURE 5. Aweighted regression line (red) was fitted to the HRs (red squ
the relatedness strata with HLA mismatch. The predicted line has
(0.09-0.20; P < 0.0001). This slope is similar to the fully adjusted li
ceased donors, as previously described.10 Therefore, there is a high
donor as opposed to an organ from a deceased donor.
relatedness and 1 level of HLA mismatch, was created. LR
0 mismatch was the reference (Table 4). For a LR donor
with 1 mismatch, there is a 43% higher risk of allograft
failure, whereas with 6 mismatches, it is more than double
the risk. A similar pattern is seen in LU allografts; with 1
mismatch, there is a 52% increased risk of failure, with
marginal statistical significance (P = 0.0798), and more than
twice the risk with 6 mismatches (2.14; 1.89-2.42); P
<0.0001). A weighted linear regression was performed
for HRs within HLA mismatch categories 0-6 with a
slope of 0.14 (0.09-0.20) and an intercept of 1.27 (1.07-
1.47) (Figure 5, Figure S4, SDC, http://links.lww.com/TXD/
A36). When compared with the fitted regression for all
allografts from deceased donors, the living donor line had a
higher slope and intercept (Figure 5). Figure 6 illustrates the
distribution of HLA mismatches stratified by relatedness,
which is skewed to the right with relatively small numbers
of allografts in categories 0 to 2 for the LU sample (Table 1).

Quantifying the Survival Advantage of Allografts From
Living Donors

To parse the effect of the “living component” in the better
survival of living donor kidneys when compared with de-
ceased donor kidneys, a new categorical variable was created
ares) in Table 4, a categorical variable that was constructed to combine
an intercept of 1.27 (1.07-1.47; P <0.0001) and a slope of 0.14
ne of Figure 1 for all living donors and lies above the line for de-
er penalty in kidney failure time for each HLA mismatch for a living
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FIGURE 6. The distribution of HLA mismatches stratified by relatedness of the donor, for all living donors, is skewed to the right for the LU
stratum because there are relatively small numbers of living donors in categories 0 to 2 (Table 1). Given that the LU 0 and 1mismatch categories
were not significantly different from the LR 0-mismatch category in the full Cox regression, improving the numbers of persons in these catego-
ries could potentially increase overall survival in the unrelated sample.

TABLE 5.

Cox regression of all first adult kidney allografts 1987-2013
that compares 0-mismatch categoriesa

Type donor HLA mismatch Number HR 95% CI P

Full Sibs 0 5210 1.0 Reference
Deceased 0 15 815 1.82 1.65-2.01 <0.0001
LR 0 560 0.96 0.70-1.33 >0.05
LU 0 146 0.85 0.48-1.51 >0.05
LR >0 34 826 1.77 1.61-1.95 <0.0001
LU >0 25 854 1.74 1.57-1.91 <0.0001
Deceased >0 173 326 2.66 2.43-2.92 <0.0001
a Adjustment for recipient age, donor age, donor sex, transplant era, recipient ethnicity, recipient dia-
betes, cold ischemia time, recipient peak PRA, recipient education, recipient BMI, donor BMI, recipient
working for income at transplant, recipient COPD, recipient dialysis type, waiting time for transplant,
induction, and immunosuppression at discharge.

8 Transplantation DIRECT ■ 2017 www.transplantationdirect.com
for the entire UNOS data set of 255 737 first kidney allo-
grafts between 1987 and 2013 that included kidneys from
all sources. Full siblings with HLA 0 mismatch were cho-
sen as the reference in the fully adjusted Cox regression
(Table 5, Figure 7).

LR and LU 0-mismatched allografts had an HR not signif-
icantly different from 0-mismatched full siblings. For the cat-
egories with 1 or more mismatches, the LR and LU allografts
have similar HRs, 1.77 and 1.74, respectively, whereas the
deceased donor kidneys have an HR of 2.66. Therefore,
when compared with 0-mismatched full siblings, the “living
component” of the donor allograft reduces the hazard of
kidney allograft failure by approximately 34%: reduction =
[1.0 - (1.76/2.65)] � 100.

Combining Deceased and Living Donor Strata
Increases the Power of the Analyses

To take advantage of the combined deceased and living
data set of first adult kidney allografts, a Cox regression
was performed with HLAmismatch as the primary explana-
tory variable with 0 mismatch as the reference (Table 6,
Figure 8). Eighteen covariates, each of which can affect the
survival of kidney allografts, were included in the models.
Each additional mismatch category is strongly associated with
increasing hazard of graft failure in both the reduced and full
model Cox models. In addition, each of the 27 permutations
of HLA-A, -B, and -DR mismatch was significantly associated
with increased graft failure when compared with the triple [0,
0, 0] with P <0.0001 (Table 7).

The 27 mismatch triples can be used to test the within mis-
match category differences of paired permutations of which
there are 57 (Table S8, SDC, http://links.lww.com/TXD/A36).
Only 2 of the tests reached statistical significance, when com-
paring triples [0, 1, 2]:[2, 1, 0] (P = 0.0001) and [1, 1, 1]:[2, 1,
0] (P = 0.0008) in mismatch category 3. Both were less than
the adjusted P value of 0.0009.

Performing the Full Cox Regressions Within
5-Year Periods

To address the question of whether HLA mismatch has
had a declining effect on allograft survival during the present
study, the full Cox regression was run within each of the
5-year categories that were included as covariates (Table 8,
Figure 9). Aweighted linear regression was fitted to each set
of HRs with 95% CIs for each HR for the latest period, 2009
to 2013. The low slope of the line, 0.079, for the latest time
suggests that there is a smaller effect of HLA mismatching in
the latest period, even though the linear fit of the regression
line is highly significant (P <0.001), which implies that HLA
mismatch is still important. However, when the years of
follow-up time per person and the slopes of the fitted lines
were plotted together (Figure 10), the incomplete information
in the period 2009 to 2013 suggests that the decreasing effect
of HLA in the latest data is still an open question.
The Interaction of HLA Mismatch With Donor Source

Using the entire data set of first adult kidney transplants,
we incorporated a categorical variable with 21 values into a
fully adjusted Cox regression to test the joint effects HLA
mismatch and donor type (Table 9). The reference for the
regression was organs from deceased donors with 0 mismatches.
Within each mismatch category, living kidney allografts had
lower HRs for failure than deceased kidney allografts with the
identical number of mismatches. For example, any living kidney,
related or unrelated with 3 mismatches, has a lower HR
than a deceased kidney with 3 mismatches.

http://links.lww.com/TXD/A36
http://www.transplantationdirect.com


FIGURE 7. To parse the “living component” for increased kidney survival a new categorical variable with 7 values was created (Table 5). With
0-mismatched full sibling transplants as a reference the magnitudes of the HRs in a full Cox multivariate regression allowed us to estimate a
reduction of approximately 34% in the risk of kidney failure for living donations withmore than 1mismatch. This is illustrated by the higher green
bars for the deceased donor strata. See text for details.

TABLE 6.

HR for risk of allograft failure for HLA mismatch with
0 mismatch as the reference among adult (age ≥18 years),
first kidney only transplant recipients

Reduced modela Full modelb

HLA mismatch Number HR 95% CI P HR 95% CI P

0 21 731 1.0 Reference 1.0 Reference
1 10 305 1.21 1.14-1.28 <0.0001 1.19 1.13-1.27 <0.0001
2 24 376 1.37 1.31-1.43 <0.0001 1.38 1.31-1.44 <0.0001
3 49 695 1.55 1.49-1.62 <0.0001 1.48 1.42-1.55 <0.0001
4 58 666 1.80 1.73-1.88 <0.0001 1.58 1.51-1.65 <0.0001
5 60 850 1.95 1.87-2.04 <0.0001 1.67 1.60-1.74 <0.0001
6 30 114 2.11 2.01-2.21 <0.0001 1.77 1.69-1.85 <0.0001
a Adjustment for recipient age, recipient sex, transplant era.
b Adjustment for recipient age, donor age, donor sex, transplant era, recipient ethnicity, recipient dia-
betes, cold ischemia time, recipient peak PRA, recipient education, recipient BMI, donor BMI, recipient
working for income at transplant, recipient COPD, recipient dialysis type, donor source, waiting time for
transplant, induction, and immunosuppression at discharge.
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DISCUSSION

In this large cohort of adult US patients who received first
kidney transplants from living donors in the years 1987 to
2013, we observed a significant linear adverse impact on al-
lograft survival with each HLA mismatch. There is little dif-
ference between the line fitted to the reduced (adjusted only
for recipient characteristics including age, sex, and transplant
era) Cox model and that of the full model, which indicates
that controlling for the additional covariates has little effect
on the survival of living-donor kidneys. When compared
with a similar line generated from deceased data, the allo-
grafts from living donors have a higher penalty in graft sur-
vival for HLA mismatches. Despite the HLA mismatch
penalty, however, living-donor kidneys survive longer than
those from deceased donors (Figure S1, SDC, http://links.
lww.com/TXD/A36). Using data from all transplants, we
also demonstrated that living donor kidney allografts are as-
sociated with 34% reduced risk of kidney failure compared
with any deceased donor kidney among all organ recipients
with 1 to 6 mismatches. We present Table 9 that summarizes
the results of 25 years of first adult kidney transplantation
and HLA mismatch.

Nearly Identical Slopes of Reduced and Full Models
Imply Little Added Benefit of Covariates for Allografts
From Living Donors

Among all living-donor allografts, there was a significant
linear relationship among the 6 values of the HLA mismatch
and kidney allograft failure (Table 2, Figure 1) in both the
reduced and full model Cox regressions. Linearity shows
that the risk of failure increases by the same amount for each
mismatch of HLA. Furthermore, the magnitude of the slope of
the line can be used to gauge the strength of HLA mismatches
in kidney allograft failure. In addition, comparing the slopes of
the reduced and full models quantifies the effects of the
additional covariates. In the reduced and full Cox models, the
slopes and the strength of HLA mismatches were nearly
identical, about 0.15, with similar intercepts (baseline hazard
for having a kidney transplant with allograft mismatch at 0).
Therefore, the full model, with the additional ethnic, clinical,
induction, and immunosuppression covariates, added very little
to allograft survival (Figure 1).
This is also true when the data are stratified for relatedness
(Table 2, Figures 2 and 3). It appears that the “living
component” in these donor organs overwhelms the joint effects
of the additional covariates in the Cox model and is responsible
for the allografts' better survival. Under current clinical
guidelines in most transplantation centers, the induction and
immunosuppression protocols are the same for allografts
from deceased or living donors. Our data suggest that,
because of the better survival of living donor organs, and the
collinear observations in Figure 1, a clinical protocol
reflecting these differences might need to be designed for each
type of allograft.
Assessing the Relative Impact of Donor Source and
HLA Mismatch

Aprogressive increase is seen in the hazard of allograft fail-
ure with the number of mismatched HLA antigens when kid-
neys that come from 3 sources are compared. Kidneys from
deceased donors are associated with the lowest impact of
HLAmismatch; kidneys from LR donors are associated with
an intermediate hazard from HLA mismatch; and kidneys
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FIGURE 8. Cox multivariate regressions were performed with the survival time of kidney allografts as the dependent variable and HLA mis-
match as the primary explanatory variable with 0 mismatch as the reference. Blue diamonds represent the observed HRs for HLA mismatch
for a reduced model with age, sex, and transplant era as covariates, while the red squares represent the observed HR values for the full model
(Table 6). The solid blue line is the fitted line for the reduced model with an intercept of 1.01 (0.94-1.07; P < 0.0001) and a slope of 0.19 (0.17-
0.21; P < 0.0001), whereas the red line is fitted to the full model observed values with an intercept of 1.08 (0.98-1.18; P < 0.0001) and slope of
0.12 (0.10-0.15; P < 0.0001). Error bars are the 95% CI for the respective points on the fitted lines.

TABLE 7.

HR for risk of allograft failure for HLA mismatch triple
among adult (age ≥18 years), first kidney only transplant
recipients (N=255 737)a

Mismatch category Mismatch [A, B, DR] Number HR 95% CI P

0 [0, 0, 0] 21 731 1.00 Reference
1 [0, 0, 1] 5087 1.16 1.08-1.25 <0.0001
1 [0, 1, 0] 2792 1.22 1.11-1.35 <0.0001
1 [1, 0, 0] 2426 1.25 1.13-1.38 <0.0001
2 [0, 0, 2] 880 1.35 1.19-1.55 <0.0001
2 [0, 1, 1] 7880 1.43 1.34-1.52 <0.0001
2 [0, 2, 0] 875 1.47 1.27-1.71 <0.0001
2 [1, 0, 1] 4492 1.36 1.26-1.47 <0.0001
2 [1, 1, 0] 9425 1.34 1.26-1.42 <0.0001
2 [2, 0, 0] 824 1.41 1.23-1.62 <0.0001
3 [0, 1, 2] 1852 1.67 1.51-1.85 <0.0001
3 [0, 2, 1] 3550 1.54 1.42-1.67 <0.0001
3 [1, 0, 2] 1100 1.64 1.46-1.85 <0.0001
3 [1, 1, 1] 30 788 1.50 1.43-1.57 <0.0001
3 [1, 2, 0] 5050 1.40 1.30-1.50 <0.0001
3 [2, 0, 1] 2116 1.47 1.34-1.61 <0.0001
3 [2, 1, 0] 5239 1.35 1.26-1.44 <0.0001
4 [0, 2, 2] 3452 1.59 1.46-1.74 <0.0001
4 [1, 1, 2] 9621 1.61 1.52-1.71 <0.0001
4 [1, 2, 1] 21 870 1.58 1.51-1.66 <0.0001
4 [2, 0, 2] 888 1.69 1.49-1.91 <0.0001
4 [2, 1, 1] 16 219 1.55 1.48-1.63 <0.0001
4 [2, 2, 0] 6616 1.56 1.46-1.66 <0.0001
5 [1, 2, 2] 22 278 1.71 1.63-1.80 <0.0001
5 [2, 1, 2] 9875 1.65 1.55-1.74 <0.0001
5 [2, 2, 1] 28 697 1.64 1.57-1.72 <0.0001
6 [2, 2, 2] 30 114 1.77 1.69-1.85 <0.0001
a Adjustment for recipient age, donor age, donor sex, transplant era, recipient ethnicity, recipient dia-
betes, cold ischemia time, recipient peak PRA, recipient education, recipient BMI, donor BMI, recipient
working for income at transplant, recipient COPD, recipient dialysis type, donor source, waiting time for
transplant, induction, and immunosuppression at discharge.
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from LU donors are associated with a high impact fromHLA
mismatch (Figure 4).

To further account for the effect of relatedness on HLA
mismatch, we created a single categorical variable with 14
values that accounted for the confounding of relatedness
and HLA mismatch (Table 4). We then fitted a regression
line through the HRs in HLA mismatch categories 0 to 6
and compared it with the line for deceased donors10

(Figure 5). As expected, the slope was similar to one for all
living donors in Figure 1, 0.14 for the variable that controls
for relatedness in Figure 5 versus 0.15 for all living donors
in Figure 1. However, the y-axis intercept (which tells the
baseline risk of transplant when no mismatch is present) in
Figure 5 is 1.27 (1.07-1.47), significantly different from 1.0.
Therefore, the HRs for HLA mismatch in kidneys from living
donors are always larger when accounting for relatedness,
than for those from deceased donors in mismatch categories 1
to 6 when using 0-mismatch LR donors as the reference.
There is a higher penalty in kidney survival for HLA
mismatching a living-donor kidney.

0-mismatch VARIABLE Parses the "LivingComponent"
for Increased Allograft Survival

Our results show that all 0-mismatch allografts, whether
living or deceased, provide the recipient with long-term kid-
ney survival, but living-donor kidneys survive longer on aver-
age than do allografts from deceased donors; the hazard of
failure is smaller. Table 5 shows that when we divided all kid-
ney donors, deceased and living, by 0mismatch or more than
0 mismatch, and used full sibling 0-mismatch transplants as
the reference, kidney allografts from living donors with 1 to
6 mismatches, when compared with deceased donors with
1 to 6 mismatches, reduced the risk of failure by approxi-
mately 34% in a full Cox regression incorporating all covar-
iates (Figure 7). The results also showed that 0-mismatched
kidneys from related donors, not full siblings, survived as
long as those from full siblings, the reference. An additional
surprising finding is that 0-mismatch allografts from unrelated
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TABLE 8.

Weighted linear regressions of HRs on HLA mismatch when stratified by 5 year periods

Intercept Slope

Period Number Estimate 95% CI P Estimate 95% CI P

1987-1993 38 315 1.182 1.024-1.340 <0.0001 0.121 0.079-0.162 0.0007
1994-1998 39 363 1.075 0.954-1.196 <0.0001 0.126 0.094-0.159 0.0002
1999-2003 48 998 1.061 0.985-1.138 <0.0001 0.107 0.087-0.126 <0.0001
2004-2008 62 090 1.033 0.916-1.149 <0.0001 0.137 0.108-0.165 <0.0001
2009-2013 66 971 1.086 0.981-1.191 <0.0001 0.079 0.054-0.104 0.0004
Overall 255 737 1.090 1.003-1.176 <0.0001 0.109 0.087-0.130 <0.0001

Full Cox multivariate regressions.

© 2017 Wolters Kluwer Williams et al 11
living donors were equal in their survival to kidneys from related
donors, which suggests an insignificance of mismatching for
minor histocompatibility antigens. However, this could also
be caused by the lack of power in this category because of
the relatively small number of transplants (N = 146) when
compared with the entire sample.

HLA Matching Is a Significant Covariate in
Allograft Survival

Our purpose in this—and our previous article on de-
ceased donor allografts10—was to investigate whether
HLA mismatching was still important in the era of devel-
oping surgical, allocation, induction, and immunosuppres-
sion technologies. It is apparent that the answer is yes. For
the reduced and full models for all transplants from living
donors in Tables 2 and Table S5, SDC (http://links.lww.
com/TXD/A36) and for the combined deceased and living
donor sample represented in Table 6 and its breakdown
into 27 permutations of HLA-A, -B, and -DRB1 mismatch
in Table 7, each HR is significantly greater than 1.0,
whereas the P value is less than 10-4. A potential criticism
is that this is just the result of large numbers. However,
we have shown that there is a linear increase in the HRs
FIGURE 9. Full model Cox multivariate regressions were performed with
variable: 1987-1993, blue line; 1994-1998, green; 1999-2003, gray; 2
weighted regression within each period. The dashed black line is the we
nificant intercept and slope (Table 8). The HRs for the latest period are le
reflect the combination of better immunosuppression and the use of liv
much smaller follow-up time per person for this interval, this result shoul
in our earlier work that is also found in Figures 1 to 3,
and the entire data set in Figure 8 in which the observed
HRs were nearly coextensive with the fitted lines. This pat-
tern precludes randomness or simply a large sample effect.
Similarly, in Table 7, all of the HRs are significantly greater
than 1.0 and generally increase with the number of mis-
matches in the permutation. If merely large numbers were
the reason for the high significance, such patterns would
not be present. Further, the test of the within mismatch
permutations in Table S8, SDC (http://links.lww.com/
TXD/A36), combined with the linearity of the models in
Figure 8, support our argument that each of the matched
loci, HLA-A, -B, and -DRB1, are equally important in
adding to the risk of organ failure.

An additional possible objection is that these findings
are a result of including so much “old” data and that our
pattern is not true in more recent times. In a response to
a letter commenting on our article for deceased donors,
we showed that the pattern in the most recent 5 years re-
flects the overall one seen before.10,17 We further explored
this here by performing a fully specified Cox regression
within each of the 5 periods in our time covariate, and then
fitted a weighted regression line to each set of HRs and
in each 5-year period with HLAmismatch as the primary explanatory
004-2008, orange; and 2009-2013, red. The fitted lines are from a
ighted regression line over all 35 HRs. Each line has a statistically sig-
ss than for the earlier ones in mismatch categories 4 to 6 and might
ing donor organs. However, because of the limited sample size and
d be viewed with caution. See Figure 10.
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FIGURE 10. The follow-up years per person was calculated for each of the 5-year periods in our time covariate and plotted against the slopes
of the weighted fitted regression lines on the HRs within each period. Although the slope of the latest period, 2009-2013, is least, and might
suggest that the effect of HLAmatching is becoming less important, this is also the period in which the follow-up time is least, 1.87 years per per-
son. The accuracy of the HRs for HLAmatching, as all covariates in a Cox multivariate regression, are sensitive to sample size and follow-up time.
Therefore, the stronger effect of HLA, which is apparent in the earlier periods, might very well be present with a higher slope when more
data are available.

TABLE 9.

Cox regression of HLA mismatch stratified by donor sourcea

Donor source HLA mismatch HR 95% CI P Number TX

Deceased 0 1.00 Reference 15 815
LR 0 0.55 0.50-0.61 <0.0001 5770
LU 0 0.47 0.27-0.83 0.0089 146
Deceased 1 1.14 1.07-1.21 0.0001 6748
LR 1 0.78 0.70-0.86 <0.0001 3327
LU 1 0.81 0.51-1.28 >0.05 230
Deceased 2 1.31 1.24-1.38 <0.0001 13 340
LR 2 0.91 0.85-0.97 0.0070 9857
LU 2 0.77 0.64-0.94 0.0094 1179
Deceased 3 1.38 1.32-1.45 <0.0001 31 271
LR 3 1.03 0.97-1.09 >0.05 14 681
LU 3 0.96 0.86-1.07 >0.05 3743
Deceased 4 1.50 1.44-1.57 <0.0001 48 810
LR 4 1.06 0.96-1.18 >0.05 2753
LU 4 0.89 0.82-0.98 0.0141 7103
Deceased 5 1.59 1.52-1.66 <0.0001 49 335
LR 5 1.12 1.01-1.25 >0.05 2773
LU 5 0.98 0.90-1.06 >0.05 8742
Deceased 6 1.67 1.59-1.76 <0.0001 23 822
LR 6 1.14 0.99-1.31 0.0763 1435
LU 6 1.13 1.03-1.25 0.0125 4857
a Adjustment for recipient age, donor age, donor sex, transplant era, recipient ethnicity, recipient peak
PRA, recipient education, recipient BMI, donor BMI, recipient dialysis type, diabetes pre-transplant,
drug treatment for COPD, cold ischemia time, recipient working for income at transplant, waiting time
for transplant, induction, and immunosuppression at discharge.
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over all HRs (Table 8, Figure 9). The slope of the fitted line
can be interpreted as a measure of strength of the effect of HLA
mismatching on graft survival; the higher the slope, the greater
the effect. The latest period, 2009 to 2013, has the lowest
slope and might suggest that using more living allografts and
better immunosuppression is lessening the effect of genetic
mismatching. However, this can be misinterpreted because the
amount of information in the latest period is much less than
in the earlier ones. For the first 3 periods, the follow-up time
per person is 7.15, 7.39, and 6.81 years per person,
respectively. It decreases for period 4, 5.15 years per person,
and for the latest period it is only 1.87 years per person
(Figure 10). Therefore, the lower slope and implied lower effect
of HLA mismatch may be incorrect and merely an indication
that there is not enough information in the system to create
accurate estimates. When more follow-up time enters the
sample, the effect of HLA mismatching might very well
reflect that of earlier years.

An Empirical Guide toMatchingRecipient and Donor in
First Adult Kidney-Only Transplantation

With the results from 255 737 first adult kidney trans-
plants with 1 343 518 years of follow-up time, it is possible
to summarize the hazard of kidney failure when taking into
consideration HLA mismatch and donor type (Table 9).
Alternatives, when available, are complex. For instance,
what is better, the closely matched organ from a deceased
donor or one from a living distant relative who is willing to
provide an organ? Questions of matching can be better
addressed when the total experience of 25 years of
transplantation is summarized in a relatively simple table
that compares the success of combinations of donors and
recipients and that acts as a guide for clinical practice.
Although we acknowledge that the degrees of freedom in
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HLA matching an allograft from a living donor are very
limited, with current allocation policies, and that alternatives
are not often available, Table 9 serves the additional function
of making explicit the relationships between donor source
and HLA mismatch.

In Table 9, each combination of donor source and HLA
mismatch was simultaneously incorporated into the fully ad-
justed Coxmodel.We chose the combination of deceased do-
nor with 0 HLA mismatches as the reference (HR = 1.0)
because it has represented the criterion standard in deceased
donor transplantation and plays an important role in alloca-
tion policy. In general, living allografts have smaller HRs
then deceased allografts within a mismatch category. For in-
stance, when there are 2 mismatches, living allografts have a
significantly better survival than 0-mismatched deceased. In
other words, any living donor kidney with 2 mismatches is
significantly better than a kidney from a deceased donor with
0 mismatches. However, when there are 3 mismatches, the
HRs for living allografts are not significantly different from
the reference. Interestingly, many of the high mismatch LR
and LUHRswere also not significantly different from the ref-
erence; for instance, LR, 6-mismatch kidneys have an HR of
1.14 (0.99-1.31), the confidence limits of which include 1.00.
Therefore, the cumulative experience in transplantation usu-
ally makes a living relative or nonrelative with many HLA
mismatches preferable or of equal value to a closely matched
deceased donor.
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