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Background. In kidney transplantation, nonimmunologic donor-recipient (D-R) pairing is generally not given the same consid-
eration as immunologicmatching. The aim of this studywas to determine how nonimmunologic D-R pairing relates to independent
donor and recipient factors, and to immunologic HLA match for predicting graft loss.Methods. Seven D-R pairings (race, sex,
age, weight, height, cytomegalovirus serostatus, andHLAmatch) were assessed for their associationwith the composite outcome
of death or kidney graft loss using a Cox regression-based forward stepwise selection model. The best model for predicting graft
loss (including nonimmunologic D-R pairings, independent D-R factors, and/or HLA match status) was determined using the
Akaike Information Criterion. Results. Twenty three thousand two hundred sixty two (29.9%) people in the derivation data set
and 9892 (29.7%) in the validation data set developed the composite outcome of death or graft loss. A model that included both
independent and D-R pairing variables best predicted graft loss. The c-indices for the derivation and validationmodels were 0.626
and 0.629, respectively. Size mismatch (MM) between donor and recipient (>30 kg [D < R} and >15 cm [D < R]) was associated
with poor patient and graft survival even with 0 HLAMM, and conversely, an optimal D-R size pairing mitigated the risk of graft loss
seenwith 6 HLAMM.Conclusions.D-R pairing is valuable in predicting patient and graft outcomes after kidney transplant. D-R
size matching could offset the benefit and harm seen with 0 and 6 HLA MM, respectively. This is a novel finding.
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K idney transplantation is believed to be the optimal
treatment strategy for patients with end-stage renal dis-

ease; however, graft survival is finite. Risk prediction models
have been createdwhich use donor, recipient, and transplant
characteristics to quantify the risk of death and/or graft fail-
ure after kidney transplant.1-3 However, these models do not
consider the particular pairing of a specific donor-recipient
(D-R) and instead incorporate only individual donor and/or
recipient factors.

Kidney graft failure has been independently associated
with increasing degrees of mismatch (MM) in HLA between
D-R,4 and the suboptimal pairing of D-R age,5 weight,6

height,7 sex,8,9 race,10,11 and cytomegalovirus (CMV) sta-
tus.12 HLAMM between D-R is a widely accepted and well
established risk for posttransplant rejection episodes and kid-
ney graft loss, with a graduated increased risk as the number
of HLAMMs increases from 0 to 6.13 For this reason, many
organ allocation programs strive for a favorable HLA match
between D-R with preference given to better immunologi-
cally matched recipients.13 Additionally, increasing D-R age
has also been independently associated with graft failure. Al-
though controversial, age matching between D-R (<10 years
difference) has been associated with better graft survival af-
ter transplantation.14 Therefore, many deceased donor renal
transplant allocation strategies also currently incorporate
some degree of age matching between D-R directly or indi-
rectly as a means of improving total graft years achieved
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for a given pool of donors.15,16 SizeMMbetweenD-R (using
varying metrics including weight, height, and body surface
area) has been associated with worse graft outcomes when
the donor is significantly smaller than the recipient, reflecting
nephron underdosing with resultant hyperfiltration injury
and graft compromise.17 In terms of sex pairing, the highest
risk D-R sex combination in unadjusted analyses is a female
donor/male recipient, believed to be due to generally smaller
female donors contributing to nephron underdosing (a surro-
gate for size MM between D-R).8,17 In weight-adjusted anal-
yses, however, a male donor/female recipient pairing has also
been shown to be at a high risk for kidney graft failure, pre-
sumed to be due to increased sensitization and subsequent
graft rejection in female recipients due to an H-Y antigen
on the Y chromosome.17,18 Race pairing between D-R has
a less clear impact on transplant outcomes. A black donor/
white recipientD-R pairing is at high risk for graft failure, hy-
pothesized to be related to unrecognized HLA antigens in the
black donor kidneywith resultant increased sensitization and
chronic allograft nephropathy ensuing in the white recipi-
ent.10 Awhite donor/black recipient D-R pairing is also asso-
ciated with an increased risk of graft failure however, a
finding at least partially due to increased presensitization in
the black recipient.10 Lastly, CMV disease has been shown
to be an independent risk factor for chronic allograft ne-
phropathy,19 acute and chronic rejection,20,21 and kidney
graft loss. CMV viremia and subsequent graft nephropathy
occurs most commonly in a CMV-positive donor/CMV-
negative recipient.22

The implications of D-R pairing have only recently gar-
nered attention. The combined exposure of suboptimal
weight and sex pairing has been associated with a 50% in-
creased risk of graft failure.17 A more recent publication fur-
ther explored the effects of D-Rmatching by creating amodel
including age, sex, weight ratio, height ratio, HLAMM, and
ABO pairing as predictors of death or graft failure at 5 and
10 years.23 These D-R pairs were included in the model a
priori given a suspected role in graft loss, but the relative im-
pact of individual D-R factors versus their paired effect was
not explored.

The collective impact of suboptimal nonimmunologic D-R
pairing on posttransplant outcomes and how this compares
with individual D-R factors, and to HLA MM has not been
previously studied. Herein we create and subsequently vali-
date a risk prediction model for the composite outcome of
death or kidney graft failure considering the predictive capac-
ity of specific D-R pairings comparedwith individual D-R fac-
tors and to HLAMM.We hypothesize that nonimmunologic
D-R pairing will better predict patient and kidney graft fail-
ure than will independent donor and/or recipient variables
and, in this modern era of immunosuppression, will also bet-
ter predict outcome than HLA matching.

METHODS

Study Population and Assembly of Patients

A retrospective analysis was conducted of patients 16 years
and older, who received a solitary deceased donor kidney
transplant in the United States from January 1, 2000, to De-
cember 31, 2014. This study used the data from the Scientific
Registry of Transplant Recipients (SRTR). The SRTR data
system includes data on all donor, waitlisted candidates,
and transplant recipients in the United States, submitted by
the members of the Organ Procurement and Transplantation
Network. The Health Resources and Services Administra-
tion, USDepartment of Health andHuman Services provides
oversight to the activities of the Organ Procurement and
Transplantation Network and SRTR contractors. Key inclu-
sion criteria included any patient receiving a solitary deceased
donor kidney transplant in the United States over the defined
period. Exclusion criteria included those younger than 16 years
and those receiving en bloc or sequential transplants.

Exposures and Their Measurement

The primary exposure was D-R pairing in 7 categories:
race, sex, age, weight, height, CMV serostatus, and HLA
match (Supplemental Table 1, http://links.lww.com/TXD/
A163). The reference categories were white donor/white re-
cipient, male donor/male recipient, 0/6 HLA MM, CMV-
negative to negative serostatus, weight match (0 kg difference
if linear, <10 kg difference if categorical), height match (0 m
difference if linear, <0.1 m difference if categorical), and age
match (0 year difference if linear, <10 year difference if cate-
gorical), based on a predicted risk profile extrapolated from
earlier literature looking at isolated D-R pairings.4-6,8-12,17

Age, height, and weight MM were assessed as continuous
variables (donor value minus recipient) if the differences were
normally distributed and linearly associated with graft loss. If
mean weight, height, or age difference was not near 0, data
were centered. If the effect was nonlinear and could not be
transformed or approximated with linear splines, age, height,
and weight were categorized with cut points chosen based on
prior literature and to divide the population into relatively
even groups.1,17 The functional form of the variable with
the lowest Akaike Information Criterion (AIC) from a series
of competing univariate analyses was chosen. The AIC is
used to test the relative fit of nonnested models for predicting
an outcome in a given data set. It offers a trade-off between
model fit and model simplicity (penalizing models for includ-
ing covariates with little predictive capacity) with the best
model having the lowest AIC among all other models.24

The best fit (lowest AIC) functional form for each variable
was then verified in a multivariable model to ensure the fit
was not appreciably worse after adjustment.

Confounders and Their Measurement

Other known literature predictors of graft loss were con-
sidered for inclusion in our model, such as D-R age, sex, race,
weight, height, CMV serostatus, medical comorbidities (dia-
betes, hepatitis C virus infection, hypertension, cardiovascu-
lar disease), prior transplant, type of donation (expanded
criteria, standard criteria or donation by cardiac death), etiol-
ogy of recipient end stage renal disease, dialysis vintage, cold
ischemia time, and peak panel reactive antibody level as per
earlier studies of posttransplant graft failure.17

Outcomes and Their Measurement

The primary outcome for this study was time to the com-
posite of death or kidney graft failure (defined as return to
dialysis or preemptive retransplantation). The secondary
outcome was time to death-censored kidney graft failure.

Primary Analysis

Descriptive statistics were used to report baseline character-
istics for all patients enrolled in the study.Means and standard
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deviations and medians with first and third quartiles were
used for continuous normal and continuous nonnormally
distributed variables.

Model Derivation
The data set was divided 70/30 using a random number

generator with model derivation in 70% and subsequent val-
idation in 30% of the eligible cohort. A univariable Cox re-
gression model was used to determine the relative hazard
ratios for the composite of death or graft failure associated
with each described D-R pairing variable (sex, race, weight,
height, age, CMV serostatus, and HLA match) relative to
the above noted reference categories, Supplemental Table 1,
(http://links.lww.com/TXD/A163). Each of these factors as
independent D-R variables, and all other potential con-
founders (above) were also assessed in univariable analyses.
The functional form of each continuous variable was
assessed using univariable Cox regression models fitted to
test the assumption of linearity with outcome.

The goal of this multivariable analysis was to build a parsi-
monious predictive model using Cox regression to determine
the relative hazard for the composite outcome of death or kid-
ney graft loss as it relates to the D-R pairings discussed above.
D-R pairing variables as well as the corresponding indepen-
dent D-R variables (for example D-R weight pairing, donor
weight, recipient weight) were considered for possible inclu-
sion in ourmodel and tomaintain face validity, any additional
variables which might confound the association between our
exposure variables and outcome of interest were controlled
for. Thus, a forward stepwise iterative process was used to in-
clude the remaining variables from the univariable models
that associated with graft failure at a level of significance less
than 0.001. Evaluation of AIC score for candidate models
was employed to maximize model fit while maintaining a par-
simonious model. Models for consideration included:

1. Amodel with independent D-R variables, but no D-R pairing
variables aside from HLAMM (given its known strong asso-
ciation with outcome);

2. A model with D-R pairing variables but no independent D-R
variables other than comorbidities unlikely to be influenced
by D-R matching;

3. A model including both D-R pairing variables and indepen-
dent D-R variables.

Proportionality of hazards was assessed graphically given
the large sample size using visual examination of log-log
plots. The log cumulative-hazard function and baseline sur-
vival functions were depicted in the derivation data set using
fractional polynomials.25 The linear predictor from the gen-
erated Cox model formed a Prognostic Index (PI) which
was centered on itsmean and subsequently divided into 3 risk
groups based on predetermined risk cutpoints, 0 to 25th per-
centile, greater than 25th to 75th percentile, and greater than
75th to 100th percentile.25 This was shown graphically with
Kaplan-Meier failure curves for the 3 prognostic groups in
the derivation data set against predicted event probabilities
to visually demonstrate model calibration.

Model Validation
Thismodel was validated in the remaining 30%of the orig-

inal cohort. Model calibration was determined graphically as
a function of observed and predicted death or graft loss
by PI risk group in the validation data set. The Harrell's
c-index was used to assess model discrimination and is de-
fined as the proportion of all usable patient pairs with con-
cordant observed and predicted outcomes.26 It was also
calculated for the highest (>75%) and lowest (≤25%) PI risk
groups,25 and for the highest and lowest deciles of risk
(>90% and ≤10%).

Secondary and Sensitivity Analyses

The analysis was repeated using backwards stepwise se-
lection to determine which of the 3 models (combined in-
dependent and pairing variables, pairing variables alone,
independent variables alone) had the best predictive capacity
for the composite outcome of death or graft loss. We also re-
peated the primary analysis using death-censored kidney
graft loss as the outcome of interest.

To demonstrate the implications of nonimmunologic D-R
pairing on patient and graft survival, data was presented
graphically using Kaplan-Meier survival curves for optimal
versus suboptimal nonimmunologic match (pairing factors
identified in the primary analysis) stratified by optimal versus
suboptimal immunologic (HLA) match. Statistically signifi-
cant differences were assessed using the log-rank test.

Missing Data

Data were assumed to be missing at random and missing
predictors were treated with case wise deletion given that im-
putation may be unreliable with model derivation. Any vari-
able with greater than 7.5% missing data felt was treated
with missing data as an indicator variable so as not to lose
substantial amounts of data.

Institutional ethics approval to conduct this study was
provided by the Nova Scotia Health Authority research
ethics board.
RESULTS

The derivation cohort consisted of 77827 people; 23262
(29.9%) had a diagnosis of death or graft failure. The valida-
tion data set consisted of 33355 people; 9892 (29.7%) with
death or graft failure. In total, 23485 (17.4%) people were
dropped for missing data. Cohort derivation is shown in
Supplemental Figure 1 (http://links.lww.com/TXD/A164).
Baseline characteristics are shown in Table 1, stratified by
derivation versus validation cohort.

For continuous variables, the various functional forms
assessed are depicted in Supplemental Table 2 (http://links.
lww.com/TXD/A165). Using Cox proportional hazards re-
gression, a univariable model was performed on the literature
predictors of graft failure discussed above (Supplemental
Table 3, http://links.lww.com/TXD/A166). Relative hazards
were proportional based on graphical visualization.

To test the association of independent D-R factors with
graft failure compared with specific D-R pairing variables,
a number of potential candidate models were assessed for
fit (AIC) and discrimination (Harrell's c-index) (Table 2).

The best-fit model overall (lowest AIC) incorporated in-
dependent D-R factors as well as specific D-R pairings
(model 3). Ultimately, 16 variables (including 4 of 7 possible
D-R pairing variables) were included in the best-fit model,
shown in Table 3 with relative hazard ratios and 95% con-
fidence intervals. The variables included in models 1 and 2
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TABLE 1.

Baseline characteristics of derivation and validation data sets

Variables Derivation (n = 77827) Validation (n = 33355)

Donor factors
Donor type
ECD (vs SCD) 12850 (16.5%) 5488 (16.5%)

DCD 8806 (11.3%) 3771 (11.3%)
Age, y 38.8 ± 16.0 39.0 ± 16.0
Sex (female) 31010 (39.8%) 13457 (40.3%)
Height, m 1.70 ± 0.15 1.70 ± 0.15
Donor weight, kg 79.4 ± 22.8 79.3 ± 22.7
Diabetes 5078 (6.5%) 2169 (6.5%)
HCV 1910 (2.5%) 860 (2.6%)
HTN 20934 (26.9%) 8957 (26.9%)
BMI, kg/m2

<18.5 4133 (5.3%) 1785 (5.4%)
18.5-24.99 28560 (36.7%) 12254 (36.7%)
24.5-29.99 24492 (31.5%) 10544 (31.6%)
30.0-34.99 12085 (15.5%) 5168 (15.5%)
≥35.0 8557 (11.0%) 3604 (10.8%)

Race
White 54792 (70.4%) 23423 (70.2%)
Black 10229 (13.1%) 4387 (13.2%)
Other 12806 (16.5%) 5545 (16.6%)

CMV 48663 (62.5%) 20857 (62.5%)
Recipient factors
Age, y 51.9 ± 13.6 51.9 ± 13.6
Sex (female) 30644 (39.4%) 13197 (39.6%)
Height, m 1.70 ± 0.11 1.70 ± 0.11
Recipient weight, kg 80.9 ± 19.3 80.9 ± 19.3
Diabetes 26050 (33.5%) 11175 (33.5%)
HTN 60470 (86.4%) 25922 (86.1%)
CAD 5755 (8.5%) 2573 (8.8%)
PVD 3049 (4.1%) 1302 (4.1%)
BMI, kg/m2

< 18.5 2004 (2.6%) 828 (2.5%)
18.5-24.99 23956 (30.8%) 10293 (30.9%)
24.5-29.99 26306 (33.8%) 11286 (33.8%)
30.0-34.99 17058 (21.9%) 7287 (21.9%)
≥ 35.0 8503 (10.9%) 3661 (11.0%)

Race
White 35964 (46.2%) 15453 (46.3%)
Black 24728 (31.8%) 10504 (31.5%)
Other 17135 (22.0%) 7398 (22.2%)

CMV 53761 (69.1%) 22948 (68.8%)
ESRD
GN 17960 (23.1%) 7528 (22.6%)
DM 20100 (25.8%) 8600 (25.8%)
PCKD 6636 (8.5%) 2876 (8.6%)
Other 33131 (42.6%) 14351 (43.0%)

Dialysis vintage >1 y (vs <1 y) 63311 (81.4%) 27194 (81.5%)
Prior kidney transplant 9515 (12.2%) 4069 (12.2%)
Surgical and immunologic factors
CIT, h 18.0 ± 9.0 18.0 ± 8.8
Peak PRA 3 (0-33) 3 (0-34)

TABLE 1. (Continued)

Variables Derivation (n = 77827) Validation (n = 33355)

D-R pairing factors
HLA MMs
0 MM 8284 (10.6%) 3692 (11.1%)
1 MM 1774 (2.3%) 780 (2.3%)
2 MM 3681 (4.7%) 1660 (5.0%)
3 MM 10353 (13.3%) 4383 (13.1%)
4 MM 19612 (25.2%) 8380 (25.1%)
5 MM 22775 (29.3%) 9647 (28.9%)
6 MM 11348 (14.6%) 4813 (14.4%)

Absolute weight difference, kg −1.55 ± 28.5 −1.64 ± 28.4
Absolute height difference, m −2.00-4 ± 0.18 4.25E-4 ± 0.18
Absolute age difference, y −13.1 ± 18.0 −12.9 ± 18.0
D-R sex
MDMR 28756 (37.0%) 12168 (36.5%)
FDFR 12585 (16.2%) 5467 (16.4%)
MDFR 18061 (23.2%) 7730 (23.2%)
FDMR 18425 (23.7%) 7990 (24.0%)

DR CMV
Neg/Neg 9735 (12.5%) 4237 (12.7%)
Pos/Pos 34332 (44.1%) 14687 (44.0%)
Neg/Pos 19429 (25.0%) 8261 (24.8%)
Pos/Neg 14331 (18.4%) 6170 (18.5%)

D-R race
WDWR 28732 (36.9%) 12308 (36.9%)
BDBR 5247 (6.7%) 2198 (6.6%)
ODOR 5743 (7.4%) 2418 (7.3%)
WDBR 16385 (21.1%) 6931 (20.8%)
WDOR 9675 (12.4%) 4184 (12.5%)
BDWR 3265 (4.2%) 1393 (4.2%)
BDOR 1717 (2.2%) 796 (2.4%)
ODWR 3967 (5.1%) 1752 (5.3%)
ODBR 3096 (4.0%) 1375 (4.1%)

Continuous variables presented as mean ± SD, or median (IQR) if normally or nonnormally distributed,
respectively. Missing data: donor, DCD (n = 13), DM (0.5%), HTN (0.5%), race (n = 2), height (n = 5),
CMV (0.4%), HCV (0.1%); recipient: ESRD diagnosis (1.1%), race (n = 1), DM (0.3%), CMV (6.3%),
height (0.8%), height (0.1%), HTN (9.9%), CAD (12.8%), dialysis vintage (2.5%); surgical and immu-
nologic: CIT (6.2%), HLA MM (n = 32), PRA (2.1%).

ECD, expanded criteria donor; SCD, standard criteria donor; DCD, donation after cardiac death; HCV,
hepatitis C virus; HTN, hypertension; CAD, coronary artery disease; PVD, peripheral vascular disease;
ESRD, end-stage renal disease; GN, glomerulonephritis; DM, diabetes; PCKD, polycystic kidney dis-
ease; CIT, cold ischemic time; PRA, panel-reactive antibody; MDMR, male donor/male recipient; FDFR,
female donor/female recipient; MDFR, male donor/female recipient; FDMR, female donor/male recip-
ient; WDWR, white donor/white recipient; BDBR, black donor/black recipient; ODOR, other donor/
other recipient; WDBR, white donor/black recipient; WDOR, white donor/other recipient; BDWR,
black donor/white recipient; BDOR, black donor/other recipient; ODWR, other donor/white recipient;
ODBR, other donor/black recipient.
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are shown in Supplemental Table 4 (http://links.lww.com/
TXD/A167) and Supplemental Table 5 (http://links.lww.
com/TXD/A168), respectively.

The Harrell's c-index for the best-fit derivation model
(model 3) was 0.626 (95% confidence interval, 0.622–630),
corresponding to reasonable discrimination. The Harrell's
c-index for the validation data set was 0.629 (95% CI,
0.623–635). When comparing the highest (>75%) and low-
est (≤25%) PI risk groups, the c-index was 0.663 in the der-
ivation cohort and 0.662 in the validation cohort. The
c-index was further increased to 0.698 and 0.690 in the der-
ivation and validation cohorts, respectively, when comparing
the highest (>90%) and lowest (≤10%) PI risk deciles, sug-
gesting better discrimination at extremes of risk. It should
be noted that the c-indices for models 1 and 3 do not differ
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TABLE 2.

Candidate risk prediction models for the composite of death or graft failure

Model

AIC (derivation)

Derivation Validation

Model number
Independent
D-R variables

D-R pairing
variables

Harrell's c-index
(95% CI)

Harrell's c-index
(95% CI)

1 ✓ 456 421.7 0.625 (0.621–0.629) 0.629 (0.622–0.635)
2 ✓ 457 104.9 0.616 (0.612–0.620) 0.621 (0.615–0.627)
3 ✓ ✓ 456 354.7 0.626 (0.622–0.630) 0.629 (0.623–0.635)
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significantly (Table 2), suggesting comparable discrimina-
tion. Calibration curves for both the derivation and valida-
tion data sets are shown in Supplemental Figure 2, (http://
links.lww.com/TXD/A169). There was good correlation be-
tween observed and predicted outcomes in both the deriva-
tion and validation cohorts for all 3 PI categories.

Like for the primary analysis, using the secondary out-
come of death-censored graft failure the best-fit model over-
all (lowest AIC) still incorporated independent D-R factors
and specific D-R pairings (model 3; Supplemental Table 6,
http://links.lww.com/TXD/A170). The same was true when
we used backward stepwise selection for model derivation
(Supplemental Table 7, http://links.lww.com/TXD/A171).

Based on the variables included in the best fit model
(model 3; Table 3), a nested variable examining modifiable
nonimmunologic and immunologic match was created. The
nested variables consisted of: (i) optimal size match (>30 kg
difference [D > R] and >15 cm [D > R]) with 0 HLA MM,
(ii) optimal size match with 6 HLA-MM, (iii) suboptimal size
match (>30 kg difference [D < R] and >15 cm [D < R]) with 0
HLA-MM, and (iv) suboptimal size match with 6HLA-MM.
Race match was not included in the nested variable given it
largely reflects donor and/or recipient race status and is there-
fore not modifiable in a fixed pool of donors and recipients.
The Kaplan Meier survival curves for the composite of death
or graft loss are shown in Figure 1. Optimal size match was
associated with superior patient and graft survival outcomes
irrespective of HLA match status.
DISCUSSION

This study demonstrates that the combined analysis of in-
dividual D-R variables plus D-R pairing variables best pre-
dicts the composite outcome of death or kidney graft
failure. Our model had excellent calibration and better dis-
criminative ability than earlier models which have focused
primarily on donor and/or recipient factors, but not D-R
pairing factors.2,3 The implications of D-R pairing is only re-
cently gaining recognition as an important consideration for
predicting long-term graft survival. Recently, we explored the
impact of combined weight and sexMMbetween kidney do-
nors and recipients and demonstrated a 50% increased risk
of graft loss if pairing was suboptimal.17 Subsequently, a pre-
diction model in live and deceased kidney donors further ex-
plored the effects of D-R matching by including age, sex,
weight ratio, height ratio, HLAMM, and ABO D-R pairing
as predictors of death or graft failure at 5 and 10 years.23

These D-R pairs were included in their model a priori given
a suspected role in graft loss, but the relative impact of indi-
vidual D-R factors versus their potentially synergistic effect
was not explored. Importantly, our model selected D-R
variables (independently or as a pair) based on model fit
and predictive ability.

The benefit of 0 HLAMMed kidneys (no antigenMMs at
any of 6 HLA loci) is associated with better patient and graft
survival, fewer rejection episodes, and reduced sensitization
compared to higher degrees of HLA MM.26,27 Currently,
other than centers which incorporate a degree of age
matching, deceased donor kidney allocation protocols do
not routinely consider nonimmunologic matching between
donors and recipients,28-30 with kidneys allocated in most
cases based on immunologic match and increasing time ac-
crued on the renal transplant waitlist. Although there is no
universally accepted allocation strategy for deceased donor
kidney transplantation, the United Kingdom,31 Australia,32

New Zealand,32 members of Eurotransplant,33 members of
Scandiatransplant,34 andmost regional centers in Canada35,36

continue to prioritize immunologic matching in an effort to
improve overall kidney graft survival. Even in the era of the
new kidney allocation system in the United States37,38 there re-
mains an emphasis on HLAmatching, albeit to a lesser extent
than previous. The focus has now shifted toward longevity
matching (best kidneys for best recipients) at the forefront,
with immunologic match only considered subsequent to this.
Assume 2 donors become available for 2 possible recipients.
Assume these donors have identical Kidney Donor Profile
Index scores and the recipients have identical Estimated
Posttransplant Survival scores. Assume the only difference
between these 2 difference between these 2 recipients is
their weight, height and HLA antigens. There are no differ-
ences in blood group, transplant wait time, panel-reactive an-
tibody, or age. Current literature and the kidney allocation
system would then suggest kidneys be allocated on the basis
of HLA match.

In this study, we examined the relative importance of D-R
size matching (defined as a composite of weight and height
match) compared with HLA matching. Although both ap-
pear to be important in predicting patient and graft survival,
we show that an optimal D-R size match can offset the in-
creased risk associated with poor HLA matching, and con-
versely, suboptimal D-R size matching can mitigate the benefit
seen with a 0 HLA-MM transplant, assuming all else is equal.
This is the first time this observation has been demonstrated
and may be a reflection of improved immunosuppressive regi-
mens in a modern era which reduce the relative importance
of immunologic matching.

Although D-R race pairing is also strongly associated with
patient and graft survival, unlike size matching, these are not
modifiable exposures. Globally, no kidney allocation pro-
grams formally consider size match between donors and re-
cipients. Given that a recipient weighing greater than 30 kg
more than a donor and standing 15 cm taller is associated
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with a greater hazard for death or graft loss than is 6 HLA
MM, perhaps optimizing size match between donors and re-
cipients should be prioritized above optimizingHLAMM.At
the very least, it should be considered with potential absolute
sizeMMthresholds incorporated into allocation programs such
that beyond a certain cut point, transplant between a particular
FIGURE 1. Kaplan Meier Curve for nonimmunologic size match ver-
sus immunologic HLA match between donors and recipients. (i) Op-
timal size match (>30 kg difference [D > R] and >15 cm [D > R]);
suboptimal size match (>30 kg difference [D < R] and >15 cm
[D < R]. Log-rank P value <0.001.

TABLE 3.

Factors included in the final risk prediction model with
associated hazard ratios

Variables HR 95% CI

Donor age squared/1000 (per y2/1000) 1.159 1.145–1.173
Cause of ESRD
GN Reference —

DM 1.172 1.104–1.244
PCKD 0.763 0.718–0.812
Other 1.132 1.092–1.174

D-R race
WDWR Reference —

BDBR 1.272 1.206–1.342
ODOR 0.737 0.694–0.784
WDBR 1.103 1.063–1.145
WDOR 0.788 0.751–0.827
BDWR 1.152 1.076–1.232
BDOR 0.951 0.859–1.052
ODWR 0.972 0.912–1.036
ODBR 1.058 0.986–1.135

Recipient age, y
<35 Reference —

35-60 0.734 0.703–0.766
>65 1.003 0.957–1.052

Dialysis vintage >1 y 1.302 1.255–1.352
Donor HCV 1.596 1.483–1.717
Recipient PVD 1.325 1.250–1.405
D-R height difference, m2 0.726 0.664–0.794
Donor DM 1.264 1.201–1.330
Peak PRA squared/1000 (%2/1000) 1.029 1.024–1.034
Recipient CAD 1.209 1.157–1.263
Donor HTN 1.151 1.114–1.190
Recipient DM 1.204 1.145–1.266
HLA MM
0 MM Reference —

1 MM 1.106 1.012–1.209
2 MM 1.139 1.059–1.225
3 MM 1.136 1.073–1.202
4 MM 1.158 1.100–1.220
5 MM 1.211 1.151–1.275
6 MM 1.280 1.210–1.355

CIT (per h) 1.006 1.004–1.007
D-R weight difference, kg
>30 (D < R) 0.999 0.953–1.047
10-30 (D < R) 1.001 0.963–1.041
<10 (D = R) Reference —

10-30 (D > R) 1.048 1.009–1.087
>30 (D > R) 1.165 1.114–1.218

Log2, log base 2.

HR, hazard ratio; ESRD, end-stage renal disease; GN, glomerulonephritis; DM, diabetes; PCKD, poly-
cystic kidney disease; WDWR, white donor/white recipient; BDBR, black donor/black recipient; ODOR,
other donor/other recipient; WDBR, white donor/black recipient; WDOR, white donor/other recipient;
BDWR, black donor/white recipient; BDOR, black donor/other recipient; ODWR, other donor/white re-
cipient; ODBR, other donor/black recipient; HCV, hepatitis C virus; PVD, peripheral vascular disease;
PRA, panel-reactive antibody; HTN, hypertension; CIT, cold ischemic time.
D-R pair is deferred. Additionally, when allocating organs, this
studywould suggest that overall D-Rmatch should be analyzed
as an aggregate that includes both immunologic (HLA) and
nonimmunologic (weight, height, etc) match as a means of op-
timizing and improving long-term patient and graft survival.

Importantly, unlike donor, recipient and transplant factors
in isolation, the intentional pairing of donors and recipients is
a modifiable exposure. If strategic D-R pairing can improve
graft longevity outcomes despite a fixed pool of donor kidneys,
this practice should potentially be considered for future renal
transplant allocation programs. However, given the overrep-
resentation of older, Caucasianmales in the donor pool, strict
D-R pairing would have the potential to disadvantage certain
minority groups, for example, younger, nonwhite females.
The risk of prolonged waitlist times in certain recipient sub-
groups would require further detailed exploration with a full
analysis of the societal implications before a D-R matching
strategy could be implemented. A medical decision analysis
may be able to identify a threshold wait time before which
D-R matching is a dominant strategy and after which organs
should be allocated based primarily on wait times.

This study has a number of strengths. Importantly, this re-
search study addresses a clinically relevant question with the
potential to identify amodifiable intervention in an otherwise
fixed pool of donors and recipients. Unlike earlier literature,
our model makes no assumption that individual or paired
D-R variables have superior predictive accuracy.23,39,40 In-
stead, we included both D-R individual and pairing variables
for consideration in our analysis and chose the best predic-
tors of graft failure through an iterative process whereby var-
iables were selected (for example donor weight vs recipient
weight vs D-R weight pair vs none of the above) based on
which had the most significant association with the outcome
of interest. Additionally, for continuous variables, we investi-
gated the optimal functional form to be considered for inclu-
sion in our model.

As with any study, however, there are limitations to this
analysis. First, stepwise selection models have the potential
to bias parameter estimates away from 0 and associated P
values toward zero41; however model predictive accuracy
was maintained in a separate validation cohort suggesting
appropriate multivariable selection. Furthermore, with any
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predictive modeling, there is the potential that variables will
be incorporated by chance alone; however, this risk was mit-
igated by use of a strict selection criteria (P < 0.001) to ac-
count for repeated testing. Missing data were treated with
case wise deletion given that imputation may be unreliable
for the creation of prediction models. If data were missing
at random, as we assumed, then this is a reasonable strategy;
however, if data were missing informatively, then case wise
deletion could potentially bias our results. Lastly, there is no
robust statistical test for calibration in time to event models,
thus model calibration had to be assessed graphically.

In conclusion, optimizing nonimmunologicD-R pairing ap-
pears to mitigate the risk associated with suboptimal HLA
matching. This study is exploratory, however, and it is impor-
tant that the utility and equitability of nonimmunologically
based organ allocation strategies be considered. To incorpo-
rate D-R pairing strategies into our current organ allocation
protocols would require further research to ensure certain re-
cipient subgroups would not be unfairly disadvantaged.
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