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Abstract

Background—To determine the impact at a single center of the United Network for Organ
Sharing-mandated sharing program for human leukocyte antigen (HLA)-A/-B/-DR 0-mismatched
(OMM) kidneys, we analyzed the results of 264 kidney transplants from OMM distant donors
between 1993 and 2006, with a follow-up through January 31, 2007. We compared these results
with that of concurrent kidneys transplanted from HLA more than OMM local donors and with
shipped more than OMM kidneys from “payback” donors.

Results—Despite a significantly longer preservation time, we found an 11% increase in 8-year
graft survival (63% vs. 52% P<0.003) of OMM shipped versus locally procured, >0MM donor
kidneys. Graft survival of OMM shipped kidneys at 8 years was significantly better in
nonsensitized (<20% panel reactive antibodies; 68% vs. 55% P<0.0005) but not in sensitized
(=20% panel reactive antibodies) recipients, who showed an early (2 years) but short-lived benefit.
The benefit of receiving a HLA-A, -B, and -DR OMM shipped kidney remained strong and
statistically significant (0.71 relative risk of graft loss vs. local; P<0.02) when adjusted for 22
potentially confounding variables in a Cox proportional hazards analysis.

Conclusions—The recent change in United Network for Organ Sharing policy restricting
mandated sharing of OMM kidneys to sensitized and pediatric recipients will give greater
flexibility to the local organ procurement organization in allocating organs. However, the survival
benefit to nonsensitized patients is real and long lasting and will be lost.
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In the first 20 years of clinical kidney transplantation (1962-1982), immunosuppression and
organ preservation options were limited, and the field was dominated by transplants from
living-related donors. During this time, it was discovered that similar to animal models of
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kidney transplantation, major histocompatibility complex human leukocyte antigen (HLA)
haplotype matching mattered. Transplants between HLA-identical siblings, mismatched for
minor H (honmajor histocompatibility complex) antigens only, fared much better than a one
haplotype or full (two haplotypes) HLA-mismatched donor-recipient combination and were
more likely to survive even after cessation of all immunosuppression (1). The origin of the
HLA-0 mismatched (HLA-OMM) national kidney sharing program in the United States
dates from the mid- 1980s, a time of a great expansion of kidney transplants from deceased
donors. In rare cases, the accident victim or other brain-injured donor happened to be
matched with the recipient for both alleles of HLA-A, -B, and -DR based on serologic
typing available at that time. Studies of such transplants showed outcomes superior to that of
any other kind of kidney transplant from a deceased donor (2, 3). Nonetheless, at the time of
the introduction of the United Network for Organ Sharing (UNOS) program of mandated
sharing between transplant centers of six HLA antigen-matched kidneys in 1987, there was a
concern that the increase in preservation time for kidneys being transported out of one organ
procurement organization (OPO) and into another would negate the advantages gained by
having an HLA-matched kidney donor (4). In addition to the uncertainties about cold
storage, there were also uncertainties about the accuracy of typing procedures used to
establish HLA match between two unrelated individuals. For example, before the
introduction of DNA-based typing in 1992 (5), serologic methods used for typing HLA class
Il alleles HLA-DQ and -DR were only 75% reliable, as was the accuracy of assigning
homozygosity for any HLA-A or -B allele based on the appearance of a “blank” in a class |
HLA typing (6). Despite these technical drawbacks, however, the mandated sharing of six
HLA antigen-“matched” kidneys produced encouraging results (7, 8). In 1995, UNOS
mandated the sharing of all HLA-OMM kidneys, a decision which allowed a “blank” (e.qg.,
A2-, B7-, and DR4-) to be considered as evidence of homozygosity for the purposes of the
sharing program. This new confidence was based on significant advances in accuracy of
HLA typing made possible by the polymerase chain reaction technique with sequence-
specific primer (5) and other DNA-based approaches (9).

Between 1995 and 1998, the UNOS registry showed 36% of all kidneys transplanted in the
United States being shared between OPOs, with 15.6% being shared as HLA-OMM kidneys
and 20.4% as paybacks (10). Stegall et al. (10) compared the survival of mandatorily shared,
OMM cadaver kidneys during this period with that of payback kidney transplants (>0MM).
They found a consistent 5% to 7% increase in graft survival beginning at 12 months and
extending to 4 years posttransplant. This difference in graft survival was largely due to a
10% lower incidence of transplant rejection, particularly in patients with low (0%-9%) or
intermediate (10%-79%) panel reactive antibodies (PRA). These results showing a graft
survival benefit of OMM shipped kidneys were confirmed in a separate study of paired
donor kidney transplants (11). It should be noted that the most highly sensitized patients,
those with antibodies reactive to 80% or more of a random panel of blood donors, did not
enjoy a significant graft survival benefit from the OMM sharing program (10). Nonetheless,
in June 2008, the UNOS board, citing their desire to “increase efficiency in kidney matching
by focusing mandatory regional and national sharing of zero-antigen mismatched kidneys
for adult candidates who are harder to match because of their highly sensitized immune
response,” approved a proposal to limit mandatory sharing of OMM kidneys to pediatric
patients and those with a PRA more than or equal to 20% (12).

The purpose of this study was to evaluate the experience of a single center with the OMM
shipped kidney program in the era of molecular HLA typing. Single-center studies of graft
survival have been of great value, because many variables such as organ preservation
method, induction and maintenance immunosuppression regimen, and recipient
demographics are similar for all transplants. Because the national program of mandated
OMM kidney sharing has now been terminated, except for pediatric and highly sensitized
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patients, it is particularly opportune at this juncture to determine what its impact has been at
individual transplant centers.

Materials and Methods

Results

All cadaveric kidney transplants performed at University of Wisconsin, Madison (UW-
Madison) between April 22, 1993, and December 31, 2006 were considered; the last follow-
up date was January 31, 2007. Transplanted organs were classified with respect to origin
(local vs. shipped in) and mismatch score (OMM vs. >0MM). Wilcoxon rank sum tests were
used to compare cold ischemia times. Kaplan-Meier estimates were used to estimate survival
within groups and the log-rank test to compare them. Cox proportional hazards models were
used to model survival as a function of the following risk factors: organ type (the four
combinations resulting from considering origin and mismatch score), donor age, donation
after brain death (DBD) versus donation after cardiac death (DCD), transplant number,
recipient age at transplant, diabetes, peak PRA, and hours of cold ischemia time.
Proportional hazards were tested with the Grambsch-Therneau test. P less than 0.05 (two
sides) was used as the criterion for statistical significance. All graphics and computations
were obtained in R version 2.5.1 (13). Data matching was done with the pairmatch function
in the R package optmatch using the method of Hansen and Klopfer (14).

Table 1 shows a detailed breakdown by transplant type of 1739 kidney transplants from
deceased donors performed at the UW-Madison from 1993 to 2007. HLA-A, -B, and -DR
OMM kidney transplants comprised 16% of the total, mainly due to 264 shipped-in kidneys;
only 29 (1.8% of total) HLA OMM kidneys were procured locally. In addition to 1310
locally procured kidneys with a more than OMM, there were also 181 more than OMM
kidneys accepted as paybacks by our center for a total of 1491 such kidneys transplanted.
Donor, but not recipient, age was significantly lower in shipped versus local kidneys,
reflecting the practice of the UW-Madison OPO to accept organs from older donors if
locally procured and a reluctance to accept older shipped-in kidneys. In addition, the number
of transplants, duration of end-stage renal disease at time of transplant, and incidence of
HLA sensitization (peak PRA) were higher in the recipients of OMM shipped kidneys (Table
1). Not surprisingly, locally procured kidneys were cold stored for an average of 10 hr less
than shipped-in kidneys (3-6.0 hr vs. 12-14.0 hr; P<0.001); however, the differences in total
preservation time (cold storage plus pump time), while still highly significant, were
considerably less (21-22 hr vs. 23-26 hr; P<0.001), indicating a limitation on the rapidity of
transplanting both locally procured and shipped-in kidneys. As expected, when an HLA
OMM transplant was performed, both recipient and donor tended to be white (>94%); this
was not equally true for other transplants, as reflected in the significant (P<0.001) difference
among all four groups in ethnic composition. Diabetics were also highly represented among
recipients of OMM when compared with more than OMM kidneys. Finally, the use of
calcineurin inhibitors (CNIs) cyclosporine versus tacrolimus, and the proportion of patients
on CNI-free immunosuppression, tended to differ significantly (P<0.001) among the groups.

Figure 1 compares the graft survival of local more than OMM (n= 1310) versus OMM
shipped-in kidneys (n=264) at the UW-Madison between 1993 and 2007. Figure 1(A) shows
a significant (P=0.002) graft survival advantage of OMM shipped-in kidneys over locally
procured, HLA-mismatched kidneys. The benefit of receiving a OMM shipped kidney was
most pronounced in patients with a low (<20%) PRA level at the time of transplantation,
who enjoyed a 13% graft survival benefit at 8 years over recipients of a locally procured
HLA-mismatched kidney (P<0.0004; Fig. 1B). In contrast, despite an early benefit, overall
graft survival of OMM shipped-in kidneys in HLA-sensitized (=20% PRA) patients was not
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significantly different from the survival of a locally procured, HLA-mismatched kidney
(P>0.5; Fig. 1C).

The potential damage to the shipped kidney because of prolonged cold storage and increased
total preservation time was also investigated. Graft survival of “payback” kidneys was
similar to that of locally procured kidneys, indicating no significant disadvantage incurred
by the slightly longer preservation time of the former (Fig. 2).

One difficulty in interpreting univariate analysis of kidney transplant survival data is the
variability in donor characteristics over this time frame, for example, the increased use of
donation after cardiac death (DCD) and donor age differences in local versus shipped kidney
transplants. To adjust for these variables, we took two separate approaches. First, we used a
Cox proportional hazards model to determine the relative impact of OMM shipped-in kidney
status on graft survival by adjusting for the potential confounding variables listed in Table 1
plus an additional variable, “transplant year,” to adjust for changes in transplant protocols
over time. Table 2 summarizes the key findings of this analysis. Donor age, DCD versus
donation after brain death, duration of end-stage renal disease, transplant number, and cold
storage time were not found to contribute significantly to graft survival duration, although
both the impact of transplant number (P=0.17) and the cold storage time (P=0.16)
approached statistical significance. We confirmed the well-known influence of recipient age
(lower risk of graft loss with increasing age), race (greater risk in non-white recipients), type
1 or 2 diabetes (greater risk vs. nondiabetic), use of CNI (lower graft loss risk vs. no CNI),
and peak PRA (greater risk with increasing PRA) on graft survival at our center (Table 2; all
P<0.05). In addition to these, only the variable of having, or not having, a OMM shipped-in
kidney from a distant donor significantly impacted graft survival. The hazard ratio (0.71;
P<0.02) indicated that recipients of local >0MM kidneys had a approximately 1.5-fold
greater risk of graft loss when compared with recipients of a OMM shipped-in kidney
transplant. The significant negative impact of increase in peak PRA in the model was
consistent with the univariate finding that a PRA of >20% tended to diminish the graft
survival benefit of receiving a HLA OMM shipped-in kidney transplant.

Second, we used a statistical device to compare kidney transplants with similar donor
characteristics. To adjust for donor age and type, we used a 2:1 donor age-matching
procedure, restricting our analysis to only standard criteria donor (SCD) transplants. We first
extracted the subgroups from the (full, unmatched) SCD set and then performed 2:1 donor
age-matching within each subset. Figure 3(A) confirms the analysis shown in Table 1—
there were indeed significant differences in the age distribution of local versus shipped-in
kidney donors, with a much higher proportion of local donors in the 40 to 50 years age
range. The 2:1 pairwise matching procedure abolished this difference in age distribution
(Fig. 3B), allowing for analysis of the impact of the OMM shipped-in kidney independent of
donor age variability, all within the SCD kidney donor subgroup. As shown in Figure 3(C),
the survival advantage of the OMM shipped-in kidney in nonsensitized recipients was seen
to develop gradually (<7% difference at 1 yr) and tended to increase over time, resulting in a
20% graft survival difference over age-matched, locally procured more than OMM organs at
6 to 8 years follow-up (Fig. 3C; P=0.007). The impact of a OMM donor in HLA-sensitized
patients was also dramatized, and as shown in Figure 3(D), a 20% difference in graft
survival of OMM shipped-in kidneys versus local more than OMM kidneys was evident at
year 1 and persisted over the first 24 months. However, the benefit of a OMM kidney in the
more than 20% PRA group did not reach statistical significance (P=0.17) primarily because
of graft losses between years 2 and 3.
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Discussion

The results of this single-center study confirm the superiority of the OMM shipped-in kidney
transplant over a locally procured, more than OMM organ as reported previously (7, 8, 10,
11). Although kidney transplant recipients at our center benefitted overall from the
mandated sharing of HLA OMM Kkidneys, a short-term follow-up (<3 years) might lead to
the false conclusion that the main benefit lies in the HLA-sensitized patient population
because clear differences were observed early on in that subgroup when kidneys of
comparable age and donor quality were compared (Fig. 3D). However, with longer term
follow-up, a lasting benefit from the 0 HLA-MM shipped-in kidney transplant program was
clearly strongest in high PRA rather than low PRA recipients. This raises important
questions regarding the recent UNOS policy change from mandated sharing of all OMM
kidneys to sharing for HLA-sensitized and pediatric recipients only.

Two mechanistic questions that arise from this retrospective analysis are as follows: (1)
what factors limit the long-term acceptance of the HLA-A,-B, and -DR OMM kidney in the
highly sensitized patient?; and (2) to what can we attribute the lasting benefit of the OMM
shipped-in kidney transplants in the non-HLA-sensitized patient?

The first question is perhaps the easiest to address. It is now well established that the graft
survival of the HLA-identical sibling kidney transplant may be limited in HLA-sensitized
recipients by sensitization to non-HLA (e.g., MIC-A, MIC-B, minor H) antigens (15, 16).
Sensitization to minor H antigens may have occurred at the T-cell level and, therefore, might
be expected to take its toll in late graft losses in an immunosuppressed recipient. In addition,
some HLA-specific B cells may play a role in the late demise of the OMM transplant in the
HLA-sensitized recipient. For example, because the typing of DP or DQ was never
considered as a part of the UNOS “OMM?” criteria, antibodies to these HLA antigens, if
present, might still be able to find a target in HLA-A, -B, and -DR 0MM donors,
compromising graft survival.

The second question is perhaps the most intriguing one. The simplest explanation is that,
with no HLA-A, -B, or -DR mismatches, de novo exposure to mismatched HLA epitopes is
reduced or eliminated, and with it the problem of HLA antibody production and humoral
rejection. A second possibility is that T-regulatory (Treg) cells are more readily induced and
function much more effectively in a setting of 0 HLA MM. Naturally arising CD4* CD25*
Foxp3* Tregs, trained to recognize tissue antigens in the context of “self” HLA-DR/-DQ/-
DP alleles and suppress T-effector responses to tissue antigens, would be able to recognize
the same HLA class Il/peptide complexes on both recipient and donor-derived antigen-
presenting cell. Thus, HLA class Il matching would be expected to more effectively activate
the host CD4* Treg cell response to both donor and tissue or self antigens exposed during
the transplant procedure, thereby promoting allotolerance and preventing autoimmunity
(17-19). Additional matching for HLA class I could be expected to promote CD8 Treg cells
specific for minor H antigens (20). These predictions are consistent with the more than 50%
incidence of T-cell-mediated, donor-specific regulation (DSR) in recipients of HLA 0 DR-
mismatched transplants from a deceased donor, in contrast to the low (<15%) incidence of
DSR in recipients of HLA 2 DR-mismatched kidney allografts (21). Preliminary analysis of
regulation in 11 recipients of OMM kidney transplants using the transvivo delayed type
hypersensitivity assay confirms a high incidence (55% 6 of 11) of DSR in these patients
(Jankowska-Gan E and Burlingham W, unpublished). Thus, in addition to limiting the
number of alloreactive T- or B-cell clones capable of recognizing the donor, a HLA-OMM
promotes “dual recognition”—T-cell clones capable of recognizing ligands “directly” on
donor cells and “indirectly” as processed peptides on recipient antigen-presenting cell (22).
Treg cells genetically engineered for such dual allorecognition have recently been shown to
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have superior capacity to control allorejection and induce tolerance in a mouse heart
transplantation model (23). However, it should be emphasized that regulation and tolerance
can also occur in the absence of HLA matching (24); matching simply increases its
incidence.

The distant donor organ must be shipped before transplantation, but in this study, as has
been reported previously for multicenter analysis (11, 25), the increase in total preservation
time over local organs is in the order of only 1 to 2 hr. There are a variety of tests that must
be performed before the transplant, which also retard the speed with which the surgeon can
transplant the locally procurred kidney; it should also be noted that surgical teams and OPOs
are more confident in their organ preservation methods because of major advancements in
preservation research during the past 23 years (26). These considerations may help to
explain why there was no difference in graft survival attributable to increased total
preservation time, in univariate (Fig. 2) or in multivariate (Table 2) analysis. The results of
multivariate analysis, showing a benefit of increased recipient age but no significant
negative impact of donor age (a factor that was highly significant (P<0.001) in univariate
analysis; Munoz del Rio A and Burlingham W, unpublished), replicates earlier findings on
locally procured primary renal transplants at the UW-Madison (27).

One of the main sources of resistance against sharing of kidneys is derived from the belief
that shared kidneys are selected for sharing because they are of inferior quality. As shown
by the comparison of donor age between locally procured and shipped kidneys (Fig. 3), our
OPO has exercised the option of selecting only the “best” kidneys offered from other OPOs.
Indeed, any center had the option of turning down offers of shipped-in kidneys that did not
meet their standards.

In summary, the findings of this single-center study uphold previous multicenter studies
showing a significant graft survival benefit of shipped OMM kidney transplants, an effect
that was strongest in nonsensitized individuals. Because the program of mandated sharing of
OMM kidneys has been discontinued in all but the HLA-sensitized and pediatric cases, what
can individual transplant centers do to maximize graft survival? Locally procured kidney
transplants benefit from HLA-DR matching (or a DR-OMM) (21, 27, 28), an option much
more readily achieved than a full HLA-A, -B, and -DR-OMM within a given OPO.
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Figure 1.

Graft survival of 0-mismatched (OMM) shipped versus a local more than OMM kidneys at
the University of Wisconsin, Madison, from 1993 to 2006. (A) All patients. Patients
received a OMM shipped (n=264; black line) or a local >0MM (n= 1339; gray line) kidney
transplant from a deceased donor. Individual graft survival time points are indicated by
vertical marks on survival curves. Log-rank P=0.002; number of patients at risk for rejection
over time are indicated on this and subsequent figures. (B) Nonsensitized patients only.
Patients with less than 20% panel reactive antibodies (PRA) at the time of transplant
received a OMM shipped (n=171; black line) or a local >0MM (n=1101; gray line) kidney
transplant from a deceased donor. Log-rank P value=0.0005. (C) Sensitized patients only.
Patients (=20% PRA) received a OMM shipped (n=92; black line) or a local more than OMM
(n=233; gray line) kidney transplant from a deceased donor. Log-rank P=0.583 (not
significant).
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Figure 2.

Graft survival of local versus shipped in human leukocyte antigen-mismatched kidney
transplants at the University of Wisconsin, Madison, from 1993 to 2006—all patients.
Patients received a >0-mismatched (>0MM) shipped “payback” (n=92; black line) or a local
>0MM (n=233; gray line) kidney transplant from a deceased donor. Log-rank P=0.235 (not
significant).
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Figure 3.

Analysis of donor age-matched, standard criteria donor (SCD) kidney transplants: impact of
0-mismatched (OMM) shipped versus local more than OMM kidneys. The impact of shipped
OMM versus local more than OMM is early but short-lived in high PRA and delayed but
long lasting in low panel reactive antibodies (PRA) recipients. (A) Donor age distribution—
local versus shipped-in (SCD) kidneys. Wilcoxon P =0.0005. (B) Donor Age distribution of
2:1 age-matched (local: shipped-in) kidneys. Wilcoxon P=0.9426 (not significant). (C) Graft
survival plot of OMM shipped versus more than OMM local donors (2:1 age matched; n=187
local, 98 shipped) transplanted in nonsensitized (<20% PRA) recipients. Log-rank P=0.007.
(D) Graft survival plot of OMM shipped versus more than OMM local donor kidneys (2:1
age matched; n=77 local, 40 shipped) transplanted in highly sensitized (=20% PRA)
recipients. Log-rank P=0.169 (not significant).
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TABLE 2
Cox multivariable analysis of risk factors for graft loss

Variable? Hazard ratio ~ 95% Cl P
Payback vs. local >~0MM 0.888 0.64-1.24 0.48
Shipped OMM vs. local >0MM 0.718 0.55-0.95 0.019
DCD vs. DBD 0.926 0.77-1.10 0.45
Donor age (yr) 1.007 0.99-1.03 0.52
Recipient age (yr) 0.951 0.92-0.98  0.002
Transplant No. 1.128 0.95-1.34 0.17
Peak PRA (CDC) 1.005 1.001-1.008 0.005
Cold storage time (hr) 1.008 0.99-1.02  0.16
Total preservation time(hr) 0.996 0.98-1.009 0.53
Nondiabetic vs. diabetes mellitus® 0.661 0.54-0.805  <0.001
Recipient race: other vs. white 1.261 1.012-1.570 0.041
Donor race: other vs. white 0.841 0.590-1.198 0.34
Recipient BMI (kg/m?) 1.012 0.997-1.028 0.12
ESRD duration (mo) 0.995 0.987-1.003 0.21
CNI, cyclosporine vs. none 0.323 0.26-0.402  <0.001
CNI, tacrolimus vs. none 0.358 0.279-0.459 <0.001
Transplant year 1.001 0.966-1.039  0.92

bIncludes both types 1 and 2 diabetes.
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a“A vs. B” should be interpreted as hazard ratio of A relative to B.
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Cl, confidence interval; 0OMM, 0-mismatch; DCD, donation after cardiac death; DBD, donation after brain death; PRA, panel reactive antibodies;
CDC, complement-dependent cytotoxicty; BMI, body mass index; CNI, calcineurin inhibitor; ESRD, end-stage renal disease.



