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Abstract

Background—The waiting time for deceased donor renal transplantation in the United States
continues to grow. Retransplant candidates make up a small but growing percentage of the overall
transplant waiting list and raise questions about the stewardship of scarce resources. The utility of
renal transplantation among individuals with two prior renal transplants is not described in the
literature and we thus sought to determine the survival benefit associated with a third kidney
transplant (3KT).

Methods—Multivariable Cox regression models were created to determine characteristics
associated with 3KT outcomes and the survival benefit of 3KT among recipients wait listed and
transplanted within the United States between 1995 and 20009.

Results—4,334 patients were waitlisted for a 3KT and 2,492 patients received a 3KT. Ina
multivariate analysis, 3KT demonstrated an overall patient survival benefit compared to the wait
list (HR-0.379, C1=0.302-0.475 p<0.001) for those awaiting their first, second or third kidney
transplants, although an inferior graft outcome compared to first kidney transplants. The time to
survival benefit did not accrue until 8-months after transplant. Additionally we found that the
duration of second graft survival was predictive of third graft survival, such that second graft
survival beyond 5 years is associated with superior 3KT graft survival. Second graft loss in 30
days or less was not associated with inferior 3KT graft survival.

Conclusion—3KT achieves a survival benefit over remaining on the wait list, although is
associated with inferior graft outcomes compared to first kidney transplants. Graft survival of the
second transplant beyond 5 years is associated with superior 3KT graft survival.
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Introduction

Results

Successful kidney transplantation improves quality of life and increases survival in patients
with end-stage renal disease (ESRD), as compared with long-term dialysis treatment (1).
Short-term graft survival has significantly improved over the past two decades while long-
term graft survival has been more static. Consequently renal allograft failure has become
one of the most common causes of ESRD and an increasing number of patients are being
relisted and re-transplanted after an initial failed kidney transplant (2-5). Repeat
transplantation confers a survival advantage to patients over dialysis and has graft survival
approaching primary transplants in selected candidates (6-10). However the modest decrease
in graft and patient survival in second transplant recipients has generated unease within the
transplant community about overall utility and resource allocation in repeat renal
transplantation (2, 6, 11-16). Given the current shortage of renal allografts and the fact that
kidney transplant failure is becoming one of the primary indications for kidney
transplantation generally, these concerns will likely only increase with time as more repeat
transplant recipients are listed. While the utility of a second kidney transplant has been
addressed by previous studies, the utility among individuals with two prior kidney
transplants is unknown. In this study we report the outcome of 2,492 third kidney transplants
(3KT) performed in the US over a 15-year period. The aim of the study was to assess the US
experience in 3KT in both decease and living donor kidney transplant, determine the long-
term outcome of 3KT, to identify the factors associated with 3KT long-term survival and to
determine the survival benefit of a 3KT.

Yearly Number of 3KT Remain Steady Although 3KT Waitlist Additions Continue to

Increase

4,334 candidates were listed for a 3KT with a median wait time of 624 days (0-5,234).
Figure 1 summarizes the patient selection. Table 1 summarizes the recipient data and table 2
summarizes the donor data. The data for 3KT and their prior (second) transplant are well
captured by the UNOS dataset, however the data for their first kidney transplant is very
poorly captured by the UNOS dataset, with 69% of the data missing, as a significant number
of these transplants occurred before the initiation of UNOS data collection in 1988. As a
point of comparison for the study, we included all patients who received their first kidney
transplant data during the same study time period in Table 1. 2,492 patients received a 3KT;
26.4% (659) from living donors and 73.6% (1833) from deceased donors. The yearly
number of 3KT performed each year has remained relatively steady over the study period
(Figure 2a), making up approximately 1% of transplanted patients, despite a significant
increase in patients seeking a 3KT over the study period (Figure 2b).
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Recipients Of A 3KT Are Younger and More Sensitized

The mean age of a third transplant recipient was younger (39.0 = 12.3) than someone
obtaining a first transplant over the same 15-year study period (44.4 £ 15.5). It is likely that
many of these patients were children or adolescents at the time of their first transplants but
these data are too incomplete for thorough analysis. The recipients of a 3KT were more
highly sensitized at the time of 3KT than they had been at the time of their second transplant
(average peak PRA of 57.0% verses 37.9% respectively, p<0.001), and compared to the pool
of patients waiting for their first transplant (57.0% vs. 11.3%). Those waiting for a 3KT
were even more sensitized (average peak PRA of 64.6%) than those that were successfully
transplanted with a 3KT (57.0%). Additionally, a greater proportion (49.0%) of those on the
wait list for a 3KT were highly sensitized (PRA =80%), compared to those that were
successfully transplanted with a 3KT (36.2%, p<0.001).

African-American Patients Comprise A Reduced Proportion Of 3KT Recipients

33% of the first time kidney waitlist were African American compared to only 22% that
were awaiting a 3KT (p<0.001). Furthermore only 17.8% of 3KT recipients were African-
American compared to 23.8% of all first time kidney recipients (p<0.001). African-
American patients seem to be more highly sensitized, which may be a reason for this
disparity. A high degree of sensitization (PRA =80%) was more common among African-
American patients (66.2%) than white patients (48.7%) on the 3KT waitlist. Whether this
causally led to a decrease in the proportion of African-American patients that were
successfully transplanted a third time is not determinable. Another possible explanation for
this decrease in transplant rate for 3KT for African-Americans seems to be the
underutilization of living donors: with only 16.7% of African-American 3KT recipients
receiving living donors where as 28.6% of white 3KT recipients received living donors
(p<0.001).

3KT Had A Significantly Higher Rate of Early Graft Loss, Higher Rate of DGF, and Reduced
5-Year Graft Survival Than Those Receiving Their First Kidney Transplant

The overall 5-year graft survival was found to be 69.9% for deceased donor and 79.2% for
living donor third transplants. This is reduced compared to those that received a first kidney
transplant over the same study period: 75.9% for deceased donor and 86.1% for living donor
first kidney transplants. There was a significant increase in early (<30d) graft loss for 3KT
over those patients who underwent their first kidney transplant, 9.2% vs. 3.2% (p<0.001).
When adjusting for these early graft losses the 3KT graft survival improves but does not
equate to the first kidney graft survival — it is 73.6% for deceased donor and 82.5% for
living donor 3KT. A multivariate analysis demonstrated a significantly worse 5-year
survival over first kidney transplants for both deceased (HR 1.42, Cl 1.25 — 1.69, p<0.001)
and living donors (1.76, ClI 1.18-2.59, P=0.005). Here the degree of HLA matching, donor
and recipient age, race, ECD and DCD status, DGF, and peak pra were also associated with
graft survival. The incidence of delayed graft function was higher in 3KT deceased donor
recipients - 33.2% compared to 23.9% for first kidney deceased donor transplants, p=0.002.
Interestingly the rate of DGF was nearly twice that for 3KT living donors compared to first
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kidney living donor transplants, 7.0% vs. 4.5%. These increased rates could also have
contributed to a slightly worse 5-year graft survival.

Deceased Donor 3KT Have an Inferior KDPI/KDRI than First Kidney Transplants

We hypothesized that a rationale for inferior deceased donor 3KT graft survival and
increased rates of delayed graft function was due to inferior deceased donor graft quality for
3KT. We therefore calculated the KDPI/KDRI for deceased donor kidneys for 3KT and first
kidney recipients. Surprisingly the KDPI/KDRI for 3KT was significantly better than for
first kKidney transplants. The mean KDPI/KDRI for 3KT was 31%/0.895 (sd 0.276) vs. 48%/
0.979 (sd 0.330) for first kidney transplants (p<0.001). The KDPI/KDRI of the second
transplant for those patients awaiting a 3KT was not statistically different from those
awaiting a first transplant, 48%/0.980 (sd 0.32) vs. 48%/0.979 (sd 0.330), p>0.05).

Second Graft Survival is Predictive of 3KT Graft Survival for Both Living and Deceased

Donors

In a multivariable analysis second graft survival was associated with 3KT graft survival for
deceased donor kidneys (Figure 3a). Second graft survival of > 5 years was associated with
significantly better 3KT graft survival than second graft survival of <5 year graft survival.
Second graft survival < 30 days was not significantly predictive of 3KT graft outcome likely
because it was reflective of technical complications, p=0.33. Degree of HLA matching,
donor age, ECD status, DGF and peak pra were also associated with 3KT graft survival for
deceased donor kidneys. Similarly, graft survival for recipients of a living donor 3KT was
also associated with second graft survival (HR 1.63 CI 1.02-2.48 p=0.03 for second graft
survival of >30d and < 5 yr compared to second graft survival of >5yr). As found in the
deceased donor analysis graft loss in 30 days or less did not indicate a worse graft 3KT graft
survival. Here peak PRA, DGF and degree of HLA matching were associated with 3KT
living donor graft survival.

3KT Provides A Survival Benefit Over The Waitlist

To assess overall patient survival, the patient survival for a 3KT was compared to the
waitlist survival for those that were waiting for a 3KT. We also compared 3KT survival to
those waiting for their first and second kidney transplants to see if any differences in
survival could be seen. In a multivariate analysis, 3KT demonstrated an overall patient
survival benefit compared to the wait list (HR-0.379, C1=0.302-0.475 p<0.001) for those
awaiting their first, second and third kidney transplants (Figure 3b). When comparing the
survival benefit of those receiving a 3KT to those on the waitlist a statistically significant
survival benefit did not occur until 8 months post-transplant. Importantly a survival benefit
for 3KT was observed irrespective of the length of survival of the second transplant.

Discussion

Over time a large proportion of renal transplant recipients will face the prospects of allograft
loss. For such patients, repeat transplantation provides better long-term survival and
improved quality of life compared to remaining on dialysis, although these studies have only
focused on second transplants (17-19). We herein report the analysis of the UNOS
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experience evaluating outcomes of 3KT and we demonstrate that in selected patients, a third
kidney transplant provides significant patient survival advantage over the waitlist while
offering a slightly reduced graft outcome compared to first kidney transplants. Early graft
loss was significantly higher in 3KT recipients and is one likely cause of inferior graft
survival. Transplantation of a 3KT can pose certain surgical challenges. A repeat operation
into a previously used or nearby site is inherently more complicated secondary to
development of scar tissue and availability or quality of recipient vessels. This may yield
higher complication rates, including bleeding, vascular thrombosis, adjacent organ injury,
and perioperative infections. These data are poorly captured by UNOS; however, surgical
complications may contribute to early graft loss. These patients also by definition have
prolonged exposure to immunosuppression medication, complicating their operative and
postoperative course. Our data does show that 9.2% of grafts were lost in less than 30d. This
is significantly higher than the early graft loss seen in patients undergoing their first kidney
transplant during the same study period, 3.2% (p<0.001). These added surgical risks likely
contribute to the overall modestly worse graft outcomes. When adjusting for these early
graft losses, 3KT graft outcomes are still significantly worse than first kidney transplants.
Other reasons for disparate outcomes are potentially due to the increased rates of DGF in
3KT, and the fact that 3KT recipients are more highly sensitized than recipients of first or
second renal transplants. We know that there are both recipient and donor factors at play in
the development of DGF. The increased rate of DGF seen here in 3KT likely is being driven
by recipient factors — like increased immunologic sensitization as indicated by the higher
PRA, rather than donor factors like kidney quality since the KDPI/KDRI for 3KT actually
suggests higher quality of kidneys being used for 3KT overall.

We acknowledge that a selection bias likely exists in this 3KT graft outcome analysis. First,
these patients that received a 3KT were younger than those that received their first kidney
transplant (39.0 yo vs. 46 yo to <0.001). This implies that a lot of these patients likely
received their first transplant when they were much younger - i.e. in childhood or
adolescence - although 69% of the data on 3KT's first transplant is poorly captured by
UNOS. It is known that adolescence patients tend to have a poorer post transplant graft
survival — typically due to noncompliance. ypically due to noncomplianceWas it worse
compliance that led to a 3KT or something else? Did they get poorer quality kidneys at the
time of their first and/or second transplants, did they have worse disease processes, or is
their immunology more unfavorable. It does not appear to be poorer second kidney quality
since the KDRI was comparable to all first kidney transplants, 0.980 (sd 0.32) vs. 0.979 (sd
0.330), p>0.05). To get a 3KT, by definition, you have had two graft failures, which may be
selecting for patients with shorter graft outcomes or worse disease processes - thus
suggesting a worse graft survival in these selected patients.

Our finding that second graft survival informs 3KT survival provides some context to this.
We demonstrate that second kidney graft survival of at least 5 years predicts superior 3KT
survival, whereas second graft survival of < 5 year graft survival predicts inferior 3KT
survival. Second graft survival < 30 days was not significantly predictive of 3KT graft
outcome likely because it was reflective of technical complications - which apparently can
be overcome on subsequent transplant attempts. This suggests what many clinicians already
know: that multiple recipient factors affect outcomes. Such diverse elements as medication
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adherence, primary renal disease, immune system function, and access to care make up a
risk profile for a particular recipient that may in part be improved with appropriate therapy
but which overall connotes a profile of increased risk of graft loss that may span more than
one transplant for a given recipient.

Despite these additional risks and inferior graft outcomes, a 3KT provides a survival
advantage over the waitlist. This survival advantage does not appear to be statistically
significant until 8 months, which is similar to what was reported by Wolf et al for recipients
of first kidney transplants (1). Although this analysis was adjusted, a selection bias also
likely does exist. Patients that received a 3KT were younger (39 yo vs. 42 yo, p<0.001) and
healthier (54% diabetic vs. 67%) than those that remained on the waitlist for a 3KT.
Additionally, this analysis can study only those patients at least placed on the waiting list for
a 3KT - it is not possible to analyze those patients who were seen and evaluated for a 3KT
but deemed not to be a candidate for a 3KT. It stands to reason that these 3KT listed and
transplanted patients represent a highly selected group of potential 3KT recipients and these
highly selected patients may experience superior outcomes from 3KT than can be
attributable to 3KT if applied to all patients without careful patient selection. Those patients
with poor second transplant outcomes tended to have less favorable 3KT outcomes and this
should raise caution regarding 3KT for this group from a utility perspective, although there
was still demonstrable survival advantage of 3KT even in this higher risk group.

Our data also highlights that a lower proportion of African-American patients are listed for
and are transplanted with a 3KT relative to first kidney waitlist additions. First transplant
outcomes analysis shows that this is not due to lesser rates of first and second transplant
graft failure in African-American patients, in fact they suggest higher graft loss if any(11,
20, 21). African-American patients were more highly sensitized and had fewer living donor
transplants, which could make it more difficult to get a 3KT. However why a smaller
percentage of African-Americans were waitlisted for a 3KT is not clearly identified by this
data. We can speculate that since African-American patients tend to be referred later for first
transplants and transplanted after more exposure to dialysis than white patients (22) it is thus
conceivable that by the time they have lost two kidney transplants they have accumulated
enough health problems to be deemed unfavorable 3KT candidates. Improving early access
to first transplantation and minimizing health care access disparities may in time diminish
the racial disparities in 3KT.

Lastly, when comparing those waiting for a 3KT and those successfully undergoing a 3KT it
is clear that those patients waiting are more highly sensitized (average peak PRA is 64.6%
versus 57.0%, p<0.001). Obtaining a compatible graft could be a barrier for these patients
awaiting a 3KT. These highly sensitized retransplant patients may have improved
opportunities to attain a 3KT with increased transplant rates of sensitized patients after
adoption of virtual crossmatching, with improved desentization protocols, or via access to
national and local kidney exchanges — each of these developments may be too recent to be
adequately captured here. New allocation guidelines will give access to regional and
national offers for patients with PRA of 98% and above but this should be a minority of
even 3KT patients (25%).
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This study has some limitations, including the utilization of the UNOS data set, which has
well defined data in some areas but some areas where data is less reliable such as rates of
rejection particularly after the first year after transplant and attributed factors leading to graft
loss. Furthermore we do not know which 3KT recipients had multiple ipsilateral transplants,
which could account for increased surgical risk potentially translating into higher early graft
loss. Furthermore we have sparse data on perioperative complications, blood loss, vascular
problems, length of operation, length of stay, and readmissions. This can be very relevant in
the light of 3KT. Also as mentioned above a selection bias likely confounds this analysis
and this data supports the careful selection of 3KT recipients and the benefits of 3KT may
not accrue to all potential 3KT recipients. Patients with the longest first and second graft
survival time and therefore the best outcomes may not be included in this group due to the
25-year maximum time horizon of the UNOS data set.

In conclusion this study supports the continued use of 3KT because it provides a survival
advantage over the waitlist with acceptable graft survival, albeit reduced, compared to first
kidney recipients. It is clear that there are disparities between 3KT listed and transplanted
patients compared to those listed for a first transplant and these may represent discrepancies
in access to care, particularly among African-American recipients. Earlier referral and
transplantation at each stage in the process may be an opportunity to narrow these
differences. The favorable results of 3KT are likely to be in part attributable to careful
patient selection and should not be used in isolation to justify broader application of 3KT for
patients substantially more complex than those who have received 3KT in the past.

The study is a retrospective cohort analysis of kidney recipients between 1995 and 2009
using OPTN registry data from UNOS. Patients were identified as having received a 3KT or
been waitlisted for a 3KT. Multiple organ transplant recipients were excluded. Time to
allograft loss was calculated from transplantation until the date of allograft loss reported to
UNOS. Time to waitlist death was calculated from waitlist start date to patient death
reported to UNOS. Multivariable Cox regression models were constructed to compare 3KT
graft loss between patients who had a second kidney survival time of > 5 years, >30d-5yr
and < 30d. Variables deemed to be clinically significant or nominally associated with the
outcome (p<0.10) in univariate analysis were entered into the multivariable model. This
model included the following covariates: recipient and donor age and race, hypertension,
extended criteria donor (ECD) and donation after cardiac death (DCD) status (for deceased
donor analysis only), peak panel reactive antibody (PRA), transplant year, delayed graft
function (DGF), degree of HLA match, and cold ischemic time. Multivariable Cox
regression models were constructed to compare 3KT patient survival after transplant to
patients who remain on the waitlist. In our primary analyses, multivariate models were
constructed using patients with complete data. In order to demonstrate that eliminating
patients with incomplete data did not significantly affect the primary relationships of
interest, we conducted sensitivity analyses with multiple imputation of missing covariates
for variables missing greater than 5 percent of data. Sensitivity analyses were performed in
which missing values for PRA and cold ischemic time were imputed using values
corresponding to the 90%, 10%, and mean among patients who did have data for these
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variables. These secondary analyses demonstrated similar results as the primary analyses
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