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Abstract

Older compatible living donor kidney transplant recipients (CLDKT) have higher mortality and
death-censored graft failure compared to younger recipients. These risks may be amplified in
older incompatible living donor kidney transplant recipients (ILDKT) who undergo desensitization
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and intense immunosuppression. In a 25-center cohort of ILDKT recipients transplanted between
September 24, 1997 and December 15, 2016, we compared mortality, death-censored graft failure
(DCGF), delayed graft function (DGF), acute rejection (AR), and length of stay (LOS) between
234 older (age=60) and 1172 younger (age 18-59) recipients. To investigate whether the impact
of age was different for ILDKT recipients compared to 17,542 CLDKT recipients, we used

an interaction term to determine whether the relationship between post-transplant outcomes and
transplant type (ILDKT vs. CLDKT) was modified by age. Overall, older recipients had higher
mortality (HRZ 1.632.072 65, p<0.001), lower DCGF (HRZ 0.360.530.77, p:0.001) and AR (ORZ
0.390.54¢ 74, p<0.001), and similar DGF (ORZ 0.461.035 33, p:0.9) and LOS (|RRZ 0.880.981 10,
p=0.8) compared to younger recipients. The impact of age on mortality (interaction p=0.052),
DCGEF (interaction p=0.7), AR interaction p=0.2), DGF (interaction p=0.9), and LOS (interaction
p=0.5) was similar in ILDKT and CLDKT recipients. Age alone should not preclude eligibility for
ILDKT.

Keywords

HLA-incompatible; living donor; kidney transplantation; older; outcomes; clinical research/
practice

INTRODUCTION

Over the past decade, there has been a 79% increase in the number of older kidney
transplants recipients 1. Like younger transplant candidates, older candidates are also
subject to the current organ shortage and therefore, need to pursue all potential avenues to
transplantation. For older adults who present with a willing, but incompatible living donor,
incompatible living donor kidney transplantation (ILDKT) may be one potential avenue.
Given the rigorous desensitization and immunosuppression protocols that accompany
ILDKT 24, these individuals will have to weigh the potential additional risks associated
with ILDKT.

Previous single center studies have demonstrated that ILDKT recipients have a 2.6-fold
higher risk of graft loss ° as well as higher 5-year death-censored graft failure (88.0%

vs. 70.7%) ® compared with CLDKT recipients. A multicenter study by Orandi et al.
demonstrated that ILDKT recipients of moderate and high antibody strength had 1.6- to
5-fold higher risk of all-cause graft loss and 2 to 4.6-fold higher risk of mortality compared
to CLDKT recipients /. ILDKT may be especially challenging in older recipients due to
age-specific risks, such as a higher prevalence of comorbidities and immunosenescence 810,
in combination with ILDKT-specific risks.

Although there have been several studies that detail the increased risks that ILDKT
recipients face, the risk profile of older ILDKT recipients has not been studied. Quantifying
the risk profile of older ILDKT recipients would inform decision-making and patient
counseling for older transplant candidates with incompatible living donors. To study this, we
used a multi-center cohort linked to national registry data to compare post-ILDKT outcomes
in older recipients to those in younger recipients and older CLDKT recipients to determine
whether the impact of age is amplified in ILDKT recipients.

Am J Transplant. Author manuscript; available in PMC 2024 December 01.
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METHODS

Data Source

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The
SRTR data system includes data on all donor, wait-listed candidates, and transplant
recipients in the US, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN). The Health Resources and Services Administration
(HRSA), U.S. Department of Health and Human Services provides oversight to the activities
of the OPTN and SRTR contractors. This data has been previously described elsewherell,

Study Population Definition

We included adults (=18 years; older recipients =60 years) who received a kidney-only
transplant from HLA-incompatible living donors at 25 transplant centers across the United
States from September 24, 1997 through December 15, 2016. The transplant centers were
identified based on a previous survey conducted by the senior author on ILDKT practice

12 'which identified and invited all centers that performed at least one ILDKT. Based on
this survey, medical and surgical directors were contacted to participate and provide ILDKT
data.

We defined ILDKT recipients as those undergoing perioperative desensitization therapy

for DSA prior to transplantation, as previously described. Briefly, all participating
transplantation centers classified their ILDKT recipients by low, moderate, or high levels of
DSA, which corresponded to positive Luminex -negative flow crossmatch (PLNF), positive
flow - negative cytotoxic crossmatch (PFNC), or positive cytotoxic crossmatch (PCC),
respectivelyl3. Some centers performed actual cell-based crossmatches, whereas others
performed virtual crossmatches based on semi-quantitative DSA strength on solid-phase
assays. Despite the variation in results of these assays and between each laboratory, each
center’s established mean fluorescence intensity benchmarks equated to the three categories
evaluated in the present study.

Each center’s MFI benchmarks were equated to the crossmatch categories reported in

this study. This categorization was described based on Johns Hopkins mean fluorescence
intensity (MFI) categorizations where MFI of 1000 have been considered Luminex
positive, MFI values 2000-20,000 resulted in a positive flow crossmatch, and =210 000
MFI was associated with PCC on phenotype panels ‘. Significant variation in the results of
solid-phase assays within and especially between laboratories has been previously reported
and characterized 1415, In view of the minimal risk associated with ABO-incompatible
transplantation, patients who required both HLA and ABO barriers to be crossed (6.1% of
ILDKT recipients) were categorized based on their DSA strength.

To understand how the risks of our outcomes varied in relation to CLDKT, we identified all
recipients who received kidney-only transplants from compatible living donors at the same
centers and time period (i.e. when each center was performing ILDKT) as their ILDKT
counterparts. This study was approved by the Johns Hopkins University Institutional Review
Board.

Am J Transplant. Author manuscript; available in PMC 2024 December 01.
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Given the length of the study period, which includes a period of time when ILDKT was not
routinely performed (1997-2001), we have quantified the number of ILDKT’s performed
over time and conducted a sensitivity analysis excluding these first few years to ensure our
findings were robust (Supplemental Figure). The inferences of our analyses were unchanged.

Data Linkage

Data on ILDKT recipients provided by the participating transplant centers were linked

to the SRTR for reliable ascertainment of outcomes, such as graft loss and death. The

SRTR supplements death ascertainment through linkage to the Social Security Death Master
File and death and graft loss ascertainment through linkage to data from the Centers for
Medicare & Medicaid Services (CMS).

Outcomes After ILDKT

Mortality and Death-Censored Graft Failure—Patients were followed from date

of transplant until date of death (or graft failure), or date of administrative censorship

on September 1, 2019, whichever came first. Death-censored graft failure (DCGF) was
defined as re-transplantation or return to dialysis. We compared the cumulative incidence
of mortality and DCGF in older ILDKT to that of younger ILDKT recipients with Kaplan-
Meier methodology using log-rank tests and Cox regression. Outcomes were also stratified
by age and DSA strength (Supplemental Table, Table S1).

Delayed Graft Function, Acute Rejection, and Length of Stay—Delayed graft
function (DGF) was defined as the need for postoperative dialysis within 7 days after
transplantation, as collected by the OPTN. Acute rejection (AR) was defined as an AR
event that occurred within the first year of transplant as reported by individual centers to
the OPTN, which have been previously described elsewhere 12 Length of stay (LOS) was
defined as transplant date until date of discharge. We used logistic regression to evaluate
DGF and AR, and negative binomial regression to evaluate LOS in older ILDKT versus
younger ILDKT recipients. Models were adjusted for sex and race. Outcomes were also
stratified by age and DSA strength (Table S1).

DSA Strength and Interactions for DCGF, Mortality, DGF, Acute Rejection,
and LOS—Among ILDKT recipients, we tested for effect modification by DSA strength
to determine if the association between age and post-ILDKT outcomes varied by DSA
strength. We repeated the analyses above including an interaction term between DSA
strength and age. Outcomes were also stratified by age and DSA strength (Table S1).

Interaction between Age and ILDKT

Using an interaction term, we tested whether ILDKT modified the association between age
and post-transplant outcomes (mortality, DCGF, DGF, AR, and LOS) when compared to
CLDKT. That is, we tested whether older ILDKT recipients were at even higher risk of poor
post-transplant outcomes compared to older CLDKT recipients. Models were adjusted for
recipient (sex, race, body mass index [BMI], cause of ESRD, peak c/panel reactive antibody
[c/PRA], number of previous transplants, and years on dialysis), donor (LD KDPI), and
transplant characteristics (human leukocyte antigen [HLA] mismatch and cold ischemia time
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[CITY). Multiple imputation by chained equations with 10 imputations over 100 iterations
was used to handle missing data 18; missingness ranged from 0.7%-25.5%. As a sensitivity
analysis, we limited our definition of ILDKT to include PFNC and PCC recipients to ensure
robustness of our findings; inferences were consistent with our main analyses.

Statistical Analysis

RESULTS

Patients for whom outcomes data could not be ascertained were excluded from analyses
(DGF: N=1[0.005%], AR: N=205 [1.1%], LOS: N=23 [0.1%]). To account for within
center clustering of outcomes, a Huber-White sandwich estimator was used for all models.
Confidence intervals were reported as per the method of Louis and Zeger 17. All analyses
were performed using Stata 16.0/MP 18,

Study Population

We identified 1172 younger and 234 older ILDKT recipients from 25 transplant centers.
Among older ILDKT recipients, 34.2% (vs. 25.3% for younger) were PLNF, 44.9% (vs.
49.7%) were PFNC, and 20.9% (vs. 25.1%) were PCC (p=0.02) (Table 1). The median

age of older ILDKT was 64 years (interquartile range, IQR: 61-69) compared to 42 years
(IQR: 33-50) for younger ILDKT. Compared to younger ILDKT, older ILDKT were more
likely to be female (73.9% vs 62.1%, p<0.001) and less likely to be Black (9.0% vs

18.7%, p<0.001). Older ILDKT were less likely to have ESRD due to glomerular diseases
(19.0% vs 39.0%), 100% peak cPRA (6.4% vs. 10.7%), =2 previous transplants (1.3% vs.
7.3%), and more likely to be preemptively transplanted (32.5% vs 20.5%) compared to their
younger counterparts (p for all<0.001) (Table 1). Compared to younger ILDKT, those who
were older were more likely to receive transplants from older donors (median age, [IQR]; 44
[37-54] vs. 40 [30-49] years, p<0.001) and less likely to be related to their donor (42.3% vs.
50.7%, p=0.02)

Mortality and Death-Censored Graft Failure

Older ILDKT had higher 1-year (6.0% vs. 3.7%), 5-year (17.8% vs. 11.8%), and 10-
year (44.0% vs. 25.4%) mortality compared to younger ILDKT recipients (p<0.001)
Figure 1A). This translated into a 2.07-fold higher mortality risk (hazard ratio [HR]:
1.632.075 g5, p<0.001) for older compared to younger ILDKT (Table 2). There was no
statistically significant interaction between age and DSA strength (PFNC: p=0.8; PCC:
p=0.1), indicating that the mortality risk does not differ across levels of DSA strength.

Conversely, older ILDKT had a lower 1-year (2.6% vs. 5.4%), 5-year (10.7% vs. 19.6%),
and 10-year (21.0% vs. 33.7%) DCGF compared to younger ILDKT (p<0.001) (Figure
1B). This translated into a 47% lower risk of DCGF (HR: g 360.53(.77, p=0.001) for older
compared to younger ILDKT (Table 2). There was no statistically significant interaction
between age and DSA (PFNC: p=0.5; PCC: p=0.7), indicating that the risk of DCGF does
not differ across levels of DSA strength.

Am J Transplant. Author manuscript; available in PMC 2024 December 01.
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Delayed Graft Function, Acute Rejection, and Length of Stay

DGF occurred in 5.2% of older ILDKT and 5.6% of younger ILDKT. There was no
difference in the odds of developing DGF (odds ratio [OR]: g 461.035 33, p=0.9) between
older and younger ILDKT (Table 2). There was no statistically significant interaction
between age and DSA (PFNC: p=0.2, PCC: p=0.9), indicating that the odds of developing
DGF does not differ across levels of DSA strength.

AR occurred in 12.8% of older ILDKT and 22.1% of younger ILDKT. This translated

into 46% lower odds of acute rejection (OR: g 390.54¢ .74, p<0.001) for older compared to
younger ILDKT. There was no statistically significant interaction between age and DSA
(PFNC: p=0.4, PCC: p=0.3), indicating that the odds of developing AR do not differ across
levels of DSA strength.

Median LOS was 7 days (IQR: 5-12) for older ILDKT and 6 days (IQR: 4-11) for
younger ILDKT. There was no evidence of difference in LOS (incidence rate ratio [IRR]:
0.880.981 10, p=0.8) between older and younger ILDKT (Table 2). There was no statistically
significant interaction between age and DSA (PFNC: p=0.8, PCC: p=0.5), indicating that
LOS does not differ across levels of DSA strength.

Risk Modification by Age

We then compared post-transplant outcomes of 1,406 ILDKT recipients to that of 17,542
CLDKT recipients to determine whether age was associated with additional risks for post-
transplant outcomes beyond that conferred by ILDKT. Older ILDKT recipients have similar
overall mortality (p=0.4), but higher death-censored graft failure compared to older CLDKT
recipients (p<0.001) (Figure 2). There was no statistically significant interaction between
age and ILDKT status (p for interaction >0.05), indicating that the risks for mortality,
DCGF, DGF, AR, or LOS did not differ with age (Table 2).

DISCUSSION

In this 25-center cohort study on post-ILDKT outcomes and age, older ILDKT recipients
had an increased mortality risk, a lower risk of DCGF, lower odds of developing AR, and
similar DGF and LOS compared to younger recipients post-ILDKT (Table 2). However, the
risk associated with older age did not differ among compatible or incompatible recipients.
Furthermore, the risks of mortality, DCGF, DGF, AR, and LOS among older ILDKT and
younger ILDKT recipients did not differ across levels of DSA. Our findings showed that
despite having increased mortality risk, older ILDKT recipients have comparable outcomes
in terms of DGF and LOS, and better outcomes in terms of risk of DCGF and AR compared
to younger ILDKT recipients and that this risk profile of ILDKT for older recipients is
comparable to that of older CLDKT recipients.

The increased mortality risk we observed in older ILDKT recipients compared to younger
ILDKT recipients is consistent with prior studies in older recipients 1924, For example, a
study using OPTN data has shown that older recipients have lower 5-year patient survival
following living donor kidney transplantation (80.7% vs 94%) and deceased donor kidney
transplantation (DDKT) (67.2% vs 89.6%) compared to younger recipients (3549 years

Am J Transplant. Author manuscript; available in PMC 2024 December 01.
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old) 2. Our findings demonstrated that although older ILDKT recipients have a higher
mortality risk than that of younger ILDKT recipients, in appropriately selected older
recipients, there is no additional risk conferred by age.

Previous studies in CLDKT recipients have also demonstrated that DCGF in older kidney
transplant recipients is lower than younger recipients, after adjusting for patient and donor
characteristics 2226, Our finding of decreased death censored graft failure of older ILDKT
recipients compared to younger ILDKT recipients is consistent with these studies. An
analysis of OPTN data showed that older recipients had a lower risk of DCGF compared

to that of younger recipients post DDKT 22, These results support our findings of 51%
decreased risk of DCGF in older ILDKT recipients compared to younger ILDKT recipients.
Death-censored graft failure allows us to focus on only graft related outcomes by excluding
older recipients who died with a functioning graft. Our findings suggest that overall graft
failure in older recipients is likely influenced by the increased risk of mortality, not
necessarily inherent graft function.

Our finding that older recipients have 43% decreased risk of AR is consistent with previous
studies that showed decreased rates of AR in older recipients 26-28, This decreased rate

of AR could be due to immunosenescence and progressive decline in immune function

due to changes including decreased circulating lymphocytes 2%-32 and changes in cytokine
profiles 32-34. This unique characteristic of older recipients may make ILDKT more
favorable. We also showed that there was no difference in risk of developing DGF in

older ILDKT recipients compared to younger ILDKT recipients, which may explain their
comparable lengths of stay. This finding was also observed by a previous study where older
recipients had similar rates of DGF and length of initial hospital stay compared to that of
younger recipients after compatible DDKT and LDKT 28, These findings support ILDKT in
appropriately selected individuals.

There are some limitations to our study worth discussing. Our cohort consisted of 25
participating transplant centers that may be uniquely different than the national sample of
transplant centers performing ILDKT. Though our study relies on data from 25 centers,
these centers are likely to be broadly representative of ILDKT programs in the country

7. Given the long follow up period of our study, there may be considerable variation

in immunosuppression protocols as the landscape of ILDKT management has changed
from 1997-2016. We also acknowledge that our findings are limited by sample size of
older ILDKT patients and that since 2016, there have been ongoing developing changes
in immunosuppression, clinical care, and growth of kidney paired donation (KPD) that
are not captured by our data. Though there may be variability in treatment and reporting
between centers that this study did not assess, our study’s strength is that it represents the
largest and only study of older recipients compared to younger recipients who received
ILDKT. Another notable point, although we conclude that mortality risk is not impacted
by age given the borderline P value, this should be taken with consideration with respect
to our sample size and limitations to power. Although we leveraged SRTR data for reliable
ascertainment of post-transplant outcomes, the study is also limited by known limitations
of retrospective registry analysis such as granularity of data captured. Information such
as cardiac comorbidities prior to KT and infectious complications following KT are more

Am J Transplant. Author manuscript; available in PMC 2024 December 01.
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granular outcomes limited by registry analysis that can be ascertained in studies moving
forward.

Incompatible living donor kidney transplant requires resources and experience to manage
complex coordination of care. Although the utilization of ILDKT has decreased significantly
due to the ability to identify a compatible donor through KPD and changes to organ
allocation for highly sensitized recipients, the practice of performing ILDKT is still relevant
for centers, both for centers not participating in exchange programs and recipients who
cannot be referred to programs that can offer more extensive exchange options or are
unlikely to identify a compatible donor via exchange due to prohibitive longer waiting times
35, Therefore, understanding the impact of recipient age on patient and graft outcomes of
ILDKT remains relevant. Findings of this study may help physicians and patients better
understand the favorable outcomes associated with ILDKT in older recipients, which may
increase access to transplant.

In conclusion, we found that older ILDKT recipients had an increased mortality risk, a
lower risk of DCGF, and lower odds of developing acute rejection compared to younger
ILDKT recipients. Although older ILDKT recipients have higher mortality, their risk profile
post-ILDKT is comparable or better than that of younger ILDKT recipients. Furthermore,
the risk profile of older ILDKT recipients is equivalent to that of older CLDKT recipients,
therefore age alone should not preclude eligibility for ILDKT. These findings should be
taken into consideration among various patient characteristics when counseling on ILDKT
risks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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aOR adjusted odds ratio

BMI body mass index

CIT cold ischemia time

CLDKT compatible living donor Kidney transplantation

DCGF death censored graft failure

LDKTT living donor kidney transplantation

DDKT deceased donor kidney transplantation

DGF delayed graft function

DSA donor-specific antibody

ESRD end stage renal disease

HLA human leukocyte antigen

HRSA Health Resources and Services Administration

IOR interquartile range

ILDKT incompatible living donor kidney transplantation

KPD kidney paired donation

LD KDPI living donor kidney donor profile index

LOS length of stay

MFI mean fluorescence intensity

OPTN Organ Procurement Transplantation Network

PCC positive cytotoxic crossmatch

PLNF positive Luminex, negative flow crossmatch

PFENC positive flow, negative cytotoxic crossmatch

PRA panel reactive antibody

SD standard deviation

SRTR Scientific Registry of Transplant Recipients
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Years since transplant

Mortality (A) and death-censored graft failure (B) among older and younger ILDKT

recipients.

Older ILDKT recipients have higher mortality (A), but lower death-censored graft failure
(B) compared to their younger counterparts (p for all <0.001).
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Mortality (A) and death-censored graft failure (B) among older ILDKT recipients.
Older ILDKT recipients have similar overall patient survival (p=0.4), but higher death-
censored graft failure compared to older CLDKT recipients (p<0.001).
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Table 2.

Post-transplant outcomes for older and younger ILDKT recipients.

Outcome  Older vs younger ILDKT  |nteraction term®  p for interaction?

Mortality 1632.07 265 0.570-751 00 0.0520
DCGF 036 0.53 .77 0.640.931 34 0.7
DGF 0531.031.96 0.410.955 15 0.9
AR 0.390.54 07 0510.781.19 0.2
LOS 0.880.981 10 0.820.951 19 0.5

Bold indicates p<0.05
alnteraction term and p-value evaluating whether age modified the relationship between ILDKT and post-transplant outcomes
bSensitivity analysis excluding PLNF: interaction term=0 570.761.01, p=0.06

AR, Acute rejection; DCGF, death-censored graft failure; DGF, delayed graft function; LOS, length of stay.

Older ILDKT recipients have a 2.07-fold higher mortality risk compared to younger ILDKT recipients. When compared to younger CLDKT
recipients, younger ILDKT have a 51% increased mortality risk (aHR: 1.311.511 .75, p<0.001). Among older recipients, this risk is attenuated and

not statistically significant (aHR: 0.891.141 45, p=0.3); the interaction between age and incompatibility status was not statistically significant (p
interaction=0.052).
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