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Abstract

Repeat kidney transplantation (re-KT) is the preferred treatment for patients with graft failure.
Changing allocation policies, widening risk profile of recipients, and improving dialysis care

may have altered the survival benefit of re-KT. We characterized trends in re-KT survival

benefit over three decades and tested whether it differed by age, race/ethnicity, sex, and

PRA. Using SRTR data, we identified 25,419 patients who underwent re-KT from 1990-

2019 and 25,419 waitlisted counterfactuals from the same year with the same waitlisted time
following graft failure. In adjusted analysis re-KT was associated with a lower risk of death
(aHR=0.63, 95%CI:0.61-0.65). Using the 1990-94 era as a reference (aHR=0.77, 95%CI.0.69-
0.85), incremental improvements in the survival benefit were noted (1995-99:aHR=0.72,
95%CI:0.67-0.78; 2000-04:aHR=0.59, 95%CI:0.55-0.63; 2005-09:aHR=0.59, 95%C1:0.56-0.63;
2010-14:aHR=0.57, 95%CI:0.53-0.62; 2015-19:aHR=0.64, 95%ClI: 0.57-0.73). The survival
benefit of re-KT was noted in both younger (age=18-64 years:aHR=0.63, 95%CI:0.61-0.65) and
older patients (age=65 years:aHR=0.66, 95%CI:0.58-0.74, Pinteraction=0.45). Patients of all races/
ethnicities demonstrated similar benefits with re-KT. However, it varied by the sex of the recipient
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(female patients:aHR=0.60, 95%CI:0.56—-0.63, male patients:aHR=0.66, 95%CI:0.63-0.68,
Pinteraction=0.004) and PRA (0-20:aHR=0.69, 95%CI:0.65-0.74; 21-80:aHR=0.61, 95%CI:0.57-
0.66, Pinteraction=0-02; >80:aHR=0.57, 95%C1:0.53-0.61, Pinteraction<0-001). Our findings support
the continued practice of re-KT and efforts to overcome the medical, immunologic, and surgical
challenges of re-KT.

Introduction

When compared with dialysis, a repeat kidney transplantation (re-KT) is a superior
treatment option for patients with a history of graft failure. A landmark paper in 1998
reported that in a cohort of 19,208 patients with graft failure, re-KT led to 23-45% reduction
in 5-year mortality risk.(1) These results were replicated in a Canadian cohort,(2) and later
by other scholars analyzing U.S. registry data.(3-5) These findings of a survival benefit have
been extended to third and even fourth transplantations.(6) Thus, about 15% of the current
waitlist in the U.S. includes kidney transplant recipients (KTRs) with a history of graft
failure.(7)

While gradual improvements in KTR survival have been reported over time,(7, 8) the age,
risk profiles and lifetime immunosuppression burden of patients undergoing re-KT have
changed dramatically since these initial reports.(7, 9, 10) Simultaneously, the survival of
patients on dialysis is improving.(7) Therefore, it remains to be seen if re-KT is associated
with a survival benefit in recent eras, in particular following Kidney Allocation System
(KAS) implementation.(11) KAS was introduced in 2014 by the United Network for Organ
Sharing with the goals of longevity matching and priotizing sensitized patients and has.(11)
However, this often entails allocating grafts with a higher Kidney Donor Profile Index to
those with a history of graft failure. Re-KT with higher risk donors, such as expanded
criteria donors, may not be associated with a survival advantage.(5) Thus, KAS may have
diminished the survival benefit of re-KT. On the other hand, increasing waiting time before
re-KT is associated with an increased risk of death,(12) and KAS may have shortened

the wait time to re-KT, potentially improving outcomes. Overall, exploring the trends in
the survival benefit of re-KT following 2014 is needed to assess the impact of this policy
change.

In addition to era changes, a more granular evaluation of the survival benefit of re-KT by
age, race/ethnicity, sex and panel reactive assay (PRA) of the KTR has yet to be conducted.
Amongst first KTRs, many studies have shown inferior outcomes in women and in patients
of non-White race/ethnicity;(13, 14) this has yet to be explored in recipients of re-KT.

Also, each previous transplant leads to sensitization and higher PRA confers an incremental
mortality risk in KTRs.(15) High PRA following graft failure and its association with the
survival benefit of re-KT is not known. Most importantly, the survival advantage of re-KT in
older patients has not been explored despite this being a rapidly rising cohort of patients.(10)
Older patients are known to be more frail, have cognitive impairment and have multiple
comorbidities; all are risk factors for mortality. Determining the importance of re-KT in
these specific populations therefore will have clinical and policy implications.
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Thus, we sought to estimate the survival benefit of re-KT over the past three decades and
test whether it has changed over time, particularly during the KAS era. We also aimed to
quantify the survival benefit of re-KT by age, race/ethnicity, sex, and PRA.

Methods

Data source

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The
SRTR data system includes data on all donors, 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 dataset has previously been described elsewhere.
(16) Death was ascertained from multiple sources including the Centers for Medicare and
Medicaid Services and the National Technical Information Service Death Master File. This
study was reviewed by the Johns Hopkins School of Medicine Institutional Review Board
and was determined to be exempt. The clinical and research activities being reported are
consistent with the Principles of the Declaration of Istanbul as outlined in the ‘Declaration of
Istanbul on Organ Trafficking and Transplant Tourism.

Study population

We identified adult (=18 years of age) patients who were waitlisted for re-KT between
January 1, 1990, and December 31, 2019, after their first kidney-only graft failed. Grafts
received from both deceased or living donors were included in the analysis. For each patient
who had re-KT, we matched them with one randomly selected waitlisted patient with a
history of first kidney-only graft failure from the same calendar year who spent the same
amount of time on the waitlist; this comprised the waitlisted counterfactual cohort. We used
the SRTR variable definition, i.e., the time origin for waitlisting as the date/time candidate
was physically added to the waitlist to assess this.

Exposure and Outcomes

We tested whether patient survival differed by re-KT by comparing patients who received
re-KT with the waitlist controls. We also tested whether the association differed by the

age at waitlisting (younger: 18-64 years and older: =65 years), sex (female and male),
race/ethnicity (non-Hispanic White, non-Hispanic Black, and multiracial patients or patients
of other races/ethnicities), peak PRA (0-20, 21-80 >80) and the era of re-KT (1990-94,
1995-99, 2000-04, 2005-09, 2010-14, 2015-19). The 2015-19 era defined the post-KAS
era.

Statistical analysis

We summarized the characteristics at waitlisting of the two cohorts; for continuous
variables, we report the medians and for categorical variables, we report the percentage of
patients. We assessed the survival benefit of re-KT among KTRs who were waitlisted after
graft failure using a stochastic extension of the sequential stratification method suggested
by Schaubel.(17-22) At a specific time, ¢ when a patient received re-KT, a counterfactual
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was selected who spent the same amount of time on the waitlist but had not yet received
re-KT up to and including time £(21) The counterfactual waitlisted patient were selected
without replacement and may receive re-KT at some later time and can be censored at that
time.(21) Participants were then followed from the time of transplant (for re-KTRs) or from
the time of matching (for waitlisted counterfactuals). We followed re-KTRs until death or
administrative censoring date (October 31, 2020), whichever came first. We followed the
waitlisted counterfactual patients until death, re-KT, or the administrative censoring date,
whichever came first.

We applied the inverse probability weighting method to adjust for the following
confounders: age, sex, race/ethnicity, education level, insurance, body mass index,
hypertension, diabetes, malignancy, the lifetime of first KT, pre-emptive listing and peak
PRA. A weighted Kaplan-Meier estimator was used to estimate the 1-, 3-, and 6-year patient
survival. We then used Cox regression to compare the mortality risk between the re-KTR
and their waitlisted counterfactual after adjusting for confounding. We then tested whether
the association differed by patient’s age at waitlisting for re-KT, race/ethnicity, sex, peak
PRA, and eras of interest using a Wald test. To analyze the impact of donor type (living and
deceased donor), we conducted a stratified analysis of the survival benefit of re-KT by donor
types when compared with waitlisted counterfactual in each cohort. Confidence intervals are
reported as per the method of Louis and Zeger.(23) All analyses were performed using Stata
17.0/MP for Unix (College Station, Texas).

Cohort characteristics

From 1990-2019, 50,838 patients who were waitlisted for re-KT met our inclusion criteria.
Of these, 25,419 underwent re-KT and we identified 25,419 waitlisted counterfactuals
(Figure 1). The covariate balance plot is provided in Supplemental Figure 1. The absolute
number of patients with graft failure being waitlisted for re-KT increased steadily from 1990
but stagnated after 2007 and started to decrease in the KAS era. However, the percentage

of patients receiving re-KT doubled in the KAS era (Figure 2). The median age at listing
was 43 years (IQR: 33, 53) in both cohorts and only a small fraction were older adults

(4.3% vs. 4.4%). The characteristics of patients in the two cohorts were similar except for
the following key differences. There were more White (59.3% vs. 46.4%) and fewer Black
(23.2% vs. 34.8%) patients in the re-KT cohort. Also, fewer patients in the re-KT cohort

had B or O blood type (53.5% vs. 62.0%) and a PRA>80 (28.7% vs. 46.7%) while a higher
proportion was waitlisted pre-emptively (38.3% vs. 33.0%). Lastly, the median graft survival
of the first transplant was higher in the re-KT cohort (6.4 vs. 4.9 years) (Table 1).

Survival benefit of re-KT

Patients who received re-KT had a better survival (1 year: 96.5% vs. 95.4%, 3-year: 92.0%
vs. 85.4%, 6-year: 83.8% vs. 71.4%) (Figure 3A). In adjusted analysis, re-KT was associated
with 37% lower mortality risk when compared with waitlisted counterfactuals (adjusted
hazard ratio [aHR]: 0.63, 95% confidence interval [CI]:0.61-0.65) (Table 2).
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Survival benefit by age at waitlisting

Era analysis

In patients aged 18-64 years old at waitlisting for re-KT, re-KTRs had better survival than
those who were waitlisted: 1-, 3-, and 6-year survival were 96.6% vs. 95.5%, 92.6% vs.
86.1% and 84.8% vs. 72.9% among re-KTRs and waitlisted counterfactuals, respectively. In
patients aged =65 years at waitlisting for re-KT, re-KTRs also had better survival than those
who were waitlisted: 1-, 3-, and 6-year survival were 92.4% vs. 91.5%, 79.5% vs. 68.8%
and 58.8% vs. 36.2% among re-KTRs and waitlisted counterfactuals, respectively (Figure
3B). The survival benefit of re-KT did not vary by age of the recipient at listing. Both
younger (aHR=0.63, 95%CI:0.61-0.65) and older (aHR=0.66, 95%CI:0.58-0.74) patients
demonstrated a similar reduction in the risk of death with re-KT when compared with
waitlisted counterfactuals (Pinteraction=0-45) (Table 2).

When stratified by era, the overall survival of re-KT recipients seemed to improve over time
(Figure 3C). Furthermore, the survival benefit of re-KT existed across all eras including

the KAS era. In the 1990-94 era, re-KT was associated with a 23% lower risk of death

than dialysis (aHR=0.77, 95%CI:0.69-0.85) and in the KAS era (2015-19), re-KT was
associated with a 36% lower risk of death (aHR=0.64, 95%CIl: 0.57-0.73). Similar results
were noted from 1995-2014; 1995-99: aHR=0.72 (95%C]I:0.67-0.78), 2000-04: aHR=0.59
(95%C1:0.55-0.63), 2005-09: aHR=0.59 (95%CI:0.56-0.63), and 2010-14: aHR=0.57,
95%C]1:0.53-0.62). When using the 1990-94 era as a reference, except the 1995-99 era
(Pinteraction=0.31), the survival benefit of re-KT was superior in the latter eras including the
KAS era (2000-04:pinteraction<0.001; 2005-09:Pinteraction<0.001; 2010-14:Pinteraction<0.001;
2015-19: Pinteraction=0.03). However, the survival benefit of re-KT during the KAS era,

i.e., 2015-2019, was not different than the 2010-2014 (Pinteraction=0-12) and the 2005-2009
(Pinteraction=0.27) era (Table 2).

Race/ethnicity, sex, and PRA

When compared with non-Hispanic White patients (aHR=0.64, 95%CI:0.62-0.67), non-
Hispanic Black patients (aHR=0.63, 95%CI:0.59-0.66, Pinteraction=0-40), Hispanic patients
(aHR=0.59, 95%CI:0.53-0.65, Pinteraction=0.12) and multiracial or patients of other
ethnicities (aHR=0.58, 95%CI:0.50-0.68, Pinteraction=0-21) all experienced a similar survival
benefit. However, the survival benefit varied by the sex of the recipient. Female

patients (aHR=0.60, 95%CI:0.56—0.63, Pinteraction=0.004) experienced a higher survival
advantage with re-KT than male patients (aHR=0.66, 95%C1:0.63-0.68). Also, the survival
benefit of re-KT varied by the peak PRA; 0-20: aHR=0.69 (95%CIl: 0.65-0.74), 21-80:
aHR=0.61 (95%CI:0.57-0.66 Pjnteraction=0-02), and >80: aHR=0.57 (95%Cl: 0.53-0.61,
Pinteraction<0.001) (Table 2).

Stratified analysis

After stratifying by donor type, there were 7,670 recipients of living donor re-KT. The
survival benefit of re-KT was noted in both the living and deceased donor cohorts;
aHR=0.48, 95%CI:0.45-0.52 and aHR=0.67, 95%CI:0.65-0.70, respectively.
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Discussion

In this national study of 25,419 re-KTRs from 1990-2019 and 25,419 waitlisted
counterfactual patients, we report that re-KT was associated with a 37% lower risk of death.
There has been an incremental improvement in the observed survival benefit of re-KT since
1990 except it plateaued during the KAS era. In the KAS era, re-KT had a 36% lower risk
of death, which was similar to the survival benefit observed in the earlier eras of 2005-09
and 2010-14, where patients experienced a 41% and 43% lower risk of death with re-KT,
respectively. We also report that the survival benefit of re-KT did not vary by age and
race/ethnicity of the recipient but did vary by PRA and sex; higher PRA and female sex were
associated with a significantly better survival benefit. Overall, our findings demonstrate that
re-KT is associated with a significant survival benefit for all patients and that KAS has not
significantly changed the outcomes of re-KTRs with a history of graft failure.

In the 1990s, the reduction in mortality with re-KT was reported to be 23-45% in a US
cohort and 50% in a Canadian cohort.(1, 2) More recently, Clark and colleagues analyzed
27,459 KTRs who initiated dialysis after graft failure from 1995-14 and reported that
re-KT was associated with a 68% lower adjusted risk of death.(3) We report a lower
survival benefit likely due to the sequential stratification method that has created a more
balanced comparison group referred to as the waitlisted counterfactuals.(24) We also report
significantly improved survival benefit of re-KT over time. In the U.S., adjusted annual
mortality rates of all KTRs declined from 48.8 to 28.6/1,000 patient-years at risk from
2001 to 2017.(7) Simultaneously, these rates for patients on dialysis also decreased from
230.6 to 165.1/1,000 patientyears at risk.(7) The observed improvements were attributed
to better diagnostic and therapeutic tools and advances in the medical management of co-
morbidities,(8) and significant improvements in the care of patients on dialysis.(9) Despite
this, mortality remains unacceptably high for patients on dialysis,(9) and re-KT is the
preferred treatment in patients with graft failure.

Although an earlier analysis included some re-KTs conducted during the KAS era, the
specific impact of this policy change on the survival benefit of re-KT was not analyzed.(3)
In our analysis, an incremental increase in the survival benefit was noted until the KAS

era. KAS helped improve access to re-KT.(11) On the other hand, grafts with higher kidney
donor profile index are likely allocated to patients with lower expected post-transplant
survival that includes KTRs with graft failure. Others have shown higher mortality among
KTR in the post-KAS era when compared with the pre-KAS era disproportionately borne by
middle-aged recipients.(25) The number of patients on the kidney transplant waiting list has
declined during KAS, as it ties the start of waiting time to the date of dialysis initiation.(7,
26) This is speculated to have reduced the incentive to list dialysis patients until they are
actively ready for KT, and we report this to be the case with KTRs with graft failure as
well.(26) Thus, a multitude of factors can explain these findings. Regardless, even during the
KAS era re-KT was associated with significantly lower mortality risk.

Some other findings merit discussion. Despite patients of all races/ethnicities demonstrating
an equal advantage with re-KT, the proportion of Black patients in the re-KT cohort
was much lower than White patients, further adding to the growing body of literature
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on disparities in access to transplantation. Second, female sex derived a better survival
advantage with re-KT than male sex. There are sex differences in survival on hemodialysis,
(27) and gender-level factors, such as, lack of support, stereotyping by clinicians, and
entrenched social and economic disadvantages can impact their outcomes on dialysis(28).
Discussions pertaining to sex and gender issues are beyond the scope of this article;
however, our observation needs to be further explored. Third, while others have shown
adverse graft and patient outcomes with higher PRA,(15) we report that patients with higher
PRA derive a better survival advantage with re-KT and should be prioritized in allocation
schemes. Also, as is well known in the field of KT, living donor re-KT is be a better
therapeutic choice than deceased donor re-KT as mortality risk was 52% lower when the
cohort of living donor recipients were compared with waitlisted counterfactuals. In the
deceased donor cohort mortality risk was 33% lower. Last, medical comorbidities, cognitive
impairment and frailty, lack of patient interest, or regressive attitudes towards re-KT may
negatively affect access to re-KT among older patients; however, our data support improving
access to re-KT among older adults as they derive an equal survival advantage as younger
patients.

Our study has several strengths. We analyzed the survival benefit of re-KT in a large national
cohort of patients over three decades. Examining secular trends in the survival benefit
accounted for positive changes in transplant and dialysis care over time. Most prior studies
have used time-dependent Cox models in survival analysis, with transplantation being
treated as a time-varying exposure. This method involves making parametric assumptions
about the relationship between time since transplant and the relative hazard of transplant
versus waitlisting which might not hold,(29) and it often relies on timevarying hazard

ratios, which introduce an inherent selection bias.(30) Moreover, such methods do not
allow for estimates of absolute survival for the counterfactual population. However, as

with most observational study designs, we can only account for the confounding of
variables that were measured. Specifically, in the context of this study, more granular
ascertainment of comorbidities is not available from national registry data in the United
States. We acknowledge that KTRs with graft failure who are waitlisted for re-KT represent
a highly selected group, predisposed to have good outcomes, and may not include transplant
candidates who were never referred/listed. Thus, findings may not be generalizable to all
patients with graft failure.

Despite this, our findings are extremely important. \We report that despite significant
improvements in dialysis care over the past three decades, re-KT continues to be associated
with a significant survival benefit. Also, as the number of patients receiving first KT
increases every year, so does the number that experience graft failure. Even in older adults,
there has been a significant rise in annual rates of KT since 1990 and many were re-KTRs.
(10) We report that despite the widening risk profiles of patients being considered for re-KT,
(7,9, 10), it is the preferred therapeutic option for KTRs with graft kidney failure.

In conclusion, re-KT is associated with a significant survival benefit over dialysis among all
patients including older patients. Patients of different race/ethnicity derive the same survival
benefit with re-KT but a higher survival benefit was observed among the female sex and

those with higher PRA and this has practice and policy implications. Overtime, incremental
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improvements in the survival benefit of re-KT were noted except that it plateaued during the
KAS era. Given that graft failure is now the fourth leading cause of kidney failure in patients
on dialysis our findings support the continued practice of re-KT despite the widening risk
profile of recipients and improving dialysis care. We recommend that ongoing efforts focus
on overcoming the medical, immunologic and surgical challenges of re-KT.
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Adult patients with failed kidney only
transplantation who were waitlisted for repeat
kidney transplantation (re-KT) from 1990-2019

(n=58,016)

Page 11

Excluded those

- Not on waitlist for kidney transplant only (n=1,855)
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Figure 1:

Matched waitlist counterfactual
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Study flow diagram and cohort derivation for the study of repeat kidney transplantation

survival benefit
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Figure 2:

Absolute number of patients with graft failure who were waitlisted for a repeat kidney
transplantation and the percentage that received a repeat transplant by calendar year
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Figure 3:
Survival of repeat kidney transplant (KT) recipients compared with waitlisted (WL)

counterfactuals (patients from the same calendar year who spent the same amount of time
on the waitlist) for the a) total cohort; b) stratified by age; and c) survival of repeat kidney
transplant recipients over time. We defined time origin as the transplant date for both the re-
transplant recipient and their waitlisted counterfactual and used the sequential stratification
method for survival analysis

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



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sandal et al.

Table 1.

Page 14

Demographic and other characteristics of patients at waitlisting. The cohorts are those received repeat kidney
transplantation between 1990-2019 and their waitlisted counterfactual from the same calendar year who spent
the same amount of time on the waitlist

Characteristics

Re-transplant recipients (n=25,419)  Waitlisted counterfactual (n=25,419)

Age at listing (years)
Age at listing 265
Female
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other/multi-racial
Attended college
Insurance
Public
Private
Other
BMI, kg/m?
0-24.9
25-29.9
230
B or O blood type
Medical co-morbidities
Hypertension
Diabetes
Angina
Symptomatic CVD
Any previous malignancy
First graft lifetime (year)
Pre-emptive listing
Peak PRA (%)
0-20
21-80
>80
Era (n)
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019

43.0(33.0, 53.0) 43.0(33.0,53.0)
4.3% 4.4%
41.2% 41.6%
59.3% 46.4%
23.2% 34.8%
12.4% 12.5%
5.0% 6.3%
44.1% 40.0%
55.9% 64.9%
43.8% 34.6%
0.3% 0.4%
48.8% 48.4%
29.3% 29.6%
21.9% 22.0%
53.5% 62.0%
84.1% 84.3%
18.3% 20.7%
8.1% 8.8%
1.9% 2.2%
7.5% 6.1%
6.4 (2.5, 11.5) 4.9 (1.7,9.6)
38.3% 33.0%
43.9% 27.1%
27.4% 26.2%
28.7% 46.7%
1,147 1,603
2,514 3133
4,148 4777
5,093 5813
5,382 5,548
7,135 4,454
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Continuous variables are reported as median (interquartile range).

CVD: cerebrovascular disease

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

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sandal et al. Page 16

Table 2:

Survival benefit of repeat kidney transplantation (KT) (n=25,419) when compared with waitlisted
counterfactual (n=25,419) in the overall cohort and stratified by era and recipient age at waitlisting, sex, race/
ethnicity, and peak PRA. Waitlisted counterfactuals were patients from the same calendar year who spent the
same amount of time on the waitlist.

aHR (95% CI) Interaction P

Overall 0.610-630.65 -

By era
1990-94 0.690- 770,85 Reference
1995-99 0670-720.78 0.31
2000-04 0550-5%,63 <0.001
2005-09 0.560-59% 63 <0.001
2010-14 0530-57062 <0.001
2015-19 0570-640.73 0.03

By recipient age, years
18-64 0610.63065 Reference
265 0.580.660.74 0.45

By recipient sex

Male 0.630.660 65 Reference
Female 0.560-60 63 0.004
By recipient

race/ethnicity

Non-Hispanic White 0620.640.67 Reference
Non-Hispanic Black 0.590-630.66 0.40
Hispanic 0530.59 65 0.12
Other/multi-racial 0500.58.68 0.21

By Peak PRA, %

0-20 0.650-690.74 Reference
21-80 0.570-61066 0.02
>80 0530-570,61 <0.001

#Adjusted for age, sex, race/ethnicity, education level, insurance, body mass index, hypertension, diabetes, malignancy, peak PRA, lifetime of first
KT, and pre-emptive listing using the inverse probability weighting method.
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