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Abstract

Background: The disparity between kidney donation and the number of uremic patients on the waiting list has increased
demand for older live-donor kidneys (OLK). However, the donor-recipient age gap may have an impact on the recipient’s outcome.
Methods: Patients who underwent living donor kidney transplantation at our institute between 2005 and 2019 were enrolled and
categorized into four donor-recipient groups according to age (=50 years and <50 years). The Estimated Post-Transplant Survival
(EPTS) score was used to quantify the recipient’s condition. Adjusted models analyzed recipient outcomes and related risks among
the four groups.

Results: Of the 154 pairs of live donors and recipients, OLK did not influence overall or death-censored graft survival. The four
donor-recipient combinations had similar recipient outcomes, except it slightly worsened in the “old donor to young recipient”
group. The EPTS score (adjusted HR, 1.02; 95% ClI, 1.01-1.04; p = 0.014) and rejection (adjusted HR, 4.26; 95% CI, 1.36-13.37;
p = 0.013) were significant risk factors for overall and death-censored graft survival, respectively. Recipients with pretransplant
diabetes or prior solid organ transplantation could have amplified risk effects. The main causes of graft loss were death in older
recipients and chronic rejection in younger recipients.

Conclusion: OLK is safe for young recipients. Nevertheless, adequate immunosuppression should be maintained to prevent
rejection and subsequent graft loss, especially for those receiving second kidney transplantation. In contrast, older recipients
should avoid overt immunosuppression and control their comorbidities, such as diabetes-related complications to improve their

long-term outcomes.
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1. INTRODUCTION

Compared to that of other developed countries, Taiwan has the
highest prevalence and incidence rate of end-stage renal dis-
ease (ESRD).! Although kidney transplantation could relieve
the dialysis burden, the disparity between the available donor
kidneys and the number of ESRD patients on the transplant
waiting list has been growing.? As there is a paucity of deceased
donor kidneys in eastern countries,® exploring potential live kid-
ney donors might improve the low transplant rate in Taiwan.
Currently, most kidney transplant centers in the US have no
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upper age limit for live kidney donors.* Moreover, additional
research has revealed that the renal function of older living
donors does not progressively decline after donation, suggesting
that living kidney donation by the elderly is safe.*” Hence, using
older live-donor kidneys (OLK) seems to be a way to increase
the number of living donor kidney transplants (LDKT).

However, using OLK is a concern because older deceased-
donor kidneys (ODK) have been associated with poorer graft
survival.® For this reason, the US transplant community has
emphasized longevity matching for deceased kidney allocation
according to the Estimated Post-Transplant Survival (EPTS)
score and Kidney Donor Profile Index (KDPI). They prior-
itize the top 20% of kidneys (KDPI <20%) to the top 20% of
waitlisted recipients with the most extended predicted survival
(EPTS score <20%).° The question remains whether OLK has
better tissue quality and a shorter cold ischemic time than ODK.
The OLK can still be donated to young recipients. The donor-
recipient age gap, against longevity matching, might be the gray
zone affecting the outcome in young recipients.

To understand the impact of the donor-recipient age gap in
LDKT, this study aimed to examine long-term graft outcomes
and potential risk factors for graft survival in different live
donor-recipient age combinations, primarily focusing on OLK
in young recipients.
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2. METHODS

2.1. Study population

We conducted a retrospective cohort study of patients who
underwent LDKT at our institution between February 1, 20035,
and December 31, 2019. This study was approved by the
Institutional Review Board of Taipei Veterans General Hospital
(No. 2021-05-003CCF). We enrolled 156 pairs of live kidney
donors and recipients and excluded two pairs (one unexpect-
edly died by suicide and another had a subdural hemorrhage on
the 1st postoperative day). According to the 2020 annual report
on kidney disease in Taiwan, the median age of the deceased
donor or living donor kidney recipients from 2014 to 2018 was
between 45 and 54 years.'>!"" In addition, the median age of live
kidney donors in our study was also around 50 years. Therefore,
we defined the groups as old (age 250) and young (<50 years),
and categorized the participants into four groups: group 1, old
donor-old recipient; group 2, old donor—young recipient; group
3, young donor-old recipient; and group 4, young donor-young
recipient. Fig. 1 shows a flowchart of patient selection.

2.2. Donor presenting factors

Age was our primary interest, and all live kidney donors had indi-
cated an estimated glomerular filtration rate (eGFR) adjusted by
age."? Donor nephrectomy was performed using open, intraperi-
toneal, or retroperitoneal approach in different program time
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periods. No significant complications occurred during kidney
procurement. The Remuzzi score (RS) was measured to confirm
kidney quality using a time-zero biopsy."

2.3. Recipient presenting factors

To precisely quantify the recipient’s clinical condition, we used
the EPTS score (adopted in the US kidney allocation system and
published in 2013) to predict the deceased donor kidney recipi-
ents’ survival times after transplantation.” The score was calcu-
lated using four recipient factors: age, current diabetes status,
duration of dialysis, and prior solid organ transplantation (SOT)
(the EPTS calculator is available at https://optn.transplant.hrsa.
gov/resources/allocation-calculators/epts-calculator/). Other
potential confounders, including sex, cold ischemia time, pre-
formed human leukocyte antigen (HLA) antibody, and first rejec-
tion event, were also recorded. In addition, we proved allograft
rejection by kidney biopsy to distinguish between T-cell medi-
ated rejection (TCMR), antibody-mediated rejection (ABMR),
or mixed types. All recipients received a standard immunosup-
pression regimen with steroids, an initial dose of 1000mg of
methylprednisolone during the operation, tapering to predni-
solone 20mg over 1 week, and mycophenolate mofetil 750 mg
twice daily. Tacrolimus was maintained at a level of 6-8 ng/ml.
mTOR inhibitors, such as sirolimus or everolimus, were used
with tacrolimus minimization or BK polyomavirus infection.

156 living donor kidney transplant recipients were performed
in our institute from Feb. 2005 to Dec. 2019

Exclusion, n =2

v

a. Suicide, n =1
b. Post-op brain death, n = 1

Donor age = 50 y/o Donor age < 50 y/o
n=59 n=95
v v
Recipient age = 50 y/o Recipient age < 50 y/o Recipient age = 50 y/o Recipient age < 50 y/o

Group 2
n=30

Group 1
n=29

Fig. 1 Flow chart of patient selection.

Group 3
n =237

Group 4
n =58
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2.4, Statistical analysis

The main dependent variables were death or graft failure,
which were used to analyze overall graft survival and death-
censored graft survival. The cohort was followed until either of
the following occurred: death, graft failure, or the end of the
study. Comparisons between groups were performed using the
chi-square test for categorical variables and ANOVA tests for
continuous variables. We used the Kaplan—-Meier method to
calculate the cumulative incidence of graft loss and the Cox
proportional hazards model to estimate the hazard ratio (HR)
and the accompanying 95% confidence interval (CI) to identify
risk factors for graft failure. Covariates, such as OLK and other
potential confounders, were included in the model. Those with a
p-value <0.1 in the univariate model were included in the multi-
variate analysis. Factors of major interest, such as OLK, recipi-
ent sex, and EPTS score, were also included in the multivariate
model (Model 1). Furthermore, we created another model by
transforming the EPTS score into four components (Model 2).
Statistical analysis was performed using the SPSS software (ver-
sion 24.0; IBM Corp., Armonk, NY, USA). Statistical signifi-
cance was set at p < 0.05.

3. RESULTS

3.1. Characteristics of the study population

This study included 154 pairs of living donors and recipients.
Recipients receiving OLK were 59 (38%) and of them, 30 (group
2) were less than 50 years. The median age of the recipients was
59 years, 33.5 years, 56 years, and 38 years, accompanied by
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EPTS scores of 53.7%, 12.7%, 41.5%, and 13.3% in groups
1, 2, 3, and 4, respectively. There were no significant differ-
ences between the groups in the male-female ratio, duration of
dialysis, history of prior SOT, cold ischemia time, presence of
preformed HLA antibodies, rejection events, death, and death-
censored graft loss, except for the pretransplant diabetes status
(p = 0.037). Type 2 diabetes was dominant in older recipients,
and type 1 diabetes was found in younger recipients. OLKs had
higher RS than young live-donor kidneys, but the median was
<3. Sepsis (57%) and chronic rejection (53%) were the primary
causes of death and death-censored graft loss. In addition, most
deaths occurred in groups 1 and 3 (old recipient group), and
more death-censored graft loss occurred in groups 2 and 4
(young recipient group). Table 1 summarizes the demographic
characteristics of the study population.

3.2. Risk factors for overall and death censored graft
survival

We included the donor’s age and the recipient’s presenting fac-
tors in the Cox proportional hazards model to determine the
risk factors affecting overall and death-censored graft survival.
In univariate analysis for overall survival, the recipient’s EPTS
score (HR, 1.02; 95% CI, 1.01-1.04; p = 0.007), pretransplant
diabetes (HR, 3.79; 95% CI, 1.52-9.41; p = 0.004), prior SOT
(HR, 5.31; 95% CI, 1.52-18.56; p = 0.009), and rejection (HR,
2.68; 95% CI, 1.07-6.73; p = 0.035) were independent risk fac-
tors. In Model 1 multivariate analysis, the EPTS score remained
a strong risk factor (HR, 1.02; 95% CI, 1.01-1.04; p = 0.014)
and rejection became borderline insignificant (HR, 2.56; 95%

Baseline characteristics of recipients in four subgroups

Donor >50 years Donor < 50 years
Group 1 Group 2 Group 3 Group 4
Variables n=29 n=30 n=37 n=>58 p
Donor median age, years (IQR) 57 (53-60) 56.5 (54-61) 35 (28-45) 41.5 (36.25-45)
Recipient median age, years (IQR) 59 (55-62) 33.5(28.25-39) 56 (52-61) 38 (31.25-43.75)
Male, n (%) 17 (58.6) 12 (40) 23 (62.2) 24 (41.49) 0.114
Dialysis time (months), mean + SD 2.8+4.17 1.5+1.45 25+419 2.5+3.55 0.523
Pretransplant diabetes, n (%) 12 (41.4) 9(30.0) 9(24.3) 8(13.9) 0.037
Prior solid organ transplant, n (%) 1(3.4) 133 1.7 3(5.2) 0.933
EPTS score, mean + SD 53.7+25.31 12.7+10.54 41.5+21.21 13.3+12.49
CIT (minutes), mean + SD 93.9+88.55 60.7+49.91 94.1+67.26 112 4+100.67 0.153
Anti-HLA Ab, n (%) 4(13.8) 6 (20.0) 5(13.5) 2(20.7) 0.814
Class I, n (%) 3(10.4) 1(3.3 3@8.1) 5( 6)
Class II, n (%) 0(0.0) 5(16.7) 1(2.7) 2(3.4)
Class I &1I, n (%) 13.4) 0(0.0) 1(2.7) 5(8.6)
Rejection? 11 (37.9) 13 (43.3) 14 (37.8) 22 (37.9) 0.960
ABMR, n (%) 4(13.8) 0(0.0) 3@8.1) 5(8.6)
TCMR, n (%) 5(17.2) 11 (36.7) 7(18.9) 13 (22.4)
Mixed types, n (%) 2(6.9) 2(6.6) 4(10.8) 4(6.9)
Death, n (%) 2(6.9) 0(0.0) 4(10.8) 1(1.7) 0.923
Malignancy, n (%) 1(3.4) 0(0.0) 1(2.7) 0(0.0)
Sepsis, n (%) 1(3.4) 0(0.0) 2(5.4) 1(1.7)
Cardiovascular disease, n (%) 0(0.0) 0(0.0) 1.7 0(0.0)
Death censored graft loss, n (%) 1(3.4) 4(13.3) 3(8.1) 7(12.1) 0.580
Chronic rejection, n (%) 1(3.4) 2 (6.9) 2 (5.4) 3(5.1)
Glomerular nephritis, n (%) 0(0.0) 13.4) 0(0.0) 2(3.5)
Infection, n (%) 0(0.0) 1(3.4) 1(2.7) 2 (3.5
Median Remuzzi score (IQR) 1(0-2 2(1-3) 1(0-1) 0(0-1)
Follow-up time, month (IQR) 24 (13-54) 32 (10.5-62.5) 68 (28-117) 79 (37.75-138.75)

ABMR=antibody-mediated rejection; CIT=cold ischemic time; EPTS=Estimated Post Transplant Survival; HLA Ab=human leukocyte antigen antibody; IQR=interquartile range; SD=standard deviation;

TCMR=T cell-mediated rejection.

The first episode of rejection, proved by biopsy.
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CI, 0.99-6.59; p = 0.051). However, in Model 2 multivariate
analyses, the pretransplant diabetes (HR, 3.55; 95% CI, 1.21-
10.34; p = 0.02), prior SOT (HR, 12.03; 95% CI, 2.87-50.48;
p = 0.001) and rejection (HR, 3.13; 95% CI, 1.05-9.29; p =
0.04) were significant risk factors. A similar analysis of death-
censored graft survival was performed. The recipient’s pretrans-
plant diabetes (HR, 3.34; 95% CI, 1.23-9.06; p = 0.018), prior
SOT (HR, 4.83; 95% CI, 1.09-21.52; p = 0.039), and the rejec-
tion event (HR, 4.36; 95% CI, 1.41-13.55; p = 0.011) were the
independent risk factors in the univariate analysis. In the multi-
variate analysis of Model 1, rejection was the only independent
risk factor (HR, 4.26; 95% CI, 1.36-13.37; p = 0.013). In Model
2 multivariate analyses, prior SOT (HR, 11.38; 95% CI, 2.10-
61.76; p = 0.005) and rejection (HR, 4.58; 95% CI, 1.24-16.93;
p = 0.022) remained risk factors. Tables 2 and 3 provide detailed
information.

3.3. Comparisons of overall and death censored graft
survival between groups

The Kaplan-Meier method demonstrated that the cumulative
overall and death-censored graft loss incidences were similar
among the four groups (log-rank test; p = 0.302 and p = 0.232,
respectively) (Fig. 2). Furthermore, the Cox proportional haz-
ard models were used for posthoc comparisons of graft survival
from old and young live donors (reference: young donors) and
between groups (reference: group 4). The four models adjusted
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by the recipient’s sex, EPTS score, and rejection revealed no sig-
nificant differences between all comparison groups. However,
group 2 showed a trend of increasing overall risk (HR, 4.59;
95% CI, 0.95-22.16; p = 0.058) and death-censored graft sur-
vival (HR, 4.58; 95% CI, 0.95-22.16; p = 0.058) (Fig. 3).

4. DISCUSSION

During the study period, we observed that the use of OLK had
increased in our institute, and the rate ranged from 0% to 61%.
This was primarily attributed to parents donating to their chil-
dren (16% to 30%). Therefore, in this study, we classified the
study population into four groups based on the live kidney
donor and recipient age rather than age gradient to assess the
clinical situation precisely.'"* Our results revealed that the four
donor-recipient age combinations had similar overall graft and
death-censored graft survivals. When compared to that of group
4, group 2 showed an increased risk of graft loss.

The leading cause of graft loss in group 2 was chronic rejec-
tion, and they had the highest rate of graft rejection (43%).
TCMR was dominant (36.7%) in the first rejection episode
instead of ABMR (0%). None of the patients died during the
follow-up period. This result was consistent with that of our
multivariate analysis of risk factors for death-censored graft
survival, and graft rejection was the only significant risk factor
present. We hypothesized some potential factors to explain the

Univariate and multivariate analysis of risk factors associated with overall graft survival

Univariate Multivariate (Model 1) Multivariate (Model 2)
Variables HR (95% ClI) p HR (95% ClI) p HR (95% Cl) p
Donor =50 years? 2.16 (0.81-5.78) 0.125 1.32 (0.47-3.69) 0.603 1.22 (0.43-3.44) 0.707
Recipient
Male 1.26 (0.52-3.07) 0.612 0.83(0.32-2.16) 0.704 0.92 (0.35-2.41) 0.868
EPTS score 1.02 (1.01-1.04) 0.007 1.02 (1.01-1.04) 0.014 1.01(0.97-1.05) 0.673
Age 1.01 (0.97-1.04) 0.630
Dialysis time 1.02 (0.91-1.14) 0.788 1.06 (0.92-1.21) 0.414
DM 3.79 (1.52-9.41) 0.004 3.55(1.21-10.34) 0.020
Prior SOT 5.31 (1.52-18.56) 0.009 12.03 (2.87-50.48) 0.001
CIT 1.00 (0.99-1.01) 0.808
Anti-HLA Ab 0.69 (0.16-3.06) 0.633
Rejection 2.68 (1.07-6.73) 0.035 2.56 (0.99-6.59) 0.051 3.13(1.05-9.29) 0.040

CIT=cold ischemic time; Cl=confidence interval; EPTS=Estimated Post Transplant Survival; HLA Ab=human leukocyte antigen antibody; HR=hazard ratio; SOT=solid organ transplant.

“Reference: Donor <50 years

Univariate and multivariate analysis of risk factors associated with death censored graft survival

Univariate Multivariate (Model 1) Multivariate (Model 2)
Variables HR (95% ClI) p HR (95% ClI) p HR (95% Cl) p
Donor > 50years? 1.79(0.58-5.47) 0.308 1.24 (0.38-4.01) 0.723 1.08 (0.34-3.45) 0.902
Recipient
Male 0.95 (0.35-2.58) 0.922 0.74 (0.25-2.19) 0.591 0.80 (0.28-2.33) 0.687
EPTS score 1.01 (0.99-1.03) 0.256 1.01 (0.99-1.03) 0.314 0.99 (0.96-1.03) 0.681
Age 0.99 (0.95-1.02) 0.436
Dialysis time 0.96 (0.82-1.14) 0.644 1.00 (0.82-1.23) 0.971
DM 3.34 (1.23-9.06) 0.018 2.92 (0.96-8.91) 0.059
Prior SOT 4.83(1.09-21.52) 0.039 11.38 (2.10-61.76) 0.005
CIT 1.00 (0.99-1.01) 0.858
Anti-HLA Ab 0.96 (0.21-4.36) 0.960
Rejection 4.36 (1.41-13.55) 0.011 4.26 (1.36-13.37) 0.013 4.58 (1.24-16.93) 0.022

CIT=cold ischemic time; Cl=confidence interval; EPTS=Estimated Post Transplant Survival; HLA Ab=human leukocyte antigen antibody; HR=hazard ratio; SOT=solid organ transplant.

“Reference: Donor <50 years
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Fig. 2 Cumulative incidence of overall and death-censored graft survival between four donor-recipient combinations. A, The four combinations share similar
overall graft survival (death with a functioning graft is considered graft failure) (log-rank test: p = 0.302). B, The four groups have similar death-censored graft
survival (death with a functioning graft is censored) (log-rank test: p = 0.232).

A Overall survival B Death censored graft survival
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Model 0: Donor = 50 years v.s. Donor < 50 years

Model 1: Group 1 (D = 50; R =2 50) v.s. Group 4 (D < 50; R < 50)
Model 2: Group 2 (D = 50; R < 50) v.s. Group 4 (D < 50; R < 50)
Model 3: Group 3 (D < 50; R =250) v.s. Group 4 (D < 50; R < 50)
*All models were adjusted with sex, EPTS score and rejection

Fig. 3 Recipient outcomes comparing different models. Model 0: a comparison between donor age >50 and <50 years. Models 1, 2, and 3: comparisons
between groups 1, 2, 3, and group 4 separately. All models adjusted with sex, EPTS score, and rejection. A, The overall graft survival is not different in all models.
The group 2 with worse outcome, but not significant (group 2: HR, 4.59; 95% ClI, 0.95-22.16; p = 0.058). B, Similar outcomes in death-censored graft survival
(group 2: HR, 4.58; 95% ClI, 0.95-22.16; p = 0.058). Cl=confidence interval; D=donor; R=recipient.
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rejection effect in group 2. First, OLKs have more immunogenic
expression than that of the kidneys from live-young donors;"
young recipients usually have more active immunity;'® and
finally, younger people might have poorer drug compliance.!”
This induces a vicious cycle of proinflammation, rejection, and
new immune activation. Group 4, which included young recipi-
ents, showed similar graft loss results.

Rather than that of young recipients, the leading cause of
graft failure in older recipients (groups 1 and 3) was death (n =
7) related to malignancy (n = 2), infection (n = 4), and cardiovas-
cular disease (n = 1), which commonly reflected the recipient’s
condition. This study used the EPTS score to represent the recip-
ient’s clinical status and found that it was the most representa-
tive factor affecting overall graft survival. The United Network
for Organ Sharing (UNOS) established this score by analyzing
the causality between the characteristics of deceased donor kid-
ney recipients and their post-transplant outcomes.” A higher
EPTS score indicated lower patient survival after transplanta-
tion. Hence, we applied this score to off-label use to quantify the
recipient’s condition. Our reasons are that the formula compo-
nents for calculating EPTS scores, such as age and diabetes sta-
tus, are well-recognized risk factors for predicting the recipient’s
mortality.!® The other factors, dialysis time, and prior SOT are
uniquely fit for kidney recipients.!” In addition, the EPTS score
ranges from 0% to 100%, and it is easy to interpret the recipi-
ent’s overall risks. After reviewing the seven deaths in groups 1
and 3, we found that they had a median EPTS score of 74%, and
six recipients had higher EPTS scores (73% to 96%).

We further analyzed the impact of the four components of
the EPTS score on overall and death-censored graft survival. We
found that diabetes status was negative for overall graft sur-
vival, and previous SOT also reduced overall and death-cen-
sored graft survival. The 2020 Taiwan annual report on kidney
disease revealed that transplant recipients with diabetes had a
shorter mean survival time than those without diabetes (4 vs. 5.5
years).'? In this context, we considered that diabetes contributed
to mortality risk in overall graft survival and did not affect the
death-censored graft survival. In our study, four SOT patients
received a second kidney transplant, one received a heart, and
another, a pancreas transplant. To our knowledge, patients who
underwent prior SOT might have a high risk of immunological
issues, such as rejection, leading to lower graft survival. Two
large cohort studies have also investigated whether the recipi-
ents who had a second kidney transplant or previous nonrenal
SOT had worse overall and death-censored graft survival.20?!
In addition, rejection remained critical in influencing the over-
all graft survival in patients with a second kidney transplant®
instead of death in patients with prior nonrenal SOT.?! These
results confirmed our findings.

Even though the EPTS score and its four components
showed varying significance in our analysis, the results could
be explained as each had a different weightage and was indi-
vidually proportionate to the EPTS score. Therefore, we suggest
using the EPTS score as the initial screening tool and checking
for the presence of diabetes or prior SOT to further stratify the
recipient’s risk of graft rejection or mortality. For example, if the
patient has an EPTS score >50% and has diabetes or has under-
gone nonrenal SOT before kidney transplantation, we should
be more cautious about the patient’s risk of mortality. However,
post-transplant rejection should be prevented in patients with an
EPTS score <50%, especially in those receiving second kidney
transplantation.

Lim et al?? and Englum et al?*® using the database from
Australia and New Zealand Dialysis and Transplant Registry
and UNOS, demonstrated that the outcomes for OLKs were
inferior to the kidneys from young living donors but better
than those from expanded criteria donors. However, their study
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showed that the distribution of recipients who received OLKs
increased with age, similar to the concept of longevity matching.
The longevity matching, such as young kidneys to young recipi-
ents, or old kidneys to old recipients, has been applied in west-
ern countries to increase the graft utility for allocating deceased
donor kidneys.>* We consider that this concept might affect the
selection of living kidney donors in these studies. In contrast,
our data showed that the number of recipients receiving OLKs
was slightly higher in group 2 (young recipients, n = 30) than in
group 1 (old recipients, n = 29). We noted that almost all parents
donated in group 2, which might show that the parents had high
enthusiasm for kidney donation to their children in Taiwanese
society. Unlike previous results, we revealed that the overall or
death-censored graft survival of OLKs was similar to that of
young live-donor kidneys, and OLKs did not need to follow the
rule of longevity matching. In addition, the diminishing concern
around OLKs was probably attributed to the rigorous donor
selection criteria in our institution, such as having an estimated
glomerular filtration rate of >80 mL/min/1.73 m? without micro-
scopic hematuria, normal urine protein, a body mass index
<30kg/m?, normal blood sugar, controlled blood pressure, and
donors need to be nonsmokers or discontinued smoking before
donation.?’ The time-zero biopsy proved the quality of OLKs by
RS which were all less than three.?

Our study designed four common combinations of donor
and recipient in LDKT because we considered the interac-
tion between donor quality and recipient condition to display
the actual post-transplant outcomes. However, our results
showed that the outcome effects did not differ between the
old and young live-donor kidneys, but the recipient’s clini-
cal status dominated graft survival. Bae et al*’ recently ana-
lyzed the Scientific Registry of Transplant Recipients data to
predict survival after deceased donor kidney transplantation
using donor-recipient combinations. They showed that if the
candidates had a lower EPTS score, the donor quality offered
fewer survival benefits, whereas it significantly impacted the
survival outcome for those with a higher EPTS score. Based on
this, we found that young recipients (groups 2 and 4 with low
EPTS scores) showed similar graft survival after receiving old
or young live-donor kidneys. Although the risk for graft loss
slightly increased in group 2, we predicted good results if they
could prevent rejection. In addition, we proved that the kidney
quality of young and older live donors was nearly comparable
for senior recipients because they (groups 1 and 3 with high
EPTS scores) shared matching outcomes. However, we have to
control their underlying diseases and avoid overt immunosup-
pression, which increases the risk of malignancy?® and infec-
tion,?’ leading to mortality.

Our study had several limitations. First, it was a single-center
study. Although we identified that OLK was safe in young
recipients, we were unsure if our results could be generalized
to other kidney transplant centers in Taiwan. Hence, a nation-
wide population-based study is needed to confirm these find-
ings. Second, we used the EPTS score to represent the recipient’s
general condition, but the external validation in Taiwan remains
unknown.*® However, from our experience, we consider that
the recipient with an EPTS score above 70% should be cau-
tious about post-transplant mortality by sepsis. Third, the use of
OLKs increased over the last 5 years. Therefore, groups 1 and
2 had shorter median follow-up times than groups 3 and 4 (24
and 32 months vs. 68 and 79 months), which made the outcome
in group 2 somewhat uncertain. Finally, we used “50 years” to
separate the young and old kidneys according to the median
donor age. We know it is difficult to convince everyone that our
definition of OLK is “old.” However, the donor-recipient rela-
tionship in Group 2 was all parent-child who answered our pri-
mary interest in this study.
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In conclusion, OLK is a safe option for young recipients.

However, adequate immunosuppression should be maintained
to prevent rejection events and subsequent graft loss, especially
for those receiving a second kidney transplant. Furthermore,
older recipients should control their comorbidities to improve
their long-term survival.
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